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Introduction

What

This document describes how to integrate and use Danet's J2EE based workflow component. The
Maintenance Guide [../../../../..]..]../api/de/danet/an/workfl ow/doc-filesymai ntenance-guide.html] de-
scribes the internal structures and design principles of the component.

is Danet's workflow component?

Danet's workflow component is a J2EE based implementation of a workflow facility (workflow en-
gine) as proposed by the Workflow Management Coalition (WfMC) and the Object Management
Group (OMG).

The workflow component includes and is based on a set of JAV A interfaces that define an API for a
workflow management facility. These "omgcore" interfaces follow OMG's Workflow Management
Facility Specification, V1.2 very closely, while making some changes to adapt the CORBA service
to the established design practices for aJava API.

Danet's workflow component provides a collection of EJBs that implement the omgcore interfaces
together with some additional interfaces for tasks not covered by the OMG specification. The EJBs
are provided as a J2EE module that can be used in any J2EE compliant application server.

The workflow engine is designed as a J2EE component. It is intended to be integrated in an applica
tion that requires a workflow engine. As a proof of concept and test environment, we provide a
demo application. The demo application consists of the workflow component and some additional
modules with a portal based GUI. Combined they provide a small workflow system that may be
used to get acquainted with the workflow engine. You can find more information about this demo
application in Appendix C, The demo applications [337]

Required knowledge

This manual assumes that you are familiar with Sun's Java™ 2 Platform Enterprise Edition Spe-
cification, v1.2.

Structure of the remaining document

Chapter 1, Integrating the workflow component [1]
describes all steps required to integrate the workflow component in an application.

Chapter 2, Sates and state transitions of processes and activities [15]
describes al defined and supported states and state transitions of processes and activities.

Chapter 3, Using the workflow component [23]
givesan inside view of the internal structure of Danet's workflow component.

Chapter 4, Process definitions [33]
hel ps managing process definitions.

Chapter 5, Tools [43]
lists the tools available in this workflow component. Tools are applications that can be started
from an activity.

Chapter 6, The sample resource assignment service [65]
shows how to develop or integrate a resource assignment service with the help of a simple ex-
ample.

Chapter 9, Known bugs and limitations [ 79]
lists the bugs and limitations of the workflow component currently known.
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Documentation conventions

Appendix A, The APl documentation [81]
describes the java user interface of the workflow components in javadoc format.

Appendix C, The demo applications [337]
gives an inside view of the provided demo applications.

Documentation conventions

The following conventions will be applied throughout this document:

nane to state acommon name or id asit is used within the workflow component.
package for package name.
cl ass for class names.

vari abl e to describe a name of avariable.
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Chapter 1. Integrating the workflow
component

The workflow engine is designed as a component. Therefore the typical usage is to integrate it into
your application. The following sections describe the steps required to do this. If you want to get ac-
quainted with the workflow engine by installing a demo application, please proceed to Appendix C,
The demo applications [337]. If you want to experiment with the AP, step by step instructions how to
build a basic sample client can be found in Section 3.3, “Sample client” [26]. If you want to integrate
the workflow component with your application or understand its structure, continue reading here.

The binary distribution comes as an installer. In the simplest case, the installer only copies the lib-
raries and documentation to your filesystem. It provides, however, additional operations to config-
ure your application server and initialize a database. The installer is distributed as an executable jar.
Itisinvoked as"java-jar Wf mopen-n. minstaller.jar".

The figures below show the installer screens for copying the components to the filesystem.

(|4 WfMOpen Installer

Components to install

Choose the components you want to install

Copy the Wik Open libraries and configuration files to the given directory.
Install libraries

Eesices plain file installation, the installer can create a JEoss configuration, setup
acatasource, initialize a database and deploy a demo application. As manual
intervention usually requirec after creating the JEoss configuration, either JEoss
configuration or advanced installation topics must be chosen here. As a third
option, the installer may simply {re-icreate the database schema and exit.

Acditional installation steps |Nune v|

Create a sample project F=]

| Cancel | | Back | | Mext |

", . .

Figure 1.1. Copying option




Prerequisites

Installation directory information

The directory where WikOpen components will be installec.

Installation directory Joptjfafmopen Select Folder

| Cancel | | Back | | Mext |

L . -

Figure 1.2. Copying destination

In the sections following, the term $DI ST represents the top level directory of the binary distribu-
tion, i.e. theinstallation directory that you have specified in the dialog above.

1.1. Prerequisites

WfMOpen requires JIDK 1.4.2 (see Section 1.3.7, “Additional libraries’ [9] for more details). Older
JDK versions back to 1.3 may work, tests have, however, only been made with JDK 1.4.2_15 and
JDK 1.6.0_02.

The workflow component requires a database that supports distributed transactions. WfMOpen re-
lies on operations on queues and on the database being made in a single transaction. This can only
be accomplished by using distributed transactions'. If you are looking for an OpenSource solution,
we recommend using MAXDB (formerly known as SAPDB).

1.2. Preparing the database

The workflow component relies on the presence of anumber of tables in a database. The table defin-
itions are provided as file $DI ST/ | i b/ wf deno/ dat abase/ RDBMS-t ype/ creat e. sql .
Thefiles contain SQL statements that can be executed by appropriate database tools.

If you cannot find scripts for your database, you can till use the generic table definition in
$DI ST/ | i b/ wf denp/ dat abase/ dat abase- schema. xml . It is suited to be processed by
the Apache DDL Utils (see Apache DDL Utils site [http://db.apache.org/ddlutils])z.

Most applications servers still support distributed transactions if one participating resource does not support distributed
transactions. If your application server does, you may use a database that does not support distributed transactions. Be pre-
pared to get some warnings from your application server, though.



http://db.apache.org/ddlutils
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Preparing the database

As an alternative, the schema can be created by the installer. In order to do this, choose the option

"(Re-)create schema" as shown below.

[ g

-,

Components to install

Choose the components you want to install

Copy the WM Open libraries and configuration files to the given directory.

Install libraries ]

Eesices plain file installation, the installer can create a JEoss configuration, setup
acatasource, initialize a database and deploy a demo application. As manual
intervention usually requirec after creating the JEoss configuration, either JEoss
configuration or advanced installation topics must be chosen here. As a third
option, the installer may simply {re-icreate the database schema and exit.

Aclditional installation steps |(Re—}create database schema only v|

Create a sample project [

| Cancel | | Back | | Mext |

Figure 1.3. Creating the schema with the installer (1)

Y ou will now be prompted for an RBM S type.

’The provided RDBMS specific scripts were generated by processing this file with the DDL Utils for the specific RDBMSs.
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Application and client assembly

Create schema options

Create the database schema for WikMOpen. Requires a running database. This
short-cut is only available for RDEMS types with |DEC drivers includecd in the
installer. if you use another cdatabase, go back tothe previous dialog, choose
"Setup database, deploy demo application etc" and select only the schema
creation option inthe dialogs following.

Create schema

You should now specify your RDEMS. If your RDEMS is directly supported by the
installer, you will be prompted for minimal information only. If vour cdatabase is
not supported, choose "Other" to specify all required information in a generic
dialog.

Select RDEMS type Built-in Hypersonic DE -

| Cancel | | Back | | Mext |

L . -

Figure 1.4. Creating the schema with theinstaller (2)

If you select one of the specific types, you will only be prompted for database instance information
and credentials on the next screen. If you select "Other", a generic dialog prompts you additionally
for the driver class and adriver jar.

The installer then uses the DDLUils to create the schema in your database. This will work for all
databases that are supported by DDLUtils.

1.3. Application and client assembly

The workflow component software consists of several JAR files (modules and libraries) that have to
be assembled into a J2EE application or have to be included in the classpath of a client. The figure
shows an overview of the JAR files and their usage.




1.3.1.

1.3.2.

1.3.3.

Workflow APIs

Client

% de.danet.anwicare-client.jar

I [
| I
W 'l

[
|
|
de.danetanwicore-apis.jar | | de.danet.an.util.jar
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|
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%de.danet.an.wfcnre—anis.iar : de.danet.an.util.jar

|

|

|
|
|
|
|
|
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|
|
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|
|
|
|
T |
W

s
% de.danet.an.util-ejhs jar

ResourceAssignmentService

Figure 1.5. Application assembly

The following sections describe each JAR file and its role in application assembly.

Workflow APIs

The specified workflow APIs (packages de. danet. an.wor kfl ow. ongcore and
de. danet . an. wor kf | ow. api , see Section 3.2, “Client API” [24]) are packaged in a separate
ja de.danet.an.w core-apis.jar located in the distribution  directory
$DI ST/ i b/ wf cor e. Only this JAR file should be used in the classpath when compiling clients.
Consequently, it must also be included in the runtime classpath of aclient.

Client JAR

The runtime-classes needed by a client that wants to use the workflow component are provided as
de. danet.an.wfcore-client.jar in $DI ST/1i b/ wf core. This JAR file is not self
contained, i.e it relies on the presence of the workflow  APIs
(de. danet . an. wf core-api s.j ar), the Danet AN utility classes
(de. danet . an. util .| ar, seefollowing section) and the additional libraries described in Sec-
tion 1.3.7, “Additional libraries’ [9]. In addition, the client needs some information about how to
contact the server. See the description of the basic Wor kf | owSer vi ceFactory (in Sec-
tion A.2.52, “Class WorkflowServiceFactory” [250]), the description of the WfM Open specific fact-
ory implementation (in de.danet.an.workflow.ejbs.client.StandardWorkflowServiceFactory [325]) and
the remarksin Section 1.3.4, “Workflow module” [6] below.

The Danet AN utility library

All J2EE based software from the division AN uses a library with some common utility objects and
components. This library is supplied as de. danet.an.util.jar (again located in the
$DI ST/ 1 i b/ wf cor e). Some components in this library (currently the logging service) need serv-
er side support. This support is provided by the corresponding EJB modul e described below.




1.3.4.

Workflow module

The Danet AN utility library (package de. danet . an. uti | ) isageneral library used at our site.
This library is packaged as two JAR files. By default, classes arein de. danet. an. util . jar.
Some classes in the package (sub-package de. danet. an. util .| sf), however, are helper
classes for JSF based portlets. These classes are are not included in de. danet . an. util.jar.
They can befoundinde. danet . an. util -j sf.j ar. Thereason for separating those classesis
that they may not be put in the common classpath of a J2EE application. In order to avoid classpath
problems, you have to put these JSF utility classes in the same directory as the JSF libraries (usually
the VWEB-INF/lib directory of your web module). Note that the classes from
de. danet. an. util .| sf areonly needed by the portlets that come with the workflow compon-
ent. The deployment of the workflow EJBsrequiresde. danet . an. util.j ar only.

Workflow module

The central (server side) workflow component is an EJB-type J2EE module. This module is not self
contained, i.e. it relies on the presence of the workflow APIs, the Danet AN utility library and the
additional libraries listed below. The module is located in the distribution directory
$DI ST/ 1i b/ wf cor e asde. danet. an. wf core-ej bs. j ar.

The mani f est file of de. danet. an. wf core-ej bs.jar includes in its O ass- Pat h:

statement the entries i b/ de. danet. an. wfcore-apis.jar and lib/

de. danet. an. util . j ar. Thus, the dependencies between the workflow module, the workflow
APIs and the Danet AN utility library will be resolved automaticaly if
de.danet.an. util.jar isputinthel i b/ directory of the enterprise archive (the .. ear -file).
An additional Cl ass-Pat h: entry | i b/ de. danet. an. wf core-pl ugi ns. j ar servesasa
hook for adding jars with tool agents (see Section 3.5, “Tool invocation SPI” [30]) to the class path.

We recommend to put new tool agents or other libraries that are to be deployed with the engine core
in extra add-on jar files. Then create ajar de. danet . an. wf cor e- pl ugi ns. j ar with only a
META- | NF/ MANI FEST. MF that references your jars in its Cl ass- Pat h: entry and add this
(along with your add-on jars) tothe EAR asl i b/ de. danet . an. wf cor e- pl ugi ns. j ar. The
application server will then load de. danet. an. wf cor e- pl ugi ns. j ar (because it is refer-
enced in de. danet . an. wf cor e- ] bs. j ar) and subsequently your jars with additional com-
ponents.

1.3.4.1. Vendor specific deployment descriptors

The file de. danet . an. wf cor e- ej bs. j ar includes vendor specific deployment descriptors
for some application servers. These deployment descriptors define, among other things, the binding
of EJBs (EJB's home interfaces, to be precise) to global JNDI names’. As the workflow engineisin-
tended to be integrated in different applications that may run on one application server concurrently,
the INDI names must be adapted to the specific application the engine is integrated with; else there
will be conflicts between the applications. All deployment descriptors therefore use "generic' names
for INDI bindings such as"ej b/ @@ JNDI _Nane_Pr ef i x_@@dbomeEJB". When packing the
workflow engine EJBs, the prefix "@a@ JNDI _Nane_Prefi x_@a@ should be replaced with
some reasonable value (e.g. ""@a@ JNDI _Nane_Prefi x_@a® = de. danet.wf deno. ").

Whereever the workflow module references the utility module (see Section 1.3.6, “The utility mod-
ule” [8]) in the included vendor specific deployment descriptors, it uses the same symbolic names
as the deployment descriptors of the utility module (again, see Section 1.3.6, “The utility modul€e’
[?]). These symbolic names must be adapted as well when assembling an application.

Note that "generic" names and "symbolic" names for resources appear only in vendor specific de-
ployment descriptors. So supplying your own vendor specific deployment descriptors from scratch
is an aternative integration strategy.

The workflow module includes Ant helper scripts for executing the required adaptions. See Sec-
tion 1.4.1, “Preparing the modules’ [9] for details.

3Y ou should expect that only EJBs that are to be looked up by clients require binding to global INDI names. It has turned out,
however, that some application servers require explicit specification of global JNDI names for all EJBs, and others (even
worse) choose default global INDI names based on the EJB's names. Therefore, to avoid conflicts between different instances
of the workflow engine on one application server, global INDI names must be supplied in any case.




The optional callback module

1.3.4.2. Accessing the engine from a client

One global JNDI name is of specific importance. It is the name of the Wor kf | owEngi neEJB.
This EJB is the only EJB looked up directly in INDI by a workflow engine's client (remote inter-
faces of other EJBs are passed to the client directly or indirectly by methods of the Wor kf | owEn-
gi neEJB). Therefore, the global INDI name of the Wor kf | owEngi neEJB's home interface must
be made known to the client. The lookup of this home interface need not be made explicitly. Rather,
it is encapsulated in the creation of a new workflow service by the Wor kf | owSer vi ceFact ory
(see newWorkflowService() [252]). Thus the configuration of the INDI name becomes a configura-
tion issue of WfMOpen's implementation of the Wor kf | owSer vi ceFact ory. WfMOpen's im-
plementation class and its  configuration is  described in detail in
de.danet.an.workflow.gjbs.client. StandardWorkflowServiceFactory [325]. The preferred way to do the
configuration4 is to first create a file de. danet . an. wor kf | ow wf s. properti es with an
entry engi ne = ej b/ @@@ JNDI _Nane_Pr ef i x_@a@@or kf | oweEngi ne (applying the re-
placement described above) and then to add this file to the client JAR
de. danet. an. wfcore-client.jar. Thisresults in an "application specific" client library.
Anywhere this client JAR is used, the resource de. danet . an. wor kf | ow- wWf s. properties
is found by the St andar dWor kf | owSer vi ceFact ory in the JAR and the proper workflow
engine EJB islooked up.

Another value that may need replacement is the security domain. The JBoss vendor specific deploy-
ment descriptor defines the security domain asj ava: / j aas/ wWf nopen. This should be replaced
by the application's domain.

1.3.4.3. Queues and Topics

In addition to the EJBs and the libraries, the workflow module requires three queues to be defined.

By default, the JINDI names of these gueues are "queue/
@am JNDI _Nane_Pref i x_@aoppl i cati onl nvocati ons”, "queue/
@am JNDI _Nane_Pr ef i x_@ad nt er nal Event Queue" and "t opi ¢/

@a@ JNDI _Nane_Pref i x_@ag@Event Ser vi ce", with the latter being a topic queue. These
names are referenced in the vendor specific deployment descriptors of the EJBs and must be adapted
with the prefix replacement as described above.

You can find sample definitions of the required queues for JBoss in
$DI ST/ 1i b/ wf cor e/ wf cor e-desti nati ons-service. xnl . Depending on your applic-
ation server, you have to created these queues before the deployment of your application using e.g.
some console application. Alternatively, you may usualy trigger the creation and configuration of
the queues by adding some vendor specific information to your enterprise archive (this mechanism
isused in the demo applications, see Appendix C, The demo applications[337]).

1.3.4.4. Security roles

1.3.5.

The workflow module as distributed uses in its deployment descriptors a predefined security role
"WfMOpenAdmin" as only role and thisrole has all permissions”.

The optional callback module

The actual work during process execution is done by tool agents (see Section 3.5, “Tool invocation

“The other supported methods also have some benefits; it depends on your usage scenario.
SThus you have three possibilities to provide the required priviledges:

1. In the user management system used by your application server, make al users of the workflow engine members of the
role "WfMOpenAdmin".

2. If your application server supports mapping between application roles and roles managed in your security domain (JBoss
does not support this, e.g. Sun AS does) you can map "WfMOpenAdmin" to an existing role in your security domain, thus
alowing al usersin the existing role to access the workflow engine.

3. In all deployment descriptors, replace "WfMOpenAdmin™ with the name of an exsting role in your user management sys-
tem. Thisistypically done during deployment but may also be done during application assembly.




1.3.6.

The utility module

SPI” [30]). Severa of these tool agents are included in WfMOpen (see Chapter 5,Tools [43]). Usu-
ally projects will add their own specific tool agents. In simple deployment scenarios, this can easily
be done by adding jars with tool agent implementations as described above in Section 1.3.4,
“Workflow module’ [6].

In more complex deployment scenarios, there is a drawback to this approach. Consider an applica-
tion with a core EAR that contains, among other components, WfMOpen. Other EARs provide addi-
tional services. In order to invoke these services from the workflow engine with specific tool agents,
the agents would have to be bundled with the core EAR. But this would create a dependency on ser-
vices and classes in the additional EAR and thus effectively a circular dependency. It would also be
hard to have a consistent application server startup. If the engine is deployed first it may try to in-
voke atool agent that requires services from an EAR that is not completely deployed yet.

In order to support such deployment scenarios, WfMOpen provides the callback module
de. danet . an. wf cor e- cal | back- ej bs. j ar that may be bundled with the additional ser-
vice EARs and executes tool agent invocations in the context of these service EARs. The callback
module bundles two EJBs that are also contained in the core workflow module: an EJB that reads
messages from the application invocation queue and an EJB (the | nvocat i onHel per EJB) that
invokes the tool agents. Tool agent invocations are forwarded to calback EJBs by specifying a
Handl er attribute for the application declaration in the process definition (see Section 4.2.5.1,
“Extentions of Application Declaration” [35]). Configuring the callback module is described in Sec-
tion 1.4.4, “Callback module deployment” [13].

The utility module

As described above, all J2EE based software from the division AN uses some common utility ob-
jects and components. While most of these elements can be simply supplied as a library, some com-
ponents (currently the logging support) consist of a client and a server part. The J2EE server side
elements are packaged in the distinct EJB-type J2EE module de. danet . an. uti |l -ej bs. j ar
that is also located in the $DI ST/ | i b/ wf cor e distribution directory. This module must be de-
ployed along with the workflow module.

Asthe utility module is intended to be used in several applications, we have deliberately not defined
defaults for some information needed during deployment. Providing defaults for these values would
imply the risk that different applications inadvertently access each others utility EJBs. Instead of de-
faults we use symbolic names in the deployment descriptors that can reliably be replaced automatic-
aly.

All symbolic names are described below. The description should be sufficient to allow you to adapt
the deployment descriptors for your application. For more information about these EJBs, see the
maintenance manual .

The symbolic names used are:

@@ Utility-EJBs Uil EJB_JNDI _Nane_ @@@
The utility EJB's global INDI name. This EJB has a global JNDI name defined because it may
be needed by stand-alone clients. A reasonable value if the utility module is used in aworkflow
application would bede. danet . an. wor kfl ow. util-lib. Util.

@@ Utility-EIBs_KeyGenEJB_JNDI _Nane_@a@
The key generator EJB's global INDI name. The key generator EJB has a global JNDI name
defined because it may be needed by stand-alone clients. A reasonable value if the utility mod-
ule is used in a workflow application would be
de. danet. an. workflow. util-1ib. KeyGen.

@@ Utility-EIBs_EJBSi nkEJB_JNDI _Nanme_@a@
The log4j EJB-appender's global INDI name. This EJB has a global JINDI name defined be-
cause it may be needed by stand-alone clients. A reasonable value if the utility module isused a
workflow application would bede. danet . an. wor kf | ow. uti | -1i b. EJBSi nk.

As distributed, the utility modul€'s descriptors do not specify any security constraints. We do,




1.3.7.

Additional libraries

however, strongly recommend adding such constraints as appropriate for an application's security
domain when assembling the applications. A common configuration is to introduce the same secur-
ity role as used for the workflow engine EJBs (i.e. "WfMOpenAdmin", see Section 1.3.4,
“Workflow module” [6]) and allow this role to execute all methods.

The module includes support for executing the required adaptions. See Section 1.4.1, “Preparing the
modules’ [9] for details.

Additional libraries

As is usualy the case with complex Java applications, the workflow component needs some third
party librariesin addition to the standard JDK. Those libraries are:

» The commons-logging library [http://jakarta.apache.org/commons/logging.html] from the Apache
Jakarta Project (for server).

» Thelog4j library [http://jakarta.apache.org/logdj] from the Apache Group (for client and server).

e Thejdom library [http://www.jdom.org] (for server).

* The domdj-full library [http://www.domd4j.org] (for server). This library aso supplies the jaxen
libraries [http://www.jaxen.org].

» The jsrl73 (ak.a StAX) library [http://www.jcp.org/aboutJava/communityprocess/first/jsr173/]
(for server and client).

e The Rhino (JavaScript) library [http://www.mozilla.org/js/] (for server).

* The XMLBeans library [http://xmlbeans.apache.org/] (for server). This library is required by
Rhino for the E4X support.

e Thejdly core, xml-tags and jsl-tags libraries [http://jakarta.apache.org/commong/jelly/] (for serv-
er).

» The BeanUtilslibrary [http://jakarta.apache.org/commons/beanutils/] (for server, needed by jelly).

The axis library [http://ws.apache.org/axis/] (for server).

When you want to use WfMOpen with JDK/JRE 1.4, updated versions of the JRE XML packages
(org.w3c. dom org. xm . sax, org. xm . sax.ext and org. xnl.sax. hel pers) are
needed. You you must therefore use the Endorsed Standards Override Mechanism of the JDK [ht-
tp://java.sun.com/j2se/1.4.1/docs/guide/standards/index.html] to provide those newer versions, i.e.
you have to set the system_ property java.endorsed.dirs to the directory
$DI ST/ | i b/ wf deno/ endor sed’. For the versions of the XML libraries currently used see the
CVSinformation inthet ool s/ endor sed subdirectory.

1.4. Deploying the component

1.4.1.

Preparing the modules

5The source distribution includes a stylesheet that, together with the appropriate invocations from ant scripts, adds security
information to deployment descriptors.

I you use JBoss, you do not have to set the endorsed library directory, because JBoss comes updated libraries in its
$JBOSS_HOVE/ | i b/ endor sed directory. This directory is automatically set as endorsed directory in the JBoss run-
scripts.
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Preparing the modules

As has been described in the previous sections, the deployment descriptors of the EJB modules must
be adapted to the application that integrates the workflow engine. In order to facilitate this task, the
EJB JARs have in their subdirectory assenbl y-r esour ces ant scripts with targets that may be
called to perform the adaption. Of course, these scripts do not have to be used to adapt the EJBs,
they are simply provided as useful helpers.

1.4.1.1. General helpers

File assenbl y-resour ces/ assenbl y-utils. xm provides general purpose targets that
can be used for any EJB JAR, not only for the workflow engine or utility EJBs.

add- ej b-resource-ref
Add a resource reference to an EJB. Must be called with properties "src-gjb-jar=<the gjb jar to
patch>", "target-ejb-jar=<the patch result>", "ejb-name=<the gjb that references the resource>",
"ref-name=<the locigal name used by the EJB to reference the resource>", "jndi-name=<the
(global) IJNDI entry for the resource>", "res-auth" and "res-type" as to be put into the gb-
jarxml. This target needs additional resources (DTDs and stylesheets) that must be provided in
adirectory specified with property "resource-dir=<directory>".

add-renot e- ej b-resour ce-r ef
Add a reference to a remote EJB. Must be called with properties "src-gjb-jar=<the gb jar to
patch>", "target-ejb-jar=<the patch result>", "gb-name=<the gjb that references the remote
gjb>", "ref-name=<the lociga name used by the EJB to reference the resource>", "ref-
type=<Session or Entity>", "home", "remote" and "link" as to be put into the gjb-jar.xml. This
target needs additional resources (DTDs and stylesheets) that must be provided in a directory
specified with property "resource-dir=<directory>".

add- | ocal - ej b-resource-ref
Add aresource reference to alocal EJB. Must be called with properties "src-gjb-jar=<the gjb jar
to patch>", "target-gb-jar=<the patch result>", "gjb-name=<the b that references the re-
source>", "ref-name=<the locigal name used by the EJB to reference the resource>", "ref-
type=<Session or Entity>", "local-home", "local" and "link" as to be put into the gjb-jar.xml.
This target needs additional resources (DTDs and stylesheets) that must be provided in a direct-
ory specified with property "resource-dir=<directory>".

adapt-ej b-jar

Modify the deployment descriptors of an b jar by replacing given strings with other strings as
specified in a properties file. Must be called with properties "src-gjb-jar=<filename of distrib-
uted gb jar>", "target-g/b-jar=<filename of adapted gjb jar>" and "props=<filename with prop-
erties>". If the special properties "security-roles’, "security-identities" and "security-domain"
are defined, security information will additionally be inserted into the deployment descriptors as
specified by these properties. This target needs additional resources (DTDs and stylesheets) that
must be provided in a directory specified with property "resource-dir=<directory>". This target
also removes the sub-directory "assembly-resources’ from the gjb jar if such a sub-directory ex-
ists. An additional properties file may be specified as property "token-replacements’. The re-
placements specified in this file are applied to all deployment descriptorsfirst. It is useful if you
want to process the same EJB twice, using one replacement from your main properties file in
the first step and another replacement in the second step, or to simply override replacementsin
the main propertiesfile.

add- ej b-env-entry
Add a resource reference to an EJB. Must be called with properties "src-gjb-jar=<the gjb jar to
patch>", "target-gjb-jar=<the patch result>", "ejb-name=<the gjb that requires the entry>", and
"env-entry-name=<name of environment entry>", "env-entry-type=<type of environment
entry>" and "env-entry-value=<value of environment entry>". The target needs additional re-
sources (DTDs, schemas and "assembly-utils.xml") which must be provided in a directory spe-
cified with property "resource-dir=<directory>".

adapt - war
Modify the deployment descriptors of awar by replacing given strings with other strings as spe-
cified in a properties file. Must be called with properties "src-war=<filename of distributed
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war>", "dest-war=<filename of adapted war>" and "props=<filename with properties>". An op-
tional property "libs-to-remove" may be set to a comma separated list of files to remove from
WEB-INF/lib (because they will be supplied by the containing EAR).

add-env-entry-to-servl et
Modify the deployment descriptors of a war by adding an environment entry. Must be called
with properties "src-war=<filename of distributed war>", "dest-war=<filename of adapted
war>" and "env-entry-name=<name of environment entry>", "env-entry-type=<type of environ-
ment entry>" and "env-entry-value=<value of environment entry>". The target needs additional
resources (DTDs, schemas and "assembly-utils.xml") which must be provided in a directory
specified with property "resource-dir=<directory>".

1.4.1.2. Helpers for adapting the workflow engine EJBs

File assenbl y-r esour ces/ assenbl y- hel pers. xnml in the workflow engine EJB JAR
uses the general purposes targets described above and adds to them, thus providing specific targets
for the workflow engine EJBs.

adapt - wf nropen- nodul es

Modify the deployment descriptors of WfMOpen modules "de.danet.an.wfcore-glbsjar”,
"de.danet.an.wfcore-callback-gjbs.jar", "de.danet.an.wfcore-client.jar" and
"de.danet.an.workflow.wfxml.war". Must be called with properties "src-dir=<directory with
distributed modules>", "target-dir=<directory for adapted modules>" and "props=<filename
with properties>". The target needs additional resources (DTDs, schemas and "assembly-
utilsxml") which must be provided in a directory specified with property "resource-
dir=<directory>". An optional property "libs-to-remove’ may be set to a comma separated list
of files to remove from WEB-INF/lib of the WARs (because they will be supplied by the con-
taining EAR).

pr epar e- wf nopen- cal | back- nodul e

Modify the deployment descriptors of WfMOpen module
"de.danet.an.wfcore-callback-gibsjar". Must be called with properties "src-dir=<directory with
distributed modules>", "target-gjb-jar=<name of adapted gb-jar>" and "props=<properties
file>". These properties are the same properties as used for "adapt-wfmopen-modules”. In addi-
tion, they must include a value for the key "@@@_JNDI_Callback_Name_Prefix_@@@"
used to derive the global INDI name of the callback EJBs. These must, of course, be unique for
every deployment of the callback EJBs. (Note that you can use the property "token-re-
placements=<properties file> to simply "add" this property to the general WfMOpen properties
file, see genera helper "adapt-gjb-jar".) Property "handler" specifies which tool agent invoca
tions are handled by the adapted module, i.e. its value must correspond to the value used for the
"Handler" attribute of the application definition in the process definition. The target needs addi-
tional resources (DTDs, schemas and "assembly-utils.xml") which must be provided in a direct-
ory specified with property "resource-dir=<directory>".

adapt-client-jar
Thistarget is called by "adapt-wfmopen-modules'. It configures the StandardWorkflowEngine-
Factory by adding a file de.danet.an.workflow-wfs.properties with an appropriate entry to the
client jar. Must be called with properties "src-client-jar=<filename of distributed client jar>",
"target-client-jar=<filename of adapted client jar>" and "props=<filename with properties>".

nmake- depl oynent - servi ce

Replace strings with other strings in a deployment descriptor as specified by a properties file
and wraps the result as a SAR. This target is provided because JBoss documentation does not
explicitly state that you can put arbitrary deployment descriptors (e.g. for creating a data
source) in an EAR. You can, however, wrap them in a SAR and put this SAR in the EAR (and
have it deployed by an entry in "jboss-app.xml”. This target must be called with properties "de-
ployment-xml=<the deployment description>", "dest-file=<filename of the SAR>" and
"props=<filename with properties>".

1.4.1.3. Helpers for adapting the utility EJBs
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File assenbl y-r esour ces/ assenbl y- hel pers. xnl in the utility EJB JAR uses the gen-
eral purposes targets described above and adds to them, thus providing specific targets for the utility
EJBs.

adapt-util-ejbs
Modify the deployment descriptors of utility ejbs by replacing given strings with other strings
as specified in a properties file and adding security information retrieved from the same proper-
ties file. Must be called with properties "src-ejb-jar=<filename of distributed gjb jar>", "target-
gjb-jar=<filename of adapted gb jar>" and "props=<filename with properties>". The target
needs additional resources (DTDs, schemas and "assembly-utils.xml") which must be provided
in adirectory specified with property "resource-dir=<directory>".

adapt -util - modul es
Modify the deployment descriptors of the utility library modules. Must be called with properties
"src-dir=<directory with distributed modules>", "target-dir=<directory for adapted modules>"
and "props=<filename with properties>". The target needs additional resources (DTDs, schemas
and "assembly-utilsxml") which must be provided in a directory specified with property "re-
source-dir=<directory>".

1.4.1.4. Sample properties file
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A sample properties file for use with the above ant scripts is shown below.

# # Informati on needed for
application assenbly #

# Adapt utility EIJBs' JNDI nanes. They have no "reasonabl e" defaults,
# so we have to specify very nuch. Note that these JNDI nanes are
# define separately as the utility EIJBs nay be shared between
# different applications. Note that "ejb/" will be prepended to the nanes
# specified bel ow automatically and the entries for |ocal home interfaces
# have "Local " appended to the nane.
@o@Uility-EIJBs_Util EJB_JINDI _Nane_@ad = \
de. danet.an. wfdenmo. util-lib. Uil
@@ Uility-EIBs_KeyGenEJB_JNDI _Name_@a@ = \
de. danet. an. wfdeno. util-1ib. KeyGen
@@ Utility-EIBs_KeyGenLockEJB _JNDI _Narme_@@@ = \
de. danet. an. wfdeno. util-1ib. KeyGenLock
@@ Utility-EIJBs_EJBSI nkEJB_JNDI _Nanme_@@@ = \
de. danet. an. wfdeno. util-1ib. EJBSi nk

# Adapt utility EJB' s data source reference
java\:/DefaultDS = java: /W MOpenDS

# Adapt other EJBs' JNDI nanmes. Most application servers require that
# you speci fy JNDI nanes although all references to the EJB are via

# links within the application. W sinply define a prefix for those.

# This prefix is also used for JNDI nanes of other resources. Note that
# "ejb/" will be prepended to the prefix specified bel ow when used to
# derive JNDI nanes for EJBs.

@ JNDI _Nane_Prefix_ @@ = de. danet. an. wf deno.

util-ejbs-security-domain = java:/jaas/w deno
util-ejbs-security-roles =\
W MOpenAdmi n: \
KeyGen* KeyGenLock*EJBSI nk* Ui | ;
util-ejbs-security-identities = Timeout Handl er: W MOpenAdmi n
util-ej bs-security-principals = Ti neout Handl er: W MOpenAdmni n_Pri nci pal

# Adapt workfl ow engine (note that the engine uses the util EJBs,
# necessary replacenents are already covered by the properties above).
java\:/jaas/w nmopen = java:/jaas/w denp




1.4.2.

1.4.3.

1.4.4.

Additional services

Basic deployment

The workflow EJBs can be deployed in the usual way defined by J2EE:

<appl i cati on>
<di spl ay- name>My application usi ng W Mpen</di spl ay- nane>
<nmodul e>
<ej b>de. danet.an. util-ejbs.jar</ejb>
</ nodul e>
<nmodul e>
<ej b>de. danet . an. wf core-ej bs.jar </ ej b>
</ modul e>

<nmodul e>
<ej b>sone. user. ny. application.jar</ejb>
</ modul e>
</ application>

Make sure that you have included all libraries needed by the workflow EJBsinthel i b/ directory
of your J2EE application as described in Section 1.3.4, “Workflow modul€” [6]. This is a usable
configuration if you only define workflow processes without any resources (i.e. only automatically
executed activities). If resource assignment to activities is needed, some additional services have to
be supplied as described below.

If you combine the workflow engine EJBs and servlets (packed as WARS) in asingle EAR, it is ad-
visable to have libraries used by both components only in the EAR (i.e. not in the WARS W\EB-
I NF/ 1'i b directory. In such a configuration, the libraries must explicitly be deployed as Java mod-
ulesin appl i cati on. xm . Note that this and other packaging aspects are not WfMOpen specif-
ic. Rather they apply to J2EE applications in general and details are bexond the scope of this manu-
al. See one of the many books about J2EE for further informations.

Additional services

An issue not necessarily handled by a workflow core service is the issue of resource assignment.
The OMG specification explicitly leaves this topic to a to-be-defined resource assignment facility.
We have therefore chosen to introduce a simple interface to a resource assignment service in our
design. This interface is described in detail in the package
de. danet . an. wor kf | ow. spi s. r as [../../spis/ras/package-summary.html].

In order to keep this interface easily implementable by any kind of architecture, access to this ser-
vice is not based on INDI and an EJB home interface. Access rather follows the established generic
pattern to create a service using a factory class. In order to use the workflow component, an imple-
mentation of this service must be provided.

The workflow component includes a sample implementation of a resource assignment service. If
you want to use this implementation, some additional configuration issues arise which are discussed
in Section 6.1, “The sample assignment service” [65].

Callback module deployment

The callback module should be adapted by using the target " prepare-wfmopen-callback-modul€" as
described in Section 1.4.1.2, “Helpers for adapting the workflow engine EJBS’ [11]. This requires
basically the same properties as adapting the core modules, i.e. a basic knowledge about the work-
flow engine configuration. In order to distinguish the callback EJBs from the ones used in the en-
gine core and in other callback module configurations, each deployment must specify an individual
additional property @@@ JNDI _Cal | back_Nare_Prefi x_@@® This is used to derive the
global INDI name of the callback EJBs. To avoid a complete properties file for every callback mod-
ule adaption, this property may be put in its own properties file. This propertiesfile is then passed to
the invocation of the ant target as property t oken- r epl acenent s. "Token-replacements’ is a
mechanism supported by the ant helpers that allows to override (and therefore also add) individual
properties in the general propertiesfile.
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Callback module deployment

Also required is the specification which tool agent invocations are to be handled by the callback
module. Thisis determined by the ant property handl er . Its value must correspond with the value
of the attribute Handl er used for the application declaration in the process definition (see Sec-
tion 4.2.5, “Defined extensions” [35]).




Chapter 2. States and state
transitions of processes and
activities

Dr. Christian Weidauer, Danet GmbH
Dr. Michael Lipp, Danet GmbH

2.1. States of processes and activities

Both W Pr ocess and W Act i vi t y objects can assume the same six different states. The follow-
ing table itemizes these states and explains their meaning for processes and activities.

Table 2.1. Meaning of execution object states

state\ object process activity

open. not _run |After creation the processis active and |After creation the activity is active and

ni ng. not _st a |ready to beinitialized and started. ready to beinitialized and started when

rted its start condition is fulfilled.

open. runni ng |The processis active and executing in | The activity is executing in the work-
the workflow. The process may start  |flow. The activity isinvoking the im-
new activities. plementing tools or a sub process was

started and is running.

open. not _run |Theprocessis active and quiescent, The execution of the activity istem-

ni ng. suspend |but ready to execute. Itsexecutionis |porarily paused. If the activity isim-

ed temporarily paused, so that no further |plemented as a sub process the process

activities depending on this process
may be started.

is also suspended.

ed

cl osed. abort

Indicates that the enactment of the pro-
cess has been aborted before normal
completion. The only assumption on
the state of activities depending on this
processis that no activity is running.
Note, however, that tools may still be
running if they do not support asyn-
chronous termination.

Indicates that the enactment of the
activity has been aborted before nor-
mal completion. No assumptions on
the state of sub processes and tools de-
pending on this activity are made when
it entersthis state.

closed.term
nat ed

Indicates that enactment of the process
was stopped before normal comple-
tion. It is assumed that all activities de-
pending on this process have never
been started or are completed or are
terminated when it enters this state.

Indicates that enactment of the activity
was stopped before normal comple-
tion. It is assumed that all sub pro-
cesses and tools depending on this
activity are either completed or are ter-
minated when it enters this state.

et ed

cl osed. conpl

When a process has finished its task
normally in the overall workflow pro-
cessit enters the completed state. Itis
assumed that all activities associated
with the process are completed or not
started when it enters this state. Fur-
ther, the combination of the conditions
on the incoming transitions of activit-
iesthat are not started must evaluate to
fase.

When an activity has finished its task

normally it enters the completed state.
It is assumed that all tools or sub pro-

cesses associated with the activity are
completed when it enters this state.
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2.2. State transitions of processes and activ-

Iities

During the life cycle of processes and activities their states change. The following figure shows sup-
ported state transitions of W Pr ocess and W Act i vi t y objects.

1

apen.not_running.not_started

i Y

3.

= ™
(Dpen.nnt_running.suspended Open.running 2

— g .
closed.aborted] | closed.completed | (clased terminated
o L y

Figure 2.1. State transitions of execution objects

As can be seen in the figure, both the W Process and W Acti vi ty objects start in state
open. not _runni ng. not _st art ed when they are created and finish in one of three different
closed states.

2.3. Triggers of state transitions
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State transitions are triggered by the client APl and the engine or can be an reaction to exceptions
occuring when invoking tools.

The following table shows how calling a client API operation changes the state of an execution ob-
ject (process or activity). The numbers used in the following tables refer to the state transitions in
the above state diagram.

Note that triggering a state change will cause the workflow engine to either make the intended trans-
ition or to throw one of the exceptions declared in the API (see Section A.1.36, “Interface WfExecu-
tionObject” [111], Section A.1.42, “Interface WfProcess’ [132] and Section A.1.29, “Interface
WrfActivity” [98]). Asaresult of the transition made, however, the object's state may further be up-
dated by the engine or other clients running in different threads. Thus querying the state of an execu-
tion object immediately after successfully triggering a state change may return a state different from
the target state of the transition in the table.




Triggers of state transitions

Table 2.2. Statetransitionstriggered by client API calls

object \ method start suspend resume terminate |abort complete
WfProcess 1 4 3 2,7 5 n.a
WrfActivity na 4 3 2,7 5 8,9

The "unobservable" (from the client's point of view) state transitions caused by acall to conpl et e
may seem strange at first. See the method's API documentation (complete() [99]) for further inform-
ation about the behaviour.

Usually, state transitions of an execution object will cause further state transitions of other execution
objects. There are six cases to distinguish, which are shown in the following table. The head row of
the table defines the state transition of the triggering object. This transition may influence the
triggered object (triggering object -> triggered object). Its potential transitions are listed in the table
elements. E. g. table element (1(a)) in the second table row (WfProcess (parent) -> WfActivity)
and fifth column (3) means. The state transition 3 of a parent process may cause a state transition 1
of its activitiesif the start condition of the activitiesis fulfilled.

Specia attention has to be paid to state transitions of activities with manual start and/or finish mode.
These modes ae implemented by setting the activity object to date
open. not _runni ng. suspended instead of state open. r unni ng (manua start mode) or
state cl osed. conpl et ed (manual finish mode). When resuming an activity object (transition 3)
the engine will therefore take into account why the activity was suspended and proceed accordingly.

Table 2.3. State transitionstriggered by the engine

object \ transition |0 1 2 3 4 5 6 7 8 9
Wf{Process (parent) O 1(a) 1(a) 57, |na |7 na |na
-> WfActivity 4())

WfProcess(sub) -> [n.a. |[n.a |n.a 5 8 7 na |na

WrfActivity

WfActivity ->Wf- [n.a  |n.a 4 6(d), |7(c)

Process (parent) 7(e)

WfActivity -> Wi- 0& |[na |3 4 5 na |7 n. a

Process (sub) 1(k)

W{Process -> Wf- 5(b) na [na

Process (itself)

WiActivity -> 4(f) 4g), |5(b) 49),

WfAdctivity (itself) 6(h) 6(i)

@ If the start conditions of the activity evaluate to true.

(b) If the triggering transition 4 (to open. not _r unni ng. suspended) was caused by an
activity state transition 5 (to cl osed. abort ed). Occurs if an activity aborts (causing
everything else to abort) and the process (or an activity of the process) is in state
open. runni ng. Then cl osed. aborted can only be reached via an intermediate
open. not _runni ng. suspended.

(© If there are no more running activities or activities with start conditions evaluating to true.

(d) If there are no more running activities and no activities with start conditions evaluating to
true and all closed activities have state cl osed. conpl et ed.

(e If there are no more running activities and no activities with start conditions evaluating to
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true and one or more closed activities have a state other than cl osed. conpl et ed.
()] If start mode is manual.
(9) If the activity's finish mode is manual and no work remains to be done.
(h) If activity was suspended because finish mode is manual.
() If the activity's finish mode is automatic and no work remains to be done.
()] If the activity cannot be terminated.

(k) If the start mode of the activity is manual, creation and start of the sub-process will be
delayed until the activity has been resumed.

Besides the triggering by the client or the engine, there are three more possible causes for state
transitions:

» A faluretoinvoke atool causes state transition 7 of the invoking W Act i vi t y object.

» The detection of aloop causes the activities on the path to be reset, i.e. their state changes intern-
aly from cl osed. .. to open. not _runni ng. not _st art ed (see Section 4.3.4, “Loops’
[?] for details about loops). This change of state is not recorded as an audit event, because the re-
peated execution of an activity is interpreted as several instances of the activity being executed
one after the other. Thus the first activity instance is started, runs and completes, then the second
activity instance is started, runs and completes. There is no observable change from cl osed. . .
toopen. not _runni ng. not _st art ed.

« If the preliminary choice of an activity in adeferred choice is revoked (because another activity is
chosen), its state changes from open. runni ng to open. not _runni ng. not _started
(see Section 4.3.5, “Deferred choice” [42] for details about the deferred choice). This change of
stateis recorded as an audit event, asit is part of the activity's execution sequence.

2.4. Exceptions
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Besides events triggered by a client, an activity may also receive exceptions. Exceptions are defined
in the XPDL specification as a general mechanism to signal an exceptional condition to an activity.
The only specificaly defined exceptions are those generated by the arrival of a deadline that has
been defined for an activity. WM Open additionally supports handling exceptions from tool invoca
tions, see Section 3.5.4, “Exception handling” [31] for details.

Asfar as state is concerned, exceptions are basically handled like the final complete call*. Any run-
ning tool is terminated and tools not yet invoked are skipped.

It may at first be surprising that the activity reaches cl osed. conpl et ed when an exception oc-
curs. However, any other resulting state of an activity would have a strange effect on the final pro-
cess state, as it would prohibit the process from reaching the completed state (see Section 2.1,
“States of processes and activities’ [15])2. From a process point of view everything is all right. A
deadline may have occurred and some specia transitions may have been taken, but the process has
still performed within its specification.

Things look a bit different, though, from the perspective of a subprocess started by an activity that
receives an exception. This process is forcefully terminated by its requester (the activity that has re-
ceived the exception). It therefore assumes the state terminated or aborted. In contrary to the normal
state transitions, this does not cause the requesting activity to assume the same state as the activity is

The impact on transitionsis quite different, of course.

2We could have relaxed this dependency, allowing the process to reach the completed state even if an activity is terminated or
aborted, provided this state was reached due to an exception. But then the state definition wouldn't be OMG compliant any
more.




Suspended state and deadlines

set to state completed by the exception processing.

Under normal circumstances, the occurrence of an exception should be derived from the transitions
taken in a process. However, as a help for automated eval uations, WfM Open has introduced the sub-
states cl osed. conpl et ed. nor mal and cl osed. conpl et ed. abandoned with the latter
being assigned to an activity that has been completed due to an exception.

2.5. Suspended state and deadlines

XPDL introduces deadlines, OMG knows about a "suspended" state, but neither knows about the
other. This leaves the question of how the suspended state affects deadlines. We have defined the se-
mantics as follows.

If an activity is set to state suspended, deadlines are suspended as well, i.e. no exceptions from dead-
lines will occur®. Note that "if an activity is set to state suspended" is not the same as "if an activity
isin state suspended”. Activities may also reach the state suspended if they have manual start or fin-
ish mode. In these cases deadlines are not suspended“.

If the deadline has been defined as an absolute date time value (see Section 4.2.4, “Deadlines’ [34]
then setting an activity in the suspended state will not prolong the deadline. If the deadline is
reached while the activity is suspended, the related exception will be delivered immediately when
the activity is resumed.

If the deadline has been defined as a duration then setting an activity in the suspended state will pro-
long the deadline, i.e. the deadline will be delayed by the accumulated time that the activity has
spent in the suspended state.

Dynamic deadline conditions, i.e. conditions that depend on process relevant data, will be re-
evaluated every time the activity is resumed. The advantage of this behavior is that it effectively of-
fers you a choice. If you want your expiration date to remain, you simply use only process relevant
data that does not change. The disadvantage is that in order to have invariant process relevant data,
you may have to make copies of several items (or, maybe better, calculate your deadline in an inde-
pendent expression and keep it in some data field).

Maybe the biggest trap in re-evaluation is that the simple conversion of a duration to an absolute
date "new Date((new Date()).getTime() + duration)"” will not work. While this
yields adate, which is not prolonged by the suspend state, it will be re-evaluated when the activity is
resumed. Thus the deadline will probably be delayed even more than by using the duration in the
first place. There is no solution to this other than saving the start time of the activity in a dataitem
(e.g. by calling the JavaScript tool asfirst tool of the activity).

2.6. Debugging workflows

Workflows may be run in debugging mode. In this mode, the activities assume some additional, in-
termediate states. Note that the associated state transitions are neither recorded nor distributed as
state change events. The debug mode has been designed to run the workflow in away that resembles
the normal execution as closely as possible. The debug mode is not a simulation. It can best be com-
pared to running a program in a debugger, i.e. the workflow is really executed. There are, however,
predefined break points and the invocation of tools may be simulated instead of actually performed.

3There has been some disussion if thisis the proper behaviour. The reasoning is that setting the activity in the suspend stateis
nothing that occurs during normal workflow execution. It is a deliberate management action. This action would become far-
cia if it could be circumvented by adeadline.

“We assume that a process designer who defines start or finish mode manual together with a deadline wants that deadline to
be executed to e.g. notify the administrator.
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Effect on state changes

Enabling debug mode

Debugging mode is enabled for a specific process by calling set DebugEnabl ed(t rue) on the
process after creating, but before starting the process (see setDebugEnabl ed(bool ean) [209]).

Debugging can also be enabled for a process type by default using the XPDL extension mechanism
as described in Section 4.2.5.2, “Extensions on Package and Process Level” [36].

Effect on state changes

When debug mode is enabled, the execution of activities breaks before the invocation of a tool and
before completion of an activity.

Immediately  before  invoking a tool, the activity's sate changes to
open. runni ng. debug. i nvoki ng. To continue the execution, the activity's state must be
changed to either open. runni ng or to open. r unni ng. debug. ski ppi ng. In the former
case, the tool will be invoked as in non-debugging mode. In the latter case, tool invocation will be
skipped and the activity will either assume the state open. r unni ng. debug. i nvoki ng again
(if there ae more tools to be executed by the activity) or the state
open. runni ng. debug. conpl et i ng (if the invocation of the last tools has been skipped, see
below). Of course, the process data must subsequently be modified manually to reflect the changes
that would have been made by the tool invocation.

Before the activity is eventualy <closed, it enters one of the dates
open. runni ng. debug. terminating,...abortingor...conpleting depending on
the closed-state that the activity will assume. To continue execution and cause the activity to assume
it proper closed state, the activity's state must be changed to open. r unni ng.

Effect on exceptions

In debugging mode, exceptions thrown by tools (i.e. cals to abandon, see aban-
don(javalang.String)  [146] will cause the activity to assume the state
open. runni ng. debug. abandoni ng. To continue the execution, it is not sufficient to provide
the possibility to change the state to open. r unni ng as described above for the "normal" trans-
itions to the closed state. There may be several exceptional transitions defined, and it must be pos-
sible to specify which exception should be used, else it wouldn't be possible to test the different
paths during debugging.

In order to avoid polluting the interface with methods that are only used for debugging, we have
defined a specia sequence of method invocations that cause the execution to continue (i.e. the state
will changeto cl osed. conpl et ed. abandoned and the execution of subsequent activities will
be triggered as specified by the transitions). You first change the sate to
open. runni ng. debug. awai ti ng_excepti on and then cal abandon (see aban-
don(java.lang.String) [146]) with the name of the exception to be processed. The preceding state
change causes abandon( Stri ng) to behave differently from normal operation, effectively con-
tinuing execution as described above.

In order to avoid any ambiguities, we strongly recommend to execute the two operations (state
change and abandoning) in a single transaction. This may be achieved by using a user transaction as
described in the J2EE specification or by using the method invocation batch (see Section A.2.31,
“Class MethodlnvocationBatch” [193]).

Wor kf | owService wis = .. .;
Met hodl nvocati onBatch m b = new Met hodl nvocat i onBat ch(true);
m b. addl nvocation (activity, "changeState",

new String[] {"java.lang.String"},

new Cbj ect[] {"open.running.debug.awaiting exception"});
nm b. addl nvocation (activity, "abandon",

new String[] {"java.lang.String"},

new Cbject[] {exception});

Met hodl nvocati onBatch. Result mr
= (Met hodl nvocat i onBat ch. Resul t ) wfs. execut eBat ch(m b);




Effect on deadlines

2.6.4. Effect on deadlines

Deadlines will be be started in debugging mode just as in non-debugging mode. However, nothing
happens when deadlines are reached. The state of deadlines may be monitored by calling deadlines()
[148]. To cause the process to proceed as if a synchronous deadline had been reached, you must first
cal abandon(String), which causes the activity to assume the sate
open. runni ng. debug. abandoni ng, and then continue execution as described for exceptions
in general above (see Section 2.6.3, “Effect on exceptions’ [20]). This may, of course, be done be-
fore the deadline has been reached, i.e. the effect of a deadline may be tested without actually wait-
ing for the associated time (which may be quite long) to elapse.

In order to simulate an asynchronous deadline, the state of an activity must first be changed to
open. runni ng. debug. f orwar di ng_except i on. This causes a subsequent call to aban-
don to mimic the behavior of an asynchronous deadling, i.e. transitions will be triggered as spe-
cified for the given exception. The activity will automatically resume the state that it had before the
change to open. runni ng. debug. f orwar di ng_excepti on. Of course, this sequence of
method calls should also be executed in a single transaction, as described above.
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Chapter 3. Using the workflow
component

3.1. Component structure

The following figure shows the overall structure of Danet's workflow component.

9

WorkflowEJBs

de.danet.an warkflow

==lihrany==
Workflow Core
The workflow care component implerments the entities
WiProcesshMar, WiProcess, Wiactivity etc. (but not
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|
|
)
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|
|
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Q0 O

ResourceManagementService Application Invocation Interface

Figure 3.1. Structure of the wor kflow component

As can be seen in the figure, the workflow core component provides an EJB based client API. Help-
er classes on the client side hide most of the EJB invocation details, thus enabling the usage of the
component without constantly keeping EJB detailsin mind.

The workflow component relies on the availability of aresource assignment service. As this service
must be provided to the workflow component, it can be thought of as an additional API, or SPI to be
precise, of the workflow component.

The distribution includes a sample implementation of such a resource assignment service which is
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Client API

described in detail in Chapter 6, The sample resource assignment service [65].

Finally the workflow package defines an API (SPI) used to invoke applications that perform activit-
ies.

The following sections describe each API in detail.

3.2. Client API

3.2.1.
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A standard workflow Java API has not been defined yet. Still, we did not want to provide users of
our workflow component with a completely proprietary API. Therefore, we have taken a two stage
approach.

Adapted OMG interfaces

As afirst step, we have adapted the API specified by OMG's Workflow Management Facility Spe-
cification, V1.2 to the Java domain. The result of this adaptation can be found in the package de-
scription of de. danet . an. wor kf | ow. ongcor e (see de.danet.an.workflow.omgcore [81] or
JavaDoc [../..Jlomgcore/package-summary.html#package description]). The package defines the core
workflow classes such as W Pr ocess, W Acti vity etc. A detailed description of the process
used to derive the Java interfaces from the OMG specification can be found in the package descrip-
tion.

The OMG core workflow interfaces define a workflow model as shown in the following diagram.
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Figure 3.2. OMG core workflow model
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The central classes of the model are W Pr ocess (see Section A.1.42, “Interface WfProcess’ [132])
and its constituting W Act i vi t y instances (see Section A.1.29, “Interface WfActivity” [98]). Pro-
cesses of the same type can be created and accessed with their W ProcessMgr (see Sec-
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3.2.2.

Extending the core interface

tion A.1.43, “Interface WfProcessMgr” [135]).

Extending the core interface

Examining the OMG interface closely, we found that it lacks some functions that we would like to
offer. For some OMG interfaces we have in a second step therefore defined a corresponding inter-
face that extends the OMG base interface.

We have also added some interfaces for areas that the OMG specification has purposely omitted
from its scope (e.g. access to process definitions).

The starting point for using the workflow engine is the Wor kf | owSer vi ceFact ory. Use this
class to create a new Wor kf | owSer vi ce (see Section A.2.52, “Class WorkflowServiceFactory”
[250], especially setProperty(java.lang.String, java.lang.Object) [253], and Section A.2.51, “Interface
WorkflowService” [240]). The workflow service provides the methods to access the process defini-
tions, processes etc.

Note that the extended API has been defined completely independent of J2EE. It is possible to im-
plement this API with POJOs, though it may turn out to be difficult to provide remote access, reli-
able transactional behavior, security and scalability without using J2EE.

The implementation of the API provided by WfMOpen is J2EE based because we found this mid-
dleware an ideal basis for a workflow engine that can meet the demands of enterprises. The work-
flow service factory implementation provided by WfMOpen is described in
de.danet.an.workflow.gjbs.client. StandardWorkflowServiceFactory [325]. See this description for
more information about required configuration parameters.

3.3. Sample client

3.3.1.
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Holger Schliter, Danet GmbH
This section covers a step-by-step description of the process of building a basic sample client.

The example helps you to learn how to set up your compilation and runtime environment and fi-
nally, you will be able to retrieve some information from the workflow engine.

Client code

Let's start with afirst look at the code we need for this purpose:
package sanpl es;

i mport java.util.lterator;
i mport java.rm . Renot eExcepti on;

i mport javax.security.auth.|ogin.Logi nContext;
i mport ] avax.security.auth.login.Logi nException;

i nport de. danet. an. wor kf | ow. api . Wr kf | owSer vi ceFact ory;
/1l Section A 2.52, “C ass Wrkfl owServi ceFactory” [250]
i mport de. danet. an. wor kf | ow. api . Wor kf | owSer vi ce;
/1 Section A 2.51, “Interface Workfl owService” [240]
i mport de. danet. an. wor kf | ow. api . ProcessDi rectory;
/1 Section A 2.44, “Interface ProcessDirectory” [230]
i mport de. danet. an. wor kf | ow. ongcor e. W Pr ocess;
/1 Section A 1.42, “Interface WProcess” [132]

i mport ProjectLogi nContext; // Section 3.3.2, “Gaining access” [28]
/**

* A sanple workflow client.
*/
public class Testdient {

private static LoginContext lctx = null;




Running the sample client

/**

* Main nmethod call ed when started from shell.

* @aram args argunents

*/

public static void main(String args[]) {
Systemout.println("Started");

/1 This block authenticates a user. It is needed only once
/1 wi{t/h} n a client program (see Section 3.3.2, “Gining access” [28]
try 0
I ctx = new ProjectLogi nContext();
[ ctx.login();
} catch (Logi nExcepti on exc)
Systemerr.println("Login failed: " + exc.getMessage());
Systemexit(-1);

/!l Here starts the real work.
Wor kf | owService wis // O
= Wor kf | owSer vi ceFact ory. newl nst ance() . newr kf | owSer vi ce() ;

try {
ProcessDirectory dir = wfs.processDirectory(); // O

Iterator procs = dir.processes().iterator(); // O
whil e (procs. hasNext()) {
Systemout.println
("Proc: " + ((WProcess)procs.next()).name()); // 0O

}
} cat ch(Renot eExcepti on exc) {
Systemerr.println
("Process directory not accessible: " + exc.getMssage());
Systemexit(-1);

0  The purpose of this block will be explained below (see Section 3.3.2, “Gaining access’ [28]). It
has nothing to do with the genuine workflow engine functionality.

O  Thefirst step in using the workflow service is to obtain areference to aWor kf | owSer vi ce
(see Section A.2.51, “Interface WorkflowService” [240]). Such areference is obtained from the
factory class Wr kf | owSer vi ceFact ory (see Section A.2.52, “Class WorkflowService-
Factory” [250]).

0  From the workflow service we can get the ProcessDef i nitionDirectory (see Sec-
tion A.2.43, “Interface ProcessDefinitionDirectory” [225]) or ther ocessDi r ect ory (see
Section A.2.44, “Interface ProcessDirectory” [230]). Aswe want to list the workflow processes
in our sample clients, we get the Pr ocessDi rect ory.

O Wecall processes (seeprocesses() [232]) to obtain the collection of known processes and it-
erate over them.

0  For this example we simply output the names of the processes (see name() [115]). Of course,
you may add print statements for additional attributes.

3.3.2. Running the sample client

Preparations

First of all, you have to install the database (see Section 1.2, “Preparing the database” [2]) and de-
ploy the workflow ejbs (see Section 1.4, “Deploying the component” [9]).

If you have installed a demo application (see Appendix C, The demo applications[337]) you can use
it asthe server for the sample client.

Building environment

Next, add the following libraries to your compilation classpath:

27



Running the sample client

e Danet'swfcore API library (de. danet . an. wf core-api s. j ar)

» Danet's AN utility library (de. danet . an. util.jar)

All libraries needed by your J2EE client environment

All libraries needed by your EJB client environment

All third party libraries referenced in Section 1.3.7, “Additional libraries’ [9]

Y ou should now be able to compile the sample client code.

Running the client

Gaining

28

After the successful compilation of your client, you need to add the following items to your runtime
classpath:

All libraries from the compilation classpath.

» Danet'swfcore client library (de. danet . an. wf core-cli ent. | ar), adapted to your server
configuration as described in Section 1.3.4, “Workflow module’ [6]1

The directory with the preferred Log4J configuration for your client (in a file named
| og4j - appl . xm).

Thelogdj library.

If you now try to start the sample client, you will get an error message, stating that the environment
is unable to locate alogin configuration. Thisis due to the fact that every accessto an EJB is secur-
ity controlled by the application container.

access

Access to EJBs may be secured by specifying roles that have access to methods. In the sample ap-
plication, a single security role named W MOpenAdmi n has been configured, which a user has to
adopt in order to gain full access to all application components (see the ej b-j ar. xm in the
de. danet. an. wf core-ej bs.jar).

Since the J2EE specification does not define how to associate roles with a client, things get a bit
vendor-specific here. Lookup your J2EE server's documentation to find out how things are handled
in your environment. A popular method used by several J2EE vendors isto use JAAS based authen-
tication. We'll explain the mechanism using the JBoss application server as an example.

Roughly, JAAS is based on a session related Logi nCont ext that holds security information
(including associated roles) about aPri nci pal (typically auser's login name). One or more con-
figurable "login modules’ provide this information. The login modules are invoked when Logi n-
Cont ext .1 ogi n() iscalled (see O [27]). The login modules may use a callback to query cre-
dentials. If proper credentials are supplied, the login module adds information (such as roles) to the
Logi nCont ext .

If you have no predefined callback implementations available, you may use this example:
i mport java.io. | OException;

i mport javax.security.auth. Subject;

i mport javax.security. auth. call back. Cal | back;

i mport javax.security.auth.call back. UnsupportedCal | backExcepti on;

i mport | avax.security. auth. call back. Cal | backHandl er;

i mport j avax.security. auth. call(lbg;ck. Text QJLApUt Cal | back;

NP0 Ude tHe B EGEH debcXbed P& & G pU can extract an adapted client lib-
rar{%%ﬁn trﬁvaxR.pz@swol w-at&fgbﬁcmd@@a@gg@mné%%mm and a""t’i’act the file

de. danet. an. wf core-client.jar fromthelib sutfiirectory in the demo EAR.




Running the sample client

i mport javax.security.auth.login.Logi nContext;
i mport | avax.security.auth.login.Logi nException;
i mport | avax.security.auth.login. FailedLogi nExcepti on;

/**

* Sinple login context for unit tests.

*/

public class ProjectlLogi nContext extends Logi nContext {

public final static String USERNAME = "junit";

private static class CBH i npl enments Cal |l backHandl er {
public void handl e (Callback[] call backs) 0O
t hrows UnsupportedCal | backException, | OException {
for (int i = 0; i < callbacks.length; i++)
if (callbacks[i] instanceof TextQutputCallback) { O

/1 display the message according to the specified type

Text Qut put Cal | back toc = (TextQut put Cal | back) cal | backs][i

switch (toc.get MessageType()) {

case Text Qut put Cal | back. | NFORMATI ON:
Systemerr.println(toc.get Message());
br eak;

case Text Qut put Cal | back. ERROR:
gyst ﬁm err.println("ERROR " + toc.getMessage());

reak;

case Text Qut put Cal | back. WARNI NG
Systemerr.println("WARNING " + toc.getMessage());
br eak;

defaul t:
t hrow new | OException(" Unsupported nessage type: " +

toc. get MessageType());

}
} else if (callbacks[i] instanceof NaneCallback) { O
/1 pronpt the user for a usernane
NanmeCal | back nc = (NameCal | back) cal | backs[i];
nc. set Name( USERNAME) ;
} else if (callbacks[i] instanceof PasswordCall back) { O
/1 pronmpt the user for sensitive information
Passwor dCal | back pc = (PasswordCal | back) cal | backs[i];
pc. set Passwor d( USERNAME. t oChar Array());
} else {
t hr ow new Unsupport edCal | backExcepti on
(cal I backs[1], "Unrecogni zed Cal | back");

}

public ProjectlLogi nContext () throws Logi nException {
super ("danetworkflow', new CBH()); O

O  Atthefirst glance, things look much more complicated than they are. All we really have to do
is implement the call back handler. It has a single method handl e that has an array of call-
backs to be handles as parameter.

O A Text Qut put Cal | back is send by the login module if it want some text to be shown to
the user (like "Invalid user name"). The messages are simply passed to the appropriate output
channel.

0 This callback is sent if the login module wants a user name. We used a fixed name here and
simply set this as the callback result.

O This callback is sent if the login module wants a user credential (which need not be a string,
hence it is typed as byte array). We used a fixed password (the name) here and simply set this
(converted to a byte array) as the callback result.

O  All we have to do in order to customize the standard Logi nCont ext isto pass out callback
handler and a security configuration name (see bel ow) to the constructor.
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Resource assignment SPI

The security configuration name used by the Logi nCont ext must match an entry in the file that
declares all security domains for JAAS. For our client (and JBoss) we need an entry like this:

danet wor kf | ow {
org.jboss.security. dientLogi nMbdul e required;

This declares that a single login module org. j boss. security. d i ent Logi nModul e
should be called.

Finally we must tell JAAS that it should use our configuration file by starting the java virtual ma-
chine with this additional parameter: -
Dy ava. security. aut h. | ogi n. confi g=aut h. conf.

The login context in our example provides credentials for the user “junit”. So we have to make sure,
that the user “junit” is able to adopt the role St af f Managemnent Rol e_0. The described JBoss
security configuration verifies given credentials on the basis of the Jetspeed2 user management
component. Thus, to gain the proper access rights, make sure that a user name “junit” is defined
within the Jetspeed? portal and that this user is part of the administrator group (the group with the id
“0").

With these security settings, the client should now display alist with all processes currently running
(or closed but not deleted) in the workflow engine.

3.4. Resource assignment SPI

The resource assignment SPI is described in detail in section de.danet.an.workflow.spis.ras [269]. It
makes the resource assignment service a pluggable component, i.e. you are free to choose an assign-
ment service that suits the needs of your business processes and your organization.

The sample resource assignment service included in the WfMOpen distribution (see Chapter 6, The
sample resource assignment service [65]) simply supports the selection of specific humans, groups
or resources. You may replace this with a component that takes in consideration skills, shift times
etc.

A resource assignment service must implement a resource assignment factory and a resource assign-

ment service as defined in Section A.4.6, “ Class ResourceA ssignmentServiceFactory” [279] and Sec-
tion A.4.5, “Interface ResourceAssignmentService” [271]. An implementation oResour ceAs-

si gnnent Fact or y may require additional configuration properties to adapt the service instances
that it creates to the specific environment. Usually, these properties are retrieved from JNDI envir-

onment entries or from a Java properties file (see Chapter 6, The sample resource assignment ser-

vice [65] for an example).

The WfMOpen implementation guarantees that the resource assignment service factory is only used
in the context of the Wr kf | owEngi neEJB. Therefore, if you use JNDI environment entries to
configure your factory, it is sufficient to add those entries to the Wor kf | owEngi neEJB. Note that
the guarantee to use the resource assignment service factory in this context only is implementation
specific. Therefore the general SPI description leaves the issue of which EJBs require the entries de-
liberately open.

3.5. Tool invocation SPI

The tool invocation SPI provides the possibility to add "tool-plugins' to the workflow engine. Im-
plementing tools is quite easy. The only interface that a class must implement in order to be usable
asatool isTool Agent (see Section A.3.10, “Interface ToolAgent” [263]).

The tools that are bundled in the WfM Open distribution are described in Chapter 5, Tools[43]. Their
sources should should be consulted as examples for tool agent implementation.

3.5.1. Invocation mode
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3.5.2.

3.5.3.

3.5.4.

Accessing the workflow engine con-
text

As explained in the package description of the application invocation interface (see
de.danet.an.workflow.spis.aii [254]), tool agent invocations are conceptually asynchronous, i.e. the
workflow engine does not expect the i nvoke method to return avalue. Thisis a hecessity for sup-
porting tools that run for a long period of time (e.g. a tool that allows manual input of data). The
process that calls conpl et e on the activity may be completely different from the thread that in-
voked the tool agent.

Practical experience shows, however, that a lot of tools can reasonably execute completely within
the invoke method. In order to simplify the implementation of this class of tools and avoid some
problems with transactions (again, see de.danet.an.workflow.spis.aii [254] for details), the interface
Resul t Provi der (see Section A.3.8, “Interface ResultProvider” [261]) has been defined. A tool

agent implementing this interface can provide its result in a simple function call and the workflow
engine handles forwarding the result to the activity and completing the activity.

Accessing the workflow engine context

Sometimes, tool agents need access to some workflow engine functions. While it is technically pos-
sible for tool agents to access the Wor kf | owEngi neEJB (and older versions of the tools coming
with WfMOpen did rely on this), this behavior is strongly discouraged. The methods that may be
called by tool agents are made availablein aTool Agent Cont ext (see Section A.3.11, “Interface
Tool AgentContext” [265]). Tool agents that want to use this context must implement the interface

Cont ext Request er (see Section A.3.4, “Interface ContextRequester” [257]) and will receive the
context before method i nvoke is called?.

Accessing JNDI

As tool agents run in the application server context, they can always access the application server's
JNDI directory using "new | nitial Context()". This context provides al globa entries
(including those restricted to local access from withinthe VM, i.e."j ava: ... ").

Sometimes it may be desirable to use logical names as provided for EJBs
("j ava: conmp/ env/ ... ") instead of global names. This may facilitate deployment, because the
mapping of the logical names used by the tool agents to global names can be administered in the
same way as e.g. for mapping data sources used by EJBs.

While tool agents are not EJBs themselves, WfMOpen guarantees that tool agents run in the context
of a business method of the | nvocat i onHel per EJB. Tool agents can therefore additionally
lookup via JNDI al entries that are bound to the "j ava: conp/ env/ " namespace of the | nvoc-
at i onHel per EJB. To provide a logical name for use by atool agent, it is therefore sufficient to
add the required entry to the | nvocat i onHel per EJB's sectionin ej b-j ar. xnl . We recom-
mend to put entries created in this namespace for the sole use of a tool agent in a subcontext
"j ava: conp/ env/t ool agent s/ agent nane/...".

Exception handling

3.5.4.1. Default behaviour

As can be seen in the declaration of the Tool Agent interface (see Section A.3.10, “Interface
ToolAgent” [263]), tool agents can throdiRenot eExcept i ons and Cannot Execut eExcep-
tions

In general, and especially in the 2EE environment, Renot eExcept i ons received when access-
ing a (remote) component can be interpreted as an indication that a service is temporarily unavail-
able. The current transaction should be rolled back and retried. To avoid having to implement this
behaviour in every tool agent, the tool agent may indicate such a condition by raising a Re-
not eExcept i on. Usualy, the tool agent does not create such an exception itself, rather it propag-
ates an exception that it has received when accessing a remote component. The workflow engine
does roll-back and re-invocation automaticaly if aTool Agent raisesaRenot eExcepti on.

The methods made available in Tool Agent Cont ext are based on the experience gained in implementing tools. If you
feel that additional methods should be provided, please let us know.
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Exception handling

Tools may also throw Cannot Execut eExcept i ons during their execution. The workflow en-
gine's default response to such an exception is to terminate the activity, and thus the process (see
Section 2.1, “ States of processes and activities’ [15]). An exception raised by atool is considered an
indication of unexpected behaviour and it would be dangerous to continue the process after encoun-
tering an unexpected behaviour of atool.

3.5.4.2. Overriding the default behaviour

The default behaviour may be overridden by either the tool or the application declaration. A tool can
specify a mapping of Java exceptions that are reported as cause of the Cannot Execut eExcep-
ti on to process level exceptions (see Section 2.4, “Exceptions’ [18]) by implementing the inter-
face Except i onMappi ngPr ovi der (see Section A.3.5, “Interface ExceptionMappingProvider”
[257]). The process definition can define such a mapping as described in Section 4.2.5.1, “ Extentions
of Application Declaration” [35]. Exceptions reported as cause of theCannot Execut eExcep-

t i on by the tool are first matched against the mappings from the application definition and then
against the mappings from the tool.

Note that there is some redundancy between exception mapping and the method abandonAct i v-

i ty made available by the workflow engine context (see Section 3.5.2, “Accessing the workflow
engine context” [31] and Section A.3.11, “Interface Tool AgentContext” [265]). The main difference
isthat a call to abandonActi vi ty cannot be redefined by the application declaration, it will al-
ways lead to the specified process level exception. Method abandonAct i vi ty should therefore
be used if raising a specific process level exception is part of the tool's bahavioral specification and
handling the condition differently is not an option.

If atool deliberately uses an exception type as cause when constructing a Cannot Execut eEx-

cepti on and at the same time defines a mapping for this type of exception, it offers the user the
possibility to redefine the bahavior. This is especially useful if the Java exception type has sub-
classes. In this case, the user of the tool has the possibility to specify specia process level excep-
tions for the subclasses of the Java exception in the application declaration and can thus achieve dif-
ferentiated behaviour.

3.5.4.3. Stopping the workflow

32

In addition to defining system exceptions for Java exceptions, the exception mapping may specify
that the invoking activity should enter the open. not _r unni ng. suspended. abandoni ng
state when the exception occurs. This will delay the actual delivery of the exception until the activ-
ity is resumed. Such a behaviour may be desired if unexpected exceptions should stop the process
rather then terminate it. If e.g. combined with an exception transition that simply leads back to the
activity, this offers the possibility to repeat the tool (agent) invocation after fixing the exception's
cause (e.g. by modifying some data or restarting arequired service).

Instead of simply resuming an activity from state
open. not _runni ng. suspended. abandoni ng, the state may first be changed to
open. not _runni ng. suspended. cl eari ng_exception. This is an intermediate state
that causes the activity to clear the pending exception and immediately proceed to "normal" suspen-
ded state open. not _r unni ng. suspended. suspended. Effectively, this causes the engine
to ignore the exception, i.e. the engine behaves as if the tool invocation had been successful, and the
activity had been set to the suspended state during tool invocation using the AP, This feature may
be used to manually mend a failed tool invocation by setting the process data to the state expected
after the (failed) tool invocation and resume the normal workflow.

3Acting as if execution had manually been suspended also applies to deadlines. If deadlines have expired while the activity
has been in the suspended state caused by the exception, they will be handled as described in Section 2.5, “Suspended state
and deadlines” [19]




Chapter 4. Process definitions

4.1. Managing process definitions

As an extension to the OMG API, the WM Open workflow engine is capable of managing an unlim-
ited number of process definitions at a time. To gain access to a specific description, a directory
component has been established, managing all packages and included process definitions (see Sec-
tion A.2.43, “Interface ProcessDefinitionDirectory” [225]).

When a new process definition file isimported (viamethod i nmport ProcessDef i ni ti ons), all
currently managed descriptions with the same package id as the imported package (regardless of the
process name) are removed from the process definition directory before adding any new process
definition.

Note that replacing a process definition with another version (or removing a process definition) does
not affect running processes. Once created, a process remains inseparably associated with the pro-
cess definition that was effective when the process was created.

4.2. Process definition format

4.2.1.

4.2.2.

4.2.3.

Base format

The import format for process definitions is XPDL which stands for "XML Process Definition Lan-
guage". XPDL isaWfMC standard that is currently available as version 1.0 Final Draft.

XPDL and the OMG API

When using the XPDL and the OMG API together, attention has to be payed to the usage of some
keywords. The most prominent among those is the usage of the attribute | d in XPDL vs. the usage
of akey inthe OMG API.

| ds are used in the XPDL to enable references between the different items defined. They have no
significance to the OMG API (with one exception, see below). The OMG API uses keys to uniquely
identify instances within their context. So an activity with key "a23" could e.g. be the instance of an
activity that was defined in the XPDL with | d="do_t hi s".

The one exception where | ds have significance in our implementation of the OMG API is the pro-
cess type. The OMG defines a process manager and this process manager has a "name" attribute de-
noting the process type. Currently, we use the | d from the XPDL as the process manager name (this
may, however change in future versions).

It is important to maintain a clean separation between the usage of | d and key when programming
against the workflow API. This is sometimes especialy difficult, because keys are often labeled as
"ids" in the user interface.

Specifying XML data

One of the most annoying problems with the current version of XPDL is the schema defined for
Initial Val ue and Act ual Par anet er tags. Although XPDL introduces a SchemaType,
initial values and actual parameters may only be of type string, thus prohibiting the usage of struc-
tured data.

We have therefore defined that the content of the | ni ti al Val ue of a Dat aFi el d of type
SchemaType is parsed as XML and used to initialize the data field. The XML may have multiple
top nodes, i.e. adata field may be used to hold "lists't. The XML must be self-contained, i.e. if you
use namespaces they have to be declared within the string, namespaces of the XML surrounding
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4.2.4.

Deadlines

I ni tial Val ue arenot inherited.

Starting with version 1.3.4, WfMOpen supports E4X, the XML extension for JavaScript. E4X intro-
duces the XML "native" type (similar to e.g. the JavaScript native "Date" type) and extends the
JavaScript lexical grammer to directly support XML text asinitializers for new objects of this type.
With E4X, parsable XML within JavaScript simply yields a new XML object. Therefore, no special
provisions have to be taken to support actual parameters of SchemaType. An actual parameter
specified as <Act ual Par anet er ><! [ CDATA[ <Hel | o/ >] ] ></ Act ual Par anet er> is
passed to the JavaScript interpreter like any other actual parameter expression and evaluates to an
XML object that is used when invoking the tool or sub-process. The XML may aso have multiple
top nodes. This can be expressed in E4X as eg.
<Act ual Par anet er ><! [ CDATA[ <><Hel | o/ ><Wor | d/ ></ >] ] ></ Act ual Par anet er

>,

Note that the JavaScript expression need not be literal XML. It may be an arbitrarily complex
JavaScript that ends with an expression of type XML. The use of complex scripts as actual paramet-
ers is, however, discouraged. A useful aternative to literal XML is e.g. the selection of a subtree
from a process data item of SchemaType, such as
<Act ual Par anet er >pur chaseOrder. i tem (i d=5) </ Act ual Par anet er >.

For backward compatibility with WfMOpen versions prior to 1.3.4, a specia rule applies. If the ac-
tual parameter starts with the string "<j : j el | y"?, it is piped through the jelly interpreter before
being passed to the invoked tool or sub-process. Within the jelly script, the process relevant data
items are available as variables. These variables may not be modified (this is similar to the evalu-
ation of an actual parameter of basic type using JavaScript). Setting a variable with the same name
as aprocess dataitem will create anew variable that hides the process data item.

Besides the jelly core tags, the demo application makes the "xml" and "jd" tags available by includ-
ing the respective libraries. We consider these the only useful tags in the context of actual parameter
evaluation. However, no special measures have been taken to enforce this subset. If other tag librar-
ies are bundled with the application, these will be available as well. As with JavaScript expression,
causing side-effects in actual parameter evaluation is, however, strongly discouraged.

The support for jelly in actual parameter evaluation is deprecated and will be dropped in WfMOpen
2.X.

Deadlines

WfMOpen attempts to parse aDeadl i neCondi t i on using the following methods:
1. Parse as a duration as defined in the XML Schema Definition (see XML Schema Part 2, "dura-
tion" [http://lwww.w3.0rg/TR/xmlschema-2/#duration]).

2. Parse as a date time specification as defined in the XML Schema Definition (see XML Schema
Part 2, "dateTime" [http://www.w3.0rg/TR/xmlschema-2/#dateTime]).

3. Parse as value/unit pairs. Values can be arbitrary JavaScript expressions, valid unit names are
"years', "yrs', "months’, "mts’, "hours’, "hrs’, "min" and "sec". There may be only one pair for
each uniti.e. "5 years3yrs' isillegal.

Vaue/unit pairs must be separated from each other with at least one whitespace character. Units
may follow values immediately if the value is a number, else they must be separated by at least
one whitespace.

Any duration unit may be omitted, but the descending order of units must be preserved.

When evaluating the JavaScript expression, process relevant data is available as read-only vari-

4n order to alow a string describing a not well-formed document to be parsed, an opening and closing tag t enpor ar y-
r oot isadded before and after the string and the corresponding node is removed from the result after parsing. This should be
transparent to the user unless there is a parsing error. In this case you may find the tag being mentioned in the error message
gthough it will never be the cause of the problem).

Note that thisis really executed as a string comparison, i.e. you cannot use another prefix.
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4.2.5.

Defined extensions

ables. The evaluation must yield a number.

4. Parse as a date time specification in the formats "d MMM yy HH:mm:ss 2" and "d MMM yy
HH:mm Zz" (see java.text.Si npl eDat eFormat). An optionaly leading "EEE, "
(abbreviated day) isignored. These formats include RFC822 conformant date time specifications.

5. BEvauate as JavaScript. In this evaluation, process relevant data is available as read-only vari-
ables. The script must return a JavaScript "Date” type or a number. A result of type "Date" isin-
terpreted as absolute time specification, a number is interpreted as seconds relative to the start
time of the activity.

Defined extensions

Trying to define a process definition language that can be used for any workflow engine, the WfMC
had to leave out some implementation specific details. The missing information has to be provided
using vendor specific extentions. The following sections describes the extensions used by Wf-
MOpen.

4.2.5.1. Extentions of Application Declaration

Within the XPDL file, atool or application can only be declared or referenced. XPDL does not spe-
cify elements that can be used to describe the definition of the application. Usualy, the binding to
application implementation is handled for example by an object manager. To keep the process defin-
ition self-contained, we have chosen the straightforward approach of defining the definition details
within the tool declaration. This has been achieved by defining an extended attribute named | m

pl ement ati on.

'<'Abpl i cation |d="1 NCREMENT" >

<Descri pti on>Marking the current station within the transition path.

</ Descri ption>
<For mal Par anet er s>
<For mal Paramet er |d="counter" Mde="1NOUT">
<Dat aType>
<Basi cType Type="I|NTEGER'/ >
</ Dat aType>
</ For mal Par anet er >
</ For mal Par anet er s>
<Ext endedAttri but es>
<Ext endedAt tri bute Nanme="I|npl enentation">
<vx: Tool Agent
xm ns: vx="http://ww. an. danet . de/ 2009/ XPDL- Ext ensi ons1. 1"
Cl ass="de. danet . an. wor kf | ow. t ool s. r hi no. JSExecut or"
Execut i on=" SYNCHR"
XM_Par ant er Mode="USE_WBC DOM' >
<vX: Property Nane="Scri pt"><![ CDATA|
java.lang. Systemout.println ("Increnenting counter
+ args["counter"]);
args["counter"] = args["counter"] + 1
]1]1></vx: Property>
</ vx: Tool Agent >
</ Ext endedAttri but e>
</ Ext endedAttri but es>
</ Appl i cation>

In the example above, an application is declared with its implementation class
(de. danet . an. wor kf | ow. t ool s. r hi no. JSExecut or) specified as an extended attribute.
The implementation class must implement
de. danet . an. wor kf | ow. spi s. ai i . Tool Agent (see Section A.3.10, “Interface ToolA-
gent” [263]) and provideet XXX methods for each declared Pr opert y element.
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Defined extensions

In our example de. danet. an. wor kf | ow. t ool s. r hi no. JSExecut or must thus imple-
ment a method set Scri pt . If the content of a <Pr opert y> node is text, the required argument
of the set XXX method must be of typej ava. | ang. Stri ng. If the content of a <Pr operty>
node is another element, the argument may be ether org.jdom El enent or
org. w3c. dom El enent depending on the tool agent's preferred environment.

The execution type of atool agent can be defined as SYNCHR or ASYNCHR (default) so that it may
be executed synchronously or asynchronously with respect to state evaluation (see Section A.3.10,
“Interface ToolAgent” [263)]).

The actual parameters passed to the tool that are declared as <SchenmaType> will be passed as
org. w3c. dom El enent (default), org. jdom El enent or
de. danet . an. wor kf | ow. api . SAXEvent Buf fer (see Section A.248, “Interface
SAXEventBuffer” [236]) depending on the attribut&XM_Par anet er Mbde. Possible values are
"USE_WBC DOM' (making the default explicit), " USE_JDOM' or " USE_SAX" . Note that the set-
ting will only be effective if the tool does not implement the XM_Ar gurrent TypePr ovi der in-
terface (see Section A.3.12, “Interface XMLArgumentTypeProvider” [268]).

An additional attribute Handl er (not shown above) can be used to cause invocation of the tool
agent in another | nvocat i onHel per EJB than the default one (usually in another EAR). See
Section 1.3.5, “The optional callback module” [7] for ageneral description of this concept. Note that
you must use the extended namespace ht -
tp: // ww. an. danet . de/ 2009/ XPDL- Ext ensi ons1. 1 instead of the old namespace ht -
tp:// ww. an. danet . de/ 2002/ XPDL- Ext ensi ons1. 0 if you want to specify the hand-
ler.

An application declaration may optionally include the definition of mappings of Java exceptions re-
ported by the tool agent to process level exceptions (see Section 3.5.4, “Exception handling” [31]).
The mapping is declared as child of the Tool Agent element, before the Pr opert y elements:

<vx: Tool Agent ... >
<vx: Excepti onMappi ngs>
<vx: Excepti onMappi ng JavaExcepti on="j ava. |l ang. Excepti on"
ProcessException="Error"/>
</ vx: Excepti onMappi ngs>
<vx: Property Nane="Script"> ...

If the attribute Pr ocessExcept i on is omitted, the default behaviour of terminating the activity
when the exception occurs is re-established (overriding a mapping established by the tool agent im-
plementation programatically, see Section A.3.5, “Interface ExceptionMappingProvider” [257]).

4.2.5.2. Extensions on Package and Process Level

Extensions:

Renoved osedPr o- determines how the workflow engine removes a closed process. Val-

cess ues can be MANUAL, AUTOVATI C or COMPLETED 3 (default:
AUTOMVATI C). Starting with version WfMOpen version 1.3.1, the
value for this extension may be specified either as attribute "Val ue"
or as (textual) body of <Ext endedAt tri but e>. The latter form
is considered deprecated. COVPLETED causes the process to be re-
moved automatically only if its completion state s
cl osed. conpl et ed. This is useful for keeping processes that
have failed for debugging purposes.

Debug if Tr ue, the process will be started in debug mode (see Section 2.6,
“Debugging workflows’ [19]). This can be specified on process level
only. Starting with version WfMOpen version 1.3.1, the value for this
extension may be specified either as attribute "Val ue" or as (textual)
body of <Ext endedAttri but e>. The latter form is considered
deprecated.

3Added in 1.3.4
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Defined extensions

Audi t Event Sel ec-
tion

St or eAudi t Event s

Example:

Qbéckage>

The audit events reported by this process will be restricted as spe-
cified in the attribute "Val ue". The restriction applies both to the
events reported to an  audit handler (see  re
ceiveEvent(de.danet.an.workflow.omgcore WfAuditEvent) [108]) and
the events saved in the audit trail (see history() [113]) (see remarks at
the end of this section).

Valid values for the audit event selection are;
Al |l Event s All events will be reported. This is the de-

fault, i.e. equivalent to not specifying this ex-
tended attribute at all.

St at eEvent - Only state change events (i.e. events of type

sOnly W St at eAudi t Event , see Section A.1.46,
“Interface WfStateAuditEvent” [143]) will be
reported.

Processd ose- Only state change events caused by a process

dEvent sOnly assuming the closed state will be reported.

This filter is useful if you have clients that
use the notification mechanism to wait for the
completion of processes.

NoEvent s No events will be reported.

If the attribute "Val ue" is set to "Fal se" the selected audit events
(see above) will not be written to the event log. Consequently, they
cannot be retrieved using the hi st or y method of the W Execu-
ti onQObj ect screated by this process (see history() [113]). The selec-
ted audit events will still be delivered to audit handlers (see remarks
at the end of this section).

'<W'>r kf | owPr ocesses>
<Wor kf | owPr ocess>

'<A'ct ivities>

</ Activities>

<Ext endedAttri but es>

<Ext endedAttri but e Nane="Renoved osedProcess"

<Ext endedAttri but e Name="Debug" Val ue="True"/>

<Ext endedAttri but e Nane="Audit Event Sel ecti on"

<Ext endedAttri bute Nanme="StoreAudit Events" Val
</ Ext endedAttri but es>

</ Wor kf | owPr ocess>

</ Wor kf | owPr ocesses>
<Ext endedAttri but es>

<Ext endedAttri but e Name="Renmoved osedProcess" Val u

</ Ext endedAttri but es>
</ package>

Val ue="MANUAL" / >

Val ue="Al | Events"/>
ue="True"/ >

e="AUTOVATI C'/ >

Filtering out events or disabling the audit trail causes the observable behaviour of the process at the
API to deviate from the standard. It may nevertheless be a useful option as it reduces the number of
database transactions significantly and thus increases throughput. Especially when using workflow
processes to work off batches of datasets, a workflow specific logging provided by the invoked tools
will most likely be more useful than the default audit trail.
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Miscellaneous

4.2.5.3. Extensions on the Activity Level

4.2.6.

Extensions:

Def er r edChoi ce if set totrue the AND-split of an activity will be ex-
ecuted as deferred choice. See Section 4.3.5, “Deferred
choice” [42] for an explanation of the semantics.

Miscellaneous

The definition and interpretation of the priority of a WfExecutionObject (e.g. a Process) differs
between WFMC and OMG. According to WfMC, the priority can be any natural number starting
with zero and higher numbers represent higher priorities. Conforming to the OMG specification, the
priority has to be an integer between 1 to 5 with 1 being the highest priority. We have chosen to sup-
port OMG's specification which means that the priority specified in the process XPDL must be an
integer value between 1 and 5 with descending priority and the result of a priority request (see prior-
ity() [115]) deliversthe priority with equal semantic.

Since it is not defined how to obtain the category of the process manager from the XPDL descrip-
tion, we have chosen to interpret the package's Name attribute as being the category value. The
same applies to the version attribute, which we have chosen to map to the element created within the
process header definition.

Please note, that if you don't specify the script type for you package, it will default to "text/
ecmascript” which is the most common used language for scripting within this context.

4.3. Semantics

4.3.1.
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XPDL (XML Process Definition Language) defines the syntax and grammar for the description of
workflow processes that can be imported into the WfMOpen engine. Unfortunately XPDL is not
precise about the interpretation of some description elements. This chapter describes our interpreta-
tion of all XPDL language elements that are important for the definition of the process flow.

Usually aworkflow consists of some or al of the following elements:

* Activitiesthat should be performed in a given order (successively and/or concurrently).

» Transitions between activities (described by "from" and "to" declarations), defining the execution
sequence.

» Conditions for the transitions as criteria for the execution of the transition.

Start and finish of a process

Since XPDL does not define attributes for marking the first or last activity within a workflow, we
have chosen to use those activities to be initialy started which are not referenced within a "to" de-
claration of any of the workflow's transitions. We think thisis an obvious approach that does not re-
strict the number of inital activities. Usually there will be only one entry activity but you may also
define several one's which will then be started concurrently. That implies, that there has to be at
least one of those activities or nothing will be started at all (in fact, awarning will report such a con-
dition on import of the workflow description).

The workflow engine considers a running process as finished when there is nothing more to do, i.e.
when after the completion of an activity there is no other activity currently running and no other
activity to start (for a detailed description of process and activity states see Section 2.1, “ States of
processes and activities’ [15]).




Split and Join

4.3.2. Split and Join

The simplest case of a workflow is one with just a single activity, thus defining the start and end
point. As soon as a second activity is added that should run after the completion of the first, a trans-
ition between the two activities has to be defined. A transition has a"from" and a"to" attribute, ref-
erencing start and target of the connection. Once the "from" activity is completed, the "to" activity is
started (assuming there are no conditions defined).

In rea life, workflows do not just incorporate activities that will be started one after the other but
there may be activities to be started concurrently or choices of activities depening on certain condi-
tions.

There are typically two different situations to be dealt with when there is more than one subsequent
activity:

» XOR-Split: One of many activities may be selected at runtime depending on certain conditions.
» AND-Split: Some of many activities may be selected at runtime depending on certain conditions.

In either case we have to deal with conditions describing selection criteria for the transition to be
chosen. The language that is used to describe the condition can be defined via the "Script" element
of the package. WfMOpen uses Javascript by default.

The workflow engine expects a boolean to be returned. That means, if more than one line of code is
defined only the last one defines the condition. Prior statements may be used e.g. for debugging pur-
poses. Note that conditions are evaluated exactly once when the "from" activity is completed.

Example:

<Condi ti on Type="CONDI TI ON'>
java.lang. Systemout.println ("counter is " + Counter);
Counter &t; 3

</ Condi ti on>

Since XOR-Splits are used to select one of many activities although more than one of the given con-
dition may evauate to "true", an evauation order has to be defined. This is done within the
Transiti onRestrictions of the activity. As soon as the first condition matches, this trans-
ition is chosen, the target activity is started and no further evaluation is performed.

check payroll

Income beloar
average

decline salary increase accept saary increase

39



40

Split and Join

Figure4.1. XOR-Split example

The definition of this workflow section may look like this:

<VWor kf | owPr ocess | d=" Xor Spl it Sanpl e" >
<Pr ocessHeader/ >

<Dat aFi el ds>
<DataField | d="avg payrol|" |sArray="FALSE">
<Dat aType>
<Basi cType Type="I| NTEGER'/ >
</ Dat aType>
</ Dat aFi el d>
<DataField Id="test_payroll" |sArray="FALSE">
<Dat aType>
<Basi cType Type="I|NTEGER'/ >
</ Dat aType>
</ Dat aFi el d>
</ Dat aFi el ds>

<Activities>
<Activity ld="check payroll">
<I npl enent ati on>
<No/ >
</ | npl enent ati on>
<TransitionRestrictions>
<TransitionRestriction>
<Split Type="XOR'>
<TransitionRefs>
<Transi ti onRef
<Transi ti onRef
</ Transi ti onRef s>
</ Split>
</TransitionRestriction>
</TransitionRestrictions>
</Activity>
<Activity ld="decline_salary_increase">
<I npl ement ati on>
<No/ >
</ | mpl enent ati on>
</Activity>
<Activity ld="accept _sal ary_i ncrease">
<l npl enent ati on>
<No/ >
</ | nmpl enent ati on>
</Activity>
</Activities>

"granted"/ >

| d="gr
| d="decl i ned"/ >

<Transitions>
<Transition |d="declined" Frone"check payroll" To="decline_salary_increase">
<Condi ti on Type="OTIHERW SE"/ >
</ Transition>
<Transition Id="granted" Fronm="check _payroll" To="accept_sal ary_i ncrease">
<Condi ti on Type="CONDI TI ON'>
avg _payroll & t; test payroll
</ Condi ti on>
</ Transition>
</ Transitions>
</ Wor kf | owPr ocess>

For AND-Splits no evaluation order is needed, since each transition with a condition evaluating to
"true" is chosen and the target activity is started. Note that the workflow engine will start each of
those activitiesin a different thread so that they are performed simultaneously.




4.3.3.

4.3.4.

Condition evaluation

As for splitting there a also typically two different situations to be dealt with when joining parallel
activities into a common thread:

» XOR-Join: The first completed activity should trigger the joining activity. Note that the joining
activity starts paralléel to any predecessing activity, not yet completed.

* AND-Join: The joining activity is triggered as soon as all predecessing activities are completed.
This situation may also be described as "synchronization" of acitities.

Since predecessing activities and the joining activity are connected via transitions, you may also
define conditions here that will be evaluated before triggering. So, within an XOR-Join, the first
completed activity with a matching condition will trigger the joining activity. Note that, in contrast
to the XOR-Split, no evaluation order is needed here since it is defined implicitely by the the race
condition of the activites. Once the second of the predecessing activities is completed, the engine
will detect that the joining activity is (no longer) in state "not started" and thus do nothing with it.

A special case of join occurs, when a predecessing activity is at the same time a subsequent activity
of the joining activity. This situation describes a loop within a workflow which will be discussed in
more detail in the following section.

Condition evaluation

Condition evaluation for outgoing transitions takes place when an activity transitions to the
cl osed. .. date. Thisisimportant to know in order to understand the behaviour of activities that
use AND-Join.

If such an activity has two incoming transitions from e.g. activities pr el and pr e2 it may happen
that pr el reaches its closed state long before pr e2. If the transition from pr el has a condition
that depends on some process relevant data item, the value of this data may have changed after
pr el has reached the closed state but before pr e2 finishes. According to the definiton above, the
condition will be evaluated based on the value at the time when pr e1 reaches the closed state, sub-
seguent changes of the process relevant data will not change the result of this eval uati on”.

Loops

Looping within aworkflow means that the workflow comes back to an activity that has already been
completed before. WfMOpen supports loops in a very straightforward way and without limitations
concerning start and end points of loops’.

There is no special attribute defining an activity or transition being part of aloop. Rather the work-
flow engine of WfMOpen detects aloop by tracking the running workflow. As soon as a transition
targets an activity that has already been marked as "been on the path”, this activity is considered as
entry point of aloop (the activity must, of course, have an X OR-Join mode).

If the target activity is completed, the workflow engine first resets the state of al activites on the
path that lead to that activity to "not started” and the (re-)starts the target activity.

Asynchronous deadlines constitute new independant threads. Thus the activity started by the dead-
line has an empty path. You can therefore not loop back to the activity that defined the deadline.
Y ou can loop back to the activity started by the asynchronous deadline e.g. to have it re-triggered by
alater deadline (though you'll need an extra route activity because of join conditions).

4 WM Open versions up to 1.3.2 behaved differently. If an activity with AND-Join was triggered by a transition, the condi-
tions of all other incoming transitions would be evaluated at that point in time (with evaluation errors for OTHERW SE and
for abandoned predecessor activities). This behaviour is not an option as it can lead to unexpected results under certain cir-
cumstances. Starting with 1.3.3, WfMOpen behaves as defined above (including proper handling of OTHERW SE and aban-
doned activities).

SNote that you may not loop back to an entry activity, i.e. an activity that you want to be started when the process is started,
because by doing so it will be no longer be detected as entry activity (remember, that the engine looks for activities that is not
referenced within a“to" declaration of any transition!).
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Deferred choice

Synchronous deadlines continue processing using the same thread. Thus all activities that have been
adandoned due to the deadline are predecessors of the activity started because of the deadline (there
may be more than one activity that is abandoned because of the deadline if the deadline occurs on a
block activity). The simplest usage of this behaviour may be a synchronous deadline that points
back to the synchronous activity, thus causing a maybe different assignment of resources.

4.3.5. Deferred choice

WfMOpen supports the "deferred choice" pattern as described on the workflow patterns site [ht-
tp://tmitwww.tm.tue.nl/research/patterns/deferred_choice.htm]. The pattern is implemented by de-
fining an optional extended attribute for activities with an AND-split. E.g.:

<Activity ld="actl1l" Nane="ACT1">
<l npl enent ati on>
<No/ >
</l nmpl enent ati on>
<St art Mode>
<Aut omati c/ >
</ St art Mode>
<Fi ni shMbde>
<Aut omati c/ >
</ Fi ni shMode>
<TransitionRestrictions>
<TransitionRestriction>
<Split Type="AND'/>
</ TransitionRestriction>
</ TransitionRestrictions>
<Ext endedAttri but es>
<Ext endedAttri but e Name="Def erredChoi ce" >t rue</ Ext endedAttri bute>
</ Ext endedAttri but es>
</Activity>

All activities following the activity with the deferred choice option set are started "preliminary”. The
activity (or tool started by the activity) that first performs a modification of the workflow engine's
state automatically becomes the chosen activity. Modification of state includes a tool's calls to
set Resul t () and conpl et e(), the completion of an activity that has no implementation and
the termination and abandoning of an activity. All other preliminary chosen activities are reset to the
"not started" state (see Section 2.1, “ States of processes and activities” [15]) after terminating any
tools that are being run by these activities.

The preliminary choice implies the possibility that a tool executed by an activity has already per-
formed some work that cannot be rolled back when the preliminary choice is revoked, i.e. in the
tool's implementation of t er mi nat e() . A "deferred choice aware" tool may therefore prema-
turely (i.e. before calling set Resul t () or conpl et e() ) force the eventual choice to be made
by callingchoose() onthe activity (see choose() [148]). An example of such a case would be a user
front-end where the selection of an assigned activity (i.e. the begin of work) is already decisive for
the continuation of the process. If not invoked as part of a deferred choice, the call to choose()
simply does nothing.
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Chapter 5. Tools

5.1. Overview

Tools are the "workhorses' of a workflow process. They call backend systems, retrieve data from a
database, process data etc. WfMOpen comes with a set of ready-to-use tools and allows you to add
your own tools using some well-defined APIs.

The tools included in the distribution are:

XForms tool

JSExecutor and JSExecutor2

JellyTool

LDAP Tool

MailTool

XSLTTool

Generic SOAPTool

RPC SOAPT ool

WaitTool

M Beanlnvoker

Channel based Access

this tool can be used to build a web diaog for filling out data
fields (see Section 5.2, “The XForms Tool” [43]).

these tools implements an interface to the Rhino JavaScript inter-
preter (see Section 5.3, “ JavaScript tools’ [46]).

this tool implements an interface to the Jelly XML interpreter (see
Section 5.4, “ Jely tool” [47]).

thisis an extension of the Jelly tool that alows easy LDAP quer-
ies and manipulation (see Section 5.4.2, “LDAP tag library” [48]).

this tool implements an interface to the javax mailing service (see
Section 5.5, “Mail tool” [51]).

this tool implements atool that invokes a xslt processor dynamic-
ally (see Section 5.6, “XSLT tool” [52]).

this tool implements a tool that invokes SOAP based web services
dynamically (see Section 5.7, “ Generic SOAP tool” [54]).

this tool implements a tool that invokes web services with SOAP
RPC style dynamically (see Section 5.8, “RPC SOAP tool” [55]).

this tool waits for a given time span, optionally in an interruptable
way (see Section 5.9, “Wait tool” [56]).

this tool invokes a method of an MBean (see Section 5.10,
“MBean invocation tool” [58]).

Tools that support message oriented communication with process
instances (see Section 5.12, “Channel based access’ [59]).

The following sections describe the predefined tools and provide some hints for implementing addi-

tional tools.

5.2. The XForms Tool

5.2.1. Usage

! Note that the application declarations in this section have been updated to use the new namespace ht -
tp: // www. an. danet . de/ 2009/ XPDL- Ext ensi ons1. 1 that has been defined for version 2.1.2. If you do not want
to specify aHandl er attribute as described in Section 4.2.5, “Defined extensions” [35], you may still use the old namespace
http://ww. an. danet . de/ 2002/ XPDL- Ext ensi ons1. 0.
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Usage

If an activity requires human interaction such as providing some data in a form, the activity may
submit a form and associated initial data to the XForms tool. Then, the user associated with the
activity invokes the XFormstool in order to manually complete the activity.

The XForms tool is an example of asynchronous application invocation and therefore consists of
two components. The first component, the tool agent, is invoked by the workflow engine and puts
information about the form to complete and the assignee in the database. The second component, the
actual application, consists of a portlet. Initialy, it lists al activities assigned to the currently logged
in user. The display distinguishes between activities that are directly assigned to the current user and

activities that are indirectly assigned, i.e. that are assigned to groups or roles the current user be-
longsto.

) wiMDemo Portal - Mozilla Firefox 1 -3 x|

File  Edit ‘Wiew History Bookmarks Tools  Help

‘ 5 '»@:1 ﬁ [y . httpe flocalhost: 5080/plutofportal = Formstool x| [ ' Google bt

m ... more than 1T Solutions

WfMOpen Demo Portal

Process Forms Tool T, WD || mER. o, o

S il [ Direct assignments
Management
PrEEEee Priority Assigned at® Process Activig[
Management 2 1/30/07 10:08 AM Simple XFarm example Get Input
Assignments Indirect assignments
Forms Tool Priority Assighed to Assigned at? Process Activi;[
Admi 3 Order F'mcessing 1/30/07 10:08 AM Service Registratiun Service1-Process Request
min
Sample
! Cione (v} é

Figure5.1. XForm task list

The web form for a specific activity is selected and displayed by selecting the link in the "Activity"
column. The form may then be used to enter the required data. When the form is submitted, the
entered datais used as result data of the activity and the activity is set to state "completed”.

¥ wiMDemo Portal - Mozilla Firefox 3 T |D|i|

File Edit ‘iew History Bookmarks Tools  Help
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Figure5.2. XForm sample




Defining an XForms application in the
process definition

5.2.2. Defining an XForms application in the process
definition

An application of type "XFormTool" is specified in the process definition as described in Sec-
tion 4.2.5.1, “Extentions of Application Declaration” [35], with the extended attribute | npl e-
nment at i on referencing the classde. danet . an. xf or mst ool . Submitter.

The tool agent has a mandatory property named For mthat defines the XForm (see XForms spe-
cification [http://www.w3.org/MarkUp/Forms]) to display.

A complete example of such an application definition is shown below:

<Application |d="Si npl eFornt >
<Descri pti on>
Sinple data form
</ Descri ption>
<For mal Par anet er s>
<Fornal Paraneter |d="input" Mde="0OUT">
<Dat aType><Basi cType Type="STRI NG'/ ></ Dat aType>
</ For mal Par anet er >
</ For mal Par anet er s>
<Ext endedAttri but es>
<Ext endedAttri bute Name="Inpl enentati on">
<vx: Tool Agent C ass="de. danet. an. xfornst ool . Submi tter"
Execut i on=" SYNCHR' >
<vx: Property Name="Forni>
<htm  xm ns="http://ww. w3. org/ 1999/ xht m "
xm ns: xfornms="http://ww. w3. org/ 2002/ xf or ns"
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schena- i nst ance"
xm ns: xsd="htt p://ww. w3. or g/ 2001/ XM_Schenma" >
<head>
<title>Sinple Fornx/title>
<styl e>
. Si npl eForm . control { display:block; }
. Si npl eForm . control [ abel
di splay: bl ock; float:left; w dth:9em }

</styl e>

<xf or ms: nodel >
<l-- Instance will be inserted here -->
<l-- override/add sone bindings -->

<xforns: bind i d="Si npl eForm i nput "
nodeset =" Act ual Par anet er [ @ane="i nput']"
constraint="string-length(.) &gt; 0"
requi red="true()"/>
</ xf or ms: nodel >
</ head>
<body cl ass="Si npl eFor nt'>
<xforms:group id="C 3" appearance="m ni nal ">
<xforms:|abel id="C4">Sinple Fornx/xformns:|abel >
<xforms:input bind="Si npl eForminput" increnental ="true">
<xforns: | abel >l nput </xforns:|abel >
<xforns:alert>Field nay not be empty! </ xforns:alert>
<xforns: hi nt >Pl ease enter sonethi ng. </ xforns: hint>
<xforns: hel p i d="C-7h">Use t he <b>keyboard</b>. </ xf orms: he
</ xforms:input >
<xforms: submt subm ssion="action">
<xf orms: | abel >Conpl et e</ xf orns: | abel >
</ xforms: submi t>
</ xf or ns: gr oup>
</ body>
</htm >
</ vx: Property>
</ vx: Tool Agent >
</ Ext endedAttri but e>
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JavaScript tools

</ Ext endedAttri but es>
</ Appl i cation>

The form definition consists of XHTML and XForms elements. It must have an <xht m : ht ml >
asroot element. The nested <xht m : head> may havea<xht nl : ti t | e>. If specified, itisdis
played astitle of the gortlet when the form is selected and displayed. Any specified styles are copied
to the the portal page”. To avoid ambiguities between forms display in different portlets on the same
page, the style declarations should be made unique by starting the match expression with the applic-
ation'sid as a class. The HTML rendered for the form in the portlet will have an enclosing <di v>
with the application's id as class attribute. CSS styles specified with this class name in the match ex-
pression will therefore only apply to this form and no other form on the same portal page.

As last child of <xht nl : head>, the tool automatically generates and inserts an XForms model
derived from the formal parameters. The model looks like this:

<xf or ms: nodel >
<i nstance xm ns="">
<Act ual Paraneters xm ns="">
<Act ual Par armet er name="i nput"/>
</ Act ual Par anet er s>
</instance>
<subm ssi on xm ns="http://ww. w3. or g/ 2002/ xf or ns"
action="invoke: application" id="action" method=
<xforms: bind id="SI npl eForm i nput"
nodeset =" Act ual Par anet er [ @ane="i nput']"/>
</ xf or ns: nodel >

repl ace="none"/ >

For each formal parameter, an element <Act ual Par anet er > is generated with an attribute
"nane" that equalstheid of the formal parameter. In addition, a binding is generated for each form-
al parameter with an id derived from the combination of the application id and formal parameter id.
These generated bindings may be overridden and supplemented with bindings supplied in the
XForm description as shown in the example above.

Finally, the form defines the <xht m : body> with the actual GUI elements. The form is processed
with Chiba X Forms processor (see Chiba home page [http://chiba.sourceforge.net/]). See the Chiba
documentation for details about how HTML generated from the XForm definition.

5.3. JavaScript tools
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The JavaScript tools can be used to execute embedded java script code (see example in Sec-
tion 4.2.5.1, “Extentions of Application Declaration” [35]). The tool comes in two flavours. Both
support JavaScript 1.5 with E4X. They differ in their handling of arguments.

The class de. danet . an. wor kf | ow. t ool s. r hi no. JSExecut or provides an implementa-
tion that references forma parameters of the tool invocation in the script via
args[ "paranet er _i d"] . Parameters of numeric type and of type St r i ng are made available
as the corresponding JavaScript objects. Parameters of type Dat e and SchemaType are not con-
verted. Rather the internally wused Java representation (java.util.Date or
de. danet . an. wor kf | ow. api . SAXEvent Buf f er  respectively, see Section A.2.48,
“Interface SAXEventBuffer” [236]) is passed to the JavaScript interpreter. Usage of this flavour of the
tool is considered deprecated. However, the tool will remain part of WfMOpen.

Class de. danet. an. wor kfl ow. t ool s. r hi no. JSExecut or 2, available since version
1.3.4, represents the modern flavour of the tool. It provides the formal parameters declared for the
tool as top-level JavaScript variables. In addition to the convertions of numeric types and strings,
this version of the tool also converts parameters of type Dat e to JavaScript Dat e objects and para-
meters of SchemaType to JavaScript (E4X) XML objects.

2css styles can only be defined on the page level.
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Jelly tool

Besides the arguments, the JavaScript execution environment provides the globa variable
scri ptingCont ext . This context defines the following methods and properties.

e Themethod abandon( Stri ng) (see Section A.3.11, “Interface TooIAgentContext" [265]). In-
voking this method causes the JavaScript execution to be terminated® and the exeption name used
as parameter to be passed to the condition evaluation for transitions to subsequent activities.

» The property acti vi t yUni queKey. This property is of type Acti vi t yUni queKey (see
Section A.2.11, “Class ActivityUniqueKey” [166]) and may be used to obtain some information
about the invoking activity.

As the implementation of the JavaScript tool is based on Mozilla's Rhi no implementation (see ht-
tp://www.mozilla.org/rhino), you may use al features of this package (e.g. call static member func-
tions of java classes within the JavaScript code). Example:

java.lang. Systemout.println
("Waiting " + args["ns"] + "n8");

5.4. Jelly tool

The Jelly tool can be used to execute Jelly script code (see Jelly documentation [ht-
tp://jakarta.apache.org/commong/jelly/]). A Jelly script is basically XML that consists of tags that
are either copied to the output or processed by the Jelly interpreter. Processing tags may result in the
generation of additional XML nodes in the output.

5.4.1. General usage

Thefirst formal parameter of a Jelly tool declaration must be an OUT parameter of SchemaType. It
receives the result, i.e. the generated XML. The other formal parameters of the tool invocation may
be of arbitrary type and are directly available as variables within the Jelly script. Values assigned to
variables that correspond to formal OUT or | NOUT parametersin the Jelly script will change the val-
ues of the actual parameters upon tool completion.

Its SQL library makes Jelly the perfect tool for interfacing between XML data structures and an RD-
BMS. The library provides the same tags as the JSTL SQL tag library [ht-
tp://java.sun.com/j2ee/1.4/docs/tutorial/doc/ISTL7.html]. The sample script below retrieves the
names of the process definitions from the Workflow engine's database”.

<Application |d="DBJel |l y">
<Descri pti on>Dat abase Jel |y test</Description>
<For mal Par anet er s>
<For mal Paraneter Id="result" Mde="QUT">
<Dat aType>
<SchemaType/ >
</ Dat aType>
</ For mal Par anet er >
</ For mal Par anet er s>
<Ext endedAttri but es>
<Ext endedAttri bute Name="Inpl enentati on">
<vX: Tool Agent C ass="de. danet. an. wor kfl ow. t ool s. Jel | yTool ">
<vx: Property Nanme="Scri pt">
j:jelly trim"fal se" xmns:j=" jeIIy c
xm ns: ht m "jeIIy htm " xm ns:sql =

"] .sqgl™
xm ns: sqgl x="jelly:de.danet.an.util .|

e" xmns:x="jelly:xm"
l'y
| ytags. Li brary">

or
el
el

3This behaviour differs from the behaviour defined for Tool Agent Cont ext . abandonActi vi ty (see abandonActiv-
ity(javalang.String) [266]), which returns after passing the information to the workflow engine and allows the Java program-
mer to asynchronously cleanup resources.

“*This is intended as an immedi ately (i.e. without setting up additional data sources) working example. Of course, you should
never access the workflow engine's database directly, use the API instead!
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5.4.2.

LDAP tag library

<sql : set Dat aSour ce dat aSour ce="j dbc/ W Engi ne"/ >

<sqgl x: query var="results">
SELECT Packagel d, Processld FROM ProcessDefinition
WHERE Packageld = ?
<sql : param val ue="j el l ytests"/>

</ sql x: query>

<dat aSet >
<j:forEach itens="${results. rowsByl ndex}" var="row'>
<r ow>
<j :forEach var="col utmNane"
itens="${results.col umNanes}" indexVar="i">

<field col um="$%${col umNane}">${rowfi]}</field>
</j:forEach>
</ row>
</j:forEach>
</ dat aSet >
<lj:jelly>
</ vx: Property>
</ vx: Tool Agent >
</ Ext endedAt tri but e>
</ Ext endedAt tri but es>
</ Appl ication>

The example script uses a specia query tag. This tag uses a Pr epar edSt at enent wrapper
from the Danet utility library that handles large strings correctly even if you use Oracle as RDBMS.
A Similar updat e tag is available in the namespace
jelly:de.danet.an.util.jellytags.Library aswell.

Although it is possible to define "stand-alone" data sources for your RDBMS using the SQL tag lib-
rary, it is much better to use the pooled connections managed by the application server. The SQL tag
library supports access to these pools via JNDI, as shown in the example. Note that
"l ava: conp/ env/ " is prepended before the data source name (so the lookup made in the sample
codeis"j ava: conp/ env/ j dbc/ W Engi ne"). The data source must therefore be defined as a
logical name in an EJB context. All tools are invoked from a business method of the | nvoca-
t i onHel per EJB. Therefore, if you need additional data sources, you have to define them in this
EJB's context (either by modifying ej b-j ar. xm and its associated application server specific
descriptor manually or by using some tool from your application server vendor).

As the tool is executed in the context of an EJB's business method, the <t r ansact i on> tag
should not be used. The business method that invokes the tool has the container managed transac-
tion attribute set. Thus the application server automatically wraps all database queries and updates
executed during the tool invocation in atranscation.

Note that there are alot of tag libraries available for Jelly. Some of these interface to quite complex
libraries. The demo applications (see Appendix C, The demo applications [337]) includes only the tag

libraries "jd", "log", "sgl", and "xml". Of course, you are free to re-pack the application with more
librariesincluded.

LDAP tag library

Thinking about an LDAP tool, we found that a query tool can be implemented in a straight forward
manner. A tool that also supports LDAP manipulation, however, would require an unmanageable
number of configuration properties to support the different kinds of queries imaginable. We have
therefore implemented an LDAP tag library for Jelly that enables easy query and manipulation of an
LDAP directory.

5.4.2.1. <l dap: setlnitial Context>
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All query and update tags require a connection to the LDAP server. This connection can be obtained
withthe<l dap: set | ni ti al Cont ext >. The usage pattern is:




LDAP tag library

<l dap: set I nitial Cont ext
var ="ct x"
xm ns: | dap="jelly:de.danet.an.util.jellytags.|dap.Library"
provi der Ul ="l dap:/ /1 ocal host: 389"
securityPrinci pal =" cn=Manager, dc=my- domai n, dc=coni >
<l dap: envi ronment Entry nane="j ava. nam ng. security.credential s"

val ue="${credential }"/>
</ | dap: setlnitial Cont ext >

The<l dap: set | ni ti al Cont ext > tag creates a connection (actually an initial Di r Cont ext)
and assigns it to the variable named in attribute var. Nested within the tag are
<l dap: environment Entry name="..." value="..."/> tags that specify vaues for
the environment used to obtain theinitial context (see Sun's INDI specification for details).

For convenience, some environment entries may also be specified as attributes.

Tableb5.1. Entriesthat can be specified as attributes

Entry name Attribute

java.nam ng.factory.initial i nitial ContextFactory
j ava. nam ng. provi der. url provi der Ur |

j ava. nam ng. security. princi pal securityPrinci pal
java. nam ng. security.credentials |securityCredentials

Entry java. nam ng.factory.initial has a preset default of
com sun. j ndi .| dap. LdapC xFact ory.

5.4.2.2. <l dap: query>

The <I dap: quer y> queries the LDAP server for a specific entry or alist of entries. The usage
patternis:

<l dap: query | dapCont ext ="${ct x}"
dn="ou=Peopl e, dc=ny- domai n, dc=cont'
filter="(uid=lipp)" attributes="cn, uid, gecos"/>

The attribute | dapCont ext must be specified and must refer to a previously created context. At-
tribute dn must aso be given. It specifies the entry or the base for the directory search. Attribute
filter isoptional. If not specified, dn must refer to an entry in the directory, else dn is used as
base for asearch withfil ter.Itattri but es isspecified, only the comma separated list of at-
tributes of the entry or entriesisretrieved from the server, thus saving bandwidth and CPU cycles.

The dataretrieved is output by the tag as an XML structure;

<queryResul t dn="ou=Peopl e, dc=ny- domai n, dc=cont'
filter="(uid=lipp)">
<entry dn="ui d=li pp, ou=Peopl e, dc=ny- donai n, dc=coni' >
<attribute nane="gecos">M chael N. Lipp</attribute>
<attribute name="uid">lipp</attribute>
<attribute name="cn">M chael N. Lipp</attribute>
</entry>
</ queryResul t >

This structure may be output directly or further processes by Jelly. Here is a complete application
declaration that converts the retrieved data to a user record.

<Appl i cation Id="LDAPQuery"> o
<Descri ption>Query fixed entry</Description>
<For mal Par anet er s>

<For mal Paraneter |d="result" Mde="0UT">
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<Dat aType>
<SchemaType/ >
</ Dat aType>
</ For nal Par anet er >
</ For mal Par anet er s>
<Ext endedAttri but es>
<Ext endedAttri bute Name="Inpl enentation">
<vx: Tool Agent C ass="de. danet. an. wor kfl ow. t ool s. Jel | yTool ">
<vx: Property Name="Script">

<j:jelly trim="false" xmns:j="jelly:core" xmns:x="jelly:xm"
xmns:htm ="jelly:htm" xmns:log="jelly:|o0g"

xm ns: | dap="jelly:de.danet.an.util.jellytags.|dap.Library">
<l-- You will probably not put this in the process description.

Use Jelly functions to obtain the password frome.g. JNDI
environnent, a properties file or whatever password store suits
your application. -->

<j:set var="credential" value="****x*xx"/>

<l-- ldap:setlnitial Context supports attributes
"initial ContextFactory", "providerUl", "securityPrincipal"
and "securityCredential s" as short-cuts.
More entries nay be set in the environment used by using nested
“envi ronment Entry" tags, as shown. -->
<l dap: setlnitial Context var="ctx" providerUrl="1dap://I ocal host: 389"
securityPrinci pal =" cn=Manager, dc=ny- domai n, dc=coni >
<l dap: envi ronnent Entry nane="j ava. nam ng. security.credential s"
val ue="${credential }"/>
</ | dap: setlnitial Cont ext>

<l-- Execute the query and save the result document -->

<X: parse var="response">

<l dap: query | dapCont ext="${ctx}" dn="ou=Peopl e, dc=ny- donai n, dc=con'
filter="(uid=lipp)" attributes="cn, uid, gecos"/>

</ x: par se>

<l-- Qutput the user record -->
<x:set var="userld" sel ect="%response/ queryResult/entry/ @n"
single="true" asString="true"/>
<x:set var="user Nane"
sel ect =" $response/ queryResul t/entry/attri bute[ @ane="cn']"
single="true" asString="true"/>
<user id="${userld}" nane="${user Nane}"/>
<lj:jelly>
</ vx: Property>
</ vx: Tool Agent >
</ Ext endedAtt ri but e>
</ Ext endedAt tri but es>
</ Appl ication>

Of course, part of the query criteria (dn or the valuein fi | t er) will usualy be passed to the ap-
plication as a parameter.

5.4.2.3.<l dap:insert>

Thetag <l dap: i nsert > inserts new entriesin the directory. The usage pattern is:

<l dap:insert |dapContext="%{ctx}">
<entry dn="ui d=t est, ou=Peopl e, dc=ny- donai n, dc=coni' >
<attribute nanme="objectC ass">top</attribute>
<attribute nanme="obj ectC ass">account</attri bute>
<attribute nanme="description">Just a test account</attribute>
</entry>
</l dap:insert>

The tag itself has only one attribute | dapCont ext that references a previously obtained LDAP
connection. The entries to be added to the directory are nested within the tag. They are formatted ex-
actly asthe results of a query. This facilitates deriving new entries from existing entries.
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5.4.2.4.<| dap: updat e>

Thetag <| dap: updat e> updates existing entries in the directory. The usage pattern is:

<l dap: updat e | dapCont ext ="${ctx}" operati on="repl ace">
<entry dn="ui d=t est, ou=Peopl e, dc=ny- donai n, dc=cont
operation="repl ace">
<attribute nanme="description" operation="repl ace">
Just an updated test account
</attribute>
<attribute nanme="organi zati onNanme" >Testi ng</attri bute>
</entry>
</ | dap: updat e>

The tag itself has only one mandatory attribute | dapCont ext that references a previously ob-
tained LDAP connection. An optional attribute operation may be specified at the
| dap: updat e tag or for theent ry or for anat t ri but e. It controls whether the attribute is re-
placed (" r epl ace"), added (" add") or removed (" r errove"). If no operation is specified for a
tag, the operation specified for the enclosing tag is performed. | dap: updat e has a default opera-
tionof "repl ace".

5.4.2.5. <l dap: del et e>

Thetag <I dap: del et > deletes existing entries in the directory. The usage patterniis:

<l dap: del et e | dapCont ext =" ${ct x}">
<entry dn="ui d=t est, ou=Peopl e, dc=ny- donai n, dc=con'/ >
</ | dap: del et e>

The tag itself has only one mandatory attribute | dapCont ext that references a previously ob-
tained LDAP connection. The entries to be deleted are specified as nested ent ry tags. Any at -
t ri but e tags nested within an ent r y tag are simply ignored. This allows using a query result dir-
ectly as selection of entries to be deleted.

5.5. Malil tool

The mail tool builds an interface to the javax mail facility and thus can be used to send text mes-
sages to any recipient. Formal parameters are interpreted in the following order of declaration:

1. address(es) of recipient(s)
2. subject

3. message

4. address of sender

Furthermore, in case that no actual valid sender can be given as formal parameter (e.g. the data field
is not set), adefault sender can be declared via a property of the tool agent.

Example:

<Application |d="Mil Tool 2">
<For nal Par anet er s>

<Fornal Paranmeter |d="recipient" Mde="IN'>

<Dat aType>
<Basi cType Type="STRI NG'/ >

</ Dat aType>

</ For mal Par anet er >

<For nmal Par anet er |d="subject” Mde="I1N'>
<Dat aType>
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<Basi cType Type="STRI NG'/ >
</ Dat aType>
</ For mal Par anet er >
<For mal Par anet er | d="nessage" Mbyde="IN'>
<Dat aType>
<Basi cType Type="STRI NG'/ >
</ Dat aType>
</ For mal Par anet er >
<For nmal Par armet er |d="sender" Mode="IN'>
<Dat aType>
<Basi cType Type="STRI NG'/ >
</ Dat aType>
</ For mal Par anet er >
<For mal Paraneter |d="status" Mde="0UT">
<Dat aType>
<Basi cType Type="STRI NG'/ >
</ Dat aType>
</ For mal Par anet er >
</ For nal Par anet er s>
<Ext endedAttri but es>
<Ext endedAttri bute Name="Inpl enentati on">
<vx: Tool Agent C ass="de. danet. an. wor kfl ow. t ool s. Mai | Tool 2"
xm ns: vx="http://ww. an. danet . de/ 2009/ XPDL- Ext ensi ons1. 1" >
<vX: Property Nane="Def aul t Sender" >t est @¥ MJpen. conk/ vx: Property>
</ vx: Tool Agent >
</ Ext endedAttri but e>
</ Ext endedAt tri but es>
</ Appl i cation>

The mail provider to be used is determined by a JNDI lookup using the logical name
j ava: conp/ env/ t ool agent s/ mai | t ool / Mai | inthe context of thel nvocat i onHel p-
er EJB (see Section 3.5.3, “Accessing JNDI” [31]). As distributed, WfMOpen binds this logical
name in the JBoss gpecific deployment descriptor to the globa JNDI entry
j ava: / W MOpenMai | . Make sure that this entry exists. For JBoss, we recommend to create a
copy of $JBOSS_HOVE/ server/ confi gurati on/ depl oy/ mai |l -servi ce. xm (eg. as
wf mopen-nai | -service.xm ), set the entry Jndi Nane within the file to
java: / W MOpenMai | , and adjust theentry mai | host . snt p. host (minimal configuration).

5.6. XSLT tool

Thistool can be used to transform xml content with an XSLT processor. The transformation is done
using the JAXP 1.1 API, which introduces an abstract layer for the transformation process. The
stylesheet to be used in the transformation may either be given by a URL or an inline definition us-
ing the property XSLT. The two cases are distinguished by checking whether the XSLT property
definesavalid URL or not. If no XSLT property is given, the output document is the same asthe in-
put document (this allows the tools to be used as a merger or value extractor, see below). The
stylesheet must produce awell formed xml-document for the tool to work correctly.

The first formal parameter containing xml content defines the content to be transformed by the tool.
Additional input parameters are used to set stylesheet parameters. The result of the transformation is
assigned to all formal output parameters, applying an additional mapping if defined using the Map-

pi ngs property.
Example:

<Application | d="XSLT">
<Descri pti on>
</ Descri ption>
<For mal Par anet er s>
<Formal Paraneter Id="inlist" Mde="IN'>
<Dat aType>
<SchemaType/ >
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</ Dat aType>
</ For mal Par anet er >
<For mal Paraneter |d="result" Mde="0UT">
<Dat aType>
<Basi cType Type="STRI NG'/ >
</ Dat aType>
</ For nal Par anet er >
</ For mal Par anet er s>
<Ext endedAttri but es>
<Ext endedAttri bute Name="Inpl enentati on">
<vx: Tool Agent C ass="de. danet. an. wor kfl ow. t ool s. XSLTTool "
xm ns: vx="http://ww. an. danet . de/ 2009/ XPDL- Ext ensi ons1. 1" >
<vX: Property Nane="XSLT" xm ns="">
<xsl:styl esheet xm ns:xsl="http://ww. w3. org/ 1999/ XSL/ Tr ansf or ni'
version="1.0">
<xsl : param nane="city" select="'Darnstadt'"/>
<xsl:tenpl ate match="row'>
<recor d>
<pai nt er ><xsl : val ue- of sel ect =" @ai nter"/></painter>
<title><xsl:value-of select="@itle"/></title>
<year ><xsl : val ue- of sel ect="@ear"/ ></year >
<si ze><xsl :val ue- of sel ect =" @i ze"/ ></si ze>
<ci ty><xsl:val ue-of select="%city"/></city>
</record>
</ xsl : tenpl at e>
<xsl:tenplate match="t abl e">
<t abl e>
<xsl : apply-tenpl ates sel ect="row'/ >
</tabl e>
</ xsl : tenpl at e>
</ xsl : styl esheet >
</ vx: Property>
<vx: Property Nanme="Mppi ngs" >
<vx: Qut put Mappi ngs>
<vx: Paraneter Name="result" Select="/table/record[1]/painter"/>
</ vx: Qut put Mappi ngs>
</ vx: Property>
</ vx: Tool Agent >
</ Ext endedAttri but e>
</ Ext endedAttri but es>
</ Appl i cation>

As can be seen in the example, an XPath expression can be defined for each output parameter. The
XPath expression is applied to the transformation result, yielding a derived result that is then as-
signed to the output parameter referenced in the output mappings section. The output parameters
may be of SchemaType or Basi cType STRI NG, | NTECER, FLOAT, DATETI ME or BOOLEAN.
For types datetime, float and boolean, the XPath expression must evaluate to a string that matches
the format of the corresponding XSD type. Parameters of type integer are evaluated by applying the
XPath nunber function to the result of the selection and using the integer part of the returned
value.

As an additonal feature, the tool supports merging XML content from different input parameters be-
fore the transformation is applied.

If the first formal parameter is of type STRI NG its value defines the tag value for a root element of
the intermediate content to be created. Any additional formal input parameters of type Schena-
Type will be added under this new root element in order of appearance.

For example, calling the tool with afirst input parameter "Root" and two additional input parameters
<docl><val uel>. .. </val uel></docl> and
<doc2><val ue2>. .. </val ue2></doc2> resaults in an intermediate document
<Root ><docl><val uel>. .. </ val uel></ docl><doc2><val ue2>. .. </ val ue2></

doc2></ Root > to which the transformation is applied.
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5.7. Generic SOAP tool

This tool can be used to execute arbitrary SOAP requests. It must be declared with a formal | N
parameter of SchemaType named body. The XML passed into this parameter will be literally
copied into the <soapenv: Body> section of the SOAP request. Ancther formal | N parameter of
SchemaType named header may optionally be declared and can be used to add content to the
<soapenv: Header > section of the SOAP request. Another formal | N parameter of type
STRI NG named ht t pHeader s may optionally be declared and can be used to specify additional
HTTP headers for the request. The string must consist of "key: value" pairs separated by newline
characters. Note that the value of the special HTTP header "SQAPAct i on™ will automatically be
surrounded by double quotes, so don't use double quotes when specifying it.

Upon tool invocation, the request will be sent to the endpoint specified as a property. Output para-
meters may be specified to receive the complete result of the invocation (i.e. a tree with root node
<soapenv: Envel ope>) or parts of the result. The mapping of result values to output parameters
is configured as described for the XSLT tool (see Section 5.6, “XSLT tool” [52]).

Example:

<Application | d="stockQuote">
<Descri pti on>
</ Descri ption>
<For mal Par anet er s>
<For mal Par anet er 1d="body" Mbyde="I|N'"'>
<Dat aType>
<SchemaType/ >
</ Dat aType>
</ For mal Par anet er >
<For mal Paraneter ld="result" Mde="0UT">
<Dat aType>
<SchemaType/ >
</ Dat aType>
</ For mal Par anet er >
</ For mal Par anet er s>
<Ext endedAttri but es>
<Ext endedAttri bute Name="Inpl enentati on">
<vx: Tool Agent C ass="de. danet. an. wor kfl ow. t ool s. soap. Generi cSoapdient">
<vx: Property Nane="Endpoi nt">
http://1 ocal host: 8181/ soapsrvdenn/ St ockQuot eSer vi ce. j ws
</ vx: Property>
<vx: Property Nane="Mappi ngs">
<vx: Qut put Mappi ngs>
<vx: Namespaces>
<vX: Nanmespace Prefix="soapenv"
Uri="http://schemas. xm soap. or g/ soap/ envel ope/ "/ >
</ vx: Nanespaces>
<vx: Paraneter Nane="result" Sel ect="/soapenv: Envel ope/ *"/>
</ vx: Qut put Mappi ngs>
</ vx: Property>
</ vx: Tool Agent >
</ Ext endedAt tri but e>
</ Ext endedAt tri but es>
</ Appl i cation>

If you are behind a firewall and want to access web services outside your intranet, it may be neces-
sary to tell the application server (i.e. the virtual machine running it) about the proxy for your http
connection. For JBoss the information can be provided as follows (see "J2SDK Networking Proper-
ties' [http://java.sun.com/j2se/1.4.2/docs/guide/net/properties.html]):  JAVA OPTS=". .. -
Dht t p. pr oxyHost =<PROXY HOST> -Dhtt p. pr oxyPor t =<PORT> - Dht -
t p. nonPr oxyHost s=Il ocal host | *. your. dormai n" ./run. sh

If calling the web service resultsin a SOAPEXxcept i on that indicates that the server is unavailable,
the tool raises a Cannot Execut eExcepti on withaj ava. rnmi . Connect Excepti on asits
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cause. This may be mapped to a process level exception as described in Section 3.5.4, “Exception
handling” [31].

5.8. RPC SOAP tool

This tool can be used to execute a method of a WSDL description that defines an RPC style SOAP
service. The WSDL description may either be given by a URL or an inline definition via the prop-
erty WBDL. The discrimination between the two cases is done by checking whether the WSDL prop-
erty defines avalid URL or not. Formal parameters to the tool invocation define the method name
(first parameter) and the appropriate parameters to the method call.

Example:

<Application |d="stockQuote">
<Descri pti on>
</ Descri ption>
<For mal Par anet er s>
<For mal Par anet er 1d="synbol" Mdde="I|N'"'>
<Dat aType>
<Basi cType Type="STRI NG'/ >
</ Dat aType>
</ For mal Par anet er >
<For mal Paraneter |d="Result" Mde="0UT">
<Dat aType>
<Basi cType Type="FLQAT"/ >
</ Dat aType>
</ For mal Par anet er >
</ For mal Par anet er s>
<Ext endedAttri but es>
<Ext endedAttri bute Name="Inpl enentation">
<vx: Tool Agent C ass="de. danet. an. wor kfl ow. t ool s. soapclient. SOAPC i ent"
xm ns: vx="http://ww. an. danet . de/ 2009/ XPDL- Ext ensi ons1. 1" >
<vx: Property Nanme="WSDL">
<wsdl : definitions
t ar get Namespace="http://brian. an. danet . de: 8080/ soapsrvdenn/ St ockQuot eSer vi |
xm ns="http://schemas. xm soap. or g/ wsdl /"
xm ns: apachesoap="http://xm . apache. or g/ xm - soap"
xm ns:inmpl="http://brian.an. danet. de: 8080/ soapsrvdenn/ St ockQuot eSer vi ce. j w
xm ns:intf="http://brian.an.danet. de: 8080/ soapsrvdenn/ St ockQuot eSer vi ce. | w
xm ns: soapenc="http://schemas. xm soap. or g/ soap/ encodi ng/ "
xm ns: wsdl ="htt p://schenmas. xn soap. or g/ wsdl /"
xm ns: wsdl soap="http://schemas. xm soap. or g/ wsdl / soap/"
xm ns: xsd="http://ww. w3. or g/ 2001/ XM_Schema" >
<wsdl : message nane="get Quot eResponse" >
<wsdl : part name="get Quot eReturn" type="xsd: float"/>
</ wsdl : nessage>
<wsdl : message nanme="get Quot eRequest ">
<wsdl : part name="synbol " type="xsd:string"/>
</ wsdl : nessage>
<wsdl : port Type nane="St ockQuot eServi ce" >
<wsdl : operati on nanme="get Quot e" paramnet er O der ="synbol ">

<wsdl : i nput nessage="i npl : get Quot eRequest" nanme="get Quot eRequest "/ >
<wsdl : out put nessage="i npl : get Quot eResponse” nane="get Quot eResponse”,
</ wsdl : oper ati on>
</ wsdl : port Type>
<wsdl : bi ndi ng name="St ockQuot eSer vi ceSoapBi ndi ng"
type="i npl : St ockQuot eSer vi ce">
<wsdl soap: bi ndi ng styl e="rpc"
transport="http://schemas. xnl soap. or g/ soap/ http"/>
<wsdl : operati on nanme="get Quote">
<wsdl soap: operati on soapAction=""/>
<wsdl : i nput nane="get Quot eRequest " >
<wsdl soap: body
encodi ngStyl e="http://schemas. xn soap. or g/ soap/ encodi ng/ "
nanmespace="htt p:// Def aul t Nanespace" use="encoded"/>
</ wsdl :i nput >
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<wsdl : out put nane="get Quot eResponse" >
<wsdl soap: body
encodi ngStyl e="http://schemas. xn soap. or g/ soap/ encodi ng/ "
nanmespace="http://brian. an. danet. de: 8080/ soapsr vdenn/ St ockQuot eSer vi ce. j ws"
use="encoded"/ >
</ wsdl : out put >
</ wsdl : operati on>
</ wsdl : bi ndi ng>
<wsdl : servi ce nane="St ockQuot eServi ceServi ce">
<wsdl : port bindi ng="i npl : St ockQuot eSer vi ceSoapBi ndi ng"
nanme="St ockQuot eServi ce" >
<wsdl soap: addr ess
| ocation="http://1ocal host: 8080/ soapsrvdenn/ St ockQuot eServi ce. jws"/ >
</ wsdl : port >
</ wsdl : servi ce>
</ wsdl : definitions>
</ vx: Property>
<vx: Property Nane="Met hod" >get Quot e</ vx: Property>
</ vx: Tool Agent >
</ Ext endedAt tri but e>
</ Ext endedAt tri but es>
</ Appl i cation>

The hints about firewalls described in Section 5.7, “ Generic SOAP tool” [54] apply to this tool as
well.

When calling the web service results in a j ava. r mi . Renot eExcept i on, the tool raises a
Cannot Execut eExcept i on with the Renot eExcept i on as its cause. In addition, the tool
establishes an exception mapping of j ava. r m . Renot eExcepti on to a process level excep-
tion "Renot eExcept i on" (see Section 3.5.4, “Exception handling” [31]). This reflects the as-
sumption that the unavailability of the web service is a condition that is to be handled at the process
level and cannot be worked around by simply repeating the invocation (as is usually done with Re-
not eExcept i ons).

5.9. Wait tool

Sometimes, further processing in a workflow process must be delayed until some date is reached.
This can be achieved with the WaitTool.

Initssimplest form, the wait tool is defined as:

<Application |d="Si npl eVait">
<Description>Waits for a timer to expire</Description>
<For mal Par anet er s>
<For mal Paraneter lId="waitUntil" Mode="IN'>
<Dat aType>
<Basi cType Type="DATETI ME"/ >
</ Dat aType>
</ For mal Par anet er >
</ For nal Par anet er s>
<Ext endedAttri but es>
<Ext endedAttri bute Name="Inpl enentati on">
<vx: Tool Agent C ass="de. danet. an. wor kfl ow. t ool s. ti m ng. Wi t Tool "
xm ns: vx="http://ww. an. danet . de/ 2009/ XPDL- Ext ensi ons1. 1"/ >
</ Ext endedAttri but e>
</ Ext endedAt tri but es>
</ Appl i cation>

When used in this way, the tool will simply wait until the given date/time. Note that waiting is not
implemented by calling something like "sleep” for the execution thread. Rather a persistent timer is
created. So it is safe to specify a date next week, next month or even in yearss. A running wait tool
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will continue to run even after server restarts.

As an dternative, the tool may also be invoked with a single parameter of type | NTEGER or
DOUBLE instead of DATETI ME. In this case, it waits for the specified number of seconds to pass
after itsinvocation.

In some workflows, you need the possibility to end the waiting prematurely. For these cases another
version of the tool is provided that actually consists of three tools. The first tool creates atimer, re-
turning a timer id. The second tool waits until the timer has expired (i.e. the date/time specified on
creation has been reached). And the third tool may optionally be used to terminate the timer prema-
turely. In order to be able to distinguish regular and premature completion easily, the wait tool is
given an OUT parameter that is set to EXPI RED (regular termination) or CANCEL ED (premature ter-
mination).

Example:

<Application |d="Ti merCreator">
<Description>Creates a tiner</Description>
<For mal Par anet er s>
<For mal Paraneter I[d="tinerld" Mde="QUT">
<Dat aType>
<Basi cType Type="INTEGER'/ >
</ Dat aType>
</ For mal Par anet er >
<Fornmal Paranmeter Id="waitUntil" Mde="I1N'>
<Dat aType>
<Basi cType Type="DATETI VE"/ >
</ Dat aType>
</ For mal Par anet er >
</ For mal Par anet er s>
<Ext endedAttri but es>
<Ext endedAttri bute Name="Inpl enentation">
<vx: Tool Agent C ass="de. danet. an. workfl ow. tool s. ti m ng. Ti mer Creat or"
xm ns: vx="http://ww. an. danet . de/ 2009/ XPDL- Ext ensi ons1. 1"/ >
</ Ext endedAt t ri but e>
</ Ext endedAt tri but es>
</ Appl i cation>
<Application |d="Ti nerCancel er">
<Descri ption>Cancel s a timer</Description>
<For mal Par anet er s>
<For mal Paraneter |d="tinerld" Mde="IN'>
<Dat aType>
<Basi cType Type="I| NTEGER'/ >
</ Dat aType>
</ For mal Par anet er >
</ For nal Par anet er s>
<Ext endedAttri but es>
<Ext endedAttri bute Name="Inpl enentati on">
<vx: Tool Agent Cl ass="de. danet. an. wor kfl ow. tool s.ti m ng. Ti mer Cancel er"
xm ns: vx="http://ww. an. danet . de/ 2009/ XPDL- Ext ensi ons1. 1"/ >
</ Ext endedAt t ri but e>
</ Ext endedAt tri but es>
</ Appl i cation>
<Application 1d="Ti m ng">
<Description>Wiits for a timer to expire</Description>
<For nmal Par anet er s>
<Formal Paraneter Id="tinerld" Mde="I1N'>
<Dat aType>
<Basi cType Type="I|NTEGER'/ >
</ Dat aType>
</ For mal Par anet er >
<For mal Paraneter |d="status" Mde="0UT">
<Dat aType>
<Basi cType Type="STRI NG'/ >
</ Dat aType>

SConsider a process contolling the complete lifetime cycle of a document. After al the initial creating, reviewing, revising
and using the document, it may be necessary to archive the document for another 5 years before deleting it.
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</ For mal Par anet er >
</ For mal Par anet er s>
<Ext endedAttri but es>
<Ext endedAt tri bute Nanme="Inpl enent ati on">
<vx: Tool Agent C ass="de. danet. an. wor kfl ow. t ool s. ti m ng. Wi t Tool "
xm ns: vx="http://ww. an. danet . de/ 2009/ XPDL- Ext ensi ons1. 1"/ >
</ Ext endedAt tri but e>
</ Ext endedAt tri but es>
</ Application>

MBean invocation tool

Thistool supports the invocation of an MBean operation.

Thetool isdeclared as:

<Application |Id="Si nmpl el nvoker">
<Descri pti on>Si npl e MBean i nvoker test</Description>
<For nmal Par anet er s>
<For nmal Paraneter Id="result" Mde="QUT">
<Dat aType>
<Basi cType Type="STRI NG'/ >
</ Dat aType>
</ For mal Par anet er >
</ For mal Par anet er s>
<Ext endedAttri but es>
<Ext endedAttri bute Nanme="I|npl enentation">
<vx: Tool Agent C ass="de. danet. an. wor kfl ow. t ool s. MBeanl nvoker" >
<vX: Property Nane="Cbj ect Nane" >j boss: servi ce=JNDI Vi ew</ vx: Property>
<vX: Property Nanme="Qperation">|istXM.</vx: Property>
</ vx: Tool Agent >
</ Ext endedAt tri but e>
</ Ext endedAt tri but es>
</ Application>

The tool looks up the MBean set in property Cbj ect Nane and invokesits operation Oper at i on.

If the first declared formal parameter has mode OUT or | NOUT the result of the operation invocation
will be assigned to the actual parameter. The parameter's type must match the return type of the
MBean's operation.

The second and subsequent parameters must have mode | N or | NOUT. All parameters with mode
I Nor I NOUT (i.e. including the first) are passed to the invoked operation. The parameter types are
used to build the signature used for operation lookup.

EJB invocation tool

Thistool supports the invocation of an EJB operation.

Thetool is declared as:

<Application | d="EJBTool ">
<For mal Par anet er s>
<For mal Par anet er |d="Jndi Name" Mode="1N'>
<Dat aType>
<Basi cType Type="STRI NG'/ >
</ Dat aType>
</ For mal Par amet er >
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<For mal Par anet er | d="Honmed ass" NMbde="|N"'>
<Dat aType>
<Basi cType Type="STRI NG'/ >
</ Dat aType>
</ For mal Par amet er >
<For mal Par anet er | d="Met hod" Mode="|N'>
<Dat aType>
<Basi cType Type="STRI NG'/ >
</ Dat aType>
</ For mal Par anet er >
<For mal Paranet er |d="Nunml" Mbode="I|N"'>
<Dat aType>
<Basi cType Type="I|NTEGER'/ >
</ Dat aType>
</ For mal Par anet er >
<For mal Par anet er | d="Nunk" Mbde="I|N'>
<Dat aType>
<Basi cType Type="INTEGER'/ >
</ Dat aType>
</ For mal Par anet er >
<For mal Par anet er | d="AddResult" NMbde="QOUT">
<Dat aType>
<Basi cType Type="I|NTEGER'/ >
</ Dat aType>
</ For mal Par anet er >
</ For mal Par anet er s>
<Ext endedAttri but es>
<Ext endedAt tri bute Nanme="I|npl enent ati on">
<vx: Tool Agent
xm ns: vx="http://ww. an. danet . de/ 2009/ XPDL- Ext ensi ons1. 1"
Cl ass="de. danet. an. wor kf | ow. t ool s. EJBTool "/ >
</ Ext endedAttri but e>
</ Ext endedAttri but es>
</ Appl ication>

The tool looks up the EJB with the INDI name Jndi Name and the home interface Honed ass
and invokes the operation Met hod.

If the last declared formal parameter has mode OUT or | NOUT the result of the operation invocation
will be assigned to the actual parameter. The parameter's type must match the return type of the
MBean's operation.

The fourth and subsequent parameters must have mode | Nor | NOUT. All parameters with mode | N

or | NOUT (i.e. including the first three) are passed to the invoked operation. The parameter types
are used to build the signature used for operation lookup.

Channel based access

Channel based access® provides channels for message oriented communication between a process
instance and a client or between a process instance and its sub-processes.

5.12

Channels are named and associated with a process instance. They need not be declared. Clients can
obtain access to a channd from the WorkflowService (see getChan-
nel (de.danet.an.workflow.omgcore.WfProcess, java.lang.String) [246]). The channel may then be
used to send messages to a receiver tool or receive messages from a sender tool (see below). Mes-
sages are simply passed from source to destination; there is no verification that a message from a
client to a process (i.e. to a receiver tool) is followed by a message from the process (i.e. from a
sender tool) to the client or vice versa. The communication may be initiated by any party: the pro-
cess may create (or know about) a client and intially send a message to it, or a client may create or
lookup a process that has started (or will start) a receiver tool and send a message to it (see Sec-

6"ChaBAcc" for short. We don't know how this sounds in other languages, but Germans usually tend to grin at the sound of
this acronym for no specific reason.
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tion 5.12.3, “Generic HTTP Access’ [61] for a sample usage).

5.12.1. Receiver tool

The receiver tool receives messages from a channel. It takes an | N parameter of type STRI NG that
specifies the channel to listen on, and an arbitrary number of additional OUT parameters that receive
the data sent on the channel. The formal parameter names must match the keys used in the map
passed to the channel by the client (see sendMessage(java.util.Map) [174]).

Normally, the receiver receives messages sent to the process it was started in. Sometimes, however,
it is useful to structure a workflow process by using subflows. If the activities separated into the
subflow include the usage of a receiver tool, the receiver tool listens on the wrong process, as the
client does not (and should not) know about the separation in main process and subflow and keeps
sending the messages to the main process.

The receiver tool therefore has a property "Li st ener | ndex" that can be used to make the receiv-
er listen for messages sent to one of the requesting processes of the current process (i.e. processes
the current process is a subflow of). If set, the property must be an integer. O (zero) is the top re-
quester, i.e. the process at the end of the chain of requesting processes’. A positive integer specifies
a process relative to the current process (e.g. "1" is the requester, "2" is the requester of the re-
guester) while a negative integer specifies a subflow relative to the top process.

Example:

<Application |d="TopRecei ver Tool ">
<Descri pti on>Recei ve data from a channel accessor</Description>
<For nmal Par aret er s>
<For nmal Paranet er |d="channel" Mde="I1N'>
<Dat aType>
<Basi cType Type="STRI NG'/ >
</ Dat aType>
</ For mal Par anet er >
<For mal Par anet er |d="nessage" Mde="QUT">
<Dat aType>
<Basi cType Type="STRI NG'/ >
</ Dat aType>
</ For mal Par anet er >
</ For mal Par anet er s>
<Ext endedAttri but es>
<Ext endedAttri bute Name="Inpl enentati on">
<vX: Tool Agent C ass="de. danet. an. wor kfl ow. t ool s. chabacc. Recei ver"
xm ns: vx="http://ww. an. danet . de/ 2009/ XPDL- Ext ensi ons1. 1" >
<vX: Property Nanme="Li stenerl| ndex">0</vx: Property>
</ vx: Tool Agent >
</ Ext endedAttri but e>
</ Ext endedAt tri but es>
</ Appl i cation>

5.12.2. Sender tool

The sender tools sends messages on a channel. It takes an | N parameter of type STRI NG that spe-
cifies the channel to send to, and an arbitrary number of additional | N parameters used to pass the
data to be sent to the channel. The formal parameter names are used as keys in the map returned to
the client (see receiveMessage() [174]). Note that actual parameters are sent on the channel as passed
to the sender tool. This implies that parameters of type SchemaType may be sent as SAX event
buffer, W3C DOM or JDOM, depending on the value of attribute XM_Par anet er Mbde in the
definition of the sender tool (see Section 4.2.5.1, “Extentions of Application Declaration” [35]).

Like the receiver tool, the sender tool may be configured to send messages from a requesting pro-

"This may also be used if the processis not a subflow at al, as a process without a requesting process is considered top of the
chain.
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cessinstead of the process the tool was started in. Thisis done by setting the property "Or i gi nat -
or | ndex". Thevalueisinterpreted in the same way as described for the receiver tool above.

An additional property of the sender tool specifies whether messages sent should also be delivered
to receiver tools listening on the channel used (by default, they are only delivered to clients). This
may e.g. be used at the end of a process to terminate a receiver tool running "in parallel” (i.e. it has
waited for some kind of optional intervention from a client during processing and is now sent some
dummy message to complete the process properly). Together with the "Li st ener | ndex" and
"Ori gi nat or | ndex" properties, this may also be used for communication between processes,
e.g. asubflow informing its requester about its state.

Example:

<Application |d="TopSender Tool ">
<Descri pti on>Send a nessage to a channel accessor</Description>
<For mal Par anet er s>
<For mal Par aneter |d="channel" Mde="I1N'>
<Dat aType>
<Basi cType Type="STRI NG'/ >
</ Dat aType>
</ For mal Par anet er >
<For nmal Par anet er | d="nessage" Mde="IN'>
<Dat aType>
<Basi cType Type="STRI NG'/ >
</ Dat aType>
</ For mal Par anet er >
</ For mal Par anet er s>
<Ext endedAttri but es>
<Ext endedAttri bute Name="Inpl enentati on">
<vx: Tool Agent C ass="de. danet. an. wor kfl ow. t ool s. chabacc. Sender"
xm ns: vx="http://ww. an. danet . de/ 2009/ XPDL- Ext ensi ons1. 1" >
<vx: Property Nane="Local Del i very">True</vx: Property>
<vX: Property Nanme="Ori gi nat or| ndex" >0</vx: Property>
</ vx: Tool Agent >
</ Ext endedAttri but e>
</ Ext endedAttri but es>
</ Appl i cation>

5.12.3. Generic HTTP Access

To simplify the HTTP access to alongterm workflow process, as it may be useful for designing dia-
log driven applications, an "out-of-the-box" solution is provided by ageneric HTTP servlet.

For an example, let us assume we'd like to design an application that enables users to subscribe and
unsubscribe a service and to modify the service parameters. The user interface should be provided
by HTML pages and the service will be described by a workflow process definition®.

The components we need are:

» An entry Web page for subscribing to a new service or requesting an existing service.

A process definition within the workflow engine, describing the actions of the service and provid-
ing HTML pages for user actions (e.g. modification of service parameters).

e A (user based) connection between the workflow engine (i.e. a service) and the client HTML
pages (i.e. the browser).

8We use an HTML browser as example here in order to make the explanation easy to follow. Of course, this mechanism be-
comes more thrilling if you imagine a voice browser instead of the HTML browser and VoiceXML instead of HTML. We
have used the generic servlet in such away and built some nice workflow based voice applications with WfMOpen.
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Subscribing to a new service is easy to implement, since it may simply be done by starting a new
workflow process. But once the process is running, arrangements have to be made to make sure that
the process performs its service duties and concurrently listens for service "update” events. The lat-
ter task can be performed using the Receiver Tool (see Section 5.12.1, “Receiver tool” [60]) and the
Sender Tool (see Section 5.12.2, “ Sender tool” [60]) within a concurrently running activity.

To simplify the (channel based) interaction with workflow processes viaHTTP, aservlet is provided
that

 startsanew process — if needed — and provides a channel to it or
 opens achannel to an already running process and

* holds the channel within the session for further use and forwards responses from the process to
the client.

By using this servliet, HTTP based client applications (e.g. using HTML pages) are very easy to
design. The current page sends a request to the servlet and the successor page (code) is provided by
the proper workflow activity through the servlet. No further application code is needed.

The servlet described above serves as an interface between the client application and a workflow
process. The communication with the process uses a message channel named "i ni ti at or ") S,

To identify the process to connect with, some key information has to be provided within the request.
The following request parameters are treated as key values:

» WFM packagel Dand WFM pr ocess| D: package ID and process ID of the associated process

 WFM dat al t emNane and WFM dat al t enal ue: name and value of data item (data field)
that should be used as a search criteria for a process of the specified type (i.e. with the given
package and process I D).

All remaining request parameters are considered to be application data and are used to initialize the
process data or send to the receiver tool.

Variations:

1. Only WFM _packagel D and WFM_processlD (beside application data) are provided.

A new process of the specified type is created and initialized with the application data. A new
message channel is built up to this process. The process manager name and process key are
stored in the session context for later use (see variation 3 [63]).

If no process description with the given package and process id exists, status code 400 will be
returned.

2. All above-mentioned WFM* parameters are provided. A lookup is performed for the process
matching the given dataitem criteria. If none is found, a new process of the specified typeis cre-
ated and initialized with the given data item and the provided application data. The process man-
ager name and process key are stored in the session context for later use (see variation 3 [63)]). If
no process description with the given package and process id exists, status code 400 will be re-
turned.

If a matching process is found, this process is used. The provided application data is sent to the
process via a built-up message channel.

If no message channel can be opened because the process is closed, status code 410 will be re-
turned.

°so you have to make sure, that the SenderTool and the ReceiverTool use achannel namedi ni ti at or aswell.
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If more than one matching processis found, status code 409 will be returned.

3. WFM_packagel D and WFM_processiD are not provided. It is assumed that the process should
be used which has already been referenced within the session (see variation 1 [62] or 2 [62]).
Thus, the process manager name and process key that have been stored in the session context are
used to build the connection to the process. The provided application data is sent to the process
viathe built-up message channel.

If no message channel can be opened because the process ist either closed or removed, status
code 410 will be returned.

If no process information is stored in the session context, status code 400 will be returned.

4. An additional parameter WFM_waitForResponse is provided with avalue of "f al se" (not equal
to"t rue", to be precise). In this case, the servlet will not wait for a response from the process. It
will only send data to a process or create a new process as described above and then return are-
sponse with no content.

The message received on the channel from the process (sent by the process using the sender tool, see
Section 5.12.2, “Sender tool” [60]) may have one or more entries. If it has only a single entry, this
entry is considered to be the data to be sent back to the HTTP client, independant of the entry's
name. If the message has more than one entry, there must be one entry with key dat a containing
the data to be sent back or otherwise, status 500 will be returned to the client. The data (i.e. the cor-
responding formal parameter of the SenderTool) may be of type STRI NGor SchenaType. In the
latter case, the XML data is transformed to its string representation by the generic HTTP servlet be-
fore it is sent to the HTTP client. Note that the data must be provided as a SAX buffer, i.e. the
sender tool defined for sending the response to the serviet must have the attribute XM_Par anet -

er Mode set to USE_SAX (see Section 4.2.5.1, “ Extentions of Application Declaration” [35]).

Additional entries supported in a message received by the generic HTTP servlet are;

doct ype-syst em(STRI NG Specifies the system identifier to be used in the document type
declaration of the document resulting from the conversion of
response data passed as XML to its string representation.

doct ype- publ i c (STRI NG Specifies the public identifier to be used in the document type
declaration of the document resulting from the conversion of
response data passed as XML to its string representation.

i nval i dat eSessi on When set to true, the session associated with the request isin-

(BOOLEAN) validated. This may be used to dissociate a client from its as-
sociated process (if they are linked using information from the
session context as described in 3 [63]), thus forcing the cre-
ation of anew process on the next request.

m meType (STRI NG When set, overrides automatic derivation of the response's
mime type from the data to be sent. The default isto send any
data of type SchemaType ast ext/xm . If the data is of
type STRI NG and the string starts with a "<! DOCTYPE
HTML PUBLIC \"-//WBC//DTD HTM."  or
"<IDOCTYPE HTML PUBLIC \"-//|ETF//DTD
HTM." declaration, it is sent as t ext / xm . Otherwise the
mimetypeist settoappl i cati on/ dat a.

The generic HTTP servlet will accept POST requests only, as al requests lead to a modification of
the server side state. Thereis, however, one exception to thisrule.

In order to get started with a process based Web application, you must present the user an initial
page that allows him to click on alink to create a new process or to fill in and submit some informa-
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tion that identifies an existing process. Now, where does this start page come from? Of coursg, it can
simply be created as static HTML and provided by any Web server (and for performance reasons,
this will eventually be the solution in many cases). However, even if only as proof of concept, it
should be possible to specify a complete Web application — including the start page — using XP-
DL.

Asinitial URLs (i.e. URLsthat can be typed into a browser) will always perform a GET request, the
generic HTTP servlet must support such arequest for generating the start page. Asthisisa"get star-
ted" request, it will always create a new process, whose single purpose is to send back the content of
the start page and then complete 10 (although there may be cases that allow to continue the lifespan
of this process). To avoid complicated looking URLS, the generic HTTP servlet uses extra path in-
formation instead of parameters to specify the type (i.e. package id and process id) of the process to
be created. The first segment in the extra path information denotes the package id, the second the
process id. If the process id is omitted, it defaults to boot , if the package id is omitted also, it de-
faultstochabacc_ht t p_pl ai n. Both defaults may be atered by specifying the servlet init para-
meterspackagePat hSegrent Def aul t and pr ocessPat hSegnent Def aul t respectively.

Some examples of using the generic HTTP servlet are included in the demo applications (see Ap-
pendix C, The demo applications[337]).

10admittedly, thisis less efficient than astatic HTML page, but you need not set up aserver for static HTML pages. It is abit
like a servlet serving static files: obviously Web servers like Apache can do it faster, but in many cases you want to avoid the
effort of installing Apache or adding to its configuration only to provide afew files as part of your J2EE application.




Chapter 6. The sample resource
assignment service

For assigning resources to activities, a workflow component relies on a resource assignment facility
as described in Section 3.1, “Component structure” [23] and Section 3.4, “Resource assignment
SPI” [30]. Such afacility is not part of the core workflow functionality.

As we felt our workflow component to be incomplete without at least a simple resource assignment
service, we have included an implementation of such a service in the workflow component.

6.1. The sample assignment service

The sample assignment service implements the resource assignment APl as specified by package
de.danet.an.workflow.spis.ras [269]. The factory class and its configuration parameters are described
in de.danet.an.workflow.assignment.StandardResourceA ssignmentServiceFactory [327]. See the

classes description for further information not covered in the current section.

The sample resource  assignement  service is bundled in  the library
de. danet . an. wor kf | ow. def aul tras. j ar. Besides the required classes, this jar contains
the file META-
| NF/ ser -

vi ces/

de. danet . an. wor kf | ow. spi s. ras. Resour ceAssi gnnent Servi ceFactory  that

defines the class St andar dResour ceAssi gnnent Ser vi ceFact ory as an implementation

of the resource assignment service. Thus the sample resource assignment service is found as de-

scribed in newlnstance() [280] if the jar isincluded in the classpath of the EAR that comprises the ap-
plication. Usually, thisis done by adding the jar as Javamoduleto appl i cati on. xmi .

6.2. Provided functionality

The sample resource assignment service uses the participant type and participant name from the pro-
cess definition to select a resource from a resource management service (RMS, see below). If the
participant type is HUMAN, it looks for a user with the given name, if it is RESOURCE_SET, it looks
for agroup with the given name, and it it is ROLE it looks for a role with the given name.

For selecting the resource from the RMS, the sample RAS relies on the RMS to support queries of
theform "M:user _nane","G:gr oup_nane" and "R:r ol e_nane" (see below).

As a special case, if the participant type is HUMAN and the extended attribute "r esour ce- se-
| ection” existsand itsvalueis"! : current User ", then the activity is assigned to the user that
has created the process. The participant definition thus looks like:

<Participant lId="currentUser" Name="Current User">
<Parti ci pant Type Type="HUMAN' />
<Ext endedAttri but es>
<Ext endedAttri bute Name="resource-sel ection"
Val ue="!:current User"/ >
</ Ext endedAttri but es>
</ Participant>

Asthesyntax "! : cur r ent User " suggests, there had been plans to specify sophisticated selection
rules here. Currently, we think that any usage of the workflow engine that needs more sophisticated
assignment than selecting a person, a group or the process creator will need its own implementation
of aRAS anyway.
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6.3. The underlying resource management
service

Thinking about resource assignment, it soon becomes obvious that a resource assignment service
must know about the resources it can assign and thus must include or be based on a resource man-
agement service.

Resource management, however, is not atrivial task. As such, we cannot provide a useful resource
management, even as a sample implementation, as part of the workflow component. In order to be
nevertheless able to provide a sample resource assignment service, we have defined a formal inter-
face to a resource management service in package de.danet.an.workflow.spis.rms [281]. Note that

only the sample resource assignment service depends on this interface, not the workflow engine. If
you decide to replace the sample resource assignment service with your own implementation, you
no longer have to provide a resource management service as defined by the resource management
service interface (of course, you may use the interface in your implementation of a resource assign-
ment serviceif it suits your needs).

A resource management service must implement a resource management factory and a resource
management service as defined in Section A.5.9, “ Class ResourceM anagementServiceFactory” [294]
and Section A.5.8, “Interface ResourceManagementService” [291]. An implementation oRe-
sour ceManagenent Fact or y may require additional configuration properties to adapt the ser-
vice instances that it creates to the specific environment. Usually, these properties are retrieved from
JNDI environment entries or from a Java propertiesfile.

The WfMOpen implementation guarantees that the resource management service factory is only
used in the context of the Wor kf | owEngi neEJB. Therefore, if you use INDI environment entries
to configure your factory, it is sufficient to add those entries to the Wor kf | owEngi neEJB. Note
that the guarantee to use the resource management service factory in this context only is implement-
ation specific. Therefore the general SPI description leaves the issue of which EJBs require the
entries deliberately open.

As has been described above, any RMS that is to be used with the sample resource assignment ser-
vice must support the queries"M:user _nane", "G:gr oup_nane" and "R:r ol e_nane" as para

meter of thesel ect Resour ces method (see selectResources(java.lang.Object) [293)]).

6.4. Provided RMS implementations

6.4.1.
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The WfMOpen distribution provides several implementations of a resource management service.
These are described in the following sections.

Database based RMS

Unless a standards based approach is used (see below) user information is most likely kept in an
RDBMS. WfMOpen therefore includes a generic implementation of a database based RMS that can
be adapted to a wide range of database schemas.

The detailed description of this service and its configuration parameters can be found in
de.danet.an.workflow.rmsimpls.dbrms [329].

The factory and service classes are bundled in the de. danet . an. wor kf | ow. dbrns. j ar
which can be found in $DI ST/ | i b/ wf cor e/ . Besides the required classes, this jar contains the
file META-
I NF/ ser -

vi ces/

de. danet . an. wor kf | ow. spi s. r ms. Resour ceManagenent Servi ceFactory  that
definesthe classde. danet . an. wor kf | ow. r msi npl s. dbr ns. Dat abaseRnmsFact ory as
an implementation of the resource management service. Thus the database based resource manage-
ment serviceis found as described in newlnstance() [295] if the jar isincluded in the classpath of the
EAR that comprises the application. Usually, this is done by adding the jar as Java module to ap-
plication.xmn.




EIS based RMSes

The service must be configured by specifying the statements for the various resource queries. Thisis
decribed in detail in de.danet.an.workflow.rmsimpls.dbrms.DatabaseRmsFactory [329].

6.4.2. EIS based RMSes

In general, information about resources is often kept in Enterprise Information Systems (EIS). The
preferred approach for accessing this kind of systemsin J2EE is by using JCA. WfMOpen therefore
provides a resource management system implementation that relies on a JCA datasource to obtain
information about resources.

6.4.2.1. The generic EIS RMS front-end

The implementation uses a generic RMS implemantation that must be combined with a specific re-
source adapter. The description of this EIS RMS service and its configuration parameters can be
found in de.danet.an.workflow.rmsimpls.eisrms[331].

The factory and service classes are bundled in the de. danet . an. wor kf | ow. ei srns. j ar
which can be found in $DI ST/ | i b/ wf cor e/ . Besides the required classes, this jar contains the
file META-
| NF/ ser -

vi ces/

de. danet . an. wor kf | ow. spi s. r ms. Resour ceManagenent Servi ceFactory  that
defines the class de. danet . an. wor kf | ow. r nsi npl s. ei srims. Ei sRrsFactory as an
implementation of the resource management service. Thus the EIS based resource management ser-
vice is found as described in newlnstance() [295] if the jar isincluded in the classpath of the EAR that
comprises the application. Usually, this is done by adding the jar as Java module to appl i ca-
tion.xnm .

The EIS RMS implements only the "front-end" of the resource management system. It relieson are-
source adapter that implements a specific client API that is used by the EIS RMS to provide its ser-
vices. While it might have been possible to use the standard CCl (Common Client Interface) as API
of the resource adapter, we found that this would have caused considerable overhead without
providing a significant benefit. We have therefore defined a specific application client interface
(ACI) in de.danet.an.workflow.rmsimpls.eisrms.aci [332].

6.4.2.2. Resource adapter implementations

The following sections describe the resource adapter implementation for the EIS RMS that are dis-
tributed  with  WfMOpen. Each of these adapters can be found as
de. danet . an. wor kfl ow. *ra. rar in the directory $DI ST/ | i b/ wf cor e/ of the distribu-
tion.

The resource adapters follow standard packaging rules and can be deployed in any JCA compliant
application server.

6.4.2.2.1. Properties based resource adapter

This resource adapter obtains its information from three properties files. The first is used to describe
users. Entries have the format "user =passwor d". The password is without significance for the
adapter. The format has been chosen to mach the requirements of the file based authentication mod-
ule of JBoss. This allows the file to be used for both authentication and resource definition.

The second and third file describe roles and groups respectively. The format for entries is
"user=rol el, rol e2, ..." (or "user =groupl, group2, .."). Agan, the file describing the
roles can also be used for role management in the file based authentication module of JBoss.

The files are made known to the resource adapter in its configuration. The properties to specify for
deployment are:

PropertiesDirUrl The directory that hold the propertiesfiles.
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UsersPropertiesFile  Thefilethat definesthe users.
Rol esPropertiesFile  Thefilethat definestheroles.

GroupsPropertiesFil e Thefilethat definesthe groups.
A typical deployment configuration file for JBoss is shown below.

<?xm version="1.0" encodi ng="1S0O 8859-1"7?7>

<l-- The properties based RV5 resource adaptor service configuration -->
<connecti on-factories>
<no-t x- connecti on-factory>
<j ndi - name>Def aul t W MOpenRnsRA</ j ndi - nane>
<r ar - nane>
de. danet . an. pl ut oport al app. ear #de. danet . an. wor kf | ow. propsr nsra. r ar
</ rar - name>
<connecti on-definition>
de. danet. an. wor kf | ow. rnsi npl s. ei srns. aci . RnsConnecti onFact ory
</ connection-definition>
<confi g-property name="PropertiesDirUl" type="java.lang. String">
${j boss. server.config.url}
</ confi g-property>
<confi g-property nane="UsersPropertiesFile" type="java.lang.String">
wf deropl ut o- users. properties
</ config-property>
<confi g-property nane="Rol esPropertiesFile" type="java.lang.String">
wf denopl ut o-rol es. properties
</ confi g-property>
<confi g-property name="G oupsPropertiesFile" type="java.lang. String">
wf denopl ut o- gr oups. properties
</ config-property>
</ no-t x-connection-factory>
</ connecti on-factories>

Figure 6.1. Sampleresource adapter configuration for JBoss

Note that JBoss requires that the name of the RAR is qualified with the name of the EAR that con-
tains the RAR. Y ou must therefore adapt the deployment configuration to the name of your EAR.

At the first glance it might seem overkill to implement the file based resource management as a re-
source adapter using the JCA. But if you take a closer look, you'll find that even a read-only file
database is best modelled as an EIS in the J2EE architecture. And it's the easiest way to push the
configuration options to your application server's management interface.

6.4.2.2.2. The LDAP based resource adapter

The most likely found, standard based resource management facility in an organization is an LDAP
server. The WfMOpen distribution therefore includes an implementation of an LDAP based re-
source adapter for the resource management service.

All information required to access the LDAP server is made known to the resource adapter in its
configuration. The properties to specify for deployment are:

JavaNami ngFactorylnitial The value of java. nam ng.factory.initial used
when creating the initiadl context. Defaults to
com sun. j ndi .| dap. LdapCt xFact ory.

JavaNanmi ngSecuri t yAu- The value of
thentication j ava. nami ng. security. aut hentication used
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JavaNami ngPr ovi der Ur |

JavaNanmi ngSecurityPrin-
ci pal

JavaNam ngSecurityCre-
dential s

User Ct xDN

UserFilter

User Sear chAttri bute

User Resour ceNanmeAttri b-
ut e

User Menber KeyAttri bute

G oupCt xDN

GroupFil ter

GroupSearchAttri bute

GroupResour ceNaneAttri b-
ute

GroupMenber Attri bute

Rol eCt xDN

Rol eFi | ter

Rol eSearchAttri bute

Rol eResour ceNaneAttri b-
ut e

Rol eMenber Attri bute

when creating the initial context. Defaultsto si npl e.

The value of j ava. nami ng. provi de. url used when
creating the initial context. Defaults to
| dap:/ /1 ocal host : 389.

The value of java.nam ng.security. principal
used when creating the initial context. Optional, i.e. need not
be specified if your LDAP server allows anonymous access.

The value of j ava. nam ng. security.credentials
used when creating the initial context. Only used when
JavaNani ngSecurit yPri nci pal hasbeen set.

The DN of the directory entry that contains all known users.

A filter expression applied when listing al known usersin the
directory specified by User Ct x DN.

The user entry's attribute used when searching for an entry
that matches the principal hame or a criterion in member re-
source selection. Defaultsto ui d.

The user entry's attribute used as resource display name. De-
faultstocn.

When searching for users that are members of groups or roles,
an attribute of the groups or roles entries is by default com-
pared to the user entry's DN. If, however, a user member key
attribute is specified, the value of this attribute is read from
the user entry, and this value is used for comparision instead
of the user entry's DN.

The DN of the directory entry that contains all known groups.

A filter expression applied when listing all known groups in
the directory specified by Gr oupCt xDN.

The group entry's attribute used when searching for an entry
that matches a criterion in group resource selection. Defaults
tocn.

The group entry's attribute used as resource display name.
Defaultsto cn.

When searching for users that are members of groups, either
the user entry's DN or the value of an attribute from the user
entry (see above) is compared to an attribute of al role
entries. The role attribute used is specified with this property.

The DN of the directory entry that contains all known roles.

A filter expression applied when listing all known rolesin the
directory specified by User Ct x DN.

The role entry's attribute used when searching for an entry
that matches a criterion in role resource selection. Defaults to
cn.

The role entry's attribute used as resource display name. De-
faultsto cn.

When searching for users that are members of roles, either the
user entry's DN or the value of an attribute from the user
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entry (see above) is compared to an attribute of al role
entries. The role entry's attribute used is specified with this

property.
A sample deployment configuration is shown below.

<?xm version="1.0" encodi ng="1S0O 8859-1"7?>

<l-- The properties based RV5 resource adaptor service configuration -->
<connecti on-factories>
<no-t x- connecti on-factory>
<j ndi - name>Def aul t W MOpenRmsRA</ j ndi - nanme>
<r ar - nane>
de. danet . an. pl ut oport al app. ear #de. danet . an. wor kf | ow. | dapr nsra. rar
</ rar - name>
<connecti on-definition>
de. danet . an. wor kf |l ow. r nsi npl s. ei srns. aci . RnsConnect i onFact ory
</ connection-definition>
<confi g-property name="User Ct xDN' type="java.lang. String">
ou=Peopl e, dc=ny- domai n, dc=com
</ config-property>
<confi g-property name="G oupCt xDN' type="java.lang. String">
ou=Resour ce& oups, dc=my- domai n, dc=com
</ config-property>
<confi g-property name="Rol eCt xDN' type="java.l ang. String">
ou=Resour ceRol es, dc=ny- donai n, dc=com
</ confi g-property>
</ no-t x-connection-factory>
</ connection-factories>

Figure 6.2. Sampleresource adapter configuration

Note that JBoss requires that the name of the RAR is qualified with the name of the EAR that con-
tains the RAR. Y ou must therefore adapt the deployment configuration to the name of your EAR.




Chapter 7. Wf-XML

Dirk Schnelle, Danet GmbH
Dr. Michael Lipp, Danet GmbH

WfMOpen has full support for Wf-XML 2.0 as proposed by the WfMC to enable remote clients to
access WM Open using SOAP requests. There are only minor deviations that are described below.
This documentation is not meant to be atutoria for Wf-XML. It is assumed that the reader is famili-
ar with the ASAP and Wf-XML standards.

The implementation has successfully been tested with the generic ASAPClient that had been made
available by the WM C when Wf-XML was initially published. We do not know of any other means
to test standard compliance and are therefore very interested in getting your feedback if you are test-
ing interoperability.

7.1. Installation

The Wf-XML interface is packaged as a separate web application component and distributed in
$DI ST/ i b/ wf cor e/ de. danet . an. wor kf | ow. wf xml . war . In order to use the interface,
this WAR must be configured and included in your EAR. The demo application (see Appendix C,
The demo applications [337]) includes the interface, i.e. you can use the demo application to get ac-
quainted with the interface. The base url for accessing the interface in the demo is ht -
tp://1ocal host: 8080/ wf xm .

7.2. Accessing Wf-XML Resources

The central instance that is responsble to handle al requests is the
de. danet. an. workfl ow. cli ents. wf xm . Servl et. The different resource types are
identified through the Recei ver Key in the ASAP specific header. The ResponseRequi r ed
tag is currently ignored. A response isreturned in any case.

The Recei ver Key is a URI with the following structure
<schema: >/ / <aut hori t y>/ <base_pat h>[ ?<quer y>] The parts up to base_pat h de-
scribe the deployment context of the servlet (e.g. htt p: / /1 ocal host : 8080/ wf xmi ).

All parts that are needed to identify a specific resource are encoded in the quer y part of the URI as

key-value pairs. If the query is omitted, the request is assumed to be directed at the Ser vi ce Re-
gi stry. Thefollowing table shows how specific resources are addressed with query parameters.

Table 7.1. Resour ce identification through the Receiver Key

Resource Processid Packageld ProcessK ey ActivityKey
ServiceRegistry  |n/a n/a n/a n‘a

Factory required required n/a n‘a

Instance required required required na

Activity required required required required

A request to e.g. the Fact or y for the process pr oc that is described in package pkg is made us-
ing the following ReceiverKey (assuming the base path above): ht-
tp://1 ocal host: 8080/ wf xm ?Resour ce=Fact or y&Packagel d=pkg&Pr ocessl d=
proc

Note that the values for Packagel d and Pr ocessl| d must be www-form-urlencoded UTF- 8
charset identifiers.
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Of course, the usual procedure is to obtain resource references by requesting listings from the parent
resources, starting with the Servi ce Regi stry. In some cases, however, the direct approach
may be required (e.g. the above mentioned ASAPClient starts at the Fact ory level, i.e. you have
to enter the resource reference to a factory).

The names of the states, as specified by ASAP, are enhanced to match the state names as they are
used by WfMOpen. These extended state names have the ASAP prefix followed by a"." and the
substate asit is returned by the OMG API.

7.3. Properties

ASAP specifies, that Set Pr operti esRq cals need not support the modification of all properties
that are given, but at least one to have any effect. Properties that are specified in the request, but can
not be altered are ignored without warning.

WfM Open supports modification of the following properties:

» ServiceRegistry

« No modifications possible
» Factory

« No modifications possible
* Instance

e Description

e ContextData
o Activity

* Name

e Description

7.4. Deviations from the Wf-XML 2.0 Standard

7.4.1.
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The implementation is based on the ASAP specification of OASIS and Wf-XML 2.0. It turned out
that their schema definitions are erroneous. This implementation is shipped with adapted and par-
tially corrected schema definitions.

ServiceRegistry

The implementation of NewDef i ni ti onRq differs from the specification. If the factory exists, the
process definition will be overwritten without warning. It is also possible to create multiple factories
using a single request. Neither the ASAP specification nor the Wf-XML specification consider the
deletion of processes. Using this approach it is possible to delete processes within a package by
simply overwriting the package definition.

The implementation of Get Pr operti es produces XML that fails validation, since the Wf-XML
schema definition is erroneous at this point. The ASAP schema defines groups for Instance, Factory,
and Observer. Wf-XML defines new groups for the ServiceRegistry and the Activity resources,
which are not referenced by Get Pr operti esRs, sincethisis specified in the ASAP schema, and
which does not know about any extensions. As a consequence the new groups for the Service Re-
gistry and the Activity resource must not be a part of aGet Pr operti esRs message.

The specification mentions that a Li st Defi niti ons may contain filters, i.e. Nane and




Factory

. These filters are missing in the schema definition and are not implemented. However, filtering of
factories might make sense, but more in terms of the package and process ids, rather than the name,
which might be ambivalent.

7.4.2. Factory

Set Defini tion is not implemented. As a workaround, NewDef i ni ti on of Servi ceRe-
gi st ry can be used instead, see above.

7.4.3. Instance

Ter m nat eRq is not implemented, since the specification for this request in the ASAP schema is
missing. The Wf-XML specification refers to the ASAP specification for this request, but it is not
mentioned there. As aworkaround it is possible to use aChange St at eRq instead.

The Subscri beRq request alows to receive notification messages, if the process state changes.
The ASAP specification is not precise at this point. The implemented behavior for these critical
points is described below.

» Completion of a process includes also a state changes. Observers will receive St at eChangeRq
before a Conpl et edRq . ASAP provides no hints, if the latter one is intended to be a replace-
ment for the first one.

» The observer will be unsubscribed if the process terminates. Unsubscr i beRqg requests are ig-
nored afterwards.

7.4.4. Activity

The implementation of Get Pr opert i es produces XML that fails validation caused by an error in
the Wf-XML schemaasit is described for the Service Registry.

For Get Properti es thefield DueDat e contains atimestamp that matches Long. MAX_VALUE,
since this date is currently not available using the API.

7.5. Example Client

This 1s;ection provides an example of a C# client that is developed using Microsoft Visua Studio
2005-.

WfMOpen's Wf-XML interface ships with a WSDL description that can be used to generate code
for aclient. This WSDL is based on the WSDL that is available from OASIS and fixes some prob-
lems that we have encountered. Visual Studio supports code generation from the supplied WSDL
filewith thewsdl tool2. On the Visual Studio Command Prompt enter

wsdl /I anguage: cs / nanespace: W MOpen. W XM_ / out : W MOpenSer vi ce. cs <base-url >

Replace <base- ur | > with the URL of your WfMOpen distribution. This will create a file Wf-
MOpenService.cs that has to added to your Visual Studio solution. The error messages have their
cause in the erroneous ASAP and Wf-XML schema defintions and can be ignored. Do not forget to
add a reference to Syst em Web. Ser vi ces. The following code will print alist of al declared
processes on the console:

Ywhat would be the point in using Wf-XML to access WfM Open when you have a Java client?

2Unfortunately, our WSDL file does not work with the wsi nport tool of Java 6 because this tool enforces more XML
schemarestrictions. |.e. it behaves correctly, but the problems cannot be fixes without major changes in the files provided by
OASIS and the WEMC (these files could really use some cleanup).
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Example Client

usi ng System
usi ng System Col | ecti ons. Generi c;
usi ng System Text;
usi ng W MOpen. W XM_;
nanespace W XM_Testd i ent
cl ass Program

static void Main(string[] args)

{
W Xm Servi ceRegi stry service = new W X Servi ceRegi stry();
Request req = new Request();
req. Recei ver Key = "<base-url >/ wfxm /ServiceRegi stry";
servi ce. Request Val ue = req;
Definitionlnfo[] definitions =
service. ListDefintions("<ListDefinitionRqg/>");
for (int i =0; i < definitions.Length; i++)
Definitionlnfo info = definitions[i];
Consol e. Wit eLi ne(info.DefinitionKey);
}
}




Chapter 8. Management portlets

Besides the engine component, WfMOpen includes a GUI for common management tasks. The GUI
isimplemented as a portlet application, i.e. a set of JSR-168 compliant portlets. Portals and portlets
are the state of the art (if not only) open component technology for Web based GUIs. Providing the
management GUI as portlets allows you to easily integrate the portlets in your specific application
GUIL. At the same time, a small footprint, stand-alone management GUI can be provided by using
the minimal Pluto portal driver (see Apache Pluto site [ht-
tp://portal s.apache.org/pluto/v101/userguide/portal .html]).

8.1. Process definition portlet

The process definition portlet enables an administrator to view the available process definitions and
start new processes.

) wDemo Portal - Mozilla Firefox ; :‘ _ O x|

Ele Edit Miew Go Bookmarks  Tools  Help

<:E| - L[\5 he @ Il\\ @ ug.j I', http: fflocalhost: 0&80/pluto/portal fwFprocdefrmgmt j @ Go I@,

m ... move than 1T Solutions
WfMCore Demo Portal
Process Process Definitions R WD (| mEE mi, oEF
Definition
Management Create Package“ Process Version I-
Process > Initial warkflow processes  Create Account disable x I
Management > Initial wiorkflow processes HTML Generation disable X [
Assignments > Initial warkflow processes  Service Registration disable X I
Forms Tool - Initial workflow processes  Simple Session (HTTR) disable X [
Admin I™ Start in cebuy mode Remove |-|
Sample
Process Definition Uplnad wiew | max min nor
Process definition (XF'DL)] Browse... |
Subrmit |
[
| Done 4

Figure 8.1. Process definition page

To start a new process, simply click on the start icon (green triangle). If a processis to be started in
debugging mode (see Section 2.6, “ Debugging workflows” [19]) check the checkbox underneath the
list of process definitions before starting the process. (Note that the screenshot shows both the pro-
cess definition portlet and the process upload portlet described below.)

8.2. Process definition upload portlet

Also depicted in the figure above is the process definition upload. It allows the selection and upload
of new process definitions.

8.3. Process portlet

The process portlet initially shows the list of processes managed by the workflow engine.

provided that it uses portal technology, of course.
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Process portlet

€9 wiMDemo Portal - Mozilla Firefox 2 i [m] 3

File Edit Yew Go Bookmarks Tools  Help
<:EI - I:Il> T @ @ \% I', http:fflocalhost: 5080/ plutofportalfwf procmgmt j @ Go IIQ,
mt ... more than IT Solutions

WfMCore Demo Portal

Process edit wiew | max min_ ner

quf:;i;?;ent All Processes

FEaiEas Name Priority Requester State Created Last Change ]
Management Service Registration 3 & Running 9/25/06 3:10 PM 9/25/06 3:10 PM B
Assighments Remove |-
Forms Tool

Admin

Sample
|Done

Figure8.2. Processlist

Clicking on a process name navigates to a detail view of the process. Use the bread-crumb naviga-
tion at the top of the portlet to go back to the process list ("All Processes").

YIwiMDemo Portal - Mozilla Firefox : =101 x|

File Edit \Wiew Go Bookmarks Tools Help

R
<§I - [_Jl> - %‘ L__',I @ \gj I"._ http:Hlaca\hast:SDSD,I’DIutoJ‘porta\,l’wFprocmgmt,l’fmd,wfprocmgmtfrow17:0I1J31J‘wew;‘,stfwfprcj @ G0 I@,

m .. move than IT Selutions =

WfMCore Demo Portal

Process e, W [} ere (oo, e
ﬂzm:t’n':em All Processes > Process Bootstrap/service_new/0
Process Name Priority State
Management IW 3 & IWQ;[ B
Assignments Activities
Forms Tool Idt  Name Priority Assignee State Action
Admin 1] Request to Create new Service 2 bl & Running (Registration) Suspend Terminate B
1 Service1-Process Request 3 Mot started Terminate B
Rample b2 Service2-Process Request g Mot started Terminate B
& Report 3 Mot started Terminate B
4 NotifyHandler 8 Mot started Terminate B
8 TimeoutHandler 8 Mot started Terminate B
Data
Name: Value
card Imaslamald
country |germany
emailAddress |
firstname |accaunt@bank.com
lastname  [account@hank.com
notice |
natifyTO [ao
SErvice |
status |
Save Data L
| Done ;

Figure 8.3. Process detail

Clicking on the small listing icon of either the process or an activity shows the events associated
with the process or an activity.




Deploying the portlet application in a
portal

9 wmDemo Portal - Mozilla Firefox

File Edit “iew Go

=10l

Bookmatks  Tools  Help

o

[' @ \% I, http: fflocalhost: 2080/ pluto/portalfwfprocmgmty _md_wfprocmamt_row! _coll _pl j @ Go I@,

danet

Process Processes edit wiew | mac min nor
L All Processes > Process Bootstrap/service_new/0 > Events
Management =
Process I j
Management Time stamp’ Activity Event type Old value New value
Assignments 25.09.06 03:10:853.223 processContextChanged

25.09.06 03:10:55.223 processCreated
Forms Tool . .

25.09.06 03:10:58 223 processStateChanged Mot started  Running
Admin 25.09.06 03:10:539 957 Request to Create new Service activityStateChanged Mot started  Running
Sample 25.09.06 03:11:00.707 Request to Create new Service activiyAssignmentChanged

Name Old value New value

card mastercard

country GErmary

emailAddress

firstname account@bank.com

lastname account@bank.com

notice

notifyTO 30

service

status

| Done

. move thaw 1T Solutions

WfMCore Demo Portal

Figure 8.4. Eventsdisplay

For event type "processContextChanged”, clicking on the event type displays the changes below the

list of events.

A differently configured instance of the portlet can be displayed by selecting the "Assignments'
item in the menu on the left. In this configuration, the portlet initially displays the list of known re-
sources. Clicking on aresource name shows all assigned activities.

) wiMDemo Portal - Mozilla Firefox

File  Edit  Wiew

=10fx]

Bookmarks  Tools  Help

<:| b |:> - @ @ @ I', http:,l',l'localhost:SDSD,I'pIuto,l'portal,l'wFassignments,l'_st_wFj @ Go I@,

daneb

. more than 1T Selutions

WfMCore Demo Portal

Process Resource Assignments edit wiew | max min nor
Refinition Resource selection > ML
Management
Process Name? Process? Activity State
Management Admin Service Registration Request to Create new Service Running
Assighments B -
Order Processing
Forms Tool o —
Admin WitiCoreAdmin
Sample
|D0ne

Figure 8.5. Assignmentsdisplay

Clicking on a process name leads (again) to the detail view of the process. The only difference to the
detail view reached from the process|list is that the selected assignee is emphasized in the display.
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General procedure

8.4. Deploying the portlet application in a
portal

8.4.1.

8.4.2.
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General procedure

The portlet application is packaged as a self-contained WAR, i.e. it includes all libraries, resources
etc. required to run the portlet in an JSR-168 compliant portal.

The only (obviously) missing libraries are the client libraries of the application server that runs the
workflow engine. These libraries are required by the portlets to contact the workflow engine. We as-
sume that these libraries are made available in the portal as a shared resource, not on a per-portlet
application base. If the runtime environment of the portal is an application server (not just a servlet
container), thisis usualy the case by default. If the portal runs e.g. in Tomcat, the application serv-
er'sclient libraries should be copied to $CATALI NA_HOVE/ shared/ | i b.

Unless the portal and the workflow engine run in the same application server, the portlets need some
information to lookup the JNDI service of the application server that runs the workflow engine. The
preferred way to configure the INDI server is adding environment entries to the portlet application's
web. xm as described in newlInstance() [251]. The propagation of the security identity in call to the
workflow engine is left to the portlet container as described in the "Java Portlet Specification”
(JSR-168), section PLT.20.5 "Propagation of Security Identity in EJB Calls".

Deploying in Jetspeed?2

As distributed, the Jetspeed2 portal runsin the Tomcat servlet container environment (see Jetspeed2
Home Page [http://portals.apache.org/jetspeed-2]). It therefore requires both the installation of the
application server's client libraries and a configuration update to ensure security identity propaga-
tion. Both issues are described in the following section assuming that the workflow engine is de-
ployed in JBoss.

After installation, start the portal once and shut it down again.

Now copy $IBOSS_HOMWE/ cl i ent/jbossall-client.jar to
$JETSPEED HOME/ shar ed/ | i b/ . This makes the JBoss client libraries availabe to al com-
ponents run in this Tomcat environment.

In $JETSPEED HOVE/ webapps/j et speed/ VEEB- | NF/ cl asses/ create a new file | o-
gi n. conf with the following contents:

Jet speed {
org. apache. j et speed. security.inpl.Defaul t Logi nModul e required;
org.j boss.security. dientLogi nMbdul e required;

Thelineorg. j boss. security. dientlLogi nModul e required; (added with respect to
the default configurationz) causes the security credentials to be propagated to invoke EJBs.

The default configuration fileis "hidden" in one of the jars and overridden by the newly created file.
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Chapter 9. Known bugs and
limitations

9.1. Bugs

Currently none known.

9.2. Limitations

« XPDL TypeDecl arati ons are currently not supported. As a workaround, simply use
<SchemaType/ > as type specification. Note that the implementation of type declarations will
only make the type information available at the API. There will be no verification of complex
process relevant data set using the APl against the type declarations.

 Currently only "text/javascipt”, V1.5 and "text/ecmascript”, 3rd Edition are supported as scripting
languages.

» The XForms tool does currently not support the XForms Repeat Module as described in the
XForms Recommendation.
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Appendix A. The APl documentation

A.l. Package de.danet.an.workflow.omgcore

This package defines the core domain of a workflow management system. It is an adaption of the
OMG "Workflow Management Facility Sepcification, V1.2". We consider the interfaces and classes
in this package (together with the interfaces and classes in the ext ended API ) to be useable as
a general Java workflow AP, i.e. if there was a JSR for a Java workflow API, we think the merger
of these two packages would be a good starting point.

We have tried to follow the original specification as close as possible. However, some conventions
used by OMG do not fit in the Java environment and changes have been made accordingly.

The main differences are:

* OMG separates words in identifiers using underscores. In the Java environment, words are delim-
ited by using a capital |etter.

 The pattern for relationships has been replaced by a single access method RELNAMES that returns
acollection (the plural "s" has been omitted from the relation hi st or y of interface W Execu-
ti onhj ect for gramatical reasons).

» The OMG modé introduces a class W Event Audi t . While the collection of W Event Audi t
s may be considered the result of an audit, we think that individua items are rather
W Audi t Event s. This conforms better to the Java haming scheme where event classes end
with"...Event" and the corresponding listener interfaces with "...Listener".

* Wehaveappended" . . . Excepti on " to the names of the exceptions, asisusual in Java. Addi-
tionally, we have put the exceptions in a separate sub-package to avoid naming conflicts when all
ongcor e classes are imported with awildcard import.

» There are no enumeration types in Java. While, in general, elements of enumeration types can
simply be mapped to constant definitions, we have not followed this approach in all cases.

« In the Java environment, the states and substates of an execution object can conveniently be
modelled as a cl ass hi erarchy . This provides type safe usage and allows to define
some convenient methods for handling state.

We have, however not changed the following:

» The access method for attributes have not been renamed get Attri bute() . Theget X() /
set X(...) pattern has been introduced by JavaBeans for the configuration of component prop-
erties, not as a general mechanism to access attributes. The properties used in the OMG model are
dynamic data properties, not configuration options. Therefore, there is no reason why they should
follow theget X() /set X(...) pattern

The documentation of classes and methods in this package consists mostly of an abbreviated version
of the description provided by OMG's "Workflow Management Facility Specification, V1.2". Un-
less otherwise stated, the description from the specification applies fully, i.e. you can use the spe-
cification to obtain a detailed understanding of the functionallity provided.

The following picture shows the complete model.
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Additional Information
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+resumevoid +InvalidReguesterException
+suspendvoid +LindateMotallowedException
+erminatevold +CannotStantException
+afortvold +MotRunningException
+hlstons Colisction +CannotSuspendException
+MotEnabledException
+State +MothssignedException
+0penState +SourcerotAvailableException
+ClosedState +AlreadyRunningException
+OpentotRunningState +CannotCornpleteException
+OpentlotRunningSuspendedsState +CannatChangeRequesterExceptic
+Priotity +AlreadySuspendedException
+IrvalidStateException
+CannotSiopException
0.7 | assignment +MotSuspendedException
—— Wiohject +Invanc:fComroIOperano:fJExcepnox
intertace interface +InvalidPerformerException
WeAssi et WiResource +ResulthlotAvailableException
| MiAssigmment | 0* +HistontotAvailableException
- +workitems:Collection +lnvalidResourceException
+achivity Widchiviy Witk ligt AESIUNRE | | anfornberOfWork fems hoolean

+assignes WiResource
+setissighes vold

+resourceRey: Stnng
+rasourceName:sting
+releasevald

A.1.1. Additional Information
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Exception AlreadySuspendedExcep-
tion

A.1.2. Exception AlreadyRunningException
This exception israised by an attempt to start aW Pr ocess that isalready running.
A.1.2.1. Synopsis

public class de.danet. an. workfl ow. ongcor e. Al r eadyRunni ngExcepti on extends,
i mpl ements, java.io.Serializable {
/1 Public Constructors

public Al readyRunni ngException(String nsg);

Methods inherited from java.lang.Throwable: fil | I nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt StackTrace ,
set StackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getC ass ,
hashCode ,notify,noti fyAll ,wait

Inheritance Path. java.lang.Object-> javalang.Throwable-> javalang.Exception-> Section A.1.11,

“Exception InvalidControl OperationException” [88] -> Section A.1.2, “Exception AlreadyRun-
ningException” [83]

A.1.2.2. AlreadyRunningException(String)

publ i c Al readyRunni ngException(String nsg);

Parameters

nsg Description of the cause.

Createsanew Al r eadyRunni ngExcept i on with the given message.

A.1.3. Exception AlreadySuspendedException

This exception israised by an attempt to suspend aW Execut i onCbj ect that isalready suspen-
ded.

A.1.3.1. Synopsis

public class de.danet. an. workfl ow. ongcor e. Al r eadySuspendedExcepti on extends
i mpl ements, java.io.Serializable {
/] Public Constructors

public Al readySuspendedException(String mnsg);

Methodsinherited from java.lang.Throwable: fil | | nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt St ackTrace ,
set St ackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify,notifyAll ,wait
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Exception CannotChangeRequester-
Exception

Inheritance Path. java.lang.Object-> javalang.Throwable-> java.lang.Exception-> Section A.1.11,

“Exception InvalidControl OperationException” [88] -> Section A.1.3, “ Exception AlreadySuspende-
dException” [83]

A.1.3.2. AlreadySuspendedException(String)

public Al readySuspendedException(String nsg);

Parameters

nmsg Description of the cause.

Createsanew Al r eadySuspendedExcept i on with the given message.

A.1.4. Exception CannotChangeRequesterException
This exception is raised when achange of aW Request er isrequested, but cannot be fulfilled.
A.1.4.1. Synopsis

public class de. danet. an. wor kfl ow. ongcor e. Cannot ChangeRequest er Excepti on ext ends,
i npl enents, java.io.Serializable {
/1 Public Constructors

publ i ¢ Cannot ChangeRequest er Excepti on();

Methodsinherited from java.lang.Throwable: fi | | I nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt St ackTrace ,
set St ackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getC ass ,
hashCode ,notify,notifyAll ,wait

Inheritance Path. java.lang.Object-> javalang.Throwable-> java.lang.Exception-> Section A.1.4,
“ Exception CannotChangeRequesterException” [84]

A.1.5. Exception CannotCompleteException

This exception is raised by an attempt to complete execution of aW Execut i onCbj ect when it
cannot be completed yet.

A.1.5.1. Synopsis

public class de. danet. an. wor kfl ow. ongcor e. Cannot Conpl et eExcepti on ext ends, de. dan
i mpl ements, java.io.Serializable {
/] Public Constructors

publ i ¢ Cannot Conpl et eException(String mnsg);

Methodsinherited from java.lang.Throwable: fi | | | nSt ackTr ace , get Cause , get Loc-

al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt St ackTrace ,
set St ackTrace ,toString




Exception CannotResumeException

Methods inherited from java.lang.Object : cl one , equal s , finalize , getC ass ,
hashCode ,notify,noti fyAll ,wait

Inheritance Path. java.lang.Object-> javalang.Throwable-> java.lang.Exception-> Section A.1.11,
“Exception InvalidControl OperationException” [88] -> Section A.1.5, “Exception CannotCom-
pleteException” [84]

A.1.5.2. CannotCompleteException(String)

publ i ¢ Cannot Conpl et eException(String msg);

Parameters

nsg Description of the cause.

Createsanew Cannot Conpl et eExcept i on with the given message.

A.1.6. Exception CannotResumeException

This exception is raised by an operation on a W Execut i onCbj ect that attempts to resume an
object that is not in a proper condition.

A.1.6.1. Synopsis

public class de.danet. an. wor kfl ow. ongcor e. Cannot ResuneExcepti on ext ends,

i mpl ements, java.io.Serializable {
// Public Constructors

publ i c Cannot ResurmeException(String nsg);

Methodsinherited from java.lang.Throwable: fil | | nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt St ackTrace ,
set StackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getC ass ,
hashCode ,notify,notifyAll ,wait

Inheritance Path. java.lang.Object-> javalang.Throwable-> javalang.Exception-> Section A.1.11,
“Exception InvalidControlOperationException” [88] -> Section A.1.6, “Exception CannotRe-
sumeException” [85]

A.1.6.2. CannotResumeException(String)

publ i c Cannot ResurmeException(String nsg);

Parameters

nmsg Description of the cause.

Creates anew Cannot ResuneExcept i on with the given message.
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Exception CannotStopException

A.1.7. Exception CannotStartException

This exception israised by an attempt to start aW Pr ocess that cannot be started yet.

A.1.7.1. Synopsis
public class de.danet.an. workfl ow. ongcor e. Cannot St art Excepti on ext ends, de. danet..
i mpl enents, java.io.Serializable {
/1 Public Constructors

public Cannot StartException(String msg);

Methods inherited from java.lang.Throwable: fil |l I nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt St ackTrace ,
set StackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getC ass ,
hashCode ,notify,noti fyAll ,wait

Inheritance Path. java.lang.Object-> javalang.Throwable-> javalang.Exception-> Section A.1.11,

“Exception InvalidControl OperationException” [88] -> Section A.1.7, “Exception CannotStartEx-
ception” [86]

A.1.7.2. CannotStartException(String)

public Cannot StartException(String msg);

Parameters

nsg Description of the cause.

Createsanew Cannot St ar t Except i on with the given message.

A.1.8. Exception CannotStopException

This exception is raised by an operation on aW Execut i onObj ect that attempts to stop an ob-
ject that is not in a proper condition.

A.1.8.1. Synopsis

public class de. danet. an. wor kfl ow. ongcor e. Cannot St opExcepti on extends, de.danet. a
i mpl ements, java.io.Serializable {
/] Public Constructors

publ i c Cannot St opException(String nsg);

Methodsinherited from java.lang.Throwable: fil | | nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt St ackTrace ,
set St ackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify ,notifyAll ,wait
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Exception CannotSuspendException

Inheritance Path. java.lang.Object-> javalang.Throwable-> java.lang.Exception-> Section A.1.11,
“Exception InvalidControl OperationException” [88] -> Section A.1.8, “Exception CannotStopEx-
ception” [86]

A.1.8.2. CannotStopException(String)

publ i c Cannot St opException(String nsg);

Parameters

nmsg Description of the cause.

Createsanew Cannot St opExcept i on with the given message.

A.1.9. Exception CannotSuspendException

This exception is raised by an operation on a\W Execut i onCbj ect that attempts to suspend an
object that is not in the proper condidition.

A.1.9.1. Synopsis

publ i c class de. danet. an. wor kfl ow. ongcor e. Cannot SuspendExcepti on ext ends,
i npl enents, java.io.Serializable {
/1 Public Constructors

publ i ¢ Cannot SuspendException(String nsg);

Methodsinherited from java.lang.Throwable: fi || I nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt St ackTrace ,
set StackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify ,notifyAl ,wait

Inheritance Path. java.lang.Object-> javalang. Throwable-> javalang.Exception-> Section A.1.11,
“Exception InvalidControl OperationException” [88] -> Section A.1.9, “Exception CannotSuspen-
dException” [87]

A.1.9.2. CannotSuspendException(String)

publ i ¢ Cannot SuspendException(String nsg);

Parameters

nsg Description of the cause.

Createsanew Cannot SuspendExcept i on with the given message.

A.1.10. Exception HistoryNotAvailableException

This exception is raised by arequest for event audit history of aW Execut i onObj ect when the

87

d



A.1.11. Exception InvalidControlOperationException

Exception InvalidControlOperationEx-
ception

history is not available. For example because the implementation of the WFM facility does not sup-

port recording of history for a specific execution object.

A.1.10.1. Synopsis

public class de. danet. an. wor kfl ow. ongcore. H st or yNot Avai | abl eExcepti on
java.io. Serializable {

i mpl ement s,

/1 Public Constructors

Methods inherited from java.lang.Throwable: fil |l I nSt ackTr ace , get Cause , get Loc-

public Hi storyNot Avai | abl eException();

al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt StackTrace ,
set StackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify,noti fyAll ,wait

Inheritance Path. java.lang.Object-> javalang.Throwable-> javalang.Exception-> Section A.1.10,
“Exception HistoryNotAvailableException” [87]

This exception is raised by an operation on a\W Execut i onCbj ect that attempts to perform an

invalid control operation on that object.

A.1.11.1. Synopsis

public abstract class de.danet.an.workfl ow. ongcore. | nval i dControl Operati onExcepti

i mpl enent s,

/1 Public Constructors

java.io. Serializable {

public InvalidControl Operati onException(String ngeg);

Direct

de.
de.
de.
de.
de.
de.
de.
de.
de.

Methods inherited from java.lang.Throwable: fil |l I nSt ackTr ace , get Cause , get Loc-

danet .
danet .
danet .
danet .
danet .
danet .
danet .
danet .
danet .

an.
an.
an.
an.
an.
an.
an.
an.
an.

wor kf | ow.
wor kf | ow.
wor kf | ow.
wor kf | ow.
wor kf | ow.
wor kf | ow.
wor kf | ow.
wor kf | ow.
wor kf | ow.

known

ongcor e.
ongcor e.
ongcor e.
ongcor e.
ongcore.
ongcor e.
ongcor e.
ongcor e.
ongcor e.

subclasses
Al readyRunni ngExcepti on
Al readySuspendedExcepti on
Cannot Conpl et eExcepti on
Cannot ResunmeExcept i on
Cannot St art Excepti on
Cannot St opExcepti on
Cannot SuspendExcepti on
Not Runni ngExcepti on
Not SuspendedExcepti on

al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt StackTrace ,
set StackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify,noti fyAll ,wait

Inheritance Path. java.lang.Object-> java.lang.Throwable-> java.lang.Exception-> Section A.1.11,
“Exception InvalidControl OperationException” [88]

A.1.11.2. InvalidControlOperationException(String)
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Exception InvalidDataException

Parameters

nsg Description of the cause.

Createsanew | nval i dCont r ol Oper at i onExcept i on with the given message.

A.1.12. Exception InvalidDataException

This exception is raised by an attempt to update the context of the result of a W Execut i onCh-
j ect with datathat does not match the signature of that object.

A.1.12.1. Synopsis

public class de.danet. an. workfl ow. ongcore. | nval i dDat aExcepti on extends, jav.
i mpl ements, java.io.Serializable {
/] Public Constructors

public InvalidDataException(String nmsg);

Methodsinherited from java.lang.Throwable: fil | | nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt St ackTrace ,
set St ackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify,notifyAll ,wait

Inheritance Path. java.lang.Object-> javalang.Throwable-> javalang.Exception-> Section A.1.12,
“Exception InvalidDataException” [89]

A.1.12.2. InvalidDataException(String)

public InvalidDataException(String msg);

Parameters

nsg Description of the cause.

Createsanew | nval i dDat aExcept i on with the given message.

A.1.13. Exception InvalidPerformerException

This exception is raised by an attempt to signal aW Audi t Event toaW Request er that was
not created by one of the W Pr ocesses associated with the W Request er

A.1.13.1. Synopsis

public class de. danet. an. wor kfl ow. ongcore. | nval i dPer f or ner Excepti on extends
i mpl ements, java.io.Serializable {
/1 Public Constructors

public InvalidPerfornmerException();
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Exception InvalidPriorityException

Methods inherited from java.lang.Throwable: fil |l I nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt StackTrace ,
set StackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify,noti fyAll ,wait

Inheritance Path. java.lang.Object-> java.lang.Throwable-> java.lang.Exception-> Section A.1.13,
“Exception InvalidPerformerException” [89]

A.1.14. Exception InvalidPriorityException
This exception israised by an attempt to assign an invalid priority toaW Execut i onCbj ect

A.1.14.1. Synopsis

public class de.danet.an. workfl ow. ongcore. I nvalidPriorityException extends, java.!
i npl enents, java.io.Serializable {
/1 Public Constructors

public InvalidPriorityException(String nsg);

Methods inherited from java.lang.Throwable: fill I nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt St ackTr ace ,
set St ackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify,notifyAll ,wait

Inheritance Path. java.lang.Object-> javalang. Throwable-> javalang.Exception-> Section A.1.14,
“Exception InvalidPriorityException” [90]

A.1.14.2. InvalidPriorityException(String)

public InvalidPriorityException(String nsg);

Parameters

neg Description of the cause.

Createsanew | nval i dPri ori t yExcepti on with the given message.

A.1.15. Exception InvalidRequesterException

This exception is raised when a W Request er isbeing identified that cannot be a "parent” of in-
stances of the process modell. When a W Request er is rejected, the invoking application might
decide not to register aW Request er with the W Pr ocess .

A.1.15.1. Synopsis

public class de.danet.an.workfl ow. ongcore. | nval i dRequest er Excepti on extends, java
i mpl enents, java.io.Serializable {
/1 Public Constructors

public InvalidRequesterException();
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Exception InvalidResourceException

Methods inherited from java.lang.Throwable: fil |l I nSt ackTr ace , get Cause , get Loc-

al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt StackTrace ,
set StackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getC ass ,
hashCode ,notify,noti fyAll ,wait

Inheritance Path. java.lang.Object-> javalang.Throwable-> javalang.Exception-> Section A.1.15,
“Exception InvalidRequesterException” [90]

A.1.16. Exception InvalidResourceException
This exception israised by an attempt to assign or remove an invalid resource.
A.1.16.1. Synopsis

public class de.danet. an. workfl ow. ongcore. | nval i dResour ceExcepti on ext ends,
i mpl enents, java.io.Serializable {
/1 Public Constructors

public InvalidResourceException();

Methods inherited from java.lang.Throwable: fil |l I nSt ackTr ace , get Cause , get Loc-

al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt StackTrace ,
set StackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify,noti fyAll ,wait

Inheritance Path. java.lang.Object-> java.lang.Throwable-> java.lang.Exception-> Section A.1.16,
“Exception InvalidResourceException” [91]

A.1.17. Exception InvalidStateException

This exception is raised by an attempt to change the state of a W Execut i onObj ect to a state
that is not defined for that object.

A.1.17.1. Synopsis

public class de.danet.an. workfl ow. ongcore. | nval i dSt at eExcepti on extends, ja
i mpl enents, java.io.Serializable {
/1 Public Constructors

public InvalidStateException();

public InvalidStateException(String nsg);

Methodsinherited from java.lang.Throwable: fil | | nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i ni t Cause , print St ackTr ace ,
set St ackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify ,notifyAll ,wait
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Exception NotAssignedException

Inheritance Path. java.lang.Object-> javalang.Throwable-> javalang.Exception-> Section A.1.17,
“Exception InvalidStateException” [91]

A.1.17.2. InvalidStateException()

public InvalidStateException();

Createsanew | nval i dSt at eException.

A.1.17.3. InvalidStateException(String)

public InvalidStateException(String nsg);

Parameters

nsg Description of the cause.

Createsanew | nval i dSt at eExcept i on with the given message.

A.1.18. Exception NotAssignedException

This exception israised by an attempt to release aW Resour ce from an assignment it is not asso-
ciated with.

A.1.18.1. Synopsis

public class de.danet. an. workfl ow. ongcor e. Not Assi gnedExcepti on extends, java.lang
i mpl ements, java.io.Serializable {
/] Public Constructors

publ i c Not Assi gnedException();

Methodsinherited from java.lang.Throwable: fil | | nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt St ackTrace ,
set St ackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify,notifyAll ,wait

Inheritance Path. java.lang.Object-> javalang.Throwable-> javalang.Exception-> Section A.1.18,
“Exception NotAssignedException” [92]

A.1.19. Exception NotEnabledException

This exception is raised by an attempt to create a W Pr ocess using a\W ProcessMgr that is
disabled.

A.1.19.1. Synopsis

public class de.danet. an. wor kfl ow. ongcor e. Not Enabl edExcepti on extends, java.lang.
i npl enents, java.io.Serializable {
/1 Public Constructors

publ i c Not Enabl edException(String nsg);
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Exception NotRunningException

Methods inherited from java.lang.Throwable: fil |l I nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt StackTrace ,
set StackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getC ass ,
hashCode ,notify,noti fyAll ,wait

Inheritance Path. java.lang.Object-> javalang.Throwable-> javalang.Exception-> Section A.1.19,
“Exception NotEnabledException” [92]

A.1.19.2. NotEnabledException(String)

publ i ¢ Not Enabl edException(String nsg);

Parameters

nsg Description of the cause.

Creates a new exception with the given message.

A.1.20. Exception NotRunningException

This exception is raised by an operation on a W Execut i onObj ect that attempts to perform a
control operation on an object that needs to be in arunning state, but is not.

A.1.20.1. Synopsis

public class de.danet. an. wor kfl ow. ongcor e. Not Runni ngExcepti on extends, de. d
i mpl ements, java.io.Serializable {
/1 Public Constructors

publ i ¢ Not Runni ngException(String nsg);

Methods inherited from java.lang.Throwable: fil |l I nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt StackTrace ,
set StackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getC ass ,
hashCode ,notify,noti fyAll ,wait

Inheritance Path. java.lang.Object-> javalang.Throwable-> javalang.Exception-> Section A.1.11,
“Exception InvalidControl OperationException” [88] -> Section A.1.20, “Exception NotRunningEXx-
ception” [93]

A.1.20.2. NotRunningException(String)

publ i ¢ Not Runni ngException(String nsg);

Parameters

nsg Description of the cause.
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Exception NotSuspendedException

Createsanew Not Runni ngExcept i on with the given message.

A.1.21. Exception NotSuspendedException

This exception is raised by an operation on a W Execut i onObj ect that attempts to perform a
control operation on an object that needs to be in a suspended state, but is not.

A.1.21.1. Synopsis

public class de.danet. an. workfl ow. ongcor e. Not SuspendedExcepti on ext ends, de. danet
i mpl enents, java.io.Serializable {
/1 Public Constructors

publ i c Not SuspendedException(String nsg);

Methods inherited from java.lang.Throwable: fil | I nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt StackTrace ,
set StackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify,notifyAll ,wait

Inheritance Path. java.lang.Object-> javalang.Throwable-> javalang.Exception-> Section A.1.11,
“Exception InvalidControl OperationException” [88] -> Section A.1.21, “Exception NotSuspende-
dException” [94]

A.1.21.2. NotSuspendedException(String)

publ i c Not SuspendedException(String nsg);

Parameters

nsg Description of the cause.

Creates anew Not SuspendedExcept i on with the given message.

A.1.22. Interface ProcessData

Pr ocessDat a represents context and result data of aW Execut i onChj ect . We assume that
the namesin aNaneVal ueSequence as defined in the OMG sprecification have to be unique (it
is a reasonable assumption, although the OMG specification does not state it explicitly). Therefore
we simply map the NanmeVal ueSequence to a Map with keys of type St ri ng and values of
type Obj ect .

A.1.22.1. Synopsis

public interface de. danet.an.workfl ow. ongcore. ProcessData extends, java.util.Mp -

Inheritance Path. Section A.1.22, “Interface ProcessData’ [94]

A.1.23. Interface ProcessDatalnfo
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Exception RequesterRequiredExcep-
tion

Pr ocessDat al nf o describes the structure of the process data associated with a W Execu-

ti onObj ect . The OMG specification defines that the data type is specified by its"IDL type rep-
resented by its string name". Porting this to Javais a bit difficult as the equivalent to this would be
to support something like textua representations of Javatypes, i.e. Java source code.

While this issue needs further investigation, we define the following: Java primitive types are rep-
resented by the corresponding classes (e.g. boolean values are represented by a map entry with value
j ava. | ang. Bool ean. cl ass ). Support of complex types depends on the workflow engine
used (some may support any [serializable] Java object as process relevant data, some may support
only XML as serialized format), as does the way process definitions define complex types (e.g. as
XML Schema Description).

In addition to the classes representing Java primitive forms, an implementation may therefore spe-
cify additional typesto describe the type information of a process data item.

A.1.23.1. Synopsis

public interface de. danet. an.workfl ow. ongcore. ProcessDat al nfo extends, java

}

Inheritance Path. Section A.1.23, “Interface ProcessDatalnfo” [94]

A.1.24. Exception RequesterRequiredException

This exception is raised when avalid W Request er isrequired by the process definition, but one
is not supplied.

A.1.24.1. Synopsis

public class de. danet. an. wor kfl ow. ongcor e. Request er Requi r edExcept i on ext end:
i npl enents, java.io.Serializable {
/1 Public Constructors

publ i ¢ Request er Requi r edException();

Methodsinherited from java.lang.Throwable: fil | | nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt St ackTrace ,
set StackTrace,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify ,notifyAl ,wait

Inheritance Path. java.lang.Object-> javalang. Throwable-> java.lang.Exception-> Section A.1.24,
“Exception RequesterRequiredException” [95]

A.1.25. Exception ResultNotAvailableException

This exception is raised when the requested result of a W Execut i onCbj ect is not available
(vet).

A.1.25.1. Synopsis

public class de.danet. an. wor kfl ow. ongcor e. Resul t Not Avai | abl eExcepti on exten
i npl enents, java.io.Serializable {
/1 Public Constructors

publ i ¢ Resul t Not Avai | abl eException();
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Exception SourceNotAvailableExcep-
tion

Methods inherited from java.lang.Throwable: fil |l I nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt StackTrace ,
set StackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getC ass ,
hashCode ,notify,noti fyAll ,wait

Inheritance Path. java.lang.Object-> javalang.Throwable-> javalang.Exception-> Section A.1.25,
“Exception ResultNotAvailableException” [95]

A.1.26. Exception SourceNotAvailableException

This exception is raised by the request for the source of a\W Audi t Event when the source is no
longer available.

A.1.26.1. Synopsis

public class de.danet.an. workfl ow. ongcor e. Sour ceNot Avai | abl eExcepti on extends, ja
i mpl ements, java.io.Serializable {
/1 Public Constructors

publ i c Sour ceNot Avai | abl eExcepti on();

Methods inherited from java.lang.Throwable: fil |l I nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt StackTrace ,
set StackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getC ass ,
hashCode ,notify,notifyAll ,wait

Inheritance Path. java.lang.Object-> javalang.Throwable-> java.lang.Exception-> Section A.1.26,
“ Exception SourceNotAvailableException” [96]

A.1.27. Exception TransitionNotAllowedException

This exception is raised by an attempt to perform an invalid state transistion of a W Execu-
ti onObj ect

A.1.27.1. Synopsis

public class de.danet.an. workfl ow. ongcore. Transi ti onNot Al | owedExcepti on extends, |
i mpl ements, java.io.Serializable {
/1 Public Constructors

public TransitionNotAl |l owedExcepti on(W Executi onCbj ect. State from
W Executi onObj ect. State to);

public TransitionNotAl | onedExcepti on(W Executi onCbj ect. State from
W Executi onCbj ect. State to,
String nsg);

public TransitionNotAl |l owedExcepti on(String nsg);

96



Exception UpdateNotAllowedExcep-
tion

Methods inherited from java.lang.Throwable: fil |l I nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt StackTrace ,
set StackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify,noti fyAll ,wait

Inheritance Path. java.lang.Object-> java.lang. Throwable-> java.lang.Exception-> Section A.1.27,
“Exception TransitionNotAllowedException” [96]

A.1.27.2. TransitionNotAllowedException(String)

public TransitionNotAl | onedException(String nsg);

Parameters

nsg the given message.

Createsanew Tr ansi t i onNot Al | owedExcept i on with the given message.

A.1.27.3. TransitionNotAllowedException(WfExecutionObject.Stat
e, WfExecutionObject.State)

public TransitionNot Al |l onedExcepti on( W Executi onCbject. State from
W Executi onObj ect. State to);

Parameters
from current state
to new state

Createsanew Tr ansi t i onNot Al | owedExcepti on.

A.1.27.4. TransitionNotAllowedException(WfExecutionObject.Stat
e, WfExecutionObject.State, String)

public TransitionNot Al |l onedExcepti on( W Executi onCbject. State from
W Executi onObj ect. State to,

String nsg);
Parameters
from current state
to new state
nsg description of the cause.

Createsanew Tr ansi t i onNot Al | owedExcept i on with the given message.
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A.1.28. Exception UpdateNotAllowedException
This exception israised when it is not allowed to update the process context.

A.1.28.1. Synopsis

public class de.danet.an. workfl ow. ongcor e. Updat eNot Al | owedExcepti on extends, java
i mpl enents, java.io.Serializable {
/1 Public Constructors

publ i c Updat eNot Al | owedException(String mnsg);

Methods inherited from java.lang.Throwable: fil |l I nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt St ackTrace ,
set StackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getC ass ,
hashCode ,notify,noti fyAll ,wait

Inheritance Path. java.lang.Object-> javalang.Throwable-> javalang.Exception-> Section A.1.28,
“Exception UpdateNotAllowedException” [98]

A.1.28.2. UpdateNotAllowedException(String)

publ i c Updat eNot Al | owedException(String msg);

Parameters

nsg description of the cause.

Creates a new Exception with the given message.

A.1.29. Interface WfActivity

W Acti vity isastepin aprocess that is associated, as part of an aggregation, with a single W -
Process . It represents arequest for work in the context of the containing W Pr ocess .

A.1.29.1. Synopsis

public interface de.danet.an.workfl ow ongcore. WActivity extends, de.danet.an.wor!
/1 Public Methods

public java.util.Collection assignnents()
t hrows Renot eExcepti on;

public void conplete()
t hr ows Renbt eExcepti on, Cannot Conpl et eExcepti on;

public W Process container()
t hrows Renot eExcepti on;

publ i c bool ean i sMenber O Assi gnnent s( W Assi gnnent nenber)
t hr ows Renot eExcepti on;
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public ProcessData result()
t hrows Renot eException, Resul t Not Avai | abl eExcepti on;

public void setResult(ProcessData result)
t hrows Renot eException, |nvalidDataException;

Inheritance Path. Section A.1.29, “Interface WfActivity” [98]

A.1.29.2. assignments()

public java.util.Collection assignnents()
t hrows Renot eExcepti on;

Parameters

return the collection of all the WfAssignment.
Exceptions

Renot eExcepti on if asystem-level error occurs.

Returns al the W Assi gnment associated withaW Activity .

A.1.29.3. complete()

public void compl ete()
t hrows Renot eExcepti on, Cannot Conpl et eExcepti on;

Exceptions

Renot eExcepti on if asystem-level error occurs.

Cannot Conpl et eExcepti on if the activity cannot be completed yet.

This method is used by an application to signal the completion of an activity. Note that this does not
necessarily imply that the activity's state changesto cl osed. conpl et ed .

XPDL alows an activity to be implemented by several tools that are executed in sequence. Only if
conpl et e iscalled after the last tool has been started will the workflow engine change the activ-
ity's state to cl osed. conpl et ed . Else the activity will remain in the open. r unni ng state
and the next tool will be started. If conpl et e is caled while the activity's state has been set to
open. not _runni ng. suspended the next tool will not be started until the activity is resumed.

Theext ended APl provides methods for finding out which tool is currently being executed.

A.1.29.4. container()

public WProcess container()
t hrows Renot eExcepti on;
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Parameters

return the process.

Exceptions

Renot eExcepti on if asystem-level error occurs.

Returnsthe W Pr ocess that this activity is a part of.

A.1.29.5. isMemberOfAssignments(WfAssignment)

public bool ean i sMenber O Assi gnnent s( W Assi gnment menber)
t hrows Renot eExcepti on;

Parameters

menber the assignment in question.

return true if the assignment is among the assignments of this activ-
ity.

Exceptions

Renot eExcepti on if asystem-level error occurs.

Check if the given assignment is among the assignments of this activity.

A.1.29.6. result()
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public ProcessData result()
t hrows Renot eExcepti on, Resul t Not Avai | abl eExcepti on;

Parameters

return the process data as result
Exceptions

Renot eExcepti on if asystem-level error occurs.

Resul t Not Avai | abl eExcep- if accessing to the result of an activity is not supported or the
tion result data are not available yet.
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Returns the result produced by the realization of the work request represented by an activity.

A.1.29.7. setResult(ProcessData)

public void setResult(ProcessData result)
t hrows Renot eException, |nvali dDataExcepti on;

Parameters

resul t the result data.

Exceptions

Renot eExcepti on if asystem-level error occurs.

I nval i dDat aExcepti on if the data do not match the signature of the activity or when

an invalid attempt is made to update the results of an activity;
lack of access rights might be one of those reasons.

Passes result data back to the workflow process. The data item names must be the names of formal
IN or OUT parameters of the currently invoked tool or subflow.

A.1.30. Interface WfAssignment

A W Assi gnnent links W Acti vity objectsto W Resour ce objects. These links represent
real assignements for enacting the activity.

A.1.30.1. Synopsis

public interface de.danet.an.workfl ow ongcore. W Assi gnnment ext ends, de. dane
/1 Public Methods

public WActivity activity()
t hr ows Renot eExcepti on;

public W Resource assignhee()
t hr ows Renot eExcepti on;

public void setAssi gnee(W Resource newal ue)
t hrows Renot eException, Invali dResourceExcepti on;

Inheritance Path. Section A.1.30, “Interface WfAssignment” [101]

A.1.30.2. activity()

public WActivity activity()
t hrows Renot eExcepti on;

Parameters
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return the associated activity.
Exceptions
Renot eExcepti on if asystem-level error occurs.

A W Assi gnnent isassociated withone W Act i vity ; the association is established when the
assignment is created as part of the resource selection process for the activity. This method returns
the associated activity.

A.1.30.3. assignee()

public W Resource assignee()
t hr ows Renot eExcepti on;

Parameters

return the associated resource.
Exceptions

Renot eExcepti on if asystem-level error occurs.

A W Assi gnment is associated with one W Resour ce ; the association is established when the
assignment is created as part of the resource selection process for the activity. This method returns
the associated resource.

A.1.30.4. setAssignee(WfResource)
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public void setAssignee(W Resource newval ue)
t hrows Renot eException, Invali dResourceExcepti on;

Parameters

newval ue the new resource.

Exceptions

I nval i dResour ceExcepti on if an attempt is made to assign an invalid resource to the as-
signment.

Renot eExcepti on if asystem-level error occurs.
A W Assi gnment is associated with one W Resour ce ; the association is established when the

assignment is created as part of the resource selection process for the activity; this method can be
used to reassign the assignment to another resource at a later point in time.
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A.1.31. Interface WfAssignmentAuditEvent

A W Assi gnnment Audi t Event provides an audit record of assignment change information for
either the status of an assignment change for aW Act i vi t y or when an exisiting assignment is re-
assigned to another resource.

A.1.31.1. Synopsis
public interface de. danet.an.workfl ow. ongcore. W Assi gnnent Audi t Event ext end:
/1 Public Methods
public String newResourceKey();
public String newResourceName();

public String ol dResourceKey();

public String ol dResourceNane();

Inheritance Path. Section A.1.31, “Interface WfAssignmentAuditEvent” [103]

A.1.31.2. newResourceKey()

public String newResourceKey();

Parameters

return the current value of the attribute.

Returns the current value of the attribute newResour ceKey .

A.1.31.3. newResourceName()

public String newResourceNane();

Parameters

return the current value of the attribute.

Returns the current value of the attribute newResour ceNane .

A.1.31.4. oldResourceKey()

public String ol dResourceKey();

Parameters
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return the current value of the attribute.

Returns the current value of the attribute ol dResour ceKey .

A.1.31.5. oldResourceName()

public String ol dResourceNane();

Parameters

return the current value of the attribute.

Returns the current value of the attribute ol dResour ceNane .

A.1.32. Interface WfAuditEvent

A W Audi t Event provides an audit record of workflow event information.

It provides information on the source of the event and contains specific event data. Workflow events
include state changes, change of a resource assignment, and data changes. Workflow events are per-
sistent and can be accessed navigating the history relationship of aW Execut i onQbj ect .

Workflow audit event objects are not part of the persistent state of their source workflow object.

A.1.32.1. Synopsis

public interface de.danet.an.workfl ow ongcore. W Audi t Event {
/1 Public Static Fields
public static final String ACTI VI TY_ASSI GNMENT_CHANGED = acti vi t yAssi gnnent Chan
public static final String ACTIVITY _CONTEXT CHANGED = acti vityContext Changed;
public static final String ACTIVITY RESULT CHANGED = activityResult Changed;
public static final String ACTIVITY_STATE CHANGED = activityStateChanged,
public static final String PROCESS CONTEXT CHANGED = processCont ext Changed;

public static final String PROCESS CREATED = processCreated,;

public static final String PROCESS STATE CHANGED = processSt at eChanged;
/1 Public Methods
public String activityKey();

public String activityName();

public String eventType();
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public String processKey();

public String processMgr Nane();
public String processMr Version();
public String processNane();

publ i c W Executi onCbject source()
t hrows Sour ceNot Avai | abl eExcepti on;

public java.util.Date tinmeStanmp();

Inheritance Path. Section A.1.32, “Interface WfAuditEvent” [104]

A.1.32.2. ACTIVITY_ASSIGNMENT_CHANGED

public static final String ACTIVITY_ASSI GNMENT_CHANGED = activityAssignnme

An identifier for the event type "activityAssignmentChanged"

A.1.32.3. ACTIVITY_CONTEXT_CHANGED

public static final String ACTIVI TY _CONTEXT CHANGED = acti vityContext Chan

An identifier for the event type "activityContextChanged"

A.1.32.4. ACTIVITY_RESULT_CHANGED

public static final String ACTIVITY RESULT CHANGED = activityResultChange

An identifier for the event type "activityResultChanged"

A.1.32.5. ACTIVITY_STATE_CHANGED

public static final String ACTIVITY_STATE CHANGED = activityStateChanged,;

An identifier for the event type "activityStateChanged"

A.1.32.6. PROCESS_CONTEXT_CHANGED

public static final String PROCESS CONTEXT CHANGED = processCont ext Change

An identifier for the event type "processContextChanged"

A.1.32.7. PROCESS_CREATED

public static final String PROCESS CREATED = processCreated;

An identifier for the event type "processCreated"
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A.1.32.8. PROCESS_STATE_CHANGED

public static final String PROCESS STATE CHANGED

An identifier for the event type "processStateChanged"

A.1.32.9. activityKey()

A.1.32.

A.1.32.

A.1.32.
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public String activityKey();

Parameters

return the current value of the attribute.

Returns the current value of the attribute act i vi t yKey .

10. activityName()

public String activityNanme();

Parameters

return the current value of the attribute.

Returns the current value of the attribute act i vi t yName .

11. eventType()

public String event Type();

Parameters

return the current value of the attribute.

Returns the current value of the attribute event Type .

12. processKey()

public String processKey();

Parameters

return the current value of the attribute.

Returns the current value of the attribute pr ocessKey .

= processSt at eChanged;
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A.1.32.13. processMgrName()

public String processMyr Nane();

Parameters

return the current value of the attribute.

Returns the current value of the attribute pr ocessMgr Nane .

A.1.32.14. processMgrVersion()

public String processMyrVersion();

Parameters

return the current value of the attribute.

Returns the current value of the attribute pr ocessMgr Ver si on .

A.1.32.15. processName()

public String processNane();

Parameters

return the current value of the attribute.

Returns the current value of the attribute pr ocessNane .

A.1.32.16. source()

public W ExecutionObject source()
t hr ows Sour ceNot Avai | abl eExcepti on;

Parameters

return the current value of the attribute.

Exceptions

Sour ceNot Avai | abl eExcep- if thesourceisnot available.
tion

Returns the current value of the attribute sour ce . The source of the event is the W Exceut -
i onOhj ect associated to the event, i.e. that triggered the event.
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A.1.32.17. timeStamp()

public java.util.Date tinmeStanp();

Parameters

return the current value of the attribute.

Returns the current value of the attributet i neSt anp .

A.1.33. Interface WfAuditHandler

The listener interface for receiving an event from a process.

A.1.33.1. Synopsis

public interface de.danet.an.workfl ow. ongcore. W Audi t Handl er ext ends,

/1 Public Methods

public void recei veEvent (W Audi t Event e)
t hrows | nvali dPerforner Excepti on, RenoteException;

Inheritance Path. Section A.1.33, “Interface WfAuditHandler” [108]

A.1.33.2. receiveEvent(WfAuditEvent)

public void recei veEvent (W Audi t Event e)
t hrows | nvali dPerfornmer Excepti on, RenoteException;

Parameters

e the event.

Exceptions

I nval i dPer f or mer Excep- thrown by the derived W Request er if it receives an event
tion from a process that is not among its performers.

Renot eExcepti on if asystem-level error occurs.

Called by the workflow engineif an event occurs.

A.1.34. Interface WfCreateProcessAuditEvent

A W Cr eat eProcessAudi t Event provides an audit record with information related to the cre-
ation of a process. If the process is created as a sub-process of another process that is synchronized
with the main processviaaW Act i vi t y requester, information on the requester is recorded.
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A.1.34.1. Synopsis

public interface de. danet. an.workfl ow. ongcore. W Cr eat ePr ocessAudi t Event ext
/1 Public Methods
public String pActivityKey();
public String pProcessKey();
public String pProcessMyrNane();

public String pProcessMyrVersion();

public String pProcessName();

Inheritance Path. Section A.1.34, “Interface WfCreateProcessAuditEvent” [108]

A.1.34.2. pActivityKey()

public String pActivityKey();

Parameters

return the current value of the attribute.

Returns the current value of the attribute pAct i vi t yKey .

A.1.34.3. pProcessKey()

public String pProcessKey();

Parameters

return the current value of the attribute.

Returns the current value of the attribute pPr ocessKey .

A.1.34.4. pProcessMgrName()

public String pProcessMyrNane();

Parameters

return the current value of the attribute.

Returns the current value of the attribute pPr ocessMgr Nane .
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A.1.34.5. pProcessMgrVersion()

public String pProcessMyrVersion();

Parameters

return the current value of the attribute.

Returns the current value of the attribute pPr ocessMyr Ver si on .

A.1.34.6. pProcessName()

public String pProcessNane();

Parameters

return the current value of the attribute.

Returns the current value of the attribute pPr ocessNane .

A.1.35. Interface WfDataAuditEvent

A W Dat aAudi t Event provides an audit record of either context changes of a W Execu-
ti onChj ect orresult changesof aW Acti vity .

A.1.35.1. Synopsis

public interface de. danet.an.workfl ow. ongcore. W Dat aAudi t Event ext ends, de. danet..
/1 Public Methods

public ProcessData newbData();

public ProcessData ol dData();

Inheritance Path. Section A.1.35, “Interface WfDataAuditEvent” [110]

A.1.35.2. newData()

public ProcessData newData();

Parameters

return the current value of the attribute.

Returns the current value of the attribute newbDat a .

A.1.35.3. oldData()
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public ProcessData ol dbata();

Parameters

return the current value of the attribute.

Returns the current value of the attribute ol dDat a .

A.1.36. Interface WfExecutionObject

W Execut i onChbj ect isan abstract base interface that defines common attributes, states, and op-
erationsfor W Process and W Activity .

A.1.36.1. Synopsis

public interface de. danet.an.workfl ow. ongcore. WExecuti onObj ect extends, de
/1 Public Methods

public void abort()
t hrows Renot eExcepti on, Cannot St opExcepti on, Not Runni ngExcepti on;

public void changeState(String newSt ate)
t hrows Renot eException, InvalidStateException, TransitionNotAl |l owedExcep

public String description()
t hrows Renot eExcepti on;

public java.util.Collection history()
t hrows Renot eExcepti on, Hi storyNot Avai |l abl eExcepti on;

public W ExecutionObject. State howC osed()
t hrows Renot eExcepti on;

public String key()
t hrows Renot eExcepti on;

public java.util.Date |astStateTi me()
t hrows Renot eExcepti on;

public String name()
t hrows Renot eExcepti on;

public int priority()
t hrows Renot eExcepti on;

publi ¢ ProcessData processContext ()
t hrows Renot eExcepti on;

public void resunme()
t hrows Renot eExcepti on, Cannot ResunmeExcepti on, Not Runni ngException, NotS
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public void setDescription(String newal ue)
t hrows Renot eExcepti on;

public void setName(String newval ue)
t hrows Renot eExcepti on;

public void setPriority(int newal ue)

t hrows Renot eException, InvalidPriorityException, UpdateNotAl | owedExcepti on;

public void setProcessContext (ProcessData newval ue)

t hrows Renpt eException, InvalidDataException, UpdateNot Al |l owedExcepti on;

public String state()
t hr ows Renot eExcepti on;

public void suspend()
t hrows Renpt eExcepti on, Cannot SuspendExcepti on, Not Runni ngExcepti on,

public void term nate()
t hr ows Renot eExcepti on, Cannot St opExcepti on, Not Runni ngExcepti on;

public java.util.Collection validStates()
t hrows Renot eExcepti on;

public WExecutionObject. State whil eOpen()
t hr ows Renot eExcepti on;

public W ExecutionObj ect. State whyNot Runni ng()
t hrows Renot eExcepti on;

public W ExecutionObject. State workfl owst at e()
t hr ows Renot eExcepti on;

Inheritance Path. Section A.1.36, “Interface WfExecutionObject” [111]

A.1.36.2. abort()

public void abort()
t hrows Renot eExcepti on, Cannot St opExcepti on, Not Runni ngExcepti on;

Exceptions

Renot eExcepti on if asystem-level error occurs.

Cannot St opExcepti on when the execution object cannot be aborted.
Not Runni ngExcepti on when the abject is not running.

Requests enactment of a suspended execution object to be aborted before its normal completion.
The state is set to ClosedState ABORTED.
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A.1.36.3. changeState(String)

public void changeState(String newst at e)
t hrows Renot eException, InvalidStateException, TransitionNotAl | owedExcep

Parameters

newst at e State to change to.

Exceptions

I nval i dSt at eExcepti on If newSt at e isaninvalid state for the execution object.
Transi ti onNot Al | owedEx- If the transition from the current state to newSt at e isnot al-
ception lowed.

Renot eExcepti on If acommunication error occurred.

Updates the current state of the execution object. As aresult the state of execution objects associated
with this execution object might be updated, too.

A.1.36.4. description()

public String description()
t hrows Renot eExcepti on;

Parameters

return astring value of the description.
Exceptions

Renot eExcepti on If acommunication error occurred.

Get the description of thisW Execut i onCbj ect .

A.1.36.5. history()

public java.util.Collection history()
t hrows Renpt eException, Hi storyNot Avail abl eExcepti on;

Parameters

return the collection of al W Audi t Event items.

Exceptions
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Renot eExcepti on if asystem-level error occurs.
Hi st or yNot Avai | abl eEx- if any audit event item available.
ception

Return all W Audi t Event items associated with this execution object.

A.1.36.6. howClosed()

public W Executi onObj ect. State howCl osed()
t hrows Renot eExcepti on;

Parameters

return the state as St at e object.
Exceptions

Renot eExcepti on If acommunication error occurred.

Returns the workflow state for closed execution objects.

A.1.36.7. key()

public String key()
t hr ows Renot eExcepti on;

Parameters

return string of the identifier.
Exceptions

Renot eExcepti on If a communication error occurred.

Identifier of the execution object.

A.1.36.8. lastStateTime()

public java.util.Date | astStateTi ne()
t hr ows Renot eExcepti on;

Parameters

return value of thetime.
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Exceptions

Renot eExcepti on if asystem-level error occurs.

Return the time the state of the WfExecutionObject was changed.

A.1.36.9. name()

public String name()
t hrows Renot eExcepti on;

Parameters

return string of the descriptive identifier.
Exceptions

Renot eExcepti on If acommunication error occurred.

Return human readabl e, descriptive identifier of the execution object.

A.1.36.10. priority()

public int priority()
t hr ows Renot eExcepti on;

Parameters

return the value of the priority.
Exceptions

Renot eExcepti on if asystem-level error occurs.

Return the priority of thisW Execut i onCbj ect .

A.1.36.11. processContext()

public ProcessData processContext ()
t hrows Renot eExcepti on;

Parameters

return the process relevant data that define the context of the execu-
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tion object.

Exceptions

Renot eExcepti on If acommunication error occurred.

Return the context of thisW Execut i onQbj ect .

A.1.36.12. resume()

public void resune()
t hrows Renot eExcepti on, Cannot ResunmeExcepti on, Not Runni ngExcepti on, Not Suspend

Exceptions

Renot eExcepti on if asystem-level error occurs.

Cannot ResuneExcept i on when the execution object cannot be resumed. For example,
resuming a WfActivity might not be allowed when the con-
taining WfProcess is suspended.

Not Runni ngExcepti on when the object is not running.

Not SuspendedExcept i on when the object is not suspended.

Requests enactment of a suspended execution object to be resumed. The state is set to Open-
State.Running (or a substate) from NotRunningState. SUSPENDED.

A.1.36.13. setDescription(String)

public void setDescription(String newal ue)
t hrows Renot eExcepti on;

Parameters

newval ue the description of thisW Execut i onChj ect .
Exceptions

Renot eExcepti on If acommunication error occurred.

Set the description of thisW Execut i onChj ect .

A.1.36.14. setName(String)

public void setName(String newal ue)
t hrows Renot eExcepti on;
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Parameters

newval ue the description of thisW Execut i onObj ect .
Exceptions

Renot eExcepti on If acommunication error occurred.

Set the name of thisW Execut i onObj ect .

A.1.36.15. setPriority(int)

public void setPriority(int newal ue)
t hrows Renot eException, InvalidPriorityException, UpdateNotAl | owedExcept

Parameters

newval ue new priority to set
Exceptions

Renot eExcepti on if asystem-level error occurs.

I nval i dPriorityExcepti on whenthe specified priority isout of range.

Updat eNot Al | owedExcep- when the priority cannot be updated.
tion

Update the priority of this\W Execut i on(hj ect .
A.1.36.16. setProcessContext(ProcessData)

public void setProcessContext (ProcessData newval ue)
t hrows Renot eException, InvalidDataException, UpdateNot Al |l ownedExcepti on;

Parameters

newval ue process relevant data that define the context of the execution
object.

Exceptions

Renot eExcepti on if asystem-level error occurs.

I nval i dDat aExcepti on when new process data does not match the signature of this

W Executi onObj ect .
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Updat eNot Al | owedExcep- raised when the implementation of the WfM Facility or the
tion specific workflow process does not allow an update of the
context.

Set the context of thisW Execut i onObj ect .

A.1.36.17. state()

public String state()
t hrows Renot eExcepti on;

Parameters

return the current state.

Exceptions

Renot eExcepti on If acommunication error occurred.

Gets the current state of the object.

A.1.36.18. suspend()

public void suspend()

t hrows Renpt eExcepti on, Cannot SuspendExcepti on, Not Runni ngExcepti on,
Exceptions
Renot eExcept i on if asystem-level error occurs.

Cannot SuspendExcepti on when the execution object cannot be suspended. For example,
an implementation of the WfM Facility might not support
suspension of aW Activity .

Not Runni ngExcepti on when the abject is not running.
Al r eadySuspendedExcep- when the object is already suspended.
tion

Requests enactment of an execution object to be suspended. The state is set to NotRunning-
State. SUSPENDED (or one of its substates).

A.1.36.19. terminate()

118

public void term nate()
t hrows Renpt eExcepti on, Cannot St opExcepti on, Not Runni ngExcepti on;

Exceptions

Renot eExcept i on if asystem-level error occurs.

Al r eadySu
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Cannot St opExcepti on when the execution object cannot be aborted.

Not Runni ngExcepti on when the object is not running.

Requests enactment of an execution object to be terminated before its normal completion.

A.1.36.20. validStates()

public java.util.Collection validStates()
t hrows Renot eExcepti on;

Parameters
return A collection of all the valid states.
Exceptions
Renot eExcepti on If acommunication error occurred.

Returns alist of all the valid states that can be reached from the current state.

A.1.36.21. whileOpen()

public W ExecutionObject. State whil eOpen()
t hr ows Renot eExcepti on;

Parameters

return the state as St at e object.
Exceptions

Renot eExcepti on if asystem-level error occurs.

Returns the workflow state for open execution objects.

A.1.36.22. whyNotRunning()

public W ExecutionObj ect. State whyNot Runni ng()
t hrows Renot eExcepti on;

Parameters

return the state as St at e object.
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Exceptions

Renot eExcepti on if asystem-level error occurs.

Returns the workflow state for open, not running execution objects.

A.1.36.23. workflowState()

public W ExecutionObject. State workfl owSt at e()
t hrows Renot eExcepti on;

Parameters

return thecurrentstat e .
Exceptions

Renot eExcept i on if asystem-level error occurs.

Return the current state.

A.1.37. Class WfExecutionObject.ClosedState

This class defines the sub-states of State. CLOSED of a W Execut i onChj ect as returned by
howCl osedSt at e()

A.1.37.1. Synopsis

public static class de.danet. an.workfl ow. ongcore. W Executi onObj ect. C osedSt ate ex
i npl enents, java.io.Serializable {
/1 Public Static Fields

public static final WExecutionObject.d osedState ABORTED ;
public static final WExecutionObject.C osedState COVPLETED ;

public static final WExecutionObject.C osedState TERM NATED ;
/'l Protected Constructors

protected W ExecutionObject.C osedState(String text);
/1 Public Methods

public WExecutionObject. State getParent ();
public W ExecutionObject. State howC osedState();

public W ExecutionObject. State whil eCpenState();
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public W Executi onObj ect. State whyNot Runni ngState();

public W ExecutionObject. State workfl owState();

Direct known subclasses
de. danet . an. wor kf | ow. api . Activity. d osedConpl et edSt at e

Methods inherited from de.danet.an.workflow.omgcore.WfExecutionObject.State : from
String , getParent , howCd osedState , i sSaneOr SubState , registerState ,
text Representation , toString , whil eQpenState , whyNot Runni ngState
wor kf | owSt at e

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify,notifyAll ,wait

Fields inherited from de.danet.an.workflow.omgcore.WfExecutionObject.State : CLOSED
OPEN

Inheritance Path. java.lang.Object-> Section A.1.40, “ Class WfExecutionObject.State” [128] -> Sec-
tion A.1.37, “ Class WfExecutionObject.ClosedState” [120]

A.1.37.2. WfExecutionObject.ClosedState(String)

protected W ExecutionObject.C osedState(String text);

Parameters

t ext Textual representation of the state

Default constructor.

A.1.37.3. ABORTED

public static final WExecutionObject.d osedState ABORTED ;

Indicates that the enactment of the execution object has been aborted before normal execution. No
assumptions on the state of execution objects depending on this execution object are made when
entersthis state.

A.1.37.4. COMPLETED

public static final WExecutionObject.C osedState COVPLETED ;

When an execution object has finished its task in the overall workflow process it enters the com-
pleted state; it is assumed that all execution objects associated with that execution object are com-
pleted when it enters this state.

A.1.37.5. TERMINATED

public static final WExecutionObject.C osedState TERM NATED ;

Indicates that enactment of the execution object was stopped before norma completion. It is as-
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sumed that all execution objects depending on this execution object (i.e., WfActivities contained in
a WfProcess or a WfProcess implementing a WfActivity) are either completed or are terminated
when it enters this state.

A.1.37.6. getParent()

public W Executi onObject. State getParent ();

Parameters

return parent in the state hierachy

Returns the parent in the state hierachy if all states defined in thisclassor nul | | if this states are at
the top level of the hierachy.

A.1.37.7. howClosedState()

public W ExecutionObject. State howCl osedState();

Parameters

return the sub-state of closed state

Returns the workflow substate for closed execution objects.

A.1.37.8. whileOpenState()

public W ExecutionObject. State whil eOpenState();

Parameters

return the sub-state of open state

Returns the workflow substate for open execution objects.

A.1.37.9. whyNotRunningState()

public W ExecutionObj ect. State whyNot Runni ngState();

Parameters

return the sub-state of not-running state

Returns the workflow substate for open, not running execution objects.

A.1.37.10. workflowState()
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public W ExecutionObject. State workfl owState();

Parameters

return the workflow state

Returns the workflow state, i.e. the parent.

A.1.38. Class WfExecutionObject.NotRunningState

This class defines the sub-states of OpenState NOT_RUNNING of a W Execut i onCbj ect as
returned by why Not Runni ngSt at e()

A.1.38.1. Synopsis

public static class de.danet. an.workfl ow. ongcore. W Execut i onCbj ect . Not Runni |
i mpl enents, java.io.Serializable {
/1 Public Static Fields

public static final WExecutionCbject.NotRunni ngState NOT_STARTED ;

public static final WExecuti onQbject. Not Runni ngSt at e SUSPENDED ;
/'l Protected Constructors

protected W Executi onObj ect. Not RunningState(String text);
/1 Public Methods

public W Executi onCbject. State getParent();

public W ExecutionObject. State howC osedState();
public W ExecutionObject. State whil eOpenState();
public W ExecutionObj ect. State whyNot Runni ngSt at e();

public W ExecutionObject. State workfl owState();

Methods inherited from de.danet.an.wor kflow.omgcor e WfExecutionObject.OpenState : get -
Parent , howC osedState , whil eQpenState , whyNot Runni ngState , wor k-
flowState

Methods inherited from dedanet.an.workflow.omgcore.WfExecutionObject.State : from
String,i sSameOr SubSt ate,regi sterState,text Representation,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify,notifyAll ,wait

Fiedlds inherited from dedanet.an.workflow.omgcore WfExecutionObject.OpenState
NOT_RUNNI NG, RUNNI NG

Fields inherited from de.danet.an.workflow.omgcore.WfExecutionObject.State : CLOSED
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OPEN

Inheritance Path. java.lang.Object-> Section A.1.40, “ Class WfExecutionObject.State” [128] -> Sec-
tion A.1.39, “ Class WfExecutionObject.OpenState” [125] -> Section A.1.38, “ Class WfExecutionOb-
ject.NotRunningState” [123]

A.1.38.2. WfExecutionObject.NotRunningState(String)

protected W Executi onObj ect. Not Runni ngState(String text);

Parameters

t ext Textual representation of the state

Default constructor.

A.1.38.3. NOT_STARTED

public static final WExecutionGObject. NotRunni ngState NOT_STARTED ;

Provides a state after creation where the object is active and ready to be initialized and started.

A.1.38.4. SUSPENDED

public static final WExecutionObject. NotRunni ngState SUSPENDED ;

Provides a state to temporarily pause the execution of the object. When an execution object is sus-
pended, no execution objects depending on this object may be started.

A.1.38.5. getParent()

public WExecutionObject. State getParent ();

Parameters

return parent in the state hierachy

Returns the parent in the state hierachy if all states defined in thisclassor nul | | if this states are at
the top level of the hierachy.

A.1.38.6. howClosedState()
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public W ExecutionObject. State howCl osedState();

Parameters

return the sub-state of closed state

Returns the workflow substate for closed execution objects.
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A.1.38.7. whileOpenState()

public W ExecutionObject. State whil eOpenState();

Parameters

return the sub-state of open state

Returns the workflow substate for open execution objects.

A.1.38.8. whyNotRunningState()

public W ExecutionOhj ect. State whyNot Runni ngState();

Parameters

return the sub-state of not-running state

Returns the workflow substate for open, not running execution objects.

A.1.38.9. workflowState()

public W ExecutionObject. State workfl owState();

Parameters

return the workflow state

Returns the workflow state, i.e. the grandparent.

A.1.39. Class WfExecutionObject.OpenState

This class defines the sub-states of State OPEN of a W Executi onObj ect as returned by
whi | eOpensSt at e()

A.1.39.1. Synopsis

public static class de.danet. an.workfl ow. ongcore. W Execut i onChj ect . OpenSt at «
i mpl enents, java.io.Serializable {
/1 Public Static Fields

public static final WExecutionObject.OpenState NOT_RUNNI NG ;

public static final WExecutionObject.OpenState RUNNI NG ;
/1 Protected Constructors

protected W Executi onObj ect.OpenState(String text);
/1 Public Methods
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public W ExecutionObject. State getParent ();

public W ExecutionObject. State howCl osedState();
public W ExecutionObject. State whil eOpenState();
public W ExecutionQbj ect. St ate whyNot Runni ngSt at e();

public W ExecutionObject. State workfl owState();

Direct known subclasses
de. danet . an. wor kf | ow. ongcor e. W Execut i onCbj ect . Not Runni ngSt at e

Methods inherited from de.danet.an.workflow.omgcore.WfExecutionObject.State : from
String , getParent , howd osedState , i sSaneOr SubState , regi sterState ,
text Representation , toString , whil eQpenState , whyNot Runni ngState
wor kf | owSt at e

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify,noti fyAll ,wait

Fields inherited from de.danet.an.workflow.omgcore.WfExecutionObject.State : CLOSED
OPEN

Inheritance Path. java.lang.Object-> Section A.1.40, “ Class WfExecutionObject.State” [128] -> Sec-
tion A.1.39, “Class WfExecutionObject.OpenState” [125]

A.1.39.2. WfExecutionObject.OpenState(String)

protected W ExecutionObject.OpenState(String text);

Parameters

t ext Textual representation of the state

Default constructor.

A.1.39.3. NOT_RUNNING

public static final WExecuti onCbject.OpenState NOT_RUNNI NG ;

Object is active and quiescent, but ready to execute.

A.1.39.4. RUNNING

public static final WExecutionObject.OpenState RUNNI NG ;

The object is active and executing in the workflow.

A.1.39.5. getParent()
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public W ExecutionObject. State getParent ();

Parameters

return parent in the state hierachy

Returns the parent in the state hierachy if all states defined in thisclassor nul | , if this states are at
the top level of the hierachy.

A.1.39.6. howClosedState()

public W ExecutionObject. State howC osedState();

Parameters

return the sub-state of closed state

Returns the workflow substate for closed execution objects.

A.1.39.7. whileOpenState()

public WExecutionObject. State whil eOpenState();

Parameters

return the sub-state of open state

Returns the workflow substate for open execution objects.

A.1.39.8. whyNotRunningState()

public W ExecutionObj ect. State whyNot Runni ngSt ate();

Parameters

return the sub-state of not-running state

Returns the workflow substate for open, not running execution objects.

A.1.39.9. workflowState()

public W ExecutionObject. State workfl owState();

Parameters
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return the workflow state

Returns the workflow state, i.e. the parent.

A.1.40. Class WfExecutionObject.State

This class defines the top-hierachy possible states of a W Execut i onCbj ect as returned by
wor kf | owSt at e()

A.1.40.1. Synopsis

public static class de.danet. an.workfl ow. ongcore. W Execut i onCbj ect . St at ei npl ermrent .
/1 Public Static Fields

public static final WExecutionObject.State CLOSED ;

public static final WExecutionObject. State OPEN ;
/Il Protected Constructors

protected W ExecutionObject.State(String text);
/1 Public Static Methods

public static WExecutionCbject.State fronString(String text)
throws | nvali dSt at eExcepti on;

/1 Public Methods
public W ExecutionQObject. State getParent ();

public W ExecutionObject. State howCl osedState();

public bool ean i sSameOr SubSt at e( W Execut i onCbj ect. State s);
public String toString();

public W ExecutionObject. State whil eCOpenState();

public W Executi onCbj ect. State whyNot Runni ngState();

public W ExecutionOhject. State workfl owState();
/1 Protected Methods

protected static void regi sterState(WExecutionObject. State state);

protected final String textRepresentation();

Direct known subclasses :
de. danet . an. wor kf | ow. ongcor e. W Execut i onCbj ect. Cl osedSt at e ,
de. danet . an. wor kf | ow. ongcor e. W Execut i onCbj ect . QpenSt at e

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
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hashCode ,notify ,noti fyAl ,toString,wait

Inheritance Path. java.lang.Object-> Section A.1.40, “ Class WfExecutionObject.State” [128]

A.1.40.2. WiExecutionObject.State(String)

protected W ExecutionObject.State(String text);

Parameters

t ext Textual representation of the state

Default constructor.

A.1.40.3. CLOSED

public static final WExecutionObject. State CLOSED ;

Reflects that the object isfinished and inactive.

A.1.40.4. OPEN

public static final WExecutionObject.State OPEN ;

To reflect that the object is active and not finished.

A.1.40.5. fromString(String)

public static WExecutionObject.State fronBString(String text)
throws | nvalidStateException;

Parameters

t ext state name to search

return state object

Exceptions

I nval i dSt at eExcepti on if t ext isnot avalid state name.
Get a state by name.

A.1.40.6. getParent()

public W ExecutionObject. State getParent ();

Parameters
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return parent in the state hierachy

Returns the parent in the state hierachy if all states defined in thisclassor nul | , if this states are at
the top level of the hierachy.

A.1.40.7. howClosedState()

public W ExecutionObject. State howC osedState();

Parameters

return the state as St at e object.

Returns the workflow substate for closed execution objects.

A.1.40.8. isSameOrSubState(WfExecutionObject.State)

public bool ean i sSameOr SubSt at e(W Execut i onCbj ect. State s);

Parameters
S State to compare
return tr ue if sameor sub-statef al se else.

Checksiif this state is the same state as the given state or a substate of the given state.

A.1.40.9. registerState(WfExecutionObject.State)

protected static void regi sterState(WExecutionObject. State state);

Parameters

state the St at e to be registered.

Register state for f r o5t r i ng evaluation.
Additionally introduced sub-states must call this method during their initialization if the textual rep-

resentation is to be recognized in the f r onSt ri ng method. It is up to the implementor of a de-
rived state to assure that the sub-state is initialized before the from String method is called.

A.1.40.10. textRepresentation()

protected final String textRepresentation();

Parameters
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return the textual representation

Return the textual representation of the state.

A.1.40.11. toString()

public String toString();

Parameters

return string representation of the state.

Returns the string representation of the state.

A.1.40.12. whileOpenState()

public W ExecutionObject. State whil eOpenState();

Parameters

return the state as St at e object.

Returns the workflow substate for open execution objects.

A.1.40.13. whyNotRunningState()

public W ExecutionObj ect. State whyNot Runni ngSt ate();

Parameters

return the state as St at e object.

Returns the workflow substate for open, not running execution objects.

A.1.40.14. workflowState()

public W ExecutionObject. State workfl owState();

Parameters

return the state as St at e object.

Returns the workflow state, i.e. this object.

A.1.41. Interface WfObject
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A tagging interface that all omgcore interfaces must extend.

A.1.41.1. Synopsis

public interface de. danet.an.workfl ow. ongcore. W Cbj ect {

Inheritance Path. Section A.1.41, “Interface WfObject” [131]

A.1.42. Interface WfProcess

W Pr ocess is the performer of a workflow request. All workflow objects that perform work im-
plement this interface. This interface allows work to proceed asynchronously while being monitored
and controlled.

A.1.42.1. Synopsis

public interface de. danet.an.workfl ow. ongcore. WProcess extends, de.danet.an.work
/1 Public Methods

public java.util.Collection activitieslnState(String state)
t hrows Renot eException, I|nvalidStateException;

public WProcessMygr manager ()
t hr ows Renot eExcepti on;

public W Requester requester()
t hrows Renot eExcepti on;

public ProcessData result()
t hrows Renot eException, Resul t Not Avai | abl eExcepti on;

public void set Requester (W Requester requester)
t hrows Renot eExcepti on, Cannot ChangeRequest er Excepti on;

public void start()
t hrows Renot eException, Cannot StartException, Al readyRunni ngExcepti on;

public java.util.Collection steps()

t hrows Renot eExcepti on;

Inheritance Path. Section A.1.42, “Interface WfProcess’ [132]

A.1.42.2. activitiesInState(String)
public java.util.Collection activitieslnState(String state)

t hrows Renot eException, InvalidStateException;

Parameters

state the given state.
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return the collection of al WfActivities.
Exceptions

Renot eExcepti on if asystem-level error occurs.

I nval i dSt at eExcepti on if aninvalid state has been specified.

Return all W Act i vi t y objectsthat arein acertain state.

A.1.42.3. manager()

public WProcessMgr manager ()
t hrows Renot eExcepti on;

Parameters
return the associated WfProcessMgr.
Exceptions
Renot eExcepti on if asystem-level error occurs.

Returnsthe W Pr ocessMyr associated with the W Pr ocess .

A.1.42.4. requester()

public W Requester requester()
t hrows Renot eExcepti on;

Parameters

return the associated W Request er .
Exceptions

Renot eExcepti on if asystem-level error occurs.

Returnsthe W Request er associated with this\W Pr ocess .

A.1.42.5. result()

public ProcessData result()
t hrows Renot eException, Resul t Not Avai | abl eExcepti on;
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Parameters

return process data representing intermediate result.
Exceptions

Renot eExcepti on if asystem-level error occurs.

Resul t Not Avai | abl eExcep- when the result cannot be obtained yet.
tion

Returns the result produced by the WfProcess. In general the result is undefined until the process
completes, but some processes may produce intermediate results.

A.1.42.6. setRequester(WfRequester)

public void set Request er (W Requester requester)
t hrows Renot eExcepti on, Cannot ChangeRequest er Excepti on;

Parameters

requester new WfRequester.
Exceptions

Renot eExcepti on if asystem-level error occurs.

Cannot ChangeRequest er Ex- if ressignment of the processis not supported.
ception

Reassignsthe W Pr ocess to another W Request er .

A.1.42.7. start()

public void start()
t hrows Renot eException, Cannot StartException, AlreadyRunni ngExcepti on;

Exceptions
Renot eExcepti on if asystem-level error occurs.
Cannot St art Excepti on when the process cannot be started (e.g., because it is not

properly initialized).

Al r eadyRunni ngExcepti on  when the process has already been started.

Initiate enactment of a WfProcess.

A.1.42.8. steps()
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public java.util.Collection steps()
t hrows Renot eExcepti on;

Parameters

return the collection of all the WfActivities.
Exceptions

Renot eExcepti on if asystem-level error occurs.

Returns all WfActivities associated with thisW Pr ocess .

A.1.43. Interface WfProcessMgr

A W ProcessMyr represents a template for a specific workflow process; it is used to create in-
stances of aworkflow process. Logicaly it isthe factory and locator for W Pr ocess instances.

A.1.43.1. Synopsis

public interface de. danet.an.workfl ow. ongcore. WProcessMygr extends,
/1 Public Static Fields

public static final int DISABLED = O;

public static final int ENABLED = 1;
/1 Public Methods

public String category()
t hrows Renot eExcepti on;

public ProcessDatal nfo context Si gnature()
t hr ows Renot eExcepti on;

public WProcess createProcess(W Requester requester)

de. dane

t hrows Renot eExcepti on, Not Enabl edException, I|nvali dRequesterException,

public String description()
t hr ows Renot eExcepti on;

public String nane()
t hrows Renot eExcepti on;

public int processMyrState()
t hrows Renot eExcepti on;

public java.util.Collection processes()
t hrows Renot eExcepti on;

public ProcessDatal nfo resultSignature()
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t hr ows Renot eExcepti on;

public void setProcessMyrState(int newState)
t hrows Renpt eException, TransitionNot Al |l owedExcepti on;

public String version()
t hrows Renot eExcepti on;

Inheritance Path. Section A.1.43, “Interface WfProcessMgr” [135]

A.1.43.2. DISABLED

public static final int DISABLED = O;

Indicates that creation of workflow processesis disabled.

A.1.43.3. ENABLED

public static final int ENABLED = 1;

Indicates that creation of workflow processes is enabled.

A.1.43.4. category()

public String category()
t hr ows Renot eExcepti on;

Parameters

return the string of category.
Exceptions

Renot eExcepti on if asystem-level error occurs.

Return the category of a process manager used for classification of process types. It is set when the
process manager isinitialized and cannot be modified.

A.1.43.5. contextSignature()

publ i c ProcessDat al nfo cont ext Si gnat ure()
t hrows Renot eExcepti on;

Parameters

return the process meta information.
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Exceptions

Renot eExcepti on if asystem-level error occurs.

Returns the meta information that defines how to set the context of an instance.

A.1.43.6. createProcess(WfRequester)

public W Process createProcess(W Requester requester)
t hrows Renot eExcepti on, Not Enabl edException, I|nvali dRequesterException,

Parameters

requester the requester to create process.

return the created process.

Exceptions

Renot eExcepti on if asystem-level error occurs.

Not Enabl edExcepti on when the process manager is disabled.

I nval i dRequest er Excep- when the process definition requires a W Request er and
tion aninvalid W Request er issupplied in the parameter.

Request er Requi r edExcep-  when a W Request er is being identified that cannot be a
tion parent of instances of the process.

Create instances of a process and link its requester.

A.1.43.7. description()

public String description()
t hrows Renot eExcepti on;

Parameters

return the description.
Exceptions

Renot eExcepti on if asystem-level error occurs.

Returns the description of the process manager.

A.1.43.8. name()
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public String name()
t hrows Renot eExcepti on;

Parameters

return the name.

Exceptions

Renot eExcepti on if asystem-level error occurs.

Returns the name of the process manager.

A.1.43.9. processes|()

public java.util.Collection processes()
t hrows Renot eExcepti on;

Parameters

return a Collection object of W Pr ocess .
Exceptions

Renpt eExcepti on if asystem-level error occurs.

Returns a collection with W Pr ocess objects from this process manager.

A.1.43.10. processMgrState()
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public int processMyrState()
t hrows Renot eExcepti on;

Parameters

return WfProcessMgr.ENABLED if creation of workflow processes
is enabled, otherwise WfProcessMgr.DISABLED.

Exceptions

Renot eExcepti on if asystem-level error occurs.

Returns the state of the W Pr ocessMyr .
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A.1.43.11. resultSignature()

public ProcessDatal nfo resultSignature()
t hrows Renot eExcepti on;

Parameters
return the process metainformation.
Exceptions
Renot eExcepti on if asystem-level error occurs.

Returns the meta information that specifies how instances will return results.

A.1.43.12. setProcessMgrState(int)

public void setProcessMyrState(int newState)
t hrows Renbt eException, TransitionNot Al |l onedExcepti on;

Parameters

newst at e the new state.

Exceptions

Renot eExcepti on if asystem-level error occurs.

Transi ti onNot Al | owedEx- if the transition is not allowed
ception

Set the new state of this process manager.

A.1.43.13. version()

public String version()
t hrows Renot eExcepti on;

Parameters

return the version.

Exceptions

Renot eExcept i on if asystem-level error occurs.
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Return the version attribute of a process manager used to distinguish between different versions of a
process model.

A.1.44. Interface WfRequester

W Request er isthe interface that has a direct concern with the execution and results of a work-
flow process. It represents the request for some work to be done. Its performer, a\W Pr ocess is
expected to handle its request and communicate significant status changes; in particular to inform
the requester when it has completed performing the request work. The support of W Request er s
in a workflow engine implementation is complicated because the r ecei veEvent method re-
verses the client server relationship and because an object from the application space must be stored
by the server.

Implementations of W Request er are therefore subject to the following restrictions:
» The implementation must implement <code>java.io.Serializable</code>. Make sure not to use
any attributes that are not serializable.

* Inorder for deserialization to work, the implementation's class file must be in the classpath of the
application server.

» The implementation must provide proper <code>equals</code> and <code>hashCode</code>
methods.

Most applications will simply use the requester provided as Def aul t Request er

A.1.44.1. Synopsis

public interface de. danet.an.workfl ow. ongcore. WRequest er extends, de.danet. an.wo
/1 Public Methods

public bool ean i sMenber O Per f or ner s(\W Process nenber)
t hrows Renot eExcepti on;

public java.util.Collection perforners()
t hr ows Renot eExcepti on;

Inheritance Path. Section A.1.44, “Interface WfRequester” [140]

A.1.44.2. isMemberOfPerformers(WfProcess)

publ i c bool ean i sMenber O Per f or ner s(W Process nenber)
t hr ows Renot eExcepti on;

Parameters

nmenber the processin question.

return true if the process is among the performers of this re-
quester.

Exceptions
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Renot eExcepti on if asystem-level error occurs.

Check if the given process is among the performers of this requester.

A.1.44.3. performers|()

public java.util.Collection performers()
t hrows Renot eExcepti on;

Parameters

return A collection of associated performers.
Exceptions

Renot eExcepti on if asystem-level error occurs.

Return all performers associated with this requester.

A.1.45. Interface WfResource

W Resour ce is an abstraction that represents a person or thing that will potentialy accept an as-
signment to an activity.

A.1.45.1. Synopsis

public interface de. danet.an.workfl ow. ongcore. WResource extends, de.danet. .
/1 Public Methods

publ i ¢ bool ean i sMenber O Wor kil t ems( W Assi gnnent nenber)
t hrows Renot eExcepti on;

public void rel ease(WAssi gnnent fromAssi gnent,
String rel easel nf o)
t hrows Renot eException, Not Assi gnedExcepti on;

public String resourceKey()
t hrows Renot eExcepti on;

public String resourceName()
t hrons Renot eExcepti on;

public java.util.Collection workltens()

t hrows Renot eExcepti on;

Inheritance Path. Section A.1.45, “Interface WfResource” [141]

A.1.45.2. isMemberOfWorkltems(WfAssignment)

141



Interface WfResource

public bool ean i sMenber O Wor kil t ens( W Assi gnment nenber)
t hrows Renot eExcepti on;

Parameters

nmenber the given W Assi gnnent .

return t r ue if the association exists.
Exceptions

Renot eExcepti on if asystem-level error occurs.

Checksif agiven W Assi gnnment isassociated with this resource.

A.1.45.3. release(WfAssignment, String)

public void rel ease(W Assi gnnent fromAssi gnrent,
String rel easel nf o)
t hrows Renpt eExcepti on, Not Assi gnedExcepti on;

Parameters

fromAssi gnent the specific assignment.

rel easel nfo specifies additional information on the reason for realizing
the resource as input.

Exceptions

Not Assi gnedExcepti on if the resourceis not associated with the given assignment.

Renot eExcepti on if asystem-level error occurs.

Signals to the resource that it is no longer needed for a specific assignment. It is assumed that this
operation is invoked when an assignment is deleted or when an assignment is reassigned to another
resource.

(The description from the OMG specification is a bit unclear about the nature of this method. Is it
used to signal the release, or does it cause the release, i.e. does it update the storage of assignments.
Due to the fact that this method throws Not Assi gnedExcept i on , which is possible only if this
method interfaces with the assignment storage, we have opted for the latter.)

A.1.45.4. resourceKey()
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public String resourceKey()
t hr ows Renot eExcepti on;

Parameters
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return the resource key.
Exceptions
Renot eExcepti on if asystem-level error occurs.

Returns the resource key. The resource key identifies a resource within a given business domain. It
is assumed that resources are defined in the same business domain as the workflow process they are
associated with.

The key is set when the object isinitialized; modification of the key can be done in the context of a
resource management facility.

A.1.45.5. resourceName()

public String resourceNane()
t hrows Renot eExcepti on;

Parameters

return the name of the resource.
Exceptions

Renot eExcepti on if asystem-level error occurs.

Returns a human readable, descriptive name of the resource.

A.1.45.6. workltems|()

public java.util. Collection workltens()
t hrows Renot eExcepti on;

Parameters

return the associated W Assi gnnent s s.
Exceptions

Renot eExcepti on if asystem-level error occurs.

This method returnsthe W Assi gnnent s sassociated with aresource.

A.1.46. Interface WfStateAuditEvent

A W St at eAudi t Event provides an audit record of information for a W Execut i onCbj ect
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's state change.

A.1.46.1. Synopsis

public interface de. danet. an.workfl ow. ongcore. W St at eAudi t Event ext ends, de. danet
/1 Public Methods

public String newState();

public String oldState();

Inheritance Path. Section A.1.46, “Interface WfStateAuditEvent” [143]

A.1.46.2. newState()

public String newState();

Parameters

return the current value of the attribute.

Returns the current value of the attribute newSt at e .

A.1.46.3. oldState()

public String oldState();

Parameters

return the current value of the attribute.

Returns the current value of the attribute ol dSt at e .

A.2. Package de.danet.an.workflow.api

This package defines the the workflow API provided by Danet's workflow component. The APl ex-
tends the core APl derived from the OMG "Workflow Management Facility Sepcification,
V1.2". We consider the interfaces and classes in this package (together with the interfaces and
classes in the core API) to be useable as a general Java workflow API, i.e. if there was a JSR for a
Javaworkflow API, we think the merger of these two packages would be a good starting point.

Trying to implement workflow clients using the OMG interface, we found that it lacks some func-
tions that are either absolutely necessary or nice to have. For some OMG interfaces we have there-
fore defined a corresponding interface that extends the OM G base interface.

We have also added some interface for areas that the OMG specification has purposely omitted from
its scope (e.g. access to process definitions).

Finally, the OMG specification has |eft it open how to access the root objects of type W Pr ocess-
Mgr . We have therefore defined a Wor kf | owSer vi ce and its corresponding f act ory that
provides this access (among some other useful function).
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A.2.1. Additional Information

Snce V10

A.2.2. Interface Activity

Interface Act i vi t y adds some functionstothe OMG activity .

A.2.2.1. Synopsis

public interface de. danet.an.workfl ow api.Activity extends, de.danet.an. wor|
/1 Public Methods

public void abandon(String excepti onNane)
t hrows Renot eException, TransitionNot Al |l onedExcepti on;

public Activity.Info activitylnfo()
t hrows Renot eExcepti on;

public String bl ockActivity()
t hr ows Renot eExcepti on;

public void changeAssi gnment (de. danet . an. wor kf | ow. ongcor e. W Resour ce ol dRe
de. danet . an. wor kf | ow. ongcor e. W Resour ce newRe
t hrows Renot eException, |nvali dResourceException, AlreadyAssi gnedExcepti

publ i ¢ bool ean choose()
t hrows Renbt eException, TransitionNot Al |l onedExcepti on;

public Activity.Deadlinelnfo[] deadlines()
t hrows Renot eExcepti on;

public Activity.|lnplenentation executor()
t hr ows Renot eExcepti on;

publ i c de. danet. an. wor kf | ow. ongcor e. W Resour ce get Resour ce(de. danet. an. wor
t hrows Renot eExcepti on;

public String[] handl edExcepti ons()
t hrows Renot eExcepti on;

public Activity.lnmplementation[] inplenmentation()
t hrows Renot eExcepti on;

public Activity.Joi nAndSplitMde joi nMode()
t hrows Renot eExcepti on;

public java.util.List nextActivities()
t hrows Renot eExcepti on;

public String perforner()
t hrows Renot eExcepti on;
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public void renoveAssi gnnent (de. danet. an. wor kf | ow. ongcor e. W Resour ce resource)
t hrows Renot eException, Invali dResourceException, NotAssi gnedExcepti on;

public Activity.Joi nAndSplitMde splitMde()
t hrows Renot eExcepti on;

public ActivityUni queKey uni queKey()
t hr ows Renot eExcepti on;

Inheritance Path. Section A.2.2, “Interface Activity” [145]

A.2.2.2. abandon(String)

public void abandon(String excepti onNane)
t hrows Renot eException, TransitionNot Al |l onedExcepti on;

Parameters

except i onName the name of the exception
Exceptions

Renot eExcepti on if asystem-level error occurs
Transi ti onNot Al | owedEx- if the activity is not executing atool
ception

Force the completion of this activity, leaving it in state "closed.completed.abandoned”. Does noth-
ing if the activity is in state “closed" dready or has not been started
("open.not_running.not_started").

An abandoned activity is considered to be completed under exceptional circumstances. Therefore
only transitions with conditions of type EXCEPTI ON or DEFAULTEXCEPTI ON are considered
when evaluating the set of subsequent activities. The argument is the name of the exception which
may be used to distinguish different exceptions in transition evaluation (see XPDL).

This method should be used with care. In general, exceptions have a different level of abstraction in
aworkflow process description than in Java programming. The author of aworkflow process should
not have to know about e.g. a "SAXException". But he may know what to do in case of a "Result-
Invalid" exception (though this kind of problem should only arise during devel opment anyway).

This method may only be called during tool execution. Note that calling this method does not ter-

minate tool execution, i.e. the method will return. A tool agent should, however, not try to do any-
thing with the activity any more after calling this method.

A.2.2.3. activityInfo()

public Activity.Info activitylnfo()
t hr ows Renot eExcepti on;

Parameters
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return theresulting Act i vi ty. | nf o value
Exceptions
Renot eExcepti on if asystem-level error occurs

This method returns al available information about the activity in a single operation.

A.2.2.4. blockActivity()

public String bl ockActivity()
t hrows Renot eExcepti on;

Parameters

return an identification of the block activity that caused this activity
to be instantiated or nul | if this activity was not instantiated
as part of an activity set

Exceptions

Renot eExcepti on if asystem-level error occurs

Returns the key of the "parent" block activity. All activities implicitly created by a block activity
share the same block activity key.

Note that there need not be an activity with the returned key, as an activity set is actually atemplate
describing how to implement block activities. The information obtained can mainly be used to group
all activities that have been instantiated as part of an activity set.

A.2.2.5. changeAssignment(WfResource, WfResource)

publi ¢ voi d changeAssi gnnent (de. danet . an. wor kf | ow. ongcor e. W Resour ce ol dRe:
de. danet . an. wor kf | ow. ongcor e. W Resour ce newRe
t hrows Renot eException, Invali dResourceException, AlreadyAssi gnedExcepti

Parameters

ol dResour ce the resource that has its assignment removed
newResour ce the resource to be assigned

Exceptions

Renot eExcepti on if asystem-level error occurs

I nval i dResour ceExcepti on if the resourceis invalid. As the environment is a concurrent
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multi user environment, W Resour ce objects may become
invalid.

Al r eadyAssi gnedExcepti on if the assignment aready exists

Not Assi gnedExcepti on if there is no assignment to the old resource

Change an assignment for enacting the activity. This method calls the corresponding method of the
resource assignment service and creates the appropriate audit event.

This method is intended to be used by resource assignment systems for implementing W Assi gn-

ment . set Assi gnee . Resource assignment systems are responsible for implementing

W Assi gnnent and could therefore perform the reassignment directly; this would, however, leave
the generation of notifications unexecuted.

Clients should not use this method but rather call W Assi gnent . set Assi gnee .

A.2.2.6. choose()

publ i ¢ bool ean choose()
t hrows Renot eException, TransitionNot Al |l onedExcepti on;

Parameters

return t r ue if the activity could be made the effectively chosen one
Exceptions

Renot eExcepti on if asystem-level error occurs

Transi ti onNot Al | owedEx- if the activity is neither running nor suspended
ception

Makes this activity the chosen one in a set of activities started by an AND split with the "deferred
choice" option set. All other activitiesin the set are reset to their initial state.

If the activity does not participate in adeferred choice, this method does nothing and returnst r ue .

A.2.2.7. deadlines()
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public Activity.Deadlinelnfo[] deadlines()
t hrows Renot eExcepti on;

Parameters

return the deadlines

Exceptions

Renot eExcepti on if asystem-level error occurs
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Returns the deadlines defined for this activity.

A.2.2.8. executor()

public Activity.lnplenentation executor()
t hrows Renot eExcepti on;

Parameters

return current executor or nul | if no executor running
Exceptions

Renot eExcepti on if asystem-level error occurs

Returns the current executor.

A.2.2.9. getResource(WfAssignment)

publ i c de. danet. an. wor kf | ow. ongcor e. W Resour ce get Resour ce(de. danet. an. wor
t hrows Renot eExcepti on;

Parameters

asnmt the assignment

return the resource

Exceptions

Renot eExcepti on if asystem-level error occurs.
Snce 134

Get the resource associated with an Assignment. The method calls the corresponding method of the
resource assignment service. This method is intended to be used by resource assignment systems for
implementing W Assi gnnent . assi gnee .

Clients should not use this method but rather call W Assi gnnent . assi gnee .

A.2.2.10. handledExceptions()

public String[] handl edExcepti ons()
t hr ows Renot eExcepti on;

Parameters
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return handled exceptions
Exceptions
Renot eExcepti on if asystem-level error occurs

Returns the names of the exceptions handled by this activity.

A.2.2.11. implementation()

public Activity.lnmplementation[] inplenmentation()
t hrows Renot eExcepti on;

Parameters

return an array of | npl ement ati on }sor nul | if noimplement-
aionisdefined

Exceptions

Renot eExcept i on if asystem-level error occurs

Returns the implementation of the activity as| npl ement ati on s.

A.2.2.12. joinMode()

public Activity.Joi nAndSplitMde joi nMode()
t hr ows Renot eExcepti on;

Parameters

return join mode

Exceptions

Renot eExcepti on if asystem-level error occurs

Returns the join mode.

A.2.2.13. nextActivities()

public java.util.List nextActivities()
t hrows Renot eExcepti on;

Parameters
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return thelistof Acti vity objects.
Exceptions
Renot eExcepti on if asystem-level error occurs

Returnsthe list of activities that may follow this activity, i.e. to which transitions exist.

A.2.2.14. performer()

public String perforner()
t hrows Renot eExcepti on;

Parameters

return performer as string
Exceptions

Renot eExcepti on if asystem-level error occurs

Returns the performer as string.

A.2.2.15. removeAssignment(WfResource)

public void renoveAssi gnnment (de. danet. an. wor kf | ow. ongcor e. W Resource resou
t hrows Renot eException, |nvali dResourceException, NotAssignedExcepti on;

Parameters

resource the resource whose assignment is to be canceled
Exceptions

Renot eExcepti on if asystem-level error occurs

I nval i dResour ceExcepti on if the resource isinvalid. As the environment is a concurrent
multi user environment, W Resour ce objects may become
invalid.

Not Assi gnedExcepti on if there is no such assignment

Removes an assignment for enacting the activity. This method calls the corresponding method of the

resource assignment service and creates the appropriate audit event.

This method is intended to be used by resource management systems for implementing
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W Resour ce. rel ease .

Clients should not use this method but rather call W Resour ce. r el ease .

A.2.2.16. splitMode()

public Activity.Joi nAndSplitMde splitMde()
t hrows Renot eExcepti on;

Parameters

return split mode

Exceptions

Renot eExcept i on if asystem-level error occurs

Returns the split mode.

A.2.2.17. unigueKey()

public ActivityUni queKey uni queKey()
t hr ows Renot eExcepti on;

Parameters

return value of uniqueKey
Exceptions

Renot eExcepti on if asystem-level error occurs

Return a unique key for the activity. (Note that the OMG interface defines the key returned by the
key() method as unique within the scope of the containing process only.)

A.2.3. Class Activity.ClosedCompletedState

This class defines the sub-states of ClosedState. COMPLETED of a W Execut i onObj ect
These substates are an extention of the predefined omg states.

A.2.3.1. Synopsis

public static class de.danet.an.workfl ow api.Activity.d osedConpl et edSt ate ext end
i npl enents, java.io.Serializable {
/1 Public Static Fields

public static final Activity.C osedConpl et edSt ate ABANDONED ;

public static final Activity.C osedConpl et edState NORVAL ;
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/1l Protected Constructors
protected Activity.d osedConpl etedState(String text);
/1 Public Methods

public de. danet. an.wor kfl ow. ongcore. W Executi onObj ect. St ate get Parent () ;

public de. danet. an. wor kf | ow. ongcor e. W Execut i onObj ect. St at e howCl osedSt at e
public de. danet. an. wor kf | ow. ongcor e. W Execut i onObj ect. St at e whi |l eCpenSt ate
public de. danet. an. wor kf | ow. ongcore. W Execut i onObj ect . St at e whyNot Runni ngS

publ i c de. danet. an. wor kf | ow. ongcor e. W Execut i onChj ect. St at e wor kf | owSt at e(

Methods inherited from de.danet.an.workflow.omgcore WfExecutionObject.ClosedState :
get Parent , howCl osedSt at e , whi | eOpensSt at e , whyNot Runni ngSt at e , wor k-
flowState

Methods inherited from de.danet.an.workflow.omgcore.WfExecutionObject.State : from
String,isSameOr SubSt at e ,regi sterState,text Representation,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify,notifyAll ,wait

Fieldsinherited from de.danet.an.wor kflow.omgcor e WfExecutionObject.ClosedState : ABOR-
TED, COWPLETED, TERM NATED

Fields inherited from de.danet.an.workflow.omgcore.WfExecutionObject.State : CLOSED
OPEN

Inheritance Path. javalang.Object-> Section A.1.40, “Class WfExecutionObject.State” [128] ->
Section A.1.37, “Class WfExecutionObject.ClosedState” [120] -> Section A.2.3, “Class Activ-
ity.ClosedCompletedState” [152]

A.2.3.2. Activity.ClosedCompletedState(String)

protected Activity.d osedConpl etedState(String text);

Parameters

t ext Textual representation of the state

Default constructor.

A.2.3.3. ABANDONED

public static final Activity.C osedConpl et edSt at e ABANDONED ;

Provides a state indicating that the activity was completed by an exception.

A.2.3.4. NORMAL
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public static final Activity.C osedConpl et edState NORVAL ;

Provides a state indicating that the activity was completed normally.

A.2.3.5. getParent()

publ i c de. danet. an. wor kf | ow. ongcore. W Executi onQbj ect. State get Parent () ;

Parameters

return parent in the state hierachy

Returns the parent in the state hierachy if all states defined in thisclassor nul | | if this states are at
the top level of the hierachy.

A.2.3.6. howClosedState()

public de. danet. an.wor kf | ow. ongcore. W Executi onObj ect. St at e howCl osedState();

Parameters

return the closed state.

Returns the workflow substate for closed execution objects.

A.2.3.7. whileOpenState()

public de. danet. an.wor kfl ow. ongcore. W Executi onObj ect. State whil eCpenState();

Parameters

return the open state.

Returns the workflow substate for open execution objects.

A.2.3.8. whyNotRunningState()

public de. danet. an. wor kf | ow. ongcore. W Execut i onObj ect . St at e whyNot Runni ngSt at e()

Parameters

return the why not running state.

Returns the workflow substate for open, not running execution objects.

A.2.3.9. workflowState()
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public de. danet. an. wor kf | ow. ongcor e. W Execut i onObj ect. St at e wor kf | owSt at e(

Parameters

return the workflow state.

Returns the workflow state, i.e. the grandparent.

A.2.4. Class Activity.Deadlinelnfo

ClassDeadl i nel nf o describes all properties of adeadline.

A.2.4.1. Synopsis
public static class de.danet. an.workfl ow api.Activity. Deadl i nel nfoi npl enent
/1 Public Static Fields
public static final int ASYNCHR = 1;
public static final int STATE ACTIVE = 2;

public static final int STATE CANCELED = 3;

public static final int STATE IN TIAL

I
L

1
o

public static final int STATE REACHED

public static final int SYNCHR = 2;
/1 Public Constructors
public Activity. Deadlinelnfo(int executionhode,
String excepti onNane,
String condition,
int state);
/1 Public Methods

public String getCondition();

public String get ExceptionNane();

public int getExecutionhbde();

public int getState();

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify ,notifyAll ,toString,wait

Inheritance Path. java.lang.Object-> Section A.2.4, “Class Activity.Deadlinelnfo” [155]
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A.2.4.2. Activity.Deadlinelnfo(int, String, String, int)

public Activity. Deadlinelnfo(int executionhode,
String excepti onNane,
String condition,

int state);
Parameters
execut i onMbde the execution mode
except i onNane the exception to be thrown
condi tion the condition
state the current state

Createsanew Deadl i nel nf o instance with the given values.

A.2.4.3. ASYNCHR

public static final int ASYNCHR = 1;

Denotes asynchronous execution of the deadline.

A.2.4.4. STATE_ACTIVE

public static final int STATE ACTIVE = 2;

Deadlineis running.

A.2.4.5. STATE_CANCELED

public static final int STATE CANCELED = 3;

Deadline has been canceled.

A.2.4.6. STATE_INITIAL

public static final int STATE INNTIAL = O;
Deadlineisininitia state.
A.2.4.7. STATE_REACHED
public static final int STATE REACHED = 1;

Deadline has been reached.

A.2.4.8. SYNCHR

public static final int SYNCHR = 2;
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Denotes synchronous execution of the deadline.

A.2.4.9. getCondition()
public String getCondition();

Parameters

return value of Condition.

Get the value of Condition.

A.2.4.10. getExceptionName()
public String get Excepti onNane();

Parameters

return value of ExceptionName.

Get the value of ExceptionName.

A.2.4.11. getExecutionMode()
public int getExecutionhde();

Parameters

return value of execution.

Get the value of execution, one of ASYNCHR or SYNCHR .

A.2.4.12. getState()

public int getState();

Parameters

return value of state.

Get the value of state, one of STATE | NI Tl AL , STATE _REACHED or STATE_CANCELED.

A.2.5. Interface Activity.Implementation

The super interface of possible activity implementation descriptions.
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A.2.5.1. Synopsis

public static interface de.danet.an. workfl ow api.Activity.|nplenentation extends,

}

Inheritance Path. Section A.2.5, “Interface Activity.Implementation” [157]

A.2.6. Class Activity.Info

Class | nf o combines various informational attributes about an activity in a single structure for effi-
cient retrieval.

A.2.6.1. Synopsis

public static class de.danet.an.workfl ow api.Activity.Infoinplenments,
/1 Public Constructors

public Activity.Info(ActivityUnigueKey key,

String act Nane,
String actDesc,
int actPrio,
java.util.Date actLastTine,
String procNaneg,
String procDesc);

/1 Public Methods

public String description();

public java.util.Date |astStateTime();
public String nane();

public int priority();

public String processDescription();
public String processNane();

public ActivityUni queKey uni queKey();

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify ,notifyAll ,toString,wait

Inheritance Path. java.lang.Object-> Section A.2.6, “ Class Activity.Info” [158]

A.2.6.2. Activity.Info(ActivityUniqueKey, String, String, int, Date,
String, String)

public Activity.Info(ActivityUni queKey key,
String act Nane,
String actDesc,
int actPrio,
java.util.Date actlLastTi ne,
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String procNane,
String procDesc);

Parameters

key the unique key.

act Nane the activity name.

act Desc the activity description.

actPrio the priority of the activity.

act Last Ti ne the date of the last state change.

pr ocNane the name of the containing process.
procDesc the description of the containing process.

Createsanew | nf o instance with the given values.

A.2.6.3. description()

public String description();

Parameters

return value of activityDescription.

Get the value of activityDescription.

A.2.6.4. lastStateTime()

public java.util.Date |lastStateTime();

Parameters

return value of lastStateTime.

Get the value of |astStateTime.

A.2.6.5. name()

public String nane();

Parameters

return value of activityName.
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Get the value of activityName.

A.2.6.6. priority()
public int priority();

Parameters

return value of activityPriority.

Get the value of activityPriority.

A.2.6.7. processDescription()

public String processDescription();

Parameters

return value of processDescription.

Get the value of processDescription.

A.2.6.8. processName()
public String processNane();

Parameters

return value of processName.

Get the value of processName.

A.2.6.9. uniqueKey()

public ActivityUni queKey uni queKey();

Parameters

return value of uniqueKey.

Get the value of uniqueKey.

A.2.7. Class Activity.JoinAndSplitMode

This class defines the join and split modes for an activity.
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A.2.7.1. Synopsis

public static class de.danet.an.workfl ow api.Activity.Joi nAndSpl it Modei npl el
/1 Public Static Fields

public static final Activity.JoinAndSplitMde AND ;

public static final Activity.JoinAndSplitMde XOR ;
/'l Protected Constructors

protected Activity.Joi nAndSplitMde(String text);
/] Public Static Methods

public static Activity.Joi nAndSplitMde frontString(String text)
throws |11 egal Argunment Excepti on;

/1 Public Methods
public final bool ean i sSAND();

public final bool ean isXOR();

public final String toString();

Methods inherited from java.lang.Object : cl one , equal s , finalize , getC ass ,
hashCode ,notify ,notifyAll ,toString,wait

Inheritance Path. java.lang.Object-> Section A.2.7, “ Class Activity.JoinAndSplitMode” [160]

A.2.7.2. Activity.JoinAndSplitMode(String)

protected Activity.Joi nAndSplitMde(String text);

Parameters

t ext textual representation of the mode.

Default constructor.

A.2.7.3. AND

public static final Activity.Joi nAndSplitMde AND ;

AND join or split.
A.2.7.4. XOR

public static final Activity.JoinAndSplitMde XOR ;

XOR join or split.
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A.2.7.5. fromString(String)

public static Activity.JoinAndSplitMde fronString(String text)

throws |11 egal Argunent Excepti on;
Parameters
t ext mode name.
return mode object
Exceptions

I'l'l egal Argunent Excepti on iftext isnotavalid modename.

Get the join/split mode by name.

A.2.7.6. iSAND()

public final boolean i SANX);

Parameters

return true if themodeis"AND".

Checksif the modeis"AND".

A.2.7.7. iSXOR()

public final bool ean i sXOR();

Parameters

return true if themodeis"XOR".

Checksif the modeis"XOR".

A.2.7.8. toString()

public final String toString();

Parameters

return mode as text
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Returns the mode as text.

A.2.8. Class Activity.StartFinishMode
This class defines the values for start and finish modefor an Acti vity .
A.2.8.1. Synopsis

public static class de.danet.an.workfl ow api.Activity. StartFini shModei npl em
/1 Public Static Fields

public static final Activity.StartFi ni shMode AUTOVATI C ;

public static final Activity.StartFi ni shMode MANUAL ;

/1 Protected Constructors
protected Activity. StartFini shMode(String text);
/1 Public Static Methods

public static Activity. StartFinishvode fronString(String node);
/1 Public Methods

public String toString();

Methods inherited from java.lang.Object : cl one , equal s , finalize , getC ass ,
hashCode ,notify ,notifyAll ,toString,wait

Inheritance Path. java.lang.Object-> Section A.2.8, “Class Activity.StartFinishMode” [163]

A.2.8.2. Activity.StartFinishMode(String)

protected Activity. StartFini shMode(String text);

Parameters

t ext textual representation of the activity mode.

Default constructor.

A.2.8.3. AUTOMATIC

public static final Activity.StartFi ni shMode AUTOVATIC ;

Triggered implicitly by the system.
A.2.8.4. MANUAL

public static final Activity.StartFi ni shMbode MANUAL ;

Triggered explicitly by the user.
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ity.SubFlowImplementation

A.2.8.5. fromString(String)

public static Activity. StartFinishMde fronString(String node);

Parameters
node the mode to convert.
return the result.

Convert astringtoaSt art Fi ni shivbde .

A.2.8.6. toString()

public String toString();

Parameters

return mode as text

Returns the mode as text.

A.2.9. Interface Activity.SubFlowlmplementation

This interface describes the implementation of an activity by a sub flow.

A.2.9.1. Synopsis

public static interface de.danet.an.worKkfl ow api.Activity. SubFl ow npl ementation e
/1 Public Static Fields
public static final int ASYNCHR = 1;

public static final int SYNCHR = 2;
/1 Public Methods

public int execution();
public String packagel d();
public String processld();

public String processKey();

Inheritance Path. Section A.2.9, “Interface Activity.SubFlowlmplementation” [164]

A.2.9.2. ASYNCHR
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ity.SubFlowImplementation

public static final int ASYNCHR = 1;

Denotes asynchronous execution of subflow.

A.2.9.3. SYNCHR

public static final int SYNCHR = 2;

Denotes synchronous execution of subflow.

A.2.9.4. execution()

public int execution();

Parameters

return either ASYNCHR or SYNCHR .

Return the execution mode.

A.2.9.5. packageld()
public String packagel d();

Parameters

return value of packageid.

Return the package id of the subflow. Can be used together with the pr ocessl d to lookup the
process definition using ProcessDefiniti onDi rectory. | ookupProcessDefinition

A.2.9.6. processld()

public String processld();

Parameters

return value of processid.

Return the process id of the subflow. Can be used together with the packagel d to lookup the
process definition using ProcessDefiniti onDi rectory. | ookupProcessDefinition

A.2.9.7. processKey()

public String processKey();
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Parameters

return the key or nul | if no processisrunning.

Return the key of the invoked processiif it has been started.

A.2.10. Interface Activity.Toollmplementation

This interface describes the implementation of an activity by atool.

A.2.10.1. Synopsis

public static interface de.danet.an.workfl ow api.Activity. Tool I npl enentati on exte
/1 Public Methods

public String description();

public String id();

Inheritance Path. Section A.2.10, “Interface Activity.Toollmplementation” [166]

A.2.10.2. description()

public String description();

Parameters

return value of description.

Return the implementation description.

A.2.10.3.id()
public String id();

Parameters

return value of id.

Return the tool id. The id can be mapped to a tool definition by ProcessDefini -
tion.applicationByld .

A.2.11. Class ActivityUnigueKey

This class implements a unique activity key. The OMG interface defines the key returned by the
key() method as unique within the scope of the containing process only. The key of a processin
turn is unique only among the processes with a common process manager.
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This class therefore combines the activity key, the process key and the process manager name to a
unique activity key.

A.2.11.1. Synopsis

public class de.danet. an. workfl ow. api . Acti vityUni queKeyi npl enents, java.io..
/1 Public Constructors

public ActivityUni queKey(de. danet. an.wor kfl ow. ongcore. WActivity activity)
t hrows Renot eExcepti on;

public ActivityUni queKey(String nmanager Nane,
String processKey,
String activityKey);

// Public Methods

public String activityKey();

public bool ean equal s(bj ect other);
public int hashCode();

public String manager Name();

public String processKey();

public String toString();

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify ,notifyAll ,toString,wait

Inheritance Path. java.lang.Object-> Section A.2.11, “Class ActivityUniqueKey” [166]

A.2.11.2. ActivityUniqgueKey(String, String, String)

public ActivityUni queKey(String manager Nane,
String processKey,
String activityKey);

Parameters

manager Nane the process manager name.
pr ocessKey the process key.
activityKey the activity key.

Creates an instance of Act i vi t yUni queKey from the given partial keys.

A.2.11.3. ActivityUniqueKey(WTfActivity)
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public ActivityUni queKey(de. danet. an.wor kfl ow. ongcore. WActivity activity)
t hrows Renot eExcepti on;

Parameters

activity theW Activity.
Exceptions

Renot eExcepti on if asystem-level error occurs.

Createsan instance of Act i vi t yUni queKey for the given activity.

A.2.11.4. activityKey()

public String activityKey();

Parameters

return the activity key.

Return the activity key.

A.2.11.5. equals(Object)

public bool ean equal s(bj ect other);

Parameters
ot her aActi vit yUni queKey value
return t r ue if objectsare equal.

Two Act i vi t yUni queKey sareequal, if al attributes are equal .

A.2.11.6. hashCode()

public int hashCode();

Parameters

return the hash code.

Calculate a hash codefor aAct i vi t yUni queKey object.
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A.2.11.7. managerName()

public String nmanager Nane();

Parameters

return the process manager name.

Return the process manager name.

A.2.11.8. processKey()

public String processKey();

Parameters

return the process key.

Return the process key.

A.2.11.9. toString()

public String toString();

Parameters

return astring representation.

Generate a string representation for debugging purposes.

A.2.12. Exception AlreadyAssignedException

This class provides ...

A.2.12.1. Synopsis

public class de.danet. an. workfl ow. api . Al readyAssi gnedExcepti on extends, jav.
i npl enents, java.io.Serializable {
/1 Public Constructors

public Al readyAssi gnedException();
public Al readyAssi gnedException(String nessage);
Methodsinherited from java.lang.Throwable: fil | | nSt ackTr ace , get Cause , get Loc-

al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt St ackTrace ,
set StackTrace ,toString
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Methods inherited from java.lang.Object : cl one , equal s , finalize , getC ass ,
hashCode ,notify,noti fyAll ,wait

Inheritance Path. java.lang.Object-> javalang.Throwable-> java.lang.Exception-> Section A.2.12,
“Exception AlreadyAssignedException” [169]

A.2.12.2. AlreadyAssignedException()

public Al readyAssi gnedException();

Creates an instance of Al r eadyAssi gnedExcepti on with all attributes initialized to default
values.

A.2.12.3. AlreadyAssignedException(String)

public Al readyAssi gnedException(String nessage);

Parameters

nessage the message

Creates an instance of Al r eadyAssi gnedExcept i on with the given message.

A.2.13. Interface Application

This interface defines methods to access the definition of an application that participates in a work-
flow process.

A.2.13.1. Synopsis

public interface de.danet.an.workfl ow api.Application {
/1 Public Methods

public String description();

public String id();

Inheritance Path. Section A.2.13, “Interface Application” [170]

A.2.13.2. description()

public String description();

Parameters

return The description as specified in the process definition.

Returns the description of the application.

A.2.13.3.id()
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public String id();

Parameters

return Theid as specified in the process definition.

Returnsthe id of the Application.

A.2.14. Interface Batch

This interface must be implemented by classes that can be run as batch.

A.2.14.1. Synopsis

public interface de. danet.an.workfl ow. api.Batch {
/1 Public Methods

public Object execute(Batch. Context ctx)
t hrows | nvocationTarget Excepti on;

Inheritance Path. Section A.2.14, “Interface Batch” [171]

A.2.14.2. execute(Batch.Context)

public Object execute(Batch. Context ctx)
throws | nvocationTar get Excepti on;

Parameters

ctx the execution context

return the result as defined by the implementing class
Exceptions

I nvocat i onTar get Excep- wraps exceptions as defined by the implementing class
tion

Execute the batch.

A.2.15. Interface Batch.Context

This interface specifies a simple contract between a batch and its execution environment.

A.2.15.1. Synopsis

public static interface de.danet.an. workfl ow. api . Bat ch. Cont ext {
/1 Public Methods

publ i ¢ bool ean isRol | backOnly();
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Inheritance Path. Section A.2.15, “Interface Batch.Context” [171]

A.2.15.2. isRollbackOnly()

publ i c bool ean isRol | backOnly();

Parameters

return t r ue if the current transaction will be rolled back.

Indicates if the transaction the batch is running in will eventually be rolled back. Continuing the ex-
ecution of abatch if thismethod returnst r ue is pointless.

A.2.16. Exception CannotRemoveException
This exception israised by an attempt to removeaW Pr ocess that is till in progress.

A.2.16.1. Synopsis

public class de. danet. an. wor kfl ow. api . Cannot RenoveExcepti on extends, java.lang. Ex
i npl enents, java.io.Serializable {
/1 Public Constructors

publ i ¢ Cannot RenoveException(String nsg);

Methodsinherited from java.lang.Throwable: fil | | nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt St ackTrace ,
set St ackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify ,notifyAll ,wait

Inheritance Path. java.lang.Object-> javalang.Throwable-> java.lang.Exception-> Section A.2.16,
“Exception CannotRemoveException” [172]

A.2.16.2. CannotRemoveException(String)

publ i c Cannot RenbveException(String nsg);

Parameters

nsg an informational message describing the problem

Creates anew Cannot RenoveExcept i on with the given message.

A.2.17. Interface Channel

This interface defines a named connection with a process that can be used to receive messages from
activities and send messages to activities.
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Note that messages sent from the workflow engine to clients on a channel may be lost when no cli-
ent has opened the channel.

A.2.17.1. Synopsis

public interface de. danet.an.workfl ow. api . Channel extends, de.danet.an.work
/1 Public Methods

public String name()
t hrows Renot eExcepti on;

public Process process()
throws | nval i dkeyException, RenoteException;

public java.util.Mp recei veMessage()
t hr ows Renot eExcepti on;

public java.util.Map recei veMessage(l ong ti nmeout)
t hrows Renot eExcepti on;

public void sendMessage(java.util.Map nsg)
t hrows | nval i dkeyException, |nvali dDataExcepti on, RenoteException;

Inheritance Path. Section A.2.17, “Interface Channel” [172]

A.2.17.2. name()

public String name()
t hr ows Renot eExcepti on;

Parameters

return the name

Exceptions

Renot eExcepti on if asystem-level error occurs

Return the channel name.

A.2.17.3. process()

public Process process()
t hrows | nvali dkeyException, RenoteException;

Parameters

return the process
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Exceptions
I nval i dKeyExcepti on if the process no longer exists
Renot eExcepti on if asystem-level error occurs

Return the process this channel belongs to.

A.2.17.4. receiveMessage()

public java.util.Mup recei veMessage()
t hr ows Renot eExcepti on;

Parameters

return the message or nul | if the process has been closed or re-
moved

Exceptions

Renot eExcepti on if asystem-level error occurs

Wait for the next message from the process on this channel. The message consists of all | Nor | N-
OUT parameters of the sender tool, stored in the Map object by formal parameter name.

A.2.17.5. receiveMessage(long)

public java.util.Mp recei veMessage(l ong tineout)
t hrows Renot eExcepti on;

Parameters

ti meout the timeout value in milliseconds. A timeout of zero never ex-
pires.

return the message or nul | if the process has been closed or re-
moved or the timeout expires

Exceptions

Renot eExcepti on if asystem-level error occurs

Wait for the next message from the process on this channel within the specified timeout interval.
The message consists of all | Nor | NOUT parameters of the sender tool, stored in the Map object by
formal parameter name.

A.2.17.6. sendMessage(Map)
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public void sendMessage(java. util.Map nsQ)
throws | nvali dKeyException, |nvali dDataExcepti on, RenoteException;

Parameters

nsg the message

Exceptions

I nval i dKeyExcepti on if the process no longer exists

I nval i dDat aExcepti on if the message contains invalid data, i.e. entries that do not
match the name of aformal parameter

Renot eExcepti on if asystem-level error occurs

Send a message on this channel to the process. The message will be received by an active or sub-
sequently activated receiver toal listening on this channel. If two or more receiver tools listen on the
same channel concurrently, the message delivery (only to one or to every receiver) is undefined.

The message sent is mapped to the formal QUT parameters of the receiver tool by matching the para-
meter names with the data entry names in the message.

A.2.18. Interface Configuration

Interface Conf i gur at i on . Gives access to the configuration-methods.

A.2.18.1. Synopsis

public interface de.danet.an.workfl ow api. Configuration extends, java.io. Sel
/1 Public Methods

public String workfl owEngi nel nst anceKey()
t hrows Renot eExcepti on;

Inheritance Path. Section A.2.18, “Interface Configuration” [175]

A.2.18.2. workflowEnginelnstanceKey()

public String workfl owEngi nel nst anceKey()
t hrows Renot eExcepti on;

Parameters

return the unique instance key

Every workflow engine has a globally unique key. This key may be used in environments with sev-
era workflow engines to uniquely identify an instance. Note that this key should be bound to the
data (state) of an engine, not to a deployment address. If an engine is moved to a different machine,
but continues using the same data (i.e. all running processes remain the same etc.) then it should still
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provide the same instance key.

A.2.19. Class DefaultProcessData

This class extends HashMap in order to provide a default implementation of Pr ocessDat a .

A.2.19.1. Synopsis

public class de.danet.an. workfl ow. api . Def aul t ProcessDat a extends, java.util.HashM
i mpl ement' s, de. danet. an. wor kf | ow. ongcor e. ProcessData, java.io. Serializable {
/1 Public Constructors

public DefaultProcessData();

public DefaultProcessData(java.util.Mp procData);
/1 Public Methods

public String toString();

Methods inherited from java.util.HashMap : cl ear , cl one , cont ai nsKey , cont ai ns-
Val ue ,entrySet ,get ,i sEnpty,keySet ,put ,putAll ,renove,size,val ues

Methodsinherited from java.util. AbstractMap : equal s , hashCode ,t oSt ri ng

Methods inherited from java.lang.Object : fi nal i ze ,get G ass ,notify ,noti fyA I ,
wai t

Inheritance Path. java.lang.Object-> java.util AbstractM ap-> java.util.HashMap-> Section A.2.19,
“Class DefaultProcessData’ [176]

A.2.19.2. DefaultProcessData()

public Defaul t ProcessData();

Creates an empty Def aul t ProcessDat a .

A.2.19.3. DefaultProcessData(Map)

public DefaultProcessData(java.util.Myp procData);

Parameters

procDat a the process data that are to be placed in this Def aul t Pr o-
cessDat a .

CreatesaDef aul t Pr ocessDat a with the same mapping as the given map.

A.2.19.4. toString()

public String toString();

Parameters
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return string representation

Generate a string representation for debugging purposes.

A.2.20. Class DefaultRequester

This class provides an implementation of a W Request er . It class may be used directly if the
events that are usually delivered to arequester are of no interest.

If events are to be processed, Def aul t Request er must be subclassed with r ecei veEvent
overridden with the event handling code.

As an dternative to subclassing, a handler may be passed to the const r uct or . Events will then
be forwarded to the handler. This is convenient in situation where the implementation of
W Audi t Handl er aready exists and a subclass would only do the forwarding. Note that the ref-
erenceto the handlerist r ansi ent .

A.2.20.1. Synopsis

public class de.danet. an. wor kfl ow. api . Def aul t Request eri npl enents, de. danet. .
/1 Public Constructors

publ i c Def aul t Request er (Wor kf | owServi ce w s)
t hrows Renot eExcepti on;

publ i c Def aul t Request er (Wor kf | owSer vi ce wf s,
de. danet . an. wor kf | ow. ongcor e. W Audi t Handl er hdlr)
t hrows Renot eExcepti on;
/1 Protected Constructors
prot ected Def aul t Request er (Wor kf | owServi ce wfs,
bool ean register)
t hr ows Renot eExcepti on;
/1 Public Methods

publ i c bool ean equal s(Cbj ect obj);
public int hashCode();

public bool ean i sMenmber O Per f or ner s(de. danet . an. wor kf | ow. ongcor e. W Process
t hrows Renot eExcepti on;

public java.util.Collection perforners()
t hrows Renot eExcepti on;

public void recei veEvent (de. danet. an. wor kf | ow. ongcore. W Audi t Event wf Audi t
throws | nvalidPerformerException, RenoteException;

public String toString();

Methods inherited from java.lang.Object : cl one , equals , finalize , getd ass ,
hashCode ,notify,notifyAll ,toString,wait

Inheritance Path. java.lang.Object-> Section A.2.20, “Class DefaultRequester” [177]
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A.2.20.2. DefaultRequester(WorkflowService)

publ i ¢ Def aul t Request er (Wor kf | owServi ce w s)
t hrows Renot eExcepti on;

Parameters

wf s the workflow service.

Exceptions

Renot eExcepti on if thrown duringr equest er regi stration .

Creates a Def aul t Request er for use with the given workflow service. The created regquester
will not receive events until registered with aWor kf | owSer vi ce .

A.2.20.3. DefaultRequester(WorkflowService, boolean)

prot ected Defaul t Request er (VWor kfl owServi ce wfs,
bool ean regi ster)
t hr ows Renot eExcepti on;

Parameters

wf s the workflow service.

register if t rue the requester will be registered at the workflow ser-
vice.

Exceptions

Renot eExcepti on if thrown duringr equester registration .

Creates a Def aul t Request er for use with the given workflow service. The created requester is
automatically registered at the given Wor kf | owSer vi ce .

A.2.20.4. DefaultRequester(WorkflowService, WfAuditHandler)

publ i ¢ Def aul t Request er (Wor kf | owServi ce w s,
de. danet . an. wor kf | ow. ongcor e. W Audi t Handl er hdl r)
t hrows Renot eExcepti on;

Parameters
wf s the workflow service.
hdl r the event handler.
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Exceptions

Renot eExcepti on if thrown duringr equest er regi stration .

Creates a Def aul t Request er for use with the given workflow service. The created requester
will forward received eventsto the given handler.

A.2.20.5. equals(Object)

publ i c bool ean equal s(Cbj ect obj);

Parameters
obj the other object.
return t r ue if the objects are equal.

Indicates whether some other object is"equal to" this one.

A.2.20.6. hashCode()

public int hashCode();

Parameters

return the hash code

Returns a hash code value for the object.

A.2.20.7. isMemberOfPerformers(WfProcess)

public bool ean i sMenber O Per f or ner s(de. danet . an. wor kf | ow. ongcor e. W Process
t hrows Renot eExcepti on;

Specified by: Method isMemberOfPerformersin interface WfRequester

Parameters

nmenber the processin question.

return true if the process is among the performers of this re-
quester.

Exceptions

Renot eExcepti on if asystem-level error occurs.
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Description copied from interface: <link
linkend="METHOD-DE.DANET.AN.WORKFLOW.OMGCORE.WFREQUESTER.ISMEMBEROFPE
RFORMERS-
DE.DANET.AN.WORKFLOW.OMGCORE.WFPROCESS-">isMemberOfPerformers</link>

Check if the given process is among the performers of this requester.

A.2.20.8. performers()

public java.util.Collection performers()
t hrows Renot eExcepti on;

Specified by: Method performersin interface WfRequester

Parameters

return A collection of associated performers.
Exceptions

Renot eExcepti on if asystem-level error occurs.

Description copied from interface: <link
linkend="METHOD-DE.DANET.AN.WORKFLOW.OMGCORE.WFREQUESTER.PERFORMERS--">
performers</link>

Return all performers associated with this requester.

A.2.20.9. toString()

public String toString();

Parameters

return the string representation.

Return a string representation for debugging purposes.

A.2.21. Interface EventSubscriber

An Event Subscri ber represents a connection to the workflow engine's event queue. From its
creation with Wor kf | owSer vi ce. cr eat eEvent Subscri ber until its destruction with
Wor kf | owSer vi ce. rel ease dl events from the workflow engine are delivered to the
Event Subscri ber . Event Subscri ber s should be released using Wor kf | owSer -
vi ce. rel ease when no longer needed as they may consume considerable resources.

A.2.21.1. Synopsis

public interface de.danet.an.workfl ow. api . Event Subscri ber extends, de.danet.an.wo
/1 Public Methods

public de. danet. an. wor kfl ow. ongcore. W Audi t Event receive()
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t hrows | OExcepti on;

public de. danet. an. wor kf | ow. ongcore. W Audi t Event receive(long tineout)
t hrows | OExcepti on;

publ i c de. danet. an. wor kf | ow. ongcore. W Audi t Event recei veNoWai t ()
t hrows | OExcepti on;

public void set Event Handl er (de. danet . an. wor kf | ow. ongcor e. W Audi t Handl er ha
t hrows | OExcepti on;

Inheritance Path. Section A.2.21, “Interface EventSubscriber” [180]

A.2.21.2. receive()

publ i c de. danet. an. wor kf | ow. ongcor e. W Audi t Event receive()
t hrows | OExcepti on;

Parameters

return the audit event
Exceptions

| OException if an error occurs

Receives the next audit event. This method blocks until the next event is received.

A.2.21.3. receive(long)

publ i c de. danet. an. wor kfl ow. ongcore. W Audi t Event receive(long tineout)
t hrows | OExcepti on;

Parameters

ti meout the timeout value (in milliseconds). If 0, the method blocks
until amessage is received.

return the audit event or nul | if the timeout expires

Exceptions

| OException if an error occurs

Receives the next audit event that arrives within the specified timeout interval.
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A.2.21.4. receiveNoWait()

publ i c de. danet. an. wor kf | ow. ongcore. W Audi t Event recei veNoWai t ()
t hrows | CExcepti on;

Parameters

return the audit event or nul | if no event is available
Exceptions

| OExcepti on if an error occurs

Receives the next audit event if oneisimmediately available.

A.2.21.5. setEventHandler(WfAuditHandler)

public void set Event Handl er (de. danet. an. wor kf | ow. ongcor e. W Audi t Handl er handl er)
t hrows | CExcepti on;

Parameters
handl er the event handler
Exceptions
| OExcepti on if an error occurs

Sets a handler for received events that is automatically invoked. If a handler has been set, ther e-
cei ve methods may not be called.

A.2.22. Interface ExecutionObject

Interface Execut i onCbj ect extendsthe OMG executi on obj ect with additional methods
that allow the type-safe st at e cl ass to be used to query and set state. The OMG API provides
string based methods only to enable vendors to define additional sub-states. The type-safe equival-
ent isto define new subclasses of the state classes.

A.2.22.1. Synopsis

public interface de.danet.an.workfl ow api . Executi onCbj ect extends, de.danet.an.wo
/1 Public Methods

public void changeSt at e(de. danet . an. wor kf | ow. ongcor e. W Execut i onCbj ect. State new
t hrows Renot eException, InvalidStateException, TransitionNotAl |l owedExcepti on;

publ i ¢ bool ean debugEnabl ed()
t hrows Renot eExcepti on;
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publ i c de. danet. an. wor kf | ow. ongcor e. W Executi onCbj ect. State typedState()
t hr ows Renot eExcepti on;

Inheritance Path. Section A.2.22, “Interface ExecutionObject” [182]

A.2.22.2. changeState(WfExecutionObject.State)

public void changeSt at e(de. danet . an. wor kf | ow. ongcor e. W Execut i onCbj ect. Sta
t hrows Renot eException, InvalidStateException, TransitionNotAl | owedExcep

Parameters

newsSt at e state to change to.

Exceptions

I nval i dSt at eExcepti on if newSt at e isaninvalid state for the execution object.
Transi ti onNot Al | owedEx- if the transition from the current state to newSt at e isnot al-
ception lowed.

Renot eExcepti on if asystem-level error occurs.

Type-safe equivalent to W Execut i onCOhj ect . changeSt at e()
A.2.22.3. debugEnabled()

publ i ¢ bool ean debugEnabl ed()
t hrows Renot eExcepti on;

Parameters

return t r ue if the execution object isin debugging mode
Exceptions

Renot eExcepti on if asystem-level error occurs

Checks if the execution object is in debugging mode.

A.2.22.4. typedState()

public de. danet. an.wor kf | ow. ongcore. W Executi onObj ect. State typedSt at e()
t hrows Renot eExcepti on;

Parameters
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return the state.
Exceptions
Renot eExcepti on if asystem-level error occurs.

Type-safe equivalent to W Execut i onQbj ect . st at e()

A.2.23. Interface ExternalReference

Thisinterface represents an Ext er nal Ref er ence as specified by XPDL.

A.2.23.1. Synopsis

public interface de. danet.an.workfl ow. api . Ext er nal Ref erence ext ends,
/1 Public Methods
public java.net.URl |ocation();

public String nanespace();

public String xref();

Snce 1.1

Inheritance Path. Section A.2.23, “Interface ExternalReference” [184]

A.2.23.2. location()

public java.net.URl |ocation();

Parameters

return location information

Returns the location information of the external document.

A.2.23.3. namespace()

public String nanespace();

Parameters

return namespace information
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Returns the scope in which the entity isdefined or nul | if no such information is supplied.

A.2.23.4. xref()

public String xref();

Parameters

return identity of entity

Returns the identity of the entity within the external document or nul | if no such information is
supplied.

A.2.24. Error FactoryConfigurationError
This exception isthrown by the newl nst ance method of Wr kf | owSer vi ceFactory .

A.2.24.1. Synopsis

public class de.danet. an. wor kfl ow. api . Fact oryConfi gurati onError extends,

// Public Constructors

public FactoryConfigurationError();
public FactoryConfigurationError(String nsg);

publ i c FactoryConfigurationError(String nsg,
Thr owabl e cause);

Methodsinherited from java.lang.Throwable: fil | I nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt St ackTrace ,
set St ackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify,notifyAll ,wait

Inheritance Path. javalang.Object-> javalang.Throwable-> javalang.Error-> Section A.2.24,
“Error FactoryConfigurationError” [185]

A.2.24.2. FactoryConfigurationError()

public FactoryConfigurationError();

Creates a new exception.

A.2.24.3. FactoryConfigurationError(String)

public FactoryConfigurationError(String msg);

Parameters

185



Class FormalParameter

nsg the detail message.

Creates a new exception with the given message.

A.2.24.4. FactoryConfigurationError(String, Throwable)

public FactoryConfigurationError(String nsg,
Thr owabl e cause);

Parameters
neg the detail message.
cause the cause.

Creates a new exception with the given message and cause.

A.2.25. Class FormalParameter

This class provides a description of a formal parameter as used for workflow processes and work-
flow applications.

A.2.25.1. Synopsis

public class de. danet. an. workfl ow. api . For mal Paranet eri npl ements, java.io.Serializ
/1 Public Constructors

public Fornmal Parameter (String new d,
String new ndex,
For mal Par anet er . Mode newhlode,
hj ect newType);

/1 Public Methods

publ i c bool ean equal s( Cbj ect obj);
public int hashCode();

public String id();

public String index();

publ i ¢ For mal Par anet er . Mode node();
public String toString();

public Object type();

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify ,notifyAll ,toString,wait
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Inheritance Path. java.lang.Object-> Section A.2.25, “Class Formal Parameter” [186]

A.2.25.2. FormalParameter(String, String, FormalParameter.Mode,
Object)

public Fornal Parameter (String new d,
String new ndex,
For mal Par anet er . Mode newhode,
hj ect newType);

Parameters

new d identifier of the formal parameter in String

newl ndex index of the formal parameter in String. In the Ll.iteration if
the new Index is not null, awarning will be generated.

newhMode mode of thisformal parameter

newlype type of thisformal parameter

Creates anew For mal Par anet er .

A.2.25.3. equals(Object)

publ i c bool ean equal s(Cbj ect obj);

Parameters
obj the object to compare with.
return t r ue if the objects are equal .

Compare two formal parameter objects.

A.2.25.4. hashCode()
public int hashCode();

Parameters

return the hash code.

Evaluate hash code.

A.2.255.id()
public String id();

Parameters
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return a String representing the id value

Return the id of the formal parameter.

A.2.25.6. index()

public String index();

Parameters

return a String representing the index value

Return the index of the formal parameter.

A.2.25.7. mode()

publ i c Fornal Paranet er. Mode node();

Parameters

return the For mal Par anet er . Mode of the formal parameter.

Return the mode of the formal parameter.

A.2.25.8. toString()

public String toString();

Parameters

return the result.

Create string representation for debugging purposes.

A.2.25.9. type()
public Object type();

Parameters

return the type of the formal parameter.

Return the type of the formal parameter. Types are represented as defined for Process-
Myr . cont ext Si gnature .

A.2.26. Class FormalParameter.Mode
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Defines a class for representing prioritiesin atype save way.

A.2.26.1. Synopsis

public static final class de.danet.an.workfl ow api . Formal Par anet er. Modei npl |
/1 Public Static Fields

public static final Fornal Paraneter. Mode IN ;
public static final Fornal Paraneter. Mode | NOUT ;

public static final Fornal Paraneter. Mode OUT ;
/] Public Static Methods

public static Formal Paraneter. Mde fronBtring(String text)
throws |11 egal Argunent Excepti on;

/1 Public Methods
public final String toString();

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify ,notifyAll ,toString,wait

Inheritance Path. java.lang.Object-> Section A.2.26, “ Class Formal Parameter.Mode” [188]

A.2.26.2. IN

public static final Fornal Paraneter. Mode IN ;

Mode as Input Parameter.

A.2.26.3. INOUT

public static final Fornal Parameter. Mode | NOUT ;

Mode as input and output parameter.

A.2.26.4. OUT

public static final Fornal Paraneter. Mode OUT ;

Mode as Output Parameter.

A.2.26.5. fromString(String)

public static Formal Paraneter. Mde fronBtring(String text)
throws |11 egal Argunent Excepti on;

Parameters

t ext mode name to search
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return mode object

Exceptions

Il egal Argunent Exception iftext isnotavalid modename.

Get aMode by name.

A.2.26.6. toString()

public final String toString();

Parameters

return mode as text

Returns the mode as text.

A.2.27. Interface GroupResource

This interface extends the interface W Resour ce for resources that are groups. The distinction of
resource types is without relevance to the workflow engine, but may be used to e.g. display resource
types differently in the user interface. Resource management services are not required to make use
of thisinterface, they may deliver al resources as plain W Resour ce s. Application must therefore
be prepared to handle resources that only implement the base interface W Resour ce .

A.2.27.1. Synopsis

public interface de. danet.an.workfl ow. api . G oupResour ce extends, de.danet.an.work

See Also Section A 2.50, “Interface UserResource”
[ 240] , Section A 2.47, “Interface
Rol eResource” [236]

Inheritance Path. Section A.2.27, “Interface GroupResource” [190]

A.2.28. Exception ImportException

This exception is thrown by thei nport ProcessDef i ni ti ons method of ProcessDef i n-
i tionDirectory and resultsfrom collected errors.

A.2.28.1. Synopsis

public class de.danet. an.workfl ow api .| nport Excepti on extends, java.lang. Exceptio
i mpl ements, java.io.Serializable {
/1 Public Constructors

public I nportException(String msg,
java.util.List prioritizedMessages);
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/1 Public Methods

public java.util.List messages();

Methods inherited from java.lang.Throwable: fill I nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt St ackTrace ,
set St ackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify ,notifyAll ,wait

Inheritance Path. java.lang.Object-> javalang. Throwable-> javalang.Exception-> Section A.2.28,
“Exception ImportException” [190]

A.2.28.2. ImportException(String, List)

public I nportException(String msg,
java.util.List prioritizedMessages);

Parameters
nsg the main message of the exception.
prioritizedMessages the given prioritized messages.

Construct al nmpor t Except i on from a collecting error handler. The warnings, errors, fatal error
of the Exception are taken from the error handler.

A.2.28.3. messages|()

public java.util.List messages();

Parameters

return list with error messages (may be empty).

Return all messages, i.e. warnings, errors and fatal errors. The value returned isalistof Priori t -
i zedMessage .

A.2.29. Exception InvalidldException

Thisexceptionisraised if aninvalid id is passed to alookup method.
A.2.29.1. Synopsis

public class de.danet.an.workfl ow api.lnvalidl dExcepti on extends, java.lang
i mpl ements, java.io.Serializable {
/] Public Constructors

public Invalidl dException(String nmsg);
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Methods inherited from java.lang.Throwable: fil |l I nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt StackTrace ,
set StackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify,noti fyAll ,wait

Inheritance Path. java.lang.Object-> java.lang.Throwable-> java.lang.Exception-> Section A.2.29,
“Exception InvalidldException” [191]

A.2.29.2. InvalidldException(String)

public InvalidldException(String msg);

Parameters

msg the message
Constructs a new exception with the given message. The message should at least include the invalid
id.

A.2.30. Exception InvalidKeyException

Thisexception israised if aninvalid key is passed to alookup method.
A.2.30.1. Synopsis

public class de.danet.an.workfl ow. api .| nval i dkeyExcepti on extends, java.l ang. Exce
i mpl enents, java.io.Serializable {
/1 Public Constructors

public InvalidKeyException(String nsg);

Methodsinherited from java.lang.Throwable: fi |l | | nSt ackTrace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt StackTrace ,
set StackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify ,noti fyA |l ,wait

Inheritance Path. java.lang.Object-> java.lang.Throwable-> java.lang.Exception-> Section A.2.30,
“Exception InvalidkeyException” [192]

A.2.30.2. InvalidKeyException(String)

public InvalidKeyException(String nsg);

Parameters

nsg the message

Constructs a new exception with the given message. The message should at least include the invalid

192



Class MethodInvocationBatch

key.
A.2.31. Class MethodInvocationBatch

Thisclass providesaBat ch implementation that executes several invocations of remote objects on
the server in a single transaction and returns the results. This class can be thought of as a "generic
DTO".

A.2.31.1. Synopsis

public class de.danet. an. workfl ow. api . Met hodl nvocat i onBat chi npl emrents, de. d.
/1 Public Constructors

publ i c Met hodl nvocati onBatch();

publ i c Met hodl nvocati onBat ch(bool ean st opOnExcepti on);
/1 Public Methods

public void addlnvocation(int result,
String nethod,
String[] argTypes,
oj ect[] args,
bool ean di scard);

public void addl nvocati on(Obj ect obj,
String nethod,
String[] argTypes,
oj ect[] args);

public Object execute(Batch. Context ctx);

public String toString();

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify,notifyAll ,toString,wait

Inheritance Path. java.lang.Object-> Section A.2.31, “Class MethodInvocationBatch” [193]

A.2.31.2. MethodInvocationBatch()

publ i c Met hodl nvocati onBatch();

Create a new empty method invocation batch. Equivalent to Met hodl nvocati on-
Bat ch(fal se) .

A.2.31.3. MethodInvocationBatch(boolean)

publ i c Met hodl nvocati onBat ch(bool ean st opOnExcepti on);

Parameters

st opOnExcepti on if t r ue execution is interrupted on the first encountered ex-
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ception

Create a new empty method invocation batch. The flag passed as parameter controls if an exception
stops the batch execution.

A.2.31.4. addInvocation(int, String, String[], Object[], boolean)

public void addl nvocation(int result,
String nethod,
String[] argTypes,
oj ect[] args,
bool ean di scard);

Parameters

result relative index of the result to be used for method invovation,
i.e. - 1 isthe previous result.

nmet hod the method name.

argTypes the argument types as strings suitable for Cl assLoad-
er. | oadC ass . May benul | which isinterpreted as "no
parameters’.

ar gs the actual arguments. May be nul | which is interpreted as
"Nno parameters’.

di scard if t r ue the referenced result will be removed from the result
list.

Adds a method invocation on a previous result to the batch.

A.2.31.5. addInvocation(Object, String, String[], Object[])

public void addl nvocati on(Obj ect obj,
String nethod,
String[] argTypes,
hject[] args);

Parameters

obj the objects whose method is to be invoked.

net hod the method name.

argTypes the argument types as strings suitable for Cl assLoad-
er .|l oadd ass . May benul | which isinterpreted as "no
parameters".

args the actual arguments. May be nul | which is interpreted as
"no parameters’.

Adds a method invocation to the batch.

A.2.31.6. execute(Batch.Context)
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public Object execute(Batch. Context ctx);

Specified by: Method execute in interface Batch

Parameters
ctx the execution context.
return the execution result, which is of type Resul t

Executes the registered method invocations one by one in asingle transaction. Note that execution is
terminated if an invoked method sets rollback only.

A.2.32. Class MethodInvocationBatch.Result

The result of an execution of this kind of batch.

A.2.32.1. Synopsis

public class de.danet. an. workfl ow. api . Met hodl nvocati onBat ch. Resul ti npl enent
/1 Public Constructors

publ i c Methodl nvocati onBatch. Result (Object[] theResults,
bool ean excepti onsCccured);

/1 Public Methods
public Exception firstException()
throws 111 egal Stat eExcepti on;
publ i c bool ean hasExceptions();
public Object result(int i);
public java.util.Date resultAsDate(int i);
public int resultAsint(int i);
public String resultAsString(int i);

public Object[] results();

public String toString();

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify ,notifyAll ,toString,wait

Inheritance Path. java.lang.Object-> Section A.2.32, “ Class Methodl nvocationBatch.Result” [195]

A.2.32.2. MethodInvocationBatch.Result(Object[], boolean)
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publ i c Methodl nvocati onBatch. Result (Object[] theResults,
bool ean excepti onsCccured);

Parameters
theResul ts the results attribute.
exceptionsCccured the exceptions attribute.

Construct anew Resul t objects with the given attributes.

A.2.32.3. firstException()

public Exception firstException()

throws 111 egal StateException;
Parameters
return the first exception.
Exceptions
II'l egal St at eExcepti on if the result includes no exceptions.

Return the first exception in the result list.

A.2.32.4. hasExceptions()

publ i c bool ean hasExceptions();

Parameters

return t r ue if execeptions have occured.

Returnt r ue if any exceptions have occured during batch execution.

A.2.32.5. result(int)
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Returns the result with the given index.

A.2.32.6. resultAsDate(int)

public java.util.Date resultAsDate(int i);

Parameters

[ the index into the result array.

return result asDat e .

Returns the result with the given index as Dat e .

A.2.32.7. resultAsiInt(int)

public int resultAsint(int i);

Parameters

[ the index into the result array.

return result asi nt .

Returns the result with the given index asi nt .

A.2.32.8. resultAsString(int)

public String resultAsString(int i);

Parameters

[ the index into the result array.

return resultasString .

Returns the result with the given index as St ri ng .

A.2.32.9. results()
public Object[] results();

Parameters

return the results.

The results as an array of objects. Each entry in the array corresponds to a method call and is either
aresult (with java primitive types wrapped in corresponding objects) or an exception thrown by the
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invoked method.

A.2.33. Exception NoSuchResourceException

This exception isthrown if a resource has becomeinvalid.

A.2.33.1. Synopsis

public class de. danet. an. workfl ow. api . NoSuchResour ceExcepti on extends, java.lang.
i mpl ements, java.io.Serializable {
/1 Public Constructors

publ i c NoSuchResour ceException(String msg);

Methods inherited from java.lang.Throwable: fil |l I nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt StackTrace ,
set StackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getC ass ,
hashCode ,notify,noti fyAll ,wait

Inheritance Path. java.lang.Object-> java.lang.Throwable-> java.lang.Exception-> Section A.2.33,
“Exception NoSuchResourceException” [198]

A.2.33.2. NoSuchResourceException(String)

publ i c NoSuchResour ceException(String msg);

Parameters

neg the detail message.

Create a new exception with the given detail message.

A.2.34. Interface Participant
Thisinterface identifies the data type "workflow participant" inaPr ocessDat al nf o object.

A.2.34.1. Synopsis
public interface de.danet.an.workfl ow api.Participant {
/1 Public Methods
public String getld();
public String get Name();

public Participant.Partici pant Type getParti ci pant Type();

public Object getResourceSel ection();
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Inheritance Path. Section A.2.34, “Interface Participant” [198]

A.2.34.2. getld()
public String getld();

Parameters

return a String representing the id value

Get theid of the participant.

A.2.34.3. getName()

public String getName();

Parameters

return a String representing the name value

Get the name of the participant.

A.2.34.4. getParticipantType()

public Participant.Participant Type getPartici pant Type();

Parameters

return a ParticipantType object representing the participant type
value

Get the type of the participant.

A.2.34.5. getResourceSelection()

public Object getResourceSel ection();

Parameters

return an Object representing the resource selection value

Get the additional resource selection information passed to the constructor.

A.2.35. Class Participant.ParticipantType

This class defines the participant type for a participant.
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A.2.35.1. Synopsis

public static final c
/1 Public Static Fields
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public static final

public static final

public static final

public static final

public static final

public static final

| ass de. danet. an. wor kfl ow. api . Parti ci pant. Parti ci pant Typei np

Partici pant. Parti ci pant Type HUVAN ;

Partici pant. Partici pant Type ORGANI ZATI ONAL_UNI T ;

Partici pant. Parti ci pant Type RESOURCE ;

Partici pant. Parti ci pant Type RESOURCE SET ;

Partici pant. Partici pant Type ROLE ;

Partici pant. Partici pant Type SYSTEM ;

/1 Public Static Methods

public static Participant.ParticipantType fronString(String text)
throws |11 egal Argunment Excepti on;

/1 Public Methods

public final

public final

public final

public final

public final

public final

public final

bool ean

bool ean

bool ean

bool ean

bool ean

bool ean

i sHuman() ;

i sOrgani zationUnit();

i sResource();

i sResourceSet ();

i sRol e();

i sSystem();

String toString();

Methods inherited from java.lang.Object : cl one , equal s , finalize , getC ass ,
hashCode ,notify ,notifyAll ,toString,wait

Inheritance Path. java.lang.Object-> Section A.2.35, “Class Participant.ParticipantType” [199]

A.2.35.2. HUMAN

public static final

HUMAN ParticipantType.

A.2.35.3. ORGANIZATIONAL_UNIT

Partici pant. Partici pant Type HUVAN ;
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public static final Participant.Participant Type ORGANI ZATIONAL_UNI T ;

ORGANIZATIONAL_UNIT ParticipantType.

A.2.35.4. RESOURCE

public static final Participant.Participant Type RESOURCE ;

RESOURCE ParticipantType.

A.2.35.5. RESOURCE_SET

public static final Participant.Partici pant Type RESOURCE SET ;

RESOURCE_SET ParticipantType.

A.2.35.6. ROLE

public static final Participant.Participant Type ROLE ;

ROLE ParticipantType.

A.2.35.7. SYSTEM

public static final Participant.Participant Type SYSTEM ;

SY STEM ParticipantType.

A.2.35.8. fromString(String)

public static Participant.ParticipantType fronString(String text)

throws 111 egal Argunent Excepti on;
Parameters
t ext participant type nameto search
return participant type object
Exceptions

Il egal Argunent Exception iftext isnotavalid participant type name.

Get a participant type by name.

A.2.35.9. isHuman()

public final bool ean isHuman();

Parameters
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return tr ue if thetypeis"HUMAN".

Checksif thetypeis"HUMAN".

A.2.35.10. isOrganizationUnit()

public final bool ean isOrganizationUnit();

Parameters

return tr ue if thetypeis"ORGANIZATIONAL_UNIT".

Checksif the type is"ORGANIZATIONAL_UNIT".

A.2.35.11. isResource()

public final bool ean i sResource();

Parameters

return t r ue if thetypeis"RESOURCE".

Checksif thetypeis"RESOURCE".

A.2.35.12. isResourceSet()

public final bool ean i sResourceSet();

Parameters

return t r ue if thetypeis"RESOURCE_SET".

Checksif the typeis"RESOURCE_SET".

A.2.35.13. isRole()

public final bool ean isRole();

Parameters

return true if thetypeis"ROLE".

Checksif thetypeis"ROLE".

A.2.35.14. isSystem()
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public final bool ean isSysten();

Parameters

return true if thetypeis"SYSTEM".

Checksif thetypeis"SY STEM".

A.2.35.15. toString()

public final String toString();

Parameters

return type as text

Returns the type as text.

A.2.36. Class PrioritizedMessage

This class presents a prioritized message that will be internationalized using the specified resource
bundle and the referenced entry. For details see the description of its class contructor.

A.2.36.1. Synopsis

public class de.danet.an.workfl ow api.PrioritizedMessagei npl ements, java.io
/1 Public Constructors

public PrioritizedMessage(PrioritizedMessage.Priority priority,
String nessage);

public PrioritizedMessage(PrioritizedMessage.Priority priority,
String nessage,
hj ect[] data);

/1 Public Methods

public String nessage();

public String nmessage(java.util.Locale |ocale);
public PrioritizedMessage.Priority priority();
public String toString();

public String unmappedMessage();

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify ,notifyAll ,toString,wait
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Inheritance Path. java.lang.Object-> Section A.2.36, “Class PrioritizedMessage” [203]

A.2.36.2. PrioritizedMessage(PrioritizedMessage.Priority, String)

public PrioritizedMessage(PrioritizedMessage.Priority priority,
String nessage);

Parameters

priority the priority of the given message.
nessage amessage or aresource and key reference.
See Also message() [204]

Constructs a  prioritized message. If the message has the format
a.resource. bundl e. base. nane#key " it is interpreted as the base name of a
<code>ReosurceBundle</code> and the key of an entry in this resource bundle.

A.2.36.3. PrioritizedMessage(PrioritizedMessage.Priority, String,
Object[])
public PrioritizedMessage(PrioritizedMessage.Priority priority,

String nessage,
Obj ect[] data);

Parameters

priority the priority of the given message.

nessage amessage or aresource and key reference.

dat a additional data used when formatting the message.
See Also message() [204]

Constructs a  prioritized message. If the message has the format
a.resource. bundl e. base. nane#key " it is interpreted as the base name of a
<code>ReosurceBundle</code> and the key of an entry in this resource bundle.

If the parameter dat a is not nul | , the message (or the string looked up in the resource bundi€)
will be fomatted using <code>M essageFFormat.format</code>.

A.2.36.4. message()

public String message();

Parameters
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return the message.

See Also message(j ava. util.Locale) [205]

Returns the message. If the message has the format " a. r esour ce. bundl e. base. nane#key
", it will be internationalized using the specified resource bundle and the referenced entry with the
default <code>L ocale</code>.

A.2.36.5. message(Locale)

public String nessage(java.util.Locale |ocale);

Parameters
| ocal e the Local e to be used for resource bundle lookup.
return the message.

Returns the message. If the message has the format " a. r esour ce. bundl e. base. nane#key
", it will be internationalized using the specified resource bundle and the referenced entry using the
given <code>L ocale</code>.

A.2.36.6. priority()

public PrioritizedMessage.Priority priority();

Parameters

return the priority of the message.

Returns the priority of the message.
A.2.36.7. toString()

public String toString();

Parameters

return astring representation.

Returns a string representation of the message.

A.2.36.8. unmappedMessage()

public String unmappedMessage();

Parameters
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return the message.

Returns the message that it is not internationalized.

A.2.37. Class PrioritizedMessage.Priority

This class represents the priority of a given message. It was taken over from
org.apache.log4j.Priority to avoid the dependence of the log4j library.

A.2.37.1. Synopsis

public static class de.danet.an.workfl ow api.PrioritizedMessage. Priorityinplenment.
/1 Public Static Fields

public static final PrioritizedMessage.Priority DEBUG ;
public static final PrioritizedMessage.Priority ERROR ;
public static final PrioritizedMessage.Priority FATAL ;
public static final PrioritizedMessage.Priority |NFO ;

public static final PrioritizedMessage.Priority WARN ;
/1 Protected Constructors

protected PrioritizedMessage. Priority(int |evel,
String level Str);

/1 Public Methods
public int conpareTo(Object other);

public String toString();

Methods inherited from java.lang.Object : cl one , equal s , finalize , getC ass ,
hashCode ,notify ,notifyAll ,toString,wait

Inheritance Path. java.lang.Object-> Section A.2.37, “Class PrioritizedM essage.Priority” [206]

A.2.37.2. PrioritizedMessage.Priority(int, String)

protected PrioritizedMessage. Priority(int |evel,
String level Str);

Parameters
| evel the level of the priority.
l evel Str the string representation of the priority.

Constructor of the priority of a message.
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A.2.37.3. DEBUG

public static final PrioritizedMessage.Priority DEBUG ;

The DEBUG priority designates fine-grained informational events that are most useful to debug an
application.

A.2.37.4. ERROR

public static final PrioritizedMessage.Priority ERROR ;

The ERROR |level designates error events that might still allow the application to continue running.

A.2.37.5. FATAL

public static final PrioritizedMessage.Priority FATAL ;

The FATAL level designates very severe error events that will presumably lead the application to
abort.

A.2.37.6. INFO

public static final PrioritizedMessage.Priority |NFO ;

The | NFO level designates informational messages that highlight the progress of the application at
coarse-grained level.

A.2.37.7. WARN

public static final PrioritizedMessage.Priority WARN ;

The WARN level designates potentially harmful situations.

A.2.37.8. compareTo(Object)

public int conpareTo(Object other);

Specified by: Method conpar eTo in interface Conpar abl e

Parameters
ot her priority to compare with.
return a negative integer, zero, or a positive integer as this priority is

less than, equal to, or greater than the given priority.

Implements Conpar abl e .

A.2.37.9. toString()

public String toString();
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Parameters

return this priority in string.

Returns the string representation of this priority.

A.2.38. Interface Process

Interface Pr ocess adds some functionsto the OMG pr ocess .

A.2.38.1. Synopsis

public interface de.danet.an.workfl ow api . Process extends, de.danet.an.workfl ow a
/1 Public Methods

public Activity activityByKey(String key)
t hrows Renot eException, |nvali dKeyExcepti on;

public java.util.Date createTi me()
t hrows Renot eExcepti on;

public ProcessDefinition processDefinition()
t hrows Renot eExcepti on;

public void set DebugEnabl ed(bool ean debug)
t hrows Renot eException, InvalidStateException;

public java.util.List transitions()
t hrows Renot eExcepti on;

Inheritance Path. Section A.2.38, “Interface Process’ [208]

A.2.38.2. activityByKey(String)

public Activity activityByKey(String key)
t hrows Renot eException, Invali dKeyExcepti on;

Parameters

key thekey of the activity

return the activity associated with the key
Exceptions

I nval i dKeyExcepti on if no activity with the given key exists
Renot eExcepti on if asystem-level error occurs.
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Returns the Acti vity with the given key. The OMG interface only defines a met hod f or
listing all the activities associated with the process. While, of course, one could se-
lect the activity with a certain key from that list, this would be rather insufficient.

A.2.38.3. createTime()

public java.util.Date createTi me()
t hrows Renot eExcepti on;

Parameters

return the creation time.
Exceptions

Renot eExcepti on if asystem-level error occurs.

Returns the creation time of the process.

A.2.38.4. processDefinition()

public ProcessDefinition processDefinition()
t hr ows Renot eExcepti on;

Parameters

return the representation of the process definition.
Exceptions

Renot eExcepti on if asystem-level error occurs.

Returns the process definition of this process.

A.2.38.5. setDebugEnabled(boolean)

public void set DebugEnabl ed(bool ean debug)
t hrows Renpt eException, InvalidStateException;

Parameters

debug if the processisto be debugged

Exceptions
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Renot eExcepti on if asystem-level error occurs.

I nval i dSt at eExcepti on if changing the debug modeis not allowed

Enable or disable debugging of the process. Changing the debug mode is only allowed when the
process has been started.

A.2.38.6. transitions()

public java.util.List transitions()
t hrows Renot eExcepti on;

Parameters

return list of transitions for this process
Exceptions

Renot eExcepti on if asystem level error occurs.

Getsalist of transitions for this process.

A.2.39. Interface ProcessClosedAuditEvent

A ProcessC osedAudi t Event extends the W St at eAudi t Event . It is reported when a
process changesits stateto ¢l osed . In addition to the information provided by the base W St at -

eAudi t Event , this event provides the process result. This makes the result available to listeners
waiting for the end of a process even in cases when a process is automatically removed after com-
pletion.

A.2.39.1. Synopsis

public interface de. danet.an.workfl ow api . ProcessC osedAudi t Event extends,

/!l Public Methods

public de. danet. an. wor kf | ow. ongcore. ProcessData result();

See Also result() [133]

Inheritance Path. Section A.2.39, “Interface ProcessClosedAuditEvent” [210]

A.2.39.2. result()
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Parameters
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return

Returns the result.

A.2.40. Interface ProcessDefinition

This interface defines a process definiton.

A.2.40.1. Synopsis

public interface de. danet.an.workfl ow api.ProcessDefinition {
/1 Public Static Fields

publ i

publ i

publ |

publ i

publ i

publ i

publ i

c

c

static fi

static fi

static fi

static fi

static fi

static fi

static fi

// Public Methods

publ i

publ i

publ |

publ i

publ i

publ i

publ i

publ i

publ i

publ |

nal

nal

nal

nal

nal

nal

nal

i nt

i nt

i nt

i nt

i nt

i nt

i nt

AUDI T_SELECTI ON_ALL_EVENTS = 0;

AUDI T_SELECTI ON_NO EVENTS = 3;

AUDI T_SELECTI ON_PROCESS_CLOSED EVENTS ONLY

AUDI T_SELECTI ON_STATE_EVENTS ONLY = 1;

1;

REMOVE_AUTQVATI C

REMOVE_COVPLETED

n
N

REMOVE_MANUAL = 0;

c Application applicationByld(String id)
throws | nvali dl dExcepti on;

c java.util.Col l ection applications();

c

c

i nt auditEvent Sel ection();

i nt cl eanupMode();

de. danet . an. wor kf | ow. ongcor e. ProcessDat al nfo cont ext Si gnature();

Formal Par aneter[] formal Paraneters();

String ngrNane();

String packagel d();

String packageNane();

Partici pant
t hrows | nvali dl dExcepti on;

participantByld(String id)

public java.util.Collection participants();
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public ProcessDefinition.ProcessHeaderData processHeader();

public String processld();

public String processName();

publ i c bool ean renpveCd osedProcess();

public de. danet. an.wor kfl ow. ongcore. ProcessDat al nfo resul t Si gnature();
publ i c bool ean storeAuditEvents();

public org.jdom Docunent toJDOMV);

public SAXEvent Buf fer toSAX();

public String toXPDL();

public String version();

Inheritance Path. Section A.2.40, “Interface ProcessDefinition” [211]

A.2.40.2. AUDIT_SELECTION_ALL_EVENTS

public static final int AUD T_SELECTI ON ALL_EVENTS = O;

Select all audit events to be delivered and recorded.

A.2.40.3. AUDIT_SELECTION_NO_EVENTS

public static final int AUDI T_SELECTI ON_NO EVENTS = 3;

Select no audit events to be delivered and recorded.

A.2.40.4. AUDIT_SELECTION_PROCESS_CLOSED_EVENTS_ONL
Y

public static final int AUDI T_SELECTI ON_PROCESS CLOSED EVENTS ONLY = 2;

Select process closed events for delivery and recording only.

A.2.40.5. AUDIT_SELECTION_STATE_EVENTS_ONLY

public static final int AUDI T_SELECTI ON_STATE EVENTS ONLY = 1;

Select state change events for delivery and recording only.

A.2.40.6. REMOVE_AUTOMATIC
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public static final int REMOVE AUTOVATIC = 1;
Remove closed processes automatically.
A.2.40.7. REMOVE_COMPLETED
public static final int REMOVE COWLETED = 2;

Remove closed processes automatically if cl osed. conpl et ed .

A.2.40.8. REMOVE_MANUAL

public static final int REMOVE MANUAL = O;

Remove closed processes manually.

A.2.40.9. applicationByld(String)

public Application applicationByld(String id)
throws | nvalidl dExcepti on;

Parameters

id the application id.

return the application.

Exceptions

I nval i dl dExcepti on if no application with the given id exists.

Return the application with the givenid.

A.2.40.10. applications|()

public java.util.Collection applications();

Parameters

return acollection of Appl i cati ons .

Returns the applications defined in this process.

A.2.40.11. auditEventSelection()

public int auditEvent Sel ection();

Parameters
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return the filter

This method returns the selected audit events of instances of this process definition.

A.2.40.12. cleanupMode()

public int cleanupMde();

Parameters

return the cleanup mode.

This method checks if a closed process should be removed. Parse the process definition and find out
if the extendAttribute with the name of RemoveClosedProcess has the value of MANUAL , AUTO-
MATI C or COVPLETED and return the corresponding constant. Default is to remove automatically,
i.e. REMOVE_AUTOMVATI C .

A.2.40.13. contextSignature()

publ i ¢ de. danet. an. wor kf| ow. ongcor e. ProcessDat al nf o cont ext Si gnature();

Parameters
return the process metainformation.
See Also cont ext Si gnature() [ 136]

Returns the meta information that defines how to set the context for this kind of process. Equivalent
to calling cont ext Si gnat ur e on aprocess manager for thiskind of process.

A.2.40.14. formalParameters()

public Fornmal Paranmeter[] fornmal Paraneters();

Parameters

return the process meta information. The result is never nul |
rather an array with zero element is returned.

Returns the meta information that describes the formal parameters for this kind of process.

A.2.40.15. mgrName()
public String nmgrName();

Parameters
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return process manager name.

The name of the associated pr ocess nmanager . While the name of a processin XPDL isjust a
human readable "label", the name attribute of the process manager must be unique within agiven
business domain.

The standard implementation of Pr ocessDef i ni ti on derives a manager name from the pack-
age and processidsin the XPDL, separated by a slash ("/").

A.2.40.16. packageld()
public String packagel d();

Parameters

return packageid.

Id of the package as specified in the XPDL description.
A.2.40.17. packageName()

public String packageNane();

Parameters

return package name.

Name of the package as specified in the XPDL description.
A.2.40.18. participantByld(String)

public Participant participantByld(String id)
throws | nvalidl dExcepti on;

Parameters

id identity of the participant in string
return a Participant object

Exceptions

I nval i dl dExcepti on if no participant with the given id exists.

Return the participant identified by theid.

A.2.40.19. participants()
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public java.util.Collection participants();

Parameters

return acollection of Parti ci pant s for thisprocess.

Gets the participants for this process.

A.2.40.20. processHeader()

public ProcessDefinition.ProcessHeaderData processHeader();

Parameters

return process header data object of the process description

Returns process header data object of the process description.

A.2.40.21. processld()

public String processld();

Parameters

return processid.

Id of the process as specified in the XPDL description.

A.2.40.22. processName()

public String processNane();

Parameters

return process name.

Name of the process as specified in the XPDL description.

A.2.40.23. removeClosedProcess|()

public bool ean renmoved osedProcess();

Parameters

return true if the closed process should be removed, otherwise
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false.

Depr ecated

Use cl eanupMbde . For backward compatibility, this method returns true if
cl eanupMode returns REMOVE_AUTOVATI C.

This method checks if the closed process should be removed. Parse the process definition and find

out if the extendAttribute with the name of RemoveClosedProcess has the value of MANUAL, then
return false; if it has the value of AUTOMATIC, then return true. Default is true.

A.2.40.24. resultSignature()

publ i c de. danet. an. wor kfl ow. ongcor e. ProcessDat al nfo resul t Si gnature();

Parameters
return the process meta information.
See Also resul t Si gnature() [139]

Returns the meta information that describes the result for this kind of process. Equivalent to calling
resul t Si gnat ur e on aprocess manager for this kind of process.

The implementation returns all formal IN or INOUT parameters.

A.2.40.25. storeAuditEvents()

public bool ean storeAuditEvents();

Parameters

return t r ue if only state change events of the process instance are
audited.

This method reports if audit events are written to the database.

A.2.40.26. toJDOM()

public org.jdom Docunent toJDOMV);

Parameters

return DOM representation of the process definition

Returns the process description as XPDL JDOM tree.

A.2.40.27. toSAX()
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tion.PackageHeaderData

publ i c SAXEvent Buf fer toSAX();

Parameters
return the process definition
Snce 1.2

Return the process definition as SAX event buffer.

A.2.40.28. toXPDL()

public String toXPDL();

Parameters

return the process definition

Returns the process description as XPDL textual description.

A.2.40.29. version()

public String version();

Parameters

return process defintion version.

Version of the process definition as specified in the XPDL description.

A.2.41. Interface ProcessDefini-
tion.PackageHeaderData

An interface providing the information from the package definition header section.

A.2.41.1. Synopsis

public static interface de.danet.an. workfl ow. api.ProcessDefinition. PackageHeader D
/1 Public Methods
public String costUnit();
public String created();

public String description();
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tion.PackageHeaderData

public String docunentation();
public String priorityUnit();
public String vendor();

public String xpdl Version();

Inheritance Path. Section A.2.41, “Interface ProcessDefinition.PackageHeaderData’ [218]

A.2.41.2. costUnit()

public String costUnit();

Parameters

return the cost unit.

Units used in simulation data.

A.2.41.3. created()

public String created();

Parameters

return the created time.

Creation date of package definition.

A.2.41.4. description()

public String description();

Parameters

return the description.

Short description of the package definition.

A.2.41.5. documentation()

public String docunentation();

Parameters
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tion.ProcessHeaderData

return the documentation.

Operating system specific path and -filename of help file/description file.

A.2.41.6. priorityUnit()

public String priorityUnit();

Parameters

return the priority unit.

Units used in simulation data.

A.2.41.7. vendor()

public String vendor();

Parameters

return the vendor.

Defines the origin of this model definition and contains vendor's name, vendor's product name and
product's rel ease number.

A.2.41.8. xpdlVersion()

public String xpdl Version();

Parameters

return the version.

Version of the process definition specification.

A.2.42. Interface ProcessDefini-
tion.ProcessHeaderData

An interface providing the information from the process definition header section.

A.2.42.1. Synopsis

public static interface de.danet.an.workfl ow. api.ProcessDefinition. ProcessHeaderD
/1 Public Methods

public String author();

public String codepage();
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tion.ProcessHeaderData

public String countrykey();

public String created();

public String description();

public String limt();

public ProcessDefinition. PackageHeader Dat a packageHeader () ;
public String priority();

public String publicationStatus();
public java.util.List responsibles();
public String timeEstimtionDuration();
public String tinmeEstimationWiting();
public String tineEstimationWrking();
public String validFron();

public String validTo();

public String version();

Inheritance Path. Section A.2.42, “Interface ProcessDefinition.ProcessHeaderData’ [220]

A.2.42.2. author()

public String author();

Parameters

return the author.

Name of the author of this workflow process definition.

A.2.42.3. codepage()

public String codepage();

Parameters
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return the codepage.

Describes the codepage used for the text parts.

A.2.42.4. countrykey()

public String countrykey();

Parameters

return the country code.

Describes the country code based on 1SO 3166. It could be either the three digits country code num-
ber, or the two alpha characters country codes.

A.2.42.5. created()

public String created();

Parameters

return the created information.

Dreation date of the process definition.

A.2.42.6. description()

public String description();

Parameters

return the description.

Short description of the process definition.

A.2.42.7. limit()

public String limt();

Parameters

return the limit.

Expected duration for time management purposes in units of duration unit (duration unit does not
present in this class).
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A.2.42.8. packageHeader()

public ProcessDefinition. PackageHeader Dat a packageHeader () ;

Parameters

return the package header.

The elements of package header.
A.2.42.9. priority()

public String priority();

Parameters

return the priority.

Priority of the process type.

A.2.42.10. publicationStatus()

public String publicationStatus();

Parameters

return the status.

Describes the status of the Workflow Process Definition.

A.2.42.11. responsibles()

public java.util.List responsibles();

Parameters

return the list of responsible Workflow participant in String.

Describes the responsible Workflow participant(s). It is assumed that the responsible is the super-
visor during the execution of the process.

A.2.42.12. timeEstimationDuration()

public String tinmeEstimtionDuration();

Parameters
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return the estimated time.

Describes the amount of time the performer of the activity needs to perform the task.

A.2.42.13. timeEstimationWaiting()

public String tinmeEstinmationWaiting();

Parameters

return the estimated time.

Describes the amount of time the performer of the activity needs to perform the task.

A.2.42.14. timeEstimationWorking()

public String tineEstimati onWrki ng();

Parameters

return the estimated time.

Describes the amount of time the performer of the activity needs to perform the task.

A.2.42.15. validFrom()

public String validFrom);

Parameters

return the valid from date.

Date that the workflow process definition is active from.

A.2.42.16. validTo()

public String validTo();

Parameters

return the valid to date.

Date at witch the process definition becomes valid.

A.2.42.17. version()
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public String version();

Parameters

return the version.

Describes the version of this workflow process definition.

A.2.43. Interface ProcessDefinitionDirectory

This interface defines a process definiton directory.

A.2.43.1. Synopsis

public interface de. danet.an.workfl ow. api . ProcessDefinitionDirectory extend:
/1 Public Methods

public java.util.List inportProcessDefinitions(byte[] processDefinitions)
t hrows Renot eException, |nportException;

public java.util.List inportProcessDefinitions(String processDefinitions)
t hrows Renot eException, |nportException;

public bool ean i sEnabl ed(String packagel d,
String processld)
t hrows Renot eException, Invali dKeyExcepti on;

public ProcessDefinition | ookupProcessDefinition(String packageld,
String processld)
throws | nvali dkeyException, RenoteException;

publ i c bool ean processDefinitionExists(String packageld,
String processld)
t hrows Renot eExcepti on;

public java.util.Collection processDefinitions()
t hrows Renot eExcepti on;

public ProcessMgr processMyr(String packageld,
String processld)
t hrows | nval i dkeyExcepti on, RenopteExcepti on;

public void renoveProcessDefinition(String packageld,
String processld)
t hrows Renot eException, Invali dKeyExcepti on;

public void setEnabl ed(String packagel d,
String processld,
bool ean enabl ed)
t hrows Renot eException, |nvalidKeyExcepti on;

225



Interface ProcessDefinitionDirectory

Inheritance Path. Section A.2.43, “Interface ProcessDefinitionDirectory” [225]

A.2.43.2. importProcessDefinitions(byte[])

public java.util.List inportProcessDefinitions(byte[] processDefinitions)
t hrows Renot eException, |nportException;

Parameters

processDefinitions byte array resulting from an InputStream that describes the
process definitions.

return list of prioritized message Pri oriti zedMessage . This
list only includes messages of priority INFO or WARN. If
any (fatal) error has occured, an | npor t Excepti on will
be thrown and the error message can be taken from there.

Exceptions

Renot eExcepti on if asystem-level error occurs. The import has been aborted.

| mpor t Excepti on if theinput is not a correct.

This operation method import new process definitions from an XPDL description. Note that import-
ing an XPDL description automatically removes any existing process definitions that have the same
package id as the imported package.

A.2.43.3. importProcessDefinitions(String)

public java.util.List inportProcessDefinitions(String processDefinitions)
t hrows Renot eException, |nportException;

Parameters

processDefinitions document describing the process definitions.

return list of prioritized message Pri oriti zedMessage . This
list only includes messages of priority INFO or WARN. If
any (fatal) error has occured, an | npor t Excepti on will
be thrown and the error message can be taken from there.

Exceptions

Renot eExcepti on if asystem-level error occurs. The import has been aborted.

| mport Excepti on if theinput is not a correct.

This operation method import new process definitions from an XPDL description.

Note that importing an XPDL description automatically removes any existing process definitions
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that have the same package id as the imported package.

A.2.43.4. isEnabled(String, String)

publ i ¢ bool ean i sEnabl ed(String packagel d,
String processld)
t hrows Renot eException, |nvalidKeyExcepti on;

Parameters

packagel d Id attribute of the process package.
processld Id attribute of the process.

return if the process definition is enabled.
Exceptions

I nval i dKeyExcepti on if no process definition with the given ids exists.
Renot eExcepti on if asystem-level error occurs.

This operation method returns true if the process definition with the givenidsis enabled.

A.2.43.5. lookupProcessDefinition(String, String)

public ProcessDefinition | ookupProcessDefinition(String packageld,
String processld)
t hrows | nval i dkeyException, RenopteException;

Parameters

packagel d Id attribute of the process package.
processld Id attribute of the process.

return the found ProcessDefinition object.
Exceptions

I nval i dKeyExcepti on if no process definition with the given ids exists.
Renot eExcepti on if asystem-level error occurs.

This method delivers the process definition for the given ids. If no process definition with the ids
exist, itthrowsan | | | egal Ar gunent Exception.

A.2.43.6. processDefinitionExists(String, String)

publ i c bool ean processDefinitionExists(String packagel d,
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String processld)
t hrows Renot eExcepti on;

Parameters

packagel d Id attribute of the process package.

processld Id attribute of the process.

return t r ue if aprocess definition with the giveni d exists.
Exceptions

Renot eExcepti on if asystem-level error occurs.

This method checksif a process definiton with the given ids exists.

A.2.43.7. processDefinitions()

public java.util.Collection processDefinitions()
t hr ows Renot eExcepti on;

Parameters

return collection

Exceptions

Renpt eExcepti on if asystem-level error occurs.

This operation method delivers a collection of all defined process definitions. The elements of the
list are of thetype ProcessDefiniti on

A.2.43.8. processMgr(String, String)

public ProcessMgr processMyr(String packagel d,
String processld)
t hrows | nval i dkeyException, RenoteException;

Parameters

packagel d Id attribute of the process package.
processld Id attribute of the process.

return the process manager for the process type.
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Exceptions
I nval i dKeyExcepti on if not process definition with the given ids exists.
Renot eExcepti on if asystem-level error occurs.

This method delivers the process manager for the process definition with the given ids.

A.2.43.9. removeProcessDefinition(String, String)

public void renoveProcessDefinition(String packageld,
String processld)
t hrows Renot eException, Invali dKeyExcepti on;

Parameters

packagel d Id attribute of the process package.

processld Id attribute of the process.

Exceptions

Renot eExcepti on if asystem-level error occurs.

I nval i dKeyExcepti on if packageld or processid are (formally) invalid ids.

This operation method removes a process definition with the given ids from the database. If called
for a definition that does not exist, it does nothing.

A.2.43.10. setEnabled(String, String, boolean)

public void setEnabl ed(String packagel d,
String processld,
bool ean enabl ed)
t hrows Renot eException, Invali dKeyExcepti on;

Parameters

packagel d Id attribute of the process package.
processld Id attribute of the process.

enabl ed enabl e the process definition or not.
Exceptions

I nval i dKeyExcepti on if no process definition with the given ids exists.
Renot eExcepti on if asystem-level error occurs.
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This operation method set the process definition with the given ids as enabled or disabled.

A.2.44. Interface ProcessDirectory

Client interface for the process directory.

A.2.44.1. Synopsis

public interface de.danet.an.workfl ow. api.ProcessDi rectory extends, de.danet.an.w
/1 Public Methods

public Activity | ookupActivity(ActivityUni queKey key)
t hrows | nval i dkeyException, RenoteException;

public Activity.Info | ookupActivitylnfo(ActivityUniqueKey key)
t hrows | nval i dkeyException, RenoteException;

public Process | ookupProcess(String processMrNane,
String processKey)
t hrows | nval i dkeyException, RenoteException;

public java.util.Collection processMyrNanes()
t hr ows Renot eExcepti on;

public java.util.Collection processNanes()
t hrows Renot eExcepti on;

public java.util.Collection processes()
t hr ows Renot eExcepti on;

publ i c RangeAccess processes(query.FilterCriterion filter,
guery. SortCriterion order)
t hrows Renot eExcepti on;

public void renoveProcess(de. danet. an. wor kf| ow. ongcor e. W Process process)
t hrows Renot eExcepti on, Cannot RenpbveExcepti on;

Inheritance Path. Section A.2.44, “Interface ProcessDirectory” [230]

A.2.44.2. lookupActivity(ActivityUniqueKey)

public Activity | ookupActivity(ActivityUni queKey key)
t hrows | nval i dkeyException, RenopteException;

Parameters

key denotes the activity to be looked up.
return the corresponding Act i vi ty value
Exceptions
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Renot eExcepti on if asystem-level error occurs.
I nval i dKeyExcepti on if the activity specified by key cannot be found.
Ejb.interface-method view-type="remote"

This method returns the activity identified be the given unique key.

A.2.44.3. lookupActivityInfo(ActivityUniqueKey)

public Activity.Info | ookupActivitylnfo(ActivityUniqueKey key)
t hrows | nval i dkeyExcepti on, RenoteException;

Parameters

key denotes the activity to be looked up.

return the corresponding Act i vi ty. | nf o value
Exceptions

I nval i dKeyExcepti on if the activity specified by key cannot be found.
Renot eExcepti on if asystem-level error occurs.

This method finds the activity identified be the given unique key and returns al available informa-
tion about it. Thisis a shortcut for first looking up the activity and then retrieving the "essentia"” in-
formation about it.

A.2.44.4. lookupProcess(String, String)

public Process | ookupProcess(String processMrNane,
String processKey)
throws | nval i dkeyException, RenoteException;

Parameters

pr ocessMyr Nare type of the given process.

pr ocessKey key of the process.

return the process found.
Exceptions

I nval i dKeyExcepti on if no such process can be found.
Renot eExcepti on if asystem-level error occurs.
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This method finds the process identified by the given type and key.

A.2.44.5. processes|()

public java.util.Collection processes()
t hrows Renot eExcepti on;

Parameters

return collection of Process
Exceptions

Renot eExcepti on if asystem-level error occurs.

This operation method delivers a collection of all known processes. The objects of the collection are
remote interface of type Pr ocess .

A.2.44.6. processes(FilterCriterion, SortCriterion)

publ i c RangeAccess processes(query.FilterCriterion filter,
query. SortCriterion order)
t hrows Renot eExcepti on;

Parameters

filter afilter for the result

or der the sort order for the result
return access object to Pr ocesses
Exceptions

Renot eExcept i on if asystem-level error occurs.

This method returns an access object to an ordered set of processes. The objects in the result are re-
mote interface of type Pr ocess .

A.2.44.7. processMgrNames|()
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Exceptions

Renot eExcepti on if asystem-level error occurs.

This operation method returns a collection of the defined process types as Strings.

A.2.44.8. processNames()

public java.util.Collection processNanes()
t hrows Renot eExcepti on;

Parameters

return collection of process names as String objects or an empty col-
lection if no processes are found.

Exceptions

Renot eExcepti on if asystem-level error occurs.

This operation method delivers a collection of process names of created processes or an empty col-
lection if no processes are found.

A.2.44.9. removeProcess(WfProcess)

public void renoveProcess(de. danet. an. wor kf| ow. ongcore. W Process process)
t hrows Renpt eExcepti on, Cannot RenpbveExcepti on;

Parameters

process the process to remove.

Exceptions

Renot eExcepti on if asystem-level error occurs.

Cannot RenoveExcepti on if the process cannot be removed, because it is till in pro-

gress.

Removes the given process. The process can be removed, only if it isin state "closed" or "not star-
ted".

A.2.45. Interface ProcessMgr

Interface Pr ocessMyr adds some functions to the OMG pr ocess nanager
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The meta information returned by cont ext Si gnat ure and r esul t Si gnat ur e defined in
W Pr ocessMyr uses Java classes to represents primitive types, as specified for Process-
Dat al nf o . In addition the type of adataitem can be indicated as

org.w3c. dom El enent. cl as denotes XML with unknown structure. Values of thistype are
S represented as instances of SAXEvent Buf f er .

an instance of SAXEvent Buf f er  denotes XML with the known structure represented by the
XML in the event buffer. Values of this type are represented
asinstances of SAXEvent Buf f er .

aninstance of Ext er nal Ref er-  denotes the type as specified in the process definition. If a

ence Javatypeis specified as fully qualified Java class name in the
localtion attribute, "java:" is prepended as protocol and values
are of the specified type. Else values of this type are represen-
ted as instances of SAXEvent Buf f er .

A.2.45.1. Synopsis

public interface de. danet.an.workfl ow. api . ProcessMyr extends, de.danet.an.workfl o
/1 Public Methods

public java.util.Collection findByDatalten(String itemNane,

String itenVal ue)
t hrows Renot eExcepti on;

public Process processByKey(String key)
t hrows Renot eException, Invali dKeyExcepti on;

Inheritance Path. Section A.2.45, “Interface ProcessMgr” [233]

A.2.45.2. findByDataltem(String, String)

public java.util.Collection findByDatalten{String itenmNane,
String itenVal ue)
t hr ows Renot eExcepti on;

Parameters

i t emNane the name of the process dataitem
i t enVal ue the value of the process dataitem
return the collection of processes
Exceptions

Renot eExcept i on if asystem-level error occurs

Returns al Process esthat have a given value in a particular process data item. Note that this
method may only be used for data items of type string.
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A.2.45.3. processByKey(String)

public Process processByKey(String key)
t hrows Renot eException, Invali dKeyExcepti on;

Parameters

key thekey of the process

return the process associated with the key
Exceptions

I nval i dKeyExcepti on if no process with the given key exists
Renot eExcepti on if asystem-level error occurs

Returns the Pr ocess with the given key. The OMG interface only defines a net hod f or
listing all processes associated with aprocess manager. While, of course, one could se-
lect the process with a certain key from that list, this would be rather inefficient.

A.2.46. Interface RangeAccess

This interface defines paginated access to data.

A.2.46.1. Synopsis

public interface de. danet.an.workfl ow. api . RangeAccess {
/1 Public Methods

public long itenCount ()
t hrows Renot eExcepti on;

public java.util.List itens(long start,
| ong end)
t hrows Renot eExcepti on;

Inheritance Path. Section A.2.46, “Interface RangeAccess’ [235]

A.2.46.2. itemCount()

public long itenCount ()
t hr ows Renot eExcepti on;

Parameters

return the number of items
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Exceptions

Renot eExcepti on if asystem-level error occurs.

Return the number of itemsin the underlying list.

A.2.46.3. items(long, long)

public java.util.List itenms(long start,

| ong end)

t hrows Renot eExcepti on;
Parameters
start the start index (zero based)
end the end index
return the selected items
Exceptions
Renot eExcepti on if asystem-level error occurs.

Return the subset of itemsfromst art toend .

A.2.47. Interface RoleResource

This interface extends the interface W Resour ce for resources that are roles. The distinction of re-
source types is without relevance to the workflow engine, but may be used to e.g. display resource
types differently in the user interface. Resource management services are not required to make use
of thisinterface, they may deliver al resources as plain W Resour ce s. Application must therefore
be prepared to handle resources that only implement the base interface W Resour ce .

A.2.47.1. Synopsis

public interface de. danet.an.workfl ow. api . Rol eResource extends, de. danet. an.wor kf

}

See Also Section A 2.50, “Interface UserResource”
[ 240] , Section A 2.27, “Interface
GroupResour ce” [190]

Inheritance Path. Section A.2.47, “Interface RoleResource” [236]

A.2.48. Interface SAXEventBuffer

Thisinterface isimplemented by classes that can provide XML content by emitting SAX events.

Applications that use XML at their interfaces can sometimes not avoid using XML like data struc-
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tures for internal data representation. Holding this data as XML is not very time efficient, because it
must be parsed in order to be processed (although parsing time for XML is often overestimated).

Holding the data in either W3C DOM or JDOM representations is not very memory efficient. De-
pending on the implementation, DOM representations use a factor of 6 to 10 compared with the file
space of the same description.

A SAX event buffer is a compromise. It stores the events generated by a SAX parser using as little
space as possible while providing the data very quickly to a content Handler.

A.2.48.1. Synopsis

public interface de. danet.an.workfl ow. api . SAXEvent Buf fer {
/1 Public Methods

public void enit(org.xm.sax. ContentHandl er content Handl er)
t hr ows SAXExcepti on;

Inheritance Path. Section A.2.48, “Interface SAXEventBuffer” [236]

A.2.48.2. emit(ContentHandler)

public void enit(org.xm.sax. ContentHandl er cont ent Handl er)
t hrows SAXExcepti on;

Parameters

cont ent Handl er the content handler that is to receive the events.
Exceptions

SAXExcepti on any SAX exception, possibly wrapping another exception.

Emits the eventsto the given Cont ent Handl er .

A.2.49. Interface Transition

Represents a transition between two activities.

Methods of this interface do not throw Renot eExcept i on sasthey are read-only and the data is
immutable and simple.

A.2.49.1. Synopsis

public interface de. danet.an.workfl ow api.Transition {
/1 Public Static Fields
public static final int COND TYPE CONDITION = 1;
public static final int COND TYPE DEFAULTEXCEPTION = 4;

public static final int COND TYPE EXCEPTION = 3;
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public static final int COND TYPE OTHERW SE = 2;
/1 Public Methods

public String condition();
public int conditionType();
public Activity from();
public String group();
public String id();

public int order();

public Activity to();

Inheritance Path. Section A.2.49, “Interface Transition” [237]

A.2.49.2. COND_TYPE_CONDITION

public static final int COND TYPE CONDI TION = 1;

Condition type "condition".

A.2.49.3. COND_TYPE_DEFAULTEXCEPTION

public static final int COND _TYPE DEFAULTEXCEPTION = 4;

Condition type "default exception".

A.2.49.4. COND_TYPE_EXCEPTION

public static final int COND TYPE EXCEPTION = 3;
Condition type "exception”.
A.2.49.5. COND_TYPE_OTHERWISE
public static final int COND TYPE OTHERW SE = 2;

Condition type "OTHERWISE".

A.2.49.6. condition()

public String condition();

Parameters
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return the condition of this transition

Returns the condition associated with this transition.

A.2.49.7. conditionType()

public int conditionType();

Parameters

return type of the condition of thistransition

Returns the type of the condition associated with this transition.

A.2.49.8. from()

public Activity from();

Parameters

return the source activity

Returns the "From" activity of thistransition.

A.2.49.9. group()
public String group();

Parameters

return the transition group

Return the identifier of the transition group this transition belongs to.

A.2.49.10. id()
public String id();

Parameters

return theid

Returns theid of thistransition.

A.2.49.11. order()

239



Interface UserResource

public int order();

Parameters

return the priority

Return the priority of this transition. The priority determines the sequence in which transitions from
activties with XOR split are evaluated.

A.2.49.12. to()

public Activity to();

Parameters

return the destination activity

Returnsthe "To" activity of this transition.

A.2.50. Interface UserResource

Thisinterface extends the interface W Resour ce for resources that are users. The distinction of re-
source types is without relevance to the workflow engine, but may be used to e.g. display resource
types differently in the user interface. Resource management services are not required to make use
of thisinterface, they may deliver al resources as plain W Resour ce s. Application must therefore
be prepared to handle resources that only implement the base interface W Resour ce .

A.2.50.1. Synopsis

public interface de. danet. an.workfl ow. api . User Resource extends, de. danet. an.wor kf!

See Also Section A 2.27, “Interface G oupResource”
[ 190] , Section A 2.47, “I'nterface
Rol eResource” [236]

Inheritance Path. Section A.2.50, “Interface UserResource” [240]

A.2.51. Interface WorkflowService
This interface defines the methods provided by the workflow engine.
A.2.51.1. Synopsis

public interface de. danet.an.workfl ow. api . Wor kf | owSer vi ce ext ends, de. danet. an.wo
/1 Public Methods

publ i c de. danet. an. wor kf | ow. ongcor e. W Resour ce asResource(j ava. security. Principa
t hrows Renot eException, Invali dKeyExcepti on;

public java.util.Collection authorizers(de. danet. an.workfl ow. ongcore. W Resour ce |
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t hr ows Renot eExcepti on;

public java.security.Principal caller()
t hrows Renot eExcepti on;

public Configuration configuration()
t hr ows Renot eExcepti on;

publ i c Event Subscri ber createEvent Subscri ber ()
t hrows | OExcepti on;

publ i c Event Subscri ber createEvent Subscriber(String processKey,
String event Types)
t hrows | OExcepti on;

public void doFi ni sh(de. danet. an. wor kfl ow. ongcore. WActivity act,
de. danet . an. wor kf | ow. ongcor e. ProcessData resul t)
t hrows | nval i dDat aExcepti on, Cannot Conpl et eExcepti on, RenoteExcepti on;

publ i c de. danet. an. wor kf | ow. ongcore. W Cbj ect event Recei ver (de. danet. an. wor
t hr ows Renot eExcepti on;

public Cbject executeBatch(Batch batch)
t hrows Renot eException, |nvocationTarget Exception;

publ i ¢ Channel get Channel (de. danet. an. wor kfl ow. ongcore. W Process process,
String channel Nane)
t hrows Renot eExcepti on;

publ i c Channel getChannel (de. danet. an. wor kfl ow. ongcore. W Process process,
String channel Nane,
bool ean sendOnl y)
t hrows Renot eExcepti on;

public java.util.Collection knownResources()
t hr ows Renot eExcepti on;

public ProcessDefinitionDirectory processDefinitionDirectory()
t hr ows Renot eExcepti on;

public ProcessDirectory processDirectory()
t hr ows Renot eExcepti on;

public void registerRequester(de. danet. an.wor kf | ow. ongcore. WRequester req
t hr ows Renot eExcepti on;

public void rel ease(de. danet. an. wor kf | ow. ongcore. W Cbj ect obj);

public java.util.Collection requestedBy(de. danet. an.workfl ow. ongcore. WReq
t hrows Renot eExcepti on;

publ i c de. danet. an. wor kf | ow. ongcor e. W Resour ce resourceByKey(String key)
t hrows | nval i dkeyException, RenpteException;
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public java.util.Map serviceProperties()
t hrows Renot eExcepti on;

Inheritance Path. Section A.2.51, “Interface WorkflowService” [240]

A.2.51.2. asResource(Principal)

publ i c de. danet. an. wor kf | ow. ongcor e. W Resour ce asResource(j ava. security. Principa
t hrows Renot eException, Invali dKeyExcepti on;

Parameters

princi pal the principal .

return aW Resour ce object corresponding to the given principal .
Exceptions

I nval i dKeyExcepti on if aresource with the given principal can't be found.

Renot eExcepti on if asystem-level error occurs.

Snce 12

Given a principal, return the workflow resource associated with this principal. This method is usu-
ally used to get aW Resour ce object corresponding to the current user. The W Resour ce object
can subsequently be used to e.g. determine the current user's worklist.

Callsto this method are typically delegated to Resour ceAssi gnnent Ser vi ce. asResour ce

. Note that since implementation of this method by the resource assignment service is optional, call-
ing this method may result in an Unsuppor t edQOper at i onException.

A.2.51.3. authorizers(WfResource)

public java.util.Collection authorizers(de. danet. an.workfl ow. ongcore. W Resour ce |
t hrows Renot eExcepti on;

Parameters

resource the resource.

return a collection of W Resour ce objects, not including r e-
source

Exceptions

Renot eExcepti on if asystem-level error occurs.
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Snce 1.2

GivenaW Resour ce obj ect , return the collection of resources this resource is authorized for.

This method usualy returns all groups the resource is a member of and al roles assigned to the re-
source.

Cdls to this method are typicadly delegated to ResourceAssi gnnent Ser-
vi ce. aut hori zers . Note that since implementation of this method by the resource assign-
ment service is optional, calling this method may result in an Unsuppor t edQper at i onExcep-
tion.

A.2.51.4. caller()

public java.security.Principal caller()
t hrows Renot eExcepti on;

Parameters

return the caller principal.

See Also asResource(java. security. Principal) [242]
Ejb.interface-method view-type="remote"

Ejb.transaction type="Supports"

Returns the currently (i.e. for this call) authenticated user asaPr i nci pal .

In an environment where authentication is performed by the container, it may not be easy to discov-
er this information. Although most container environments provide a possibility to access the cur-
rent principal, there may be a mapping between the client's representation of the currently authentic-
ated user and the workflow engine's (i.e. server's) representation.

A.2.51.5. configuration()

public Configuration configuration()
t hrows Renot eExcepti on;

Parameters

return the configuration.
Exceptions

Renot eExcepti on if asystem-level error occurs.

Return the workflow engine configuration.

A.2.51.6. createEventSubscriber()
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publ i c Event Subscri ber createEvent Subscri ber ()
t hrows | OExcepti on;

Parameters

return the subscriber
Exceptions

| OExcepti on if an error occurs.

Returns an event subscriber. Event subscriber should be released using r el ease when no longer
needed as they may consume considerable resources.

A.2.51.7. createEventSubscriber(String, String)

public Event Subscri ber createEvent Subscriber(String processKey,
String event Types)
throws | CExcepti on;

Parameters

pr ocessKey if not nul | , receive eventsfor the given process only

event Types if not nul | , receive events of the given types only. Types
are specified as a whitespace, comma or semicolon separated
list of event names. See W Audi t Event for alist of valid
event names.

return the subscriber

Exceptions

| OException if an error occurs.

Returns an event subscriber that receives events as specified by the parameters. Event subscriber
should be released using r el ease when no longer needed as they may consume considerable re-
SOUrces.

A.2.51.8. doFinish(WfActivity, ProcessData)
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act theActivity.

result the tool'sresult data. If nul | donot call set Resul t .
Exceptions

I nval i dDat aExcepti on seeW Activity.setResult(...)

Cannot Conpl et eException seeW Activity. conpl ete()

Renot eExcepti on if asystem-level error occurs.

Since 1.1

Set a result and complete an activity in a new transaction. This is usually required to implement
tools with reasonable behaviour since a failure when calling set Resul t or conpl et e on an
activity may not cause the tool invocation to be repeated (as would be the case when simply calling
set Resul t or conpl et e dueto the transaction rollback associated with an exception).

As an example consider an | nval i dDat aExcept i on . Thisusualy occurs when the result con-

tains an item that is not a declared process data field. Ususally, repeating the tool invocation will not
solve this problem.

A.2.51.9. eventReceiver(WfAuditHandler)

public de. danet. an.wor kf | ow. ongcore. W Cbj ect event Recei ver (de. danet. an. wor
t hrows Renot eExcepti on;

Parameters

handl er the handler for received events.

return the receiver.

Exceptions

Renot eExcepti on if asystem-level error occurs.
Depr ecated

since version 1.3.2. Use cr eat eEvent Subscri ber instead and set a handler for the
object thus obtained

Returns an event receiver. The events received will be handled by the given handler. Event receivers

should be released using r el ease when no longer needed as they may consume considerable re-
sources.

A.2.51.10. executeBatch(Batch)

public Object executeBatch(Batch batch)
t hrows Renot eExcepti on, |nvocationTarget Exception;
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Parameters

bat ch the batch to be executed.

return the result returned by Bat ch. execut e .
Exceptions

Renot eExcepti on if asystem-level error occurs.

I nvocat i onTar get Excep- if thrown by Bat ch. execut e

tion

Execute a batch in the context of the workflow servicei.e. on the server.

We do not want to define a specific mechanism for implementing the remote invocation mechanism
used with the workflow API. Yet it is obvious that any implementation can profit from the possibil-
ity to execute several actions as one cal to the server.

A.2.51.11. getChannel(WfProcess, String)

publ i c Channel getChannel (de. danet. an. wor kfl ow. ongcore. W Process process,
String channel Nane)
t hrows Renot eExcepti on;

Parameters

process the process to communicate with
channel Nane the channel name

return the channel

Exceptions

Renot eExcepti on if asystem-level error occurs.

Return a named communication channel to the given process. The channel may be used to send
messages to the receiver tool and receive messages from the sender tool.

Channels should ber el eased when no longer needed to free resources.

A.2.51.12. getChannel(WfProcess, String, boolean)
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publ i c Channel get Channel (de. danet. an. wor kfl ow. ongcore. W Process process,
String channel Naneg,
bool ean sendOnl y)
t hrows Renot eExcepti on;

Parameters
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process the process to communicate with

channel Nane the channel name

sendOnl y if set, returns a channel that may only be used for sending
messages. This may save some resources.

return the channel

Exceptions

Renot eExcepti on if asystem-level error occurs.

Return a named communication channel to the given process. The channel may be used to send
messages to the receiver tool and optionally receive messages from the sender tool.

Channels should ber el eased when no longer needed to free resources.

A.2.51.13. knownResources()

public java.util.Collection knownResources()
t hr ows Renot eExcepti on;

Parameters

return the collection of the known resources to the ras (instances of
W Resource ).

Exceptions

Renot eExcepti on if asystem-level error occurs.

Snce 12

See Also ResourceA ssignmentServicettknownResources

Returns at least the collection of all the workflow resources that have been assigned work items, but
optionally it can return the additional workflow resources that are known to the resource assignment
service. Calls to this method are typicaly delegated to Resour ceAssi gnnent Ser -
vi ce. knownResour ces . Note that since implementation of this method by the resource as-
signment service is optional, calling this method may result in an Unsuppor t edOper at i onEx-
ception.

A.2.51.14. processDefinitionDirectory()

public ProcessDefinitionDi rectory processDefinitionDirectory()
t hrows Renot eExcepti on;

Parameters
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return the process definition directory.
Exceptions
Renot eExcepti on if asystem-level error occurs.

Return the process definition directory of the workflow service.

A.2.51.15. processDirectory()

public ProcessDirectory processDirectory()
t hrows Renot eExcepti on;

Parameters

return the process directory.
Exceptions

Renot eExcepti on if asystem-level error occurs.

Return the process directory of the workflow service.

A.2.51.16. registerRequester(WfRequester)

public voi d registerRequester(de. danet. an. wor kf | ow. ongcor e. W Request er requester
t hrows Renot eExcepti on;

Parameters
requester the requester to be registered.
Exceptions
Renot eExcepti on if asystem-level error occurs.

Register a W Request er . Registered requesters r ecei veEvent methods will be called for
their performers. Note that a requester must be registered before it is used for process creation. Else
events may belost.

A.2.51.17. release(WfObject)

public void rel ease(de. danet. an. wor kf | ow. ongcore. W Cbj ect obj);

Parameters
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obj the object which is no longer used.

Release an object obtained from the workflow service immediately instead of waiting for it to be
automatically released. This may be called to optimize resource utilization.

We do not want to define a specific mechanism for implementing the remote invocation mechanism
used with the workflow API. Therefore, we cannot demand that each object defines a method to re-
lease resources (like e.g. CORBA's release). This method knows about the implementation specifics
and acts appropriately.

A.2.51.18. requestedBy(WfRequester)

public java.util.Collection requestedBy(de. danet. an.workfl ow. ongcore. W Req
t hrows Renot eExcepti on;

Parameters

req the requester.

return the processes created with the given requester.
Exceptions

Renot eExcepti on if asystem-level error occurs.

Return the processes requested by the given requester. This is a helper method intended to be used
when  implementing a W Requester . Applications should use W Re-
guester. performers() instead.

A.2.51.19. resourceByKey(String)

publ i c de. danet. an. wor kf | ow. ongcor e. W Resource resourceByKey(String key)
throws | nval i dkeyException, RenoteException;

Parameters

key the key.

return aW Resour ce object corresponding to the given key.

Exceptions

I nval i dKeyExcepti on if the resource with the given key can't be found. As the en-
vironment is a concurrent multi user environment,
W Resource objects (and keys obtained from
W Resour ce objects) may become invalid.

Renot eExcepti on if asystem-level error occurs.
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Snce 1.2

See Also ResourceA ssignmentServicetfresourceByK ey

Given the key of a W Resour ce (obtained with r esour ceKey() ), return the workflow re-
source associated with this key.

Cdls to this method are typicadly delegated to ResourceAssi gnnent Ser-
vi ce. resour ceByKey . Note that since implementation of this method by the resource assign-
ment service is optional, calling this method may result in an Unsuppor t edQper at i onExcep-
tion.

A.2.51.20. serviceProperties()

public java.util.Map serviceProperties()
t hr ows Renot eExcepti on;

Parameters

return the service properties
Exceptions

Renot eExcepti on if asystem-level error occurs

Returns the properties that uniquely decribe the workflow service in the current environment.

Wor kf | owSer vi ce does not implement Ser i al i zabl e because implementations of this class
may have attributes that e.g. include network connections to the server and may thus not be serializ-
able. Nevertheless it should be possible to obtain some unique reference to a workflow service and
to restore this service without having to "manually" collect the (implementation dependant!) proper-
ties set for Wor kf | owSer vi ceFact or y beforethe call to newl nst ance .

This methods therefore returns a set of relevant properties that will restore this workflow service
when set as properties of Wr kf | owSer vi ceFact or y in the same or an equivalent environment
before newl nst ance is called. The properties returned by this method are, of course, based on the
propertiesin effect when the Wor kf | owSer vi ce wasinitialy created.

Note the restriction "same or equivalent environment” in the previous paragraph. One of the expli-
citly mentioned properties of the Wor kf | owSer vi ceFact ory (in a J2EE based implementation)
isthel ni ti al Cont ext used. If not set explicitly, the default initial context may be specified by
something like " | ocal host : 1099 ". While the properties returned by ser vi ceProperties
will include this property of the connection to the INDI provider, using the properties in a different
JVM on a different machine may result in a different workflow service (or no workflow service at
all) because a different INDI server is accessed. The impossibility to transfer all relevant informa-
tion between JVM's under all circumstances ( | ni ti al Cont ext is not serializable as may be
some other crucial information in an implementation based on some other technology than J2EE)
has prevented us from demanding serializability for Wor kf | owSer vi ce . The requirement to ob-
tain the service information explicitly and to create a new instance should result in some awareness
of the problems.

A.2.52. Class WorkflowServiceFactory
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This class provides afactory APl that enables clients to obtain a workflow service facility.
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A.2.52.1. Synopsis

public abstract class de. danet. an.workfl ow. api . Wor kf | owSer vi ceFactory {
/1 Protected Constructors

prot ected Workfl owServi ceFactory();
/1 Public Static Methods

public static Workfl owServiceFactory new nstance()
t hrows FactoryConfigurationError;

/1 Public Methods

public abstract Workfl owServi ce newor kf | owSer vi ce()
t hrows FactoryConfigurationError;

public void setProperties(java.util.Mp props);

public void setProperty(String nane,
oj ect val ue);

/! Protected Methods

protected java.util.Mp getProperties();

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify ,notifyAll ,toString,wait

Inheritance Path. java.lang.Object-> Section A.2.52, “ Class WorkflowServiceFactory” [250]
A.2.52.2. WorkflowServiceFactory()

protected Workfl owServi ceFactory();

Constructor. Must be overridden with a parameterless public constructor by derived class.

A.2.52.3. getProperties()

protected java.util.Mp getProperties();

Parameters

return the defined properties

Used by derived classes to access the properties.

A.2.52.4. newlinstance()

public static Workfl owServi ceFactory new nstance()
t hrows Fact oryConfigurati onError;

Parameters
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return an instance of the Wor kf | owSer vi ceFactory .

Exceptions

Fact oryConfi gurationErr- if afactory instance can't be created.
or

Obtain a new instance of a\Wbr kf | owSer vi ceFact ory . This static method creates a new fact-
ory instance. The method uses the following ordered lookup procedure to determine the Vr k-
f | owSer vi ceFact or y implementation classto |load:

e« If an initid naming context is available, look for a a classname in
j ava: conp/ env/ de. danet . an. wor kf | ow. api . Wor kf | owSer vi ceFactory . The
configuration for a class as workflow service factory thus looks like:

<env-entry>

<descri pti on>Configure the workflow service factory</description>

<env- ent ry- name>de. danet . an. wor kf | ow. api . Wor kf | owSer vi ceFact ory</ env-entry-\
name>

<env-entry-type>java.lang. Stri ng</env-entry-type>

<env-entry-val ue>

Fact oryl npl enent ati onCl ass

</ env-entry-val ue>
</ env-entry>

Note that this environment entry must be inserted in the ej b-j ar. xml or web. xm for every
EJB resp. servlet that callsthenewd nst ance method of Wor kf | owSer vi ceFact ory .

» Use the services API (as detailed in the JAR specification), if available, to determine the class-
name. The Services APl will look for a classname in the file META-

I NF/ servi ces/ de. danet . an. wor kf | ow. api . Wr kf | owSer vi ceFactory .injars
available to the runtime,

Note that the specified workflow service factory may need additional configuration parameters.

A.2.52.5. newWorkflowService()

public abstract Workfl owServi ce newor kf | owSer vi ce()
t hrows FactoryConfigurationError;

Parameters

return the workflow service.

Exceptions

Fact oryConfi gurati onErr- if notall required resources can be obtained.
or

Creates anew instance of aWor kf | owSer vi ce .

This APl does not specify how a workflow service factory or workflow service should be imple-
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mented. If, however, the implementation is J2EE/EJB based, the following additional rules apply to
achieve common bahaviour for J2EE based implementations.

In the J2EE environment, clients usually obtain the connection to a server from a directory service
represented by an <code>Initial Context</code> instance. This instance need not be the default ini-
tial context available to the client (think of a servlet running in a servlet container that wants to ac-
cess the workflow engine running in an application server on a different machine).

In an environment that uses an <code>Initial Context</code> to obtain the connection to the server
(as described above), the following ordered lookup procedure must be implemented to determine
thisinitial context.

* If the property " j avax. nami ng. | ni ti al Cont ext " hasbeen set, useit asinitial context. if
property " j avax. nam ng. | ni ti al Cont ext . Envi ronnent " has been set, use it to ob-
tain theinitial context (seeset Property .

o If adefault | ni ti al Cont ext isavailable during the execution of new nst ance (i.e. " new

Initial Context() succeeds), and entries
j ava: conp/ env/ de. danet . an. wor kf | ow. api . Wor kf | owSer vi ce. NAM NG_CON
TEXT_FACTORY and

j ava: conp/ env/ de. danet . an. wor kf | ow. api . Wor kf | owSer vi ce. NAM NG_CON
TEXT_URL exist, use them to obtain the initial context.

« If defined, execute vendor specific procedures to obtain an initial context.

» If adefault | ni ti al Cont ext isavailable during the execution of newl nst ance useit (i.e.
do not try to obtain another initial context (this is the common situation where a servlet based cli-
ent and the workflow engine run in one application server).

A.2.52.6. setProperties(Map)

public void setProperties(java.util.Map props);

Parameters

props the properties to be set

A convenience method that sets all propertiesin the Map.

A.2.52.7. setProperty(String, Object)

public void setProperty(String nane,
oj ect val ue);

Parameters
nane the name of the property
val ue the value of the property

Sets a property which is passed to the Wor kf | owSer vi ce produced by this factory.

Valid properties generally depend on the underlying implementation. There are, however, a few ex-
ceptions.
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If the workflow service implementation is based on the J2EE environment, clients derive the con-
nection to a server from an <code>Initial Context</code>. There are cases when the user wants or
needs to override the initial context used by the workflow service implementation. It is therefore
defined that setting the property " j avax. nami ng. I ni ti al Context " to a value of type
<code>Context</code> overrides any default method used by the workflow service implementation
to obtain the initial context.

Asan alternative, the property " j avax. nani ng. | ni ti al Cont ext. Envi r onment " may be
set to a Hasht abl e that contains the environment to be used when creating an | ni ti al Con-
text .

Subsequent versions of this interface may define additional common properties. We therefore re-
commended to use "fully qulified" (i.e. package style) names for properties that are specific to a
workflow service implementation.

A.3. Package de.danet.an.workflow.spis.aii
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This package defines the application invocation interface used by the workflow package to invoke
tool agentsthat control applications.

Java classes that are to be used as tool agents must implement the interface Tool Agent . Tool
agents are declared in a workflow using the appl i cati on tag in the XPDL. This declaration is
associated with the implementation class of Tool Agent using an extension. The extension syntax
supported allows to specify the Java class to use and additional properties of the tool agent (see the
User Manual for details).

Note that a tool agent can be implemented with full functionallity based on the tool agent interface
only. The remainder of this package description explains how tool agent implementation may be
simplified and how the performance of tool agent invocations may be improved. Aswith thecl i -
ent APl , we have tried to keep this extended interface as independant of the implementation
framework (J2EE) as possible. However, this attempt is limited by requirements imposed by trans-
action handling. While the interfaces could be kept clean of dependencies on J2EE interfaces or
classes, their usage pattern is partially motivated by EJB transaction semantics.

From the workflow engine's point of view, tool agent invocation is asynchronous, i.e. it does not ex-
pect a result from the i nvoke method. The invoked application must at some point in time call
WActivity.setResult and W Activity. conpl ete tosigna completion of its work.
Although the tool agent model assumes that this is done "later” (e.g. by the application process),
these calls may also be made in the implementation of the i nvoke method, thus effectively com-
bining the tool agent with the application that it controls (making the tool agent atool).

If youtry tocall set Resul t and conpl et e inthei nvoke method of your tool implementation,
you'll sooner or later notice that these methods (being remote calls) may throw Renot eExcep-
tion s, indicating some temporary failure. If you do not handle these exceptions, they will be
handled by the workflow engine and your tool will simply be re-invoked. If, however, your invoke
method is "expensive" or has side effects, you may not want it to be re-executed because of a tem-
porary failure during set Resul t or conpl et e..

Consequently, you put awhile loop around these calls, repeating them until they run without a Re-
not eExcept i on . Regrettably, this is where EJB semantics come in. While the repeat pattern
works in a stand-alone EJB client, it won't work here becausei nvoke is called in the context of an
EJB method and the Renot eExcept i on from set Resul t or conpl et e is noticed by the EJB
container, and the complete tool agent invocation transaction will be rolled back. So you have to ex-
ecute the callsto set Resul t and conpl et e in a new transaction. This is what Tool Agent -
Context.finishActivity hasbeen defined for. This method calls set Resul t and com
pl et e in anew transaction (and repeats the calls until no Renot eExcept i on isthrown). If you
want to use this method (or another method from the tool agent context), your tool agent must im-
plement Cont ext Request er in order to receive the context beforei nvoke is called.

Having a closer look at transactions, there is a drawback to the solution described above. If we look
at open transactions, we find that there is one transaction handling the tool invocation; this has been
suspended for a new transaction that executes the actual tool agent invocation (this must be donein




Additional Information

its own transaction, €lse the workflow engine cannot terminate an activity if an exception is thrown
by the tool agent as, again, the invoking transaction would be marked for rollback by the application
server). By calling f i ni shAct i vity duringi nvoke , the transaction executing the tool invoca-
tion will aso be suspended in favour of the transaction that finishes the activity. This situation may,
under certain circumstances lead to deadlocks.

To avoid these "excessive" nested transaction suspends, the calls to set Resul t and conpl et e
should better be done after tool invocation by the the same transaction that has invoked the tool.
Tools (i.e. tool agents that want to return aresult and complete the activity during i nvoke ) should
therefore implement Resul t Provi der . Thisalowsthe tool to simply leave the result evaluated
during i nvoke in an attribute from where it will be retrieved after i nvoke by the workflow en-

gine. The workflow engine then calls set Resul t and conpl et e on the activity. Besides avoid-
ing transaction problems, usage of Resul t Pr ovi der actually simplifies the tool implementation.

A.3.1. Additional Information

Snce V10

A.3.2. Exception ApplicationNotStoppedException

This exception is thrown by a Tool Agent if it cannot t er m nat e the execution of a running
application. It may not be thrown if the activity passed to t er mi nat e is unknown (i.e. the tool
agent was never invoked for the activity or processing the activity has already completed).

A.3.2.1. Synopsis

public class de.danet.an.workfl ow. spis.aii.ApplicationNotStoppedException e
i mpl ements, java.io.Serializable {
/1 Public Constructors

public ApplicationNot St oppedException(String nsg);

Methods inherited from java.lang.Throwable: fil |l I nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt StackTrace ,
set StackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify,noti fyAll ,wait

Inheritance Path. javalang.Object-> java.lang.Throwable-> java.lang.Exception-> Section A.3.2,
“Exception ApplicationNotStoppedException” [255]

A.3.2.2. ApplicationNotStoppedException(String)

public ApplicationNot St oppedException(String nsg);

Parameters

nsg the detail message.

Creates a new exception with the given message.
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A.3.3. Exception CannotExecuteException

This exception isthrown by aTool Agent if it cannot execute a given activity.
As of version 1.3.2, this exception can be used as a wrapper for an exception that caused the tool

failure. The wrapped exception can be mapped to a process level exception. See Except i onMap-
pi ngProvi der and the user manual for details.

A.3.3.1. Synopsis

public class de.danet.an.workfl ow. spi s. aii.Cannot Execut eExcepti on extends,
i mpl ements, java.io.Serializable {
/1 Public Constructors

publ i ¢ Cannot Execut eException(String neg);

publ i ¢ Cannot Execut eException(String nsg,
Thr owabl e cause);

/1 Public Methods
public String toString();

Methods inherited from java.lang.Throwable: fil |l I nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt StackTrace ,
set StackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify,noti fyAll ,wait

Inheritance Path. javalang.Object-> javalang.Throwable-> java.lang.Exception-> Section A.3.3,
“ Exception CannotExecuteException” [256]

A.3.3.2. CannotExecuteException(String)

publ i ¢ Cannot Execut eException(String nsg);

Parameters

neg the detail message.

Creates a new exception with the given message.

A.3.3.3. CannotExecuteException(String, Throwable)

publ i ¢ Cannot Execut eException(String nsg,
Thr owabl e cause);

Parameters
neg the detail message
cause the cause
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Creates a new exception with the given message and cause.

A.3.4. Interface ContextRequester

This interface marks a Tool Agent as arequester of a Tool Agent Cont ext . If atool agent
implements this interface, the set Cont ext method will be called before the toal is invoked (i.e.
before method i nvoke iscalled).

A.3.4.1. Synopsis

public interface de. danet.an.workfl ow spi s. aii.Context Requester {
/1 Public Methods

public void set Tool Agent Cont ext ( Tool Agent Cont ext context);

Since 1.2

Inheritance Path. Section A.3.4, “Interface ContextRequester” [257]

A.3.4.2. setToolAgentContext(ToolAgentContext)

public void set Tool Agent Cont ext ( Tool Agent Cont ext context);

Parameters

cont ext the engine context

Makes an engine context available to the tool agent.

A.3.5. Interface ExceptionMappingProvider

This interface must be implemented by Tool Agent s that want the workflow engine to map the
causes of Cannot Execut eExcept i ons to process exceptions that cause the current activity to
be abandoned. This state change will then be handled by special transitions in the process descrip-
tion.

The mappings provided by atool can always be extended or restricted by the application definition
in the process description. See the user manual for details.

A.3.5.1. Synopsis

public interface de.danet.an.workfl ow spis.aii.Excepti onMappi ngProvider {
/1 Public Methods

public java.util.Collection excepti onMappi ngs();

See Also abandon(j ava.l ang. String) [ 146]

Inheritance Path. Section A.3.5, “Interface ExceptionMappingProvider” [257]

257



Class ExceptionMappingPro-
vider.ExceptionMapping

A.3.5.2. exceptionMappings()

public java.util.Collection excepti onMappi ngs();

Parameters

return the mappings

Return the collection of mappings predefined by thistool.

A.3.6. Class ExceptionMappingPro-
vider.ExceptionMapping

Define a single exception mapping.
A.3.6.1. Synopsis

public static class de.danet.an.workfl ow. spi s.aii.Excepti onMappi ngProvi der. Except
/1 Public Constructors

publ i c Excepti onMappi ngProvi der. Excepti onMappi ng(d ass javaException);

publ i c Excepti onMappi ngProvi der. Excepti onMappi ng(Cd ass j avaExcepti on,
String processException);

publ i c Excepti onMappi ngProvi der. Excepti onMappi ng(Cd ass j avaExcepti on,
String processException,
bool ean suspend);

/1 Public Methods

public C ass getJavaException();
public String getProcessException();

public bool ean get SuspendActivity();

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify ,notifyAll ,toString,wait

Inheritance Path. javalang.Object-> Section A.3.6, “Class ExceptionMappingPro-
vider.ExceptionMapping” [258]

A.3.6.2. ExceptionMappingProvider.ExceptionMapping(Class)

publ i c Excepti onMappi ngProvi der. Excepti onMappi ng(d ass javaExcepti on);

Parameters
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vider.ExceptionMapping

j avaException the Java exception
processExcepti on the process exception

Create a new mapping. If the tool throws a Cannot Execut eExcept i on with a Java exception
of the given class (or derived from the given class) as cause, then the invoking activity is suspended.

A.3.6.3. ExceptionMappingProvider.ExceptionMapping(Class,
String)

publ i c Excepti onMappi ngProvi der. Excepti onMappi ng(Cd ass javaExcepti on,
String processException);

Parameters
j avaException the Java exception
processExcepti on the process exception

Create a new mapping. If the tool throws a Cannot Execut eExcept i on with a Java exception
of the given class (or derived from the given class) as cause, then this Java exception is mapped to
the given process exception.

A.3.6.4. ExceptionMappingProvider.ExceptionMapping(Class,
String, boolean)
publ i c Excepti onMappi ngProvi der. Excepti onMappi ng(Cd ass j avaExcepti on,

String processException,
bool ean suspend);

Parameters

j avaException the Java exception

processExcepti on the process exception

suspend if t r ue theinvoking activity is suspended

Create a new mapping. If the tool throws a Cannot Execut eExcept i on with a Java exception
of the given class (or derived from the given class) as cause, then the invoking activity is suspended.

A.3.6.5. getJavaException()

public C ass getJavaException();

Parameters

return value of javaException.

Get the value of javaException.
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A.3.6.6. getProcessException()

public String getProcessException();

Parameters

return value of processException.

Get the value of processException.

A.3.6.7. getSuspendActivity()

public bool ean get SuspendActivity();

Parameters

return Returns t r ue if the invoking activity is to be suspended in
response to the exception.

A.3.7. Interface ExecutionModeProvider

This interface can be implemented by Tool Agent s that provide information about their preferred
execution mode.

Note that if atool agent implements this interface, the mode returned by execut i onMbde over-
rides any settingsin XPDL.

A.3.7.1. Synopsis

public interface de.danet.an.workfl ow spis. aii.Executi onModeProvider {
/1 Public Static Fields

public static final int ASYNCHR = 1;

public static final int SYNCHR = 2;
/1 Public Methods

public int executionhde();

Deprecated
Asof version 1.2, there are no different execution modes any more.

Inheritance Path. Section A.3.7, “Interface ExecutionModeProvider” [260]

A.3.7.2. ASYNCHR

public static final int ASYNCHR = 1;

260



Interface ResultProvider

Indicates that the tool is to be executed asynchronously with respect to state evaluation (see user
manual for details).

A.3.7.3. SYNCHR

public static final int SYNCHR = 2;

Indicates that the tool is to be executed synchronously with respect to state evaluation (see user
manual for details).

A.3.7.4. executionMode()

public int executionMde();

Parameters

return one of ASYNCHR or SYNCHR

Returns the preferred execution mode of the tools.

A.3.8. Interface ResultProvider
Thisinterface marksaTool Agent as provider of aresult duringi nvoke .
A.3.8.1. Synopsis

public interface de. danet.an.workfl ow. spis.aii.ResultProvider {
/1 Public Methods

public Object result();

}
Snce 11
See Also de. danet. an. wor kfl ow. spi s. aii [254]

Inheritance Path. Section A.3.8, “Interface ResultProvider” [261]

A.3.8.2. result()

public Object result();

Parameters

return the result data as a <code>Map</code> of formal parameter
names and values or nul | if the invocation does not return
any data. As special case, an instance of Except i onRes-
ul t may bereturned if the activity isto be abandoned.

Return the result evaluated during i nvoke . The method will only be called once after each in-
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voke, i.e. the attribute holding the result may be cleared in this method to alow early garbage col-
lection.

Note that since a tool agent implementation must be thread safe, the result evaluated during i n-
voke must bekeptinaThr eadLocal attribute.

A.3.9. Class ResultProvider.ExceptionResult

A special kind of result that may be returned by resul t . It causes the activity to be abandoned
and the exception name used in the constructor to be signaled to the workflow engine.

A.3.9.1. Synopsis

public static class de.danet.an.workfl ow spis.aii.ResultProvider.Excepti onResulti
/1 Public Constructors

publ i c Resul t Provider. Excepti onResult(String excepti onNane);

public Resul t Provi der. Excepti onResult (String excepti onNane,
bool ean suspendActivity);

/1 Public Methods

public String exceptionName();

publ i c bool ean suspendActivity();

public String toString();
Methods inherited from java.lang.Object : cl one , equal s , finalize , getC ass ,
hashCode ,notify ,notifyAll ,toString,wait
See Also abandon(j ava.l ang. String) [ 146]

Inheritance Path. java.lang.Object-> Section A.3.9, “Class ResultProvider.ExceptionResult” [262]

A.3.9.2. ResultProvider.ExceptionResult(String)

public ResultProvider. ExceptionResult(String exceptionNane);

Parameters

excepti onNane the name of the exception to be signaled

May be used by atool agent implementation to create a special result that causes the activity to be
abandoned, and the exception with the given name to be signaled to the workflow engine for trans-
ition evauation.

A.3.9.3. ResultProvider.ExceptionResult(String, boolean)

public Resul tProvider. Excepti onResult(String excepti onNane,
bool ean suspendActivity);
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Parameters
excepti onNane the name of the exception to be signaled
suspendActivity if t r ue suspend the invoking activity

May be used by atool agent implementation to create a specia result that causes the activity to be
abandoned, and the exception with the given name to be signaled to the workflow engine for trans-
ition evaluation. In addition, the invoking activity may be suspended.

A.3.9.4. exceptionName()

public String exceptionName();

Parameters

return the exception name

Return the exception name passed to the constructor.

A.3.9.5. suspendActivity()

public bool ean suspendActivity();

Parameters

return the suspend activity flag

Return the suspend activity flag passed to the constructor.

A.3.10. Interface ToolAgent

This interface is used to control applications that execute work items. An application may imple-
ment this interface directly (it is "workflow aware"). Usualy, however, this interface will be imple-
mented by some adapter class that controls the application, and thus acts as an agent for the applica-
tion.

An application is declared to participate in a workflow by the appl i cati on tag in the XPDL.
This declaration is associated with the implementation class of Tool Agent using an extension.
The extension syntax supported allows to specify properties of the tool agent (see the User Manual
for details).

An implementation of Tool Agent must be aware that several application invocations may be per-
formed using the same instance of the class implementing Tool Agent . This implies that imple-
mentations must be thread-safe.

By default, thei nvoke method has full access to the activity as specified by theacti vity in-
terface .Implementations that require long term storage of the activity must be aware that the
activity is passed as an interface to a remote object and therefore unsuitable for long term persist-
ence. Tool agents should persist the activity's unique key instead of the activity. The activity may
later be retrieved from the key using Pr ocessDi rect ory. | ookupActi vity (obtaining the
process directory from the Wor kf | owSer vi ce .
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A.3.10.1. Synopsis

public interface de. danet.an.workfl ow. spi s.aii.Tool Agent {
/1 Public Methods

public void i nvoke(de. danet. an. workfl ow. api . Activity activity,
de. danet . an. wor kf | ow. api . For mal Par aneter[] fornal Paraneters,

java.util.Map actual Paraneters)
t hrows Renpt eExcepti on, Cannot Execut eExcepti on;

public void term nate(de.danet.an.workfl ow api.Activity activity)
t hrows Applicati onNot St oppedExcepti on, Renot eExcepti on;

See Also de. danet. an. wor kfl ow. spi s. aii [254]

Inheritance Path. Section A.3.10, “Interface ToolAgent” [263]

A.3.10.2. invoke(Activity, FormalParameter[], Map)
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public void invoke(de. danet. an. workfl ow. api . Activity activity,
de. danet . an. wor kf | ow. api . For mal Par aneter[] formal Paraneters,
java.util.Map actual Paraneters)
t hrows Renot eExcepti on, Cannot Execut eExcepti on;

Parameters

activity the activity to be executed. The supplied object must be seri-
dizable in order to support applications running as servers

f or mal Par anet er s the formal parameter definition as specified in the process
definition. May be used e.g. by generic applications to adapt
to specific formal parameter lists

act ual Paraneters the actual parameters of the application invocation. There is
an entry in the map for every formal parameter using theid as
key in the map. OQUT parameters are initialized to zero. The
map and the objects contained in the map must be serializable
in order to support applications running as servers.

Exceptions

Renot eExcepti on if a temporary problem occurs and the workflow engine
should retry the tool invocation (usually thrown when a dead-
lock situation occurs while accessing the activity).

Cannot Execut eExcepti on if thrown, causes the activity to be terminated unless a map-

ping to a process exception is defined for the cause of the
Cannot Execut eException . If such a mapping is
defined, the activity is abandoned. See the user manual for
details.

Invoke an application on the given activity.




Interface ToolAgentContext

A.3.10.3. terminate(Activity)

public void term nate(de. danet. an. workfl ow. api . Activity activity)
t hrows Applicati onNot St oppedExcepti on, Renpt eExcepti on;

Parameters

activity the activity to be canceled. The supplied object must be seri-
alizable in order to support applications running as servers.

Exceptions

Appl i cati onNot St oppedEx- if execution cannot be terminated (see Appl i cat i onNot -
ception St oppedException ).

Renot eExcepti on if a temporary problem occurs and the workflow engine
should retry the tool termination

Terminates execution of the given activity. If the activity has been terminated already, the method
should do nothing (i.e. under certain conditions this method may be called more than once for a giv-
en activity).

Only the activity's methods key and uni queKey should be used in an implementation of this
method. Else, depending on the application server and database configuration, deadlocks may occur.

Up to version 1.3 this method has been called by the workflow engine when processing an invoked
tool's call of W Acti vity. conpl ete() . The reasoning has been that the engine cannot be
sure that conpl et e() iscaled by the tool that has previously been invoked. (To ensure this, the
engine would have to pass some token to the tool during invocation and the tool would have to pass
this back to the engine when calling conpl et e() . Such a procedure is, however, not defined by
the OMG API.) By invoking t er m nat e() on the currently running tool when processing com

pl et e() , the engine tried to make sure that at least the invoked tool is terminated if some im-
poster callsconpl et e() instead of the invoked tool.

The overlapping of the tool processing the completion and the invocation of t er mi nat e() onthe
tool has, however, turned out to cause various problems with respect to transactions if the tool uses a
database. Therefore, this procedure has been abandoned. Note that this change does not formally
change the API as there has never been a contract about t er mi nat e() being caled as part of pro-
cessing conpl et e() . The subject has been explained extensively only to provide an explanation
if someone observes this change of behaviour.

A.3.11. Interface ToolAgentContext

This interface defines methods of the workflow engine that are available to a tool agent. An agent
implementation that wants to use these methods must implement the Cont ext Request er inter-
face.

A.3.11.1. Synopsis

public interface de.danet.an.workfl ow. spi s. aii.Tool Agent Cont ext extends, ja
/1 Public Methods

public void abandonActivity(ResultProvider.ExceptionResult result)
throws TransitionNot Al | owedExcepti on;

265



Interface ToolAgentContext

public void abandonActivity(String exception)
t hrows TransitionNot Al | owedExcepti on;

public String applicationld();

public void finishActivity(java.util.Mp result)
t hrows | nval i dDat aExcepti on, Cannot Conpl et eExcepti on;

public de.danet.an.workfl ow api.Activity | ookupActivity(de. danet.an.workfl ow. api
t hrows | nval i dkeyExcepti on, RenopteExcepti on;

Snce 1.2

Inheritance Path. Section A.3.11, “Interface Tool AgentContext” [265]

A.3.11.2. abandonActivity(ResultProvider.ExceptionResult)

public void abandonActivity(ResultProvider. ExceptionResult result)
t hrows TransitionNot Al | owedExcepti on;

Parameters

result the exception information

Exceptions

Transi ti onNot Al | owedEx- seeActi vity. abandon()
ception

Abandon the invoking activity in a new transaction and maybe suspend it.

A.3.11.3. abandonActivity(String)

public void abandonActivity(String exception)
t hrows TransitionNot Al | owedExcepti on;

Parameters

exception the exception to signa

Exceptions

Transi ti onNot Al | owedEx- seeActi vity. abandon()
ception
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Abandon the invoking activity in a new transaction.

A.3.11.4. applicationld()

public String applicationld();

Parameters

return theid

Return the id given to the application in the process definition.

A.3.11.5. finishActivity(Map)

public void finishActivity(java.util.Mp result)
t hrows | nval i dDat aExcepti on, Cannot Conpl et eExcepti on;

Parameters

result thetool'sresult data. If nul | donot call set Resul t .
Exceptions

I nval i dDat aExcepti on seceW Activity.setResult(...)

Cannot Conpl et eException seeW Activity. conpl ete()

Set aresult and complete the invoking activity in a new transaction.

A.3.11.6. lookupActivity(ActivityUniqueKey)

public de.danet. an.workfl ow. api . Activity | ookupActivity(de. danet.an.workfl
throws | nval i dkeyException, RenoteException;

Parameters

auk the activity's unique key

return the activity

Exceptions

I nval i dKeyExcepti on if the activity specified by auk cannot be found.
Renot eExcepti on if asystem-level error occurs.
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Lookup the given ativity specified by its unique key.

A.3.12. Interface XMLArgumentTypeProvider

This interface can be implemented by Tool Agent s that provide information about the accepted
coding of arguments that describe XML data.

Note that if atool agent implements this interface, the type returned by r equest edXMLAr gu-
nment Type overrides any settingsin XPDL.

A.3.12.1. Synopsis

public interface de. danet.an.workfl ow. spis.aii.XMArgunment TypeProvi der {
/1 Public Static Fields

public static final int XM__AS JDOM = 2;
public static final int XM._AS SAX = 3;

public static final int XM._AS WBC DOM = 1;
/1 Public Methods

public int requestedXM.Argunent Type();

Inheritance Path. Section A.3.12, “Interface XMLArgumentTypeProvider” [268]

A.3.12.2. XML_AS_JDOM

public static final int XM._AS JDOM = 2;

Pass parameters as JDOM when tool is invoked. The parameter ispassed inasj ava. util . Li st
, containing one or more elements, to support single-rooted XML structures as well as non-single
rooted structures.

A.3.12.3. XML_AS_SAX

public static final int XM__AS SAX = 3;

Pass parameters as SAXEvent Buf f er when tool isinvoked.

A.3.12.4. XML_AS_W3C_DOM

public static final int XM__AS WBC DOM = 1;

Pass parameters as W3C DOM when tool is invoked. The parameter is passed in as
or g. w3c. dom Docunent Fragement , containing one or more elements, to support single-
rooted XML structures as well as non-single rooted structures.

A.3.12.5. requestedXMLArgumentType()

public int requestedXM.Argunment Type();
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Package
de.danet.an.workflow.spis.ras

Parameters

return one of XM._AS WBC DOM , XM._AS JDOM or
XM._AS SAX

Return the requested type for XML arguments.

A.4. Package de.danet.an.workflow.spis.ras

A41l.

A.4.2.

This package defines the Resource Assignment Service used in the de. danet . an. wor kf | ow
package. This serviceis both used (by the core workflow component) and provided (as a sample im-
plementation by de. danet . an. wor kf | ow. assi gnnent ).

The service interface follows the standard conventions for a service interface, i.e. it defines an ab-
stract factory class and a service interface.

Additional Information

Snce 1.0

Interface ActivityFinder

This interface defines facilities that map activity idsto W Acti vity objects. Acti vi t yFi nd-
er s are used (in combination with an identifier) to identify activitiesin calls to a Resour ceAs-
si gnment Servi ce . They are guaranteed to be serializable objects with properly implemented
<code>equals</code> and <code>hashCode</code> methods. It is expected that resource assign-
ment facilities keep a peristent, indexed record of Acti vityFi nder s and store references to
activities as tuples of afinder index and an activity identifier.

A.4.2.1. Synopsis

public interface de.danet.an.workfl ow spis.ras. ActivityFinder {
/1 Public Methods

publ i c de. danet. an. wor kfl ow. ongcore. WActivity find(String actld)
t hrows NoSuchActi vit yExcepti on, RenoteExcepti on;

Inheritance Path. Section A.4.2, “Interface ActivityFinder” [269]

A.4.2.2. find(String)

publ i ¢ de. danet. an. wor kfl ow. ongcore. WActivity find(String actld)
t hrows NoSuchActi vit yExcepti on, Renot eExcepti on;

Parameters

actld the activity id (unique in the scope of thisAct i vi t yFi nd-
er .

return theW Act i vi ty found.
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A.4.3.

Error FactoryConfigurationError

Exceptions

NoSuchActi vi t yExcepti on if noactivity with thegivenact | d can be found.

Renot eExcepti on if asystem-level error occurs.

Return the activity that is associated with the given id.

Error FactoryConfigurationError

This exception is thrown by the new nst ance method of Resour ceAssi gnnent Ser vi ce-
Factory .

A.4.3.1. Synopsis

public class de.danet.an.workfl ow. spis.ras. FactoryConfi gurati onError extends,
/1 Public Constructors

public FactoryConfigurationError();

publ i c FactoryConfigurationError(String nsg);

Methodsinherited from java.lang.Throwable: fil | | nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt St ackTrace ,
set St ackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify ,notifyAll ,wait

Inheritance Path. javalang.Object-> javalang.Throwable-> javalang.Error-> Section A.4.3,
“Error FactoryConfigurationError” [270]

A.4.3.2. FactoryConfigurationError()

public FactoryConfigurationError();

Creates a new exception.

A.4.3.3. FactoryConfigurationError(String)

A.4.4.

270

public FactoryConfigurationError(String msg);

Parameters

nsg the detail message.

Creates a new exception with the given message.

Exception NoSuchActivityException

This excpetion is thrown by the f i nd method of Acti vi t yFi nder if no activity can be found
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Interface ResourceAssignmentSer-
vice

for agiven key.
A.4.4.1. Synopsis

public class de.danet.an.workfl ow. spis.ras. NoSuchActivityExcepti on extends,
i npl enents, java.io.Serializable {
/1 Public Constructors

publ i c NoSuchActivityException(String nmsg);

Methods inherited from java.lang.Throwable: fil | I nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt StackTrace ,
set St ackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify,notifyAll ,wait

Inheritance Path. javalang.Object-> java.lang.Throwable-> java.lang.Exception-> Section A.4.4,
“Exception NoSuchActivityException” [270]

A.4.4.2. NoSuchActivityException(String)

public NoSuchActivityException(String nmsg);

Parameters

nsg the detail message.

Create anew exception with the given detail message.

A.4.5. Interface ResourceAssignmentService

This interface defines the resource assignment facility used by the workflow component. A central
design issue for thisinterface is the identification of activites.

The" key" nethod of W Acti vity isby definition only unique within the scope of the con-
taining process and can thus not easily be used to identify a single activity in a workflow engine.
Even worse, aresource assignment service might be used by more than one workflow engine.

At this interface, an activity is therefore identified using an Acti vi t yFi nder and an identifier
that is unique with respect to the Acti vi t yFi nder . The Acti vi t yFi nder provides both a
namespace to alow different consumers to request resources and a means for the assignment facility
to map the identifier back to an actual W Acti vi ty object. See the description of Acti vity-
Fi nder for more details.

From the workflow engine's point of view, the resource assignment service is the only source of ob-
jects of type W Resour ce and W Assi gnnent . Implementations of resource assignment ser-
vices may be (but need not be) based on a resource management service as defined in package
de. danet. an. wor kfl ow. spis.rns .

A.4.5.1. Synopsis

public interface de. danet.an.workfl ow. spi s. ras. ResourceAssi gnment Servi ce {
/1 Public Methods

publ i c de. danet. an. wor kf | ow. ongcor e. W Resour ce asResource(j ava. security.Pr
t hrows Renot eException, |nvalidKeyExcepti on;
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Interface ResourceAssignmentSer-
vice

public java.util.Collection assignnents(ActivityFinder finder,
String actld,
de. danet . an. wor kf | ow. ongcore. WActivity .
t hr ows Renot eExcepti on;

public java.util.Collection authorizers(de. danet. an.workfl ow. ongcore. W Resour ce |
t hrows Renot eExcepti on;

public java.util.Collection autoAssi gnResources(ActivityFinder finder,
String actld,
de. danet . an. wor kf | ow. ongcore. W A
java.security.Principal principa
de. danet . an. wor kf | ow. api . Partici
t hrows Renot eExcepti on;

public void changeAssi gnnment (Acti vityFi nder finder,
String actld,
de. danet . an. wor kf | ow. ongcore. WActivity activity,
de. danet . an. wor kf | ow. ongcor e. W Resour ce ol dResource
de. danet . an. wor kf | ow. ongcor e. W Resour ce newResour ce
t hrows Renot eException, Invali dResourceException, AlreadyAssi gnedException, No

publ i c de. danet. an. wor kf | ow. ongcor e. W Resour ce get Resour ce(de. danet. an. wor kf | ow.
t hrows Renot eExcepti on;

public bool ean i sMenmber O Wor kl t ens( de. danet . an. wor kf | ow. ongcor e. W Resour ce resou
de. danet . an. wor kf | ow. ongcor e. W Assi gnnment ass
t hrows Renpt eExcepti on, NoSuchResour ceExcepti on;

public java.util.Collection knownResources()
t hr ows Renot eExcepti on;

public void renoveAssi gnment (ActivityFi nder finder,
String actld,
de. danet . an. wor kf | ow. ongcore. WActivity activity,
de. danet . an. wor kf | ow. ongcor e. W Resour ce resource)
t hrows Renot eException, |nvali dResourceException, NotAssignedExcepti on;

publ i c de. danet. an. wor kf | ow. ongcor e. W Resour ce resourceByKey(String key)
t hrows | nval i dkeyException, RenoteException;

public java.util.Collection workltens(de.danet. an.workfl ow. ongcore. W Resource r e
t hrows Renot eExcepti on, NoSuchResour ceExcepti on;

Inheritance Path. Section A.4.5, “Interface ResourceAssignmentService” [271]

A.4.5.2. asResource(Principal)

publ i c de. danet. an. wor kf | ow. ongcor e. W Resour ce asResour ce(j ava. security. Principa
t hrows Renot eException, |nvalidKeyExcepti on;

Parameters
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vice
princi pal the principal .
return aW Resour ce object corresponding to the given principal .
Exceptions
I nval i dKeyExcepti on if the resource with the given key can't be found.
Renot eExcepti on if asystem-level error occurs.
Snce 12

Given aprincipal, return the workflow resource associated with this principal.

As the workflow core does not have a defined access to a resource management facility, this map-
ping functionality must be brought to the workflow core by the resource assignment service. If the
resource assignment service is based on a resource management service as defined in package
de. danet . an. wor kf | ow. spi s. rnms , it can simply delegate this call to Resour ceMan-

agenent Servi ce. asResour ce . The workflow engine does not need this method for its op-
eration; however, it provides a method for accessing thisinformation as part of the client interface to
ease the implementation of clients that e.g. want to generate a list of assignments for the current
user. The implementation of this method by a resource assignment service is therefore optional. If
not implemented, a call to this method must result in a
<code>UnsupportedOperationException</code>.

A.4.5.3. assignments(ActivityFinder, String, WfActivity)

public java.util.Collection assignnents(ActivityFinder finder,
String actld,
de. danet . an. wor kf | ow. ongcore. W Act |
t hrows Renot eExcepti on;

Parameters

actld a unique (with respect to an Acti vi t yFi nder ) identifier
for the Activity. The length of act | d is guaranteed not to
exceed 64.

finder the finder used to lookup activities by their f i nder 1 d s.

activity the activity.

return the collection of assignments (instances of W Assi gnment
).

Exceptions

Renot eExcepti on if asystem-level error occurs.

Return the assignments to an activity.
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vice

A.4.5.4. authorizers(WfResource)

public java.util. Collection authorizers(de. danet. an.workfl ow. ongcore. W Resour ce |
t hrows Renot eExcepti on;

Parameters

resource the resource.

return a collection of W Resour ce objects, not including r e-
source

Exceptions

Renot eExcept i on if asystem-level error occurs.

Snce 12

GivenaW Resour ce obj ect , return the collection of resources this resource is authorized for.

The resource assignment service usually uses its underlying resource management facility to imple-
ment this method, returning all groups the resource is a member of and al roles assigned to the re-
source. Resource assigments facilities may, however, modify this information e.g. according to con-
figured delegation rules.

If the resource assignment service is based on a resource management service as defined in package
de. danet . an. wor kf | ow. spi s. rms , it can smply delegate this call to Resour ceMan-
agenent Servi ce. aut hori zers . Theworkflow engine does not need this method for its op-
eration; however, it provides a method for accessing thisinformation as part of the client interface to
ease the implementation of clients. The implementation of this method by a resource assignment
service is therefore optional. If not implemented, a call to this method must result in a
<code>UnsupportedOperationException</code>.

A.4.5.5. autoAssignResources(ActivityFinder, String, WfActivity,
Principal, Participant)
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public java.util.Collection autoAssi gnResources(ActivityFinder finder,
String actld,
de. danet . an. wor kf | ow. ongcore. W A
java.security.Principal principa
de. danet . an. wor kf | ow. api . Partici
t hrows Renot eExcepti on;

Parameters

actld a unigue (with respect to an Acti vi t yFi nder ) identifier
for the Activity. The length of act | d is guaranteed not to
exceed 64.

finder the finder used to lookup activities by their f i nder 1 d s.

activity the activity that is about to become ready.




Interface ResourceAssignmentSer-

vice

princi pal the creator of the process, may benul | .

parti ci pant theParti ci pant that describes resource selection criteria.
The paramter may be nul |

return the assigned resources (instances of W Resour ce ).

Exceptions

Renot eExcepti on if asystem-level error occurs.

See Also Section A 4.2, “Interface ActivityFinder”
[ 269]

Triggers the automatic assignment of resourcesto an activity that is about to become ready.

Usually, criteria for the resource selection must be determined within the resource assignment, e.g.
based on the name of the activity, the process it belongs to etc. In some cases, however, the worflow
component may have some resource selection information available. The workflow component may
have obtained such information e.g. as part of the process description. If such information is avail-
able, it may optionally be passed to the automatic assignment. The type and valid values of such in-
formation depends totally on the resource assignment service used and remains undefined in the
scope of thisinterface.

A.4.5.6. changeAssignment(ActivityFinder, String, WfActivity,
WfResource, WfResource)

public void changeAssi gnnment (ActivityFi nder finder,
String actld,
de. danet . an. wor kf | ow. ongcore. WActivity activ
de. danet . an. wor kf | ow. ongcor e. W Resour ce ol dRe
de. danet . an. wor kf | ow. ongcor e. W Resour ce newRe
t hrows Renot eException, |nvali dResourceException, AlreadyAssignedExcepti

Parameters

finder the finder used to lookup activities by their f i nderl d s

actld a unique (with respect to an Acti vi t yFi nder ) identifier
for the Activity. The length of act | d is guaranteed not to
exceed 64

activity the activity being enacted

ol dResour ce the resource that has its assignment removed

newResour ce the resource to be assigned

Exceptions

Renot eExcepti on if asystem-level error occurs
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vice

I nval i dResour ceExcepti on if the resource is invalid. As the environment is a concurrent
multi user environment, W Resour ce objects may become
invalid

Al readyAssi gnedExcept i on if the assignment already exists

Not Assi gnedExcepti on if there is no assignment to the old resource
See Also Section A 4.2, “Interface ActivityFinder”
[ 269]

Change an assignment for enacting an activity. This method is called by the workflow engine in
Acti vity. changeAssi gnnent which should be used by resource assignment services to im-
plement W Assi gnnent . set Assi gnee.

A.4.5.7. getResource(WfAssignment)

publ i c de. danet. an. wor kf | ow. ongcor e. W Resour ce get Resour ce(de. danet. an. wor kf | ow.
t hrows Renot eExcepti on;

Parameters

asnmmt the assignment

return the resource

Exceptions

Renot eExcepti on if asystem-level error occurs.
Snce 134

Get the resource associated with an Assignment.

A.4.5.8. isMemberOfWorkltems(WfResource, WfAssignment)

public bool ean i sMenber O Wr kil t ens( de. danet. an. wor kf | ow. ongcor e. W Resour ce resoul
de. danet . an. wor kf | ow. ongcor e. W Assi gnnent ass
t hrows Renpt eExcepti on, NoSuchResour ceExcepti on;

Parameters

resource the resource.

assi gnmrent the assignment in question.

return true if the assi gnment belongs to the work items of the

resource.
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vice

Exceptions

Renot eExcepti on if asystem-level error occurs.
NoSuchResour ceExcepti on if the resourceis invalid. As the environment is a concurrent

multi user environment, W Resour ce objects may become
invalid.

Find out if a given assignment belongs to the work items assigned to a particular resource.

A.4.5.9. knownResources()

public java.util.Collection knownResources()
t hrows Renot eExcepti on;

Parameters

return the collection of resources known to the resource assignment
service (instances of W Resour ce ).

Exceptions

Renot eExcepti on if asystem-level error occurs.

Returns at least the collection of all the workflow resources being assigned to activities, but should
also return the additiona workflow resources that are known to the resource assignment service.

If the resource assignment service is based on a resource management service as defined in package
de. danet . an. wor kf | ow. spi s. rms , it can smply delegate this call to Resour ceMan-

agenent Servi ce. | i st Resour ces . The workflow engine does not need this method for its
operation; however, it provides a method for accessing thisinformation as part of the client interface
to ease the implementation of clients. The implementation of this method by a resource assignment
service is therefore optional. If not implemented, a cal to this method must result in a
<code>UnsupportedOperationException</code>.

A.4.5.10. removeAssignment(ActivityFinder, String, WfActivity,
WfResource)

public void renoveAssi gnment (Acti vityFi nder finder,
String actld,
de. danet . an. wor kf | ow. ongcore. WActivity activ
de. danet . an. wor kf | ow. ongcor e. W Resource resou
t hrows Renot eException, |nvali dResourceException, NotAssignedExcepti on;

Parameters
finder the finder used to lookup activities by their f i nderl d s
actld a unique (with respect to an Acti vi t yFi nder ) identifier

for the Activity. The length of act | d is guaranteed not to
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exceed 64.
activity the activity that is about to become ready
resource the resource to be assigned
Exceptions
Renot eExcepti on if asystem-level error occurs

I nval i dResour ceExcepti on if the resourceis invalid. As the environment is a concurrent
multi user environment, W Resour ce objects may become

invalid.

Not Assi gnedExcepti on if the resource is not assigned to the given activity

See Also Section A 4.2, “Interface ActivityFinder”
[ 269]

Remove the assignment of a resource to an activity. This method is called by the workflow engine
in Activity. renoveAssi gnment which, in turn, should be used by resource management
servicesto implement W Resour ce. r el ease .

A.4.5.11. resourceByKey(String)

publ i c de. danet. an. wor kf | ow. ongcor e. W Resour ce resourceByKey(String key)
t hrows | nval i dkeyException, RenoteException;

Parameters

key the key.

return aW Resour ce object corresponding to the given key.

Exceptions

I nval i dKeyExcepti on if the resource with the given key can't be found. As the en-
vironment is a concurrent multi user environment,
W Resource objects (and keys obtained from
W Resour ce objects) may become invalid.

Renot eExcepti on if asystem-level error occurs.

Snce 12

Given the key of a W Resour ce (obtained with r esour ceKey() ), return the workflow re-
source associated with this key.

For the workflow core, the resource assignment interface is the only source of W Resour ce ob-
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jects. Whiler esour ceKey() provides an easy mapping of those objects to unique keys, the re-
verse mapping can only be provided by the resource management facility that has created the
W Resour ce objects.

As the workflow core does not have a defined access to a resource management facility, this reverse
mapping functionality must be brought to the workflow core by the resource assignment service.
(Which is quite reasonable, asit has delivered the W Resour ce objectsin thefirst place.) If the re-
source assignment service is based on a resource management service as defined in package
de. danet . an. wor kf | ow. spi s. rms , it can simply delegate this call to Resour ceMan-

agemnent Ser vi ce. r esour ceByKey . The workflow engine does not need this method for its
operation; however, it provides a method for accessing thisinformation as part of the client interface
to ease the implementation of clients. The implementation of this method by a resource assignment
service is therefore optional. If not implemented, a call to this method must result in a
<code>UnsupportedOperationException</code>.

A.4.5.12. workltems(WfResource)

public java.util.Collection workltens(de.danet. an.workfl ow. ongcore. WResou
t hrows Renot eExcepti on, NoSuchResour ceExcepti on;

Parameters

resource the resource.

return the collection of assigned work items (instances of
W Assi gnnent ).

Exceptions

Renot eExcepti on if asystem-level error occurs.

NoSuchResour ceExcepti on if the resourceisinvalid. As the environment is a concurrent
multi user environment, W Resour ce objects may become
invalid.

Return the assignments of a given resource.

A.4.6. Class ResourceAssignmentServiceFactory

Defines afactory API that enables the workflow component to obtain a resource assignment facility.

A.4.6.1. Synopsis

public abstract class de. danet. an.workfl ow. spi s. ras. Resour ceAssi gnnent Ser vi |
/1 Protected Constructors

prot ect ed ResourceAssi gnnent Servi ceFactory();
/1 Public Static Methods

public static ResourceAssi gnnent Servi ceFactory new nstance()
t hrows Fact oryConfigurati onError;

/1 Public Methods

public abstract ResourceAssi gnment Servi ce newResour ceAssi gnnent Servi ce()
t hrows FactoryConfigurationError;
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Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify ,notifyAll ,toString,wait

Inheritance Path. javalang.Object-> Section A.4.6, “Class ResourceAssignmentServiceFactory”
[279]

A.4.6.2. ResourceAssignmentServiceFactory()

protected ResourceAssi gnnent Servi ceFactory();

Constructor. Must be overridden with a parameterless public constructor by derived class.

A.4.6.3. newlinstance()

public static ResourceAssi gnnent Servi ceFactory new nstance()
t hrows Fact oryConfigurati onError;

Parameters

return an instance of the ResourceAssi gnnent Servi ce-
Factory .

Exceptions

Fact oryConfi gurati onErr- if afactory instance can't be created.
or

Obtain a new instance of aResour ceAssi gnnment Ser vi ceFact ory . This static method cre-
ates a new factory instance. The method uses the following ordered lookup procedure to determine
the Resour ceAssi gnment Ser vi ceFact or y implementation classto load:

 If an initid naming context is available, look for a a classname in
j ava: conp/ env/ de. danet . an. wor kf | ow. spi s. r as. Resour ceAssi gnnent Ser
Vi ceFact ory . The configuration for a class as resource assignment service thus looks like:

<env-entry>
<descri pti on>Configure the resource assignhnment factory</description>
<env-ent ry- name>de. danet . an. wor kf | ow. spi s. ras. Resour ceAssi gnnment Ser vi ceFac\
tory</ env-entry-name>
<env-entry-type>java.lang. String</env-entry-type>
<env-entry-val ue>
Fact oryl npl ement ati onCl ass
</ env-entry-val ue>
</ env-entry>

Note that this environment entry must be inserted in the ej b-j ar. xml or web. xm for every
EJB resp. serviet that calls the newl nst ance method of Resour ceAssi gnnent Ser -
vi ceFactory .

» Use the services API (as detailed in the JAR specification), if available, to determine the class-
name. The Services APl will look for a classname in the file META-
I NF/ ser -

vi ces/
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de.danet.an.workflow.spis.rms

de. danet. an. wor kf | ow. spi s. ras. Resour ceAssi gnnent Servi ceFactory . in
jars available to the runtime.

A.4.6.4. newResourceAssignmentService()

public abstract ResourceAssi gnment Servi ce newResour ceAssi gnnent Servi ce()
t hrows FactoryConfigurationError;

Parameters

return the resource assignment service.

Exceptions

Fact or yConf i gurati onErr- if notall required resources can be obtained.
or

Creates anew instance of aResour ceAssi gnment Ser vi ce .

A.5. Package de.danet.an.workflow.spis.rms

This package defines the interface to a resource management service (RMS) as used in the
de. danet . an. wor kf | ow. spi s. r as sample implementation. Note that the implementation of
the workflow core does not require a resource management service. However, the sample resource
assignment service (RAS) needs a resource management service. We have based the sample RAS on
this interface to alow a deployer to use the sample RAS with any resource management service by
simply writing an adapter.

The service interface follows the standard conventions for a service interface, i.e. it defines an ab-
stract factory class and a service interface.

Implementing this interface implies a particular problem. The RMS must provide objects that imple-
ment W Resour ce . This interface has, as specified by OMG, methods wor kit ens i sMem

ber O Wor kl t ens and r el ease . While it is obvious (from an OO point of view) that those
methods are defined as methods of W Resour ce the RMS cannot really implement them. They
can only be implemented by an RAS, asit isits task to track assignments. Thus the objects defined
and returned by an RMS can only implement the methods by delegating to the RAS.

There may, however, be severa instances of RASs in an environment that request resources from
the RMS. How can the RM S know, where to delegate to? One way to solve this problem would be
to have every RAS "register” itself with the RMS if it assigns a resource from that RMS. This ap-
proach has a major drawback. In order to be able to recover from an application restart, the RMS
would have to implement such aregistry for RASs in persistent store. Depending on the implement-
ation of an RAS, this may be from difficult to impossible.

A much more simple solution is to have a central runtime registry of all available RASs and use the
RASs registered there to implement the above mentioned W Resour ce methods (1) . This approach
is even more charming as something very close to such aregistry exists anyway. While not designed
to fulfill this function in the first place, the Resour ceAssi gnrent Ser vi ceFact ory actualy
implements a kind of registry, as it must know about al RASs in the system (else there is no way
that the workflow core usesit for resource assignment anyway).

The Resour ceAssi gnnent Ser vi ceFact or y therefore provides the methods needed to im-
plement wor kil t ens i sMenber Of Wr ki t ens and r el ease . As a convenience this package
provides a class <code>ResourceSupport</code> that uses the methods provided by the Resour -
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A.5.1.

A.5.2.

Additional Information

ceAssi gnment Ser vi ceFact or y and can be directly used by an RM S as base class for provid-
ing its implementation of W Resour ce .

()Few thingsin life are free. There is a small performance penalty to pay for this approach. As the
RMS doesn't keep track of the RASs that have requested a particular resource, the central registry

has to query all known RASs. However, tracking RAS information (e.g. with identifiers usable as
hints for the central registry) in the RMS would impose an overhead as well.

Additional Information

Snce 1.0

Class DefaultGroupResource

This class provides a Gr oupResour ce implementation based on the Basi cResour ce . The
class ensures that the resource key can be distinguished as a group resource's key.

A.5.2.1. Synopsis

public class de. danet. an. workfl ow. spi s. rmns. Def aul t G oupResour ce ext ends, de. danet
i mpl enents, de. danet. an. wor kfl ow. api . G oupResource, java.io.Serializable {
/1 Public Constructors
publ i ¢ Def aul t G- oupResour ce( Resour ceAssi gnnent Cont ext cbh,
String id,
String nane);
/] Public Static Methods

public static String getld(String key);

public static bool ean isValidKey(String key);
/1 Public Methods
public String getld();

}

Methods inherited from de.danet.an.workflow.spis.rms.DefaultResource : equal s , hash-
Code , isMenberOrVWorkltens , release , resourceKey , resourceNane ,
wor Kkl t errs

Methods inherited from java.lang.Object : cl one ,finalize,getC ass ,notify, no-
tifyAll ,toString,wait

Inheritance Path. java.lang.Object-> Section A.5.3, “ Class DefaultResource” [283] -> Section A.5.2,
“Class DefaultGroupResource” [282]

A.5.2.2. DefaultGroupResource(ResourceAssignmentContext,

String,
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String)
publ i c Def aul t G oupResour ce( Resour ceAssi gnnent Cont ext cbh,
String id,
String nane);
Parameters




Class DefaultResource

cbh
id
name

Create anew instance with all attributes initialized to defaults or the given values.

A.5.2.3. getld()

public String getld();

Return the id passed to the constructor.

A.5.2.4. getld(String)

public static String getld(String key);

Return the id part of akey.

A.5.2.5. isValidKey(String)

public static bool ean isValidKey(String key);

Check if the given key is a group resource's key.

A.5.3. Class DefaultResource

This class provides a default implementation of the W Resour ce 's methodswor kl t ens i s-
Menmber OF Wor kil t ens and r el ease . The implementation is based on the methods of a Re-
sour ceAssi gnnment Cont ext passed to the constructor.

A.5.3.1. Synopsis

public class de. danet. an. workfl ow. spi s. rmns. Def aul t Resour cei npl ement's, de. dal
/1 Public Constructors

publ i ¢ Def aul t Resour ce( Resour ceAssi gnnent Cont ext chbh,
String key,
String nane);
/1 Public Methods

publ i c bool ean equal s(Cbj ect obj);
public int hashCode();

publ i ¢ bool ean i sMenber O Wor kil t ens( de. danet . an. wor kf | ow. ongcor e. W Assi gnne
t hrows Renot eException, II1egal StateException;

public void rel ease(de. danet. an. wor kf | ow. ongcor e. W Assi gnnent fromAssi gnne
String rel easel nfo)
t hrows Renot eExcepti on, Not Assi gnedExcepti on;

public String resourceKey()
t hr ows Renot eExcepti on;

public String resourceNane()
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t hr ows Renot eExcepti on;

public java.util.Collection workltens()
t hrows Renot eException, II1egal StateException;

Direct known subclasses :
de. danet . an. wor kf | ow. spi s. rns. Def aul t G oupResour ce ,
de. danet . an. wor kf | ow. spi s. rns. Def aul t Rol eResour ce
de. danet . an. wor kf | ow. spi s. rms. Def aul t User Resour ce

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify ,notifyAll ,toString,wait

Inheritance Path. java.lang.Object-> Section A.5.3, “Class DefaultResource” [283]

A.5.3.2. DefaultResource(ResourceAssignmentContext, String,
String)
publ i ¢ Def aul t Resour ce( Resour ceAssi gnnent Cont ext chbh,

String key,
String nane);

Parameters

assi gnSvc the callback handler
key the resource's key
nane the resource's name

The constructor. It ensuresthat avalid factory exists.

A.5.3.3. isMemberOfWorkltems(WfAssignment)

public bool ean i sMenber O Wr kil t ens(de. danet. an. wor kf | ow. ongcore. W Assi gnnent assi
t hrows Renot eException, II1egal StateException;

Specified by: Method isMemberOfWorkltems in interface WfResource

Parameters

assi gnment the assignment in question.

return t r ue if the association exists.

Exceptions

Renot eExcepti on if a system-level error occurs. Thisis actually a remapping of

the NoSuchResour ceExcepti on thrown by Resour -
ceAssi gnnent Ser -
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vice.isMenberOWorkltens(...) . It must be
remapped because this method's signature is specified by
W Resour ce. i sMenber 0f Workltens(...)

1l egal St at eExcepti on if the resource has become invalid.

Checksif agiven W Assi gnment is associated with this resource.

A.5.3.4. release(WfAssignment, String)

public void rel ease(de. danet. an. wor kf | ow. ongcor e. W Assi gnnent fronmAssi gnne
String rel easel nf o)
t hrows Renpt eExcepti on, Not Assi gnedExcepti on;

Specified by: Method release in interface WfResource

Parameters

fromAssi gnent the specific assignment.

rel easel nfo specifies additional information on the reason for realizing
the resource as input.

Exceptions

Not Assi gnedExcepti on if the resourceis not associated with the given assignment.

Renot eExcepti on if asystem-level error occurs.

Signals to the resource that it is no longer needed for a specific assignment. The default implementa-
tion calsr emoveAssi gnnent on the activity.

A.5.3.5. resourceKey()

public String resourceKey()
t hrows Renot eExcepti on;

Specified by: Method resourceKey in interface WfResource

Parameters

return key of resource
Exceptions

Renot eExcepti on problems accessing resource

Retrieve the key of aresource.
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A.5.3.6. resourceName()

public String resourceName()
t hrows Renot eExcepti on;

Specified by: Method resourceName in interface WfResource

Parameters

return name of resource
Exceptions

Renot eExcepti on problems accessing resource

Retrieve the name of aresource.

A.5.3.7. workltems()

public java.util.Collection workltens()
t hrows Renpt eException, II1egal StateException;

Specified by: Method workltems in interface WfResource

Parameters

return the associated W Assi ghnent s s.

Exceptions

Renot eExcepti on if asystem-level error occurs.

I'I'l egal St at eExcepti on if the resource has become invalid. This is actually a remap-

ping of the NoSuchResour ceExcept i on thrown by Re-
sour ceAssi gnment Servi ce. wor kl tems() . It must
be remapped because this method's signature is specified by
W Resour ce. workl t ens()

This method returnsthe W Assi gnment s sassociated with aresource.

A.5.4. Class DefaultRoleResource

This class provides a Rol eResour ce implementation based on the Basi cResour ce . The class
ensures that the resource key can be distinguished as arole resource's key.

A.5.4.1. Synopsis

public class de.danet.an.workfl ow. spis.rns. Def aul t Rol eResource extends, de. danet..
i mpl ement' s, de. danet. an. wor kfl ow. api . Rol eResource, java.io.Serializable {
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/1 Public Constructors
publ i ¢ Def aul t Rol eResour ce( Resour ceAssi gnnent Cont ext cbh,
String id,
String nane);
/1 Public Static Methods

public static String getld(String key);

public static boolean isValidKey(String key);
/1 Public Methods
public String getld();

}

Methods inherited from de.danet.an.workflow.spis.rms.DefaultResource : equal s , hash-
Code , isMenmberOFWorkltenms , release , resourceKey , resourceNane
wor k1 t errs

Methods inherited from java.lang.Object : cl one ,finalize,hgetd ass ,notify, no-
tifyAll ,toString,wait

Inheritance Path. javalang.Object-> Section A.5.3, “Class DefaultResource” [283] -> Sec-
tion A.5.4, “ Class DefaultRoleResource” [286]

A.5.4.2. DefaultRoleResource(ResourceAssignmentContext,
String, String)
publ i ¢ Def aul t Rol eResour ce( Resour ceAssi gnnent Cont ext cbh,

String id,
String nane);

Parameters

cbh
i d
nane

Create anew instance with all attributes initialized to defaults or the given values.

A.5.4.3. getld()
public String getld();

Return the id passed to the constructor.

A.5.4.4. getld(String)

public static String getld(String key);

Return the id part of akey.

A.5.4.5. isValidKey(String)
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public static boolean isValidKey(String key);

Check if the given key isarole resource's key.

A.5.5. Class DefaultUserResource

This class provides a User Resour ce implementation based on the Basi cResour ce . The class
ensures that the resource key can be distinguished as a user resource's key.

A.5.5.1. Synopsis

public class de.danet.an.workfl ow. spis.rns. Defaul t User Resource extends, de. danet..
i mpl enents, de. danet. an. wor kfl ow. api . User Resource, java.io.Serializable {
/1 Public Constructors
publ i ¢ Defaul t User Resour ce( Resour ceAssi gnnent Cont ext cbh,
String id,
String nane);
/1 Public Static Methods

public static String getld(String key);

public static boolean isValidKey(String key);
/1 Public Methods

public String getld();

}

Methods inherited from de.danet.an.workflow.spis.rms.DefaultResource : equal s , hash-
Code , isMenmberOFVWorkltens , release , resourceKey , resourceNanme ,
wor ki t errs

Methods inherited from java.lang.Object : cl one ,finalize,getC ass ,notify, no-
tifyAll ,toString,wait

Inheritance Path. javalang.Object-> Section A.5.3, “Class DefaultResource” [283] -> Sec-
tion A.5.5, “ Class DefaultUserResource” [288]

A.5.5.2. DefaultUserResource(ResourceAssignmentContext,
String, String)
publ i ¢ Def aul t User Resour ce( Resour ceAssi gnnent Cont ext cbh,

String id,
String nane);

Parameters

cbh
id
name

Create a new instance with all attributes initialized to defaults or the given values.

A.5.5.3. getld()
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public String getld();

Return the id passed to the constructor.

A.5.5.4. getld(String)

public static String getld(String key);

Return the id part of akey.

A.5.5.5. isValidKey(String)

public static boolean isValidKey(String key);

Check if the given key is a user resource's key.

A.5.6. Error FactoryConfigurationError

This exception is thrown by the newl nst ance method of Resour ceManagenent Ser vi ce-
Factory .

A.5.6.1. Synopsis

public class de.danet.an.workfl ow. spis.rns. Fact oryConfi gurati onError extend:
/1 Public Constructors

public FactoryConfigurationError(Exception cause);

public FactoryConfigurationError(String nsg);

Methodsinherited from java.lang.Throwable: fil | | nSt ackTr ace , get Cause , get Loc-
al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt St ackTrace ,
set St ackTrace ,toString

Methods inherited from java.lang.Object : cl one , equal s , finalize , getC ass ,
hashCode ,notify ,notifyAll ,wait

Inheritance Path. javalang.Object-> javalang.Throwable-> javalang.Error-> Section A.5.6,
“Error FactoryConfigurationError” [289]

A.5.6.2. FactoryConfigurationError(Exception)

publ i c FactoryConfigurationError(Exception cause);

Creates anew exception.

A.5.6.3. FactoryConfigurationError(String)

public FactoryConfigurationError(String msg);

Parameters
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nsg the detail message.

Creates a new exception with the given message.

A.5.7. Interface ResourceAssignmentContext

This interface defines the callbacks that are needed by Def aul t Resour ce to obtain information
from the server.

A.5.7.1. Synopsis

public interface de.danet.an.workfl ow. spi s. rns. Resour ceAssi gnment Cont ext ext ends,
/1 Public Methods

public bool ean i sMermber O Wr kil t ems( de. danet . an. wor kf | ow. ongcor e. W Resour ce resou

de. danet . an. wor kf | ow. ongcor e. W Assi gnnment ass
t hrows Renot eExcepti on, NoSuchResour ceExcepti on;

public java.util.Collection workltens(de.danet. an.workfl ow. ongcore. W Resource re:
t hrows Renot eExcepti on, NoSuchResour ceExcepti on;

Inheritance Path. Section A.5.7, “Interface ResourceAssignmentContext” [290]

A.5.7.2. isMemberOfWorkltems(WfResource, WfAssignment)

publ i c bool ean i sMenber O Wr kil t ens(de. danet. an. wor kf | ow. ongcor e. W Resour ce resoul
de. danet . an. wor kf | ow. ongcor e. W Assi gnnent ass
t hrows Renot eExcepti on, NoSuchResour ceExcepti on;

Parameters

resource the resource.

assi gnment the assignment in question.

return true if the assi gnment belongs to the work items of the
resource.

Exceptions

Renot eExcepti on if asystem-level error occurs.

NoSuchResour ceExcepti on if the resourceis invalid. As the environment is a concurrent
multi user environment, W Resour ce objects may become
invalid.

Find out if a given assignment belongs to the work items assigned to a particular resource.

A.5.7.3. workltems(WfResource)

public java.util. Collection workltens(de.danet. an.workfl ow. ongcore. W Resource r e
t hrows Renpt eExcepti on, NoSuchResour ceExcepti on;
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vice
Parameters
resource the resource.
return the collection of assigned work items (instances of
W Assi gnnent ).
Exceptions
Renot eExcepti on if asystem-level error occurs.

NoSuchResour ceExcepti on if the resourceis invalid. As the environment is a concurrent
multi user environment, W Resour ce objects may become
invalid.

Return the assignments of a given resource.

A.5.8. Interface ResourceManagementService

This interface defines the workflow resource management service used in the workflow package.

A.5.8.1. Synopsis

public interface de. danet. an.workfl ow. spi s. rns. Resour ceManagenent Servi ce {
/1 Public Methods

publ i c de. danet. an. wor kf | ow. ongcor e. W Resour ce asResource(java. security.Pr
t hr ows Resour ceNot FoundExcepti on, Renot eExcepti on;

public java.util.Collection authorizers(de. danet. an.workfl ow. ongcore. W Res
t hr ows Renot eExcepti on;

public java.util.Collection |istResources()
t hrows Renot eExcepti on;

publ i c de. danet. an. wor kf | ow. ongcor e. W Resour ce resour ceByKey(String key)
t hr ows Resour ceNot FoundExcepti on, Renot eExcepti on;

public java.util.Collection sel ect Resources(Ohject resSel)
t hrows Renot eException, UnsupportedOperati onExcepti on;

Inheritance Path. Section A.5.8, “Interface ResourceManagementService” [291]

A.5.8.2. asResource(Principal)

publ i c de. danet. an. wor kf | ow. ongcor e. W Resour ce asResource(java. security.Pr
t hrows Resour ceNot FoundExcepti on, Renot eExcepti on;

Parameters
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vice
princi pal the principal .
return aW Resour ce object corresponding to the given principal .
Exceptions
Resour ceNot FoundExcep- if the StaffMember with the given key can't be found or the
tion key is not associate with an StaffMember object.
Renot eExcepti on if asystem-level error occurs.

Given a principal, return the workflow resource associated with this principal by the resource man-
agement facility.

This method is usually used to get a W Resour ce object corresponding to the current user. The
W Resour ce object can subsequently be used to e.g. determine the current user's worklist.

A.5.8.3. authorizers(WfResource)

public java.util.Collection authorizers(de. danet. an.workfl ow. ongcore. W Resour ce |
t hrows Renot eExcepti on;

Parameters

resource the resource.

return a collection of W Resour ce objects, not including r e-
source

Exceptions

Renot eExcepti on if asystem-level error occurs.

Given aW Resour ce obj ect , return the collection of resources this resource is authorized for.

This method usually returns all groups the resource is a member of and all roles assigned to the re-
source.

A.5.8.4. listResources()

public java.util.Collection |istResources()
t hrows Renot eExcepti on;

Parameters

return collection of W Resour ce objects.

Exceptions
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Renot eExcepti on if asystem-level error occurs.

List al available resources.

A.5.8.5. resourceByKey(String)

publ i c de. danet. an. wor kf | ow. ongcor e. W Resour ce resourceByKey(String key)
t hrows Resour ceNot FoundExcepti on, Renot eExcepti on;

Parameters

key the key.

return aW Resour ce object corresponding to the given key.
Exceptions

Resour ceNot FoundExcep- if the StaffMember or an StaffGroup with the given key can't
tion be found.

Renot eExcepti on if asystem-level error occurs.

Given akey , return the workflow resource associated with this key.

This method is usually used to get a\W Resour ce object corresponding to the given key.

A.5.8.6. selectResources(Object)

public java.util.Collection sel ect Resources(Chject resSel)
t hrows Renbt eExcepti on, UnsupportedOperati onExcepti on;

Parameters

resSel an object that describes resource selection criteria.

return collection of W Resour ce objects.

Exceptions

Renot eExcepti on if asystem-level error occurs.

Unsupport edQper at i onEx- if the resource management service does not support this fea-
ception ture.

This optional method selects resources based on the resource selection criteria passed as parameter.

Usually, criteria for the resource selection must be determined within the resource assignment,
based on the list of resources obtained with | i st Resour ces . Implementations of resource man-
agement facilities may, however, support some query functionality that eases this task for the re-
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source assignment service. The resource assignment service may have received such resource selec-
tion information from the workflow engine via aut oAssi gnResour ces (the workflow com-
ponent has obtained the information probably as part of the process description and passed it
through transparently).

A.5.9. Class ResourceManagementServiceFactory

Defines a factory API that enables a workflow component to obtain a workflow resource manage-
ment service.

A.5.9.1. Synopsis

public abstract class de. danet.an.workfl ow. spi s. rns. Resour ceManagenent Ser vi ceFact
// Protected Constructors

prot ect ed ResourceManagemnent Servi ceFactory();
/] Public Static Methods

public static ResourceManagenent Servi ceFactory new nstance()
t hrows Fact oryConfigurationError;

// Public Methods

publ i c ResourceAssi gnnent Cont ext get Resour ceAssi gnnent Cont ext () ;
publ i c de. danet. an.workfl ow. spi s. ras. Resour ceAssi gnnent Servi ce get Resour ceAssi gn

public abstract ResourceManagenent Servi ce newResour ceManagenent Servi ce()
t hrows Fact oryConfigurationError;

public void set ResourceAssi gnnment Cont ext ( Resour ceAssi gnnment Cont ext resour ceAssi g

public void set ResourceAssi gnnment Servi ce(de. danet. an. wor kf | ow. spi s. ras. Resour ceA

Methods inherited from java.lang.Object : cl one , equals , finalize , getd ass ,
hashCode ,notify,notifyAll ,toString,wait

Inheritance Path. javalang.Object-> Section A.5.9, “Class ResourceM anagementServiceFactory”
[294]

A.5.9.2. ResourceManagementServiceFactory()

prot ect ed ResourceManagenent Servi ceFactory();

Constructor. Must be overridden with a parameterless public constructor by derived class.

A.5.9.3. getResourceAssignmentContext()

publ i ¢ ResourceAssi gnnent Cont ext get Resour ceAssi gnnent Cont ext () ;

Parameters

return Returns the configured resource assignment context.
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See Also set Resour ceAssi gnnent Con-
t ext (de. danet. an. wor kf | ow. spi s. rns. Resour
ceAssi gnrent Cont ext) [296]
A.5.9.4. getResourceAssignmentService()

public de. danet. an. workfl ow. spi s.ras. Resour ceAssi gnment Servi ce get Resour ce

Parameters
return the resource assignment service.
See Also set Resour ceAssi gnnent Ser -
vi ce(de. danet. an. wor kf | ow. spi s. ras. Resour
ceAssi gnment Servi ce) [297]
Deprecated

seeset Resour ceAssi gnhment Ser vi ce

Return the resource assignment service set with set Resour ceAssi gnnent Servi ce .

A.5.9.5. newlInstance()

public static ResourceManagenent Servi ceFactory new nstance()
t hrows Fact oryConfigurati onError;

Parameters

return an instance of the ResourceManagenent Servi ce-
Factory .

Exceptions

Fact oryConfi gurati onErr- if afactory instance can't be created.
or

Obtain a new instance of a Resour ceManagenent Ser vi ceFact ory . This static method cre-
ates a new factory instance . The method uses the following ordered lookup procedure to determine
the Resour ceManagenent Ser vi ceFact or y implementation classto load:

 If an initid naming context is available, look for a a classname in
j ava: conp/ env/ de. danet . an. wor kf | ow. spi s. r ms. Resour ceManagenent Ser
vi ceFact ory . The configuration for a class as resource management service thus looks like:

<env-entry> <descripti on>Configure the resource managenent
factory</description>
<env- ent ry- name>de. danet . an. wor kf | ow. spi s. ras. Resour ceManagenent Ser vi ceFac
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ry</ env-entry- name>
<env-entry-type>java.lang. String</env-entry-type>
<env-entry-val ue>
Fact oryl npl ement ati onCl ass
</ env-entry-val ue>
</ env-entry> <env-entry>

Note that this environment entry must be inserted in the ej b-j ar. xml or web. xnm for every
EJB resp. servlet that calls the newl nst ance method of Resour ceManagenent Ser -
vi ceFactory .

e Use the services API (as detailed in the JAR specification), if available, to determine the class-
name. The Services APl will look for a classname in the file META-
I NF/ ser -
vi ces/
de. danet . an. wor kf | ow. spi s. r ns. Resour ceManagenent Servi ceFactory . in

jarsavailable to the runtime.

A.5.9.6. newResourceManagementService()

public abstract ResourceManagenent Servi ce newResour ceManagenent Servi ce()
t hrows Fact oryConfigurati onError;

Parameters

return the resource management service.

Exceptions

Fact oryConfi gurati onErr- if aserviceinstance can't be created.
or

Creates anew instance of aResour ceManagenent Servi ce .
A.5.9.7. setResourceAssignmentContext(ResourceAssignmentCo
ntext)

public void set ResourceAssi gnnment Cont ext ( Resour ceAssi gnnment Cont ext resour ceAssi g

Parameters

resour ceAssi gnnent Con- The resourceA ssignmentContext to set.
t ext

Specifies the resource assignment service to be used by the instances of Resour ceManagenent -
Ser vi ce subsequently created (by calling newResour ceManagenent Servi ce() ).

A resource management service needs a reference to a resource assignment context to be able to im-
plement W Resour ce objects. E.g. the method wor ki t ens requires that aW Assi gnent be
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returned, something that can only be done in cooperation with the resource assignment service.

A.5.9.8. setResourceAssignmentService(ResourceAssignmentSer
vice)

public void set ResourceAssi gnment Servi ce(de. danet. an. wor kf | ow. spi s. ras. Res

Parameters

service the resource management service.

See Also get Resour ceAssi gnnent Servi ce() [295]
Deprecated

the resource management service needs only a small subset of the methods provided by a
Resour ceAssi gnment Servi ce . To allow greater flexibility when implementing a
resource management service, the requirement for a complete resource assignment service
has been replaced with the requirement for aResour ceAssi gnnent Cont ext .

Specifies the resource assignment service to be used by the instances of Resour ceManagenent -
Ser vi ce subsequently created (by calling newResour ceManagenent Servi ce() ).

A resource management service needs a reference to a resource assignment service to be able to im-
plement W Resour ce objects. The method wor ki t ens requires that a W Assi gnnment be re-
turned, something that can only be done in cooperation with the resource assignment service.

An implementation problem may arise from the requirement to set a Resour ceAssi gnnent -
Ser vi ce as implementations of Resour ceAssi gnnent Ser vi ce that in turn rely on a Re-
sour ceManagenent Ser vi ce may need a Resour ceManagenent Ser vi ce in order to be
instantiated. Such implementations of Resour ceAssi gnnent Ser vi ce have therefore to delay
the actual request for a Resour ceManagenent Ser vi ce instance until they have made them-
selves known to the Resour ceManagenent Ser vi ceFactory .

A.5.10. Exception ResourceNotFoundException

This exception is thrown by the resource service implementation if no resource for a given key can
be found.

A.5.10.1. Synopsis

public class de.danet.an.workfl ow. spi s.rms. Resour ceNot FoundExcepti on ext end:
i mpl ements, java.io.Serializable {
/1 Public Constructors

publ i c Resour ceNot FoundExcepti on();
publ i ¢ Resour ceNot FoundExcepti on(String nsg);
Methods inherited from java.lang.Throwable: fill I nSt ackTr ace , get Cause , get Loc-

al i zedMessage , get Message , get St ackTrace , i nit Cause , pri nt StackTrace ,
set St ackTrace ,toString
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Methods inherited from java.lang.Object : cl one , equal s , finalize , getC ass ,
hashCode ,notify,noti fyAll ,wait

Inheritance Path. java.lang.Object-> javalang.Throwable-> java.lang.Exception-> Section A.5.10,
“ Exception ResourceNotFoundException” [297]

A.5.10.2. ResourceNotFoundException()

publ i c Resour ceNot FoundExcepti on();

Creates a new exception.

A.5.10.3. ResourceNotFoundException(String)

publ i ¢ Resour ceNot FoundExcepti on(String nsg);

Parameters

neg the detail message.

Creates a new exception with the given message.

A.6. Package de.danet.an.workflow.tools.util
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This package provides support classes for the implementation of tool agents and applications. Un-
like the core APl and the ext ended APl (including the appl i cati on invocation
i nterface ) this package is not intended to be part of a genera Java workflow API. Rather, it
provides some WfMOpen specific utilities that ease the implementation of tool agents and applica-
tions to be used with the WfM Open workflow engine.

Using the asynchronous tool invocation API typically requires that the activity and the data passed
to the tool agent as parameters are saved in persistent store. The tool (application) that is to actually
work with the information typically runs completely independent of the workflow engine in another
operating system process or at least in another thread. It accesses the persisted information and e.g.
presents the tasks that require human interaction in a GUI. When the interaction has completed, the
application retrieves the activity and calls" set Resul t () "and" conpl et e() "onit.

To support the implementation of the function described above, this package provides a
<code>SimpleApplicationDirectory</code>. This class implements a general purpose persistent
store for the data passed to the tool agent (i.e. the activity and the actual parameters) and additional
state information. Tool agents create ("register") instances in this directory. Each instance represents
a tool invocation (task) currently running in an external application. Creating an entry results in a
unique id that may subsequently be used to retrieve, update or remove the instance. Instances may
aso be retrieved using an arbitrary key associated with the instance by the registering tool agent, or
by activity or by searching instances assigned to a particular W Resour ce .

Tool agents using the directory should be derived from Si npl eAppl i cat i onAgent . They can
access the directory by simply invoking the method appl i cat i onDi rect ory() . External ap-
plication should use the workflow service and Si npl eAppl i cati onDi rect or yLookup to
access the directory. Applications that run within the application server (or components running
within the applictaion server that act on behalf of the external application) may obtain the applica
tion directory's local interface by looking it up in INDI. The name to use for the lookup depends on
your application configuration, see section "Application and client assembly", subsection "Work-
flow modul€e” in the user manual.

Note that the directory may also be used to persist application state across several tool agent invoca-
tions by associ ati ng an existing instance with a new activity. An example of this requirement




A.6.1.

A.6.2.

Additional Information

is the timer tool. One tool agent creates a timer in a conceptually independently running application
and gets an id for it. Another tool agent may then cancel this time or wait for it to expire. l.e. the
task initiated by the first tool agent in the application runs spans several tool agent invocations.

Entries in the directory are automatically cleaned when the process they relate to (i.e. the activity's
container) is removed.

Additional Information

Since V1.2

Interface Directinvocable

This interface marks a tool agent as requiring no or only read-only access to the activity passed to
i nvoke .

The issue arises from the necessity to invoke the tool agent in its own transaction. In order to
provide the tool agent with full access to the activity, the activity must not be involved in another
transaction. However, as tool agent invocation obviously updates the state of the activity, the activ-
ity (having its state updated) is involved in a transaction when the tool agent is invoked. To resolve
this, WfMOpen does not invoke the tool agent directly. Rather, its sends a message to a tool agent
invocation queue as part of the state update transaction and completes the transaction. The message
is then retrieved from the queue and the tool agent is invoked without involving the activity in the
message handling transaction.

Of course, this induces a considerable overhead which can be avoided if the tool agent accesses the
activity not at al or uses only the methods key , acti vi t yUni queKey or cont ai ner . Exper-
ience shows that thisistrue for alot of tool agents; either because they let an application running in
another thread or process do the work, or because they use the Resul t Pr ovi der interface and do
not require access to the activity. If atool agent satisfies these criteria, it may make this known to
the workflow engine by implementing this marker interface. If atool agent implements this inter-
face, the engine does not put a message on the tool invocation queue but rather invokes the tool
agent directly during state update.

Note that since the activity is involved in the state update transaction, the engine cannot call
set Resul t and conpl et e in anew transaction after tool agent invocation. Rather, these meth-
ods will be called in the same transaction as the tool agent invocation. Thus if Renot eExcep-
ti on soccur when these methods are called by the workflow engine, the complete transaction, in-
cluding the tool invocation, will be repeated. Tools that are "expensive" to execute or have side ef-
fects should not implement Di r ect | nvocabl e .

A.6.2.1. Synopsis

A.6.3.

public interface de.danet.an.workflow tools.util.Directlnvocable {

Inheritance Path. Section A.6.2, “Interface Directlnvocable” [299]

Class SimpleApplicationAgent

Thisis a base class for writing agents for applications that have a life cycle exceeding a single tool
agent invocation, and have only state information that can efficiently be persisted as a binary large
object in an RDBMs.

An example for such an application is the wait tool (see User Manual ). A wait tool (or "wait applic-
ation") is created by one tool agent invocation. Then another tool agent invocation waits for the
completion of the wait, while yet another tool agent invocation may cause the wait tool to complete
prematurely. The wait tool has state that is controlled by the tool agents and a timer provided by the
enviroment. Its state is therefore completely serializable (no open sockets, tool controlled threads
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etc.).

This base class mainly provides access to the appl i cati on directory that doesal theim-
portant work.

A.6.3.1. Synopsis

public abstract class de.danet.an.workflow tools.util.SinpleApplicationAgentinple
/1 Public Constructors

public Sinpl eApplicationAgent();
/1 Public Methods

public void term nate(de.danet.an.workfl ow api . Activity activity)
t hrows Applicati onNot St oppedExcepti on, Renot eExcepti on;

/] Protected Methods

protected SinpleApplicationDirectorylLocal applicationDirectory()
t hrows Resour ceNot Avai | abl eExcepti on;

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify ,noti fyAll ,toString,wait

Inheritance Path. java.lang.Object-> Section A.6.3, “Class SimpleApplicationAgent” [299]

A.6.3.2. SimpleApplicationAgent()

public Sinpl eApplicationAgent();

Creates an instance of Si npl eAppl i cati onAgent with all attributes initialized to default val-
ues.

A.6.3.3. applicationDirectory()

protected SinpleApplicationDirectorylLocal applicationDirectory()
t hr ows Resour ceNot Avai | abl eExcepti on;

Parameters

return the application directory

Exceptions

Resour ceNot Avai | abl eEx- if an application directory EJB cannot be instantiated
ception

Return the application directory.

A.6.3.4. terminate(Activity)

public void tern nate(de.danet.an. workfl ow. api . Activity activity)
t hrows Applicati onNot St oppedExcepti on, Renot eExcepti on;
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Specified by: Method terminate in interface Tool Agent

Parameters

activity the activity to be canceled

Exceptions

Appl i cati onNot St oppedEx- if execution cannot be terminated (see Appl i cat i onNot -
ception St oppedExcepti on ). workflow engine should retry the
tool invocation

Renot eExcepti on if a temporary problem occurs and the workflow engine
should retry the tool invocation

Terminates execution of the given activity. This base implementation simply removes the applica-
tion instance fom the application directory.

A.6.4. Interface SimpleApplicationDirectory

Remote interface for SimpleApplicationDirectory.

A.6.4.1. Synopsis

public interface de.danet.an.workflow tools.util.SinpleApplicationD rectory
/1 Public Methods

public SinmpleApplicationlnfo infoByActivity(de.danet.an.workfl ow. api.Activ
t hrows | nval i dkeyException, RenoteException;

public java.util.Collection infosByApplication(String appl Nane)
t hrows Renot eExcepti on;

public java.util.Collection infosByKey(String appl Nane,
String appl | nst Key)
throws | nval i dkeyException, RenoteException;

public java.util.Collection infosByResource(String appl Nane,
String resourcekKey)
t hr ows Renot eExcepti on;

public Sinpl eApplicationlnfo instancelnfo(long instld)
t hrows | nval i dkeyExcepti on, RenoteException;

public long registerlnstance(String appl Nane,
de. danet . an. wor kf | ow. api . Activity activity,
hj ect state,
bool ean saveAssi gnment)
t hrows Renot eExcepti on;

public long registerlnstance(String appl Nane,
String appl | nst Key,
de. danet . an. wor kf | ow. api . Activity activity,
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hj ect state,
bool ean saveAssi gnnent)
t hrows Renot eExcepti on;

public void renovel nstance(long instld)
t hrows Renot eExcepti on;

public void updatel nvoki ngActivity(long instld,
de. danet . an. wor kf | ow. api . Acti vi t yUni queKey au
t hrows | nvali dkeyException, RenoteException;

public void updat eResourceKey(long instld,
String resourcekKey)
t hrows | nval i dkeyException, RenoteException;

public void updateState(long instld,
hj ect state)
t hrows | nval i dkeyException, RenopteException;

}
See Also de.danet.an.workflow.util
Xdoclet-generated at April 14 2009

Inheritance Path. Section A.6.4, “Interface SimpleApplicationDirectory” [301]

A.6.4.2. infoByActivity(ActivityUnigueKey)

public SinpleApplicationlnfo infoByActivity(de.danet.an.workfl ow. api.ActivityUni
t hrows | nval i dkeyExcepti on, RenoteException;

Parameters

auk the unique key of the activity an application instance is ex-
pected to be registered for.

return theinfo

Exceptions

I nval i dKeyExcepti on if there is no data available for the given activity

Return the information associated with the activity.

A.6.4.3. infosByApplication(String)

public java.util.Collection infosByApplication(String appl Nane)
t hrows Renot eExcepti on;
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Parameters
app! Nane the application name
return the infos as collection

Return infos associated with a given application.

A.6.4.4. infosByKey(String, String)

public java.util.Collection infosByKey(String appl Nane,
String appl | nst Key)
throws | nvali dkeyException, RenoteException;

Parameters

app! Nane the application name

appl I nst Key the key associated with the instance

return the infos or an empty collection if no infos with the given ap-

plication name and key exist

Return the infos associated with the given application name and key.

A.6.4.5. infosByResource(String, String)

public java.util.Collection infosByResource(String appl Nane,
String resourcekKey)
t hrows Renot eExcepti on;

Parameters

app! Nane the application name
resour cekKey the resource's key
return theinfos as collection

Return infos associated with a given application and resource.

A.6.4.6. instancelnfo(long)

public Sinpl eApplicationlnfo instancelnfo(long instld)
t hrows | nval i dkeyExcepti on, RenoteException;

Parameters

instld the application instance id previously assigned by r egi s-
terl nstance
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return theinfo
Exceptions
I nval i dKeyExcepti on if there is no data available for the givenid

Return the information associated with the application instance.

A.6.4.7. registerinstance(String, Activity, Object, boolean)

public long registerlnstance(String appl Nane,
de. danet . an. wor kf | ow. api . Activity activity,
hj ect state,
bool ean saveAssi gnnent)
t hr ows Renot eExcepti on;

Parameters

app! Nane the application name

activity the invoking activity

state the application state

saveAssi gnment if t r ue the assigned resource will be saved to allow search-
ing application instances with a particular assignee

return theinstanceid

Register a new application instance. This method returns a unique key that can be used to r e-
trieve ,update andrenovel nstance(l ong) [305] removetheinstanceinformation.

A.6.4.8. registerinstance(String, String, Activity, Object, boolean)

public long registerlnstance(String appl Nane,
String appl I nstKey,
de. danet . an. wor kf | ow. api . Activity activity,
hj ect state,
bool ean saveAssi gnnent)
t hr ows Renot eExcepti on;

Parameters

app! Nane the application name

appl I nst Key an arbitrary key for thisinstance, up to 1000 characters long
activity the invoking activity

state the application state

saveAssi gnment if t r ue the assigned resource will be saved to allow search-

ing application instances with a particular assignee
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return theinstance id

Register a new application instance. This method returns a unique key that may be used to

A.6.4.9. removelnstance(long)

public void renovel nstance(long instld)
t hrows Renot eExcepti on;

Parameters

instld the application instance id previously assigned by r egi s-
terlnstance

Remove an application instance.

A.6.4.10. updatelnvokingActivity(long, ActivityUniqueKey)

public voi d updatel nvoki ngActivity(long instld,
de. danet . an. wor kf | ow. api . Acti vi t yUni que
throws | nval i dkeyException, RenoteException;

Parameters

instld the application instance id previously assigned by r egi s-
terlnstance

auk the new activity's unique key. May be nul | if the application
instance is temporarily not associated with an activity.

Exceptions

I nval i dKeyExcepti on if there is no application instance with the given id

Update the activity associated with the given application instance. Thisis useful if an application in-
stance is started by one tool (agent) invocation and stopped by another.

Be careful to ensure the eventual termination of the application. If the creating activity has com-
pleted, the terminate method of the tool agent that started the application will not be called on ab-
normal process completion. So, if a process is terminated abnormally and the starting activity is
closed and the stopping activity has not yet been started (and associated with the application) the ap-
plication will not be stopped. This should normally not be a problem for simple applications.

As a convenience, any application information that is still registered after a process completion will
automatically be deleted.

The new activity must belong to the same process as the activity that initially created the application
instance.

A.6.4.11. updateResourceKey(long, String)

public void updat eResourceKey(long instld,
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String resourcekKey)
throws | nvali dkeyException, RenoteException;

Parameters

instld the application instance id previously assigned by r egi s-
terl nstance

r esour ceKey the associated resource

Exceptions

I nval i dKeyExcepti on if there is no application instance with the given id

Update the resource associated with the given application instance id.

A.6.4.12. updateState(long, Object)

public void updateState(long instld,
hj ect state)
t hrows | nval i dkeyException, RenpteException;

Parameters

instld the application instance id previously assigned by r egi s-
terl nstance

state the new state

Exceptions

I nval i dKeyExcepti on if there is no application instance with the given id

Update the state information associated with the given application instance id.

A.6.5. Class SimpleApplicationDirectoryEJB

This EJB provides a directory for simple applications. Applications are considered simple in this
context if their state can efficiently be represented (and stored) using a single serializable object.

This directory maps a unique id to the activity unique key information of the executing activity and

an associated state (and vice versa). Optionally, the assignment time and an assigned resource may
be saved in this directory as well.

A.6.5.1. Synopsis

public class de.danet.an.workflow tools.util.SinpleApplicationDirectoryEIBi npl ene
/1 Public Constructors

public SinpleApplicationDirectoryEJB();
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/1 Public Methods

public void ejbActivate()
t hrows EJBExcepti on;

public void ejbCreate()
t hrows Creat eExcepti on;

public void ejbPassivate()
t hrows EJBExcepti on;

public void ej bRermove();

public Sinmpl eApplicationlnfo infoByActivity(de.danet.an.workflow. api.Activ
t hrows | nval i dkeyExcepti on;

public java.util.Collection infosByApplication(String appl Nane);

public java.util.Collection infosByKey(String appl Nane,
String appl | nst Key)
t hrows | nval i dKeyExcepti on;

public java.util.Collection infosByResource(String appl Nane,
String resourcekKey);

public Sinpl eApplicationlnfo instancelnfo(long instld)
t hrows | nval i dKeyExcepti on;

public |long registerlnstance(String appl Nane,
de. danet. an. wor kfl ow. api . Activity activity,
hj ect state,
bool ean saveAssi gnnent);

public long registerlnstance(String appl Nane,
String appl | nst Key,
de. danet . an. wor kf | ow. api . Activity activity,
hj ect state,
bool ean saveAssi gnnent);

public void renovel nstance(long instld);

public void set Sessi onCont ext (j avax. ej b. Sessi onCont ext context);

public voi d updatel nvoki ngActivity(long instld,
de. danet . an. wor kf | ow. api . Acti vi t yUni que
throws | nval i dkeyExcepti on;

public void updat eResourceKey(long instld,
String resourcekKey)
t hrows | nval i dKeyExcepti on;

public void updateState(long instld,
hj ect state)
t hrows | nval i dKeyExcepti on;

307



Class SimpleApplicationDirectoryEJB

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify ,notifyAll ,toString,wait

See Also
Ejb.bean

Jonas.bean
Ejb.transaction
Ejb.permission

Ejb.gjb-external-ref

Ejb.resource-ref

Jonas.resource
Webl ogic.enable-call-by-reference
Webl ogic.resour ce-description

Webl ogic.transaction-isolation

de.danet.an.workflow.util

name="SimpleApplicationDirectory" jndi-
name="gjb/@@@_JNDI_Name_Prefix_@@@SimpleApplic
ationDirectory" local-
jndi-

name="gb/@@@_JNDI_Name Prefix @@@SimpleApplic
ationDirectoryL ocal" display-name="Simple Application Dir-
ectory EJB" type="Stateless' transaction-type="Container"
view-type="both"

€jb-name="SimpleA pplicationDirectory"

type="Required"

role-name="WfMOpenAdmin"

ref-name="¢b/JdbcK eyGenL ocal" link="KeyGen"
type="Session" view-type="local"
home="de.danet.an.util.KeyGenL ocalHome" busi-

ness="de.danet.an.util.KeyGenL ocal"

res-ref-name="jdbc/WfEngine" res-
type="javax.sgl.DataSource" res-auth="Container"

res-ref-name="jdbc/WfEngine" jndi-name="jdbc_1"
True
res-ref-name="jdbc/WfEngine" jndi-name="DefaultDS"

TRANSACTION_READ_COMMITTED

Inheritance Path. java.lang.Object-> Section A.6.5, “ Class SimpleApplicationDirectoryEJB” [306]

A.6.5.2. SimpleApplicationDirectoryEJB()

public SinpleApplicationDi rectoryEIB();

Creates an instance of Si npl eAppl i cati onDi r ect or yEJB with all attributes initialized to

default values.

A.6.5.3. ejbActivate()

public void ejbActivate()

308

t hrows EJBExcepti on;

Specified by: Method ej bAct i vat e ininterface Sessi onBean

See Also

Not called for stateless session beans.

javax.ejb.SessionBean




Class SimpleApplicationDirectoryEJB

A.6.5.4. ejbCreate()

public void ejbCreate()
t hrows Creat eException;

Exceptions

Cr eat eExcepti on if creation fails

Create anew EJB.

A.6.5.5. ejbPassivate()

public void ejbPassivate()
t hrows EJBExcepti on;

Specified by: Method ej bPassi vat e ininterface Sessi onBean
See Also javax.ejb.SessionBean

Not called for statel ess session beans.

A.6.5.6. ejbRemove()

public void ej bRermove();

Specified by: Method ej bRenove ininterface Sessi onBean

Remove this EJB.

A.6.5.7. infoByActivity(ActivityUnigueKey)

public SinpleApplicationlnfo infoByActivity(de.danet.an.workflow. api.Activ
t hrows | nval i dkeyExcepti on;

Parameters

auk the unique key of the activity an application instance is ex-
pected to be registered for.

return theinfo

Exceptions

I nval i dKeyExcepti on if thereis no data available for the given activity

Ejb.interface-method view-type="both"
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Return the information associated with the activity.

A.6.5.8. infosByApplication(String)
public java.util.Collection infosByApplication(String appl Nane);

Parameters

app! Nane the application name
return theinfos as collection
Ejb.interface-method view-type="both"

Return infos associated with a given application.

A.6.5.9. infosByKey(String, String)

public java.util.Collection infosByKey(String appl Nane,
String appl | nst Key)
t hrows | nval i dKeyExcepti on;

Parameters

app! Nane the application name

appl I nst Key the key associated with the instance

return the infos or an empty collection if no infos with the given ap-
plication name and key exist

Ejb.interface-method view-type="both"

Return the infos associated with the given application name and key.

A.6.5.10. infosByResource(String, String)

public java.util.Collection infosByResource(String appl Nane,
String resourcekKey);

Parameters

app! Nane the application name
resour ceKey the resource's key
return the infos as collection
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Ejb.interface-method

view-type="both"

Return infos associated with a given application and resource.

A.6.5.11. instancelnfo(long)

public Sinpl eApplicationlnfo instancelnfo(long instld)
throws | nval | dkeyExcepti on;

Parameters

instld

return

Exceptions

I nval i dKeyExcepti on

Ejb.interface-method

the application instance id previously assigned by r egi s-
terlnstance

theinfo

if there is no data available for the givenid

view-type="both"

Return the information associated with the application instance.

A.6.5.12. registerinstance(String, Activity, Object, boolean)

public long registerlnstance(String appl Nane,

Parameters

app! Nane
activity
state

saveAssi gnment

return

Ejb.interface-method

de. danet . an. wor kf | ow. api . Activity activity,

hj ect state,
bool ean saveAssi gnnent);

the application name
the invoking activity
the application state

if t r ue the assigned resource will be saved to allow search-
ing application instances with a particular assignee

theinstanceid

view-type="both"

Register a new application instance. This method returns a unique key that can be used to r e-
trieve ,update andrenovel nstance(long) [312] removetheinstanceinformation.
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A.6.5.13. registerinstance(String, String, Activity, Object, boolean)

public long registerlnstance(String appl Nane,
String appl | nst Key,

de. danet . an. wor kf | ow. api . Activity activity,

nj ect state,
bool ean saveAssi gnnent);

Parameters

app! Nane the application name

appl I nst Key an arbitrary key for thisinstance, up to 1000 characters long

activity the invoking activity

state the application state

saveAssi gnment if t r ue the assigned resource will be saved to allow search-
ing application instances with a particular assignee

return theinstanceid

Ejb.interface-method view-type="both"

Register a new application instance. This method returns a unique key that may be used to

A.6.5.14. removelnstance(long)

public void renovel nstance(long instld);

Parameters

instld the application instance id previously assigned by r egi s-
terlnstance

Ejb.interface-method view-type="both"

Remove an application instance.

A.6.5.15. setSessionContext(SessionContext)

public void set Sessi onCont ext (j avax. ej b. Sessi onCont ext context);

Specified by: Method set Sessi onCont ext ininterface Sessi onBean

Parameters

cont ext the context
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Save the session context asigned by the container.

A.6.5.16. updatelnvokingActivity(long, ActivityUniqueKey)

public voi d updatel nvoki ngActivity(long instld,
de. danet . an. wor kf | ow. api . Acti vi t yUni que
throws | nval i dkeyExcepti on;

Parameters

instld the application instance id previously assigned by r egi s-
terlnstance

auk the new activity's unique key. May be nul | if the application
instance is temporarily not associated with an activity.

Exceptions

I nval i dKeyExcepti on if there is no application instance with the given id

Ejb.interface-method view-type="both"

Update the activity associated with the given application instance. Thisis useful if an application in-
stanceis started by one tool (agent) invocation and stopped by another.

Be careful to ensure the eventual termination of the application. If the creating activity has com-
pleted, the terminate method of the tool agent that started the application will not be called on ab-
normal process completion. So, if a process is terminated abnormally and the starting activity is
closed and the stopping activity has not yet been started (and associated with the application) the ap-
plication will not be stopped. This should normally not be a problem for simple applications.

As a convenience, any application information that is still registered after a process completion will
automatically be deleted.

The new activity must belong to the same process as the activity that initially created the application
instance.

A.6.5.17. updateResourceKey(long, String)

public void updat eResourceKey(long instld,
String resourcekKey)
t hrows | nval i dKeyExcepti on;

Parameters

instld the application instance id previously assigned by r egi s-
terlnstance

resour ceKey the associated resource

Exceptions
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I nval i dKeyExcepti on if there is no application instance with the given id
Ejb.interface-method view-type="both"

Update the resource associated with the given application instance id.

A.6.5.18. updateState(long, Object)

public void updateState(long instld,
hj ect state)
throws | nval i dkeyExcepti on;

Parameters

instld the application instance id previously assigned by r egi s-
terlnstance

state the new state

Exceptions

I nval i dKeyExcepti on if there is no application instance with the given id

Ejb.interface-method view-type="both"

Update the state information associated with the given application instance id.

A.6.6. Interface SimpleApplicationDirectoryHome

Home interface for SimpleApplicationDirectory.

A.6.6.1. Synopsis

public interface de.danet.an.workfl ow tools.util.SinpleApplicationD rectoryHone e

/! Public Static Fields

public static final String COVP_NAMVE

j ava: conp/ env/ ej b/ Si npl eAppl i cationbDirec

public static final String JNDI_NAME = ejb/ @@ JNDI _Name_Prefi x_@aosi npl eAppl i ¢

/1 Public Methods

public SinpleApplicationDirectory create()
throws CreateException, RenoteException;

}
See Also de.danet.an.workflow.util
Xdoclet-generated at April 14 2009
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Local

Inheritance Path. Section A.6.6, “Interface SimpleApplicationDirectoryHome” [314]

A.6.7. Interface SimpleApplicationDirectoryLocal

Local interface for SimpleApplicationDirectory.

A.6.7.1. Synopsis

public interface de.danet.an.workflow tools.util.SinpleApplicationDirectory
/1 Public Methods

public SinpleApplicationlnfo infoByActivity(de.danet.an.workfl ow. api.Activ
throws | nval i dkeyExcepti on;

public java.util.Collection infosByApplication(String appl Nane);

public java.util.Collection infosByKey(String appl Nane,
String appl | nst Key)
throws | nval i dkeyExcepti on;

public java.util.Collection infosByResource(String appl Nane,
String resourcekKey);

public SinpleApplicationlnfo instancelnfo(long instld)
throws | nval i dkeyExcepti on;

public long registerlnstance(String appl Nane,
de. danet. an. wor kf | ow. api . Activity activity,
hj ect state,
bool ean saveAssi gnnent);

public long registerlnstance(String appl Nane,
String appl I nst Key,
de. danet . an. wor kf | ow. api . Activity activity,
hj ect state,
bool ean saveAssi gnnent);

public void renovel nstance(long instld);

public void updatel nvoki ngActivity(long instld,
de. danet . an. wor kf | ow. api . Acti vi t yUni que
t hrows | nval i dKeyExcepti on;

public voi d updat eResourceKey(l ong instld,
String resourceKey)
throws | nval i dkeyExcepti on;

public void updateState(long instld,
hj ect state)
t hrows | nval i dKeyExcepti on;

See Also de.danet.an.workflow.util
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Xdoclet-generated at April 14 2009

Inheritance Path. Section A.6.7, “Interface SimpleApplicationDirectoryLocal” [315]

A.6.7.2. infoByActivity(ActivityUniqueKey)

public SinpleApplicationlnfo infoByActivity(de.danet.an.workfl ow api.ActivityUni
throws | nval | dkeyExcepti on;

Parameters

auk the unique key of the activity an application instance is ex-
pected to be registered for.

return theinfo

Exceptions

I nval i dKeyExcepti on if there is no data available for the given activity

Return the information associated with the activity.

A.6.7.3. infosByApplication(String)

public java.util.Collection infosByApplication(String appl Nane);

Parameters
app! Nane the application name
return the infos as collection

Return infos associated with a given application.

A.6.7.4. infosByKey(String, String)

public java.util.Collection infosByKey(String appl Nane,
String appl | nst Key)
throws | nval i dkeyExcepti on;

Parameters

app! Nane the application name

appl I nst Key the key associated with the instance

return the infos or an empty collection if no infos with the given ap-

plication name and key exist

316



Interface SimpleApplicationDirectory-
Local

Return the infos associated with the given application name and key.

A.6.7.5. infosByResource(String, String)

public java.util.Collection infosByResource(String appl Nane,
String resourcekKey);

Parameters

app! Nane the application name
resour ceKey the resource's key
return the infos as collection

Return infos associated with a given application and resource.

A.6.7.6. instancelnfo(long)

public Sinpl eApplicationlnfo instancelnfo(long instld)
throws | nval i dkeyExcepti on;

Parameters

instld the application instance id previously assigned by r egi s-
terlnstance

return theinfo

Exceptions

I nval i dKeyExcepti on if there is no data available for the givenid

Return the information associated with the application instance.

A.6.7.7. registerinstance(String, Activity, Object, boolean)

public long registerlnstance(String appl Nane,
de. danet. an. wor kf | ow. api . Activity activity,
hj ect state,
bool ean saveAssi gnnent);

Parameters

app! Nane the application name
activity the invoking activity
state the application state
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saveAssi gnment if t r ue the assigned resource will be saved to allow search-
ing application instances with a particular assignee

return theinstanceid

Register a new application instance. This method returns a unique key that can be used to r e-
trieve ,update andrenovel nstance(long) [318] removetheinstanceinformation.

A.6.7.8. registerinstance(String, String, Activity, Object, boolean)

public long registerlnstance(String appl Nane,
String appl | nst Key,
de. danet. an. wor kf | ow. api . Activity activity,
hj ect state,
bool ean saveAssi gnnent);

Parameters

app! Nane the application name

appl | nst Key an arbitrary key for thisinstance, up to 1000 characters long

activity the invoking activity

state the application state

saveAssi gnment if t r ue the assigned resource will be saved to allow search-
ing application instances with a particular assignee

return theinstanceid

Register a new application instance. This method returns a unique key that may be used to

A.6.7.9. removelnstance(long)

public void renovel nstance(long instld);

Parameters

instld the application instance id previously assigned by r egi s-
terlnstance

Remove an application instance.

A.6.7.10. updatelnvokingActivity(long, ActivityUniqueKey)

public void updatel nvoki ngActivity(long instld,
de. danet . an. wor kf | ow. api . Acti vi t yUni queKey au
throws | nval i dkeyExcepti on;

Parameters
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instld the application instance id previously assigned by r egi s-
terlnstance

auk the new activity's unique key. May be nul | if the application
instance is temporarily not associated with an activity.

Exceptions

I nval i dKeyExcepti on if there is no application instance with the given id

Update the activity associated with the given application instance. Thisis useful if an application in-
stanceis started by onetool (agent) invocation and stopped by another.

Be careful to ensure the eventual termination of the application. If the creating activity has com-
pleted, the terminate method of the tool agent that started the application will not be called on ab-
normal process completion. So, if a process is terminated abnormally and the starting activity is
closed and the stopping activity has not yet been started (and associated with the application) the ap-
plication will not be stopped. This should normally not be a problem for simple applications.

As a convenience, any application information that is still registered after a process completion will
automatically be deleted.

The new activity must belong to the same process as the activity that initially created the application
instance.

A.6.7.11. updateResourceKey(long, String)

public void updat eResourceKey(long instld,
String resourceKey)
t hrows | nval i dKeyExcepti on;

Parameters

instld the application instance id previously assigned by r egi s-
terl nstance

r esour cekKey the associated resource

Exceptions

I nval i dKeyExcepti on if there is no application instance with the given id

Update the resource associated with the given application instance id.

A.6.7.12. updateState(long, Object)

public void updateState(long instld,
hj ect state)
throws | nval i dkeyExcepti on;

Parameters
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instld the application instance id previously assigned by r egi s-
terlnstance

state the new state

Exceptions

I nval i dKeyExcepti on if there is no application instance with the given id

Update the state information associated with the given application instanceid.

A.6.8. Interface SimpleApplicationDirectoryLocalHome

Local home interface for SimpleApplicationDirectory.

A.6.8.1. Synopsis

public interface de. danet.an.workfl ow tools.util.SinpleApplicationDirectoryLocal H
/1 Public Static Fields

public static final String COVP_NAME j ava: conp/ env/ ej b/ Si npl eAppl i cationDirec

public static final String JNDI _NAVE

ej b/ @@@ JNDI _Nanme_Pr ef i x_@agsi npl eAppl i ¢
/1 Public Methods

public Sinpl eApplicationDi rectorylLocal create()
t hrows CreateException;

}
See Also de.danet.an.workflow.util
Xdoclet-generated at April 14 2009

Inheritance Path. Section A.6.8, “Interface SimpleApplicationDirectorylL ocalHome" [320]

A.6.9. Class SimpleApplicationDirectoryLookup

This class provides a Bat ch implementation that looks up and returns the remote interface of the
Si npl eApplicationDirectory .

A.6.9.1. Synopsis

public class de.danet.an.workflow. tools.util.SinpleApplicationDirectoryLookupi npl
/1 Public Constructors

public Sinpl eApplicationD rectoryLookup();
/1 Public Methods

public Object execute(de.danet.an.workfl ow. api.Batch. Context ctx)
throws | nvocationTar get Excepti on;
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Methods inherited from java.lang.Object : cl one , equal s , finalize , getC ass ,
hashCode ,notify ,notifyAll ,toString,wait

Inheritance Path. javalang.Object-> Section A.6.9, “Class SimpleApplicationDirectoryL ookup”
[320]

A.6.9.2. execute(Batch.Context)

public Object execute(de.danet.an.workfl ow. api.Batch. Context ctx)
throws | nvocationTar get Excepti on;

Specified by: Method execute in interface Batch

Parameters

ctx the execution context

return the result as defined by the implementing class
Exceptions

| nvocat i onTar get Excep- wraps exceptions as defined by the implementing class
tion

Description copied from interface: <link
linkend="METHOD-DE.DANET.AN.WORKFLOW.API.BATCH.EXECUTE-DE.DANET.AN.WORKFL
OW.API.BATCH.CONTEXT-">execute</link>

Execute the batch.

A.6.10. Class SimpleApplicationinfo

This class provides a container for the application instance information managed by the Si npl e-
ApplicationDirectory .

A.6.10.1. Synopsis

public class de.danet.an.workflow. tools.util.SinpleApplicationlnfoinplenent:
/1 Public Methods
public de. danet. an.workfl ow. api . ActivityUni queKey acti vityUni queKey();
public java.util.Date assignedAt();
public long id();

public String resourceKey();

public Object state();

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
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hashCode ,notify ,noti fyAl ,toString,wait

Inheritance Path. java.lang.Object-> Section A.6.10, “Class SimpleApplicationinfo” [321]

A.6.10.2. activityUniqueKey()

public de. danet. an.workfl ow. api . ActivityUni queKey acti vityUni queKey();

Parameters

return activity's unique key

Return the activity unique key.

A.6.10.3. assignedAt()

public java.util.Date assignedAt();

Parameters

return assignment timestamp

Return the assignment timestamp.

A.6.10.4.id()
public long id();

Parameters

return instanceid

Return the application instanceid.

A.6.10.5. resourceKey()

public String resourceKey();

Parameters

return assigned resource key

Return the assigned resource.

A.6.10.6. state()

public Object state();
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Parameters

return application state

Return the application state.
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Appendix B. The service provider
classes

B.1. Package
de.danet.an.workflow.ejbs.client

This package contains client side helper classes used to access the EJBs.

B.1.1. Additional Information

Snce V1.0

B.1.2. Class StandardWorkflowServiceFactory

Implements the workflow service factory.

Usage of this class as service factory requires an additional configuration parameter. The service
factory implementation needs to connect to the workflow engine EJB. In order to do so, it needs a
JNDI name to look up the engine's home interface. As INDI names must be changeable by the ap-
plication deployer, the name can't be hard coded.

This factory therefore uses the following ordered lookup procedure to determine the JINDI name of
the workflow engine EJB home interface:

* Look for aproperty " de. danet . an. wor kf | ow. engi ne " among the properties set for this
factory.

* Look foranameinj ava: conp/ env/ de. danet . an. wor kf | ow. engi ne . The configura-
tion for the St andar dWor kf | owSer vi ceFact or y using this mechanism thus looks like:

<env-entry>
<descri ption>Configure the chosen factory</description>
<env- ent ry- name>de. danet . an. wor kf | ow. engi ne</ env-entry- nane>
<env-entry-type>java.lang. String</env-entry-type>
<env-entry-val ue>

JNDI name of workfl ow engi ne EIJB hone
</ env-entry-val ue>
</ env-entry>

Note that this environment entry must be inserted in the ej b-j ar. xml or web. xm for every
EJB resp. serviet that calls the <code>newlnstance</code> method of Wor kf | owSer vi ce-
Factory .

» Find the application resource file de. danet . an. wor kf | ow-wf s. properti es and look
foranentry " engi ne = JNDI nane of workfl ow engi ne EJB hone ".

B.1.2.1. Synopsis

public class de.danet.an.workfl ow. ej bs. client. Standar dWor kf | owSer vi
/1 Public Constructors

publ i c Standar dWor kf | owSer vi ceFactory();
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Package
de.danet.an.workflow.assignment

/1 Public Methods

public Workfl owServi ce newbr kf | owSer vi ce()
t hrows FactoryConfigurationError;

Methods inherited from java.lang.Object : cl one , equals , finalize , getd ass ,
hashCode ,notify ,notifyAll ,toString,wait

Inheritance Path. java.lang.Object-> WorkflowServiceFactory->
de.danet.an.workflow.ejbs.client. StandardWorkflowServiceFactory [325]

B.1.2.2. StandardWorkflowServiceFactory()

publ i c Standar dWor kf |l owSer vi ceFactory();

Creates an instance of St andar dWor kf | owSer vi ceFact ory and looks up the associated
EJB.

B.2. Package
de.danet.an.workflow.assignment
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This package provides a simple resource assignment service as specified by
de. danet . an. wor kf | ow. spi s. ras . It is independant of a specific resource management
service, as it uses only the service APl defined by de. danet . an. wor kf | ow. r ns to access a
resource management system.

The serviceisimplemented by the class St andar dResour ceAssi gnnent Ser vi ce . It actsas
a front-end (client) for the server-side component (back-end). The server-side component is
provided by the Assi gnnent Ser vi ceEJB.




Additional Information

Standard Resource Assignment Service

Front-End
The front-end is implemented by the class
StandardResourcefssionmentService. It provides all

methods defined by interface ResourceAssionmentService.

O

AssignmentService

Back-End
The back-end is provided by the EJB AssignmentServiceEJB.

This implements the server-side functionality of the standard
assignment service

B.2.1. Additional Information

Snce 1.0

B.2.2. Class StandardResourceAssignmentService-
Factory

Implements a simple resource assignment service factory.

This implementation uses an instance of <code>ResourceManagementService</code> to access a
resource management facility. To obtain the service it calls the <code>newl nstance</code> method
of <code>ResourceManagementServiceFactory</code>. Thus if this factory ( St andar dRe-

sour ceAssi gnment Ser vi ceFact ory ) is configured as resource assignment service factory,
all configuration information required by Resour ceManagenent Servi ceFact -

ory. newl nst ance (and by the actually configured resource management service factory imple-
mentation) must be available when the <code>newlnstance</code> method of Resour ceAs-

si gnment Ser vi ceFact ory iscalled.

B.2.2.1. Synopsis

public class de.danet. an. workfl ow. assi gnnent . St andar dResour ceAssi gnnent Ser vi
/1 Public Constructors

publ i c Standar dResour ceAssi gnnent Servi ceFact ory()
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t hrows FactoryConfigurationError;
/1 Public Methods

publ i c bool ean equal s(Cbj ect obj);
public int hashCode();

publ i c ResourceAssi gnnent Servi ce newResour ceAssi gnnent Ser vi ce()
t hrows Fact oryConfigurati onError;

Methods inherited from javalang.Object : cl one , equals , finalize , getd ass ,
hashCode ,notify ,notifyAll ,toString,wait

Inheritance Path. java.lang.Object-> ResourceA ssignmentServiceFactory->
de.danet.an.workflow.assignment. StandardResourceA ssignmentServiceFactory [327]

B.2.2.2. StandardResourceAssignmentServiceFactory()

publ i c St andar dResour ceAssi gnnent Ser vi ceFact ory()
t hrows Fact oryConfigurati onError;

Exceptions

Fact oryConfi gurati onErr- if therequired resources cannot be obtained.
or

Constructor.

B.2.2.3. equals(Object)

publ i c bool ean equal s( Cbj ect obj);

Parameters
obj the factory to compare with.
return t r ue if the objects are equal .

Two resource assignment service factories are equal if they are identically configured.

B.2.2.4. hashCode()

public int hashCode();

Parameters

return the hash code.
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de.danet.an.workflow.rmsimpls.dbrms

Generate a hash code.

B.3. Package
de.danet.an.workflow.rmsimpls.dbrms

B.3.1. Class DatabaseRmsFactory

This class provides an implementaion of the factory API based on information obtained from a data-
base.

Usage of this class as service factory requires several configuration parameters for accessing the
database. The factory uses the following ordered lookup procedure to determine these parameters:

» Look for parameters in JNDI. Lookup parameters in
j ava: conp/ env/ de. danet . an. wor kf | ow. r nsi npl s. dbrns. paranmeter . The
configuration for a parameter using this mechanism thus looks like:

<env-entry>
<descri pti on>Confi gure dat abase paraneter
par anet er
</ description>
<env-ent ry- name>de. danet . an. wor kf | ow. r nsi npl s. dbr ns.
par anet er
</ env-entry-nane>
<env-entry-type>java.lang. Stri ng</env-entry-type>
<env-entry-val ue>
Val ue of paraneter
</ env-entry-val ue>
</ env-entry>

Note that the environment entries must be inserted inthe ej b-j ar. xm or web. xm for every
EJB resp. servlet that cals the <code>newlnstance</code> method of Resour ceManage-
ment Servi ceFactory .

* Find the application resource file
de. danet. an. wor kf I ow. rnsi npl s. dbrns-factory. properties and look for
entries" paraneter = Val ue of paraneter ".

The following parameters are used:

dat aSour ce The lookup name of the data source in JNDI (eg.
j ava: / Def aul t DS).

al | UsersQuery The query that returns the known users as a two column result
with the user's entry's primary key in the first column and the
user's display name in the second.

al | Rol esQuery The query that returns the known roles as a two column result
with the role's entry's primary key in the first column and the
role's display name in the second.

al | GoupsQuery The query that returns the known groups as a two column res-
ult with the group's entry's primary key in the first column
and group's display name in the second.

user NameQuery The query that returns user data as a single column result with
the user's display name in the only column. The user's entry's
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Class DatabaseRmsFactory

rol eNameQuery

gr oupNanmeQuery

user LookupQuery

rol eLookupQuery

gr oupLookupQuery

rol esQuery

groupsQuery

B.3.1.1. Synopsis
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public class de.danet.an.workfl ow. rnsi npl s. dbr ms. Dat abaseRrsFact ory ext ends,

/!l Public Constructors

primary key is set as query parameter.

The query that returns role data as a single column result with
the role's display name in the only column. The rol€'s entry's
primary key is set as query parameter.

The query that returns group data as a single column result
with the group's display name in the only column. The
group's entry's primary key is set as query parameter.

The query that returns a user's data as a two column result
with the user's entry's primary key in the first column and the
user's display name in the second. The user's account name
(usualy the login name) is set as query parameter.

The query that returns a role's data as a two column result
with the role's entry's primary key in the first column and the
role's display name in the second. The role's "account” name
(clear text name) is set as query parameter.

The query that returns a group's data as a two column result
with the group's entry's primary key in the first column and
the group's name display in the second. The groupss "ac-
count”" name (clear text name) is set as query parameter.

The query that returns a user's roles as a two column result
with the role's entry's primary key in the first column and the
role's display name in the second. The user's entry's primary
key is set as query parameter.

The query that returns a user's groups as a two column result
with the group's entry's primary key in the first column and
the group's display name in the second. The user's entry's
primary key is set as query parameter.

publ i c Dat abaseRmsFact ory()
t hrows FactoryConfigurationError;

/1 Public Methods

publ i ¢ Resour ceManagenent Servi ce newResour ceManagenent Servi ce()
t hrows FactoryConfigurationError;

Methods inherited from java.lang.Object : cl one , equals , finalize , getd ass ,
hashCode ,notify,notifyAll ,toString,wait

Inheritance Path.

java.lang.Object-> ResourceM anagementServi ceFactory->

de.danet.an.workflow.rmsimpls.dbrms.DatabaseRmsFactory [329]

B.3.1.2. DatabaseRmsFactory()

publ i ¢ Dat abaseRnsFact ory()
t hrows FactoryConfigurationError;

Reso



Package
de.danet.an.workflow.rmsimpls.eisrm

Exceptions

Fact oryConfi gurationErr- if configurationinformationismissing or invalid.
or

Create a new instance of thisfactory.

B.4. Package
de.danet.an.workflow.rmsimpls.eisrms

B.4.1. Class EisRmsFactory

This class provides an implementaion of the factory APl based on information obtained from an
RMS resource adapter.

The resource adapter must provide the RnmsConnect i onFact ory . Thefactory is obtained from
JNDI using the logical namej ava: conp/ env/ r a/ RVS . Thisisthe only configuration option of
this resource management service factory, as anything else is configured using properties of the re-
source adapter.

B.4.1.1. Synopsis

public class de.danet.an.workfl ow. risi npl s. ei srns. Ei sSRnsFact ory ext ends,

// Public Constructors

public Ei sRrsFactory()
t hrows Fact oryConfigurationError;

/1 Public Methods

publ i ¢ Resour ceManagenent Servi ce newResour ceManagenent Servi ce()
t hrows FactoryConfigurationError;

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify ,notifyAll ,toString,wait

Inheritance Path. java.lang.Object-> ResourceM anagementServi ceFactory->
de.danet.an.workflow.rmsimpls.eisrms.EisRmsFactory [331]

B.4.1.2. EisRmsFactory()

public Ei sRrsFactory()
t hrows FactoryConfigurationError;

Exceptions

Fact oryConfi gurati onErr- if configurationinformationismissing or invalid.
or

Create anew instance of this factory.

B.5. Package
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Additional Information

de.danet.an.workflow.rmsimpls.eisrms.aci

This package defines the client API of the resource adapter modules for the EIS RMS.

B.5.1. Additional Information

Since V14

B.5.2. Interface RmsConnection

This interface defines a connection to a resource management system accessed via JCA.

B.5.2.1. Synopsis

public interface de.danet.an.workfl ow rnsi npls. ei srims. aci . RmsConnecti on extends, |
/1 Public Methods

public java.util.Collection authorizers(String key)
t hr ows Resour ceExcepti on;

public void close()
t hr ows Resour ceExcepti on;

public java.util.Collection |istResources()
t hr ows Resour ceExcepti on;

public RmsEntry | ookupResource(String key)
t hrows ResourceException, NameNot FoundExcepti on;

public RrsEntry | ookupUser ByAccount Name(String nane)
t hrows Resour ceException, NameNot FoundExcepti on;

public java.util.Collection sel ect Resources(Object resSel)
t hr ows Resour ceExcepti on;

Inheritance Path. de.danet.an.workflow.rmsimpls.eisrms.aci.RmsConnection [332]

B.5.2.2. authorizers(String)

public java.util.Collection authorizers(String key)
t hr ows Resour ceExcepti on;

Parameters

key the resource's key

return acollection of Rms Ent r y objects, not including the resource
identified by the key

Exceptions
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Resour ceExcepti on if an error occurs

Given aresource's key, return the collection of resource entries this resource is authorized for.

This method usually returns all groups a user is amember of and all roles assigned to a user.

B.5.2.3. close()

public void close()
t hr ows Resour ceExcepti on;

Close the connection.

B.5.2.4. listResources|()

public java.util.Collection |istResources()
t hrows Resour ceExcepti on;

Exceptions

Resour ceExcepti on if an error occurs

List all available resources.

B.5.2.5. lookupResource(String)

public RrsEntry | ookupResource(String key)
t hrows Resour ceException, NameNot FoundExcepti on;

Parameters
type the key
nane the name

Find aresource given its key.

B.5.2.6. lookupUserByAccountName(String)

public RrsEntry | ookupUser ByAccount Nanme(String nane)
t hrows Resour ceException, NanmeNot FoundExcepti on;

Parameters

nane the name

Find a user given its account (login) name.

B.5.2.7. selectResources(Object)
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Interface RmsConnectionFactory

public java.util.Collection sel ect Resources(Chject resSel)
t hr ows Resour ceExcepti on;

Parameters

resSel an object that describes resource selection criteria

return collection of RnsEnt r y objects

Exceptions

Unsupport edQper at i onEx- if the resource management service does not support this fea-
ception ture.

Resour ceExcepti on if an error occurs

This optional method selects resources based on the resource selection criteria passed as parameter.

Usually, criteria for the resource selection must be determined within the resource assignment,
based on the list of resources obtained with | i st Resour ces . Implementations of resource man-
agement facilities may, however, support some query functionality that eases this task for the re-
source assignment service. The resource assignment service may have received such resource selec-
tion information from the workflow engine via <code>autoA ssignResources</code> (the workflow
component has obtained the information propably as part of the process description and passed it
through transparently).

B.5.3. Interface RmsConnectionFactory

Thisinterface defines a factory for connections to a resource management system accessed via JCA.

B.5.3.1. Synopsis

public interface de.danet.an.workfl ow rnsi npls. eisrms. aci . RmeConnecti onFactory ex

/1 Public Methods

publ i c RrsConnection get Connection()
t hr ows Resour ceExcepti on;

Inheritance Path. de.danet.an.workflow.rmsimpls.eisrms.aci.RmsConnectionFactory [334]

B.5.4. Class RmsEntry

This class describes a resource.

B.5.4.1. Synopsis
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public final class de.danet.an.workflow rnsinpls.eisrnms.aci.RrsEntryinplenments,
/1 Public Static Fields

public static final int RESOURCE TYPE GROUP = 2;

public static final int RESOURCE TYPE ROLE = 3;
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Class RmsEntry

public static final int RESOURCE TYPE USER = 1;
/1 Public Constructors

public RrsEntry(int type,
String key,
String di splayNane);

/1 Public Methods
public String getDi splayNane();

public String getKey();

public int getType();

Methods inherited from java.lang.Object : cl one , equal s , finalize , getd ass ,
hashCode ,notify ,notifyAll ,toString,wait

Inheritance Path. java.lang.Object-> de.danet.an.workflow.rmsimpls.eisrms.aci.RmsEntry [334]

B.5.4.2. RmsEntry(int, String, String)

public RrsEntry(int type,
String key,
String di spl ayNane) ;

Parameters

type
key
nane

B.5.4.3. getDisplayName()

public String getD splayNanme();

Parameters

return Returns the name.

B.5.4.4. getKey()

public String getKey();

Parameters

return Returns the key.
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Class RmsEntry

B.5.4.5. getType()

public int getType();

Parameters

return Returnsthe type.
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Appendix C. The demo applications

To support new users in getting acquainted with Danet's workflow component, we provide applica-
tions that bundle the workflow component with a sample portal. The portal includes the manage-
ment portlets and the XForms tool on pre-configured pages.

Obviously, there are various configuration options for such a sample application, beginning with the
choice of the portal. These options would soon lead to an unmanageable number of EAR filesin the
distribution. To avoid this, we have provided an installer that configures and deployes a demo ap-
plication of your choice. It does this using ant build files that may serve as a good starting point for
your own application. If you're interested, have a look at the sources (or unpack the installer, and
look at the denos subfolder).

C.1. Installing a demo application

C.1.1.

C.1.2.

Theinstallation consists of the following steps:

» Download and unpack JBoss 4.0.4.GA or later.
» Create a JBoss server configuration for the demo.

* Create the datasource for the demo, initialize the database and create and deploy the demo.

Installing JBoss

There isn't much to add to the title. Download the binaries and unpack them. The root directory of
the unpacked binaries (usually something like jboss-n.m o) will be referred to as
$JBOSS_HOVE below.

Create JBoss server configuration

A JBoss server can have several configurations. As distributed, it has the predefined configuration
"default”, "minimal" and "all". We follow the good practice of creating our own configuration. This
leaves the JBoss distribution intact and you don't have to unpack a complete JBoss for every applic-
ation environment that you want to experiment with.

The server configuration can be created by the installer. The installer is distributed as an executable
jar. Itisinvoked as "java-jar Wf nropen-n. mi nstal | er.jar". To create the server configura-
tion, select " Create JBoss configuration” and proceed.
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Create JBoss server configuration

Components to install

Choose the components you want to install

Copy the WM Open libraries and configuration files to the given directory.

Install libraries [

Eesices plain file installation, the installer can create a JEoss configuration, setup
a catasource, initialize a cdatabase and deploy a demo application. As manual
intervention usually requirec after creating the JEoss configuration, either JEoss
configuration or advanced installation topics must be chosen here. As a third
option, the installer may simply {re-icreate the database schema and exit.

Aclditional installation steps |Create_|Euss configuration v|

Create a sample project ]

| Cancel | | Back | | Mext |

Figure C.1. Create JBoss configuration

The next screen prompts you for your JBoss installation directory, i.e. $JBOSS HOVE, and the con-
figuration you want to create. The new configuration is created in $JBOSS_HOVE/ ser ver / con-
figuration as a copy of $IJBOSS_HOVE/ server/ def aul t. The default configuration
should therefore not have been modified since unpacking JBoss.

-,

[ g

JBoss directory

Create a |Boss server configuration that can be used to run the WEMOpen demo.
Create JBoss configuration

This installation step creates a JBoss server configuration that is suited to run
the WfMOpen demo. The server configuration is created as a new subdirectory
"server/<config=" of your JBoss installation directory. The initial contents of this

directory is capied from "server/default" which should not have been modified
since unpacking the JEoss distribution.

MNote that any existing content of "server/<config>" will be deleted.

The JBoss home directory is the root directory of your JEoss installation.

JEoss home directory |,."|:|pt,."jh|:|ss Select Folder |

The configuration to create |'u1-fdem|:| |

| Cancel | | Back | | Mext |




C.1.3.

Creating datasources etc.

Figure C.2. JBossinstallation directory

In addition to copying the default configuration, the installer can add database drivers, enable Xid
padding (required for e.g. Oracle) and add a sample Liferay portal to the new JBoss configuration.

(R - X]

JBoss configuration options

The installer currently incluces a JDEC drivers for Hypersanic, MaxDE, MySQL
and PostgreSQL. The installer is prepared to additionally fully support Oracle and
MSSOL, but due to license restrictions we cannot include the driver. Additional
RDEMS types are partially supported if you specify a driver. If you want to use
Oracle or a partially supported RDEMS, check this option and you will be
prompted for a driver jar on the next page.

Add database driver ]

Some RDEMS types such as Oracle require padding of Xids. Check this if you
want padding to be enabled.

Enable Xid padding ]

The basic JEoss configuration is sufficient for a WIMOpen demo that uses the

Pluto Portal. If you want to use a more sophisticated portal, the installer can
extend |JEoss with a portlet container chosen from the list below.

Configure portlet container |N|:|ne,."|-"lutu Portal -

Mone/Fluto Portal
| CanciLiferay 4.2.x

L . -

Figure C.3. Liferay configuration options

If you choose to add Liferay to the new JBoss configuration you will be prompted for a directory
with some files from the Liferay distribution. You have to download these files yourself from the
Liferay distribution Site ht-
tp://sourceforge.net/project/showfiles.php?group_id=49260& package id=42607 as they are not
bundled with the installer.

Eventually, the installer provides somes hints about how to start the new JBoss configuration, cre-
ates the configuration and exists. You must now start JBoss with the newly created configuration
and, if the output indicates no errors, restart the installer.

The reason why the installation is done in two steps is that the second step needs a running JBoss
server.

Creating datasources etc.

Restart the installer and proceed with " Setup database ...".
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Creating datasources etc.

Components to install

Choose the components you want to install

Copy the WM Open libraries and configuration files to the given directory.

Install libraries [ ]

Eesices plain file installation, the installer can create a JEoss configuration, setup
acatasource, initialize a cdatabase and deploy a demo application. As manual
intervention usually requirec after creating the JEoss configuration, either JEoss
configuration or advanced installation topics must be chosen here. As a third
option, the installer may simply {re-icreate the database schema and exit.

Acdditional installation steps |Setup database, deploy demo application etc. v|

Create a sample project ]

| Cancel | | Back | | Mext |

Figure C.4. Setup wfdemo configur ation

You'll have to enter your $JBOSS_HOVE/ ser ver/ confi gur ati on directory once more on
the next screen, as the installer cannot currently remember this setting from the first step.

[ - X]

Advanced installation options

Most of the following installation options add to or modify the |Boss
configuration. Therefore, please specify the JEoss configuration directory which
is the sub-directory "server/<config=" of your JEoss installation.

JBoss configuration cirectory Joptfiboss Select Folder

| Cancel | | Back | | Mext |

Figure C.5. JBoss configuration directory




Creating datasources etc.

The WfMOpen components require a datasource. The name of the datasource is set in the applica
tion server specific configuration files of the EJBs and may, of course, be changed there. It defaults
to "WfMOpenDS" and the installer can create a matching datasource configuration in JBoss for sev-
era RDBMS types. Unless your database is not supported, or you want to do it by hand for some
other reason, you should check this option and select your RDBM S type as described below.

-,

(% i g

Advanced installation options

By clefault, WfMOpen uses a datasource named "WfMOpenD5". If you check this
option and your RDEMS type is supported (see below), the installer will create a
datasource automatically. Else you should now create it manually.

Configure datasource

Create the database schema for Wik Open. Requires a running database. This
will work for all RDEMS types supported by the Apache DDL Ltils.

Create schema

If you have checked one of the options above, you should now specify your
RDEMS. Mote that datasource creation is only supported for the RDEMS types
mentioned explicitly. Choose "Other” if datasource creation is not supported for
yvour RDEMS but you have checked the schema creation option. If you do not
want to be queried for database properties, just keep the default value.

Select RDEMS type |Eui|t—in Hypersonic DB v|

| Cancel | | Back | | Mext |

L . -

Figure C.6. Advanced installation options

WfMOpen requires the existance of severa tables (ak.a schema) in the database. The installer can
create and initialize these tables for al databases supported by the Apache DDL Utils. Normally, you
should leave this option checked.

Finally you have to select your RDBMS type. If your RDBMS is listed, the installer supports data-
source creation and it will continue with simplified screens for the specification of the database in-
stance. If you select "Other", it continues with generic screens that allow you to specifiy the para-
meters for IDBC setup and schema initialization.

After prompting for the information for datasource creation and schema initialization, you may now
choose the demo application to deploy.
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C.14.
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Working with the Pluto based demo

Configure Demo Application

Create and deploy a demo application. The Wik Open management CUl is
implemented as a set of portlets. You may choose to either run these portlets in
aminimal portlet container (Pluta) (hardly distinguishable from a stand-alone
web application), or in a full-flecged portal.

Deploy Demo Application -}- Maone
() Pluto based demao

() Liferay based demao

| Cancel | | Back | | Mext |

L . -

Figure C.7. Choose demo application

If you select "Pluto based demo”, no further information is required. The Pluto based demo provides
a minimal portlet container that allows a set of portlets to be used almost as a stand-alone applica-
tion. The next screen will smply provide some information where to point your browser at after the
installation and you can proceed to the execution of the installation.

If you choose "Liferay based demo”, the portlets will be configured for a Liferay portal. The Liferay
portal must previously have been configured e.g. using the installer option described above.

Working with the Pluto based demo

Y ou can find more information about the Pluto potal driver on its home page (see Apache Pluto site
[http://portals.apache.org/pluto/v101/userguide/portal.htmli]). Basically, the demo uses the portal
driver as described. The main difference is that we have added a login page to establich a user's
identity.

As the Pluto portal driver (being a minimal implementation of a portal) does not include user man-
agement, we have resorted to simple file based management for this demo. Y ou find the configured
users and groups in
$IBOSS _HOVE/ server/ wf deno/ confi g/ wf denopl ut o- *. properti es. Thefileswf -
denopl ut o- users. properti es andwf denopl ut o-rol es. properti es usetheformat
described for the JBoss file based authentication module (see
org.jboss.security.auth.spi.UsersRolesL oginModule [ht-
tp://docs.jboss.com/jbossas/admindevel 326/html/ch8.chapter.html#d0e16599]) and are used by
JBoss to verify credentials and assign roles (see application policy "wfdemopluto" in
$JIBOSS _HOVE/ server/ configuration/config/login-config.properties)

The mentioned files and the additional file wf denopl ut o- gr oups. properti es areaso used
by the resource management system configured for the demo (see Section 6.3, “The underlying re-
source management service” [66], Section 6.4.2, “EIS based RMSes’ [67] and Section 6.4.2.2.1,
“Properties based resource adapter” [67]). So al users, groups and roles configured in these files are
available for activity assignmentsin the workflow.
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Working with the Liferay based demo

C.1.5. Working with the Liferay based demo

Liferay isafull fledged portal that comes with its own user management facility.

Liferay does not maintain different roles on the J2EE level. |.e. neither Liferay groups nor Liferay
roles are mapped to roles in the J2EE environment. Instead Liferay makes all users member of a
singlerole "user". The configuration created by the installer therefore reduces the security contraints
on the workflow engine EJBs to mamabership in role "user", i.e. al Liferay portal users are by de-
fault allowed to access the EJBs.







Appendix D. Installing Liferay

The Liferay Portal [http://www.liferay.com] comes with installation instructions for JBoss. We
think that these instructions do not lead to the best result. They imply changes to the base JBoss con-
figuration that are confusing for the casual JBoss user and that are not really necessary. We there-
fore provide in this chapter modified installation instructions that we use to setup a Liferay Portal.

D.1. Creating a configuration

A JBoss server can have several configurations. As distributed, it has the predefined configuration
"default”, "minimal" and "all". We follow the good practice of creating our own configuration. This
leaves the JBoss distribution intact and you don't have to unpack a complete JBoss for every applic-
ation environment that you want to experiment with.

As a first step, we create a configuration for the Liferay Portal. Create a new directory
$IBOSS_HOWE/ server/configuration using eg. "l'i feray" for configuration.
Copy the complete content of your start configuration (typicaly
$IBOSS_HOWVE/ ser ver/ def aul t /) to this newly created directory.

Removefile $IJBOSS_HOVE/ server/ configuration/lib/hibernate3.jar 1

D.2. Deploying Liferay

D.2.1.

D.2.2.

D.2.3.

D.2.4.

Disabling the default root context application

Rename $JBOSS_HOWE/ server/ confi guration/ de-
pl oy/ j bossweb-t ontat 55. sar/ ROOT. war to ROOT. war . sav (or delete it).

Unpacking the JBoss extension libraries

Go to directory $JBOSS_HOVE/ server/configuration/lib/ and unpack the file
i feray-portal -dependenci es- X. Y. Z. zi p from the Liferay distribution.

Unpacking the EAR

Now go to directory $JBOSS_HOVE/ ser ver/ confi gurati on/ depl oy/ and create a new
directory "l i feray-portal . ear". Unpack the content of the distribution file | i f er ay-
portal - X. Y. Z. ear into thisdirectory?>.

Fixing the transaction manager configuration

Rename the just unpacked file counter-ejb.jar to tnp.jar. Create a new directory
counter-ejb.jar as subdirectory of $JBOSS _HOWE/ server/configuration/
depl oy/liferay-portal.ear/ and unpack the content of tnp.jar into it. Remove

tnp.jar.

1Boss approach to provide Hibernate functionality as (non-standard) part of the container may be convenient under certain
circumstances, but it may also lead to conflicts with Hibernate libraries provided by deployments (e.g. Liferay comes with a
specific Hibernate version).

We unpack the EAR (and embedded components, see below) partially because this allows easier access to some configura-
tion files that we have to adapt.

If you use Windows, you may experience problems with filenames being too long. This happens if the length of the path to
your JBoss installation exceeds a certain limit. As aworkaround, create the directory | i f er ay- portal . ear/ inthetop-
level directory of your drive, unpack the EAR into it, and then move it to $JBOSS_HOVE/ ser ver / confi gur ati on/
depl oy/ .
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D.2.5.

D.2.6.
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Adapting the portal configuration

Edit $JBOSS_HOVE/ server/ confi guration/ de-
pl oy/

liferay-

portal .ear/counter-ejb.jar/ META-1 NF/ counter-spring-enterprise.xm.
Replace the bean definition

<bean id="IliferayTransacti onManager"
cl ass="org. spri ngf ranewor k. or m hi ber nat e3. Hi ber nat eTr ansact i onManager"
lazy-init="true">
<property nane="dat aSource" >
<ref bean="liferayDat aSource" />
</ property>
<property nane="sessi onFactory">

<ref bean="liferaySessi onFactory" />
</ property>
</ bean>
with
<bean id="liferayTransacti onManager"

cl ass="org. springfranework.transaction.jta.JtaTransacti onManager"
lazy-init="true"/>

Adapting the portal configuration

Rename the file port al - ej b. j ar previoudy unpacked into $JBOSS_HOVE/ ser ver/ con-
figuration/deploy/liferay-portal.ear/ to tnp.jar. Create a new directory
portal -ejb.jar as subdirectory of $JBOSS HOVE/ server/configuration/
deploy/liferay-portal.ear/ and unpack the content of tnp.jar into it. Remove

tnp.jar.

Create a new file $JBOSS_HOVE/ server/ confi guration/ de-
ploy/liferay-portal.ear/portal-ejb.jar/portal-ext.properties with the
following content:

portal .rel ease=enterprise

portal . ctx=/

aut o. depl oy. dest.dir=../server/configuration/depl oy

aut o. depl oy. depl oy. dir=../server/configuration/liferay-depl oy

[ ucene.dir=../server/configuration/data/lucene
jcr.jackrabbit.repository.root=../server/configuration/data/jackrabbit

portal .configuration=fal se
portal .jaas. enabl e=true

Note that the relative paths used assume that JBoss will be started with $JBOSS_HOVE/ bi n as
working directory.

Configure security

With the configuration above, Liferay uses the standard JBoss mechanism for configuring security
(instead of doing it programatically). Open $JBOSS_HOWVE/ server/ confi guration/
conf /1 ogi n-confi g. xm inaneditor and at its end, but before the final </ pol i cy> insert

<l-- Security configuration for Liferay -->
<appl i cati on-policy nane="Portal Real ni' >
<aut henti cati on>

<l ogi n-nodul e code="com |iferay.portal.kernel.security.jaas.Portal Logi nModul e"

</ aut henti cati on>
</ application-policy>




Starting JBoss

D.3. Providing a database

Liferay can be used with many databases. This section covers only using Liferay with embedded
Hypersonic SQL. Thisisthe easiest route because you do not have to install an RDBMS.

First create a datasource configuration in $JBOSS_HOVE/ ser ver/ confi gur ati on/ depl oy.
We suggest to create a deployment descriptor | i f er ay- ds. xm with the content:

<?xm version="1.0"?7>

<dat asour ces>
<l ocal -t x- dat asour ce>

<j ndi - nane>j dbc/ Li f er ayPool </ j ndi - nane>
<connecti on-url >j dbc: hsql db: ${j boss. server.data. dir}${/}hypersoni c${/} i
<driver-cl ass>org. hsqgl db. j dbcDri ver</driver-cl ass>
<user - name>sa</ user - nane>
<passwor d></ passwor d>
<mi n- pool - si ze>5</ m n- pool -si ze>
</l ocal -t x- dat asour ce>

</ dat asour ces>

Create a directory "sql /" and unpack | i f er ay- portal -sql - X. Y. Z. zi p from the liferay
distribution into it. Change your working directory tosql / .

Now create a new Hypersonic DB with this command:

java -cp "$IJBOSS_HOWE/ server/configuration/deploy/liferay-portal.ear/portal-
$IBOSS_HOWE/ server/ configuration/deploy/liferay-portal.ear/lib/util-java.jar
$IBOSS_HOWE/ server/ configuration/lib/hsgldb.jar" \

comliferay. portal.tool s. DBLoader \

hyper soni ¢ $JBOSS_HOVE/ server/ confi guration/ data/ hypersonic/liferayDB

Note that on Windows, you'll have to replace the column (":") used as path separator above with the
semicolon (";").

D.4. Starting JBoss

Change the working directory to $JBOSS_HOME/ bi n/. Run run. bat with options "-c¢
[iferay".
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Appendix E. Notes

e This product includes software developed by the Apache Software Foundation
(http://lwww.apache.org/).
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Appendix F. GNU General Public
License

Version 2, June 1991
Copyright © 2000 Free Software Foundation, Inc.

Free Software Foundation, Inc.
59 Temple Place, Suite 330,
Boston,
MA 02111-1307
USA

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing
itisnot allowed.

F.1. Preamble

The licenses for most software are designed to take away your freedom to share and change it. By
contrast, the GNU General Public License is intended to guarantee your freedom to share and
change free software - to make sure the software is free for al its users. This General Public License
applies to most of the Free Software Foundation's software and to any other program whose authors
commit to using it. (Some other Free Software Foundation software is covered by the GNU Library
General Public License instead.) Y ou can apply it to your programs, too.

When we speak of free software, we are referring to freedom, not price. Our General Public Li-
censes are designed to make sure that you have the freedom to distribute copies of free software
(and charge for this service if you wish), that you receive source code or can get it if you want it,
that you can change the software or use pieces of it in new free programs; and that you know you
can do these things.

To protect your rights, we need to make restrictions that forbid anyone to deny you these rights or to
ask you to surrender the rights. These restrictions translate to certain responsibilities for you if you
distribute copies of the software, or if you modify it.

For example, if you distribute copies of such a program, whether gratis or for a fee, you must give
the recipients all the rights that you have. Y ou must make sure that they, too, receive or can get the
source code. And you must show them these terms so they know their rights.

We protect your rights with two steps:

1. copyright the software, and

2. offer you thislicense which gives you legal permission to copy, distribute and/or modify the soft-
ware.

Also, for each author's protection and ours, we want to make certain that everyone understands that
there is no warranty for this free software. If the software is modified by someone else and passed
on, we want its recipients to know that what they have is not the original, so that any problemsintro-
duced by otherswill not reflect on the original authors' reputations.

Finally, any free program is threatened constantly by software patents. We wish to avoid the danger
that redistributors of a free program will individually obtain patent licenses, in effect making the
program proprietary. To prevent this, we have made it clear that any patent must be licensed for
everyone's free use or not licensed at all.
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TERMS AND CONDITIONS FOR
COPYING, DISTRIBUTION AND MODI-

The precise terms and conditions for copying, distribution and modification follow.

F.2. TERMS AND CONDITIONS FOR COPY-

ING,
F.2.1.

F.2.2.

F.2.3.
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DISTRIBUTION AND MODIFICATION

Section 0

This License applies to any program or other work which contains a notice placed by the copyright
holder saying it may be distributed under the terms of this General Public License. The "Program”,
below, refers to any such program or work, and a “work based on the Program” means either the
Program or any derivative work under copyright law: that is to say, a work containing the Program
or a portion of it, either verbatim or with modifications and/or translated into another language.
(Hereinafter, trandation is included without limitation in the term “maodification”.) Each licensee is
addressed as “you”.

Activities other than copying, distribution and modification are not covered by this License; they are
outside its scope. The act of running the Program is not restricted, and the output from the Program
is covered only if its contents constitute a work based on the Program (independent of having been
made by running the Program). Whether that is true depends on what the Program does.

Section 1

Y ou may copy and distribute verbatim copies of the Program'’s source code as you receive it, in any
medium, provided that you conspicuously and appropriately publish on each copy an appropriate
copyright notice and disclaimer of warranty; keep intact al the notices that refer to this License and
to the absence of any warranty; and give any other recipients of the Program a copy of this License
along with the Program.

You may charge a fee for the physical act of transferring a copy, and you may at your option offer
warranty protection in exchange for afee.

Section 2

Y ou may modify your copy or copies of the Program or any portion of it, thus forming a work based
on the Program, and copy and distribute such modifications or work under the terms of Section 1
above, provided that you also meet al of these conditions:

a. You must cause the modified files to carry prominent notices stating that you changed the files
and the date of any change.

b. You must cause any work that you distribute or publish, that in whole or in part contains or is de-
rived from the Program or any part thereof, to be licensed as a whole at no charge to all third
parties under the terms of this License.

c. If the modified program normally reads commands interactively when run, you must cause it,
when started running for such interactive use in the most ordinary way, to print or display an an-
nouncement including an appropriate copyright notice and a notice that there is no warranty (or
else, saying that you provide a warranty) and that users may redistribute the program under these
conditions, and telling the user how to view a copy of this License.

Exception:

If the Program itself is interactive but does not normally print such an announcement, your
work based on the Program is not required to print an announcement.)

These requirements apply to the modified work as a whole. If identifiable sections of that work are
not derived from the Program, and can be reasonably considered independent and separate works in




F.2.4.

F.2.5.

F.2.6.

Section 3

themselves, then this License, and its terms, do not apply to those sections when you distribute them
as separate works. But when you distribute the same sections as part of a whole which is a work
based on the Program, the distribution of the whole must be on the terms of this License, whose per-
missions for other licensees extend to the entire whole, and thus to each and every part regardless of
who wrote it.

Thus, it is not the intent of this section to claim rights or contest your rights to work written entirely
by you; rather, the intent is to exercise the right to control the distribution of derivative or collective
works based on the Program.

In addition, mere aggregation of another work not based on the Program with the Program (or with a
work based on the Program) on a volume of a storage or distribution medium does not bring the oth-
er work under the scope of this License.

Section 3

You may copy and distribute the Program (or a work based on it, under Section 2 in object code or
executable form under the terms of Sections 1 and 2 above provided that you also do one of the fol-
lowing:

a. Accompany it with the complete corresponding machine-readable source code, which must be
distributed under the terms of Sections 1 and 2 above on a medium customarily used for software
interchange; or,

b. Accompany it with a written offer, valid for at least three years, to give any third party, for a
charge no more than your cost of physically performing source distribution, a complete machine-
readable copy of the corresponding source code, to be distributed under the terms of Sections 1
and 2 above on a medium customarily used for software interchange; or,

c. Accompany it with the information you received as to the offer to distribute corresponding
source code. (This aternative is allowed only for noncommercial distribution and only if you re-
ceived the program in object code or executable form with such an offer, in accord with Subsec-
tion b above.)

The source code for a work means the preferred form of the work for making modifications to it.
For an executable work, complete source code means all the source code for all modulesit contains,
plus any associated interface definition files, plus the scripts used to control compilation and install-
ation of the executable. However, as a special exception, the source code distributed need not in-
clude anything that is normally distributed (in either source or binary form) with the major compon-
ents (compiler, kernel, and so on) of the operating system on which the executable runs, unless that
component itself accompanies the executable.

If distribution of executable or object code is made by offering access to copy from a designated
place, then offering equivalent access to copy the source code from the same place counts as distri-
bution of the source code, even though third parties are not compelled to copy the source along with
the object code.

Section 4

Y ou may not copy, modify, sublicense, or distribute the Program except as expressly provided under
this License. Any attempt otherwise to copy, modify, sublicense or distribute the Program is void,
and will automatically terminate your rights under this License. However, parties who have received
copies, or rights, from you under this License will not have their licenses terminated so long as such
partiesremain in full compliance.

Section 5

You are not required to accept this License, since you have not signed it. However, nothing else
grants you permission to modify or distribute the Program or its derivative works. These actions are

353



F.2.7.

F.2.8.

F.2.9.

FICATION

prohibited by law if you do not accept this License. Therefore, by modifying or distributing the Pro-
gram (or any work based on the Program), you indicate your acceptance of this License to do so,
and al its terms and conditions for copying, distributing or modifying the Program or works based
onit.

Section 6

Each time you redistribute the Program (or any work based on the Program), the recipient automat-
ically receives alicense from the original licensor to copy, distribute or modify the Program subject
to these terms and conditions. Y ou may not impose any further restrictions on the recipients’ exer-
cise of the rights granted herein. You are not responsible for enforcing compliance by third parties
to this License.

Section 7

If, as a consequence of a court judgment or allegation of patent infringement or for any other reason
(not limited to patent issues), conditions are imposed on you (whether by court order, agreement or
otherwise) that contradict the conditions of this License, they do not excuse you from the conditions
of this License. If you cannot distribute so as to satisfy simultaneously your obligations under this
License and any other pertinent obligations, then as a consegquence you may not distribute the Pro-
gram at all. For example, if a patent license would not permit royalty-free redistribution of the Pro-
gram by all those who receive copies directly or indirectly through you, then the only way you could
satisfy both it and this License would be to refrain entirely from distribution of the Program.

If any portion of this section is held invalid or unenforceable under any particular circumstance, the
balance of the section is intended to apply and the section as a whole is intended to apply in other
circumstances.

It is not the purpose of this section to induce you to infringe any patents or other property right
claims or to contest vaidity of any such claims; this section has the sole purpose of protecting the
integrity of the free software distribution system, which is implemented by public license practices.
Many people have made generous contributions to the wide range of software distributed through
that system in reliance on consistent application of that system; it is up to the author/donor to decide
if he or she iswilling to distribute software through any other system and a licensee cannot impose
that choice.

This section is intended to make thoroughly clear what is believed to be a consequence of the rest of
this License.

Section 8

If the distribution and/or use of the Program is restricted in certain countries either by patents or by
copyrighted interfaces, the original copyright holder who places the Program under this License may
add an explicit geographical distribution limitation excluding those countries, so that distribution is
permitted only in or among countries not thus excluded. In such case, this License incorporates the
limitation asif written in the body of this License.

F.2.10. Section 9
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The Free Software Foundation may publish revised and/or new versions of the General Public Li-
cense from time to time. Such new versions will be similar in spirit to the present version, but may
differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Program specifies a version number of
this License which applies to it and "any later version”, you have the option of following the terms
and conditions either of that version or of any later version published by the Free Software Founda-
tion. If the Program does not specify a version number of this License, you may choose any version
ever published by the Free Software Foundation.




NO WARRANTY

F.2.11. Section 10

If you wish to incorporate parts of the Program into other free programs whose distribution condi-
tions are different, write to the author to ask for permission. For software which is copyrighted by
the Free Software Foundation, write to the Free Software Foundation; we sometimes make excep-
tions for this. Our decision will be guided by the two goals of preserving the free status of all deriv-
atives of our free software and of promoting the sharing and reuse of software generally.

F.2.12. NO WARRANTY

Section 11

BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, THERE IS NO WARRANTY
FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLICABLE LAW. EXCEPT
WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER
PARTIES PROVIDE THE PROGRAM "AS IS" WITHOUT WARRANTY OF ANY KIND,
EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.
THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS
WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF
ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

F.2.13. Section 12

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY MODIFY AND/OR
REDISTRIBUTE THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAM-
AGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAM-
AGES ARISING OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING
BUT NOT LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR
LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO
OPERATE WITH ANY OTHER PROGRAMYS), EVEN IF SUCH HOLDER OR OTHER PARTY
HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.
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