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Preface

Many web applications consist of a mix of free browsing, where the user is allowed to navigate a web site as
they please, and controlled navigations where the user is guided through a series of steps towards completion of
abusiness goal.

Consider the typical shopping cart application. While a user is shopping, she is freely browsing available
products, adding her favorites to her cart while skipping over others. This is a good "free browsing" use case.
However, when the user decides to checkout, a controlled workflow begins--the checkout process. Such a
process represents a single user conversation that takes place over a series of steps, and navigation from
step-to-step is controlled. The entire process represents an discrete application transaction that must complete
exactly once or not at all.

Consider some other good examples of "controlled navigations': applying for aloan, paying your taxes on-line,
booking atrip reservation, registering an account, or updating a warehouse inventory.

Traditional approaches to modeling and enforcing such controlled navigations or "flows" fal flat, and fail to
express the Flow as a first class concept. Spring Web Flow (SWF) is a component of the Spring Framework's
web stack focused on solving this problem in a productive and powerful manner.

Spring Web Flow Version 1.0.1 Y



Chapter 1. Introduction

1.1. Overview

Spring Web Flow (SWF) is a component of the Spring Framework's web stack focused on the definition and
execution of Ul flow within aweb application.

The system allows you to capture a logical flow of your web application as a self-contained module that can be
reused in different situations. Such a flow guides a single user through the implementation of a business task,
and represents a single user conversation. Flows often execute across HTTP requests, have state, exhibit
transactional characteristics, and may be dynamic and/or long-running in nature.

Spring Web Flow exists at a higher level of abstraction, integrating as a self-contained flow engine within base
frameworks such as Struts, Spring MV C, Portlet MVC, and JSF. SWF provides you the capability to capture
your application's Ul flow explicitly in a declarative, portable, and manageable fashion. SWF is a powerful
controller framework based on a finite-state machine, fully addressing the"C" in MV C.

1.2. Architecture overview

Spring Web Flow has been architected as a self-contained flow engine with few required dependencies on
third-party APIs. All dependencies are carefully managed.

At aminimum, to use Spring Web Flow you need:

* gpring-webflow (the framework)

» spring-core (miscellaneous utility classes used internally by the framework)
* gpring-binding (the Spring data binding framework, used internally)

e commons-logging (a simple logging facade, used internally)

e OGNL (the default expression language)

Most users will embed SWF as a component within a larger web application development framework, as SWF
is a focused controller technology that expects a calling system to care for request mapping and response
rendering. In this case, those users will depend on a thin integration piece for their environment. For example,
those executing flows within a Servlet environment might use the Spring MVC integration to care for
dispatching requests to SWF and rendering responses for SWF view selections. Spring Web Flow ships
convenient Spring MV C, Struts Classic, and JSF integration out of the box.

Note

Spring Web Flow, like Spring, is a layered framework, packaged in a manner that allows teams to
use the parts they need and nothing else. For example, one team might use Spring Web Flow in a
Servlet environment with Spring MV C and thus require the Spring MV C integration. Another team
might use SWF in a Portlet environment, and thus require the Portlet MV C integration. Another
team might mix and match. A major benefit of SWF is that it alows you to define reusable,
self-contained controller modules that can execute in any environment.

1.3. Architectural layers

Spring Web Flow is a layered framework. A diagram of Spring Web Flow's layered architecture is shown

Spring Web Flow Version 1.0.1 6
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1.4. Layer descriptions

Each layer is partitioned into one or more subsystems that together carry out the layer's role within the overall
system. This section notes the purpose of each layer and describes each subsystem in the following format:

Subsystem name - The name of alayer subsystem.
Description - The purpose of the subsystem.
Packages - The Java packages that contain the source code for the subsystem. The packages are rooted at
the or g. spri ngf r amewor k. webf | ow root package in the package hierarchy.
Subsystem interfaces - Central APl elements exposed by the subsystem, typically through Java interfaces.
Internal dependencies - Dependencies of the subsystem. These could be other subsystems of the layer or
external libraries.

1.4.1. The Execution Core Layer (Bottom Layer)

Defines core flow definition and execution public APIs. As the "bottom layer”, this layer is highly stable with
no dependencies on any other layer.

Table 1.1. Execution Core Subsystems

Subsystem Description Packages Subsystem Internal
name interfaces dependencies
Core Foundational, generic types usable  core, None None

by al other subsystems. Contains | core.collection

the default expression parser

(OGNL-based) and core collection

types (AttributeMap and

company).
util Low level utilities used by all other util None None

Spring Web Flow Version 1.0.1
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Subsystem
name

Flow Definition

Description

parts of the system.

Central abstractions for modeling
flow definitions. These
abstractions include
Fl owDef i ni ti on,

St at eDefi ni ti on, and

TransitionDefinition that form
the domain language for describing
flows.

Packages Subsystem Internal
interfaces dependencies
definition FlowDefinition = Core

Flow Definition
Registry

Support for working with registries
of flow definitions. Flow
definitions eligible for execution
are typicaly stored in a registry
providing lookup services.

definition.registry FlowDefinitionRegdlsirg, Flow

FlowDefinitionL odasinition

External Provides normalized access to a context, ExternalContext Core,
Context client environment that has called  context.servlet, context.servlet
into Spring Web Flow. context.portlet requires Servlet
API 2.3,
context.portlet
requires Portlet
AP 1.0 in
addition to
Servlet APl 2.3
Conversation Manages the creation and cleanup conversation, ConversationManagere, util,
of conversational state. Used by conversation.impl Externa
the execution repository system to Context
begin new user conversations and
track execution state.
Flow Execution Stable runtime abstractions that execution, FlowExecution Core, External
define  the flow  definition | execution.support, Context, Flow
execution model. For executing execution.factory Definition

Flow Execution
Repository

flow definitions and representing
execution state.

For persisting paused flow
executions beyond a single request
into the server.

execution.repositoil owExecutionRefosrarijtil, Flow

execution.repository.support, Definition,

execution.repository.continuation | Conversation,
Flow Execution,

repository.continuation

requires
commons-codec
10 if using
client
continuations

Action

Reusabl e action implementations.

Core, Util, Flow
Definition,
Externa

action, None

action.portlet

Spring Web Flow Version 1.0.1
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Subsystem
name

Description

Packages

Subsystem
interfaces

Internal
dependencies

Context, Flow

Execution

1.4.2. The Execution Engine Layer

Defines an implementation of the flow execution core API, forming the basis of the state machine or "engine"
implementation. More volatile, as it contains specific implementations of stable execution abstractions.

Depends On: Execution Core

Table 1.2. Execution Engine Subsystems

Subsystem Description Packages Subsystem Internal
name interfaces dependencies
Engine The implementation of the flow engine, None None
Implementation | execution engine based on a finite engine.support,
state machine. engine.impl
Flow Definition Abstractions used a engine.builder, | Fl owBui | der Engine
Builder configuration-time for building and engine.builder.xml Implementation,
assembling  Fow  definitions Spring  Beans
executable by this engine 127, Spring
implementation. Flows are Context 1.2.7,
typically defined in externalized bui | der . xm
resources such as XML files. requires  JDK
15 or Xerces
for XSD support
1.4.3. The Test Layer
Support for unit testing flow artifacts and system testing flow executions.
Depends On: Execution Engine, Execution Core
Table 1.3. Test Subsystems
Subsystem Description Packages Subsystem Internal
name interfaces dependencies
Engine Artifact Support for unit testing test None Junit 3.8.1
Unit Test implementations such as Actions
Support in isolation.
Flow Execution Support for  testing Flow test.execution None Spring  Beans
Test Support Executions out-of-container. 127, JUnit
381
Spring Web Flow Version 1.0.1 9
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1.4.4. The Executor Layer

Stable higher-layer for driving and coordinating the execution of flow definitions. This layer is decoupled from
the more-volatile engine implementation.

Depends On: Execution Core

Table 1.4. Executor Subsystems

Subsystem Description Packages Subsystem Internal
name interfaces dependencies
Core Stable, generic flow executor | executor, FI owExecut or None
abstractions and support. executor.support
Spring MVC The integration between Spring executor.mvc None Core, Spring
Web Flow and the Spring MVC Web MVC
framework. 127, Portlet
MVC requires
Spring 2.0
Struts The integration between Spring executor.struts  None Core, Struts 1.1
Web Flow and the Struts Classic
framework.
Java Server The integration between Spring executor.jsf None Core, JISF 1.0
Faces (JSF) Web Flow and the Java Server

1.4.5. The System Configuration Layer (Top Layer)

Faces framework.

The top-most layer for configuring the overall Spring Web Flow system for use within an application. As the
top layer, this layer depends on the most.

Depends On: Executor, Execution Engine, Execution Core

Table 1.5. System Configuration Subsystems

Subsystem Description Packages Subsystem Internal

name interfaces dependencies

Spring For configuring Spring Web Flow config None Spring  Beans

Configuration using Spring 1.x and 2.x. 1.2.7,

Support spri ng- webf | owconfi g- 1. (
XSD  support
requires Spring
2.0

Note

As described above, some subsystem packages are optional depending on your use of the
subsystem. For example, use of Spring Web Flow in a Servlet environment entails use of the

Spring Web Flow Version 1.0.1

10



Introduction

Ext er nal Cont ext context.servlet package which requires the Servlet API to be in the classpath. In
this case the context.portlet package is not used and the Portlet API is not required.

For the exact list of dependencies, as well as supported product usage configurations, see the lvy dependency
manager descriptor located within the SWF distribution.

1.5. Support

Spring Web Flow 1.x is supported on Spring Framework 1.2.7 or > for the 1.x series and supported on 2.0 or >
for the 2.x series.

XML-based flow building requires Xerces 2 or JDK 5.0 (for XSD support).
The Spring Web Flow Portlet integration requires Spring Portlet MV C 2.0.

Our active community support forumis located at http://forum.springframework.org.

Spring Web Flow Version 1.0.1 11



Chapter 2. Flow definition

2.1. Introduction

Spring Web Flow allows developers to build reusable, self-contained controller modules called flows. A flow
defines a user dialog that responds to user events to drive the execution of application code to complete a
business goal.

Flows are defined declaratively using a rich domain-specific language (DSL ) tailored to the problem domain of
Ul flow. Currently, XML and Java-based forms of this language are provided.

This chapter documents Spring Web Flow's core flow definition language. You will learn the core domain
constructs of the system and how those constructs are representable in an externalized XML form.

2.2. FlowDefinition

A flow definition is a instance of org. spri ngframewor k. webf | ow. defi ni ti on. Fl owDefi ni ti on. This is the
central domain artifact representing the definition of a user dialog or task.

A flow definition consists of a set of one or more states, where each state defines a step in the flow that when
entered executes a behavior. What behavior is executed is a function of the state's type and configuration. The
outcome of a state's execution, called an event, is used by the flow to drive a state transition.

Exactly one of aflow's states isthe st art St at e that defines the starting point of the flow. Optionally, a flow
can have one or more end states defining the ending points of the flow.

An example definition of asimple flow to carry out a search processis shown graphically below:

Search Flow J

== stat state | ViewState }:}

Erter Search Criteria

)

nesy Search =ubimit == Subfionstate ==
Browse Result Details

== ViewState ==
Display Search Results selectResult
Y, finizh
Search Flow
The default Fl owDef i ni tion implementation in Spring Web Flow is

org. spri ngframewor k. webf | ow. engi ne. Fl ow. Its configurable properties are summarized below:

Spring Web Flow Version 1.0.1 12



Flow definition

Table 2.1. Flow properties

Property name Description Cardinality Default value

id The identifier of the flow definition, 1
typically unique to all other flows of the
application.

attributes Additional custom attributes about the O0..* None
flow.

states The steps of the flow. 1.*

startState The starting point of the flow. 1

variables The set of flow variables to create each 0..* Empty
time an execution of the flow is started.

inputM apper The service responsible for mapping flow 0..1 Null
input provided by a caler each time an
execution of the flow is started.

startActions The list of actions to execute each timean 0..* Empty
execution of the flow is started.

endActions The list of actions to execute each timean 0..* Empty
execution of the flow ends.

outputM apper The service responsible for mapping flow 0.1 Null
output to expose to the caller each time an
execution of the flow ends.

globaTransitions  The set of transitions shared by all states 0..* Empty
of the flow.

exceptionHandlers | An ordered set of handlers to be applied 0..* Empty
when an exception is thrown within a state
of the flow.

inlineFlows A set of inner flows that will be called as 0..* Empty

subflows; these flows are locally scoped to
the outer flow.

Below isahigh level example of how these properties can be configured in XML form or directly in Java code.

2.2.1. XML-based Flow template

<?xm version="1.0" encodi ng="UTF- 8" ?>
<fl ow xm ns="http://ww. springframework. or g/ schema/ webf | ow'
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"

xsi : schemalLocat i on="
http://ww. spri ngframework. or g/ schenma/ webf | ow
http://ww. spri ngframework. or g/ scherma/ webf | ow spri ng-webf | ow 1. 0. xsd" >

<attribute ...

var .../>

/>

<i nput - mapper .../>

Spring Web Flow Version 1.0.1
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Flow definition

<start-actions>

</sté}i-actions>

<start-state idref="yourStartingStateld"/>
<-- your state definitions go here -->
<gl obal -transi ti ons>
</glbbél-transitions>

<end- acti ons>

</ena:éctions>

<out put - mapper .../>
<exception-handler .../>

<inline-flow

</inline-flow

</fl ow>

2.2.2. Java Flow APl example

Flow flow = new Fl ow("id");

flow getAttributeMp().put("name”, "value");
flow addState(...);

flow setStartState("startingPoint");

fl ow. addVariable(...);

fl ow. set | nput Mapper(...);

flow getStartActionList().add(...);

fl ow. get EndActionList().add(...);

fl ow. set Qut put Mapper(...);

fl ow. get d obal TransitionSet().add(...)
fl ow. get Excepti onHandl er Set (). add(...);
fl ow. addl nlineFlow(...);

A Flow is typically built by a FlowBuilder rather than assembled by hand. The flow building subsystem is
contained within the or g. spri ngf r amewor k. webf | ow. engi ne. bui | der package. The XML Flow Builder and
spring-webfl ow. xsd schema are located within the org. spri ngf r amewor k. webf | ow. engi ne. bui | der. xni

package. The XML-based format is the most popular way to define flows.

2.3. StateDefinition

A st at eDefi ni ti on defines the behavior for a step of aFl owbef i ni ti on. The base implementation class for all
Flow state types is org. spri ngfranmewor k. webf | ow. engi ne. State. This abstract class defines common
properties applicable to al state types, which include:

Table 2.2. State properties

Property name Description

id

Theid of the state, unique to its containing 1

flow definition.

Cardinality Default value

Spring Web Flow Version 1.0.1
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Flow definition

Property name Description Cardinality Default value
owner The owning flow definition. 1
attributes Additional custom attributes about the O0..* None
state.
entryActions Thelist of actions to execute each timethe 0..* Empty
state is entered.
exceptionHandlers | An ordered set of handlers to be invoked 0..* Empty
when an exception is thrown within the
state.

2.4. Transitionable State

A central subclass of State is org. springframewor k. webf | ow. Transi ti onabl eState. This abstract class
defines common properties applicable to all state types that execute transitions to other states in response to
events. These properties include:

Table 2.3. TransitionableState properties

Property name Description Cardinality Default value
transitions The eligible paths out of this state. 1.*
exitActions The list of actions to execute each time 0..* Empty

this state is exited.

Below isamock flow definition snippet showing how properties may be configured for a TransitionableState in
XML and in Java code:

2.4.1. XML-based state template

<?xm version="1.0" encodi ng="UTF-8"?>
<flow xm ns="http://ww. springframework. or g/ schema/ webf | ow'
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schema- i nst ance"
xsi : schemaLocati on="
http://ww. springframework. or g/ schema/ webf | ow
http: //ww. spri ngfranewor k. or g/ schena/ webf | ow spri ng- webf | ow 1. 0. xsd" >
<start-state idref="nyStateld"/>

<xxx-state id="nyStatel d">
<attribute name="..." value="..."/>

<entry-actions>
</entry-actions>

<transition on="..." to="..."/>
<transition on-exception="..." to="..."/>

<exit-actions>
</exit-actions>

<exception-handler .../>
</ xxx- st at e>
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</ fl ow>

2.4.2. Java state APl example

Flow fl ow = new Fl ow("id");

Transitionabl eState state = new XXXState(flow, "stateld");
state.get Attri buteMap(). put ("nanme", "value");

state. get EntryActionList().add(...);

state.get TransitionSet().add(...);

state. get Exi t ActionList().add(...);

A Stateistypically constructed by aFl owarti f act Fact ory, used by aFl owBui | der during flow assembly. The
flow building subsystem is contained within the or g. spri ngf r amewor k. webf | ow. engi ne. bui | der package.

2.5. TransitionDefinition

A transition takes a flow from one state to another, defining a path through the flow. Thisis modeled using a
Transi tionDefinition.

Recall that all TransitionableStates have a set of one or more transitions, each defining a path to another statein
the flow (or a recursive path back to the same state). When a transitionable state is entered it executes a
behavior. For example, a transitionable state called "Display Form" may display aform to the user and wait for
user input. The outcome of the state's execution, called an event, is used to drive execution of one of the state's
transitions. For example, the user may press the form submit button which signals a submit event that matches
the transition to the "Process Submit" state.

This event-driven transition execution process is shown graphically below:

Tranation E :-:ecutin:un)

== Transitionahlestate . Process Fomn Submit
CizsplayF arm subtnit

1
1
1
- 1
1
1

The submit evert drives execdion ofthe transtion fram the Display Fomm state to the Process Submit state IT

Transition execution

The transition definition implementation is defined by an instance of
or g. spri ngf ramewor k. webf | ow. engi ne. Transi ti on. ItS properties are summarized below:

Table2.4. Trangition properties
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Property name Description Cardinality Default value

attributes Additional  attributes  describing the 0..* None
transition.

matchingCriteria The strategy that determines if the 1 Always matches
transition matches on an event occurrence.

executionCriteria The strategy that determines if the 1 Always allowed
transition, once matched, is alowed to
execute.

targetStateResolver | The strategy that resolves the target state 1
of the transition. Most transitions always
resolve to the same target state. This
strategy allows for dynamic resolution.

Below isahigh-level example of how a Transition can be configured in XML form or directly in Java code.
2.5.1. Transition XML template

<transition on="event" to="targetState">
<attribute ... />
<action ... />

</transition>

2.5.2. Transition Java APl example

Transition transition = new Transition("targetState");
transition.getAttributeMp().put("nanme", "value");

transition. setMatchingCriteria(new EventldTransitionCriteria("event"));
transition.set ExecutionCriteria(...);

2.5.3. Action transition execution criteria

In the XML transition template above note the support for the act i on element withinthetransi ti on element.

A transition may be configured with one or more actions that execute before the transition itself executes as
executionCriteria. If one or more of these actions do not complete successfully the transition will not be
allowed. This action transition criteria makes it possible to execute arbitrary logic after a transition is matched
but before it is executed. Thisis useful when you want to execute event post-processing logic. A good example
is executing form data binding and validation behavior after aform submit event.

2.5.4. Dynamic transitions

A transition's target state resolver can be configured to dynamically calculate the target state. For example:

<transition on="back" to="${fl owScope.|astStateld}" />
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Thiswill transition the flow to the state resolved by evaluating the f | owScope. | ast St at el d expression.

2.5.5. Global transitions

As outlined, one or more transitions are added to al TransitionableState types, attached at the state-level.
Optionally, transitions may also be added at the flow-level where they are shared by all states. These shared
transitions are called global transitions.

When an event is signaled in a transitionable state the state will first try and match one of its own transitions. If
there is no match at the state level the set of global transitions will be tested. If there ill is no match a
NoMat chi ngTransi ti onExcept i on Will be thrown.

Global transitions are useful in situations where many states of the flow share the same transitional criteria. For
example, consider a navigation menu that displays alongside each view of a flow. Logic to process navigation
menu eventsis needed by all view states. Thisisthe problem global transitions are designed to solve.

2.5.5.1. Global transitions - XML example

The following example shows transitions defined at the state level, as well as global transitions defined at the
flow level.

<?xm version="1.0" encodi ng="UTF-8"?>
<flow xm ns="http://ww. springframework. or g/ schema/ webf | ow'
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : schemalLocat i on="
http://ww. springframework. or g/ scherma/ webf | ow
http://ww. spri ngfranework. or g/ schenma/ webf | ow spri ng- webf | ow 1. 0. xsd" >

<start-state idref="statel"/>

<xxx-state id="statel">
<transition on="|ocal Event 1" to="state2"/>
</ xxx- st at e>

<xxx-state id="state2">
<transition on="|ocal Event1" to="statel"/>
</ xxx- st at e>

<gl obal -transiti ons>
<transition on="gl obal Event1" to="statel"/>
<transition on="gl obal Event 2" to="state2"/>
</ gl obal -transitions>

</ fl ow>

In this mock example statel defines one transition and also inherits the two others defined within the
gl obal -transitions element. Any other states defined within this flow would aso inherit those global
transitions.

This example is shown graphically below:
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Zlobal Transtions )

localEventt
Statet State2
globalE vert2
localEventt
gl obalE vert
v v
gl okalE vert] 'yl obalE vertz

zlobal transitions are inhetited by each gate ofthe flow

Global transitions

2.5.6. Transition executing state exception handlers

The <transi ti on/ > element contains an exclusive on- except i on attribute used to specify an exception-based
criteria for transition execution. This allows you to transition the flow to another state on the occurrence of an
exception.

2.5.6.1. Exception handling - XML example

The following example shows atransition that is applied as a state exception handler:

<?xm version="1.0" encodi ng="UTF- 8" ?>
<flow xm ns="http://ww. springframewor k. or g/ schema/ webf | ow'
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : schemalLocat i on="
http://ww. spri ngfranmework. or g/ schena/ webf | ow
http://ww. springframework. or g/ schema/ webf | ow spri ng-webf | ow 1. 0. xsd" >

<start-state idref="statel"/>
<xXx-state id="statel">
<transition on="eventl1l" to="state2"/>

<transition on-excepti on="exanpl e. M/Busi nessException" to="state3"/>
</ xxx- st at e>

</ fl ow>

In this example st at e1 defines one transition and an exception handler which executes a transition to st at e3 if
aMBusi nessExcept i on isthrown within the state.

2.6. Concrete state types

Spring Web Flow has five (5) built-in concrete state types, al contained within the
org. springframewor k. webf | ow. engi ne package. These states execute common controller behaviors
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including:

1. alowing the user to participate in aflow (ViewState)
2. executing business application code (ActionState)

3. making aflow routing decision (DecisionState)

4. spawning another flow as a subflow (SubflowState)
5. terminating aflow (EndState)

Each of these state types, with the exception of EndState, is transitionable. This hierarchy isillustrated below:

FlowDefintion Class Hierarl:hy)
== interface == == interface ==
Flow Definition e————— StateDefinition
1.*
1 1 b
. . == ihterface == =2 interface ==
. , TransitionableStateD efinition [ >—————— TransitionD efinition
1 1 1.0
1 1
Core ! ! .{:}. ﬂ,‘
[ ]
1 1 1 | .
Flow State . . Engire
- ' '
1.* 1 |
1 |
1 I
% 1 I
EndState L L
TransdionableState Transition
——>
1.2
ViewState ActionState DecisionState SubflowState

FlowDefinition class diagram

Asyou will see, with these five basic state types you can develop rich controller modules.

2.6.1. ViewState

When entered a view state allows the user (or other external client) to participate in a flow. This participation
process goes as follows:

1. The entered view state makes a org. springfranmewor k. webf | ow. execution. Vi ewSel ection that
represents alogical response to issue to the caller.

2.  Theflow execution 'pauses in this state, and control is returned to the calling system.

Spring Web Flow Version 1.0.1 20



Flow definition

3. The calling system uses the returned Vi ewSel ect i on to present a suitable interface (or other response) to

the user.

4. After some 'think time' the user signals an input event to resume the flow execution from the ‘paused'

point.

Spring Web Flow gives you full control over the view selection process and, on resume, how a view state
responds to a user input event. It's important to understand that Spring Web Flow is not responsible for
response rendering--as a controller, a flow makes a logical view selection when user input is required, where a
view selection serves as a response instruction. It is up to the calling system to interpret that instruction to issue
aresponse suitable for the environment in which the flow is executing.

The properties of aor g. spri ngf r amewor k. webf | ow. engi ne. Vi ewSt at e are summarized below:

Table 2.5. ViewState properties

Property name Description Cardinality Default value
viewSelector The strategy that makes the view selection 0..1 Null

when this state is entered.
renderActions The list of actions to execute each time a 0..* Empty

renderable view selection is made. Allows
for execution of pre-render logic.

The org. spri ngf ramewor k. webf | ow. execut i on. Vi ewSel ecti on base class is abstract, acting as a marker
indicating a response should be issued to the client interacting with the flow. Concrete subtypes exist for each
of the supported response types. These response types are summarized bel ow:

Table 2.6. Concrete ViewSelection types

Type
ApplicationView

FlowExecutionRedirect

FlowDefinitionRedirect

External Redirect

Description

Requests the rendering of a local, internal application view resource
such asa JSP, Velocity, or Freemarker template.

Requests a redirect back to the ViewState at a unique flow execution
URL. When this URL is accessed on subsequent requests an
ApplicationView will be reconstituted and rendered. The URL is
refreshable while the flow execution remains active.

Note

Multiple flow execution URLs may be generated for a
single logical user conversation. In that case each flow
execution URL provides access to the conversation from a
previous point (ViewState). Accessing the URL refreshes
the execution from that point.

Requests a redirect that launches an entirely new flow execution. Used
to support redirect to flow (flow chaining) and restart flow use cases.

Requests a redirect to an arbitrary external URL, typicaly used to
inteface with an external system.
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Type Description

NullView Requests that no response be issued; for use in corner cases where the
flow itself has already issued the response.

2.6.1.1. ViewSelector

The creational strategy responsible for making a Vi ewSel ection when an ViewState is entered is
org. spri ngf ramewor k. webf | ow. engi ne. Vi ewSel ect or. This provides a plugin-point for customizing how a
response instruction is constructed.

Four Vi ewsSel ect or implementations are provided with Spring Web Flow:

Table 2.7. ViewSelector implementations

I mplementation Description

ApplicationViewSel ector Returns an ApplicationView referencing a logica vi ewNane to render
and containing a nodel Map with the application data needed by the
rendering process (by default, this map contains the union of the data
scopes such flow, flash, and request scope). Supports setting ar edi r ect
flag that triggers a browser redirect to the selected view using a
FI owExecut i onRedi r ect . The default implementation.

FlowDefinitionRedirectSel ector Returns a FlowDefinitionRedirect with a f1 ow d and executi onl nput
map requesting the launch of an entirely new flow execution (an
instance of the FlowDefinition identified by the flowld). Useful for
redirect after flow completion, where one flow ending should trigger the
start of another flow independently.

External RedirectSelector Returns an ExternalRedirect that triggers a browser redirect to an
abitrary external URL. Mainly used by end states to redirect to external
systems after flow completion, but can also be used by view states to
interface with an external system that may call back into the flow
execution at alater point.

NullViewSelector Returns an NullView indicating that no response should be issued.

2.6.1.2. ViewState class diagram

The class diagram below shows the ViewState and the associated types used to carry out the view selection
process:
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Miew State Definition J

ViewState == intetface | factory ==
-render &ctions: Action List [ w—s ViewSelector

exeotes I « | makes

== chain of respansikility == == value ohject ==
ActionList ViowSe faction
Applic ationView == Singleton == Flowd efinitionP edirect ExtermalR edirect == Singleton ==
_vigwdlam e String FlowE x ecutionRedirect oD efritionld: String Ll String Hullview
-modelMap -input: Map

ViewState class diagram

2.6.1.3. ViewState XML - application view selection

The following example shows avi ew st at e definition in XML that makes an application view selection when
entered, selecting the sear chFor m view for display and, on resume, responding to two possible user input
events (submit and cancel) in different ways:

<?xm version="1.0" encodi ng="UTF-8"?>
<flow xm ns="http://ww. spri ngframework. or g/ schema/ webf | ow'
xm ns: xsi ="http://ww.w3. org/ 2001/ XM_Schema- i nst ance"
xsi : schemalLocat i on="
http://ww. springframework. or g/ schema/ webf | ow
htt p: //ww. spri ngfranewor k. or g/ schenma/ webf | ow/ spri ng- webf| ow 1. 0. xsd" >

<start-state idref="displaySearchForni/>

<vi ewstate i d="di spl aySear chFormi' vi ew="sear chFor n{ >
<transition on="submt" to="processFornSubm ssion"/>
<transition on="cancel" to="processCancellation"/>
</ vi ew st at e>

</ fl ow>

View name expressions may also be specified for the vi ew attribute to achieve runtime view name calculation.
For example, vi ew="${r equest Scope. cal cul at edVi ewNane}".

2.6.1.4. ViewState API - application view selection

The following example shows the equivalent view state definition using the FlowBuilder API:

public class SearchFl owBui | der extends AbstractFl owBui | der {
public void buildStates() {
addVi ewsSt at e( " di spl aySear chForni', "searchForni',
new Transition[] {
transition(on("submt"), to("processFornBubm ssion")),
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transition(on("cancel "), to("processForntCancellation"))

2.6.1.5. ViewState XML - flow execution redirect

The following example illustrates a vi ew st ate definition in XML that makes an flow execution redirect
selection when entered, redirecting to the your Li st view for display.

<?xm version="1.0" encodi ng="UTF- 8" ?>
<fl ow xm ns="http://ww. springframework. or g/ schema/ webf | ow'
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schema- i nst ance"
xsi : schemalLocat i on="
http://ww. spri ngframework. or g/ schenma/ webf | ow
http://ww. springframework. or g/ scherma/ webf | ow spri ng-webf | ow 1. 0. xsd" >

<start-state idref="displayList"/>

<vi ewstate id="displayList" view="redirect:yourList">
<transition on="add" to="addListltenl/>
</ vi ew st at e>

</ fl ow>

This example is called a flow execution redirect because the application view selected is rendered only after a
redirect to the flow execution. The redirect request is sent to a URL that refreshes the flow execution paused in
the di spl ayLi st view state. Refresh then triggers the rendering of the your Li st application view on the next
reguest into the server.

2.6.1.5.1. POST+REDIRECT+GET in Spring Web Flow

The above example is one way to achieve the POST+REDI RECT+GET pattern in Spring Web Flow. When the
redirect is performed, the GET request issued hits a stable flow execution URL which remains active for the
duration of the conversation. This URL may be freely refreshed. Browser navigational buttons may be used
freely without browser warnings.

Later in this document the execution attribute al waysRedi rect OnPause is discussed, which enforces this
pattern by default. In that case each time aview state is entered aredirect is always performed--automatically.

2.6.1.6. ViewState API - flow execution redirect

The following example shows the equivalent view state definition using the FlowBuilder API:

public class SearchFl owBui | der extends AbstractFl owBui | der {
public void buildStates() {
addVi ewSt at e("di spl ayLi st", viewSel ector("redirect:yourView'),
transition(on("add"), to("addListltemn'))
)
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2.6.1.7. ViewState XML - null view

The following example illustrates a vi ew st at e definition in XML that makes a null view selection when
entered, which causes no additional response to be issued.

<?xm version="1.0" encodi ng="UTF- 8" ?>
<flow xm ns="http://ww. springframework. or g/ schema/ webf | ow'
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schenma- i nst ance"
xsi : schemaLocat i on="
http://ww. springframework. or g/ schema/ webf | ow
http://ww. spri ngframework. or g/ schena/ webf | ow spri ng-webf | ow 1. 0. xsd" >

<start-state idref="displayPdf"/>

<vi ew state id="di spl ayPdf ">
<render-actions>
<action bean="pdf Witer" nmethod="wite"/>
</render-actions>
</ vi ew st at e>

</fl ow>

2.6.1.8. FlowDefinitionRedirect and ExternalRedirect

The Fl owDef i ni ti onRedi rect and Ext er nal Redi rect are not normally used with a view state. Instead they're
used in an end state to continue with another, independent flow or to redirect to an external URL. Examples are
provided in the discussion of the end state.

2.6.1.9. ViewState XML - form state behavior

The following example illustrates a vi ew-state definition in XML that encapsulates typica "form state”
behavior.

Consider the requirements of typical input forms. Most forms require pre-render or setup logic to execute
before the form is displayed. For example, such logic might load the backing form abject from the database,
install formatters for formatting form field values, and pull in supporting form data needed to populate
drop-down menus.

In addition, most forms require post-back or submission logic to execute when the form is submitted. Thislogic
typically involves binding form input to the backing form object and performing type conversion and data
validation.

This "form state” behavior of form setup, display, and post-back is handled elegantly in Spring Web Flow by
the capabilities of the vi ew st at e construct. See below:

<?xm version="1.0" encodi ng="UTF- 8" ?>
<fl ow xm ns="http://ww. springframework. or g/ schema/ webf | ow'
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : schemaLocati on="
htt p: // ww. spri ngf ranmewor k. or g/ schenma/ webf | ow
http://ww. spri ngfranework. or g/ schema/ webf | ow spri ng- webf | ow 1. 0. xsd" >

<start-state idref="displayForn/>

<viewstate id="displayForn' view="fornl>
<render - acti ons>
<action bean="formActi on" nethod="set upForni'/>
<action bean="formActi on" nethod="| oadFor nRef er enceDat a"/ >
</ render-acti ons>
<transition on="submt" to="saveForn>

Spring Web Flow Version 1.0.1 25



Flow definition

<action bean="formActi on" net hod="bi ndAndVal i date"/>
</transition>
</ vi ew st at e>

</fl ow>

This reads "when this flow starts enter the displayForm state to execute the setupForm and
| oadFor nRef er enceDat a methods before rendering the f or mview. On subni t, transition to the saveFor mstate
if the bi ndAndval i dat e method executes successfully.”

2.6.2. ActionState

When entered, an action state executes business application code, then responds to the result of that execution
by deciding what state in the flow to enter next. Specifically:

1. The entered action state  executes  an ordered list of one or more
org. spri ngf ramewor k. webf | ow. executi on. Action instances. This Action interface is the central
abstraction that encapsulates the execution of alogical unit of application code.

2. The state determines if the outcome of the first action's execution matches atransition. If there is a match,
the transition is executed. If there is no match, the next action in the list is executed. This process
continues until atransition is matched or the list of actions is exhausted.

Spring Web Flow gives you full control over implementing your own actions and configuring when they should
be invoked within the lifecycle of a flow. The system can also automatically adapt methods on your existing
application objects (POJOs) to the Acti on interface in a non-invasive manner. This means in many cases you
can implement your flows without needing to develop custom glue code to bind SWF to your service layer
operations.

The properties of aor g. spri ngf ramewor k. webf | ow. engi ne. Act i onSt at e are summarized below:

Table 2.8. ActionState properties

Property name Description Cardinality Default value

actions The ordered list of actions to execute 1..*
when the state is entered.

2.6.2.1. Action execution points

As outlined, the Acti onSt at e is the dedicated state type for invoking one or more actions and responding to
their result to drive a state transition. There are also other points within the lifecycle of aflow where a chain of
actions can be executed. At al of these points the only requirement is that these actions implement the central
or g. spri ngf ramewor k. webf | ow. execut i on. Act i on interface.

Table 2.9. Other pointsin a Flow where an Action can be executed and how those points can be defined
in a XM L-based Flow definition.
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Point
on flow start
on state entry

on transition

on state exit

before view
rendering

on flow end

Description XML Configuration Element
Each time a new flow session starts. A flow's<start-actions/>
Each time a state enters. A stat€'s<ent ry- acti ons/ >

Each time a state transition is matched but A transition <acti on/ >
before it is executed.

Each time a transitionabl e state exits. A transitionable state€'s <exi t - act i ons/ >

Each time a renderable view selection is| A view state's <r ender - act i ons/ >
made.

Each time a flow session terminates. A flow's<end- acti ons/ >

Note

The above other points in aflow where actions may be executed do not allow you to execute a state
transition in response to the action result event. If you need such flow control you must execute the
action from within an action state.

2.6.2.2. Action attributes

An Action may be annotated with attributes by wrapping the Action in a decorator, an instance of
or g. spri ngf ramewor k. webf | ow. engi ne. Annot at edAction. These attributes may provide descriptive
characteristics, or may be used to affect the action's execution in a specific usage context.

Support for setting several common attributes is provided for convenience. These include:

Table 2.10. Common Action attributes

Attribute name
caption
description

name

method

Description
A short description about the action, suitable for display as a tooltip.
A long description about the action, suitable for display in atext box.

The name of the action, used to qualify the action's result event. For
example, an Action named pl aceOr der that returns success would be
assigned a result event identified by pl aceOr der . success. This alows
you to distinguish logical execution outcomes by action, useful when
invoking multiple actions as part of a chain.

The name of the target method on the Action instance to invoke to carry
out execution. This facilitates multiple action methods per Action
instance, supported by the
org. springframewor k. webf | ow. acti on. Mul ti Acti on.

2.6.2.3. ActionState class diagram

The class diagram below shows the ActionState and the associated types used to carry out the action execution

process:
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ActionState class diagram

2.6.2.4. ActionState XML - simple action execution

The following example constructs an Acti onSt at e definition from XML that executes a single action when
entered and then responds to its result:

<?xm version="1.0" encodi ng="UTF- 8" ?>
<fl ow xm ns="http://ww. springframework. or g/ schema/ webf | ow'
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schena- i nst ance"
xsi : schemaLocati on="
htt p: // ww. spri ngf ranmewor k. or g/ schena/ webf | ow
http://ww. springframework. or g/ scherma/ webf | ow spri ng-webf | ow 1. 0. xsd" >

<start-state idref="executeSearch"/>

<action-state id="executeSearch">

<action bean="searchAction"/>

<transition on="success" to="displayResults"/>
</ acti on- st at e>

</fl ow>

This state definition reads "when the execut eSear ch state is entered, execute the sear chAct i on. On successful
execution, transition to the di spl ayResul t s state.”

The binding between the searchAction id and an Action implementation is made at Flow build time by
querying a service locator, typicaly a Spring BeanFactory. For example:

<beans>
<bean i d="searchActi on" cl ass="exanpl e. webf| ow. Sear chActi on"/>

</ beans>
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... binds the searchActi on action identifier to a singleton instance of the exanpl e. webf | ow. Sear chActi on
class.

A simple Sear chAct i on implementation might look like this:

public class SearchAction inplenents Action {
private SearchService searchService;

publ i ¢ SearchActi on(SearchService searchService) {
this.searchServi ce = searchServi ce;

}

public Event execute(Request Context context) {
/1 1 ookup the search criteria in "flow scope"
SearchCriteria criteria =
(SearchCriteria)context.getFl owScope().get("criteria");

/'l execute the search
Col l ection results = searchService. executeSearch(criteria);

/'l set the results in "request scope"
cont ext . get Request Scope(). put(“results", results);

/1 return "success"
return new Event (this, "success");

2.6.2.5. ActionState API - standard action

The following example constructs the equivalent action state definition using the FlowBuilder API:

public class SearchFl owBui | der extends AbstractFl owBui | der {
public void buildStates() {

addActi onSt at e( " execut eSear ch", action("searchAction"),
transition(on("success"), to("displayResults")));

2.6.2.6. ActionState XML - multi action

The next example constructs an Acti onSt at e definition from XML that executes a single action method on a
org. springframewor k. webf | ow. acti on. Ml ti Acti on and then respondsto its result:

<?xm version="1.0" encodi ng="UTF- 8" ?>
<flow xm ns="http://ww. springframewor k. or g/ schema/ webf | ow'
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schema- i nst ance"
xsi : schemalLocat i on="
http://ww. springframework. or g/ scherma/ webf | ow
htt p: // ww. spri ngf ranewor k. or g/ schena/ webf | ow/ spri ng- webf | ow 1. 0. xsd" >

<start-state idref="executeSearch"/>
<action-state id="executeSearch">
<action bean="searchAction" nethod="executeSearch"/>

<transition on="success" to="displayResults"/>
</ action-state>

</ fl ow>
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This state definition reads "when the execut eSear ch state is entered, call the execut eSear ch method on the
sear chFl owAct i on. On successful execution, transition to the di spl ayResul t s state.”

A Sear chAct i on implementation containing multiple action methods might look like this:

public class SearchAction extends Milti Action {
private SearchService searchService;

publ i ¢ SearchActi on(SearchService searchService) {
this.searchServi ce = searchServi ce;
}

public Event executeSear ch(Request Cont ext context) {
/1 1 ookup the search criteria in "flow scope"
SearchCriteria criteria =
(SearchCriteria)context.getFl owScope().get("criteria");

/'l execute the search
Col l ection results = searchService. executeSearch(criteria);

/'l set the results in "request scope"
cont ext . get Request Scope(). put(“results", results);

/1 return "success"
return success();

}
public Event sonmeQ her Rel at edActi onMet hod( Request Cont ext context) {

return success();

}

public Event yet Anot her Rel at edActi onMet hod( Request Cont ext context) {

return success();

As you can see, this allows you to define one to many action methods per Action class. With this approach,
there are two requirements:

1. Your Action class must extend from or g. spri ngf r amewor k. webf | ow. Mul ti Acti on, or another class that
extends from mul ti Acti on. The multi action cares for the action method dispatch that is based on the
value of the net hod property.

2. Each action method must conform to the signature illustrated above: public  Event
${ et hod} (Request Context) { ... }

MultiActions are useful for centralizing command logic on a per-flow definition basis, as a flow definition
typically carries out execution of a single application use case.

2.6.2.7. ActionState API - multi action

The following example constructs the equivalent action state definition using the FlowBuilder API:

public class SearchFl owBui | der extends AbstractFl owBui | der {
public void buildStates() {

addActi onSt at e( " execut eSear ch", invoke("executeSearch", action("searchAction")),
transition(on("success"), to("displayResults")));
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2.6.2.8. ActionState XML - bean action

The next example constructs an Act i onSt at e definition from XML that executes a single method on a Plain
Old Java Object (POJO) and then responds to the resullt:

<?xm version="1.0" encodi ng="UTF- 8" ?>
<flow xm ns="http://ww. springframework. or g/ schema/ webf | ow'
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schenma- i nst ance"
xsi : schemaLocat i on="
http://ww. springframework. or g/ schema/ webf | ow
http://ww. spri ngframework. or g/ schena/ webf | ow spri ng-webf | ow 1. 0. xsd" >

<start-state idref="executeSearch"/>

<action-state id="executeSearch">
<bean- acti on bean="searchService" met hod="executeSearch">
<met hod- ar gunent s>
<argunent expression="${fl owScope.criteria}"/>
</ met hod- ar gunent s>
<met hod-result nane="resul ts"/>
</ bean- acti on>
<transition on="success" to="displayResults"/>
</ acti on-st at e>

</fl ow>

This state definition reads "when the execut eSear ch state is entered, call the execut eSear ch method on the
sear chSer vi ce passing it the object indexed by namecriteriainfl owScope. On successful execution, expose
the method return value in the default scope (request) under the name results and transition to the
di spl ayResul t s State."

In this example the referenced bean sear chSer vi ce would be your application object, typically a transactional
business servicee Such a service implementation must have defined the the Collection
execut eSear ch(Sear chCriteri a) method, typically by implementing a service interface:

public interface SearchService {
public Collection executeSearch(SearchCriteria criteria);
}

With this approach there are no requirements on the signature of the methods that carry out action execution,
nor is there any requirement to extend from a Web Flow specific base class. Basically, you are not required to
write a custom Acti on implementation at al--you simply instruct Spring Web Flow to call your business
methods directly. The need for custom "glue code" to bind your web-tier to your middle-tier is eliminated.

Spring Web Flow achieves this by automatically adapting the method on your existing application object to the
Act i on interface and caring for exposing any return value in the correct scope.

This adaption process is shown graphically below:
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Action-=Bean adaptation )

ActionState == decaratar ==
AnnotatedAction
1.%
== adapter == == javalang.Ohject ==
B eaninvokingAction Your Application Object

Bean->Action adapter

2.6.2.9. ActionState XML - decision bean action

The following example constructs an Acti onSt at e from XML that executes an action whose execution result
formsthe basis for the transition decision:

<?xm version="1.0" encodi ng="UTF- 8" ?>
<fl ow xm ns="http://ww. springframework. or g/ schema/ webf | ow'
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schema- i nst ance"
xsi : schemaLocati on="
htt p: // ww. spri ngf ranmewor k. or g/ schena/ webf | ow
http://ww. springframework. or g/ scherma/ webf | ow spri ng-webf | ow 1. 0. xsd" >

<action-state id="shi ppi ngRequired">
<bean- acti on bean="shi ppi ngServi ce" nethod="i sShi ppi ngRequi red" >
<met hod- ar gunment s>
<ar gument expressi on="${f| owScope. pur chase}"/ >
</ met hod- ar gunent s>
</ bean- acti on>
<transition on="yes" to="enter Shi ppingDetails"/>
<transition on="no" to="placeOder"/>
</ action-state>

</ fl ow>

This state definition reads "if the i sshi ppi ngRequi r ed method on the shi ppi ngSer vi ce returnstrue, transition
to the ent er Shi ppi ngDet ai | s state, otherwise transition to the pl aceOr der state.”

Note

Note how the boolean return value of the i sshi ppi ngRequi r ed method is converted to the event
identifiersyes or no.
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This conversion process is handled by the action adapter responsible for adapting the method on your
application object to the or g. spri ngf r amewor k. webf | ow. execut i on. Act i on interface. By default, this adapter
applies a number of rulesfor creating aresult event from a method return value.

These conversion rules are;

Table 2.11. Default method return value to Event conversion rules

Return type Event identifier
boolean yes or no
javalang.Enum this.name()
org.springframework.core.enum.L abel edEnum this.getLabel ()
org.springframework.webflow.execution.Event this.getld()
javalang.String the string

any other type success

Y ou may customize these default conversion palicies by setting a custom Resul t Event Fact or y instance on the
bean invoking action performing the adaption. Consult the JavaDoc documentation for more details on how to
do this.

2.6.2.10. ActionState XML - decision bean action with enum return value

The following example constructs an Act i onSt at e from XML that executes a action that invokes a method on
an application object that returnsaj ava. | ang. Enumi

<?xm version="1.0" encodi ng="UTF-8"?>
<flow xm ns="http://ww. springframework. or g/ schema/ webf | ow'
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schema- i nst ance"
xsi : schemalLocat i on="
http://ww. springframework. or g/ scherma/ webf | ow
http://ww. spri ngfranework. or g/ schena/ webf | ow spri ng- webf | ow 1. 0. xsd" >

<action-state id="shi ppi ngRequired">
<bean- acti on bean="shi ppi ngServi ce" nethod="cal cul at eShi ppi nghet hod"/ >
<met hod- ar gunent s>
<argunent expressi on="${fl| owScope. order}"/>
</ met hod- ar gunent s>
</ bean- acti on>
<transition on="BASI C' to="enterBasi cShi ppi ngDetails"/>
<transition on="EXPRESS" t 0="enter Expr essShi ppi ngDetai |l s"/ >
<transition on="NONE" to="pl aceOrder"/>
</ action-state>

</ fl ow>

This state definition reads "if the cal cul at eShi ppi nghet hod method on the shi ppi ngSer vi ce returns BASI C
for the current order, transition to the ent er Basi cShi ppi ngDet ai | s state. If the return value is EXPRESS
transition to the ent er Expr essShi ppi ngDet ai | s state. If the return value is NONE transition to the pl aceOr der
State."
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2.6.2.11. ActionState XML - evaluate action

The following example constructs an ActionState from XML that executes a action that evaluates an
expression against the flow request context and exposes the evaluation result:

<?xm version="1.0" encodi ng="UTF- 8" ?>
<flow xm ns="http://ww. springframework. or g/ schema/ webf | ow'
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schenma- i nst ance"
xsi : schemaLocat i on="
http://ww. springframework. or g/ schema/ webf | ow
http://ww. spri ngframework. or g/ schena/ webf | ow spri ng-webf | ow 1. 0. xsd" >

<action-state id="getNextl|ntervi ewQuestion">
<eval uat e- acti on expressi on="fl owScope. i nt ervi ew. next Question()"/>
<eval uation-result name="question"/>
</ eval uat e- acti on>
<transition on="success" to="displayQuestion"/>
</ acti on- st at e>

</fl ow>

This state definition reads "evaluate the 1 owScope. i nt er vi ew. next Questi on() expression and expose the
result under name quest i on in the default scope.”

The expression can evaluate any object traversable from the flow's
org. spri ngfranmewor k. webf | ow. execut i on. Request Context. This example expression evauates the
next Quest i on method on thei nt er vi ew business object in flow scope.

2.6.2.12. ActionState XML - set action

The next example constructs an Acti onSt at e from XML that executes an action on a success transition that
sets an attribute in "flash scope”:

<?xm version="1.0" encodi ng="UTF- 8" ?>
<fl ow xm ns="http://ww. springframework. or g/ schema/ webf | ow'
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : schemalLocat i on="
http://ww. spri ngframework. or g/ schena/ webf | ow
http://ww. springframework. or g/ scherma/ webf | ow spri ng-webf | ow 1. 0. xsd" >

<viewstate id="selectFile" view="fil eUpl oadFor ni'>
<transition on="submt" to="upl oadFile"/>
</ vi ew st at e>

<action-state id="upl oadFile">
<action bean="upl oadActi on" net hod="upl oadFile"/>
<transition on="success" to="selectFile">
<set attribute="fileUpl oaded" scope="flash" val ue="true"/>
</transition>
</ acti on- st at e>

</fl ow>

This flow definition reads "display thefi | eUpl oadFor m On form subni t invoke the upl oadFi | e method on the
upl oadAction. On success allow the user to select another file to upload. Report that the last file was
uploaded successfully by setting thefi | eUpl oaded attributein f | ash scopetotr ue.

Note

Flash scoped attributes are preserved until the next user event is signaled into the flow execution.
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In this example this means the fil eUpl oaded attribute is preserved across a redirect to the
sel ect Fil e view state and any subsequent browser refreshes. Only when the submit event is
signaled will the flash scope be cleared.

2.6.2.13. When to use which kind of action?

Simple action, Multi action, bean action, evaluate action, set? When to use one or the other?

Table 2.12. Action implementation usage guidelines

Action type Usage scenario

Simple (extends Abst ract Acti on)  You have a speciaized behavior that stands on its own; for creating
lightweight stubs or mocks for testing purposes.

Mul ti Action To group related command logic together. Particularly useful for when
there are multiple related behaviors called by aflow.

Bean action When the logical behavior maps well to a method call on a service layer
bean. When thereis no "specia" or exotic glue code required.

Eval uat eAct i on When you need to invoke a bean in flow scope or evaluate any other
flow expression.

Set Act i on When you need to set an attribute in flow or other scope during the
course of flow execution.

2.6.3. DecisionState

When entered, a decision state makes a flow routing decision. This process consists of:

1. Evaluating one or more boolean expressions against the executing flow to decide what state to transition to
next.

The properties of aor g. spri ngf ramewor k. webf | ow. engi ne. Deci si onSt at e are summarized below:

Table 2.13. DecisionState properties

Property name Description Cardinality Default value
transitions The transitions that are evaluated on an 1..*
(inherited from event occurrence that forms the basis for

TransitionableState) the decision.

2.6.3.1. DecisionState XML - expression evaluation

The following exampl e constructs a Deci si onSt at e from XML that evalutes a boolean expression to determine
what transition to execute:

<?xm version="1.0" encodi ng="UTF- 8" ?>
<flow xm ns="http://ww. springfranmewor k. or g/ schema/ webf | ow'
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schema- i nst ance"
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xsi : schemaLocat i on="
http://ww. springframework. or g/ schenma/ webf | ow
http://ww. springframework. or g/ scherma/ webf | ow spri ng-webf | ow 1. 0. xsd" >

<deci si on-state i d="shi ppi ngRequi red" >
<if test="${fl owScope. order.needsShi ppi ng}" then="enter Shi ppi ngDetai |l s" el se="pl aceOrder'/>
</ deci si on- st at e>

</ fl ow>

This state definition reads "if the needsShi ppi ng property on the or der object in flow scope is true, transition
to the ent er Shi ppi ngDet ai | s state, otherwise transition to the pl aceOr der state.”

Note

Caution: flow definitions should not be vehicles for business logic. In this case the decision made
was controller logic, reasoning on a pre-calculated value to decide what step of the flow to
trangition to next. That is the kind of logic that should be in a flow definition. In contrast, having
the state itself embed the business rule defining how shipping status is calculated is a misuse.
Instead, push such a calculation into application code where it belongs and instruct the flow to
invoke that code using an action.

2.6.4. SubflowState

When entered, a subflow state spawns ancther flow as a subflow.

Recall that a flow is a reusable, self-contained controller module. The ability for one flow to call another flow
gives you the ability to compose independent modules together to create complex controller workflows. Any
flow can be used as subflow by any other flow, and there is awell-defined contract in play. Specifically:

1. A Flowisaninstanceof org. spri ngf ramewor k. webf | ow. engi ne. Fl ow.
2. A newly launched flow can be passed input attributes which it may choose to map into its own local scope.

3. Anending flow can return output attributes. If the ended flow was launched as a subflow, the resuming
parent flow may choose to map these output attributes into its own scope.

It is helpful to think of the process of calling a flow like calling a Java method. Flows can be passed input
arguments and can produce return values just like methods can. Flows are more powerful because they are
potentially long-running, as they can span more than one request into the server.

The properties of aor g. spri ngf r amewor k. webf | ow. engi ne. Subf | owSt at e are summarized below:

Table 2.14. SubflowState properties

Property name Description Cardinality Default value
subflow The definition of the flow to be spawned 1

as a subflow.
attributeM apper The strategy responsible for mapping 0..* Null

input attributes to the subflow and
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Property name Description Cardinality Default value

mapping output attributes from the
subflow.

When a SubflowState is entered, the following behavior occurs:

The state first messages its attri but eMapper, an instance of
org. spri ngf ramewor k. webf | ow. engi ne. Fl owAt t ri but eMapper, t0 prepare a Map of input attributes to
pass to the subflow.

The subflow is spawned, passing the input attributes. When this happens, the parent flow suspends itself in
the subflow state until the subflow ends.

When the subflow ends, a result event is returned describing the flow outcome that occurred. The parent
flow resumes back in the subflow state.

The resumed subflow state messages its att ri but eMapper t0 map any output attributes returned by the
subflow into flow scope, if necessary.

Finally, the resumed subflow state responds to the result event returned by the ended subflow by matching
and executing a state transition.

The constructs used in spawning aflow as a subflow are shown graphically below:

Subflionstate
== parent fow == SubflowState == intetrface | strategy ==
Flow FlowatiributeMapper

== subflow ==
Flow

SubflowState class diagram

2.6.4.1. SubflowState XML - with input attribute

The following example constructs an Subf | owst at e from XML that spawns a shipping subflow:

<?xm version="1.0" encodi ng="UTF- 8" ?>

<fl ow xm ns="http://ww. springframework. or g/ schema/ webf | ow'
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : schemaLocat i on="
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htt p: // ww. spri ngf ramewor k. or g/ schenma/ webf | ow
http://ww. spri ngfranework. or g/ schema/ webf | ow spri ng- webf | ow 1. 0. xsd" >

<subf | ow state id="enter Shi ppi ngDetai |l s" fl ow="shi ppi ng">
<attri but e- mapper>
<i nput - mapper >
<mappi ng sour ce="fl owScope. order. shi ppi ng" target="shi pping"/>
</ i nput - mapper >
</attri bute-mapper>
<transition on="finish" to="placeOder"/>
</ subf| ow st at e>

</ fl ow>

This subflow state definition reads "spawn the shi ppi ng flow and pass it the value of the shi ppi ng property on
the or der object in flow scope as an input attribute with the name shi ppi ng. When the shi ppi ng flow ends,
respond to thef i ni sh result event by transitioning to the pl acer der state.”

Note

The inner structure and behavior of the shi ppi ng flow is fully encapsulated within its own flow
definition. A flow calling another flow as a subflow can pass that flow input and capture its output,
but it cannot see inside it. Flows are black boxes. Because any flow can be used as a subflow, it can
be reused in other contexts without change.

2.6.4.2. SubflowState API - input attributes

The following illustrates the equivalent example using the FI owBui | der API:

public class O derFl owBuil der extends AbstractFl owBui | der {
public void buildStates() {

addS;Ji)fl owsSt at e( " ent er Shi ppi ngDet ai | s", fl ow("shipping"), shippi ngMapper (),
transition(on("finish"), to("placeOder")));

}

protected Fl owAttri buteMapper shi ppi ngMapper () {
Def aul t Fl owAt t ri but eMapper mapper = new Def aul t Fl owAt t ri but eMapper () ;
mapper . addl nput Mappi ng( mappi ng() . sour ce( " f | owScope. or der . shi ppi ng") .t arget ("shi ppi ng") . val ue());
return mapper;

2.6.4.3. Flow input mapping - input contract

Internally within the definition of the shi ppi ng flow referenced above, the flow may choose to map the
shi ppi ng input attribute into its own scope using its input mapper when it starts. Any input attributes must be
explictly mapped, defining the input contract for the flow:

<?xm version="1.0" encodi ng="UTF-8"?>
<flow xm ns="http://ww. springframework. or g/ schema/ webf | ow'
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : schemalLocat i on="
http://ww. springframework. or g/ schema/ webf | ow
http://ww. spri ngfranework. or g/ schenma/ webf | ow spri ng- webf | ow 1. 0. xsd" >
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<i nput - mapper >
<i nput-attribute name="shi ppi ng"/>
</i nput - mapper >

</fl ow>

This short-form input mapper declaration reads "when a new execution of this flow starts map the shi ppi ng
input attribute into f | owScope under the name shi ppi ng."

Note

Had this input mapping not been defined the shipping attribute made available as input to this flow
by acalling parent flow or external client would have been ignored.

2.6.5. EndState

When entered, an end state terminates a flow. A EndState represents exactly one logical flow outcome; for
example, "finish", or "cancel".

If the ended flow was acting as atop-level or root flow the entire flow execution ends and cannot be resumed.
In this case the end state is responsible for making a Vi ewsel ecti on that is the basis for the ending response
(for example, a confirmation page, or aredirect request to another flow or an external URL).

If the ended flow was acting as a subflow, the spawned subflow session ends and the calling parent flow
resumes by responding to the end result returned. In this case the responsibility for any Vi ewSel ect i on falls on
the parent flow.

Once a flow ends any attributes in flow scope go out of scope immediately and become €ligible for garbage
collection.

As outlined, an end state entered as part of a root flow messages its vi ewSel ect or to make a ending view
selection. Typicaly thisis a redirect-based Vi ewSel ect or, alowing for redirect after flow completion. An end
state entered as part of a subflow is not responsible for a view selection; this responsibility falls on the calling
flow.

2.6.5.1. EndState result events

When a EndState is entered it terminates a flow and, if used as subflow, returns a result event the parent flow
uses to drive a state transition from the calling subflow state. It is the end state's responsibility to create this
result event which isthe basis for communicating the logical flow outcometo calers.

By default, an EndState creates a result event with an identifier that matches the identifier of the end-state itself.
For example, an end state with id fi ni sh returns a result event with id fi ni sh. Also, any attributes in flow
scope that have been explicitly mapped as output attributes are returned as result event parameters. This alows
you to return data along with the logical flow outcome.

Spring Web Flow gives you full control over the ending view selection strategy, as well as what flow attributes
should be exposed as output on a per EndState basis. These configurable properties are summarized bel ow:

2.6.5.2. EndState Properties
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Table 2.15. EndState properties

Property name Description Cardinality Default value

viewSel ector The strategy that makes the ending view 0.1 Null
selection when this state is entered and the
flow isaroot flow.

outputM apper The service responsible for exposing flow 0..1 None
output attributes, making those attributes
digible for output mapping by a calling
flow.

2.6.5.3. EndState XML - redirect to flow after completion

The following example constructs an Endst at e from XML that terminates a shipping subflow and requests a
redirect response to another flow:

<?xm version="1.0" encodi ng="UTF-8"?>
<fl ow xm ns="http://ww. springframework. or g/ schema/ webf | ow'
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : schemalLocat i on="
htt p: // ww. spri ngf ranmewor k. or g/ schenma/ webf | ow
http: //ww. spri ngfranework. or g/ schema/ webf | ow spri ng- webf | ow 1. 0. xsd" >

<end-state id="finish" view="fl owRedirect:searchFl ow'/>

</ fl ow>

This end state definition reads "terminate the or der flow and redirect to a new execution of the sear chFl ow'".

2.6.5.4. EndState XML - redirect after flow completion

The following example constructs an Endst at e from XML that terminates a shipping subflow and requests a
redirect response to an external URL :

<?xm version="1.0" encodi ng="UTF- 8" ?>
<flow xm ns="http://ww. springframework. or g/ schema/ webf | ow'
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schema- i nst ance"
xsi : schemalLocat i on="
http://ww. springframework. or g/ scherma/ webf | ow
htt p: //ww. spri ngfranewor k. or g/ schena/ webf | ow spri ng- webf | ow 1. 0. xsd" >

<end-state id="finish" view="external Redirect:/orders/${fl owScope. order.id}"/>

</ fl ow>

This end state definition reads "terminate the or der flow and redirect to the URL returned by evaluating the
/ order s/ ${f 1 owScope. or der . i d} expression."

This is an example of the familiar redirect after post pattern where after transaction completion a redirect is
issued allowing the result of the transaction to be viewed (in this case using REST-style URLS).
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2.6.5.5. EndState XML - flow output attribute

The following example constructs an Endst at e from XML that terminates a shipping subflow:

<?xm version="1.0" encodi ng="UTF- 8" ?>
<fl ow xm ns="http://ww. springframework. or g/ schema/ webf | ow'
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : schemalLocat i on="
http://ww. springframework. or g/ schenma/ webf | ow
http://ww. springframework. or g/ scherma/ webf | ow spri ng-webf | ow 1. 0. xsd" >

<end-state id="finish">
<out put - mapper >
<output-attribute name="shi pping"/>
</ out put - mapper >
</ end- st at e>

</ fl ow>

This end state definition reads "terminate the shi ppi ng flow and expose the shi ppi ng property in flow scope as
an output attribute with name shi ppi ng."

2.6.5.6. EndState API - flow output attribute

The following illustrates the equivalent example using the FI owBui | der API:

public class Shippi ngFl owBui | der extends Abstract Fl owBui | der {
public void buildStates() {

addEH'd'St ate("finish",
new Def aul t At tri but eMapper () . add(
mappi ng() . source("fl owScope. shi ppi ng") .t arget ("shi pping"). val ue()
)

Since this end-state does not make a view selection it is expected this flow will be always used as a subflow.
When this flow ends, the calling parent flow is expected to respond to the fi ni sh result, and may choose to
map the shi ppi ng output attribute into its own scope.

2.6.5.7. SubflowState XML - mapping an output attribute

The next example shows how a subf | ow- st at e can respond to the ending result of a subflow and map output
attributes into its own scope:

<?xm version="1.0" encodi ng="UTF- 8" ?>
<fl ow xm ns="http://ww. springframework. or g/ schema/ webf | ow'
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : schemalLocat i on="
http://ww. spri ngframework. or g/ schenma/ webf | ow
http://ww. springframework. or g/ scherma/ webf | ow spri ng-webf | ow 1. 0. xsd" >

<subfl ow st at e i d="ent er Shi ppi ngDet ai | s" fl ow="shi ppi ng">
<attri but e- mapper >
<out put - napper >
<output-attribute name="shi pping"/>
</ out put - napper >
</ attri bute-mapper>
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<transition on="finish" to="placeOder"/>
</ subf | ow st at e>

</ fl ow>

This subflow state definition reads "spawn the shi ppi ng flow as a subflow. When the shi ppi ng flow ends map
the shi ppi ng output attribute into flow scope under the name shi ppi ng, then respond to the fi ni sh result
event by transitioning to the pl aceOr der state.”

Note

Had this output mapping not been defined the shipping attribute made available as output to this
flow by the ending subflow would have been ignored.
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Chapter 3. Flow execution

3.1. Introduction

Once aflow has been defined any number of executions of it can be launched in parallel at runtime. Execution
of aflow is carried out by a dedicated system that is based internally on a state machine that runs atop the Java
VM. As the life of a flow execution can span more than one request into the server, this system is aso
responsible for persisting execution state across requests.

This chapter documents Spring Web Flow's flow execution system. You'll learn the core constructs of the
system and how to execute flows out-of -container within a JUnit test environment.

3.2. FlowExecution

A org. springfranmewor k. webf | ow. execut i on. Fl owExecuti on iS a runtime instantiation of a flow definition.
Given a single Fl owbef i ni ti on any humber of independent flow executions may be created, typically by a
FI owExecut i onFactory.

A flow execution carries out the execution of program instructions defined within its definition in response to
user events.

It may be helpful to think of a flow definition as analagous to a Java d ass and a flow execution as analagous
to an object instance of that d ass. Sgnaling an execution event can be considered analagous to sending an
object a message.

3.2.1. Flow execution creation

Fl owDefinition definition = ...
FI owExecut i onFactory factory = ...
Fl owExecuti on execution = factory. creat eFl owExecuti on(definition);

Once created, a new flow execution is initially inactive, waiting to be started. Once started a flow execution
becomes active by entering its st art St at e. From there it continues executing until it enters a state where user
input is required to continue or it terminates.

3.2.2. Flow execution startup

Mit abl eAttri buteMap i nput = ...
Ext ernal Context context = ...
Vi ewSel ection startingView = execution.start(input, context);

When a flow execution reaches a state where input is required to continue it is said to have paused, where it
waits in that state for the input to be provided. After pausing the vi ewSel ect i on returned is typically used to
issue aresponse to the user that provides avehicle for collecting the required input.

User input is provided by signaling an event that resumes the flow execution by communicating what user
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action was taken. Attributes of the signal event request form the basis for user input. The flow execution
resumes by consuming the event.

Once a flow execution has resumed it continues executing until it again enters a state where more input is
needed or it terminates. Once a flow execution has terminated it becomes inactive and cannot be resumed.

3.2.3. Flow execution resume

Ext er nal Cont ext context = ...
Vi ewSel ecti on nextVi ew = execution. si gnal Event ("submit", context);
if (execution.isActive()) {
/'l still active but paused
} else {
/1 has ended
}

3.2.4. Flow execution lifecycle

Asoutlined, a flow execution can go through a number of phases throughout its lifecycle; for example, created,
active, paused, ended.

Spring Web Flow gives you the ability to observe the lifecycle of an executing flow by implementing a
FI owExecut i onLi st ener.

The different phases of aflow execution are shown graphically below:

Flow E xecution Lifec'-,-'cle)

Stading j
start J
Crested
ztar state entered
Endi At P a
i — 2nd state entered s vievw state entered ausE ]
) ) ]
end allawed resUm e alloved

@ | R e=surming ] uzerinput event sign aled

Ended | J

Flow execution lifecycle
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3.2.5. Flow execution properties

The Spring Web Flow flow execution implementation is
or g. spri ngf ramewor k. webf | ow. engi ne. i npl . Fl owExecut i onl npl , typically created by a
Fl owExecut i onl npl Fact ory (& Fl owExecut i onFact ory implementation). The configurable properties of this
flow execution implementation are summarized below:

Table 3.1. Flow Execution properties

Property name Description Cardinality Default value
definition The flow definition to be executed. 1
listeners The set of observers observing the 0.* Empty

lifecycle of this flow execution.

attributes Global system attributes that can be used ' 0..* Empty
to affect flow execution behavior

The configurable constructs related to flow execution are shown graphically below:

Flovey E wecotion )

== machine == Flow Definition
F lowE x ecution

== ohEerver ==
FlowE x ecutionListener

Flow execution

3.2.6. Flow execution impl creation

FI owExecuti onFactory factory = new Fl owExecuti onl npl Factory();
factory. set ExecutionListeners(...);

factory. set Executi onAttributes(...);

FI owExecut i on execution = factory. createFl owExecution(definition);
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3.3. Flow execution context

Once created, a flow execution, representing the state of a flow at a point in time, maintains contextual state
about itself that can be reasoned upon by clients. In addition, a flow execution exposes several data structures,
called scopes, that alow clients to set arbitrary attributes that are managed by the execution.

The contextual properties associated with a flow execution are summarized below:

Table 3.2. Flow Execution Context properties

Property name

active

Description

A flag indicating if the flow execution is
active. An inactive flow execution has
either ended or has never been started.

Cardinality Default value

1

definition

activeSession

The definition of the flow execution. The
flow definition serves as the blueprint for
the program. It may be helpful to think of a
flow definition as like a d ass and a flow
execution as like an instance of that
C ass. This method may always be safely
caled.

The active flow session, tracking the flow
that is currently executing and what state it
is in. The active session can change over
the life of the flow execution because a
flow can spawn another flow as a subflow.
This property can only be queried while
the flow execution is active.

1

conversationScope

A data map that forms the basis for
"conversation scope". Arbitrary attributes
placed in this map will be retained for the
life of the flow execution and correspond
to the length of the logical conversation.
This map is shared by all flow sessions.

As a flow execution is manipulated by clients its contextual state changes. Consider how contextua state is
effected when the following events occur:

Table 3.3. An ordered set of events and their effects on flow execution context

Flow Execution Event Active? Valueof theact i veSessi on property

created fase Throws an |1legal StateException

started true A Fl owSessi on Whose definition is the top-level
flow definition and whose st ate is the definition's
start state.

state entered true A Fl owSessi on Whose definition is the top-level
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Flow Execution Event Active?

subflow spawned

Valueof theact i veSessi on property

flow definition and whose st at e is the newly entered

state.

true A Fl owSessi on whose definition is the subflow
definition and whose state is the subflow's start

state.

subflow ended

true A Fl owSessi on wWhose definition is back to the
top-level flow definition and whose state is the

resuming state.

ended

false Throws an |llegal StateException

As you can see, the activeSession of a flow execution changes when a subflow is spawned. Each flow
execution maintains a stack of flow sessions, where each flow session represents a spawned instance of a flow
definition. When a flow execution starts, the session stack initially consists of one (1) entry, an instance dubbed
the root session. When a subflow is spawned, the stack increases to two (2) entries. When the subflow ends, the
stack decreases back to one (1) entry. The active session is always the session at the top of the stack.

The contextual properties associated with aFl owSessi on are summarized below:

Table 3.4. Flow Session properties

Property name

definition

state

status

scope

flashMap

Description

The definition of the flow the session is an
instance of.

The current state of the session.

A dtatus indicator describing what the
session is currently doing.

A data map that forms the basis for flow
scope. Arbitrary attributes placed in this
map will be retained for the scope of the
flow session. This map is local to the
session.

A data map that forms the basis for flash
scope. Attributes placed in this map will
be retained until the next external user
event issignaled in the session.

Cardinality

1

1
1

Default value

The following graphic illustrates an example flow execution context and flow session stack:
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Flow Execution

Definition = Book Flight
Active = True
Active Session = Subflow Session 1

Root Flow Session

Definition = Book Flight
State = Enter Seat Assignments
Status = Suspended

Sub Flow Session 1

Definition = Assign Seats
State = Display Seating Chart
Status = Paused

Flow execution context

In this illustration a flow execution has been created for the Book Flight flow. The execution is currently
active and the act i veSessi on indicates it isin the Di spl ay Seating Chart State of the Assign Seats flow,
which was spawned as a subflow fromthe Ent er Seat Assi gnrment s State.

Note

Note how the active session status is paused, indicating the flow execution is currently waiting for
user input to be provided to continue. In this case, it is expected the user will choose a seat for their
flight.

3.4. Flow execution scopes

As aluded to, a flow execution manages several containers called scopes, which allow arbitrary attributes to be
stored for aperiod of time. There are four scope types, each with different storage management semantics:

Table 3.5. Flow execution scopetypes

Scopetype name M anagement Semantics

request Eligible for garbage collection when asingle call into the flow execution
completes.

flash Cleared when the next user event is signaled into the flow session;
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Scopetype name M anagement Semantics
eligible for garbage collection when the flow session ends.
flow Eligible for garbage collection when the flow session ends.

conversation Eligible for garbage collection when the root session of the governing
flow execution (logical conversation) ends.

3.5. Flow execution testing

Spring Web Flow provides support within the or g. spri ngf r amewor k. webf | ow. t est package for testing flow
executions with JUnit. This support is provided as convenience but is entirely optional, as a flow execution is
instantiable in any environment with the standard new operator.

The genera strategy for testing flows follows:

1. Your own implementations of definitional artifacts used by a flow such as actions, attribute mappers, and
exception handlers should be unit tested in isolation. Spring Web Flow ships convenient stubs to assist
with this, for instance MbckRequest Cont ext .

2.  Theexecution of aflow should be tested as part of a system integration test. Such atest should exercise all
possible paths of the flow, asserting that the flow responds to events as expected.

Note

A flow execution integration test typically selects mock or stub implementations of application
services called by the flow, though it may also exercise production implementations. Both are
useful, supported system test configurations.

3.5.1. Flow execution test example

To help illustrate testing a flow execution, first consider the following flow definition to search a phonebook
for contacts:
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Search Flow J

Enter Search Criteria

)

== stat state | ViewState :ﬂ

nesy search subimit == Subfionstate ==
Browse Result Details
== YiewnState ==
Dizplay Search Results selectResult
finish

Phonebook Search Flow - State Diagram

The corresponding XML-based flow definition implementation:

<?xm version="1.0" encodi ng="UTF-8"?>
<fl ow xm ns="http://ww. springfranmework. or g/ schema/ webf | ow'

xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : schemalLocati on="
htt p: // ww. spri ngf ranmewor k. or g/ schenma/ webf | ow
http://ww. spri ngfranework. or g/ schema/ webf | ow spri ng- webf | ow 1. 0. xsd" >

<start-state idref="enterCriteria"/>

<viewstate id="enterCriteria" view="searchCriteria">
<render - acti ons>
<action bean="formActi on" nethod="set upForni'/>
</ render-actions>
<transition on="search" to="displ ayResults">
<action bean="formActi on" nethod="bi ndAndVal i date"/ >
</transition>
</ vi ew st at e>

<vi ewstate i d="displ ayResul ts" vi ew="searchResul ts">
<r ender - act i ons>
<bean- acti on bean="phonebook" nethod="search">
<met hod- ar gunent s>
<argument expression="fl owScope. searchCriteria"/>
</ met hod- ar gunent s>
<met hod-result nane="resul ts"/>
</ bean- acti on>
</ render-acti ons>
<transition on="newSearch" to="enterCriteria"/>
<transition on="select" to="browseDetails"/>
</ vi ew st at e>

<subfl ow state id="browseDetails" flow="detail-flow'>
<attri but e- mapper >
<i nput - mapper >
<mappi ng source="request Paraneters.id" target="id" from="string"
</ i nput - mapper >
</attri bute-mapper>
<transition on="finish" to="displayResults"/>
</ subf| ow st at e>

</fl ow>

to="Il ong"/>
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Above you see aflow with three (3) states that execute these behaviors, respectively:

Thefirst stateenter Cri teri a displays a search criteria form so the user can enter who he or she wishes to
search for.

On form submit and successful data binding and validation the search is executed. After search execution
aresultsview is displayed.

From the results view the user may select a result they wish to browse additional details on or they may
request a new search. On select, the "detail” flow is spawned and when it finishes the search is re-executed
and it's results redisplayed.

From this behavior narrative the following assertable test scenarios can be extracted:

5.

That when a flow execution starts, it enters the enter Criteri a state and makes asearchCriteria view
selection containing a form object to be used as the basis for form field population.

That on submit with valid input, the search is executed and asear chResul t s view selection is made.

That on submit with invalid input, the searchCri teri a view isreselected.

That on newSearch, thesear chCriteri a view is selected.

That on select, the det ai | flow is spawned and passed the i d of the selected result as expected.

To assist with writing these assertions Spring Web Flow ships with JUnit-based flow execution test support
within the or g. spri ngf ramwor k. webf | ow. t est package. These base test classes are indicated below:

Table 3.6. Flow execution test support hierarchy

Class name
AbstractFlowExecutionTests

AbstractExternalizedFlowExecutionTests

Description

The most generic base class for flow execution tests.

The base class for flow execution tests whose flow is defined

within an externalized resource, such as afile.

AbstractX mlFlowExecutionTests

The base class for flow execution tests whose flow is defined

within an externalized XML resource.

The completed test for this example extending Abst r act Xnl Fl owExecut i onTest s is shown below:

public class SearchFl owExecutionTests extends Abstract Xm Fl owExecutionTests {

public void testStartFl ow) ({

}

ApplicationView view = applicationViewstartFl ow());
assert Current St at eEqual s("enterCriteria");

assert Vi ewNaneEqual s("searchCriteria”, view);

assert Model Attri buteNotNul |l ("searchCriteria", view);

public void testCriteriaSubm tSuccess() {

startFl ow();

MockPar anet er Map par anet ers = new MockPar amet er Map() ;
paraneters. put ("firstName", "Keith");

paranet ers. put ("l ast Nane", "Donal d");

ApplicationView view = applicationVi ewsi gnal Event ("search",

paraneters));
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assert Current St at eEqual s("di spl ayResul ts");
assert Vi ewNaneEqual s("sear chResul ts", view);
assert Model Attri buteCol | ecti onSi ze(1, "results", view);

}
public void testCriteriaSubm tError() {
startFl ow();
si gnal Event ("search");
assert Current St at eEqual s("enterCriteria");
}

public void testNewSearch() {
testCriteriaSubm t Success();
ApplicationView view = applicationVi ewsi gnal Event ("newSearch"));
assert Current St at eEqual s("enterCriteria");
assert Vi emNaneEqual s("searchCriteria", view);

public void testSelectValidResult() {
testCriteriaSubm t Success();
MockPar anet er Map par anet ers = new MockPar anmet er Map() ;
paraneters. put("id", "1");
ApplicationView view = applicationVi ew signal Event ("sel ect", paraneters));
assert Current St at eEqual s("di spl ayResul ts");
assert Vi ewNaneEqual s("sear chResul ts", view);
assert Model Attri buteCol | ectionSi ze(1, "results", view);
}

@verride
protected Fl owDefinitionResource getFl owDefinitionResource() {

return createFl owDefinitionResource("src/main/webapp/ VEB- | NF/ f | ows/ sear ch-fl ow. xm ") ;
}

@verride
protected voi d regi sterMckServi ces(MckFl owSer vi ceLocat or serviceRegistry) {
FI ow nockDet ai | Fl ow = new Fl ow("detail-flow');
nockDet ai | Fl ow. set | nput Mapper (new Attri but eMapper () {
public void map(Obj ect source, Object target, Map context) {
assert Equal s("id of value 1 not provided as input by calling search flow', new Long(1), ((At
}

1)
/1 test responding to finish result
new EndSt at e(nockDet ai | Fl ow, "finish");

servi ceRegi stry. regi st er Subf | ow( nockDet ai | Fl ow) ;
servi ceRegi stry. regi st er Bean("phonebook", new ArraylLi st PhoneBook());

With a well-written flow execution test passing that covers the controller behavior scenarios possible for your
flow you have concrete evidence the flow will execute as expected when deployed in a container.

Finished after 0.828 seconds % R
(ryio]
Runs: 5§/5 B Errors: 0 B Failures: 0
Go for Green

3.5.2. Execution unit testing vs. full-blown system testing

The previous example shows how to test a flow execution in relative isolation with a mock service layer and
mock subflows. Flow execution testing against areal service-layer and real subflowsis also supported.
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The next example shows how the creat eFl owSer vi ceLocat or method can be overridden to create the
service-layer using a Spring application context:

public class SearchFl owExecutionTests extends Abstract Xm Fl owExecutionTests {

@verride
protected Fl owDefinitionResource getFl owDefinitionResource() {

return createFl owDefinitionResource("src/ main/webapp/ VEB- | NF/ f| ows/ search-fl ow. xm ") ;
}

@verride
protected Fl owServi ceLocator createFl owServicelLocator () {

/l create a context to host our middle tier services
Appl i cationCont ext context =
new C assPat hXm Appl i cati onCont ext (new String[] {
"cl asspat h: servi ce-1ayer-config. xm",
"cl asspat h: dat a- access- | ayer-config. xm "

B8

/] create a registry for our flow definitions being tested
Fl owDef i niti onRegi stry registry = new Fl owDefinitionRegistrylnpl();

/1 initialize the service |ocator
Def aul t Fl owSer vi ceLocat or | ocator = new Def aul t Fl owServi ceLocat or (regi stry, context);

/1 perform subflow definition registration with the help of a registrar

Xm Fl owRegi strar registrar = new Xm Fl owRegi strar (| ocator);

regi strar. addResour ce(creat eFl owDef i niti onResource("/WEB-| NF/ fl ows/ search-fl ow. xm ")) ;
regi strar. addResour ce(creat eFl owDefi ni ti onResource("/WEB- 1 NF/fl ows/detail-flow xm"));
registrar.registerFlowDefinitions(registry);

return | ocator;
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4.1. Introduction

A flow execution represents an executing flow at a point in time. At runtime there can be any number of flow
executions active in paralel. A single user can even have multiple executions active at the same time (for
example, when a user is operating multiple windows or tabs within their browser).

Many of these flow executions span multiple requests into the server and therefore must be saved so they can
be resumed on subsequent requests. This presents technical challenges, as there must exist a stable mechanism
for a new reguest to be associated with an existing execution in the view state that matches what the user
expects. This problem is more difficult when you consider that many applications require use of browser
navigational buttons and their use involves updating local history without notifying the server.

The problem of flow execution persistence is addressed by Spring Web Flow's flow execution repository
subsystem. In this chapter you will learn how to use the system to manage the storage of active web
conversations in a stable manner.

4.2. Repository architecture overview

Recall the following bullet points noting what happens when a flow execution enters a ViewState:

1. When aflow execution reaches a Vi ewst at e it is said to have paused, where it waits in that state for user
input to be provided so it can continue. After pausing the vi ewsSel ecti on returned is used to issue a
response to the user that provides avehicle for collecting the required input.

2. Userinput is provided by signaling an event that resumes the flow execution in the paused view state. The
input event communi cates what user action was taken.

Each time an active flow execution is paused it is saved out to arepository. When the next request comesin for
that flow execution, it is restored from the repository, resumed, and continued. This process continues until the
flow execution reaches an end state, at which time it is removed from the repository.

This process is demonstrated over the next two graphics:
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4.3. Flow execution identity

When aflow execution is created it marks the start of a new conversation between a browser and the server. As
outlined, a new flow execution that is till active after startup processing indicates the start of a conversation
that will span more than one request and needs to be persisted. When this is the case, that flow execution is
assigned an persistent identifer by the repository. By default the structure of this identifier consists of a
two-part composite key. Thiskey is used by clients to restore the flow execution on subsequent requests.

4.3.1. Conversation identifier
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The first part of a flow execution's persistent identity is a unique conversation identifier. This serves as an
index into the logical conversation between the browser and the server that has just started.

4.3.2. Continuation identifier

The second part of aflow execution's persistent identity is a continuation identifier. This identifier serves as an
index into a flow execution representing the state of the conversation at this point in time.

4.3.3. Flow execution key

Together the conversation id plus the continuation id make up the unique two-part flow execution key that
identifies a state of a conversation at a point in time. By submitting this key in a subsequent request a browser
can restore the conversation at that point and continue from there.

So on a subsequent request the conversation is resumed by restoring a flow execution from the repository using
the two-part key. After event processing if the flow execution is still active it is saved back out to the
repository. At this time a new flow execution key is generated. By default that key retains the same
conversation identifier, as the same logical conversation is in progress, however the continuation identifier
changes to provide an index into the state of the flow execution at this new point in time.

By submitting this new key in a subsequent request a browser can restore the conversation at that point and
continue from there. This process continues until a flow execution reaches an end state during event processing
signaling the end of the conversation.

4.4. Conversation ending

When a flow execution reaches an end state it terminates. If the flow execution was associated with a logical
conversation that spanned more than on request, it is removed from the repository. More specificaly, the entire
conversation is ended, resulting in any flow execution continuations associated with the conversation being
purged.

Once a conversation has been ended the conversation identifier is no longer valid and cannot ever be used
again.

4.5. Flow execution repository implementations

The next section looks at the repository implementations that are available for use with Spring Web Flow
out-of-the-box.

4.5.1. Simple flow execution repository

The smplest possible repository (Si npl eFl owExecut i onReposi t ory). This repository stores exactly one flow
execution instance per conversation in the user's session, invalidating it when its end state is reached. This
repository implementation has been designed with minimal storage overhead in mind.

Note

It is important to understand that use of this repository consistently prevents duplicate submission
when using the back button. If you attempt to go back and resubmit, the continuation id stored in
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your browser history will not match the current continuation id needed to access the flow execution
and access will be disallowed.

Note

This repository implementation should generally be used when you do not have to support browser
navigational button use; for example, when you lock down the browser and require that al
navigation events to be routed through Spring Web Flow.

4.5.2. Continuation flow execution repository

This repository (Cont i nuati onFl owExecut i onReposi tory) stores one to many flow execution instances per
conversation in the user's session, where each flow execution represents a paused and restorable state of the
conversation at a point in time. This repository implementation is considerably more flexible than the smple
one, but incurs more storage overhead.

Note

It is important to understand that use of this repository allows resubmission when using the back
button. If you attempt to go back and resubmit while the conversation is active, the continuation id
stored in your browser history will match the continuation id of a previous flow execution in the
repository. Access to that flow execution representing the state of the conversation at that point in
time will be granted.

Like the simple implementation, this repository implementation provides support for conversation invalidation
after completion where once a logical conversation completes (by one of its FlowExecutions reaching an end
state), the entire conversation isinvalidated. This prevents the possibility of resubmission after completion.

This repository is more elaborate than the default repository, offering more power (by enabling multiple
continuations to exist per conversation), but incurring more storage overhead. This repository implementation
should be considered when you do have to support browser navigational button use. This implementation is the
defaullt.

4.5.3. Client continuation flow execution repository

This  repository is entirely stateless and its use entals no server-side  state
(di ent Conti nuat i onFl owExecut i onReposi tory).

Thisis achieved by encoding a serialized flow execution directly into the flow execution continuation key that
is sent in the response.

When asked to load a flow execution by its key on a subsequent request, this repository decodes and
deserializes the flow execution, restoring it to the state it was in when it was serialized.

Note

This repository implementation does not currently support conversation invalidation after
completion, as this capability requires tracking active conversations using some form of centralized
storage, like adatabase table.

Note

Storing state (a flow execution continuation) on the client entails a certain security risk that should
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be evaluated. Furthermore, it puts practical constraints on the size of the flow execution.
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Chapter 5. Flow executors

5.1. Introduction

Flow executors are the highest-level entry points into the Spring Web Flow system, responsible for driving the
execution of flows across avariety of environments.

In this chapter you'll learn how to execute flows within Spring MV C, Struts, and Java Server Faces (JSF) based
applications.

5.2. FlowExecutor

org. spri ngframewor k. webf | ow. execut or . Fl owExecut or is the central facade interface external systems use
to drive the execution of flows. This facade acts as a simple, convenient service entry-point into the Spring
Web Flow system that is reusable across environments.

The FI owExecut or interface is shown below:

public interface Fl owkExecutor {
Responsel nstruction | aunch(String flowDefinitionld, External Context context);
Responsel nstructi on resune(String fl owExecutionKey, String eventld, External Context context);
Responsel nstruction refresh(String fl owExecuti onKey, External Context context);

Asyou can see there are three central use-cases fulfilled by thisinterface:

1. Launch (start) anew execution of aflow definition.
2. Resume a paused flow execution by signaling an event against its current state.

3. Reguest that the last response issued by a flow execution be re-issued. Unlike start and signalEvent, the
refresh operation is an idempotent operation that does not affect the state of aflow execution.

Each operation accepts an Ext er nal Cont ext that provides normalized access to properties of an externa
system that has called into Spring Web Flow, allowing access to environment-specific request parameters as
well as request, session, and application-level attributes.

Each operation returns a Responsel nst ruct i on Which the calling system is expected to use to issue a suitable
response.

These relationships are shown graphically below:
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As you can see, an Ext er nal Cont ext implementation exists for each of the environments Spring Web Flow
supports. If aflow artifact such as an Action needs to access native constructs of the calling environment it can
downcast a context to its specific implementation. The need for such downcasting is considered a special case.

5.2.1. FlowExecutorimpl

The default executor implementation is org. spri ngframewor k. webf | ow. execut or . Fl owExecut or I npl . |t
allows for configuration of a Fl owDefi ni ti onLocat or responsible for loading the flow definitions to execute,
aswell asthe Fl owExecut i onReposi t ory strategy responsible for persisting flow executions that remain active
beyond a single request into the server.

The configurable FI owExecut or | npl  properties are shown below:

Table5.1. FlowExecutor I mpl properties

Property name

definitionLocator

executionFactory

executionRepository

Description Cardinality

The service for loading flow definitions to be 1
executed, typically aFl owDef i ni ti onRegi stry

The factory for creating new flow executions. 1

The repository for saving and loading persistent 1
(paused) flow executions

5.2.2. A typical flow executor configuration with Spring 2.0
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<?xm version="1.0" encodi ng="UTF- 8" ?>
<beans xm ns="http://ww. spri ngframework. or g/ schena/ beans"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xm ns: fl ow="http://ww. springframework. or g/ schena/ webf | ow confi g"
xsi : schemaLocat i on="
http://ww. spri ngframework. or g/ scherma/ beans
http://ww. springframework. or g/ schenma/ beans/ spri ng- beans- 2. 0. xsd
http://ww. springframework. or g/ schema/ webf | ow config
http://ww. spri ngframework. or g/ scherma/ webf | ow confi g/ spri ng- webf | ow confi g-1. 0. xsd">

<l-- Launches new fl ow executions and resunmes existing executions. -->
<fl ow executor id="flowExecutor" registry-ref="fl owRegi stry"/>

<l-- Creates the registry of flow definitions for this application -->
<flow registry id="fl owRegi stry">

<flow | ocation path="/WEB-|NF/flows/**/*-fl ow. xm "/>
</flow registry>

</ beans>

This instructs Spring to create a flow executor that can execute all XML-based flow definitions contained
within the / WeB- | NF/ f 1 ows directory. The default flow execution repository, cont i nuat i on, is used.

5.2.3. A flow executor using a simple execution repository

<fl ow: executor id="fl owExecutor" registry-ref="fl owRegi stry" repository-type="sinple"/>

This executor is configured with a simple repository that manages execution state in the user session.

5.2.4. A flow executor using a client-side continuation-based execution
repository

<fl ow executor id="fl owExecutor" registry-ref="fl owRegi stry" repository-type="client"/>

This executor is configured with a continuation-based repository that serializes continuation state to the client
using no server-side state.

5.2.5. A flow executor using a single key execution repository

<fl ow executor id="fl owExecutor" registry-ref="fl owRegi stry" repository-type="singl eKey"/>

This executor is configured with a simple repository that assigns a single flow execution key per conversation.
The key, once assigned, never changes for the duration of the conversation.

5.2.6. A flow executor setting system execution attributes

<fl ow executor id="flowExecutor" registry-ref="fl owRegi stry" repository-type="continuation">
<fl ow execution-attributes>
<fl ow al waysRedi r ect OnPause val ue="fal se"/ >
<flow attribute name="foo" val ue="bar"/>
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</ fl ow execution-attributes>
</ f | ow execut or >

This executor is configured to set two flow execution system attributes al waysRedi r ect OnPause=f al se and

f oo=bar .

Note

The al waysRedi r ect OnPause attribute determinesif a flow execution redirect occurs automatically
each time an execution pauses (automated POST+REDI RECT+GET behavior). Setting this attribute to
false will disable the default 'true’ behavior where a flow execution redirect always occurs on

pause.

5.2.7. A flow executor setting custom execution listeners

<fl ow executor id="flowExecutor" registry-ref="fl owRegi stry" repository-type="continuati on">
<f | ow. executi on-1i steners>
<flow |listener ref="listener" criteria="order-flow'/>
</ fl ow execution-Iisteners>
</ f | ow execut or >

<I-- A Fl owExecutionLi stener to observe the |ifecycle of order-flow executions -->
<bean i d="listener" class="org.springframework.webfl ow. sanpl es.sellitem SellltenFl owExecuti onLi stener"/>

This executor is configured to apply the execution listener to the "order-flow".
5.2.8. A Spring 1.2 compatible flow executor configuration

<?xm version="1.0" encodi ng="UTF- 8" ?>
<! DOCTYPE beans PUBLIC "-//SPRI NG / DTD BEAN / EN'

"http://ww. springfranmework. org/dtd/spring-beans. dtd">
<beans>

<!-- Launches new fl ow executions and resunmes existing executions: Spring 1.2 config version -->
<bean i d="fl owExecutor" cl ass="org. spri ngframework. webf| ow. confi g. Fl owExecut or Fact or yBean" >
<property name="definitionLocator" ref="fl owRegi stry"/>
<property nanme="executionAttributes">
<n’Hp>
<entry key="al waysRedi rect OnPause" >
<val ue type="j ava. | ang. Bool ean" >f al se</ val ue>
</entry>
</ map>
</ property>
<property nanme="repositoryType" val ue=" CONTI NUATI ON'/ >
</ bean>

<l-- Creates the registry of flow definitions for this application: Spring 1.2 config version -->
<bean id="fl owRegi stry"
cl ass="org. spri ngf ramewor k. webf | ow. engi ne. bui | der. xm . Xm Fl owRegi st ryFact or yBean" >
<property name="fl owLocati ons">
<list>
<val ue>/ VEB- | NF/ f | ows/ **/ *-f | ow. xm </ val ue>
</list>
</ property>
</ bean>

</ beans>

This achieves similar semantics as the Spring 2.0 version above. The 2.0 version is more concise, provides
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stronger validation, and encapsulates internal details such as FactoryBean class names. The 1.2 version is
Spring 1.2 or > compatible and digestable by Spring IDE 1.3.

5.3. Spring MVC integration

Spring Web Flow integrates with both Servlet and Portlet MV C which ship with the core Spring Framework.
Use of Portlet MV C requires Spring 2.0.

For both Servlet and Portlet MV C aFl owCont rol | er acts as an adapter between Spring MV C and Spring Web
Flow. As an adapter, this controller has knowledge of both systems and delegates to a flow executor for driving
the execution of flows. One controller typically executes all flows of an application, relying on
parameterization to determine what flow to launch or what flow execution to resume.

5.3.1. A single flow controller executing all flows in a Servlet MVC
environment

<bean name="/fl owControl |l er.htnf class="org.springframework. webfl ow. execut or. mvc. Fl onControl |l er">
<property name="fl owExecutor" ref="fl owExecutor"/>
</ bean>

This controller, exported at the context-relative / f I owCont rol | er. ht mURL, delegates to the configured flow
executor for driving flow executions in a Spring Servlet MV C environment.

5.3.2. A single portlet flow controller executing a flow within a Portlet

<bean id="portl| et ModeControl | er Mappi ng"
cl ass="org. spri ngframewor k. web. portl et. handl er. Port| et ModeHandl er Mappi ng" >
<property nanme="portl| et ModeMap" >
<I’THp>
<entry key="view' value-ref="flowController"/>
</ map>
</ property>
</ bean>

<bean i d="fl owController" class="org.springframework. webf| ow. executor.nvc. Portl et Fl owController">
<property name="f| owExecutor" ref="fl onExecutor"/>
<property nanme="defaul t Fl oM d" ref="search-flow'/>

</ bean>

This controller, exported for access with the configured portlet mode, delegates to the configured flow executor
for driving flow executions in a Spring Portlet MV C environment (by default, an execution of the sear ch-f1 ow
will be launched).

5.4. Flow executor parameterization

Spring Web Flow alows for full control over how flow executor method arguments such as the
flowDefinitionld, fl owkxecutionKey, and event | d are extracted from an incoming controller request with
the or g. spri ngf r amewor k. webf | ow. execut or . support . Fl owExecut or Ar gument Ext r act or Strategy.
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Note

The various flow controllers typically do not use this strategy directly but instead use a convenient
Fl owExecut or Ar gunent Handl er implementation that takes care of argument extraction as well as
exposing responsibilities (in callback URLS).

The next several examples illustrate strategies for parameterizing flow controllers from the browser to launch
and resume flow executions:

5.4.1. Request parameter-based flow executor argument extraction

The default executor argument extractor strategy is request-parameter based. The default request parameters
are:

Table5.2. Extractor request parameter names

Parameter name Description

_flowld The flow definition id, needed to launch a new flow execution.

_flowExecutionK ey The flow execution key, needed to resume and refresh an existing flow
execution.

_eventld The id of an event that occured, needed to resume an existing flow
execution.

5.4.1.1. Launching a flow execution - parameter-style anchor

<a href="fl owController.htn?_flow d=nyfl ow'>Launch My Fl ow</ a>

5.4.1.2. Launching a flow execution - form

<form action="fl owControl |l er. ht i net hod="post">

<i nput type="subnit" val ue="Launch My Fl ow'/>

<i nput type="hi dden" nane="_flow d" val ue="nyfl ow'>
</formp

5.4.1.3. Resuming a flow execution - anchor

<a href="flowController.htn?_fl owExecuti onKey=%{f| owExecuti onKey}& event| d=subnit">
Submi t
</ a>

5.4.1.4. Resuming a flow execution - form

<form action="fl owControl |l er. ht ' nethod="post">

<i nput type="hi dden" nane="_fl| owExecuti onKey" val ue="${fl owExecuti onKey}">
<i nput type="hi dden" nane="_eventld" val ue="submt"/>
<input type="submt" class="button" val ue="Submt">
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</ fornm

5.4.1.5. Resuming a flow execution - multiple form buttons

<form action="fl owControl |l er. ht i net hod="post">
<input type="hidden" nanme="_f| owExecuti onKey" val ue="${f| owExecuti onKey}">
<i nput type="subnmit" class="button" name="_eventld_subnmit" val ue="Submt">

<input type="submt" class="button" name="_eventl|d_cancel " val ue="Cancel ">
</form

Note

Inthiscasetheevent | d isdetermined by parsing the name of the button that was pressed.

5.4.1.6. Refreshing a flow execution

<a href="flowControl |l er. htn?_fl owExecuti onKey=${f| onExecuti onKey}" >Ref r esh</ a>

5.4.2. Request path based flow executor argument extraction

The request-path based argument extractor strategy relies on executor arguments being path elements as much
as possible. This results in friendlier REST-style URLS such as http://host/app/ nyflow instead of
http://host/app?_fl ow d=nyfl ow.

5.4.2.1. A flow controller with a request-path based argument extractor

<bean name="/fl owControl |l er.htni class="org.springframework. webf| ow. execut or. mvc. Fl owControl | er">
<property name="fl owExecutor" ref="fl owExecutor"/>
<property nanme="ar gunment Handl er " >
<bean cl ass="org. spri ngfranmewor k. webf | ow. execut or. support . Request Pat hFl owExecut or Ar gunent Handl er "/ >
</ property>
</ bean>

5.4.2.2. Launching a flow execution - REST-style anchor

<a href="flowControll er/ nyfl ow'/>Launch My Fl ow</a>

5.4.2.3. Resuming a flow execution - multiple form buttons

<form acti on="${f| owExecuti onKey}" net hod="post">

<input type="submit" class="button" name="_eventld_submt" val ue="Submt">
<i nput type="subnmit" class="button" name="_eventld_cancel" val ue="Cancel ">
</form
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5.4.2.4. Refreshing a flow execution

<a href="fl owControl | er/ k/ ${f| owExecuti onKey}" >Refresh</a>

5.5. Struts integration

Spring Web Flow integrates with Struts 1.x or >. The integration is very similiar to Spring MV C where asingle
front controller (FlowAction) drives the execution of al flows for the application by delegating to a configured
flow executor.

5.5.1. A single flow action executing all flows

<f or m beans>
<f orm bean nanme="acti onForn' type="org.springfranework.web. struts. SpringBi ndi ngActi onForni/>
</ form beans>

<acti on- mappi ngs>
<action path="/fl owAction" nane="actionFornf scope="request"
type="org. spri ngf ramewor k. webf | ow. execut or. struts. Fl owActi on"/>
</ acti on- mappi ngs>

5.6. Java Server Faces (JSF) integration

Spring Web Flow integrates with JSF. The JSF integration relies on custom implementations of core JSF
artifacts such as navigation handler and phase listener to drive the execution of flows.

5.6.1. A typical faces-config.xml file

<faces-config>
<appl i cati on>
<navi gati on- handl er >
org. springframewor k. webf | ow. execut or . j sf. Fl owNavi gat i onHandl er
</ navi gati on- handl er >
<property-resol ver>
or g. springfranmewor k. webf | ow. execut or. j sf. Fl owPr opertyResol ver
</ property-resol ver >
<vari abl e-resol ver >
org. springframewor k. webf | ow. execut or. j sf. Fl owvari abl eResol ver
</vari abl e-resol ver >
<vari abl e-resol ver >
or g. spri ngframewor k. web. j sf. Del egati ngVari abl eResol ver
</vari abl e-resol ver >
<vari abl e-resol ver>
org. springframewor k. web. j sf. WebAppl i cat i onCont ext Vari abl eResol ver
</vari abl e-resol ver >
</ appl i cation>

<lifecycl e>
<phase-|i st ener>or g. spri ngf ranewor k. webf | ow. execut or. j sf. Fl owPhaseLi st ener </ phase-1|i st ener >
</lifecycl e>
</ faces-confi g>
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5.6.2. Launching a flow execution - command link

<h: commandLi nk val ue="Go" action="fl ow d: nyfl ow'/ >

5.6.3. Resuming a flow execution - form

<h:formid="forni>
<h: i nput Text id="propertyNanme" val ue="#{f| owScope. managedBeanNane. pr opertyNane}"/ >
<input type="hidden" nanme="_f| owExecuti onKey" val ue="${f| owExecuti onKey}">

<h: commandButt on type="submi t" val ue="Next" action="submt"/>
</ h: fornme
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Chapter 6. Practical Use of Spring Web Flow

6.1. Sample applications

It is recommended that you review the Spring Web Flow sample applications included in the release
distribution for best-practice illustrations of the features of this framework. A description of each sample is
provided below:

1. Phonebaook - the original sample demonstrating most features (including subflows).

2. Sdlitem - demonstrates a wizard with conditional transitions, flow scope, flow execution redirects, and
continuations.

3. Howlauncher - demonstrates all the possible ways to launch and resume flows.

4. Itemlist - demonstrates REST-style URLs and inline flows.

5. Shippingrate - demonstrates Spring Web Flow together with Ajax technology.

6. NumberGuess - demonstrates use of stateful middle-tier componentsto carry out business logic.
7. Birthdate - demonstrates Struts integration and the MultiAction.

8. Fileupload - demonstrates multipart file upload.

9. Phonebook-Portlet - the phonebook sample in a Portlet environment (notice how the flow definitions do
not change).

10. Sellitem-JSF - the sellitem sample in a JSF environment (notice how the flow definition is more concise
because JSF takes care of data binding and validation).

6.2. Running the Web Flow sample applications

The samples can be built from the command line and imported as Eclipse projects - all samples come with
Eclipse project settings. It is also possible to start by importing the samples into Eclipse first and then build
with Ant within Eclipse.

6.2.1. Building from the Command Line

Java 1.5 (or greater) and Ant 1.6 (or greater) are prerequisites for building the sample applications. Ensure
those are present in the system path or are passed on the command line. To build Web Flow samples from the
command line, open a prompt, cd to the directory where Spring Web Flow was unzipped and run the following:

cd projects/spring-webflow buil d-spring-webfl ow
ant di st

This builds all samples preparing "target" areas within each sample project subdirectory containing webapp
structures in both exploded and WAR archive forms. The build aso provides basic hel per targets for deploying
to Tomcat from Ant; however these webapp structures can be copied to any servlet container, and each project
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is also a Eclipse Dynamic Web Project (DWP) for easy deployment inside Eclipse with the Eclipse Webtools
Project (WTP).

6.2.2. Importing Projects into Eclipse

Importing the sample projects into Eclipse is easy. With anew or an existing workspace select: File > Import >
Existing Projects into Workspace. In the resulting dialog browse to the project subdirectory where Spring Web
Flow was unzipped and choose it as the root directory to import from. Select OK. Here Eclipse will list all
projects it found including the sample application projects. Select the projects you're interested in, and select
Finish.

If you previoudly built each project from the command line Eclipse will compile with no errors. If not you will
need to run the Ant build once for these errors to clear and you can do that within Eclipse.

To build al projects inside Eclipse, import and expand the bui | d- spri ng- webf | ow project, right-click on
bui I d. xm and select Run As > Ant Build. Doing this will run the default Ant target and will build al sample
projects.

To build a single project inside Eclipse, simply select the project, right-click, and select Run As > Ant Build.
Y ou can also use the convenient shortcut ALT + SHIFT + X (Execute menu), then Q (Run Ant Build).

After Ant runs and the libraries needed to compile each project are downloaded, al errors in the Eclipse
problems view should go away. Try refreshing a project (F5) if you still have errors. In general, from this point
on you no longer need Ant: you can rely on Eclipse's incremental compile and Eclipse's web tools (WTP)
built-in JEE support for deployment. (Ant is only needed in the system for command-line usage or when the list
of jar dependencies for a project changes and new jars need to be downloaded).

6.2.3. Deploying projects inside Eclipse using Eclipse Web Tools (WTP)

Each Spring Web Flow sample application project is a Eclipse Dynamic Web Project (DWP), for easy
deployment to a server running inside the Eclipse IDE. To take advantage of this, you must be running Eclipse
3.2 with Web Tools 1.5.

To run a sample application as awebapp inside Eclipse, simply select the project, right-click, and select Run ->
Run On Server. A convenient shortcut for thisaction isALT + SHIFT + X (Execute menu), R (Run on Server).
The first time you do this you will be asked to setup a Server, where you are expected to point Eclipse to a
location where you have a Servlet Container such as Apache Tomcat installed. Once your container has been
setup and you finish the deployment wizard, Eclipse will start the container and automatically publish your
webapp to it. In addition, it will launch a embedded web browser allowing you to run the webapp fully inside
the IDE.

6.2.4. Other IDE's

Importing samples into other IDE's should be fairly straight-forward. If using another IDE running the Ant
build from the command line first may help as it will populate the lib subdirectories of each sample project.
Follow steps similar as those outlined for Eclipse above.

6.3. Fileupload Example

6.3.1. Overview
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Fileupload is a simple one page web application for uploading files to a server. It is based on Spring MV C, uses
aWeb Flow controller and one web flow with two states. aview state for displaying the initial JSP page and an
action state for processing the submit.

6.3.2. Web.xml

The web.xml configuration maps requests for "*.htm" to the fileupload serviet - a regular Spring MVC
DispatcherServlet:

<servl et >

<servl et - name>fi | eupl oad</ servl et - name>

<servl et - cl ass>org. spri ngf ramewor k. web. servl et. Di spat cher Servl et </ servl et - cl ass>
</ servl et>

<servl et - mappi ng>
<servl et - name>fi | eupl oad</ servl et - nane>
<url-pattern>*. htnx/url-pattern>

</ servl et - mappi ng>

6.3.3. Spring MVC Context

The Spring MVC servlet context for the fileupload serviet (WEB-INF/fileupload-servlet.xml) defines one
controller bean:

<bean name="/adm n. ht ' cl ass="org. spri ngf ramewor k. webf | ow. execut or. mvc. Fl onControl | er">
<property name="fl owExecutor" ref="fl onExecutor" />
</ bean>

FlowController is a Web Flow controller. It is the main point of integration between Spring MV C and Spring
Web Flow routing requests to one or more managed web flow executions. The FlowController is injected with
flowExecutor and flowRegistry beans containing one web flow definition:

<l-- Launches new fl ow executions and resunes existing executions. -->
<fl ow executor id="fl owExecutor" registry-ref="fl owRegi stry" repository-type="singl ekey"/>

<I-- Creates the registry of flow definitions for this application -->
<flow registry id="fl owRegi stry">

<fl ow: | ocation path="/WEB-|NF/fil eupl oad. xm " />
</[flow registry>

Given the above definitions the following URI can be used to invoke the "fileupload” flow:

/swf-fileupload/ adm n. ht n?_f | owl d=fi | eupl oad

Both flowExecutor and flowRegistry beans are defined with Spring custom tags schema available in Spring 2.0.
The custom tags make configuration less verbose and more readable. Regular Spring bean definitions can be
used as well with earlier versions of Spring.

The Spring MVC context also defines a view resolver bean for resolving logical view names and a
multipartResolver bean for the upload component. In general Web Flow does not aim to replace the flexibility
of Spring MV C for view resolution. It focuses on the Cin MVC.
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6.3.4. Fileupload Web Flow

The start state for the fileupload flow (WEB-INF/fileupload.xml) is aview state:

<start-state idref="selectFile"/>

<view state id="selectFile" view="fil eForni>
<transition on="submt" to="upl oadFile"/>
</ vi ew st at e>

View states allow a user to participate in a flow by presenting a suitable interface. The view attribute
"fileForm" is a logical view name, which the Spring MVC view resolver bean will resolve to
IWEB-INF/jsp/fileForm.jsp.

The fileForm.jsp has an html form that submits back to the same controller (/swf-fileupload/admin.htm) and
passes a"_flowExecutionKey" parameter. The value for _flowExecutionKey is provided by the FlowController
- it identifies the current instance of the flow and allows Web Flow to resume flow execution, which is paused
each time aview is displayed.

The name of the form submit button "_eventld submit" indicates the event id to use for deciding where to
transition to next. Given an event with id of "submit" the "selectFile" view transitions to the "uploadFile" state:

<action-state id="upl oadFile">
<action bean="upl oadActi on" nethod="upl oadFile"/>
<transition on="success" to="selectFile">
<set attribute="fil eUpl oaded" scope="flash" val ue="true"/>
</transition>
<transition on="error" to="selectFile"/>
</ action-state>

The "uploadFile" state is an action state. Action states integrate with business application code and respond to
the execution of that code by deciding what state of the flow to enter next. The code for the uploadFile state is
in the "uploadAction" bean declared in the Spring web context (/WEB-INF/fileupl oad-servlet.xml):

<bean i d="upl oadActi on" cl ass="org. spri ngframework. webf| ow. sanpl es. fil eupl oad. Fi | eUpl oadActi on" />

FileUploadAction has simple logic. It picks one of two Web Flow defined events - success or error, depending
on whether the uploaded file size is greater than O or not. Both success and error transition back to the
"selectFile" view state. However, a success event causes an attribute named "fileUploaded" to be set in flash
scope

A flash-scoped attribute called "file" is also set programmatically in the FileUploadA ction bean:

cont ext. get Fl ashScope().put("file", new String(file.getBytes()))
return success();

Thisillustrates the choice to save attributes in one of several scopes either programatically or declaratively.

6.4. Birthdate Example

6.4.1. Overview
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Birthdate is a web application with 3 consequitive screens. The first two collect user input to populate a form
object. The third presents the results of business calculations based on input provided in the first two screens.

Birthdate demonstrates Spring Web Flow's Struts integration as well as the use of FormAction, a multi-action
used to do the processing required for al three screens. The sample also uses JSTL taglibs in conjunction with
flows.

6.4.2. Web.xml

The web.xml configuration maps requests for "*.do" to aregular Struts ActionServlet:

<servl et >

<servl et - nanme>act i on</ servl et - nane>

<servl et -cl ass>org. apache. struts. action. Acti onServl et </servl et-cl ass>
</ servl et >

<servl et - mappi ng>
<servl et - name>act i on</ servl et - nanme>
<url - pattern>*.do</url -pattern>

</ servl et - mappi ng>

The web.xml also sets up the loading of a Spring context at web application startup:

<cont ext - par an>
<par am nane>cont ext Conf i gLocat i on</ par am nane>
<par am val ue>
/ VEEB- | NF/ webf | ow confi g. xm
</ par am val ue>
</ cont ext - par an>

<listener>
<l i stener-class>org. springfranmewor k. web. cont ext. Cont ext Loader Li st ener</1i stener-cl ass>
</listener>

The Spring web context contains beans to set up the Web Flow runtime environment. As will be shown in the
next section Struts is configured with a Web Flow action that relies on the presence of a flowExecutor and a
flowRegistry beansin this context.

6.4.3. Struts Configuration

The Struts configuration (WEB-INF/struts-config.xml) defines the following action mapping:

<act i on- mappi ngs>
<action path="/fl owAction" nane="actionFornf scope="request"
type="org. spri ngframewor k. webf | ow. execut or. struts. Fl owActi on"/>
</ acti on- nappi ngs>

FlowAction is a Struts action acting as afront controller to the Web Flow system routing Struts requests to one
or more managed web flow executions. To fully configure the FlowAction a Spring web context is required to
define flowExecutor and flowRegistry beans (named exactly so). This is an excerpt from the Spring web
context (/WEB-INF/webflow-config.xml) defining these beans:

<I-- Launches new fl ow executions and resunes existing executions. -->
<fl ow executor id="flowExecutor" registry-ref="fl owRegistry"/>

<l-- Creates the registry of flow definitions for this application -->
<flow registry id="fl owRegi stry">
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<flow | ocati on path="/WEB-|NF/ birthdate. xm"/>
<flow | ocati on path="/WEB-|NF/ birthdate-alternate. xm"/>
</flow registry>

Based on the above, Web Flow is configured with two flows - birthdate and birthdate-alternate, which can be
invoked as follows:

/ swf - birthdate/fl owActi on. do?_f| ow d=bi rt hdate
/ swf - birthdate/fl owActi on. do?_fl owl d=bi rt hdate-al ternate

The Struts configuration file also defines several global forwards: birthdateForm, cardForm, and yourAge,
which will be referenced from Web Flow definitions as logical view names (and left to Struts to resolve to
actual JSP pages). In general Web Flow does not aim to replace view resolution capabilities of web frameworks
such as Struts or Spring MV C. It focusesonthe Cin MVC.

6.4.4. Birthdate Web Flow

The birthdate web flow (WEB-INF/birthdate.xml) defines the following start state:

<view state id="enterBirthdate" view="birthdateForn>
<render-actions>
<action bean="formActi on" met hod="setupForn />
</render-actions>
<transition on="submt" to="processBirthdateFornSubmt" />
</vi ew st at e>

The setupForm action is called to perform initializations for the enterBirthdate view state. Its action bean is
defined the Spring web context WEB-INF/webflow-config.xml:

<bean i d="formAction" class="org.springfranework.webfl ow. sanpl es. bi rt hdat e. Bi rt hDat eFor mActi on" />

BirthDateFormAction is a FormAction - it extends Web Flow's FormAction class, which serves a purpose
similar to that of Spring MV C's SimpleFormController providing common form functionality for data binding
and validation.

When the BirthDateFormAction bean is instantiated it sets the name, class and scope of the form object to use
for loading form data upon display and collecting form data upon submit:

public BirthDateFormAction() ({
/1 tell the superclass about the form object and validator we want to
/1 use you could also do this in the application context XM of course
set For nObj ect Name("bi rt hDate") ;
set For mobj ect Gl ass(BirthDat e. cl ass);
set For mbj ect Scope( ScopeType. FLOW ;
set Val i dat or (new Birt hDateVal i dator());

The form object "birthDate" is placed in flow scope, which meansit will not be re-created with each request but
will be abtained from flow scope instead as long as the request remains within the same flow.

Once setupForm is done, the "birthdateForm™ view will be rendered. The logical view name "birthdateForm" is
a global-forward in struts-config.xml resolving to /WEB-INF/jsp/birthdateForm.jsp. This JSP collects data for
the fields "name" and "date" bound to the birthDate form object and posts back to FlowAction with a submit
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image named " eventld submit’. An event with the id of "submit" causes a transition to the
processBirthdateFormSubmit action state defined as follows:

<action-state id="processBirthdateFor nSubmt">
<action bean="formActi on" nethod="bi ndAndVal i dat e" >
<attribute nanme="val i dat or Met hod" val ue="val i dat eBi rt hdat eFornt' />
</ action>
<transition on="success" to="enterCardlnformation" />
<transition on="error" to="enterBirthdate" />
</ acti on- st at e>

The processBirthDateFormSubmit action state uses the same formAction bean as the one already used to setup
the form. This time its bindAndValidate method is used to populate and validate the html form values. Also,
note the "validateM ethod" attribute used to specify the name of the method to invoke on the Validator object
setup in the constructor of the BirthDateFormAction. The use of this attribute allows partial validation of
complex aobjects populated over several consecutive screens.

On error the action returns to the view state it came from. On success it transitions to the enterCardlnformation
view state:

<vi ewstate i d="enter Cardl nf or mati on* vi ew="car dFor ni' >
<transition on="submt" to="processCardFornSubmt" />
</ vi ew st at e>

The logica view name “"cardForm" is a globa-forward in struts-config.xml resolving to
/WEB-INF/jsp/cardForm.jsp. This JSP collects data for the remaining fields of the birthDate form object -
"sendCard" and "email Address", and posts back to FlowAction with a submit image named "_eventld_submit”.
An event with the id of "submit" causes a transition to the processCardFormSubmit action state defined as
follows:

<action-state id="processCardFornSubmt">
<action bean="formActi on" net hod="bi ndAndVal i dat e" >
<attribute nanme="val i dat or Met hod" val ue="val i dat eCardFornt' />
</ action>
<transition on="success" to="cal cul ateAge" />
<transition on="error" to="enterCardlnformation" />
</ acti on- st at e>

For this action state the bindAndValidate method of the formAction bean is used to populate and validate the
remaining html form values. The "validateMethod" attribute specifies the name of the method to invoke on the
Validator object specific to the fields loaded on the current screen.

On error the action returns to the view state it came from. On success it transitions to another action state called
calculateAge:

<action-state id="cal cul at eAge" >
<action bean="formActi on" met hod="cal cul at eAge" />
<transition on="success" to="displ ayAge" />

</ acti on- st at e>

The logic for the calculateAge action state is in the cal culateAge method of the same formAction bean used for
data binding and validation. This demonstrates the flexibility Web Flow alows in properly structuring control
and business logic according to function.

The caculateAge method performs business calculations and adds a string in request scope with the calculated
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age. Upon successful compl etion the calculateAge action state transitions to the end view state:
<end-state id="di spl ayAge" vi ew="your Age" />

Once again the logica view name "yourAge' is a global-forward in struts-config.xml resolving to
IWEB-INF/jsplyourAge.jsp. This JSP page retrieves the calculated age from request scope and displays the
results for the user.

The transition to the end state indicates the end of the web flow. The flow execution is cleaned up. If the web
flow is entered again a new flow execution will start, creating a new form object named "birthDate" and placing
it in flow scope.

6.4.5. Birthdate-alternate Web Flow

The birthdate-alternate web flow (/WEB-INF/birthdate-alternate.xml) offers an alternative way and more
compact way of defining the same web flow. For example the birthdate web flow defines two independent
states for the first screen - a view state (enterBirthdate) and an action state (processBirthdateFormSubmit). In
birthdate-alternate those are encapsulated in the view state enterBirthdate as follows:

<viewstate i d="enterBirthdate" view="birthdateForni>
<render - acti ons>
<action bean="formActi on" nethod="setupForn />
</ render-acti ons>
<transition on="submt" to="enterCardlnformation">
<action bean="formActi on" nethod="bi ndAndVal i dat e" >
<attribute nanme="val i dat or Met hod" val ue="val i dat eBi rt hdat eFornt" />
</ action>
</transition>
</ vi ew st at e>

Here the setupForm action state is defined as a render-action of the enterBirthdate view state while the
transition to the next screen uses a nested action bean invoked before the transition occurs. Notice that success
is implicitly required for the transition to occur. Similarly on error the transition does not occur and the same
view stateis displayed again.

The second screen is also defined with a nested transition and action bean:

<vi ewstate i d="enterCardl nformati on" vi ew="car dFor ni' >
<transition on="submt" to="cal cul at eAge">
<action bean="formActi on" net hod="bi ndAndVal i dat e" >
<attribute nane="val i dat or Met hod" val ue="val i dat eCardFornt' />
</ action>
</transition>
</ vi ew st at e>

The remaining two states - calculateAge and displayAge are identical.
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