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The ACK™ documentation set includes the faling manuals and practicals:
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Desi gn Tool Manual
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infrastructureJACK canbeusedto developapplications
involving BDI agents.
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JACK enabled web applications.
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develop graphical plans within th&CK Development
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Describes he to use theAICK Sim framevork for
building and running repeatable agent simulations.

Describes the tracing and logging toolsaitable with
JACK.

A set of practicals designed to introduce the basic
concepts imolved in ACK programming.

A set of practicals designed to introduce the basic
concepts imolved in Teams programming.
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Preface

1 Preface

The ACK™ Intelligent Agents \WbBot (W\ebBot) is a frameork that enables the
implementation of web applications based aro@KI™ agents. Through the medium of
WebBot, ACK agents can va a hand in the dynamic generation of web pages, thereby
providing intelligent responses to user input.

By providing a detailed tutoriab@mple and anxplanation of the technical foundation of
WebBot, this manual will help you to usee¥Bot efectively.

1.1 Intended audience

To useWebBoteffectively, youwill needasoundtechnicalbackgroundAt theveryleast,you
will need to be d@miliar with your computer's operating system, andakhow to create/edit
files, and compilesecute programs.od should also he a good grasp of HTML, th&ACK
Agent Language, and thevdgprogramming language. The sectityerequisite Background
Information provides some preliminary background information on the components that
underpin V¢bBot.

The standard bBot distrilution comes with a tutoriakample, including scripts for
building andrunningtheexample.A goodstartingpointwould beto copy thesdilesandadapt
themfor your own purposesOf course dependingon your technicalskills, you may preferto
read through this manual, and therildb and deplg your application using your preferred
program deelopment / distribtion method.

1.2 Overview of this manual

Chapter 1 introduces background concepts required to understand anelhlga.\Whe
backgroundnaterialcoversJACK, the ServletAPI, ServletContainersJavaSener Pagesand
the WebBot architecture.

Chapter 2 describes Wwdo develop and run a bBot application. It ligns with installation
instructionsandanoverview of thetypical directorystructureof WebBotapplicationsThisis
followed by a description of oto set up Servlet Container configuration files. The ne
section describes thAGQK definitions required to makyour application interact with the
WebBot layer The chapter concludes by setting out the steps requiredldcaind run a
WebBot application.

Chapter 3 presents a simple tutorighmple which taks you through the steps required to
code, liild and run a WbBot eample. The tutorialxample does not makuse ofessions.
Sessions are used to maintain separate user interaction threads.

Chapter 4 augments the Chaptex@raple so that it handles sessions.

WebBot Manual

Release 5.3

10-Jun-05 9
Copyright © 2001-2009, Agent Oriented Software Pty. Ltd.



Preface

1.3 Typographical con ventions

To facilitate your reading of this manual, weseadopted certain typographical gentions:

» In the narratie sections of this manuaalics are used to denote sections of that
benefit from special emphasis (such as terms, mandatory instructions, and critical
concepts). Also, italics are used in the codeEngples to highlight comments.

* In the codexamples, particularly significant code fragments averginbold text for
emphasis. These includeeWBot-specific pieces of code, or fragments which are referred
to in the main tet.

» Samples of code and program output appestiiig t ypef ace.

1.4 Related ref erence material

In addition to this manual, you may need to consult:
1. theJACK™ Intelligent Agnts Agnt Manuaj
2. the Tomcat 4.0.4 documentation, and

3. servlet/JSP-related material.

1.5 Further inf ormation

You may find useful information and updates at the Agent Oriented&@ef®tyltd. web
site, http://www.agentsoftware.com
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The JACK WebBot architecture

2 The JACK WebBot architecture

2.1 Purpose and functionality

WebBot is a framavork which supports the mapping of HTTP request&\toKl event
handlersandthegeneratiorof responses theform of HTML pageslUsingWebBot,youcan
implement a web application which neskuse of AICK agents to dynamically generate web
pages in response to user input.

2.2 Prerequisite background information

The current grsion of VbBot etends the Ja Servlet API v2.3 to enable intacing with
JACK. With WebBot, you can &ctively embed aAICK application within a web seev and
have it respond to HTTP requests: faiaenple, from a bnoser

Before using WbBot, it is helpful to hae an understanding of the major components it uses.
Apartfrom the JACK AgentLanguagetself, themostimportantcomponents theJava Servlet

API v2.3. For our purposes (i.e. HTTP requests), servlets arectamponents which run

within a web sergr and generate responses to HTTP requestisB@ etends the Ja

Servlet API v2.3to enable intgration with ACK.

WebBot preides a mechanism for dynamically generating web pages based on the reasoning
of JACK agents. Although it is entirely possible to writgalaode which dynamically

generates the HTML page to be returned to the cliemid@pthere is a much more
straightforvard way of achiging the same end. #3Bot malks use of JaSerer Rages

(JSPs). JSPenable the specification of the structure of the web page as a mix of HTML and
scriptlets. Scriptlets are Jaa code fragments that specifyhito generate the dynamic

portions of the web page. A JSP compiisiused to compile the JSP page intaJaode

which will generate the web page at runtime.

JACK, the Servlet APl and yaSerer Rages are outlined in the sections belo

2.2.1 JACK

JACK™ IntelligentAgents is a Java-basedgent-oriented programmingernvironment.Agent-
oriented programmindacilitates the implementation of autonomous computational entities,
or agents, which exhibit rationaldecision-makindpehaiour. Theautonomousnatureof these
agents mads them ideally suited to solving problems of a distatd and real-time nature.
Web-based applications by theary nature are distnittied, and should ideally prinle real-

time response.

Throughthe mediumof aweb server, webapplicationshave beenusedsuccessfullyto service
client requestswer the webHowever, the programming languages used to implement such
web applications (e.g. PHP or ASRyrovide little or no support for the implementation of
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The JACK WebBot architecture

intelligent reasoning bekimur. The ACK Agent Language, on the other hand, has been
designedrom thegroundup to supporttheencodingof intelligentreasoningrocessesto its
agentsThis, coupledwith theautonomousatureof JACK agentsmeandghatit is well-suited
to the task of prading an intelligent back-end to web-based applications.

Before designing and implementing a web-based application using@heAgent
Language, you will need to Y a firly thorough understanding of th&QK Agent
Language and its capabilities. This can be acquired by attending the training cderses of
by Agent Oriented Softare Pty Ltd., and by reading th&gent Manual. Note that an
understandingf JACK AgentLanguagehreads s integralto makingfull useof theflexibility
offered by V¢bBot.

2.2.2 Serviet API

A servlet is aJavacomponenthichrunswithin aservletcontainer, suchasTomcat(usedin
thismanual) Servletsconformto the HT TP request/responssmmunicatiormodel,in which
the client submits a request and then rexea response to that requesebB/ot servlets
extend the HTTP-specific aspect of the Servlet API. Servlets eaeolbgects and va a
servi ce method which hasraequest and a esponse parameterTherequest parameter
containghedatasentby theclient. HTTP-specificservletscansupportH TTP methodssuchas
GeT andpasT, and hence can access information such as thatiprbin HTML forms.

Whentheusertypesin aURI (Uniform Resourcéddentifier)whichis handledby a particular
servlet, the Wb serer which hosts that URI will woke the servlet in questionoFexample,
to invoke thecal cul at or servlethostedatww. webbot . exanpl e. com theuserwould enterthe
following URI:

ww. webbot . exanpl e. coni cal cul at or

A web page containing an HTMiorm which is to be processed by e cul at or servlet,
could contain the follving form element:

<f orm met hod=get acti on="/cal cul at or/ appf or ni' >

</ formp

whereappf or mis used by theal cul at or servlet to determine oto process the form. This
will be illustrated in the chapter titletitorial Examples.

2.2.3 JavaServer Pages (JSP)

JavaSererPageqJSPs) useXML-lik etagsandJava scriptletsto specifyhow to generatehe
content of a web page. JSPs are compiled ini@; Jae Jaa code is used to generate the web
page at runtime. Although it is possible to generate the complete response page within a
servlet without using a JSHle, JSPs pndde a means of separating the page's logic from its
presentation to the usérhis simplifies the design and implementation of dynamically-
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The JACK WebBot architecture

generated web pages, because the static portions can be hard-coded as HTML in the JSP file
and the dynamic portions included asalacriptlets.

When a request object is reasil from the client, the servlet setaious parameters that are
passed back in the response object. These parameters can be referenced from within the JSP
file (within scriptlets).Eachscriptlet(apieceof Jasa codebetweert'<»' and"%") is executed,

and if it is an gpression bginning with an "=" sign follwed by a parameter name (e.g.

=par anet er Nane), the parameteralue is inserted in place in the JSP file. These parameter
valuesareinterlearedwith thestaticportionsof HTML to form apagewhichis passedbackto

the client.

Typically, beforetheapplicationis deployed,eachJSPfile is corvertedinto a. j ava file which
is then compiled into &l ass file for inclusion in the servlet.

Theexamplebelow illustratesavery simpleJSPfile which displaysanemailaddres®btained
from the servlet. The scriptlets dvelded and &plained in the comments (demarcated by
||<! o n and ||_ _ >u
<l-- Static HIM. code -->
<htnm >
<head>
<neta http-equi v="Content-Type" content="text/htm;
char set =i so- 8859- 1" >
</ head>
<body bgcol or =#FFFFFF nmar gi nwi dt h=0 mar gi nhei ght =0 t opmar gi n=0
| ef t mar gi n=0>

<l-- The variable, address, is assigned the value of the paraneter,
emai | Address, fromthe response fromthe servliet. -->

<% String address = (String)request.get Session().getVal ue("enail Address");

%

<l-- The value of the variable, address, is inserted in place. -->
<p>The enmi| address is: <% address%</p>

<l-- Static HTM. code -->

</ body>
</htm >

In theabove example,if theemailaddressverei nf o@adget - sof t war e. com theoutputwould
be:

The emai| address is: info@adget-software.com
2.2.4 Servlet Container

WebBot should wrk with ary Servlet Containeimplementing the 3a Servlet API v2.3
Tomcat 4.0.4 is one such implementation and the one with whétiB@{ has been most
extensvely tested.
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The JACK WebBot architecture

Tomcat isthe Servlet Container that is used as the reference implementation for Java Servlets
and JavaServer Pages (the latter is called "JASPER" in Tomcat 4.0.4). It has been developed as
part of the Jakarta Project (http://jakarta.apache.org/).

WebBotManual

Release5.3

14 10-Jun-05
Copyright © 2001-2009, Agent Oriented Software Pty. Ltd.



The JACK WebBot architecture

2.3 Overview of the J ACK WebhBot Ar chitecture

This section outlines the general architecture of tebB@t framevork in terms of the major
components that constitute a dgd WWebBot application. The processing steps and
information flav that characterise a runninge¥WBot application will then be described,
followed by an werview of the major classes which neakp WWbBot.

2.3.1 The architecture of aJ ACK WebBot application

Thefigurebelov shavs ahighlevel view of thearchitectureof ageneraMebBotapplication.

It is a three tiered architecture, with the Servlet Container at its base. The Servlet Container
interacts with the client application, accepting HTTP requests and passing them on to the
appropriate servlet in the&WBot layerThe WebBot layer performs some data marshalling,
then passes on the request a&@Klevent to the appropriate agent in thECK Application

layer Theagent'sesponsés passedbackthroughthethreelayersandis routedto theclientas

a nav web page. The role of each layer is described in more detaw.belo

C > -agent

event
plan
[

TACK Application

server.xml

JACK
Webbot

WebPortal WebSession

web.xml
= ISP Servlet
g’ (JASPER) AP
HTTP requests ISP files
and responses HTML files
GIF files

[ (el

~——
-
<.

Figure 2-1: JACK WebBot Architecture

.

=1=]=1=[=I=[=1=]
== l==l==T=f=]-

Client Application
(.2 browser)

2.3.1.1 Layer 1 — Servlet Container

The Servlet Containermplements the Servlet APl and a J8&mpiler When the Servlet
Container recees an HTTP request, it determines which servlet,)if strould handle it and
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The JACK WebBot architecture

invokestheservletin questionpassingt theHTTP requestlf the URL pattern of therequest
doesnotmapto ary servletthe ServletContainemwill respondo theclientwith a"404" error,
indicating that the requested URL does naste(this response page can be tuned for a
particularapplication) Assumingthata servletwasfoundfor the URL in questiontheServlet
Container will generate an HTML page to return to the client; this page will be created by
instantiating the JSP file returned by the servigpicilly the JSP file will contain scriptlet-
based references tanous parameters assigned by th€K Application layer

2.3.1.2 Layer 2 — JACK WebBot

TheWebBotlayerextendsHt t pSer vl et , providing aframework for accessinghe ServiletAPI
from the ACK Agent Language.dthis end, it preides the folleving functionality:

» If one does nobast alreadythe WebBot layer creates an agent of the appropriate type to
handle the incoming request (the agent is specified hy tleegparameter in the
configuration fileaeb. xm ).

» Corverts the incoming HTTP request inteéRequest event.

* Provides supporting classes to enable th€ K Application to post thevent (using
post Event AndVéi t ).

» Provides support for managirsgssions. Sessionsallow the application to maintain
separate interaction threads with one or more clientst &ample, imagine a situation in
which the user is using wwindows to bravse a beliefset managed by youeBot
application. Both beliefset bnsing pages hae a "Net" button which displays the re
beliefsetelemenimatchingtheuser'ssearctkey. Clearly, whentheuserclickson"Next" in
eitherwindow, your WebBotapplicationneeddo ensurehatit respondsvith thebeliefset
element which pertains to the correctweser windav, i.e. thesession in question.
Sessions are also used to manage requests from separate clients on the internet.

* Provides methods for accessing and setting parameters in the HTTP request object.

* Invokes the servlet class (typically compiled from a JSP definition) to issue the HTTP
response. This response page can also be a page that indicates that tlhdetyamile
handlingthereques{(thefilenameis specifiedby thenoser vi ce parametem web. xm ), or
that the application does noteaan agent to handle the request (specified by the
nohandl er parameter ineb. xm ). Servlet Containers can be configured to dynamically
compileJSPpagesnto java classesThesgava classesirethenloadedandrunto produce
the final output page. kever, as VbBot does not va its avn internal JSPcompiler
(unlike most Servlet Containers), JSP pages useddinBdt must be precompiled.

This layer is described further in the sectid@K WebBot Serviet.

2.3.1.3 Layer 3 —the J ACK application

This is the layer in which you will place all of youk@K code. This layer defineswoyour
application will respond to incomingents. Generically speaking, the application will set a
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The JACK WebBot architecture

number of response parameters and it will return afi8Ro be instantiated by the Servlet
Container
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The JACK WebBot architecture

2.3.2 The dynamic behaviour of JACK WebBot applications

In the pre@ious section, the functionality of each architectural layas wutlined, and the
runtime behaiour of each layer as &plained. This section will look at the processing steps
followedby WebBotapplicationsandrelatethosestepgo thethreelayersandtheinteractions
between those layers.

In a typical interaction between a client and @bB/ot application, the Servlet Container
receves an HTTP request from the client, selects a servlet based on the URL pattern of the
HTTP request and passes the request to the appropeatgdi\serviet. \WbBot conerts the
requesinto awbRequest event. This eventis postedandwill triggeroneof the JACK agent's
session-selectioplans.This setsoff acomputationasequenceulminatingin theassignment

of values to ariables referenced in the JSP response file, i.e. thdil#3B be used by the
ServletContainerto generaterespons@agefor theclient. A referenceo thatJSPfile is then
returned to the Servlet Containeihich executes the scriptlets in the JSP file and sends the
new page to the client.

These steps are described in more detaiMbéd@cause theATK Application layer gtends
theWebBotlayerandinvokesmethodswithin thatlayer, the combinedbehaiour is described
in the one section.

2.3.2.1 Layer 1 — Servlet Container .

The interaction bgins when the Servlet Container rees a HTTP request from the client.
The complity of this request depends on your application; f@meple, it might hee been
generated by an HTMform and could contain a sequence of attiéy \alue pairs. The
configuration fileaeb. xm  defines the mapping between aegi URL pattern and the servlet
which handles HTTP requests matching that URL pattern. The Servlet Container uses this
mapping to pass the request to the approprizieBbt servlet.

2.3.2.2 Layers 2 and 3 — WebBot and the J ACK application.

The WebBot classyebPortal , implements theavax. servl et. Servl et interface by
extending the classavax. servlet. http. H t pServl et . When an incoming HTTP request is
recevedfrom thesener, thewebPort al checkso seewhetherthereis anagentto handleit. If
thereis notanagentthenoneis createdThisrequest-handlinggenttermedthe"root" agenj
has special status: it is responsible for dispatching an approgatesi onRequest event,
based on the makup of thexbRrequest event.

All WebBot applications are structured asveihan the figure belw. ThewebpPortal servlet
takes the incoming HTTP request and uses it to genergteRequest event. This gent
should trigger the session-selection plarthe root agent. The session-selection plan
determines which "session" agesttould handle the request. It then uses that agent's
cr eat eSessi onRequest method to create aebSessi onRequest event This event will then
triggeroneof thesessioragent'planswhich, all beingwell, will setvariousparameterg the
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The JACK WebBot architecture

response object and will determine which J8€ the Servlet Container should use to
generate the response page.

1 ﬁ WebPortal

http
request
WebRequest

root agent _
(implements WebRequestHandler) event
WebhSessionRequest

event ' session agent
(extends WehSessionAgent)

Figure 2-2: WebBot Execution Structure

2.3.3 JACK WebBot servlet
2.3.3.1 Major JACK WebBot classes

public class WbPortal extends HtpServlet

ThewbPortal classis aHtt pServi et that handles HTTP requests. The servlet is configured
with the parametersype andnane in thefile web. xm . Theseparameterspecifythe classand
instancenameof theagentthathandlesncomingrequestsWhenthel ookupHandl er method
isinvoked,if thereis noagentof thespecifiechane, thewebPort al createneof thespecified

t ype With the specifiedane (specified inmeb. xm ). When theloGet ordoPost method is
invoked, thewebPortal Creates aebRequest event and posts it to the agent using

post Event AndWai t .

public interface WebRequest Handl er

Theapplication'sequest-handlinggentmustimplementthis interface.Theinterfacehasone
methodpubl i ¢ bool ean handl e.

public class WebSessi onAgent extends Agent inplenents H tpSession

ThewebsSessi onAgent  class implementst t pSessi on and preides methods for handling
WebSessi onRequest S, and other session-related atigs such as adding asessioni d” to a
URL (sessionURL(String url)) and storing &lues to be used in the returned JSP page
(put Val ue(String key, Object obj)).
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2.3.4 Sessions

Sessionsform part of the Servlet APlLypically, they are used to manage separate client
interactions with the seev WebBot praides support for the implementation of sessions
through the praision of thewebSessi onAgent andwebSessi onRequest classes. The Servlet
API provides support for tracking sessions through the useabkies". Hovever, this
method of tracking sessions &y limited. For example, if the client session occurs on a
machinewhichis sharedoy others(e.g.in aninternetcafeervironment),thenit is feasiblefor
anew userto pick up onthe previoususer'ssessionAnotherdravbackof cookiesis thatthey
are restricted to one session per user (i.avéeg0.

A safer method of tracking sessiorssto use URL rewriting. A session identifier is stored in
ahiddenattributeonthewebpage Thisis thenwritteninto the URL beforesendingheHTTP
request back to the senvThis is the preferred method when usingdBot. If you store the
session id in the attnilbe 'j sessi oni d", and include that in the URL, then tiwbPor t al

set up methodwill extractit andstoreit in theparametefi d". webPort al will alsopick upthe
"referrerid" and store it in the parameterfi d". This can be used to determine if the web
page has a referreand so can be used in most cases teeptesomeone from dropping in on
a session (unless, of course the person has written tireibrovser).
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3 Developing and running JACK
WebBot applications

This chapter describes\wdo develop and run a BbBot application, lggnning with the
installation instructions for WbBot. Subsequent sections in this chapteercthe steps
required to deelop an application. The final section describes twrun the application.

To develop and deplpa WebBot application, you will need to define theal&erviet API
v2.3specifiedn theweb. xni  configuratiorfile. Thisis coveredin thesectionConfiguringThe
ServletContainer The ServletContainemeeddo be suppliedwith thesetof JSP, HTML and
ancillaryfiles requiredby your application describedn the sectionJSPand Ancillary Servlet
Container Hes. Your ACK application will mak use of some @bBot classes and will
follow certain comentions which arexplained in the sectiodACK Definitions Finally, you
will learn haw to kuild and run your WhBot application in the secti@uilding and Running
a JACK WebBot Application

3.1 Installation instructions

If you have problems installing ¥bBot, please @S technical support.

The installation process for&yBot is simple and straightfoand:
1. Install ACK in the directory of your choice.
2. Include all of your Servlet Container'sar files in yourCLASSPATH

Note that the xeamples in this manual can be founds/ j ack/ exanpl es/ webbot
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3.2 Typical Application Directory Structure

Figure 3-1: Standard WR layout

Thefigureabove shavs thedirectorystructurefor atypical Web Application Archive (WAR).

The Web Application Archie file is used to package up the web application so that it can be
deployed on multiple platforms. The AR format is shan in the abwe figure. The root
directory contains the files that are sshwup to the client bweser (e.g. HTML, JSECSS, JS

and GIF files). If required, these files can be partitioned into a subdirectory structure. The
VEB- | NF directorycontainghe application'sVeb Application DeploymentDescriptor thefile

web. xm . VEB- | NF also contains thel asses andi i b directories. Thel asses directory

contains the application'sw@aclass files. The b directory containsAR files that house

library files used by your application.

Your WebBot application should begamised as slhven under the root directory in the figure
below. Theweb sub-directorycorrespondso theroot of the WAR structureshavn in thefigure
above. Thescriptsareheldin therootdirectoryandthe sourcefiles arelocatedin thesr ¢ sub-
directory
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seripts,

ﬁ _env files

JACK,

images,
Jsp files

| java and
class files

jack._jar

“ /

Figure 3-2: Typical ACK WebBot Application Directory Structure

3.3 Configuring the Ser vlet Container .

Configuringthe ServletContainerto sene up a particularWebBotservletrequireghatthefile
web. xm  be configured. This section onlyvaws the main parameters required fabBot.
You should probably use theb. xni file that came with your installation and edit the
parameters specified beloThe information preided belav will suffice for most cases,
however, for more detailed information, please consult your Servlet Container's
documentation.

3.3.1 Settingup web. xm

Typically, most of the parametersiab. xni , can be left unchanged. Hence, the most
straightforvardapproacho developinga new WebBotapplicationis to take acopy of web. xn
from yourinstallation,andedittheparameterdgescribedn this section Shouldyour particular
application require that you alter parameters neéd in this section, then refer to the
documentation of your particular Servlet Container implementation.

Theweb. xm configuratiorfile defineghe serviets thatconstituteyour application It contains
two major defining elements:

* The<servl et > definition is by &r the lagest, and contains the servlet's initialisation
parameters.

* Theservl et - mappi ng defines the mapping between the URL patterns and servlets, i.e.
which servlet to run, gen a particular URL.
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The structure and function of tReer vl et > andser vl et - mappi ng elements are outlined
below. Note that all of the elements prafikby<par am nane> are \WebBot-specific. The
occurin adefiningelemenif thefollowing form (N.B. boldedvalueswould bereplacedwvith
the actual parameter name armdire that pertains to your application):
<init-paranp

<par am name>xxx</ par am nanme>

<par am val ue>yyy</ par am val ue>
</init-paranpr

3.3.1.1 The servl et element

Eachservletdefinitionis delimitedby "<ser vl et >" and"</ ser vl et >". Thekey parametersf
the servlet definition are as fols:

* <servl et -nane> - the unique identifier for this servlet.

* <servlet-class> - the class that implements theldBot servlet (e.g.
aos. web. webbot . portal . WebPort al ). The class is located jrck. j ar.

» <param nanme>t ype - the class name of the request-handlihGK agent. VébBot will
create a "root" agent of this type to handle the incoming requests.

* <param nane>nane - the instance name of the request handling ageszitBét will bind
this to the instance of the "root" agent that it creates.

* <param nane>nohandl er -the class name of the class teake when thexebPort al
cannotcreateanagentto handletherequestTypically, this classis definedasa sideeffect
of the compilation of a JSP file created for this purpose.

* <param nane>noser vi ce - the class name of the class teake when the agent handling
the requestdils (in the ACK Agent Language sense of the term@il") to complete its
processing of thevent. Typically, this class is defined as a sidk=ef of compilation of a
JSP file created for this purpose.

* servl et-nmappi ng - each servlet mapping definition is delimited<dayr vi et - mappi ng>
and</ ser vl et - mappi ng>. The<ser vl et - mappi ng> maps eacher vl et - nane to the
url - pat t ern that irvokes it. Thisurl - pat t ern is used to trigger the appropriafeCK
plan for dealing with the request. In theample belw, thefr oboz servlet handles URLs
of the form/ froboz/ *.
<servl et - mappi ng>
<servl et - nane>f r oboz</ ser vl et - name>
<url-pattern>/froboz/*</url-pattern>
</ servl et - mappi ng>
* port -thisisthelP portusedfor JACK communicationYouwill only needto includethis
if your application has multiple agent processes communicategtioe ACK
communicationgietwork (dci). This parameters passedn asthecommand-lineargument
"_dci . new".

WebBotManual

Release5.3

24 10-Jun-05
Copyright © 2001-2009, Agent Oriented Software Pty. Ltd.



Developing and running JACK WebBot
applications

* ns - thenameandport of the JACK namesenerto use.As with port, thisis a dci-specific
parameter; it is passed in as if by the command-ligenaent “dci : ns".
<init-paranp
<par am name>ns</ par am name>

<par am val ue>nowher e: 9000</ par am val ue>
</init-paranp

3.4 JSP and ancillar y Servlet Container files

In orderfor aJACK agentto returnaresponseo theclient'sbrowser theremustbe someway

of generating an HTML page for ito are free to use ymeans at your disposal, for
example,you couldwrite Javacodethatdynamicallygeneratesi TML pagedo bereturnedo

the client bravser WebBot does not mandatewthis should be doneubthe most
straightforvard way is to use JaSerer Rages to generate the response pages. Thege allo
you to specify the structure of the web page as a mix of HTML and scriptlets. Scriptlets are
Java code fragments that specifywhto generate the dynamic portions of the web page.

The particular mix of JISPHTML and other files (e.ggi f files) dependsery much on your
application requirements. Mertheless, you will usually need to reference data items
computedoy the JACK agentthathandledheclientrequestTo do this, your JSPfile contains
scriptletsthataccesshe valuesof therelevantJACK variables.The examplebelow illustrates
this. It accesses tha@hle of the ariablecost and assigns it to th&ri ng t ot al Cost. The
variablet ot al Cost can then be referenced throughout the JSP file wibnptlets.

<% String total Cost = (String)request. getSession().getValue("cost"); %

3.5 JACK definitions

As outlined in the sectiohhe Dynamic Behaviour of Jack WEBBOT Applications, the

WebPort al servletcorvertsanincomingHTTP requesinto awebRequest event;thiseventwill

trigger the root agent's session-selection plan, which will then select the "session" agent that
should handle thevent. The session agenti®:at eSessi onRequest method then creates a
WebSessi onRequest event that triggers one of the session agent's plans, culminating in the
setting of \arious \ariables in the response object.

3.5.1 Servilet and J ACK WebBot c lasses to impor t

There are a number of prerequisite classes that yebB®@ must import:
1. the HTTP-specific request and response functionality of the Servlet API,
2. the ACK Agent Language, and

3. thewebPortal , WebRequest , WebRequest Handl er, WebSessi onAgent and
WebSessi onRequest classes.

WebBot Manual

Release 5.3

10-Jun-05 25
Copyright © 2001-2009, Agent Oriented Software Pty. Ltd.



Developing and running JACK WebBot applications

To import the classes listed atag include the set ofport statements sknn belaw.

i mport javax.servlet.http. HtpServl et Request;
i mport javax.servlet.http.HtpServl et Response;

i mport aos.web. webbot . portal . WebPortal ;

i mport aos.web. webbot . portal . WebRequest ;

i mport aos.web. webbot . portal . WebRequest Handl er;

i mport aos.web. webbot . sessi on. WebSessi onAgent ;

i mport aos.web. webbot . sessi on. WebSessi onRequest ;

3.5.2 Agent, plan and e vent definitions

This section outlines thACK definitions that you will need to include in order for your
application to interact with the 3Bot layer At the \ery least you will need to define:

1. an agent thatnpl enent s WebRequest Handl er, and
2. an agent thaixt ends WebSessi onAgent .

The former requirement ensures that yoveharoot agent that can route incoming
WebRequest s to the appropriateession agent; the latter requirement ensures that your
application can instantiatession agents. The tarrequirements can be satisfied by the one
agentdefinition,i.e. by defininganagenttypethatext ends WebSessi onAgent andi npl enent s
WebRequest Handl er . Notethatyou would only adoptthis approachf yourapplicationdid not
make use of sessions; this being the caseopitldvonly need a singl®ot agent and a single
session agent, and so tganay as well be one and the same agent. The first tuteaialpde
adopts this approach (s&ke Smple Calculator Example).

Thefollowing two sectiondescribehedefinitionalcomponentandfeatureghattheroot and
session agents need to incorporate.

3.5.2.1 Therootagent

Theroot agents responsibldor routingtheincomingrequesto theappropriatesessioragent.
This is done by wmoking the appropriate session agegtsat eSessi onRequest method. The
WebSessi onRequest SO created will then trigger one of the session agent's plans.

The root agent should Y& the follaving components:

* Anevent definition thakxt ends WebRequest . When posted, thisvent must inoke the
WebRequest set up method; this method sets up th®Request so that it holds the
important fields passed through in #hepser vl et Request . A fairly generic gample of
suchaneventdefinitionis showvn belov. ThewebSessi onAgent a andevent e areusedto
store the session agent and\WigSessi onRequest .
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public event WebDi spatch extends WbRequest {

public WebSessi onAgent a;
public Event e;

#posted as
sel ect (WebPortal p, HtpServl et Request q,
Ht t pSer vl et Response r) {

setup(p, q, r);

}

* A handl e methodthatdoesapost Event Andwai t Of thewebRequest eventthatyou defined
(e.g.vebDi spat ch in theabove example). Theexamplebelow is fairly genericlt relateso
thewebbi spat ch event defined abee; the only non-generic parts are thoseanshim bold
(they relate to the identifiers chosen for thent definition abee).
publ i c bool ean handl e(WbPortal p,

Ht t pSer vl et Request q,
Ht t pSer vl et Response r) {
WebDi spatch wd = di spatch.select(p, q, r);
i f (!postEvent AndWait (wd))
return fal se;
if (wd.a == null || wd.e == null)
return false;
return wd. a. post Event AndWai t (wd. e) ;

}

» At least one session-selection plan. This plamnil es your application's specialisation of
thewebRequest event (€.g.webbi spat ch in the &kample abwe). It should store the
session-handlinggentinstancen theevent 'swebSessi onAgent datamember(e.g.wd. a in
the abeoe example). It should also wioke cr eat eSessi onRequest and store the returned
value in thesvent 'sevent data member (e.gd. e in the aboe example). If the root
agent's name © spat cher Agent , then the follaving plan would minimally satisfy the
requirements of session selection. It assumes that the root and session agents are one and
the same; thus;j ndagent merely returns the root agentfégtively returning
(WebSessi onAgent) get Agent ())

pl an Sel ect Sessi on extends Plan {

#handl es event WebDi spatch ev;

body() {

ev.a = findAgent();

ev.e = ev.a.createSessi onRequest (ev);
}

#uses interface Di spatcherAgent a;

WebSessi onAgent findAgent () {
return a;
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3.5.2.2 Session agent

Thesession agentis responsibldor dealingwith theclientrequestsettingary requiredvalues
in therespons®bjectandreturningareferencdo theappropriateesponsgageto be sentby
the serer to the client. A session agent shotddend WebSessi onAgent and should imoke
WebSessi onAgent 'sconstructarMinimally, it requiresaplanthathandl es WebSessi onRequest
events and sets thesponse data membeiThis is illustrated in thexample belov.

pl an Si npl eJSPResponse extends Pl an {

}

#handl es event WebSessi onRequest ev;
#uses interface WbSessi onAgent ne;

body() {

try {
nme. response(ev, "froboz/froboz.jsp");

}

catch (Exception e) {
Systemerr.println("No good path: " + ev.orig.path);
fal se;

}

Note that this material is @ered in the tutoriabeamples presented in the lasbtehapters.

3.6 Building and running a JACK WebBot

application

To huild and run a WbBot application, you will need to define avfervironment \ariables,
compile your application's JSP files and tA€HK files, and finally run the Servlet Container
The enironment \ariables are much the same for batiiding and running an application;
ary exceptiondo thisrulewill behighlighted.Thesequencef stepsrequiredto build andrun
the application is listed belo

1.
2.

Setup your evironment as required by your particular Servlet Container implementation.

Precompile the JSP files. Consult your Servlet Container's documentatiow tm ho
achieve this with your particular installation.

Next, from within the parent directoryof the JACK sourcdfiles, preparghe$CLASSPATH O
enable compilation of theACK agents. When compiling thAGK agents;CLASSPATH
should additionally include the path to yo&CK installation (e.gj ack. j ar).

Compile the ACK agents as folles:
— java aos.main.JackBuild -r $*

Start your Servlet Container

28
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These steps are encapsulated in scripts in the tutgaaie in the sectiomhe Smple
Calculator Example. Youmayfind it usefulto usetheseasastartingpointfor developingyour
own WebBot liild and run scripts.
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4 Tutorial example: simple calculator

4.1 Introduction

This chapter will tak& you step-by-step through the creation and running of a singh&uV
application. Thexample is &irly trivial in its use of theAICK Agent Language; the goal of
the exkample is to demonstrateWwdo use VEbBot,not how to program in theAICK Agent
Language. Thexample can be found kvs/ j ack/ exanpl es/ webbot / cal cul at or

Thesimplecalculatorwill thenbeextendedn the sectionExtending the Calculator to Handle
Multiple Sessions. An efort has been made to limit the need to consult other documants, b
depending on your computingw@ronment, you may need to consult the documentation that
comes with the arious third party components used bghBot (e.g. the installation
instructions for your Servlet Container).

This WebBotexampleimplementsavery simplefour-functioncalculator All of thecalculator
functions are handled by a singhkCK plan,For nResponse. Note that if this were a real
application it vould be preferable to handle each calculator function using a separate plan.

To use the calculatpenter tvo numbers into the xéfields and then press atton to select
the operation to be applied. Th&CK agent computes the result (which can be an error
messag# for exampleadivision by zerooccurs)anddisplaysit to theuservia the mediumof
a nev JavaSenrer Rage.

22+5=27
a*Z=10

fera divide error 240
Zero divide error: 27 /0

Figure 4-1: Screen Snapshot of the CalculatoetMRage
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The calculator dace consists of a top woof four kuttons, with three panes beloThe top
paneconsistf two text inputfields,eachacceptingasequencef arbitrarytext charactersyp

to amaximumlengthof 5. Theleft field is usedto enterthefirst integer operandtheright field
takesthesecondperandalsoaninteger).Oncethetwo operandfiave beentypedin, theuser
should then click on one of the founttons at the top of the calculatdhe WebBot

application will then apply the arithmetic operation, denoted byutter to the tw

operandslf theoperandsrevalid agumentgo thechoserarithmeticoperatorthentheresult

is displayedn the middle pane(which alsocontainsheresultof the previous computationif

ary). Otherwise, if the operands areafid, then an error message is generated and displayed
in the bottom pane (which also contains thevioes error message, if @n

If theoperatoiis "Divide", theagentalsochecksto seewhetherthe secondperands zero.If

it is, anerrorstringis returnedanddisplayedn thebottompane Theagentdoesnot checkthe
types of the operands. If you enter non-getes into the operand fields and select an operator
theapplicationwill simply bringup apagetelling youthatthereis nosuchservice(ratherthan
specifically flagging it as a type violation).

In the remaining sections, you will learnvihto:

1. Set up your erironment so that you can compile and run thebBbt application, in
Setting up the Build and Run Scripts

2. Configurethe ServletContaineifor your application,in Configuringthe ServletContainer

3. Create a JSP file that will embody the logical structure of the web page, including the
parameters returned by th&CK agent, inCreating a JSP ife.

4. DefineaJACK agentthatmakesuseof theinfrastructurgorovidedby WebBot,in Defining
DispatderAgnt Agnt

4.2 Installing the tutorial example

4.2.1 WAR! What is it good for?

We have decidedo packagehe WebBotexamplesasWeb Application Archives(WAR files).
The Jaa Servlet Specificationevsion 2.3 defines a web application as: ... a collection of
servlets, html pages, classes, and other resources thatumakcomplete application on a
websener. Thewebapplicationcanbebundledandrun on multiple containergrom multiple
vendors.' This statement refers to one of the majaradyges of packaging adBot
application as R files. WARs are a deliery mechanism which is portable acros$edént
Servlet Containers, running orvdrse operating systems.

The WebBot ékample code hasuidd scripts that bild the source code and package up the
resultantclassfiles andstaticweb contentinto a WAR file. TheexampleWebBotapplications
have the basic directory structure ghoin the n&t figure.
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scripts,
env files

calculator 7

]

images,

jsp files
web E

web.xml

GIFs

s/

Figure 4-2: Directory Structure for the Calculator Example

4.3 Setting up the build and run scripts

This sectiondescribesiow to modify the build andrun scriptssothatthey reflectthe structure
of your computing erronment. The calculatoxample is kilt by executing the script,
nmkwebapp. Thenmkwebapp script will also compile allACK files into Jaa and compile all

.java filesinto . cl ass files. Notethatservletcontainersoftendynamicallycompile JSP files
into class files on demand. Wever, WebBot must hee all JSP files it uses precompiled into
classes before the web application is launchednifing script achiges this and is woked
from thenmkwebapp script.

4.3.1 The build scripts, nkwebapp and nkj sp

The huild script,nmkwebapp, sets up a number ofveronment \ariables, imokesnkj sp to
compilethe JSPfiles, andtheninvokesthe JACK builder, JackBui | d. Thenmkwebapp Scriptsets
environment \ariables from th&er vl et . env andwebapp. env files. You should not need to
edit thenkwebapp file itself. The*. env files will however usually require modifications to
match your wn setup.

Theservl et . env file defines threeariables required byxéernal scripts. Theare
JSP_COMPILER, SERR.ET_CLASSHATH and SERLET_CONTAINER_WEBAPPS.
Thesereferrespectiely to the CLASSFATH definitionsrequiredfor compilingJSPpagesthe
Servlet code and the directory in which web applications reside in your particular Servlet
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Container setup. Theervi et . env file delivered with the WbBot ekamples contains details
suitablefor thoseusingTomcat4.x astheir ServletContainerlf youareusingTomcat4.x then
theonly variablewhich needschangingshouldbethe TOMCAT_HOME variableatthetop of

the file.

Environment \ariables related directly to the web application itself are storésbipp. env.
These includeariables for the name of the web application, the directory in wAICIKJs
installed and the path to the directory in which you aveldging your application.

The huild script and defult *.erv files (suitable for Unix systems) are reproducedveelo

4.3.1.1 The web application en vironment file , webapp. env

# Nanme of WebBot web application
WEBAPP_NAME=cal cul at or

# Directory where you have installed JACK
JACK_HOVE=$HOVE/ Agent _Sof t war e/

# Directory where you are devel opi ng your WebBot web application
WEBAPP_DI R=$JACK_HOME/ aos/ j ack/ exanpl es/ cal cul at or

4.3.1.2 The Servlet Container en vironment file , servl et. env

# If the line bel ow does not refer to the location of your Tontat
installation,

# alter it so that it represents the path to the Tontat directory.
export TOMCAT_HOVE=/ni sc/j akarta-tontat-4.0.4

LI B=$TOMCAT _HOME/ | i b

# Jar file containing classes for inplenentation of servlet API
SERVLET _JAR=$TOMCAT_ HOME/ conmon/ | i b/ servlet.jar

SERVER=$LI| B/ webser ver. j ar

# Servl et XM parser
XML=$TOMCAT_HOVE/ common/ | i b/ xer ces. j ar

# The next three variables are the only variables used externally
# fromthis script.

# CLASSPATH required to conpiled jsp pages to java.
JSP_COWPI LER=$LI B/ j asper - conpi l er.jar:$LI B/ jasper-runtine.jar

# CLASSPATH required to conpile classes using the servlet API
SERVLET_CLASSPATH=$SERVLET_JAR: $SERVER: $XM.

# Location of webapps directory in your servlet container.

# your web application (packed as a web archive (WAR) file) is copied
# into this |ocation.

SERVLET_CONTAI NER_VEBAPPS=$TOMCAT_HOVE/ webapps

WebBotManual

Release5.3

34 10-Jun-05
Copyright © 2001-2009, Agent Oriented Software Pty. Ltd.



Tutorial example: simple calculator

4.3.1.3 Script file , tkwebapp

#!/ bi n/ sh
source ./servlet.env
source ./webapp. env

# Alter the next line so that it references your JACK installation
cp $JACK HOVE/ lib/jack.jar lib

# The next line invokes the script which conpiles the JSP files.
. kj sp

# The |ine bel ow defines the Java CLASSPATH vari abl e.
export CLASSPATH=$WEBAPP_DI R/ src: $SERVLET_CLASSPATH: $JACK_HOVE/ | i b/
jack.jar:$JSP_COWPI LER $CLASSPATH

# Cl ean out any previous Jack conpil ation

java aos. main.JackBuild -c $WEBAPP DI R/ src

Jjava aos. mai n. JackBuil d -c $VEBAPP_DI R/ web

# The followi ng lines invoke the Java conpiler and build the JACK
# agents.

echo building in $VWEBAPP_DI R

java aos.nmain.JackBuild -r $WEBAPP_DI R/ src

Java aos. mai n.JackBuild -r $WEBAPP_DI R/ web

Thenkj sp scriptalsosetservironmentvariablesrom ser vl et . env andwebapp. env. However
the line in the script which wokes the JSP compilingvill need to be modified if you are not
using the Apache project's Jasper JSP compiler

4.3.1.4 Script file , nkj sp
#!/bin/ zsh

source ./servlet.env
source ./webapp. env

VEB_DI R=$WEBAPP_DI R/ web

# $JAVA HOME needs to point to the location of your JDK Alter the
# line bel ow accordingly.
export JAVA HOVE=/usr/local /jdkl.3

# The line below defines a variable which will be passed as a
ar gument

# to Java (i.e. the CLASSPATH).

CP=$SERVLET_CLASSPATH. $JSP_COWPI LER

_Cp

# The following line invokes the JSP conpiler
echo Buil ding JSP
java -cp $CP org. apache.jasper.JspC -d $WEB DIR -uriroot $WEB DI R $VEB DI R/

*.]sp
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4.3.2 Web Archive creation script, nkwar

Oncethe WebBotWeb Applicationhasbeencompiledby the previous scriptsis mustbe built
into a \eb Archve (WAR). Thenkwar script does this and is skio belaw.

#!/bin/sh

source ./webapp. env
# Remove old web app
rm-rf $WEBAPP_NAME

# Create new webapp directory and copy in classes and libraries into
# webapp's

# WEB- INF directory.

mkdir SWEBAPP_NAME

cp - aweb/WEB- INF SWEBAPP_NAME

mkdir SWEBAPP_NAME/WEB-NF/classes

cp src/*.class SWEBAPP_NAME/WEB- INF/classes

cp src/*.ini SWEBAPP_NAME/WEB- INF/classes

cp web/*.class SWEBAPP_NAME/WEB-  INF/classes

cp- alib SWEBAPP_NAME/WEB- INF

# Copy static content into webapp's root directory
cp web/*.txt SWEBAPP_NAME/
cp - aweb/images SWEBAPP_NAME

# build webapp web archive (WAR) file
cd SWEBAPP_NAME
jar- cf ./SWEBAPP_NAME.war *

4.3.3 Install script,installit.sh

For your conenience there is an install script yided which lnilds and installs the @b
Application. This script simply calls the pieusnkwebapp andnkwar scripts before copng
the WAR file into the Servlet Container's webapps directdhe script is shan belaw.

#!/bin/sh

source ./servlet.env

source ./webapp. env

. I mkwebapp

. mkwar

# Remove old webapplication

rm-rf $SERVLET_CONTAI NER WEBAPPS/ $WEBAPP_NANVE
cp $WEBAPP_NAME. war $SERVLET_CONTAI NER V\EBAPPS
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4.3.4 Start script,start. sh

The start script should beecuted in order to start the Servlet Container (along with an
WebBot Web Applications you hee installed into it). The script priwled is specific to the
Tomcat Servlet Containeand will need to be modified if you are using dedént Servlet
Container The start script is reproduced belo

#!/bin/sh

export JAVA HOMVE=/usr/local /jdk1l.3.1 01

export CATALI NA HOVE=/ mi sc/ j akart a-tontat-4.0. 4
$CATALI NA_HOVE/ bi n/ st art up. sh

4.3.5 Stop script, st op. sh

Use the stop script when you wish to shutddhe servlet containelfor example, this is
usually necessary when deyilog a nev version of a web application. A this script is
specificto the TomcatServiletContainerThescriptwill requiremodificationif yourareusing
a different Servlet Containefhe stop script is sk belaw.

#! 1 bin/ sh

export JAVA HOVE=/usr/local/jdkl.3.1 01

export CATALI NA HOVE=/ m sc/j akarta-tontat-4.0.4
$CATALI NA HOVE/ bi n/ shut down. sh

This completeghedefinitionof the build, installandrun scriptsfor thetutorial. They provide
agoodstartingpointfor developingyour own WebBotapplicationsThe section,Configuring
the Servlet Containedeals with the configuration files required by the Servlet Contdiner
you have followed the installation instructions up to this point, then the tutorahele
should be ready to run. Thexteection will tale you through the process of compiling and
running the gample. Spend aWeminutes trying out the calculator;\niag done so, you will
be better placed to understand the subsequent sections that discitssfinmactionality is
implemented.

4.4 Compiling and running the application

To compile and install the application, run thetal i t. sh script, as shan belav:

cd $JACK HOVE/ aos/ j ack/ exanpl es/ cal cul at or/
.linstallit.sh

To run the Servlet Container follothe steps bele:

cd $JACK _HOVE/ aos/ j ack/ exanpl es/ cal cul at or/
./start.sh

Now run your bravser (if it's not already running that is!) and point it to the WRdp: //

| ocal host : 8080/ cal cul at or. This shouldbring up the calculatorwebpage.Typea coupleof
integers into the te fields and then click on one of thettons (e.gAdd). The result will
appear in the Result@Re. D generate an error string, enter a zero into the righthand te
field, and click on th®ivide button.
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You arewelcometo explorethecalculatorto your heart'scontent but youwill quickly become
bored. When you ha& finished, kill the Servlet Container by running the stop.sh script as
shavn belaw:

cd $JACK _HOVE/ aos/ j ack/ exanpl es/ cal cul at or/
./ stop.sh

4.5 Configuring the Ser vlet Container

To configure the Servlet Container to handle our applicatiesh.ani must be created.
Other configuration may be required for your particular Servlet Contam@iease refer to
your ServletContainer'silocumentationThe Tomcat4.x ServletContainershouldnotrequire
ary configuration changes other than thedBot Web Application'sveb. xm file.

4.5.1 Overview of webh. xm

You should be able to lea most of the parameters in aaldfweb. xm unchanged. Hence,
the easiest approach toveéping a ne WebBot application is to taka coy of the WebBot
version ofweb. xni , and only edit the parametepgpained in this section. Of course, your
particular application may require that you alter parameters metemin this section; that
being the case, your Servlet Container's documentation should be your first port of call.

Theweb. xm configuratiorfile defineshe serviets thatmalke up your application.Thetutorial
example only has one servleytlyou can create an application containing a number of
servlets.

4.5.1.1 Parameters used b y WebBot

The file contains te major definitional elements. Theer vl et > definition is by &r the
larger, and contains the servlet's initialisation parameterssdihe et - mappi ng defines the
mapping between the URL patterns and servlets, i.e. which servlet towem agparticular
URL. The structure and function of theer vl et > andser vl et - rappi ng elements is outlined
below.

» servlet: Each servlet definition is delimited gér vi et >" and '</ servl et >". The key
parameters of the servlet definition are as ¥adlo

— servlet-nameA unique identifier of the servlet.

<ser vl et - name>cal cul at or </ ser vl et - nane>

— servlet-classThe class that implements the servlet. This class is part oAGie J
distribution and will be included in theack. j ar file which comes with that
distribution.

<servl et - cl ass>aos. web. webbot . portal . WebPort al </ servl et -cl ass>
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The remaining parameters (i t - par am>) are specific to \@bBot, i.e. thg are initialisation
parametershatpertainto WebBot,ratherthanthe ServletContainemerse.Eachinitialisation
parameter is bounded Byni t - par am> and</ i ni t - par am>. For example
<init-paranp
<par am nane>t ype</ par am nane>

<par am val ue>cal cul at or . Di spat cher Agent </ par am val ue>
</init-paranp

The WebBot initialisation parameters are as folo

— The class name of the request-handlihGK agent. VEbBot uses this to create an
agent to handle the incoming requests.
<init-paranp
<par am nane>t ype</ par am nanme>
<par am val ue>Di spat cher Agent </ par am val ue>
</init-paranp
— Theinstancenameof therequeshandlingagentWebBotuseghisto createandlocate
the request-handling agent.
<init-paranp
<par am nane>nane</ param nane>
<par am val ue>r equest Handl er </ par am val ue>
</init-paranp
— The class name of the class teake when the \WbPortal cannot find an agent to
handle the request. In this tutorial, this class is defined as a f@deaéfcompilation
of the JSPfile, NoHand! er Err or Page. j sp.
<init-paranp
<par am nanme>nohandl| er </ par am nane>
<par am val ue>NoHandl er Er r or Page</ par am val ue>
</init-paranp
— The class name of the class tedke when the agent handling the requassf(in the
JACK AgentLanguagesensef theterm"fail”) to completets processingf theevent.
In this tutorial, this class is defined as a sidectfof compilation of the JSP file,
NoSer vi ceErr or Page. j sp.
<init-paranp
<par am nanme>noser vi ce</ par am nane>

<par am val ue>NoSer vi ceErr or Page</ par am val ue>
</init-paranp
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» servlet-mapping: Each servlet mapping definition is delimiteck&at VI et - mappi ng>"
and '</ servl et - mappi ng>". The tutorial @mple has t@w mappings, one for JSpages
and one for HTML form handling. The servlet mapping maps e&ach et - nane to the
url - pat t er n that irvokes it. Thus, the servlet defined &bdi.e.cal cul at or ) will handle
all requests which end insp or. webf orm As you will see latethe URL pattern is used
to trigger the appropriat&CK plan.

<servl et - mappi ng>
<servl et - name>cal cul at or </ servl et - nane>
<url-pattern>*.jsp</url-pattern>

</ servl et - mappi ng>

<servl et - mappi ng>
<servl et - nane>cal cul at or </ ser vl et - name>
<url - pattern>*. webfornx/url-pattern>

</ servl et - mappi ng>

4.6 Creating a JSP file

As explainedin sectionJavaServer Pages (JSP) in the JACK WebBotArchitecturechapteyby
far the easiestay to create web pages withe¥Bot is to use ¥a Serer Rages (JSP)This
tutorial example adopts this approach. The class file compiled §oEBAPP_DI R/ web/

cal cul ator.java, iS used to generate a web page when thesgets a URI of the form
*_j sp. This file is generated from the fdel cul ator . j sp. If you are &miliar with HTML,
then,having seenthescreersnapshoin thefigureabove,youwill beexpectingthe. j sp file to
reference a collection oti f files. Indeed, the image is made up of ynamall. gi f files
organised into table cellsoTreduce the clutter in thig sp file, the table raws containing the
. gi f referencesreinsertedusinginclude directves.Theincludefiles have namef theform
"tr-graphics-*. txt". Despite this, there remainsarfamount of table data cell clutter
(bounded byt d> and</ t d>). To further impreoe the readability ofal cul at or. j sp, such
table data cells are inserted uelude directives of files named §-cel I's-*. txt".

The file,cal cul ator. j sp, is included bel. Although the file has been formatted to imy@o
its readability HTML canbehardto readatthe bestof times.Essentiallythefile consistf a
few lines of HTML header information, foleed by the retrieal of some stringalues from
the WebBot agent; this is folleed by an HTMLf or mwhose input fields are spread across a
number of HTML table cells. The final part of the table contains the tieat hold the
"Results"and"Errors” strings(retrieved by theget val ue scriptletsatthe startof thefile). The
file ends with a f@ HTML syntactic necessities.
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To make full useof WebBotyouwill needto have asolidunderstandingf interactive formsin
HTML. To understand thexample bela, you only need to kve a fev things about HTML
forms:

» The form is sent to the seawusing artHTTP GET request. The data specified in the form
is appended to the URI found in theCAION" attribute of the form, and is preéxl by a
"?". For example, if the semr URI is ' ocal host : 8080", the "ACTION" attribute is '
cal cul at or/ f or m webf or mi', and the form data containsdwalues Val ue1=5" and
"val ue2=6", then the URI wuld be: http://1 ocal host : 8080/ cal cul at or/

f or m webf or nPval uel=5&val ue2=6".

* The form is made of a collection of "INPUT" elements,Wwnas "form controls". The
"TYPE" attribute defines what sort of input field the INPUT element will be (e.g.
"TEXT"). Thebuttonsin ourexampleareimagesthustheirtypeis "t ype=i mage". INPUT
elementof thistypehave anassociatedACTION" thatdefineswvhatshouldhapperif the
userclicks ontheimage.In our example,the ACTION is to submittheform to thesener,
i.e. "action=submit".

— Each INPUT element also has aBAME"; this is used to identify the parameters
submittedn theform (oper and1 andoper and2 areexamplesof two namedparameters
in cal cul ator. j sp).

— One curiosity to bevaare of is that INPUT elements of type "image" will subiwit
parameter/alue pairs. The first parameter is of the fomartie.x", and the second
"name.y". The \alues of these parameters arextlady windowv coordinates of the
mouse pointer when the mousagtbn was pressed. These coordinates are not used in
this tutorial @ample. All the ACK agent cares about is whicttton was pressed,
thus, a simple test to seendme.x is non-null will sufice to select the operator to be
applied to the tw operands.

You should nw be ready to cast your beadyeeovercal cul at or . j sp, shavn belav. To help
you focus on thedy sections, theare emboldened.

<htm >

<head>

<neta http-equi v="Content-Type" content="text/htm;
char set =i so- 8859-1" >

</ head>

<body bgcol or =#f f 3300 nmar gi nwi dt h=0 mar gi nhei ght =0 t opmar gi n=0
| ef t mar gi n=0>

<I-- Assignnent of response values fromthe agent.
These response values form part of the web page which is
presented to the user. -->

<% String previousResult =

(String)request. get Session().getVal ue("previousResult"); %
<% String currentResult =

(String)request. get Session().getValue("currentResult"); %
<% String previousError =
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(String)request. get Session().getVal ue("previousError"); %
<% String currentError =
(String)request. get Session().getValue("currentError"); %

<!-- Wen the user clicks on one of the subnit buttons,
the paraneter/value pairs in the formare sent to the UR
specified in the forms "action"
i.e. "/calculator/formwebfornt. -->

<f or m net hod="CGET" action="/cal cul at or/form webf orm'}

<l-- To reduce the clutter in this jsp file, the table rows
containing the gifs, which nmake up the i nage presented
to the user, are inserted using "include" directives.
The include files are naned "tr-graphics-*.txt".
This still leaves a fair amount of table data cel
clutter (bounded by <td> and </td>). To inprove
the readability of this file, such table data cells
are inserted via "include" directives of files naned
"td-cells-*. txt". -->

<tabl e cel |l spaci ng="0" cel | paddi ng="0" border="0" >
<¥@include file="tr-graphics-1.txt" %
<tr>
<v@include file="td-cells-1.txt" %

<l-- This is the input elenent for the "Add" button. -->
<td wi dt h=85 hei ght =60 val i gn="t op" col span=5 rowspan=9>
<i nput type="imge"
action=submt
name="add"
alt="Add the two operands”
src="i mages/ buttonl3 2.gif"
wi dt h=85 hei ght =60 al i gn="t op" bor der=0>
</td>
<%@include file="td-cells-2.txt" %

<l-- This is the input element for the "Subtract" button. -->
<td wi dt h=85 hei ght =60 val i gn="t op" col span=4 rowspan=9>
<i nput type="inage"
action=submit
name="subtract"
alt="Subtract the two operands"
src="inmages/button29 2.gif"
wi dt h=85 hei ght =60 al i gn="t op" bor der=0>
</td>
<%@include file="td-cells-3.txt" %

<l-- This is the input element for the "Multiply" button. -->
<td wi dt h=84 hei ght =60 val i gn="t op" col span=5 r owspan=9>
<i nput type="i mage"
action=submit
nanme="rmul ti ply"
alt="Multiply the two operands"
src="i mages/ button321 2.gif"
wi dt h=84 hei ght =60 al i gn="t op" bor der=0>
</td>
<Y%@include file="td-cells-4.txt" %

<l-- This is the input elenent for the "Divide" button. -->
<td wi dt h=84 hei ght =60 val i gn="t op" col span=5 rowspan=9>
<i nput type="imge"

WebBotManual

Release5.3

42 10-Jun-05
Copyright © 2001-2009, Agent Oriented Software Pty. Ltd.



Tutorial example: simple calculator

action=submit
name="di vi de"
alt="Di vide the two operands"
src="images/ button427_2.gif"
wi dt h=84 hei ght =60 al i gn="t op" bor der=0>
</td>
<%@include file="td-cells-5.txt" %
</tr>
<@ include file="tr-graphics-2.txt" %

<l-- The two input fields, below, hold the operand val ues
to be sent to the agent. -->
<tr>
<%@include file="td-cells-6.txt" %
<td wi dt h=84 hei ght=41 valign="top" col span=7 rowspan=2
bgcol or =" #FFFFFF" >
<div align="center">
<i nput type="text" nanme="operandl" size="5">
</ div>
</td>
<%@include file="td-cells-7.txt" %
</tr>
<tr>
<%@include file="td-cells-8.txt" %
<td wi dt h=84 hei ght =41 val i gn="t op" col span=6 rowspan=2
bgcol or =#FFFFFF>
<div align="center">
<i nput type="text" name="operand2" size="5">
</ div>
</td>
<%@include file="td-cells-9.txt" %
</tr>

<¥%@include file="tr-graphics-3.txt" %

<!-- The paraneters, previousResult and currentResult,
returned by the agent are inserted in this row -->
<tr>
<%@include file="td-cells-10.txt" %
<td wi dt h=443 hei ght =46 val i gn="top" col span=31 r owspan=2
bgcol or =#FFFFFF>
<p><%pr evi ousResul t %<br >
<%-current Resul t %</ p>
</td>
<%@include file="td-cells-11.txt" %
</tr>

<@ include file="tr-graphics-4.txt" %

<l-- The paraneters, previousError and currentError
returned by the agent are inserted in this row -->
<tr>
<%@include file="td-cells-12. txt" %
<td wi dt h=443 hei ght =46 val i gn="t op" col span=31
bgcol or =#FFFFFF>
<p><%=pr evi ouskEr r or %<br >
<%-current Error %</ p>
</td>
<%@include file="td-cells-13.txt" %
</tr>
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<¥%@include file="tr-graphics-5.txt" %

</t abl e>
</fornp
</ body>
</htnl >

So, if the user enters "4" into the lefkttdield and "2" into the right field, and clicks on the
"Multiply" button,thenthe URI submittedo thesenerwill beasfollows (assuminghatthex
andy coordinates argl ands4 respectrely):

http://1 ocal host: 8080/ cal cul at or/
f or nPoper and1l=4&oper and2=34&nul ti pl y. x=31&mul ti pl y. y=34

4.7 Defining Dispatc herAg ent agent

The request-handlindACK agent is fully defined in the file:
$SWEBAPP_DI R/ src/ Di spat cher Agent . agent

The file looks much lik ary other. agent file: it defines an agent, theemts handled, the
plans used, and a pate beliefset. Hwever, if you look closelyyou will notice a number of
differences with respect to thegent files you hae seen in the past:

* Itimports a number gfavax. servl et , aos. web. webbot . portal and
aos. web. webbot . sessi on classes.

* Thebi spat cher Agent agent gtendswebSessi onAgent and implements
WebRequest Handl er.

* It handlesrbsessi onRequest andwebDi spat ch events (the latter is arxgension of the
WebBotwebRequest event).

Before looking at the constituent partsooépat cher Agent . agent in more detall, it is wrth
briefly restating the functionalityxpected of this agent. Timespat cher Agent agent
implementsa very simplefour-functioncalculator All of the calculatorfunctionsarehandled
by a single ACK plan Eor nResponse). TheDi spat cher Agent agent applies an arithmetic
operator to tw integer operands and returns the result. If the operandsdeaguments to
thechoserarithmeticoperatorthentheresultis displayedn themiddle pane(which will also
contain the result of the prieus computation, if ar). However, if the operands arevalid
arguments to the selected operatben an error message is returned.

The agent needs to maintain a history of theiptes two results and error messages (i)an

so that these can be returned and displayed on the web page. Note that the agent does not
check the types of the operands. If the operands are ngaiigt¢he agent will simphail to
service the request. This leadsicat to bring up a web page indicating that there is no such
service, rather than specifically flagging it as a type violation. Recall that this page

(NoSer vi ceError Page. j sp) is referenced imeb. xm  via thenoser vi ce parameter
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Thenatureof theinteractionthatary request-handlinggent(suchasbi spat cher Agent ) needs
to have with the client is as folles. At its simplest, the agent reees an incoming
WebRequest . This eent's signature will either trigger one of the agent's session-selection
plans, or &il to match an of its plans. In the latter case, andawtfif there is adilure of aly
kind, it will result in the web page specified in theer vi ce parameter imeb. xm .

The session-selection plan is supposed to determine wtiskssi onAgent to dispatch a
WebSessi onRequest 10. ThewebSessi onRequest IS created by woking the agent's
cr eat eSessi onRequest (WebRequest event) method.

Thewbsessi onRequest socreatedwill thentriggeroneof thesessioragent'plansaccording

to the normal ACK Agent Language rules. This set§ @tomputational sequence
culminating in the assignment cdvables that will be part of the response page returned to
the client. More specificallyhe agent'sut val ue method will store the named parameters'
values in the response object, and will also setdhe\of the response page (e.g.

cal cul ator/cal cul ator. j sp).

4.7.1 Impor ted classes

This tutorial @ample could hardly be simpler in terms of its use ebBbt, and as a result,
the imported classes are thery minimum required told a WebBot application.

* TheHtpServl et Request andHt t pSer vl et Response provide the HTTP-specific request
and response functionality of the Servlet API:

i mport javax.servlet.http. HtpServl et Request;
i mport javax.servlet.http.HtpServl et Response;

* Having usedtheJACK AgentLanguageyouwill bethoroughlyfamiliarwith thenext line
- it imports all of the ACK Agent Language functionality:

i mport aos.j ak. agent. Agent;
* Theaos. web. webbot . portal packagerovidesH: t pSer vl et functionality ThewebPor t al
classaos. web. webbot . portal . WebPor t al , IS a servlet that implements the

javax. servl et. Servl et interface by &tending the class
javax.servlet.http. HtpServl et. The servlet is configured with the parametgge

andnare in the fileweb. xm . These parameters specify the class and instance name of the

agent that handles incoming requests. When an HTTP request v&@dedethere is no
agent of the specifiethne, thewebPort al creates one of the specifigghe with the
specifiethane (specified ineb. xm ).

* Theaos. web. webbot . sessi on package pnades thedTTPSessi on functionality and
provides methods for handlingbSessi onRequest S, and other session-related ates.
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4.7.2 The agent definition

Thebi spat cher Agent agent handles incoming request®xtends WbSessi onAgent and
implements WebRequest Handl er. In general, your \@bBot application will define such an
incoming-request-handling agent. This agent can then either handle the request fully
dispatch the request to one of a number of session-handling agents.

The agent definition is stam belav. The @ents and plans will bexplained in the follaving
two sections. The beliefset is initialised using the contents of the §lery. i ni .

public agent Di spatcher Agent extends WebSessi onAgent
i mpl enent s WebRequest Handl er {
#handl es event WebDi spatch;
#posts event WebDi spatch di spatch;
#handl es event WebSessi onRequest;
#uses pl an Sel ect Sessi on;
#uses pl an For mResponse;
#uses pl an Si npl eJSPResponse;
#private data History history("history.ini");

publ i c bool ean handl e(WbPortal p,

Ht t pSer vl et Request q,

Ht t pSer vl et Response r) {
Systemerr.println("WbSessi on agent called");
System out. printl n("WbSessi on agent called");
WebDi spatch wd = di spatch.select(p, q, r);

i f (!postEvent AndWait (wd)
Systemerr.printin("Failed to handl e session select");
return false;

}

if (wd.a == null || wd.e == null) {
Systemerr.println("Got null agent or event back");
return fal se;

}

return wd. a. post Event AndWai t (wd. e);
}

publ i c Di spatcherAgent (String nanme) {
super ( name) ;

}

Apart from its constructor thatunkes thenebSessi onAgent CONStructorbi spat cher Agent
defines a single methoehndl e(WebPortal p, HttpServl et Request q,
Ht t pSer vl et Response r).
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4.7.3 Events handled

Di spat cher Agent handlegwo typesof event,thestandardVebBotwebSessi onRequest event,
andthewebbi spat ch event(definedbelow). ThewbRequest . set up net hod performsvarious
essential setup operations internal tebBot.

public event WebDi spatch extends WbRequest {

publ i c WebSessi onAgent a;
public Event e;

#posted as
sel ect (WebPortal p, HtpServl et Request g, HttpServl et Response r) {

setup(p, q, r);
}
}
4.7.4 BeliefSet

The beliefset holds 4 elements that will be accessed usipgrtireet er field. The four
parameters are:

1. result -the current result;
2. prevResult - the pr&ious result;
3. error -the current error; and

4. prevError - the pre@ious error

These are all initialised to the empty string. The beliefset definition venshelaw.

beli efset Hi story extends CpenWorld {

#key field String paraneter;

#value field String val ue;

#i ndexed query get(String paraneter, logical String value);

}
4.7.5 Plans

Di spat cher Agent has three plansel ect Sessi on, Si npl eJSPResponse andFor nResponse.

4.75.1 SelectSession Plan

Thesel ect Sessi on planis responsibldor determiningwhichwbsSessi onAgent to dispatcha
WebSessi onRequest t0 (using the method ndAgent shavn belaw). In this kample,

fi ndAgent merely returns the agent itself (icespat cher Agent ). A more typical gample
would select the agent appropriate to the session in question (see chajoieal'Example:
Multiple Sessions™). Thisel ect Sessi on plan also createsvebSessi onRequest by invoking
theagent'sr eat eSessi onRequest (WebRequest event) method.Notethatboththeagentand
thewbsSessi onRequest are returned as data of theoking event.
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pl an Sel ect Sessi on extends Pl an {

#handl es event WebDi spatch ev;

body() {
ev. a

ev.e

fi ndAgent ();
ev. a. cr eat eSessi onRequest (ev) ;

}
/**

* Determ ne which agent should deal with the request.
* | f sessions are used, then it would find the

* appropriate session agent.

*/

#uses interface D spatcherAgent a;

WebSessi onAgent findAgent () {
return a;
}

}
4.7.5.2 FormResponse plan

TheFor nResponse plan implements the functionality of the fefunction calculatarBecause
all of thefunctionalityhasbeenpacledinto asingleplan,theplanbodyis quitelarge.To help
you focus on the sections that pertain tebBot features, those parts are emboldened. This
plan handlesebsSessi onRequest events and uses thvebSessi onAgent interface. The plan is
relevant if theori g. webapp_pat h of the &ent is equal to/'f or m webf or m'. This comes from
the "acti on" of the 'f or m' that the calculator web page submiis.g. webapp_pat h IS a
cornvenience praided by WebBot. It is constructed by concatenating ththihfo and
ServletRth \ariables from the original request. The resultany. webapp_pat h variable is
thereforeguaranteedo hold all of therequestURL afterthe servletname.Sofor examplefor
the calculator servlet the requestp: / /| ocal host : 8080/ cal cul at or / f or m webf or mWwill
have an orig.webapp_path of "/form.webform”. It is recommendethat webapp_pat h
path is used rather thani g. pat h Orori g. servl et _pat h as their elues depend on servlet
mappings and are defined withib. xm .

With regard to WebBot, there are three important eitiees in the plan's body:

1. The test for which calculatoubion was pressed. Asas &plained in sectioiCreating a
JSP File, because theuttons were implemented using an HTML form element of
type="i mge", two parameters are sent in the URI generated biothe They are of the
form "name.x" and"name.y, wherename canbe"add", "subtract”,"multiply" or "divide".
The"x" and"y" portionsof the parameterarenot used- they arethewindow coordinates
representing where the mouse pointaswhen the mouseition was pressed. Because
only one lntton can hee been pressed foryagiven URI submission, it is only necessary
to test the parameters to find one which is non-null. Of courgariely” is non-null,
thensois "name.x", thusit is only necessaryo testfor oneor theother Thisis donein the
conditional statement belo(e.g.ev. get Par anet er ("add. x") != null).
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2. Thestoringof resultsin theparameter$o bereturnedo theclient, by invokingtheagent's
put Val ue method with the parameter name aatle as gguments (e.g.
me. put Val ue(" previ ousError", prevError))

3. The nomination of the response page using the agespsnse method (e.g.
ne. response(ev, "calculator.jsp")).

pl an For nResponse extends Plan {

#handl es event WebSessi onRequest ev;
#uses interface WbSessi onAgent ne;
#reads data History history;

static bool ean rel evant (WbSessi onRequest ev)
return ev.orig.webapp_path. equal s("/form webforni);

body() {

| ogical String result;

| ogical String prevResult;
| ogical String prevError
String operandl;

String operand?;

String newResult;

history.get("result", result);
history.get("error", prevError);

operandl = (String)ev. getParaneter("operandl");
operand2 = (String)ev. getParaneter("operand2");

if (ev.getParaneter("add.x") !'= null) {
newResult = operandl + " + " + operand2 + " =" +
(I nteger. parsel nt (operandl) +
I nt eger. par sel nt (operand2));
history.add("result", newResult);
hi story. add("prevResult", result.getValue());

if (ev.getParaneter("subtract.x") !'=null) {
newResult = operandl + " - " + operand2 + " =" +
(I nteger. parsel nt (operandl) -
I nt eger. par sel nt (operand2));
history.add("result", newResult);

hi story. add("prevResult", result.getValue());

if (ev.getParaneter("multiply.x") !'=null) {
newResult = operandl + " * " + operand2 + " =" +
(1 nt eger. parsel nt (operandl) *
I nt eger. par sel nt (operand2));
history.add("result", newResult);
hi story. add("prevResult", result.getValue());

if (ev.getParaneter("divide.x") !'=null) {
if (Integer.parselnt(operand2) != 0) {
newResult = operandl + " / " + operand2 + " =" +

(I nteger. parsel nt (operandl) /

I nt eger . parsel nt (operand2));
history.add("result", newResult);
hi story. add("prevResult", result.getValue());
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el se {
newResult = "Zero divide error: " + operandl +
"/ " + operand2;
history.add("error", newResult);
hi story. add("prevError", prevError.getValue());

}

| ogi cal String outputResult;
| ogical String error
| ogical String ol dError;

history.get("result", outputResult);
hi story.get ("prevResult", prevResult);
history.get("error", error);
history.get("prevError", oldError);

try {
nme. put Val ue("current Resul t", out put Resul t. getVal ue());
nme. put Val ue( " previ ousResult", prevResult. getVal ue());
me. put Val ue("currentError”, error.getValue());
nme. put Val ue(" previ ouskError", ol derror. getVal ue());
ne. response(ev, "calculator.jsp");

}
catch (Exception e) {
Systemerr.printin("Could not find response to: " +
ev.orig. webapp_path +
" exception:"+e);
e.printStackTrace();

f al se;

}

The only other code fragment of interest isExeeption that is triggered when they
statementdils. This can occufor example, if the path to the JSP page specified in the
response IS incorrect. In a depjyed application, we wuld probably vant to generate a user
friendly error dialogue of some kind.
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4.7.5.3 SimpleJSPResponse plan

The si npl eJSPResponse plan is a cut-down version of For nResponse. It istriggered when the
pageisloaded, and merely returns the current values of the four beliefset elements, resul t,
prevResul t, error and prevError.

pl an Si npl eJSPResponse extends Pl an {

#handl es event WebSessi onRequest ev;
#uses interface WbSessi onAgent ne;
#reads data History history;

body() { .
logical String result;

| ogical String prevResult;
| ogical String error
| ogical String prevError

try {
history.get("result", result);

history.get("prevResult", prevResult);
history.get("error", error);

hi story.get("prevError", prevError);

ne. put Val ue("currentResult", result.getValue());

nme. put Val ue( " previ ousResul t", prevResult. getVal ue());
nme. put Val ue("currentError”, error.getValue());

nme. put Val ue(" previ ouskError", prevError. getVal ue());
ne. response(ev, ev.orig.webapp_path);

}
catch (Exception e) {
Systemerr.printin("Could not find JSP path: " +
ev.ori g. webapp_pat h);
fal se;

}
4.8 Summary

This chapter presented a simple application of WebBot that combines the properties of
WebRequest Handl er with those of webSessi onAgent into asingle agent, bi spat cher Agent .
This agent handles incoming webRequest events and usesthe cr eat eSessi onRequest method
to create awebSessi onRequest events. This event triggers a response from the session agent.
Because the agent combines session-selection functionality with that of a session agent, the
WebSessi onRequest IS actually handled by the same agent, Di spat cher Agent . The session
agent (Di spat cher Agent ) Sets various result parameters in the response object and returns a
reference to the response page, cal cul at or . j sp.

The next chapter will augment this example so that the dispatch functions and session
responses are handled by separate agents.
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5 Tutorial e xample: m ultiple sessions

5.1 Introduction

The simple fowfunction calculatorxample illustrated he to implement an agent that
responds to incoming HTTP requests. If you were to gapie application, you auld
quickly discoverthatit doesnotdiscriminatebetweerusers.Thecalculatormaintainsasingle
history of results; all usersomld see the same histoihis is unsatistctory because each
usershouldseetheir own uniquecalculatorinteractionhistory, notthe memgedhistoryof all of
the users' calculations. Indeed, the user migl# heo bravser windaovs open, each with a
separate history of arithmetic calculations. Theeemust maintain a unique interaction
thread for each windw this functionality is preided bysessions.

Sessionsform part of the Servlet API. #¥Bot praeides support for the implementation of
sessions through the pision of thewebSessi onAgent andwebSessi onRequest classes.

Although the Servlet API prades support for tracking sessiotfsrough the use otookies,
thismethodis fairly limited. For example,if theclientsessioroccurredonamachinewhichis
shared by others (e.g. in an internet cafgrenment), then it is feasible for ameiser to
come along and pick up the praus user's session. Anotherwlkack of cookies is that tihie
restrictyouto onesessiorperbrowser i.e. if theusertriesto have two browserwindows open
accessing the servlet, theill map to the same session.

A safer method of tracking sessiorsto use URL rewriting. In this approach, a session
identifier is stored in a hidden attite on the web page. This is then written into the URL
before sending the HTTP request back to theesemis is the preferred method when using
WebBot. If you store the session id in the atti#d'j sessi oni d”, and arrange for that to be
included in the URL, then th@&bPortal setup method will etract it and store it in the
parameteri'd”. webPortal Will also pick up ther'eferrerid” and store it in the parameter
"refid". This can be used to determine if the web page has a refardeso can be used in
mostcaseso preventsomeondrom droppingin onasessior{unlessof coursethepersorhas
written their avn browser).

5.2 Overview of modifications f or sessions

As alludedto in the previoussection the simplecalculatorexamplewill be modifiedsothatit

can maintain a separate interaction thread for each calculatesdsravindav instance. The

Di spat cher Agent Will be broken up into tw separate types of agent: one which performs the
messagéispatchfunction,andanothemwhich managesheinteractionfor agivensessionThe
formerwill still benamedbi spat cher Agent andtherewill be only onesuchagentinstancen

the application. The latter will be namssksi oncal cul at or and at ay one time, there will

be as mayinstances as there are sessions
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5.3 Location of the multi-session tutorial example

The multi-sessionxample can be found in thessi oncal ¢ directory under thexanpl es
directory The directory structure iwy similar to that of the simple calculatoaenple
(previous figure) and is sk in the figure bel.

sCripts,

env files
sessioncale ._u"

1mages,

Jspfiles
web E

web xml

GIFs

i

Figure 5-1: Directory Structure for the Multi-Session Calculator Example

5.4 Setting up the build and run scripts

The luild and run scripts are Igely unchanged from the pieus simple calculatorxample.
The webapp.anshould be the only file requiring modification. The updated file i&i8ho
below.

# Nanme of WebBot web application
VEBAPP_NAME=sessi oncal ¢

# Directory where you have installed JACK
JACK_HOVE=$HOVE/ Agent _Sof t war e/

# Directory where you are devel opi ng your WebBot web application
VEBAPP_DI R=$JACK_HOME/ aos/ j ack/ exanpl es/ cal cul at or
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5.5 Configuring the Ser vlet Container
5.5.1 Changes tothe web. xni file

The fileweb. xni  requires that theser vl et - nane> be altered to reference the multi-session
version of the calculator:

<ser vl et - nane>sessi oncal c</ servl et - nane>

Theremainingparameterseedto bechangedothatcal cul at or is replacedy sessi oncal c;

» servlet-mappingEachservletmappingdefinitionis delimitedby <ser vi et - mappi ng> and
</ servl et - mappi ng>. The servlet mapping maps eaehvl et - nane to theur| - pattern
that invokes it. Thus, the servlet defined abdi.e.sessi oncal ¢) will handle all requests
with a URL of the fornt.jsp or*. webf orm

<servl et - mappi ng>
<servl et - name>sessi oncal c</ servl et - nane>

<url-pattern>*.jsp</url-pattern>
</ servl et - mappi ng>

<servl et - mappi ng>
<servl et - name>sessi oncal c</ ser vl et - nane>
<url - pattern>*. webfornx/url-pattern>
</ servl et - mappi ng>
» The following parameter has been added so that the application can determine the type of
the session agent.
<i ni t - paranp<par am nanme>sessi on- agent -t ype
<l-- The type of the session handling agent. -->
</ par am nane>
<par am val ue>Sessi onCal cul at or

o </ par am val ue>
</init-paranp

This completes the definition of thaildl and run scripts for the multi-session calculator
example.

5.6 Compiling and running the application

To compile and install the application, run ti@ebapp script, as shon belav:

cd $JACK_HOVE/ aos/ j ack/ exanpl es/ cal cul at or/
.Jinstallit.sh

To run the Servlet Container follothe steps belo:

cd $JACK HOVE/ aos/j ack/ exanpl es/ cal cul at or/
./start.sh
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Now run your bravser (if it's not already running that is!) and point it to the WRdp: //

| ocal host : 8080/ sessi oncal c. This should bring up the calculator web paggerla couple
of integers into the te fields and then click on one of thettons (e.gAdd). The result will
appear in the ResultaRe. D generate an error string, enter a zero into the righthand te
field, and click on th®ivide button.

Open another bwser windev and point it to the same URI (it&.t p: / /| ocal host : 8080/
sessi oncal ¢). Perform some diérent calculations in each bveer windov and \erify that
eachwindow displaysa separatdistoryin the ResultsPaneand/orthe ErrorsPane.Whenyou
have finished, kill the Servlet Container by running ¢hep. sh script.

5.7 Creating a JSP file

The easiestvay to createwebpageswith WebBotis to useJava Sener PagegJSP). Thefile,
$WEBAPP_DI R/ web/ cal cul at or . j ava, IS used to generate a web page when thesgets a
URI of the formsessi oncal ¢/ *. j sp Orsessi oncal ¢/ *. webf or m This file is generated from
the filecal cul ator. j sp. In keeping with the approach adopted for the calculatamgle in
thechaptettitled "Tutorial Example:SimpleCalculator” the useof include directivesreduces
theclutterin cal cul at or . j sp. Theincludefiles have namef theform "t r - graphi cs-*. txt "
and td-cells-*. txt".

The file,cal cul at or. j sp, IS very similar to the filegal cul at or . j sp, from the "Tutorial
Example: Simple Calculator" chaptdihe changes pertain to the use of sessiand are
shavn belaw.

Recall that the main JSP filel cul at or . j sp, will compile into the filecal cul ator. j ava. In
order to mak use of the WbBot sessioratilities, this. j ava file needs to import the
WebSessi onAgent package. The firsscriptlet, belw, does just that. The secorsdriptlet
declares an instance whbsessi onAgent , and the third retriees the session using
request. get session().
<l-- The WbSessi onAgent, ne, is assigned using

request.get Session(). -->
<% page i nport="aos.web. webbot . sessi on. WebSessi onAgent" %

<% public WebSessi onAgent ne; %
<% me = (WebSessi onAgent) request.getSession(); %
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TheceT action has been changed to referefsei oncal ¢ rather thareal cul at or, but is
otherwise the same as thatiicul at or. j sp in the "Tutorial Example: Simple Calculator"”
chapter The subsequent scriptletzokes the method,
VebSessi onAgent . sessi onFor mvar kup() , On thewebSessi onAgent instancepe.
<!-- Wien the user clicks on one of the subnit buttons,

the paraneter/value pairs in the formare sent to the URI

specified in the forms "action”,

i.e. "/sessioncalc/formwebfornm. -->
<f orm met hod="GET" acti on="/sessi oncal ¢/ form webf orni' >

<l-- The sessi onFor mvarkup nmethod adds a "jsessionid"
into the form -->
<%ne. sessi onFor mvar kup() %

As before theform is sentto thesenerusinganHTTP GET request. Thedataspecifiedn the
formis appendedo the URI foundin the"ACTION" attribute of theform, andis prefixedby a
"?". The form data will include thesessi oni d added in by the

WebSessi onAgent . sessi onFor mvar kup() method. Br example, if the semr URI is

"I ocal host : 8007", the "ACTION" attribute is 7 sessi oncal ¢/ f or m webf or m', the

j sessi oni d iSSessi onCal c_1 and the form data containsdwalues bper and1=5" and

"oper and2=6", then the URI wuld be: http://1 ocal host : 8080/ sessi oncal ¢/

f or m webf or n?j sessi oni d=Sessi onCal ¢_1&oper and1=5&oper and2=6". Additionally, the
attributeNaluesrepresentinghe buttonthatwaspressedvould alsobeincluded,for example:
"add. x=58&add. y=28". Recall that INPUT elements of type "image" will subtwio
parameter/alue pairs. The first parameter is of the formate.x", and the seconchame.y".
Thevaluesof theseparameterarethex andy window coordinate®f themousepointerwhen
themousebuttonwaspressedThesecoordinatesarenot usedin this tutorial example. All the
session agent needs is an indication of whigiob was pressed.

5.8 DispatcherAgent agent

This agent tags on the role of theot agent shan in Figure [gve name]. The agent
definition is reproduced belo In contrast to the non-sessioxample in the chapter titled
"Tutorial Example: Simple Calculator”, thisngion ofbi spat cher Agent does not xend
WebSessi onAgent ; this is because it is only responsible for session-selection and dispatch.
Managing an indiidual session is the responsibility of th&si oncal cul at or agent.

Thenbi spat cher Agent handles incomingebRequest S (specificallywebDi spat ch events). Its
Sel ect Sessi on planis usedto matchtherequesto anexisting sessionlf thewebRequest does
not match anxasting session, then the plaer aul t Request Handl er Creates a e session to
handle it and stores a reference to that agent sadts ons beliefset. Thewbni t or Sessi on
plan kills of the session agent if it has been inaetor 10 minutes or more. Thendl e
method uses the eat eSessi onRequest method to create\&bSessi onRequest event that
then gets posted usipgst Event AndWai t .
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public agent Di spatcher Agent extends Agent inplenments WebRequest Handl er {

#handl es event WebDi spat ch;

#posts event WebDi spatch di spatch;

#handl es event Sessi onAccess;

#uses pl an Monitor Sessi on;

#uses pl an Sel ect Sessi on;

#uses pl an Def aul t Request Handl er; // The Sel ect Sessi on pl an
/1 takes precedence.

#private data Sessions sessions(); // Beliefset of all sessions.

publ i c bool ean handl e(WbPortal p,
Ht t pSer vl et Request q,
Ht t pSer vl et Response r) {
WebDi spatch wd = di spatch.select(p, q, r);
i f (!postEvent AndWait (wd))
return false;
if (wd.a == null)
return fal se;
WebSessi onRequest wsr = wd. a. cr eat eSessi onRequest (wd) ;
return wd. a. post Event AndWai t (wsr) ;

}

publ i c Di spatcherAgent (String nane) {
super (nane) ;

}
5.8.1 Dispatc herAg ent's plans

Di spat cher Agent has three plansef aul t Request Handl er, Moni t or Sessi on and
Sel ect Sessi on.

5.8.1.1 DefaultRequestHandler Plan

This plan handles requests by creating\a session agent to foexd the request to. The
WebPor t al . get | ni t Par amet er method returns the agent type. The agent type is specified in
the fileweb. xni . The agent is gen a unique name of the fosessi onCal c_<n>. A new

session agent is created and storegibmi spat ch. a. The session is added to the sessions
beliefset as a tuple containing the agent name angbisessi onAgent .
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pl an Def aul t Request Handl er extends Pl an {
#handl es event WebDi spatch ev;
static long count = O;

#modi fi es data Sessions sessions;
#uses interface Agent self;

body()
{
WebPortal p = (WbPortal) ev.servlet;
String type = p.getlnitParaneter("session-agent-type");
String nane = "SessionCalc_ " + (count++);
type !'= null ;

Systemerr.println("Creating agent " + type +
n n + narT.e +ll] ll) '
ev.a = (WebSessi onAgent) Kernel . creat eAgent (type, nane,
nul 1);
sessions. assert(nanme, ev.a, self.tiner.getTime());

}
5.8.1.2 MonitorSession plan

Thisplanis triggeredwhenasessi onAccess eventis receved.lt looksupthesessiorentryfor
the event,ev, and vaits for 10 minutes. Theel ect Sessi on plan updates the session's time
entrywhenawbbi spat ch eventis recevedfor thesessionEffectively, theclockis resetevery
time there is actity from a session (i.e. when amev. i d is asserted). This is because the
sessions.get(ev.id, a, ev.tine) statemenwill fail if thereis anew assertiorfor thatkey.
If thesessi ons. get statementioesnotfail, thenthesessions removedfrom thebeliefsetand
the agent is destyed via the i ni sh() method.

pl an Monitor Sessi on extends Plan {

#handl es event Sessi onAccess ev;

#uses data Sessions sessions;

body()

{ | ogi cal WebSessi onAgent $agent;
sessions. get(ev.id, $agent, ev.tine);
WebSessi onAgent a = (WebSessi onAgent) $agent. get Val ue() ;
@wai t For (el apsed(600));
sessions.get(ev.id, a, ev.tine);

sessions.renove(ev.id, a, ev.tinme);
a.finish();
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5.8.1.3 SelectSession plan

This plan determines which webSessi onAgent to dispatch awebSessi onEvent to. Thisis
achieved by looking up theev. i d inthe sessi ons beliefset. The session is re-asserted with a

new time signature (effectively resetting the session timeout clock).

pl an Sel ect Sessi on extends Pl an {
#handl es event WebDi spatch ev;
static bool ean rel evant (WebDi spatch ev) {
return ev.id !'= null ;
#uses data Sessions sessions;

#uses interface Agent self;

| ogi cal WebSessi onAgent $agent;
| ogi cal |ong $access;

context () {
sessions. get(ev.id, $agent, S$access);

}

body() { ,
ev.a = (WebSessi onAgent) $agent. get Val ue();
long tine = self.tiner.getTine();
sessions. assert(ev.id, ev.a, tinme);

}

}
5.8.2 Dispatc herAg ent's e vents

5.8.2.1 SessionAccess.e vent file

This event is posted when a new session is added to the sessions beliefset (see

DispatderAgent's BeliefSefsessi ons. bel )).
public event SessionAccess extends Event {

public String id;
public long tine;

#posted as

access(String i,long t)
id=1i;
time =t;
}
}
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5.8.2.2 WebDispatc h.event file

This event is unchanged from that presented in the "Tutorial Example: Simple Calculator”
chapter. ThewebRequest . set up net hod performs various essential setup operationsinterna
WebBot.

public event WebDi spatch extends WebRequest {

public WebSessi onAgent a;
public Event e;

#posted as
sel ect (WebPortal p, HtpServl et Request q,
Ht t pSer vl et Response r) {

setup(p, g, r);
}

5.8.3 Dispatc herAg ent's BeliefSet (Sessions.bel)

This beliefset holds all of the active sessions. When there is activity on a session, a new
assertion is added to the Sessi ons beliefset by the plan, Sel ect Sessi on. pl an. Thishas the
side effect of posting a Sessi onAccess event viathe newf act method. A given assertion is
removed when there has been no activity on its session for 10 minutes or more

(Moni t or Sessi on. pl an).

public beliefset Sessions extends C osedWrld {

#key field String id;
#val ue field WebSessi onAgent agent;
#val ue field | ong access;

#i ndexed query get(String i, WbSessi onAgent a, long Xx);
#i ndexed query get(String i, |ogical WbSessi onAgent a, |ong x);
#i ndexed query get(String i, |ogical WbSessi onAgent a,
| ogi cal long x);
#posts event Sessi onAccess sa;
public void newfact (Tuple tx, BeliefState is, BeliefState was)

Sessions__Tuple t = (Sessions__Tuple) tx;
post Event (sa. access(t.id, t.access));

to
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5.9 SessionCalculator a gent

Thisagents responsibldor respondingo incomingrequestslt implementghe functionality
of the fourfunction calculator (prgously embedded within the spat cher Agent in the
"Tutorial Example: Simple Calculator" chapter).

public agent SessionCal cul ator extends WebSessi onAgent {
#handl es event WebSessi onRequest;
#iprivate data H story history("history.ini");
#uses pl an For nResponse;
#uses pl an Si npl eJSPResponse;
public SessionCal cul ator(String nane) {
super ( name) ;

}
5.9.1 Sessi onCal cul at or's plans

5.9.1.1 The plan For nResponse
Apart from changing the response to refereseei oncal c/ cal cul at or. j sp, this plan is
unchanged from that presented in the chapter titletbtial Example: Simple Calculator”

ne. response(ev, "sessioncalc/calculator.jsp");

5.9.1.2 SimpleJSPResponse plan

This plan is unchanged from that presented in the chaptatqridl Example: Simple
Calculator"

5.9.2 Sessi onCal cul at or's BeliefSet
5.9.2.1 The BeliefSet Hi st ory. bel

This beliefset definition is unchanged from that presented in the chaptgoridlTExample:
Simple Calculator". The only ddrence is that it is moa part of thesessi oncal cul at or
agent instead of th@ spat cher Agent that pr&iously included the sessiorfsinctionality
beliefset H story extends OpenWrld {

#tkey field String paraneter;

#val ue field String val ue;
#i ndexed query get(String parameter, logical String value);
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5.10 Summary

This chapter extended the simple calculator application from the chapter , "Tutorial Example:
Simple Calculator” so that it handles multiple sessions. The bi spat cher Agent Of the previous
chapter was divided into two separate agents, one implementing WebRequest Handl er, the other
extending webSessi onAgent . The former agent (named Di spat cher Agent ) handles incoming
VebRequest events and usesthecr eat eSessi onRequest method to create a

WebSessi onRequest event. The webSessi onRequest event triggers aresponse from the session
agent, Sessi onCal cul at or. The session agent (Di spat cher Agent ) Sets various result
parameters in the response object and returns a reference to the response page,

cal cul ator.j sp.
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