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With the advent of more and more services available on the Web, a user can have a difficult job of assembling
the various pieces of a complex task to arrive at a final solution. Not only would the user need to access each
web-based resource through its individual client-side interface, but she would also need to interpret its response
to her request, and to manually combine the multiple responses from the different resources to accomplish the
complex task.

In this paper, we discuss a multiagent, XML-based framework that supports the development of aggregate
applications that rely on semantic-based reflective monitoring and collaboration among several agents to
complete the user's task. Our framework makes use of declarative models of the domain information, the task-
specific information, and the semantic constraints of this information. Each agent uses these models to interact
with the user, to coordinate the information exchange with the various web resources, to monitor and control the
execution of the applications, and to act when a failure is detected. When an agent detects a failure, it
collaborates with other agents by distributing the tasks to those agents that are capable of completing the task,
thus ensuring successful completion of the user's request.

We illustrate our approach and the architecture of the aggregate applications that it produces using a book-
buying assistant as an example.

1. Motivation and Backyround

As the World Wide Web continues to grow exponentially, querying it for a particular service can be a frustrating
experience for a user. There are many different web-based applications and they usually do not interoperate. Not only
does a user with a complex task need to decide in which order to access multiple applications, but she dso needs to
decide how to combine the information in their responses in order to formulate requests to yet other applications, and
how to construct the solution to the task at hand based on al the responses received. The user's task would be much
easier if she could smply request the complex service and have the final solution returned to her. This requires the
development of an application that combines the functionalities of multiple, independently devel oped, web-based
applications. The application aggregation would need to control the information flow of the overall task, trandate the
information among the existing applications, and combine the many responses received into a final solution

This interoperation of web-based applications is a chalenge because there exists neither an agreed upon
representation and semantics for the information required and produced by these applications, nor a uniform access
mechanism for their services. Our work towards addressing this challenge has resulted in a multi-agent framework for
task-specific aggregation of web-based applications. Each agent within this framework uses an eXtensible Markup
Language (XML) [2] -specified domain model for the information representation and semantics, an XML-specified
task structure model to represent the workflow and a task agent component that controls and coordinates the process
by using these models.

Our framework is based on the TaMeX framework [13]. Similarly to TaMeX, wrappers are used to encapsulate
the web-based applications that provide the information and services in a given domain. The role of a wrapper is that
of an adapter between the application's origina user interface and a new interface based on a common XML
vocabulary for the domain. The wrappers interact with a task agent that acts as an intelligent, task-specific
intermediary between the user and all the wrapped applications that are needed to accomplish the user's task. The task
agent uses the task structure model, which is an explicit representation of a set of steps to accomplish the user's
complex tasks, to control the process and information flow. The task agent also uses a domain model, which is a
specification of the concepts of the subject area of interest, to establish a common language to be used by the user, the
wrappers, and the task agent itsalf.

We have extended TaMeX to include an explicit representation of semantic constraints on the task and domain
models of the task agent and the wrappers, and a'so amodel of the distribution of capabilities between several agents.
These more complex representations also required that the TaMeX models are specified using XML schema [6,7,8]
technology. We have further extended the TaMeX framework by adding reflective monitoring with domain-specific
and task-specific semantics. This means that the execution is monitored and the various congraints on the
information, both domain-specific and task-specific, are checked. This constraint checking is to ensure that there is
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valid input to and valid output from each step involved in the successful completion of the user's request. We also
converted the framework to a multi-agent framework with the ability for the user-contacted agent to identify and
collaborate with other agents. This collaboration is necessary when the reflective monitoring of the user-contacted
agent detects a failure condition on one of its subtasks. Other agents are then called into service to ensure that the
user'srequest is satisfactorily deployed.

The rest of this paper is organized as follows. Section 2 discusses the overall architecture of our multi-agent
framework for aggregation of web-based applications. Section 3 describes and illustrates the run-time behavior of an
aggregate application by using a prototype book-buying assistant as an example. Finaly, section 4 summarizes the
approach and concludes by identifying the contributions of this work.

2. Overall architecture

The overall architecture of our multi-agent XML-based framework consists of two loosdy coupled environments: a design-
time environment and arun-time environment. A multi-agent system consists of a group of agentsthat interact and cooperate to
accomplish some st of tasks in adistributed way. Each agent offers a specific service or servicesto other agents. The solution
to a large task is accomplished by combining and coordinating the different services offered by the individud agents. In our
case, each agent is responsible for collaborating with the other agent(s) to accomplish the specific tasks of thelir own users.
Once thetask isaccomplished, each agent isresponsble for returning the combined resultsto their own users.
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Figure 1: Run-timear chitecture of our multi-agent XM L-based framework.

Therun-time architecture is diagranmeaticaly depicted in Figure 1, consisting of two agents The main components of this
architecture are the web-based applications being accessed and the agents that contral the processing between the users, these
web-based applications, and other agents Each agent has the same structure and is composed of a task agent component, a
wrapper component, and the repositories for the supporting files for these two components. The important supporting files for
the task agent component are the domain modd, the task sructure model, and the congtraints specified within these models.
These models are computer-usable, declarative representations of the domain and thetask structure respectively. Thedomainis
the subject areainvolved in the specific application being run. The task gructure is the specification of the workflow of the
overall task of the application. The important supporting files for the wrapper component are the learned request protocal and
grammar rules.

The design-time environment supports the devel opment of these modd s/files needed for the execution of the task agent
and the congtruction of the wrappers for the existing web-based applications for each new user task. These XML models and
wrapper-condruction files are used as input to the run-time environment. Using these models, each agent within the run-time



environment monitors the execution, checks the congtraints, and aggregates the outputs of the underlying wrapped web-based
applicationsfor itsuser(s) tasks.

2.1 The task avent

The role of a task agent is to interact with the user of the multi-agent system, to evaluate the applicable conceptud and
functiona congraints, and to coordinate the information exchange among the wrappers of the existing underlying applications
and other agents needed for accomplishing the user'stask.

To accomplish this coordination between the wrappers and other agents, the task agent uses a declarative, task-gructure
[10,11,12] approach to the representation of its processing mechaniam. In this approach, atask is characterized by the type(s) of
information it consumes as input and produces as output, and the nature of the transformation it performs between the two. A
complex task may be decomposed into a partidly ordered set of smpler subtasks. A simple, non-decomposabletask; i.e, alesaf
task, corresponds to an dementary procedure. The control of processing moves from higher-level complex tasks to ther
condtituent subtasks. At the same time, information flows through the task structure as it is produced and consumed by the
tasks. The actua process is non-deterministic because there may be aternative decompositions for a given task, applicable
under different conditions, and the subtasks resulting from the decomposition of a complex task are only partidly ordered.
Complex, high-levd tasks get accomplished when al ther subtasks are accomplished. The XML-based task sructure mode
used by thetask agent is described in section 2.2,

Each task agent implements a set of these XML-specified tasks, with non-determinigtic decompositions The usar's
interaction with the task agent decides which of the alternative decompositions is employed, and which task is active at each
point in time. Also, through some user-interaction leaf tasks, the user specifies the problem and recaives the results as they get
produced. The wrappers of the individua underlying applications implement dementary leaf tasks using the services of ther
underlying sources (information-collection tasks). When a particular task is sufficiently decomposed into dementary tasks, the
task agent requests therd evant wrappers to accomplish them and to return ther results

Aswdl asusing atask structure model, the task agent dso uses a system configuration model and adomain modd for its
processing. The system configuration mode specifiesinformation needed for execution of the system, such asthe name of the
server that the task agent is running on, the list of the registered task modds, and the list of all the resources that the system
knows about. The domain modd specifies the entities of the gpplication domain and ther congtraints The task agent uses the
congtraints specified in the modd s to vaidate the user'sinput and the successful execution of the subtasks involved.

2.2 The task structure model

Therdleof the task structure model isto enable the task agent to:

decompose high-leve tasksinto dementary (leef) ones

presat ahierarchicd menu of tasksto the user

compose individua wrappers resultsin a conerent solution to the overall user'stask

The task dructureis specified usng XML. A generic task structure is pecified with an XML schema and is part of
the design-time environment. See Appendix B for the XML gructure diagram and XML schema for the generic task
structure used in our framework. An application-specific XML task sructure ingtance is specified, in conformance with
the task structure schema, for each high-level complex task to be executed by the user. Thistask structure ingance is used
by the task agent to present the task structure to the user as a hierarchical menu where the high-level tasks correspond to
the top-levd menus and ther dternative decompositions are represented in sub-menus. The tasks presented are color-
coded so that the user knows which tasks are executable and which have been completed. This representation style gives
any specific task agent a Smple intuitive interface through which the user can traverse the task structure and invoke the
tasksthat it can accomplish.

There arefive types of tasksin the generic task structure. Thereare the two user-interaction tasks: theinput task that
gathersinformation from the user and the output task that presents resultsto the user. For each input and output task there
is an associated XSL styleshedt [3] for user presentation. There is the wrapper task that is an information-callection task
and accesses an external resource. For each wrapper task, a wrapper must be constructed to provide the functionality
specified by the task. There is the internd task that performs non-interactive processing. For each interna task, a new
component must be implemented to provide the functionality specified by the task. Findly, thereis the grouping task that
isused to structure the other tasksin sub-groupingsto correspond to the intermediate sub-goal's of the user's overall task.
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2.3 The domain model

The role of the domain mode is to establish a common language for specifying the application information that can be
understood by the user, the task agent and the wrappers of al the integrated applications. The application information that
is specified using thisdomain modd isthe information provided by the user, theinformation produced by the task agent as
it daborates the user's problem specification, and theinformation provided to and by the wrappersand agents

The domain model, used by the task agent, goecifies

the entities of the application domain

the attributes of these entities

the compasition relati onships between these entities

the logic congraints of these entities

The domain model is specified using XML documents. An application-specific domain model and some of
its constraints are specified with an XML schema. Constraints that cannot be specified in the XML domain
schema are specified in an XSLT stylesheet.

EN T o

2.4 Constraints and reflective monitoriny

Therole of the congraintsis to provide the semantics used by the reflective monitoring process of the task agent. At run
time, the task agent checks the congtraints to ensure that the information consumed and produced a each stage of the
processing is valid. Upon discovery of invalid information, the task agent takes action, such as invoking the services of
ancther agent, to resolve the problem.

There are two main categories of congraints: conceptud congtraints, which are domain-specific congtraints defining
the assumed ontology of the domain, and functional congtraints, which are task-specific congtraints specifying the nature
of the information transformation expected of each task. Table 1 shows a breakdown of the types of condraints within
each category, aong with their description and where they are specified within our framework.

Condraint Type | Description Wher e Specified

Conceptual | VaueCondrant -congraints on the value of a single fidd of | XML domain schema

SingleHdd information in the domain moddl XSLT styleshet

Vaue Congrant -semantics on the relationship between values | XSLT styleshest
Multiple Helds of multiple fiddsin the domain modd

Functional | Structurd -semantics on the relationship between the | XML task structure schema
Congraint tasksin thetask sructure modd and ingance
Task Parameter -semantics on the relationship between the | Extension to XML domain
values of attributes of thetask parameters schema
XSLT syleshest

Table 1: Congraintsused by reflective monitoringin our framework

2.5 The Wravrvers

The wrapper components in the architecture shown in Figure 1 act as adapters between the web-based resources origind
APl and anew AP based on acommon XML vocabulary for the domain. The wrapper receives an information-collection
request from the task agent that isthe problem specified in termsof this XML domain model. Thewrapper respondstothis
request by returning an answer in the form of an XML document containing one or more instances of some concept (or
concepts) in the domain modd. This concept is caled the target concept and is the entity (or entities) of the XML domain
modd that answer the problem specification from thetask agent.

Our wrapper-construction process is based on the approach devdoped by Stroulia, Thomson, and Situ [13]. This
approach explaits the hierarchicd structure of both XML and HTML documents XML documents are structured
hierarchicaly where each XML eement can be composed of smpler XML dements. We rely on this characterigtic of
XML for creating the semantic map of documents used in wrapping the WWW applications. The XML documents used
arethose for specifying the domain modd, the informati on-collection request to the wrapper, and the answer returned from
the wrapper that contains theingtances of the target concept.



Our approach aso utilizes the higrarchicad structure of HTML. Currently, most web-based applications provide
information encoded using HTML. These applications autométicaly generate HTML documents in response to a
particular request type. The visual layout of these generated HTML documents for individua responses is similar, even
though the actual content is different. In order to extract an indance of the target concept from one of these HTML
responses, the hierarchical structure of this response is traversed to discover and sdlect the needed eements of the target
concept. This is done by parsng the HTML document into a tree representation rooted at the < html > tag, so that
document subtrees that may contain the information of interest can be efficiently located, using a DOM-like API [1]. The
wrappe uses a st of rules, or grammar, to traverse this document tree to locate the ingtances of the target concept's
condtituent elements. This extraction grammear islearned a design-time and is formulated using XPATH [5] expressons
and isspecified in an XML document.

In order to wrap a web-based application, the wrapper needs to know the protocol by which the responses of interest
can be requested from the application server, and the grammar for extracting the instances of the target concept from the
server's responses. The XML files that contain this information, the learned request protocol file and the grammear rules
file, are stored in arepository for use by the wrapper.

The learned request protocal isthe interaction protocol between the user's browser and the application. This protocal
isspecified in XML. Itsroleisto provide the wrapper component with a meansto trandate an XML problem specification
into an appropriate request to the application server.

The grammar rules are the XPATH expressions for extracting each component of the target concept from the
application's response. They are specified in XML. The rale of the grammar rules is to provide the wrapper component
with ameansto extract the ingtances of thetarget concept from the application server'sresponses.

3. Run time Behavior

To illustrate the run-time behavior of the aggregate applications devel oped with our multi-agent framework, we will
use as an example a book-buying assistant prototype. This prototype was built to support explorative comparative
book shopping, and more specifically book price checking. Today there are many websites offering books for sale.
Knowledgeable consumers with specific constraints and preferences must access several different sites to identify
available options. Then they have to compare the results from these different sites prior to making a decision. The
aggregation of existing book-selling applications to support tasks such as comparative shopping is a compelling
instance of web-based application aggregation. Our book-buying prototype application integrates two different book-
selling web-based applications.

Asthefirg step in the development of this application, the entities, their attributes, their compositions, and their
constraints needed for the book-buying domain are specified in an XML schema and XSLT stylesheets. This book-
buying domain XML schema file and an example conceptual constraint XSLT stylesheet are shown in Appendix A. A
pictorial representation of the book-buying domain model isshown in Figure 2.
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Figure2 Domain Modd XML Structure Diagram for the Book Buying Asssant.

This representation is an XML structure diagram generated by Together 5.5 from the XML schema file of the
domain model. The multiplicities are shown on the diagram by '?, '1', or *', where '? signifies zero or one instance, '1'
signifies exactly one instance, and "' signifies zero up to an unlimited number of instances. The composition
relationships can be seen from this diagram. For example, it can be seen that the searchResult consists of an 'original’
entity, a 'group’ entity, four grouping indication entities (‘groupAuthor’, ‘groupType, 'groupPublisher’, 'groupOrigin’),
and six sorting indication entities (‘sortAuthor', 'sortTitl€, 'sortPrice, 'sortOrigin', 'sortType', 'sortPublisher’). Both the
‘original’ and 'group’ entities can occur zero to many times (shown by *'). Each grouping indication and sorting
indication entity may or may not occur (shown by '?). It can also be seen that the 'original’ and the 'group’ entities are
both composed of books. Each book is composed of mandatory € ements such as price, type, author, etc.

Our example of the book-buying assistant prototype is run with three agents. Each agent contains the same book
buying assistant's task structure as diagrammatically depicted in Figure 3. The book buying assigant's XML task
structure ingance and an example functional constraint XSLT stylesheet are shown in Appendix C.

Though each agent uses the same task structure, each agent has different capabilities within this task structure.
Agent A can perform all the tasks except for any of the "Access Book-Selling Resources'. Agent B can perform all the
tasks. Agent C can perform all the tasks except "Access Chapters' and "Group by Type'. In our example, Agent C is
the agent that interacts with the user. Agent A and Agent B are the agents that have task capahilities within the book-
buying assistant application that Agent C does not have. Agent C will accomplish the user's overall task by traversing
the book-buying assistant task structure and performing the tasks within that structure. Agent C will either perform
these tasks directly by itsdlf, if capable, or will identify and then collaborate with other agents that are capable of

performing these tasks.
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Figure 3: Task Structurefor the Book Buying Assistant.

In this task structure, the grouping tasks that are used to arrange the other tasks into sub-groupings are shown as
regular solid boxes. The leaf tasks, which do the actua processing, are shown as heavy-lined solid boxes. The overall
task of the book buying assistant, i.e, to find book information, gets decomposed into the tasks of specifying book
selection criteria, accessing book-selling resources via the wrapped web-based applications, arranging the accessed
books by sorting, grouping, and/or filtering, and finally by viewing the currently selected and arranged books. There
are two tasks to redo the book finding process - one to clear the results obtained and start over and the other to reload
the original accessed results (i.e. before any arrangement of the results). The task agent of an agent capable of
executing the book buying assistant uses the XML-specified model of this task structure to produce a task menu on the
user's browser interface. This menu, shown in Figure 4, is the user's means of interacting with the task agent. The first
step in the process is to specify the problem inputs. This is the user-interaction (input) task of "Specify Book Selection
Criteria (T01)". The task agent sends to the browser the query entry form, which is generated by the XSL stylesheet
corresponding to this input task. Using this form, the user specifies the keyword of the books he wants to find. For the
problem at hand, the user specifies the keyword to be "java" by typing "java" in the "keyword" entry field.

After the desired book selection criteria have been specified, the task agent proceeds to accomplish the next task,
i.e, to access the book-sdlling resources (T02) via the wrapped web-based applications. This grouping task is
decomposed into a set of information-collection (wrapper) tasks, one for each wrapped web-based application. In this
example there are three wrapper tasks, "Access Amazon (T021)", "Access Chapters (T022)", and "Access 1Book
(T023)" to access the wrapped applications of the Amazon (www.amazon.com), Chapters-Indigo (www.chapters.ca),
and 1BookStreet (www. 1bookst r eet . con) book selling websites respectively. Each wrapper task is accomplished
by invoking a request to the task-specified wrapped web-based application. This processis started when a user selectsa
wrapper task from the menu. The task agent responds by sending a request to the particular wrapper of the selected
application that will produce the desired output given the already-entered set of inputs.
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Figure4: Task Menu for the Book-Buying Assistant

Since, in thisexample, the user wantsto see all of the books that are availabl e she selects each wrapper task in turn.
When the user selects the first wrapper task of "Access Amazon (T021)" Agent C's task agent responds directly (since
Agent C is capable of performing this task) by sending a request to the particular wrapper of the Amazon application
that produces a list of books given a keyword. The keyword that is used for this access was previously entered by the
user in the "Specify Book Selection Criteria (T01)" task and is "java'. So, in this case, the T021 task will return alist of
all the books with a keyword of "java" that can be found at the Amazon website.

The user then selects the next wrapper task of "Access Chapters (T022)." However, this time Agent C fails at this
task because it does not have the capability to access the Chapters-Indigo website. Agent C takes corrective action and
identifies that Agent B is capable of accessing the Chapters-Indigo website. After having identified Agent B, Agent C
begins its collaboration with this agent by sending Agent B arequest to perform this particular task activity along with
the variables needed to perform it. Agent B's task agent executes this activity by sending a request to the particular
wrapper of the Chapters-Indigo application that produces a list of books given a keyword. After getting the results,
Agent B returns this list of books to the originating Agent C. Agent C has now completed the "Access Book-Selling
Resources (T02) task.

Agent C then continues traversing the book buying assistant's task structure according to how the user wants to
arrange (sort, group, and/or filter) these books. The user performs these arranging tasks (" Sort Books (T03)", "Group
Books (T04)", "Filter Books (T05)") iteratively and in any order until she has the selection of books to her liking. She
can choose to display the currently selected and arranged books at any time by performing "View Current (T06)". The
"Sort Books (T03)" grouping task allows the user to choose one of six choices: sort by title, sort by author, sort by type,
sort by price, sort by publisher, or sort by origin. The "Group Books (T04)" grouping task allows the user to choose
one of four choices: group by type, group by author, group by origin, or group by publisher. The "Filter Books (T05)"
grouping task allows the user to choose one of six choices: filter by type, filter by origin, filter by publisher, filter by
author, filter by title, or filter by price.

In our example, the user wants to group the books by whether they are hardcover or paperback so she selects the
"Group by Type (T041)" task from her browser's menu. Agent C fails at performing this task directly because it does
not have the capability to group books by type. Agent C identifies that Agent A is capable of performing the grouping
by type and sends Agent A a request to group the selected books by type. Agent A performs this activity by using the
variables passed to it by Agent C as input. Then Agent A returns the result of this task execution, which is a new
grouping of books by type, to the originating Agent C. Agent C then indicates to the user that the grouping task has




been completed. The user wants to check her grouping so she chooses "View Current (T06)" to display the currently
selected and arranged books. Agent C then executes this user-interaction task, the output task of "View Current (T06)"
and displays this grouping of books by type to the user. The user is satisfied with the arranged results and so stops the
process.

4. Conclusions

In this paper, we discussed an XML -based framework for the aggregation of web-based applications involving agents that
collaborate to ensurethat therequested service is ddlivered. The two main contributions of thiswork are

(@ thesemantic-based reflective monitoring of the task-agents' behavior, and

(b) theagents collaboration and tasks distribution that occurs when an agent fails.

In our framework, agents use declarative modds of the application domain, the task structure and the semantic constraints
specifying the information in this domain and the nature of the transformationsiit suffersin the task structure. Each agent uses
these models to interact with the user, to coordinate the information exchange among the wrappers of the underlying web
applications to monitor and control the execution of the applications, and to collaborate with the other agents when it cannat
alone complete the desired task.
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Arvendix A: Domain Model for the Book Buyiny Assistant

XML Schema for the Book Buyiny Domain (BookBuyinyDomain.xsd)

<?xm version="1.0"?>
<xsd: schema xm ns: xsd=" htt p: // wmn. w3. or g/ 2000/ 10/ XM_Schena' >

<l-- The price of a book -->
<xsd: el ement name="price" type="xsd:string"/>

<!-- the author of a book -->
<xsd: el ement nanme="aut hor" type="xsd:string"/>

<l-- the query string entered by the user -->
<xsd: el ement nane="BookQuery" >
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement name="query" type="xsd:string" m nCccurs="1" naxCccurs="1"/>
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >

<l-- the result returned by the server, a list of websites
with a list of books at each website -->
<xsd: el ement name="sear chResul t">
<xsd: conpl exType>
<xsd: sequence>
<l-- sortXYZ specifies that the set is sorted by XYZ -->
<xsd: el ement name="sort Type" type="xsd: bool ean" m nCccurs="0" naxCccurs="1"/>
<xsd: el ement nanme="sortTitle" type="xsd: bool ean" m nCccurs="0" nmaxCccurs="1"/>
<xsd: el ement name="sort Aut hor" type="xsd: bool ean" m nCccurs="0" nmaxCccurs="1"/>
<xsd: el ement name="sortPrice" type="xsd: bool ean" m nCccurs="0" nmaxCccurs="1"/>
<xsd: el ement name="sort Publ i sher" type="xsd: bool ean" ni nCccurs="0"
maxCccur s="1"/ >

<xsd: el ement name="sortQigi n" type="xsd: bool ean" m nCccurs="0" nmaxCccurs="1"/>

<l-- groupXYZ specifies that the set is grouped by XYZ -->
<xsd: el ement nanme="groupType" type="xsd: bool ean" mi nCccurs="0" nmaxCccurs="1"/>
<xsd: el ement name="groupAut hor" type="xsd: bool ean" nm nCccurs="0"
maxCccur s="1"/ >
<xsd: el ement name="groupPubl i sher" type="xsd: bool ean" m nCccurs="0"
maxCccurs="1"/ >

<xsd: el ement name="groupQigin" type="xsd: bool ean" nm nCccurs="0"
maxCcecurs="1"/ >

<xsd: el ement ref="original" mnGCccurs="0" maxCccurs="unbounded"/ >
<xsd: el ement ref="group" m nCccurs="0" maxCccur s="unbounded"/ >
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >

<l-- holds the original result set returned by the resources -->
<xsd: el ement name="ori gi nal ">
<xsd: conpl exType>
<xsd: sequence>
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<xsd: el enent ref="book" m nCccurs="0" nmaxCccurs="unbounded"/>
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el enent >

<l-- each group can contain either nore groups or books. -->
<l-- the by attribute holds a string describing what the grouping is
by and this value is optional -->

<xsd: el ement nane="group">
<xsd: conpl exType>
<xsd: choi ce>
<xsd: el ement ref="book" m nCccurs="0" maxCccur s="unbounded"/ >
<xsd: el ement ref="group" m nCccurs="0" maxCccur s="unbounded"/ >
</ xsd: choi ce>
<xsd: attribute name="by" type="xsd:string" use="optional" default=""/>
</ xsd: conpl exType>
</ xsd: el ement >

<l-- a single book element in the result returned by the server,
the filtered result,and the sorted result -->
<xsd: el ement name="book" >
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement name="title" type="xsd:string" m nCccurs="1" nmaxCccurs="1"/>
<xsd: el ement ref="author" m nQccurs="1" nmaxQccurs="1"/>
<xsd: el ement name="publ i sher" m nCccurs="1" maxCccurs="1"/>
<xsd: el ement name="type" type="xsd:string" m nCccurs="1" naxCccurs="1"/>
<xsd: el ement ref="price" mnCccurs="1" maxCccurs="1"/>
<xsd: el ement name="origi n" type="xsd:string" m nCccurs="1" naxCccurs="1"/>
<xsd: el ement name="keywor ds" type="xsd:string" m nCccurs="1" naxCccurs="1"/>
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >

<l-- the price range of books desired for the filter task -->
<xsd: el ement name="pri ceRange" >
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement ref="priceMn" m nCccurs="1" maxCccurs="1"/>
<xsd: el ement ref="priceMax" m nCccurs="1" maxCccurs="1"/>
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >

<l-- the mninmumprice of the price range el enent -->
<xsd: el ement nanme="pri ceM n">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement ref="price" mnCccurs="1" maxCccurs="1"/>
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >

<l-- the maxi mum price of the price range el enent -->

<xsd: el ement name="pri ceMax" >
<xsd: conpl exType>
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<xsd: sequence>
<xsd: el ement ref="price" mnCccurs="1" maxCccurs="1"/>
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >

filter type includes include el ement which flags wether

<l-- genera
true

or not matching el ements should be included or excl uded,
if they are to be included -->
<xsd: conpl exType nanme = "filter">
<xsd: sequence>
<xsd: el ement
</ xsd: sequence>
</ xsd: conpl exType>

ref = "include" mnCccurs = "1" maxCccurs = "1"/>

<xsd: el ement nanme = "typeFilter">
<xsd: conpl exType>
<xsd: conpl exCont ent >
<xsd: extensi on base="filter">
<xsd: sequence>
<xsd: el ement
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el ement >

ref = "criteria" mnCccurs = "1" maxQccurs = "1"/>

<xsd: el ement nanme = "originFilter">
<xsd: conpl exType>
<xsd: conpl exCont ent >
<xsd: ext ensi on base="filter">
<xsd: sequence>
<xsd: el ement ref = "criteria" mnCccurs = "1"
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el ement >

maxQccurs = "1"/>

<xsd: el ement name = "publisherFilter">
<xsd: conpl exType>
<xsd: conpl exCont ent >
<xsd: extensi on base="filter">
<xsd: sequence>
<xsd: el ement
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el ement >

ref = "criteria" mnCccurs = "1" maxQccurs = "1"/>

<xsd: el enent nane = "authorFilter">
<xsd: conpl exType>
<xsd: conpl exCont ent >
<xsd: ext ensi on base="filter">

<xsd: sequence>

<xsd: el enment ref = "criteria" mnQccurs = "1" maxCccurs = "1"/>
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</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el ement >

<xsd: el enrent nane = "titleFilter">
<xsd: conpl exType>
<xsd: conpl exCont ent >
<xsd: ext ensi on base="filter">
<xsd: sequence>
<xsd: el enent ref = "criteria" mnQccurs = "1" maxCccurs = "1"/>
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el enent >

<!-- include filter element -->
<xsd: el ement nanme="i ncl ude" type="xsd: bool ean"/ >

<l-- the filter criteria for some of the filters -->
<xsd: el ement name="criteria" type="xsd:string"/>

</ xsd: schema>

Examvrle Concertual Constraint XSLT stylesheet

<xsl :styl esheet version="1.0" xmns:xsl="http://ww. w3. org/ 1999/ XSL/ Tr ansf or n{ >

<xsl : out put met hod="xm"/>
<xsl:tenplate match="/">

<xsl:if test="(string(nunber(/Vars/aPriceMn/priceMn))="NaN) or
(string(nunber (/Vars/aPriceMax/ priceMax))="NaN )">

<xsl:text> The prices nmust be nuneric. </xsl:text>

<xsl:text> Please enter the prices in the formof nnn.nn </xsl:text>
</xsl:if>

</ xsl : tenpl at e>
</ xsl : styl esheet >

Avrvendix B: Task Structure Model Generic

XML Structure Diayram for the Generic Task Structure
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XML Schema for the Generic Task Structure
<?xm version="1.0"7>
<xsd: schema xm ns: xsd="http://ww. w3. or g/ 2000/ 10/ XM_Schenma" >
<| ok kkkkhkkhkkhkkhkkhkkkkhkhkkhkhkhkkhkkhkkkhkhkhkkhkhkhkhkhkkkhkkhkhkhkhkhkhkhkkkhkhkhkhkhkhkkkkhkkhkhkhkikikkkkkikkikik*
Hi gh | evel description of task nodel
****************************************************************__>
<xsd: el enent nane = "taskModel ">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el enent ref = "dommi n" m nCccurs = "1" maxCccurs = "1"/>
<xsd: el ement ref = "nodel Description” mnCccurs = "0" maxCccurs = "1"/>
<xsd: el ement ref = "anyTask" m nQccurs = "0" maxQccurs = "unbounded"/ >
</ xsd: sequence>
<xsd: attribute name="nane" type="xsd:string" use="required"/>
<xsd:attribute name="start" type="xsd:string" use="required"/>
</ xsd: conpl exType>
</ xsd: el ement >
<! _okkkkkkhkkhkkhkkhkhkkhkkhkhkkhkkhkkhkkhkhkkkkhkkhkkhkkhkhkhkkhkkkhkhkhkhkhkhkkhkkkkhkhkhkhkhkhkkkkkhkhkhkikhkkkkkkk**

anyTask - an abstract element to be used in a
substitutionGoup for tasks

R S S R O S Rk S Sk O R O R o S S R Sk R

<xsd: el ement nane = "anyTask" abstract="true" type="taskType"/>

->
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P R R O

I ndi vi dual Task - Grouping Task
- contains subtask el enents and provides structure to
the task nodel as viewed by the user
****************************************************************__>
<xsd: el ement name="groupi ngTask" substitutionG oup="anyTask">
<xsd: conpl exType>
<xsd: conpl exCont ent >
<xsd: ext ensi on base="t askType">
<xsd: sequence>
<xsd: el enent ref="subtask" m nCccurs="0" maxCccurs="unbounded"/>
</ xsd: sequence>
<xsd:attribute name="m n" type="xsd:integer" use="optional" defaul t="-1"/>
<xsd: attribute name="nmax" type="xsd:integer" use="optional" defaul t="-1"/>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el ement >

P kR

I ndi vi dual Task - |nput Task
- gathers interactive input fromthe user
****************************************************************__>
<xsd: el ement nanme="i nput Task" substituti onG oup="anyTask">
<xsd: conpl exType>
<xsd: conpl exCont ent >
<xsd: ext ensi on base="t askType">
<xsd: sequence>

<xsd: element ref = "var" mnCccurs = "0" maxCccurs = "unbounded"/ >
<xsd: el ement ref = "conceptual Constraints" m nCccurs = "0" maxCccurs =
"1/ >
<xsd: el ement ref = "input" mnCccurs = "0" maxCccurs = "1"/>
<xsd: el ement ref = "output" m nCccurs = "1" maxCccurs = "1"/>
<xsd: el ement ref = "xslt" mnCccurs = "1" maxCccurs = "1"/>
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el ement >
<!__****************************************************************

I ndi vi dual Task - Qutput Task
- presents results to the user
****************************************************************__>
<xsd: el ement nane = "out put Task" substituti onG oup="anyTask">
<xsd: conpl exType>
<xsd: conpl exCont ent >
<xsd: ext ensi on base="t askType">
<xsd: sequence>

<xsd: element ref = "var" mnQccurs = "0" maxCQccurs = "unbounded"/ >

<xsd: element ref = "input" mnCccurs = "0" maxCccurs = "1"/>

<xsd: elenment ref = "outputFile" mnCccurs = "0" maxQccurs = "unbounded"/ >

<xsd: el ement ref = "outputStatic" mnCccurs = "0" maxCccurs =
"unbounded"/ >

<xsd: el ement ref = "xslt" mnCccurs = "0" maxCccurs = "unbounded"/ >

</ xsd: sequence>



</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el enent >

<| P o O R R R Sk S R R O kS O Rk R R Rk S S ok S S SRRk o b

I ndi vi dual Task - Wapper Task
- accesses an external resource
****************************************************************__>
<xsd: el emrent name = "w apper Task" substituti onG oup="anyTask">
<xsd: conpl exType>
<xsd: conpl exCont ent >
<xsd: ext ensi on base="t askType" >
<xsd: sequence>

<xsd: el enent ref = "var" mnCccurs = "0" maxQccurs = "unbounded"/>
<xsd: el ement ref = "input" mnCccurs = "1" maxCccurs = "1"/>
<xsd: el ement ref = "output”" m nCccurs = "1" maxCccurs = "1"/>
<xsd: el ement ref = "wrapper" mnQccurs = "1" maxQccurs = "1"/>
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el ement >
<!__****************************************************************
I ndi vi dual Task - Internal Task
- perfornms non-interactive processing
****************************************************************__>
<xsd: el ement nanme = "internal Task" substituti onG oup="anyTask">
<xsd: conpl exType>
<xsd: conpl exCont ent >
<xsd: ext ensi on base="t askType">
<xsd: sequence>
<xsd: el ement ref = "var" mnCccurs = "0" maxCccurs = "unbounded"/>
<xsd: el ement ref = "input" mnCccurs = "0" maxCccurs = "1"/>
<xsd: el ement ref = "output” m nCccurs = "0" maxCccurs = "1"/>
<xsd: el ement ref = "xslt" mnCccurs = "0" maxCccurs = "unbounded"/>
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el ement >
<!__****************************************************************
I ndi vi dual Task - Appl et Task
- prepares for and displays an applet.
****************************************************************__>
<xsd: el ement nane = "appl et Task" substituti onG oup="anyTask">
<xsd: conpl exType>
<xsd: conpl exCont ent >
<xsd: ext ensi on base="t askType">
<xsd: sequence>
<xsd: el ement ref = "var" mnCccurs = "0" maxCccurs = "unbounded"/>
<xsd:element ref = "input" mnCccurs = "0" maxCccurs = "1"/>
<xsd: elenment ref = "output" mnCccurs = "0" maxCQccurs = "1"/>
<xsd: el ement ref = "applet" m nCccurs = "1" maxCccur s="unbounded"/ >

</ xsd: sequence>



</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el enent >

<| P o O R R R Sk S R R O kS O Rk R R Rk S S ok S S SRRk o b

Hi gh | evel task statement descriptions
- subtask el ements are contai ned by grouping tasks
****************************************************************__>
<xsd: el enent nane = "subtask">
<xsd: conpl exType>
<xsd:attribute name="t askref" type="xsd:string" use="required"/>
<xsd: attribute name="nane" type="xsd:string" use="required"/>
<xsd: attribute name="sequence" type="xsd:integer" use="optional" default="0"/>
<xsd: attribute name="required" type="xsd: bool ean" use="optional"
defaul t="fal se"/>
<xsd:attribute name="activation" type="activati onType" use="optional"
defaul t ="non_aut 0"/ >
</ xsd: conpl exType>
</ xsd: el ement >

P o R S

Task Statenent - Qutput Task Statenent
- holds info about variables that this task outputs
****************************************************************__>
<xsd: el emrent nanme = "out put">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement ref = "infoQut" mnCccurs = "0" maxCccurs = "unbounded"/ >
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >

<| RS E SRR EEEEEREEEREEEEEEEEEEREEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEE S

Task Statement - Input Task Statenent
- holds info about variables that are input to this task
****************************************************************__>
<xsd: el ement nane = "input">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement ref = "infoln" mnGCccurs = "0" maxCccurs = "unbounded"/>
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >

P I

Task Statement - Xslt Task Statenent
- applies specified xslt(stylesheet) to specified xm
- contains in - where to get the input from
xsl - which spreadsheet to apply to that input
out - where to put the output

Note there can be nmultiple input sources, each one is converted
to an element, the first one is used as the source docunent
for the xsl application and all the rest are passed as paraneters.

The first one does not recieve the folowing treatenent it is just
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used as is |like before.

The paraneters are as follows the nane of the variable will be used
as the name of the paraneter if the data is | oaded froma variable.
If the data is loaded froma file path contained in a variable
the paraneter will also have the sane nane as the variable.
If the data is loaded froma file path specified as the contents
of the in elenment then the parameter will have the nane paranml for the
first paran?2 for the second and so on. Nunbers w Il be skipped
if any of the defined variabl es have the nane of the sane form
therefore if a variable called paraml exists then the first
in statenent holding an imedi ate file path will be called paran®
not paraml.
****************************************************************__>
<xsd: el ement nane = "xslt">
<xsd: conpl exType>
<xsd: conpl exCont ent >
<xsd: ext ensi on base="r enpt eExecut abl e" >
<xsd: sequence>
<xsd: el ement ref
<xsd: el ement ref
<xsd: el ement ref
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el ement >

"in" mnCccurs = "1" maxCccurs = "unbounded"/ >
"xsl" mnCccurs = "1" maxQccurs = "1"/>
"out" m nCccurs = "0" maxQccurs = "1"/>

<| RS SRR EEEEEEEEREEEEEEEEEEREEEEEEEEEEEEEREEEEEEEEEEEEEEREEEEEEEEEEE S

Task Statement - QutputFile Task Statenent
- outputs the contents of the specified file
****************************************************************__>
<xsd: el ement nane = "outputFile">
<xsd: conpl exType>
<xsd: conpl exCont ent >
<xsd: ext ensi on base="r enot eExecut abl e" >
<xsd: sequence>
<xsd: el ement ref = "filePath" mi nCccurs = "1" maxCccurs = "unbounded"/>
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el ement >

<xsd: el ement nane = "outputStatic">
<xsd: conpl exType>
<xsd: conpl exCont ent >
<xsd: ext ensi on base="r enpt eExecut abl e" >
<xsd: sequence>
<xsd: any processContents="skip" m nCccurs="0" nmaxCccurs="unbounded"/ >
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el ement >

<xsd: el enent nane = "var">
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<xsd: conpl exType>
<xsd: conpl exCont ent >
<xsd: ext ensi on base="r enot eExecut abl e" >
<xsd: sequence>
<xsd: el enent
</ xsd: sequence>
<xsd: attri bute nane
<xsd: attri bute nane
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el enent >

ref = "varValue" m nCccurs = "0" maxCQccurs = "1"/>

"name" type="xsd:string" use="required"/>
"type" type="xsd:string" use="required"/>

<xsd: el ement nane = "w apper">
<xsd: conpl exType>
<xsd: conpl exCont ent >
<xsd: ext ensi on base="r enot eExecut abl e" >
<xsd: sequence>

<xsd: el ement ref = "wrapperNanme" m nCccurs = "1" maxQccurs = "1"/>
<xsd: el ement ref = "wrapperlnput” mnCccurs = "1" maxCccurs = "1"/>
<xsd: el ement ref = "wrapperQutput" mnCccurs = "1" nmaxCccurs = "1"/>

</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el ement >

<xsd: el emrent nanme = "applet">
<xsd: conpl exType>
<xsd: conpl exCont ent >
<xsd: ext ensi on base="r enpt eExecut abl e" >
<xsd: sequence>

<xsd: el ement ref="appl et CodeBase" m nCccurs="0" maxCccurs="1"/>
<xsd: el ement ref="appl et Code" m nCccurs="1" nmaxCccurs="1"/>
<xsd: el ement ref="appletAt" m nCccur s="0" nmaxCccurs="1"/>
<xsd: el ement ref="appl et Nane" m nCccur s="0" nmaxCccurs="1"/>
<xsd: el ement ref="appl et Wdth" m nCccur s="1" nmaxCccurs="1"/>
<xsd: el ement ref="appl et Hei ght" m nCccurs="1" nmaxCccurs="1"/>
<xsd: el ement ref="appl et Align" m nCccur s="0" maxCccurs="1"/>
<xsd: el ement ref="appl et Hspace" m nCccur s="0" maxCccurs="1"/>
<xsd: el ement ref="appl et Vspace" m nCccur s="0" maxCccurs="1"/>
<xsd: el ement ref="appl et Header" m nCccurs="0" maxCccurs="1"/>
<xsd: el ement ref="appl et Footer" m nCccur s="0" maxCccurs="1"/>
<xsd: el ement ref="appl et Par anf m nQccur s="0" maxCccur s="unbounded"/ >

</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el ement >

4R R

Subel enents for applet el enent.

B R R R Y

<xsd: el enrent name="appl et CodeBase" type="xsd:string"/>
<xsd: el ement nane="appl et Code" type="xsd:string"/>
<xsd: el ement nane="appletAlt" type="xsd:string"/>
<xsd: el ement nane="appl et Nane" type="xsd:string"/>
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<xsd: el ement nane="appl et Wdth" type="xsd:string"/>
<xsd: el ement nane="appl et Hei ght" type="xsd:string"/>
<xsd: el ement nane="appl et Al i gn" type="xsd:string"/>
<xsd: el ement name="appl et Hspace" type="xsd:string"/>
<xsd: el ement name="appl et Vspace" type="xsd:string"/>

<xsd: el emrent name="appl et Header " >
<xsd: conpl exType>
<xsd: conpl exCont ent >
<xsd: ext ensi on base="r enpt eExecut abl e" >
<xsd: sequence>
<xsd: el ement ref="xslt" m nCccurs="1" maxCccurs="1"/>
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el enent >

<xsd: el enent nane="appl et Foot er ">
<xsd: conpl exType>
<xsd: conpl exCont ent >
<xsd: ext ensi on base="renot eExecut abl e" >
<xsd: sequence>
<xsd: el ement ref="xslt" m nCccurs="1" maxCccurs="1"/>
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el ement >

<xsd: el ement nane="appl et Par an' >
<xsd: conpl exType>
<xsd: conpl exCont ent >
<xsd: ext ensi on base="r enpt eExecut abl e" >
<xsd: sequence>
<l-- the resulting string fromthis application will be used as the
val ue of the paraneter. -->
<xsd: el ement ref="xslt" mnCccurs="1" nmaxCccurs="1"/>
</ xsd: sequence>
<l-- pame that the parameter will have -->
<xsd: attribute name="paranmName" type="xsd:string" use="required"/>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el ement >

<xsd: el ement nane = "donmai n" type="xsd:string"/>

P O R

Conceptual Constraints - filepath to a stylesheet with the domain constraints
****************************************************************__>

<xsd: el ement nane = "conceptual Constraints" type="xsd:string"/>
<xsd: el ement nane = "nodel Descri ption" type="xsd:string"/>
<! B O b O kS Sk kS b S kR S Sk b S S O
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Functional Constraints - filepath to a stylesheet with the task constraints
****************************************************************__>

<xsd: el ement name = "functional Constraints" type="xsd:string"/>

<xsd: el erent name = "npame" type="xsd:string"/>

<xsd: el emrent name = "description" type="xsd:string"/>

<xsd: el ement nane = "agent" type="xsd:string"/>

<xsd: el ement nane = "infoNane" type="xsd:string"/>

<xsd: el ement nane = "xpath" type="xsd:string"/>

<! P S S Ik O kR R e S S R R Ik S S R Sk I S Rk S R I S S

Information elenments - store info about which types of
data are to be stored where
****************************************************************__>
<xsd: el ement nane = "infoQut">
<xsd: conpl exType>
<xsd: conpl exCont ent >
<xsd: ext ensi on base="info">
<xsd:attribute name="witenode" type="witenodeType" use="optional"
def aul t="overwite"/>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el enent >

<xsd: el emrent nanme = "infoln">
<xsd: conpl exType>
<xsd: conpl exCont ent >
<xsd: ext ensi on base="info">
<xsd: attribute name="type" type="xsd:string" use="required"/>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el ement >

<| RS SRR EEEEEREEEREEEEEEEEEEREEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE S

Task Statement Conponent - in
- where to get the input from
- there are 3 options:
1. if filePath is true - value is a filePath to a file
2. if var is true - value is the var(variable) from
which to | oad the data
3. if BOTH filePath and var are true - the value of the
specified var is taken to be a filePath
(the variable nmust be of type fil ePath)
****************************************************************__>
<xsd: el ement nane = "in">
<xsd: conpl exType>
<xsd: si npl eCont ent >
<xsd: ext ensi on base = "xsd:string">
<xsd:attribute name="fil ePath" type="xsd: bool ean" use="optional"
defaul t="fal se"/>
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<xsd: attribute name="var" type="xsd: bool ean" use="optional "
defaul t="fal se"/>
</ xsd: ext ensi on>
</ xsd: si npl eCont ent >
</ xsd: conpl exType>
</ xsd: el ement >

<| IR o O R R R R Sk O R R S R R kO Rk I R ROk O S S S R O

Task Statenment Conponent - Xxs
- which spreadsheet to apply to that input

there are 3 options:

1. if filePath is true - value is a filePath to a file

2. if var is true - value is the var(variable) from

which to | oad the data
3. if BOTH filePath and var are true - the value of the
specified var is taken to be a filePath
(the variable must be of type fil ePath)
****************************************************************__>
<xsd: el ement nanme = "xsl">
<xsd: conpl exType>
<xsd: si npl eCont ent >
<xsd: ext ensi on base = "xsd:string">

<xsd:attribute name="fil ePath" type="xsd: bool ean" use="optional"
defaul t="fal se"/>

<xsd: attribute name="var" type="xsd: bool ean" use="optional "
defaul t="fal se"/>

</ xsd: ext ensi on>
</ xsd: si npl eCont ent >
</ xsd: conpl exType>

</ xsd: el ement >

<| RS RS RS RS EEEEE SRR R R EEEEEREREEEEEEEEEEEEEREEEEEEEEEEEEEEREEEEEEEEE LSS

Task Statement Conponent - out
- where to put the output
- this may be omtted, in which case the application
out put goes to the screen (user display)
- there are 4 options if not omtted:
if filePath is true - value is a filePath to a file
if var is true - value is the var(variable) to
which data is stored
3. if BOTH filePath and var are true - the val ue of
the specified var is taken to be a filePath
(the variable rmust be of type filePath)
4. if BOTH filePath and var are fal se(sane as om tted)

- application output goes to the screen
****************************************************************__>
<xsd: el ement nane = "out">

<xsd: conpl exType>
<xsd: si npl eCont ent >
<xsd: ext ensi on base = "xsd:string">
<xsd: attribute name="fil ePath" type="xsd: bool ean" use="optional"
defaul t="fal se"/>
<xsd: attribute name="var" type="xsd: bool ean" use="optional "
default="fal se"/>
</ xsd: ext ensi on>
</ xsd: si npl eCont ent >
</ xsd: conpl exType>

N
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</ xsd: el ement >
<xsd: el ement name = "filePath" type="xsd:string"/>

<xsd: el ement nane = "var Val ue">
<xsd: conpl exType>
<xsd: sequence>
<xsd: any processContents="skip" />
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >

<xsd: el enrent name = "assi gnVal ue" type="xsd:string"/>

<xsd: el emrent name = "w apper Nane" type="xsd:string"/>

<xsd: el ement nane = "w apperlnput" type="xsd:string"/>

<xsd: el ement nane = "w apperQut put" type="xsd:string"/>

<xsd: el ement nane = "link" type="xsd:string"/>

<xsd: el ement nane = "clearActivation" type="xsd:string"/>

QI o Fk ko Rk ko ko ok ok kK ko ko ok R ko ko kR ko ok ok kR ko Kok kR Kk Kk kK kK kK

Task Component - taskType conpl exType
- used to derive tasks by extension
- contains the el ements common to all tasks
- tasks currently derived are groupi ngTask, i nput Task
out put Task, wrapperTask, and internal Task
****************************************************************__>
<xsd: conpl exType nane = "taskType">
<xsd: sequence>

<xsd: el enent ref = "name" m nCccurs = "1" maxCccurs = "1"/>

<xsd: el ement ref = "description" mnCccurs = "1" maxCccurs = "1"/>
<xsd: el enent ref = "functional Constrai nts" m nCccurs = "0" maxCccurs = "1"/>
<xsd: el ement ref = "agent" mnCccurs = "0" maxCccurs = "unbounded"/>
<xsd: el enment ref = "link" mnQGccurs = "0" maxCQccurs = "unbounded"/>

<xsd: el ement ref "clearActivation" m nCccurs="0" maxCccur s="unbounded"/ >
</ xsd: sequence>
<xsd: attribute name="t aski d" type="xsd:string" use="required"/>

</ xsd: conpl exType>

P O

Task Statenent Conponent - renpteExecutabl e conpl exType
- used to derive renpte executabl e task statements by extension
- contains the elenents comon to all renote executable tasks statenents

If the executeRenotely flag is set then the statement is forced to throw
a DefferedExecuti onException regardl ess of the statements abilitity to be
conpl eted | ocal ly.

Pl ease note that the external id nust be a three part string, containing

task nodel nane|task id|external id of task statenent, with the '|"' being
the delimters.
****************************************************************__>

<xsd: conpl exType name = "renot eExecut abl e" >
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<xsd: sequence />
<xsd: attribute name="external I d* type="xsd:string" use="optional" default=""/>
<xsd: attribute name="execut eRenot el y" type="xsd: bool ean" use="optional "

defaul t="fal se"/>

</ xsd: conpl exType>

<| R S SRR SRS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEE L]

I nformati on Conponent - info conpl exType
- used to derive information el enents by extension
- contains the elenments comon to all info elenents
- info elenents currently derived are infoln and i nfoCQut
****************************************************************__>
<xsd: conpl exType name = "info">
<xsd: sequence>

<xsd: el ement ref = "infoNane" m nCccurs = "1" maxCccurs = "1"/>
<xsd: el ement ref = "xpath" m nCccurs = "1" naxCccurs = "1"/>
</ xsd: sequence>
</ xsd: conpl exType>
<! Lok kkkkhkhkkkhkhkhkhkkhhkhkhhhkhkhhkhkhhhkhkhhkhkh Ak hkh Ak h Ak hkhhkhkhk Ak hkhhkhkhk Ak Ak hkxkhkhkhkhkhkhkkk

Task Statenent Conponent - witenodeType
- this type describes the different witenodes avail abl e
****************************************************************__>
<xsd: si npl eType nane = "witenodeType">
<xsd:restriction base = "xsd:string">
<xsd: enuneration val ue = "append"/ >
<xsd: enumeration value = "overwite"/>
<xsd: enuneration val ue = "nergeRoot"/>
</ xsd:restriction>
</ xsd: si npl eType>

<| RS E SRR EEEEEREEEREEEEEEEREEEREEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEE ST

Task Statement Conponent - activationType
- describes the types of activation that a task may have
- autonmtic or non-autonatic

kA e R N Y

<xsd: si npl eType nanme = "activationType">
<xsd:restriction base = "xsd:string">
<xsd: enuneration value = "auto"/>
<xsd: enunerati on value = "non_auto"/>

</ xsd:restriction>
</ xsd: si npl eType>

</ xsd: schenma>
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Avrvendix C: Task Structure Model for the Book Buyiny Assistant

XML Instance of the Generic Task Structure for the Book Buyiny Assistant

<?xm version="1.0"7?>
<t askMbdel nanme="nyBookBuyi ng" start="TO0O"
xm ns: xsi ="http://ww. w3. or g/ 2000/ 10/ XM_Schena- i nst ance"
xsi : noNamespaceSchenmaLocation="../../../confi g/ TaskMddel . xsd' >

<domai n>../../../domai nMbdel s/ BookBuyi ng/ BookBuyi ngDonai n. xsd</ domai n>
<nmodel Descri ption>This task nodel allowes you to view and nani pul at e books from a
variety of resources. (M Owm Personal Testing Task Mdel) </ nodel Descri pti on>

<groupi ngTask taski d="T0">

<name>Root task</name>

<description>Sel ect a task to perfornk/description>

<subt ask taskref="T01" nanme="Specify Book Selection Criteria" sequence="1" />
<subt ask taskref="T02" name="Access Book-Selling Resources" sequence="2" />
<subt ask taskref="T03" name="Sort Books" sequence="3"/>

<subt ask taskref="T04" name="G oup Books" sequence="3"/>

<subt ask taskref="T05" name="FilterBooks" sequence="3"/>

<subt ask taskref="T06" nanme="Vi ew Books" sequence="3" />

<subt ask taskref="TO7" name="C ear Results" sequence="3"/>

<subt ask taskref="T08" name="Rel oad Oigi nal s" sequence="3"/>

<subt ask taskref="T09" name="Show appl et" sequence="3"/>

</ gr oupi ngTask>

<i nput Task taski d="T01">
<name>Speci fy Book Sel ection Criteria</nanme>
<descri pti on>Enter your input</description>
<l i nk>C ear Resour ceAccess</| i nk>
<var name="t0lquery" type="BookQuery"/>
<out put >
<infoQut witenode="overwite">
<i nf oNanme>t Olquer y</i nf oNanme>
<xpat h>/ bookQuer y</ xpat h>
</infoCQut >
</ out put >
<xslt external | d="R01">
<in filePath="true">../../../taskMdel s/ myBookBuyi ng/tO0li nput.xm </in>
<xsl filePath="true">../../../taskModel s/ myBookBuyi ng/tO01li nput.xsl </ xsl >
</ xslt>
</i nput Task>

<groupi ngTask taski d="T02" m n="1">

<nane>Access Book- Sel | i ng Resources</ nane>

<descri ption>Sel ect the resources want ed</descri ption>
<subt ask taskref="T021" name="Access Amazon" />

<subt ask taskref="T022" nane="Access Chapters" />
<subt ask taskref="T023" nanme="Access 1Book" />

</ gr oupi ngTask>

<wr apper Task taski d="T021">

<name>Access Amazon</ nane>
<descri pti on>Access the Amazon website</description>
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<agent >A01</ agent >
<l i nk>Fi xDat a</ | i nk>
<l i nk>C ear Sorting</link>
<l i nk>d ear G oupi ng</| i nk>
<link>O earFiltering</link>
<var nanme="result" type="searchResult"/>
<i nput >
<infoln type="BookQuery">
<i nf oNanme>aQuer y</ i nf oNanme>
<xpat h>/ bookQuer y</ xpat h>
</infol n>
</input >
<out put >
<i nfoQut witenode="nmergeRoot" >
<i nf oNane>r esul t </ i nf oNane>
<xpat h>/r esul t s</ xpat h>
</i nf oQut >
</ out put >
<wr apper >
<wr apper Nanme>book- amazon</ wr apper Nane>
<wr apper | nput >aQuer y</ wr apper | nput >
<wr apper Qut put >r esul t </ wr apper CQut put >
</ wr apper >
</ wr apper Task>

<wr apper Task taski d="T022">
<nane>Access Chapt er s</ nane>
<descri pti on>Access the Chapters website</description>
<agent >A01</ agent >
<l i nk>Fi xDat a</ | i nk>
<l i nk>C ear Sorting</I|ink>
<l i nk>d ear G oupi ng</| i nk>
<link>C earFiltering</link>
<var nane="result" type="searchResult"/>
<i nput >
<infoln type="BookQuery">
<i nf oNane>aQuer y</ i nf oName>
<xpat h>/ bookQuer y</ xpat h>
</infol n>
</i nput >
<out put >
<infoQut witenode="nergeRoot">
<i nf oName>r esul t </ i nf oName>
<xpat h>/ r esul t s</ xpat h>
</i nf oQut >
</ out put >
<wr apper >
<wr apper Nane>book- chapt er s</ wr apper Nanme>
<wr apper | nput >aQuer y</ wr apper | nput >
<wr apper Qut put >r esul t </ wr apper Qut put >
</ wr apper >
</ wr apper Task>

<wr apper Task taski d="T023">
<nanme>Access 1Book</ name>
<descri pti on>Access the 1Book website</description>
<agent >A01</ agent >
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<l i nk>Fi xDat a</ | i nk>
<l i nk>d ear Sorti ng</Ilink>
<l i nk>d ear Gr oupi ng</| i nk>
<link>C earFiltering</link>
<var nanme="result" type="searchResult"/>
<i nput >
<infoln type="BookQuery">
<i nf oNanme>aQuer y</ i nf oNanme>
<xpat h>/ bookQuer y</ xpat h>
</infol n>
</ i nput >
<out put >
<infoQut witenode="nergeRoot">
<i nf oNane>r esul t </ i nf oNane>
<xpat h>/r esul t s</ xpat h>
</i nf oQut >
</ out put >
<wr apper >
<wr apper Name>book- 1book</ wr apper Nanme>
<wr apper | nput >aQuer y</ wr apper | nput >
<wr apper Qut put >r esul t </ wr apper Cut put >
</ wr apper >
</ wr apper Task>

<groupi ngTask taski d="T03">

<name>Sort Books</ nanme>

<descri pti on>Sel ect anot her task</description>
<subt ask taskref="T031" nane="Sort by Title" />
<subt ask taskref="T032" nanme="Sort by Author" />
<subt ask taskref="T033" nane="Sort by Type" />
<subt ask taskref="T034" nane="Sort by Price" />
<subt ask taskref="T035" nane="Sort by Publisher" />
<subt ask taskref="T036" nane="Sort by Origin" />

</ gr oupi ngTask>

<i nt er nal Task taski d="T031" >
<nanme>Sort by Titl e</ name>

<description>Sorts book info by title</description>

<l'i nk>T06</| i nk>
<cl ear Acti vati on>T032</ cl ear Acti vati on>
<cl ear Acti vati on>T033</ cl ear Acti vati on>
<cl ear Acti vati on>T034</ cl ear Acti vati on>
<cl ear Acti vati on>T035</ cl ear Acti vati on>
<cl ear Acti vati on>T036</ cl ear Acti vati on>
<i nput >
<infoln type="searchResult">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/r esul t s</ xpat h>
</ i nf ol n>
</i nput >
<out put >
<infoQut witenode="overwite">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/ r esul t s</ xpat h>
</i nf oQut >
</ out put >
<xslt>
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<in var="true">aSear chResul t</i n>
<xsl filePath="true">../../../taskMdel s/ myBookBuyi ng/ sortByTitle.xsl </ xsl >
<out var="true">aSear chResul t </ out >
</ xslt>
</i nt er nal Task>

<i nter nal Task taski d="T032">
<name>Sort by Aut hor </ name>
<description>Sorts book info by Author</description>
<li nk>T06</| i nk>
<cl ear Acti vati on>T031</ cl ear Acti vati on>
<cl ear Acti vati on>T033</ cl ear Acti vati on>
<cl ear Acti vati on>T034</ cl ear Acti vati on>
<cl ear Acti vati on>T035</ cl ear Acti vati on>
<cl ear Acti vati on>T036</ cl ear Acti vati on>
<i nput >
<infoln type="searchResult">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/r esul t s</ xpat h>
</i nf ol n>
</i nput >
<out put >
<infoQut witenode="overwite">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/ r esul t s</ xpat h>
</i nf oQut >
</ out put >
<xslt>
<in var="true">aSear chResul t</in>
<xsl filePath="true">../../../taskMdel s/ myBookBuyi ng/ sort ByAut hor. xsl </ xsl >
<out var="true">aSear chResul t </ out >
</ xslt>
</i nt er nal Task>

<i nternal Task taski d="T033">
<nanme>Sort by Type</nane>
<description>Sorts book info by Type</description>
<l'i nk>T06</1 i nk>
<cl ear Acti vati on>T031</ cl ear Acti vati on>
<cl ear Acti vati on>T032</ cl ear Acti vati on>
<cl ear Acti vati on>T034</ cl ear Acti vati on>
<cl ear Acti vati on>T035</ cl ear Acti vati on>
<cl ear Acti vati on>T036</ cl ear Acti vati on>
<i nput >
<infoln type="searchResult">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/r esul t s</ xpat h>
</ i nf ol n>
</ i nput >
<out put >
<infoQut witenode="overwite">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/r esul t s</ xpat h>
</i nf oQut >
</ out put >
<xslt>
<in var="true">aSear chResul t</i n>
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<xsl filePath="true">../../../taskMdel s/ myBookBuyi ng/ sort ByType. xsl </ xsl >
<out var="true">aSear chResul t </ out >
</xslt>
</int er nal Task>

<i nternal Task taski d="T034">
<name>Sort by Price</name>
<description>Sorts book info by Price</description>
<l'i nk>T06</| i nk>
<cl ear Acti vati on>T031</ cl ear Acti vati on>
<cl ear Acti vati on>T032</ cl ear Acti vati on>
<cl ear Acti vati on>T033</ cl ear Acti vati on>
<cl ear Acti vati on>T035</ cl ear Acti vati on>
<cl ear Acti vati on>T036</ cl ear Acti vati on>
<i nput >
<infoln type="searchResult">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/r esul t s</ xpat h>
</i nf ol n>
</i nput >
<out put >
<infoQut witenode="overwite">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/ r esul t s</ xpat h>
</i nf oQut >
</ out put >
<xslt>
<in var="true">aSear chResul t</in>
<xsl filePath="true">../../../taskMdel s/ myBookBuyi ng/ sortByPrice. xsl </ xsl >
<out var="true">aSear chResul t </ out >
</ xslt>
</i nt er nal Task>

<i nternal Task taski d="T035">
<nanme>Sort by Publ i sher </ name>
<description>Sorts book info by Publisher</description>
<l'i nk>T06</| i nk>
<cl ear Acti vati on>T031</ cl ear Acti vati on>
<cl ear Acti vati on>T032</ cl ear Acti vati on>
<cl ear Acti vati on>T033</ cl ear Acti vati on>
<cl ear Acti vati on>T034</ cl ear Acti vati on>
<cl ear Acti vati on>T036</ cl ear Acti vati on>
<i nput >
<infoln type="searchResult">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/r esul t s</ xpat h>
</ i nf ol n>
</i nput >
<out put >
<infoQut witenode="overwite">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/r esul t s</ xpat h>
</i nf oQut >
</ out put >
<xslt>
<in var="true">aSear chResul t</i n>
<xsl filePath="true">../../../taskMdel s/ myBookBuyi ng/ sort ByPubl i sher.xsl </ xsl >
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<out var="true">aSear chResul t </ out >
</ xslt>
</i nt er nal Task>

<i nternal Task taski d="T036">
<nanme>Sort by Oigi n</ name>
<description>Sorts book info by Oigin</description>
<l'i nk>T06</| i nk>
<cl ear Acti vati on>T031</ cl ear Acti vati on>
<cl ear Acti vati on>T032</ cl ear Acti vati on>
<cl ear Acti vati on>T033</ cl ear Acti vati on>
<cl ear Acti vati on>T034</ cl ear Acti vati on>
<cl ear Acti vati on>T035</ cl ear Acti vati on>
<i nput >
<infoln type="searchResult">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/resul t s</ xpat h>
</i nf ol n>
</i nput >
<out put >
<infoQut witenode="overwite">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/ r esul t s</ xpat h>
</i nf oQut >
</ out put >
<xslt>
<in var="true">aSear chResul t</in>
<xsl filePath="true">../../../taskModel s/ myBookBuyi ng/ sortByOri gi n. xsl </ xsl >
<out var="true">aSear chResul t </ out >
</ xslt>
</i nt er nal Task>

<groupi ngTask taski d="T04">

<nane>G oup Books</ nane>

<descri pti on>Routi nes that group books according to various
cat egori es</ descripti on>

<subt ask taskref="T041" nane="G oup by Type"/>

<subt ask taskref="T042" nane="G oup by Author"/>

<subt ask taskref="T043" nane="Goup by Oigin"/>

<subt ask taskref="T044" nane="G oup by Publisher"/>
</ gr oupi ngTask>

<i nternal Task taski d="T041">
<name>G oup by Type</ nanme>
<descri pti on>G oups book info by Type</description>
<l ink>C ear Sorting</Ilink>
<i nput >
<infoln type="searchResult">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/r esul t s</ xpat h>
</infol n>
</i nput >
<out put >
<infoQut witenode="overwite">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/ r esul t s</ xpat h>
</i nf oQut >
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</ out put >
<xslt>
<in var="true">aSear chResul t</i n>
<xsl filePath="true">../../../taskMdel s/ myBookBuyi ng/ gr oupByType. xsl </ xsl >
<out var="true">aSear chResul t </ out >
</ xslt>
</i nt er nal Task>

<i nternal Task taski d="T042">
<name>G oup by Aut hor </ nanme>
<descri pti on>G oups book info by Author</description>
<l i nk>C ear Sorting</I|ink>
<i nput >
<infoln type="searchResult">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/r esul t s</ xpat h>
</infol n>
</ i nput >
<out put >
<infoQut witennde="overwite">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/r esul t s</ xpat h>
</infoCut >
</ out put >
<xslt>
<in var="true">aSear chResul t </i n>
<xsl filePath="true">../../../taskMdel s/ myBookBuyi ng/ gr oupByAut hor . xsl </ xsl >
<out var="true">aSear chResul t </ out >
</ xslt>
</int ernal Task>

<i nt ernal Task taski d="T043">
<nane>G oup by Oigi n</ name>
<descri pti on>G oups book info by Site of origin.</description>
<l i nk>C ear Sorti ng</Ilink>
<i nput >
<infoln type="searchResult">
<i nf oName>aSear chResul t </ i nf oName>
<xpat h>/ r esul t s</ xpat h>
</infol n>
</i nput >
<out put >
<infoQut witenode="overwite">
<i nf oName>aSear chResul t </ i nf oName>
<xpat h>/ r esul t s</ xpat h>
</i nf oQut >
</ out put >
<xsl t>
<in var="true">aSear chResul t</in>
<xsl filePath="true">../../../taskModel s/ myBookBuyi ng/ groupByOri gi n. xsl </ xsl >
<out var="true">aSear chResul t </ out >
</ xslt>
</internal Task>

<i nter nal Task taski d="T044" >

<nanme>G oup by Publi sher </ nanme>
<descri pti on>Groups book info by Publisher</description>
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<l i nk>d ear Sorti ng</Ilink>
<i nput >
<infoln type="searchResult">
<i nf oName>aSear chResul t </ i nf oName>
<xpat h>/ r esul t s</ xpat h>
</infol n>
</i nput >
<out put >
<infoQut witenode="overwite">
<i nf oName>aSear chResul t </ i nf oNanme>
<xpat h>/ r esul t s</ xpat h>

</i nf oQut >

</ out put >

<xslt>
<in var="true">aSear chResul t</i n>
<xsl

filePath="true">../../../taskMdel s/ myBookBuyi ng/ gr oupByPubl i sher. xsl </ xsl >
<out var="true">aSear chResul t </ out >
</ xslt>
</internal Task>

<groupi ngTask taski d="T05">
<nane>Fi | ter Books</ name>
<description>Filters out and in books. </description>
<subt ask taskref="T051" nanme="Filter books by Type"/>
<subt ask taskref="T052" nane="Filter books by Oigin"/>
<subt ask taskref="T053" nane="Filter books by Publisher"/>
<subt ask taskref="T054" nane="Filter books by Author"/>
<subt ask taskref="T055" nane="Filter books by Title"/>
<subt ask taskref="T056" nane="Filter books by Price"/>

</ gr oupi ngTask>

<i nput Task taski d="T051">
<nanme>Fi |l ter by Type</ name>
<description>Enter the filter criteria.</description>
<l i nk>T051b</I'i nk>
<var nanme="aTypeFilter" type="typeFilter"/>
<out put >
<infoQut writenode="overwite">
<i nf oName>aTypeFi | t er </ i nf oName>
<xpat h>/ t ypeFi | t er </ xpat h>
</i nf oQut >
</ out put >
<xslt>
<in filePath="true">../../../taskMdel s/ myBookBuyi ng/tOli nput.xm </in>
<xsl filePath="true">../../../taskModel s/ myBookBuyi ng/filterByType.xsl </ xsl >
</ xslt>
</i nput Task>

<i nternal Task taski d="T051b">
<nanme>Filter by Type</nanme>
<description>Filters book info by type.</description>
<link>filterByTypeMessage</|i nk>
<i nput >
<infoln type="searchResult">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/ r esul t s</ xpat h>
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</infol n>
<infoln type="typeFilter">
<i nf oNane>aTypeFi | t er </ i nf oNanme>
<xpat h>/ t ypeFi | t er </ xpat h>
</infol n>
</i nput >
<out put >
<infoQut witenobde="overwite">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/ r esul t s</ xpat h>
</infoQut >
</ out put >
<xslt>
<in var="true">aSearchResul t</in>
<in var="true">aTypeFilter</in>
<xsl
filePath="true">../../../taskModdel s/ myBookBuyi ng/filterByTypeWrKk. xsl </ xsl >
<out var="true">aSear chResul t </ out >
</ xslt>
</i nt er nal Task>

<out put Task taskid="filterByTypeMessage">

<nane>Fi | t er ByTypeMessage</ nanme>

<descri ption>Di spl ays a short nessage saying that the search results have been
filtered by type.</description>

<out put Static>and the Result set has been filtered by Type.</outputStatic>
</ out put Task>

<i nput Task taski d="T052">
<nane>Filter by Oigi n</ nane>
<description>Enter the filter criteria.</description>
<l i nk>T052b</ I i nk>
<var nanme="anOriginFilter" type="originFilter"/>
<out put >
<infoQut writenode="overwite">
<i nfoNanme>anOri gi nFi | t er </ i nf oName>
<xpat h>/ ori gi nFi | t er </ xpat h>
</i nf oQut >
</ out put >
<xsl t>
<in filePath="true">../../../taskMdel s/ myBookBuyi ng/tO01li nput.xm </i n>
<xsl filePath="true">../../../taskMbdel s/ nyBookBuying/filterByOi gin. xsl </ xsl >
</ xslt>
</i nput Task>

<i nternal Task taski d="T052b">
<nanme>Filter by Oigi n</ nanme>
<description>Filters book info by origin.</description>
<link>filterByOrigi nMessage</|i nk>
<i nput >
<infoln type="searchResult">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/r esul t s</ xpat h>
</infol n>
<infoln type="originFilter">
<i nfoNane>anOri gi nFi | t er </ i nf oNanme>
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<xpat h>/ ori gi nFi | t er </ xpat h>
</infol n>
</i nput >
<out put >
<infoQut witenode="overwite">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/ r esul t s</ xpat h>
</i nfoQut >
</ out put >
<xslt>
<in var="true">aSear chResul t</in>
<in var="true">anOriginFilter</in>
<xsl
filePath="true">../../../taskMddel s/ nyBookBuyi ng/filterByOi gi nWr k. xsl </ xsl >
<out var="true">aSear chResul t </ out >
</ xslt>
</int er nal Task>

<out put Task taskid="filterByOi gi nMessage">

<nanme>Filter By Oigin Message</nane>

<description>D splays a short nmessage saying that the search results have been
filtered by Oigin.</description>

<output Static>and the Result set has been filtered by Origin.</outputStatic>
</ out put Task>

<i nput Task taski d="T053">
<nane>Fi |l ter by Publi sher</nanme>
<description>Enter the filter criteria.</description>
<l i nk>T053b</ I i nk>
<var nane="aPublisherFilter" type="publisherFilter"/>
<out put >
<infoQut writenode="overwite">
<i nf oNanme>aPubl i sher Fi | t er </ i nf oNane>
<xpat h>/ publ i sher Fi | t er </ xpat h>
</i nf oQut >
</ out put >
<xsl t>
<in filePath="true">../../../taskMdel s/ nmyBookBuyi ng/tO01i nput.xm </i n>
<xsl
filePath="true">../../../taskModel s/ myBookBuyi ng/filterByPublisher. xsl </xsl >
</ xslt>
</ i nput Task>

<i nternal Task taski d="T053b">
<nanme>Fi |l ter by Publi sher </ name>
<description>Filters book info by Publisher.</description>
<link>filterByPublisherMessage</I|ink>
<i nput >
<infoln type="searchResult">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/r esul t s</ xpat h>
</infoln>
<infoln type="publisherFilter">
<i nf oNane>aPubl i sherFi | t er </ i nf oName>
<xpat h>/ publ i sher Fi | t er </ xpat h>
</infoln>
</ i nput >
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<out put >
<infoQut witenode="overwite">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/r esul t s</ xpat h>
</i nf oQut >
</ out put >
<xslt>
<in var="true">aSear chResul t</in>
<in var="true">aPublisherFilter</in>
<xsl
filePath="true">../../../taskModel s/ myBookBuyi ng/filterByPublisherWrk. xsl </ xsl| >
<out var="true">aSearchResul t </ out >
</ xslt>
</int er nal Task>

<out put Task taskid="filterByPublisher Message">

<nanme>Fi | t er ByPubl i sher Message</ nane>

<descri ption>Di splays a short nmessage saying that the search results have been
filtered by publisher.</description>

<output Static>and the Result set has been filtered by Publisher.</outputStatic>
</ out put Task>

<i nput Task taski d="T054">
<nane>Fi |l ter by Author</nane>
<description>Enter the filter criteria.</description>
<l i nk>T054b</ | i nk>
<var nane="anAut horFilter" type="authorFilter"/>
<out put >
<infoQut writenode="overwite">
<i nf oNane>anAut hor Fi | t er </ i nf oName>
<xpat h>/ aut hor Fi | t er </ xpat h>
</i nf oQut >
</ out put >
<xslt>
<in filePath="true">../../../taskMdel s/ myBookBuyi ng/tO01i nput.xm </i n>
<xsl filePath="true">../../../taskMbdel s/ nyBookBuyi ng/filterByAuthor. xsl </ xsl >
</ xslt>
</ i nput Task>

<i nternal Task taski d="T054b" >
<name>Fi | ter by Author </ nane>
<description>Filters book info by author.</description>
<link>filterByAut hor Message</|i nk>
<i nput >
<infoln type="searchResult">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/r esul t s</ xpat h>
</infoln>
<infoln type="authorFilter">
<i nf oNane>anAut hor Fi | t er </ i nf oNanme>
<xpat h>/ aut hor Fi | t er </ xpat h>
</infoln>
</i nput >
<out put >
<infoQut witenode="overwite">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/ r esul t s</ xpat h>
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</i nf oQut >
</ out put >
<xslt>
<in var="true">aSear chResul t</in>
<in var="true">anAuthorFilter</in>
<xsl
filePath="true">../../../taskModel s/ myBookBuyi ng/filterByAut hor Wr k. xsl </ xsl >
<out var="true">aSear chResul t </ out >
</ xslt>
</i nt er nal Task>

<out put Task taski d="filterByAut hor Message" >

<nanme>Fi | t er ByAut hor Message</ nane>

<descri ption>Di spl ays a short nmessage saying that the search results have been
filtered by author.</description>

<output Static>and the Result set has been filtered by Author.</outputStatic>
</ out put Task>

<i nput Task t aski d="T055" >
<name>Filter by Title</nane>
<description>Enter the filter criteria.</description>
<l i nk>T055b</ | i nk>
<var nane="aTitleFilter" type="titleFilter"/>
<out put >
<infoQut writenpde="overwite">
<i nfoNane>aTi tl eFi | t er</i nf oNane>
<xpath>/titleFilter</xpath>
</i nf oQut >
</ out put >
<xslt>
<in filePath="true">../../../taskMdel s/ myBookBuyi ng/tO01li nput.xm </i n>
<xsl filePath="true">../../../taskModel s/ myBookBuying/filterByTitle.xsl</xsl>
</ xslt>
</ i nput Task>

<i nt ernal Task taski d="T055b" >
<name>Filter by Title</name>
<description>Filters book info by title.</description>
<link>filterByTitl eMessage</I|ink>
<i nput >
<infoln type="searchResult">
<i nf oName>aSear chResul t </ i nf oNanme>
<xpat h>/resul t s</ xpat h>
</infol n>
<infoln type="titleFilter">
<i nf oNane>aTi t| eFi | t er</i nf oName>
<xpath>/titleFilter</xpath>
</infoln>
</input >
<out put >
<infoQut witenode="overwite">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/ r esul t s</ xpat h>
</i nf oQut >
</ out put >
<xslt>
<in var="true">aSear chResul t </i n>
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<in var="true">aTitleFilter</in>
<xsl
filePath="true">../../../taskMddel s/ nyBookBuyi ng/filterByTitl eWrk. xsl </ xsl >
<out var="true">aSear chResul t </ out >
</ xslt>
</i nt er nal Task>

<out put Task taski d="filterByTitl eMessage">

<name>Fi | t er ByTi t | eMessage</ nane>

<description>D spl ays a short nessage saying that the search results have been
filtered by title.</description>

<outputStatic>and the Result set has been filtered by Title.</outputStatic>
</ out put Task>

<i nput Task t aski d="T056" >
<nanme>Filter by Price</nane>
<description>Enter the mn and nax of price range</description>

<functional Constraints>../../../taskMdel s/ nyBookBuyi ng/filterByPriceFconstraints.x
sl </ functi onal Constrai nt s>

<l i nk>T056b</ | i nk>

<var nane="aPriceMn" type="priceMn"/>

<var nane="aPriceMax" type="priceMax"/>

<concept ual Constraints>../../../taskMdel s/ nyBookBuyi ng/filterByPriceCconstraints. x
sl </ concept ual Const rai nt s>
<out put >
<infoQut writenode="overwite">
<i nf oNanme>aPri ceM n</i nf oName>
<xpat h>/ pri ceM n</ xpat h>
</i nf oQut >
<infoQut writenode="overwite">
<i nf oName>aPr i ceMax</ i nf oName>
<xpat h>/ pri ceMax</ xpat h>
</i nf oQut >
</ out put >
<xsl t>
<in filePath="true">../../../taskMdel s/ myBookBuyi ng/t01i nput.xm </i n>
<xsl filePath="true">../../../taskModel s/ nyBookBuying/filterByPrice.xsl </xsl >
</ xslt>
</i nput Task>

<i nternal Task taski d="T056b">
<nanme>Fi |l ter books by Price</nane>
<description>Filters book info by price.</description>
<link>filterByPriceMessage</|ink>
<i nput >
<infoln type="searchResult">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/ r esul t s</ xpat h>
</infoln>
<infoln type="priceMn">
<i nf oNane>aPri ceM n</i nf oNane>
<xpat h>/ pri ceM n</ xpat h>
</infoln>
<infoln type="priceMax">
<i nf oNane>aPri ceMax</ i nf oNanme>



<xpat h>/ pri ceMax</ xpat h>
</i nf ol n>
</i nput >
<out put >
<infoQut witenode="overwite">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/ r esul t s</ xpat h>
</i nf oQut >
</ out put >
<xslt>
<in var="true">aSear chResul t</in>
<in var="true">aPri ceM n</i n>
<in var="true">aPri ceMax</i n>
<xsl
filePath="true">../../../taskModel s/ myBookBuyi ng/filterByPri ceWrk. xsl </ xsl >
<out var="true">aSear chResul t </ out >
</ xslt>
</i nt er nal Task>

<out put Task taskid="filterByPriceMessage">

<nane>Fi | t er ByPri ceMessage</ nanme>

<description>D spl ays a short nmessage saying that the search results have been
filtered by price.</description>

<out put Static>and the Result set has been filtered by Price.</outputStatic>
</ out put Task>

<out put Task taski d="T06" >
<nane>Vi ew current </ nane>
<description>Vi ew current book |ist.</description>
<i nput >
<infoln type="searchResult">
<i nf oNane>r esul t </ i nf oName>
<xpat h>/ r esul t s</ xpat h>
</infol n>
</i nput >
<xslt>
<in var="true">result</in>
<xsl filePath="true">../../../taskMdel s/ myBookBuyi ng/ di spl ayBooks. xsl </ xsl >
</ xslt>
</ out put Task>

<i nt ernal Task taski d="T07">
<name>d ear Resul t s</ name>
<description>C ears all of the current results.</description>
<l i nk>d ear Resul t sMessage</| i nk>
<l i nk>d ear Al nost Al | Acti vation</Ilink>
<i nput >
<infoln type="searchResult">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/r esul t s</ xpat h>
</infol n>
</i nput >
<out put >
<infoQut witenode="overwite">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/r esul t s</ xpat h>
</i nf oQut >
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</ out put >
<xslt>
<in var="true">aSear chResul t</i n>
<xsl
filePath="true">../../../taskMdel s/ nyBookBuyi ng/ cl ear Sear chResul ts. xsl </ xsl >
<out var="true">aSear chResul t </ out >
</ xslt>
</i nt er nal Task>

<i nternal Task taski d="T08">
<name>Rel oad Ori gi nal </ nanme>
<description>Rel oad Oiginal Book List</description>
<i nput >
<infoln type="searchResult">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/r esul t s</ xpat h>
</infol n>
</i nput >
<out put >
<infoQut witenode="overwite">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/resul t s</ xpat h>

</i nf oQut >

</ out put >

<xsl t>
<in var="true">aSear chResul t</i n>
<xsl

filePath="true">../../../taskModel s/ nyBookBuyi ng/rel oadCOri gi nal Set. xsl </ xsl >
<out var="true">aSear chResul t </ out >
</ xslt>
</int ernal Task>

<out put Task taski d="C ear Resul t sMessage" >

<nane>C ear Resul t sMessage</ nane>

<description>Di spl ays a short nessage saying that the search results have been
cl eared. </ descri ption>

<out put St ati c>The book set has been cleared, you will need to access the
resources again in order to continue with this interaction.</outputStatic>
</ out put Task>

<i nternal Task taskid="d ear Al rost Al | Activation">

<name>Cl ear Al nost Al Activations</nane>

<description>C ears the activation and started flags fromall of the tasks except
for the input query one.</description>

<l i nk>C ear Resour ceAccess</ | i nk>
<link>C ear Sorting</I|ink>

<l i nk>d ear G- oupi ng</ | i nk>
<link>O earFiltering</link>

<cl ear Acti vati on>T06</ cl ear Acti vati on>
<cl ear Acti vati on>T08</ cl ear Acti vati on>
</i nt er nal Task>

<i nternal Task taskid="Cl ear Al |l Activation">
<name>Cl ear All Activations</ nane>



<description>C ears the activation and started flags fromall of the
t asks. </ descri pti on>

<li nk>d ear Al nost Al | Acti vati on</I|ink>

<cl ear Acti vati on>TO1</ cl ear Acti vati on>

<cl ear Acti vati on>TO7</ cl ear Acti vati on>
</i nt er nal Task>

<i nter nal Task taski d="C ear Resour ceAccess" >
<nanme>C ear Resource Accesses</ nanme>
<description>C ears the activation of resource access tasks.</description>

<cl ear Acti vati on>T02</ cl ear Acti vati on>

<cl ear Acti vati on>T021</ cl ear Acti vati on>

<cl ear Acti vati on>T022</ cl ear Acti vati on>

<cl ear Acti vati on>T023</ cl ear Acti vati on>
</i nt er nal Task>

<i nternal Task taski d="C ear Sorting">
<nanme>Cl ear Sorting Tasks</nanme>
<description>C ears the activation of sorting tasks.</description>

<cl ear Acti vati on>T03</ cl ear Acti vati on>

<cl ear Acti vati on>T031</ cl ear Acti vati on>
<cl ear Acti vati on>T032</ cl ear Acti vati on>
<cl ear Acti vati on>T033</ cl ear Acti vati on>
<cl ear Acti vati on>T034</ cl ear Acti vati on>
<cl ear Acti vati on>T035</ cl ear Acti vati on>
<cl ear Acti vati on>T036</ cl ear Acti vati on>

</i nt er nal Task>

<i nt ernal Task taski d="d ear G oupi ng">
<nanme>C ear G oupi ng Tasks</ nane>
<description>C ears the activation of grouping tasks.</description>

<cl ear Acti vati on>T04</ cl ear Acti vati on>

<cl ear Acti vati on>T041</ cl ear Acti vati on>

<cl ear Acti vati on>T042</ cl ear Acti vati on>

<cl ear Acti vati on>T043</ cl ear Acti vati on>

<cl ear Acti vati on>T044</ cl ear Acti vati on>
</i nt er nal Task>

<internal Task taskid="C earFiltering">
<nanme>Cl ear Filtering Tasks</nane>
<description>Cl ears the activation of filtering tasks. </description>

<cl ear Acti vati on>T05</ cl ear Acti vati on>

<cl ear Acti vati on>T051</ cl ear Acti vati on>

<cl ear Acti vati on>T052</ cl ear Acti vati on>

<cl ear Acti vati on>T053</ cl ear Acti vati on>
</i nt er nal Task>

<i nt ernal Task taski d="Fi xDat a">

<nane>Fi x dat a</ nane>

<descri pti on>Makes sure that wapper data is of a valid fornat and
cool at ed. </ descri ption>

<i nput >



<infoln type="searchResult">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/r esul t s</ xpat h>
</i nf ol n>
</i nput >
<out put >
<infoQut witenode="overwite">
<i nf oNane>aSear chResul t </ i nf oNane>
<xpat h>/ r esul t s</ xpat h>
</i nf oQut >
</ out put >
<xslt>
<in var="true">aSearchResul t</in>
<xsl filePath="true">../../../taskMdel s/ nmyBookBuyi ng/fi xDat a. xsl </ xsl >
<out var="true">aSear chResul t </ out >
</ xslt>
</i nt er nal Task>

<out put Task taski d="T09">
<nanme>Show Expl orer Appl et </ nane>
<descri pti on>Shows an applet that allows you to view and categori ze the
books. </ descri pti on>
<i nput >
<infoln type="searchResult">
<i nf oNane>r esul t </ i nf oNane>
<xpat h>/ r esul t s</ xpat h>
</infoln>
</i nput >
<xslt>
<in var="true">result</in>
<xsl filePath="true">../../../taskMdel s/ myBookBuyi ng/ showAppl et . xsl </ xsl >
</ xslt>
</ out put Task>

</ t askMbdel >

Examvrle Functional Constraint XSLT Stylesheet

<xsl : styl esheet version="1.0" xm ns:xsl="http://ww.w3. org/ 1999/ XSL/ Tr ansf or ni' >

<xsl : out put net hod="xm "/ >
<xsl:tenplate match="/">

<xsl:if test="nunber(/Vars/aPriceMn/priceMn) &gt;
nunber (/ Var s/ aPri ceMax/ pri ceMax) " >

<xsl:text> The minimumprice is greater than the maxi mumprice </xsl:text>
<xsl:text> The mnimumprice is </xsl:text>
<xsl : val ue- of sel ect="/Vars/aPriceMn/priceMn"/>
<xsl:text> The maximumoprice is </xsl:text>
<xsl : val ue- of sel ect="/Vars/aPriceMax/ pri ceMax"/>

</[xsl:if>

</ xsl:tenpl at e>
</ xsl : styl esheet >






