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ABSTRACT

Advances in computer communications technology, the recognition of common
areas of functionality in related systems, and an increased awareness of how enhanced
information access can lead to improved capability, are driving an interest toward
integration of current stand-alone systems to meet future system requirements. However,
differences in hardware platforms, software architectures, operating systems, host
languages, and data representation have resulted in scores of stand-alone systems that are
unable to interoperate properly.

Young's Object Oriented Model for Interoperability (OOMI) defines an
architecture and suite of software tools for resolving data representational differences
between systems in order to achieve the desired system interoperability. The Federation
Interoperability Object Model (FIOM) Integrated Development Environment (IDE)
detailed in this thesis is a toolset that provides computer aid to the task of creating and

managing an interoperable federation of systems.

This thesis describes the vision and requirements for this tool along with an initial
prototype demonstrating how emerging technologies such as XML and Data Binding are
utilized to capture the necessary information required to resolve data representational
differences between systems. The material presented in this thesis has the potential to
significantly reduce the cost and effort required for achieving interoperability between

DoD systems.
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l. INTRODUCTION

A. PURPOSE

The purpose of this thesis is to develop the requirements and to build an initial
prototype of an integrated development environment (IDE) used to create an
interoperable federation of systems. This thesis advances the vision of Young et. a. for
Using an Object Oriented Model for Resolving Representational Differences between
Heterogeneous Systemsproposed in [ YBGLOL]. Specifically, the objective of thisthesis
is to develop the requirements for a tool that will be used to construct and maintain a
Federation Interoperability Object Model (FIOM) from a number of autonomously
developed systems. The FIOM produced by this IDE, hereafter termed the FIOM IDE,
will be used to automatically resolve representational differences between components of
the federation.

In this chapter we will analyze the problem and discuss the motivation behind our

effort, namely:
Discuss the problem targeted by Young et. a.
Ascertain the root causes of the problem.
Identify the stakeholders and the users.
Define the solution system boundary.
And, recognize the constraints to be imposed on the solution.

Chapter 11 details Young's Object Oriented Model for Interoperability (OOMI),
which provides the architectural components from which the FIOM is built. The
challenges of building aflexible, extensible, and scaleable middleware system that alows

efficient data integration and semantic interoperability are covered.

Chapter 11l contains a review of techniques and technologies proposed to
implement the FIOM IDE. The advantages and disadvantages of various state of-the-art

technologies are detailed and commercially available tools are mentioned.



Chapter 1V details the requirements process and focuses on the vision document
and the high-level software requirements specification (SRS) for the construction of the
FIOM IDE. The status of FIOM IDE prototype is also covered.

Chapter V provides concluding remarks about the current system state. Work to

be done and potential for further research is mentioned.

B. PROBLEM

How do we share information between two or more system specific
representations of the same real-world object? Furthermore, how do we extend the
object-oriented model to handle these representational differences while maintaining all
the benefits of the origina model? And lastly, how do we connect the systems targeted
for integration in an efficient, scaleable, and manageable manner? The FIOM is the

answer to the first two guestions and the FIOM IDE is the answers to the last.

The FIOM is an instance of the generic Object-Oriented Model for
Interoperability (OOMI) proposed by [YBGLO1l]. Formally, the OOMI solves the
interoperability problem by capturing the differences in representation used by
autonomously developed components to describe the rea-world entities (RWES) that
define the interoperation between systems. The OOMI also captures those translations
needed to resolve these differences in representation. This new model allows a simple,
scalable, and maintainable means to share information between system specific

representations that are contained within a single RWE or across multiple related RWES.

The FIOM IDE isatool that will provide a computer-aided methodology that will
automate the resolution of data representational differences between systems targeted for
integration. The inputs to this tool ae the schemas that define the targeted system’s
external interface. Correspondences between different system’s external interfaces are
used to create a new, or add to an existing, FIOM. A middleware translator then uses the
information contained in the FIOM to enable interoperability between component
systems. The trandator will process messages based on the schemas that were used as
input into the tool.



C. ROOT CAUSE

The Defense Information Infrastructure (DII) Master Plan states “Information
Technology infrastructure is composed of many disparate underlying computing
configurations, designed and implemented at different times to meet different
requirements.” Given the varying perceived service-specific requirements of DoD users
and the distributed execution authority within DoD, it is reasonable to assume that

heterogeneity of our systems will continue to be prevalent [DI198].

Heterogeneity, although not necessarily a negative, is something we must deal
with if we are to cortrol costs and realize the full potential of our investments. Increased
costs are due to two factors. First, many of these systems unintentionally produce similar
or complementary information. Second, advances in computer communications and
networking technologies, a shrinking defense budget, and an increase in joint and
combined operations now make it possible and necessary to integrate. To be blunt, the
funding is simply not there to procure new integrated network-centric systems to replace
the thousands of DoD legacy systems currently operating and produced under the stand-
alone/ closed-system paradigm.

The proliferation of these non-interoperable legacy systems has imposed delays,
costs, and friction in nearly every area of human endeavor. By conservative estimates,
about 2 percent of the gross national product (GNP) can be attributed to inefficiencies
such as redundant information entry, data conversion and system incompatibilities
[SBO1]. The United States, having a GNP greater than 9.8 trillion dollars in 2000
[OECDO01], wasted at least 197 billion dollars on these inefficiencies. To put this in
perspective, these inefficiencies amount to more than double the total same year budget

of the Navy and Marine Corps combined [DL99].

The cost of not integrating is overwhelmingly evident. As the defense budget
shrinks, these inefficiencies will take a larger dice of the total and result in less funding
needed to strengthen our warfighting capabilities. A history lesson on the reasons why
this came about is not appropriate for this paper nor would add any insight on a solution.

What is important is that the DoD must move to meet the computing goal of evolvability



and interoperability within this heterogeneous environment in the most intelligent and

cost efficient manner.

The current method for integration of legacy systems involves a careful, time-
intensive study of a producer system’'s exported information. Using this study, the
system integrator then determines if this information is of value to a consumer system
and what formatting or transformations are required. After mapping the exported data
type to the imported data type, the system integrator then writes a software “wrapper”
which will perform a trandation from the producer’s representation to the consumer’s.
Unfortunately, this process must be repeated for every new piece of information a
consumer or producer would like to make available to the system. Currently there is little

or no computer assistance for performing this task. [LyttO0]

The approach proposed by Young et. al. [YBGLO1] is a more efficient means of
accomplishing systems interoperability and will allow the DoD to lower costs three ways.
First, by isolating the internal code of these systems with a “wrapper.” Viewing each
component system as a black box and only dealing with the interfaces allows connections
without understanding or modifying the internal components of a system. This interface

isthe input to our tool and the development of it is outside the scope of this project.

Second, each component system only has a single interface (intermediate
representation) to the FIOM vice multiple interfaces (point-to-point) as with the current
method described above. For example, with two systems wanting to share one piece of
data each it takes at most 2 trandations. But, when connecting N systems it takes at
most N? — N translations. With the FIOM, that same scenario would only take at most
2N trandations. Exponential savings is redlized as the number of systems connected
grows. Also, if acomponent system changes, only one interface to the FIOM needs to be
updated vice up to N-1 interfaces with other component systems. This can be seen in
Figure I-1 below. This intermediate representation technique that the FIOM represents

will have an exponential savings effect when compared with the point-to-point method.



FIOM

/ % \

[ ] I'I/ g o \
v Component Systems only, no FIOM

Component Systems 5 nodes and 20 possible translations
5 nodes and 10 possible translations

Mote: each edge is bi-directional

Figurel-1.  Trandations required with and without FIOM.

The benefits of this move toward interoperability and using a tool like the FIOM

IDE include:

Reduction in operating costs, thus freeing monies and giving more

flexibility in making funding choices for other programs.

More timely and efficient integration of an arbitrary legacy system into an
existing or newly created federation.

Ability to easily add new systems to a federation without impacting
existing systems in the federation.

A revolutionary and synergistic effect on how our systems and warfighters

communicate and share information.

And ultimately, a leaner and stronger military to fight and win our next

war.

D. USERSAND STAKEHOLDERS

The main user of thistool is an interoperability engineer (IE). An IE isdefined as
an individua that is an experienced Software Engineer that is responsible for integrating
DoD systems. It is assumed that the IE is not necessarily a domain expert in the

particular systems that ae to be integrated. But, the IE is expert in the federation

5



namespace being used to create the FIOM. Once the FIOM is created it will be used

within a network to convert messages between component systems.

The main stakeholder of the system is the United States Department of Defense.
It is our intention to provide a proof of concept to alow evauation, further research, and

possible implementation of our work.

E. SOLUTION SYSTEM BOUNDARY

A black box view of component systems is taken in creating afederation of
interoperable systems. All data that enters or exits a system via messages is eligible for
integration once it is formatted as an Extensible Markup Language (XML) document
with a corresponding XML Schema. Further discussion on what XML is and the choice
to have datain this format is discussed in chapter 3. A component system XML Schema
is taken as input into the FIOM IDE. It is then processed and matched to an existing or
newly created Federated Entity (FE) within the FIOM. FEs are descriptions of RWES
within aparticular FIOM. Figure 1-2 provides asimplified system perspective for the

---- 1z the system |
boundary to our
salution
II
: : FIOM
e ; » |FIOM IDE. ;
Interoperability Enginesr i
FML [Schema
Component System

Figurel-2. FIOM IDE perspective

6



FIOM IDE. The FIOM is the main output of the FIOM IDE and will be used by a

middleware translator application to allow interoperability of component systems as
shown in Figure 1-3.

HNIL Drocument containing -

System B's representation of a RWE

Coraponent System B

FIO
Translator

WL Document contatning
- Systern A's representation of a RWE

Cornponent Systern A

Figurel-3.  Trandator perspective.

The trandator can be located anywhere between systems that wishto share data.
The trandator can be a wrapper around Component System A, around Component
System B, somewhere in between, or a variation of all three. Design of the FIOM IDE

must take into consideration the FIOM Trandlator to ensure no conflicting requirements
are developed.



F. CONSTRAINTSTO BEIMPOSED ON THE SYSTEM

All of our constraints are self-imposed to limit the scope of this project and are as

follows:

Extensible Markup Language (XML) will be used for data integration.
Again, the merits of XML will be discussed in chapter 3.

All component systems will be viewed as black boxes as seen in Figure I-
4 below. All data input and output targeted for integration will have an
XML Schemato be used as input into our tool. Once a component system
is integrated into the FIOM, the component system will pass messages in

the form of an XML document based on the corresponding input schema.

XML Documents
>

Component

System |+

Figurel-4. Black Box View of Component System

It is assumed that the XML Schemas for component systems will not have
to be developed by the IE. Consideration on how these schemas should be
developed can be found in [ Y oung02].

Java will be used to develop the prototype of the FIOM for two reasons.
First, Javais the best language for integration with XML. Second, most of
the opensource XML browsers, editors, parsers, validators, and data-
binding tools are written in Java. This wealth of open-source material will
expedite the building of the FIOM IDE prototype.



1. OBJECTS, INTEROPERABILITY, AND MODELS, OOMI!

A. INTRODUCTION

This chapter provides a summary of the Object Oriented Mode for
Interoperability (OOMI) introduced by Young et. a. in [YBGLO1]. Knowing the OOMI,
and the theory behind it, will help in understanding the design issues of creating the tool
used to support the construction and maintenance of an OOMI instance, the Federation
Interoperability Object Model (FIOM). This knowledge will aid the reader in analyzing
the issues discussed in later chapters.

B. OBJECTS

In contemporary object-oriented modeling, an object is a software representation
of some real-world entity in the problem domain. An object has identity (i.e., it can be
distinguished from other objects by a unique identifier of some kind), state (data
associated with it), and behavior (things you can do to the object or that it can do to other
objects). In the Java Programming Language these characteristics are captured as the
name, member variables, and methods of a class, respectively. [YBGLO1]

This view of objects and classes has proven vauable in the development of
countless systems in various problem domains encompassing all degrees of size and
complexity. However, one common characteristic of the majority of these object-
oriented developments is that they were produced by a development team that shared
common objectives and had a common view of the real-world entities being modeled.
Most projects also involve a common architecture implemented on a common target
platform, using the same implementation language and operating system. As aresult, a
single scheme for depicting an entity’s name, attributes, and operations as well as the
means for representing these properties has been the norm. Therefore, capturing the
representation of these properties has not been an issue. The software representation of
the real-world entity should have the same name, attributes, and operations across all

elements of the architecture if the development team enforces consistency. [YBGLO1]



This is not necessarily the case when integrating independently developed
systems. The different perspectives of the rea-world entity being modeled by
independent development teams will most likely result in the use of different class names
as well as differences in the number, definition, and representation of attributes and
operations for that same rea-world entity. These representation differences must be

reconciled if the systems are to interoperate. [YBGLO1]

Young has developed an object-oriented model for defining the information and
operations shared between systems. The initia use of the model is targeted for
integration of legacy systems, which generally have not been developed using the object-
oriented paradigm. However, defining the interoperation between systems in terms of an
object model provides benefits in terms of the visibility and understandability of the
shared information and provides a foundation for easy extension as new systems are
added to an existing federation. The object model defined in this chapter can be easily
constructed from the external interfaces defined for most legacy systems (whether object-
oriented or not). [YBGLO1]

Section C categorizes the representational differences that exist in autonomously
developed systems. Section D & E introduces the Object-Oriented Model for
Interoperability (OOMI) as a means for capturing the information required for resolving
these representational differences. Section F introduces an automated environment for
constructing an instance of the interoperability object model for a federation of systems,
the FIOM Integrated Development Environment (FIOM IDE). Section G presents an
overview of the use of the resultant by a wrapper-based trandator for enabling
interoperability among legacy systems.

C. INTEROPERABILITY

Variations in the representation of a real-world entity on different systems can be
classified as falling into one of two general categories. The first difference is in the
information utilized by each component system to represent the entity. Termed
heterogeneity of scope, this refers to the fact that differing amounts and types of

10



information can be captured by various systems to represent the state and behavior of an
entity [Wie93].

For example, suppose a federation of four autonomously developed military
systems contained information about an enemy surface-to-surface missile launcher.
Because independent development teams created them, each system provides a different
perspective on what state and behavior information should be contained in a model of
that real-world entity. As can be seen from Figure 11-1, each system includes different
aspects of the entity’s state. For instance, systems A and D include information about the
missile system’s type, position, and time. System B captures position, time and range
information on the entity, and System C utilizes type, position, time, and range to
describe the missile system. Similarly, each system could capture different aspects of the
behavior of an entity. These differences in the state and behavior used by a component
system to characterize a real-world entity can be thought of as providing different views
of the entity by the systems concerned. [YBGLO1]
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Figurell-1.
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Even if two systems provide the same view of the entity being modeled, that is
they both contain the same state and behavior information about the entity, there may still
be differences in the representation of that information on different systems. This
heterogeneity of representation [Wie93] refers to differences in the terminology used,
format, accuracy, range of values allowed, and structural representation of the included
state and behavioral information [KM98]. This difference in representation is illustrated
in Figure I1-2 by systems A and D. Even though these systems both have the same view
of our real-world entity, i.e., both capture the type, position and time for the entity; they
each represent the information comprising that view in a different manner. For example,
System A refers to our entity as a MissileSystem and names its type attribute
missileDesignation. System D refers to our entity as a MissileLauncher and names its
type attribute missileType. Additionally, System A captures the entity position in
latitude/longitude coordinates and time using Greenwich Mean Time (GMT) as the
reference, whereas System D records entity location using Military Grid Reference
System (MGRS) coordinates and records time using Local Mean Time (LMT). Figure I1-
2 illustrates the different views of our example real-world entity and the various

representations provided for each view. [YBGLO]]
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Figurell-2.  Differing Real-World Entity View Representations. From Ref. [YBGLO01]

The goal of Young's research is to provide a computer-aided methodology to aid
in the resolution of differences in the representation of data between systems targeted for
integration in order to enable system interoperability. Pitoura defines interoperability as
the capability of systems to exchange information and to jointly execute tasks [Pit97].
The information exchanged between interoperating systems consists of data associated
with the rea-world entities being modeled by systems of the federation. The joint
execution of tasks reflects the capability of an entity on one system to employ the
services of an entity on another. Thus, interoperation can be characterized in terms of the
real-world entities whose state and behavior are shared between systems in a federation.
This thesis will only focus on Young's work in the exchange of information. Young's
research on the joint execution of tasks is still ongoing and therefore will not be
discussed. As stated previoudly, there can be differences in view and representation of
these real-world entities. In order to achieve interoperability, a means for resolving these
differences in view and representation is needed. [YBGLO1]
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D.

MODEL

Young provides a means for resolving these differences in view and

representation with his simple, yet powerful, model. Principal objectives of the model

are:

To clearly depict the real-world entities whose information are shared between

systems in a federation.

To provide computer aid to the process of determining the differencesin view and

representation of those entities.

And, to provide automation support for defining the trandations necessary to

resolve representational differences between systems.

In order to achieve the objectives outlined above, the model should:

Provide an abstract representation of the real-world entities whose information is
shared between component systems, hiding the details of how that information is
represented on different systems.

Capture the different views component systems might have of the rea-world
entities that represent shared information. In addition, the model should capture

differences in representation of those views among component systems.

Contain information needed to aid the Interoperability Engineer (1E) by providing
computer assistance to the discovery of the real-world entities that define the

information being shared between systems in the federation.

Enable identification of alowable information sharing between component
systems, and contain trandations, where required, to resolve differences in

representation of information shared between systems.

And, be extensible; adding new component representations of real-world entities
that define shared information or including new information to be shared between
systems should not affect contents or relationships in the existing model.
[YBGLO1]
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In evaluating the objectives and goals outlined above, Y oung determined that an
object-oriented approach offered the greatest promise for satisfying these requirements.
Object-Oriented Analysis and Design (OOAD) provides principles of abstraction,
information hiding, and inheritance that can be employed to meet the specified goals and
objectives [KA95, WCS00]. However, conventional use of these object-oriented
principles and techniques is not sufficient for resolving representational differences
between heterogeneous components of a system federation. Instead, a model-based
approach built on OOAD principles is presented to satisfy the requirements for
heterogeneous system interoperability [YBGLOL]. The resulting model, the Object
Oriented Model for Interoperability (OOMI), is described next.

E. OOMI
1 Capturing Real-World Entities and Views

It is expected that for a federation of heterogeneous systems, a number of real-
world entities (RWES) will be involved in the interoperation between systems. Under the
OOM I, the collection of RWES used to define the interoperation of a specified federation
of systems is termed aFederation Interoperability Object Model (FIOM). All of the
normal relationships between classes, packages, interfaces, and other elements used in the
OOAD paradigm are available for use with federation entities in the FIOM.

Real-world entities within the FIOM are captured using the concept of a
Federation Entity (FE). The FE provides a level of abstraction representing the
information being shared between different but related component systems while hiding
the details of how that information is being represented on different systems. For each
FE, another level of abstraction, called a Federation Entity View (FEV), is used to
distinguish the variations in the information used for representing the same real-world
entity on different systems [YBGLO1]. Figure I1-3 illustrates the OOMI archetype for a
real-world entity (FE) which shows how it may contain several different views (FEVS).
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Figurell-3. OOMI Rea-World Entity Archetype

2. Capturing Federation Entity View Representations

As discussed earlier, different component system implementations of the same
RWE may result in variations in the terminology, definition, and representation of the
attributes defined for that RWE In order to resolve these differences, the OOMI
provides two mechanisms to capture the possible alternative representations of an entity’s
view. The first mechanism, a Component Class Representation (CCR) is a special-
purpose class used to capture the alternative ways various component systems may
represent a view of a FE, i.e, a FEV. A CCR will be defined for a view only when a
class defined in the external interface of a component system exhibits a one-to-one
correspondence between the attributes of the component class and those properties
contained in the view. As will be shown later, there may be views defined for a FE that

do not have a corresponding CCR as well as views containing multiple CCRs.

It is reasonable to assume that most leagacy systems were not developed using
object-oriented design methodogy. Therefore, mmponent system representations may
not necessarily be in a useable object-orientative form. If this is the case, a
transformation is required for proper correspondence. A transformation is taking a

component system representation of a RWE and creating a CCR, which contains al the
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information, in object-orientative terms, of that RWE. The component system’s domain
expert should handle most, if not all, of the transformation process. In the case of our
current prototype of the FIOM IDE, the transformation is a two-part process. First, XML
Schemas, representing component system RWES, are created and received from a domain
expert. Next, the schemas are transformed into CCR classes via data-binding. At
runtime, XML Documents, representing component system RWESs instances, are
transformed into CCR instances via unmarshal and marshal methods. These methods are
added to the CCR class as seen if Figure 11-4. Unmarshal, marshal, and data-binding will
be discussed in detail in Chapter 111.

In order to take advantage of the reduced number of trandators required with the
use of the intermediate representation approach (see, chapter 1), the OOMI adds a second
special-purpose class to a FEV, the Federation Class Representation (FCR). The FCR is
used to encapsulate the “standard” representation used by the federation for a particular
view of a rea-world entity. Each FEV will contain exactly one FCR representing this
“standard” representation of the view [YBGLOL1]. Figure 11-4 provides a depiction of a
FEV with component FCR and CCR.
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Figurell-4.  Federation Entity View

3. Sharing Information between Component Systems of the FIOM
a. Resolving Differencesin View Between Systems

Rarely will two different systems’ view of a federation entity be identical.
In order to share information between two systems that have different views of the
entity(s) defining the interoperation, these differences in view must be resolved.
Fortunately it is just as rare that different systems views of an entity are mutualy
exclusive (otherwise they wouldn’t be able to interoperate). Generally, two or more
systems' view of the same entity will have some areas of commonality. Two systems
representations may capture the same core state of an entity with each including

additional characteristics as required by the specific application. In this situation a view
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could be defined for the core state information, and separate views defined for the
extended information. The views containing the extended information can be considered
to be subtypes of the view containing the common core information. Commonalitiesin
view between component system entity implementations enable us to determine when a
supertype-subtype relationship exists between component system views. Then, through
exploitation of the Liskov and Wing notion of behavioral subtyping [LW94], we can
determine when the information contained in one system’'s view of an entity is suitable
for use by another. As recapitulated by Wing and Ockerbloom, “If Sis a subtype of T,
users of T objects cannot perceive when objects of type S are substituted for T objects.”
[WOO00 p.579] When applied to the context of the OOMI, a component system can
always utilize objects that are an instance of the subtype of the federation entity view
defined for that component [ Y oung02].

A FCR can share information via the FEV abstraction due to the extension
inheritance structure it is a part of. As seen in Figure I1-5, this extension inheritance
structure allows a FCR to share information between itself and any ancestor it has.
Information can be shared “up” the inheritance hierarchy through promotion without loss.
In contrast, an ancestor’'s information shared “down” through demotion will be
inadequate. Thus a system whose perspective of a Tank is reflected by FEV 0 in Figure
[1-5 could utilize information from systems whose view of atank was captured by any of
Tank FEVs 1 through 4. Young is currently working on way to remedy this “up only”
sharing. The research on the remedy is not complete but it involves determining if the

information that extends an ancestor within a child has default values or not.
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Figurell-5.  Inheritance Relationships Within The FIOM

Figure 11-5 aso shows how the FE allows sharing information between
related RWES. As depicted by the figure, a Tank is a subtype of a Tracked Vehicle.
Therefore information about a Tank would be substitutable in a system expecting
information about a Tracked Vehicle. The relationship between FEs in the FIOM is
restricted to the root FEV's within each FE. The root FEV, and namely the FCR within it,
represents the minimum amount of information that describes an entity. Allowing only
inheritance relationships between root FEVsS removes the possibility of multiple
inheritance and simplifies the model. This simplicity may equate to loss of information
but the gains in managing and understanding the relationships within the FIOM far
outweigh this loss.

b. Resoving Differencesin Representation

The power of the relationship between a FCR and a CCR is that, when
trandating representations between a FCR and a CCR from the same FEV, there is no

loss of information. This means the relationship between FCR and CCR is reflexive and
20



preserves “round tripping.” Although a FCR and CCR from the same FEV contain the
same information, they may represent that information differently, i.e. each may use
different terminology, data types, data accuracies, etc. These differences in
representation must be resolved. This is accomplished with an association class caled a
Trandation Class (TC), as seen Figure I1-4. As the name implies, the TC is responsible
for taking the information encapsulated in a CCR and handling the functional trandlations
necessary to map the information, without loss, into a FCR, and vice versa. An example
of thistrandation can be seen in Figure I1-2. The figure shows how System A and D are
mapped into View 1. Notice the difference in naming conventions and type information
of member variables contained in System A’s and D’s representation when compared to
View 1. Dealing with these differences is the most difficult aspect of interoperability.

This was the impetus in creating the FIOM |IDE, which automates as much of this process

aspossible. Further reading on the trandlation process can be found in [Y oung02].

To further smplify the FIOM model, the FCR representation is based on an
ontology containing the federation-sanctioned description of an entity’s meaning. This
ontology can be developed specifically for a federation of systems or it can be derived
from a domain-specific or industry-wide standard. Two possible standards to draw from
are the Defense Information Systems Agency’s (DISA's) Defense Information
Infrastructure Common Operating Environment (DIl COE) XML Registry and the
Defense Modeling and Simulation Office’'s ©OMSO’'s) Functional Description of the
Mission Space (FDMS) namespaces [DI1101, FDMO01]. While multiple namespaces may
be present within the FIOM, naming conventions, based on an ontology, must and will be
enforced within the FIOM. This will allow the sharing of information between different

FEVswithin a FE, and between FES themselves, using simple assignment operations.

F. CONSTRUCTING THE FIOM

Enabling a collection of related software systems to share information has the
potential for significantly enhancing the capability of the resultant federation of systems
over that of the individual components. The previously introduced OOMI is used D

enable information sharing among a federation of autonomously developed
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heterogeneous systems. Using the information contained in the OOMI, computer aid can
be applied to the resolution of data representational differences between heterogeneous
systems. In order to apply computer aid, a model of the real-world entities involved in
the interoperation, termed a Federation Interoperability Object Model (FIOM), is
constructed for the specified system federation. Construction of the FIOM is done prior
to run-time by an Interoperability Engineer (IE) with the assistance of a specialized
toolset, called the FIOM Integrated Development Environment (FIOM [IDE).

The Graphical User Interface (GUI) based FIOM IDE is used to:
Discover the information and operations shared between federation components.

Provide assistance in identifying the different representations used for such

information and operations by component systems.
Define the transformations required to trand ate between different representations.

And, generate systemspecific information used to resolve representational

differences between component systems.

Thefirst task in FIOM construction is determining the real- world entities that are
shared between systems in the federation. In other words, one g/stem has a real-world
entity to offer and another system wants it. Determination of the rea-world entities that
define the interoperation of a federation is not merely a matter of identifying the classes
contained in the external interfaces of the component systems. Because of the
independently developed, heterogeneous nature of the systems in the federation, each
system may have a different representation for the real-world entities involved.
Identifying which of a component system’s classes are representations of the same real-
world entity is a key step in achieving interoperability between the component systems.
Correlation software is included as part of the FIOM IDE in order to assist the IE in this
effort. The correlation software searches the FIOM for a matching FCR to the
component system’'s CCR. If none within the returned set of possible matches are
acceptable, the IE is given an opportunity to create a new FCR by adding a new FEV

and/or anew FE.  The information that makes correlation possible is captured in the

22



syntax and semantic class of the FCR and CCR as seen in Figure I1-5. A detailed

discussion on the correlation process can be found in [Pug01] and [Y oung02].

After identifying or creating a matching FCR for a CCR, the transformations
required to trandate between the different representations must be defined. The FIOM
IDE assists the interoperability engineer in this task through the use of a GUI-based
matching process used to provide computer aid to trandation development, and the
maintenance of a trandation library to enable the reuse of common trandation

algorithms.

Finaly, class transformation and relationship information is extracted from the
FIOM for each component system. The systemspecific information is used by a
wrapper-based trandlator to resolve representational differences between component

systems.

G. USING FIOM TO RESOLVE REPRESENTATIONAL DIFFERENCES
BETWEEN HETEROGENEOUS SYSTEMS

When information exchange takes place between heterogeneous systems, the
interoperability object model constructed during the pre-runtime phase for a specified
federation of component systems is used to derive a trandator. Differences in view and
representation of information shared between interoperating systems are reconciled at
runtime by the translator, which serves as an intermediary between component systems.
The trandation function is implemented as part of a software wrapper enveloping a
producer or consumer system (or both) in a message-based architecture, or aternatively
as part of the data store (actual or virtual) in a publish/subscribe architecture. A software
wrapper is a piece of software used to ater the view provided by a component’s external
interface without modifying the underlying component code [YBGLO1]. Figure II-5
shows an overview of the use of software wrappers and the involvement of the Federation

Interoperability Object Model in the trandation process.
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Figurell-6.  Trandator Wrapper

Using Figure I1-6 above, an example of how this process works is as follows:

Component system A sends a RWE containing information needed by
System X.

System A’s RWE must first be transformed into an object (CCR instance).
The transform mechanism is defined pre-runtime and is necessary to

ensure the RWE is described in object-oriented terms. This CCR will be
caled CCRA.

The CCR A isthen trandated into its corresponding FCR, called FCR A.

Since System X’s CCR has a corresponding FCR, called FCR X, which is
an ancestor of FCR A, asimple assignment ismade ( FCR X = FCR A).

FCR X isthen trandated to its corresponding CCR, caled CCR X.
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CCR X is transformed into System X's representation of the RWE that
originated from System A.

As indicated above, the trandator must be capable of transforming a component
system’'s RWE into a CCR object and then trandating it to its federation counterpart
(FCR), and visa versa. The information required to effect these transformations and
trandations is captured as part of the FIOM during federation design. Then, at run-time,
the trandator accesses the information contained in the model to resolve differences in
federation entity view and to effect the trandation between component and standard

representations of aview.
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1. TECHNOLOGIC INTEROPERABILITY ENABLERS

A. INTRODUCTION

In this chapter we discuss the technologies that were selected to implement the
FIOM IDE. Each discussion will focus on a description of the technology, a comparison
of competing implementations of that technology, and why that particular technology was
chosen. But before we continue, there are 3 magjor factors that drove our choices in the
design of the FIOM IDE: constraints from our major stakeholder, the OOMI’s
technology needs, and reducing costs.

1. Directives

The DoD is counting on XML and XML-related technologies to enable
information dissemination management capabilities and to solve many interoperability
issues. DoD Directive 8320.1, DoD Data Administration [DoD91], authorizes the
establishment of and assigns responsibilities for DoD data administration to plan,
manage, and regulate data within the Department of Defense. The Defense Information
Systems Agency (DISA) is designated as the lead agency responsible for executing the
policy and procedures and making DoD Data Standards available to the community.
DISA is using XML as its common exchange data format in support of its Defense
Information Infrastructure Common Operating Environment (DIl COE) data engineering
strategy. The bottom line is that XML will be used to pass information between DoD
systems.

2. OOMI’s Technology Needs

The OOMI view of real-world entity representation demanded technologies that
fully supported an object-orientated approach. We quickly realized that XML and some
of its related technologies could not be used aone. Java with its strong typing,
properties, methods, interface inheritance, behavior inheritance, polymorphism,
reflection, and its compatibility with XML, made its use essentia. Also, some XML
technologies like DTD and XSLT were found to be incompatible, too immature, or too
cumbersome. All choices had to pass the test, “Will this technology help us effectively
implement the FIOM and the FIOM IDE?
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3. Cost

Reducing the cost of doing businessis one of the major benefits of this project. In
this vein we sought ways to reduce the cost of actualy building the tool itself. The
biggest reduction is due to the liberal reuse of opensource software. Opensource
software reduces costs four ways. The first and most appealing aspect is that it's freel
Second, the world can read, modify, and even redistribute this type of software. This
alows us to leverage and build on the work of others. This reduces the cost of labor in
producing our own code. Third, because of the second point we are assured that the
software we incorporate will continue to evolve while at the same time exposing the code
to testing by the masses. Again, this is a savings in labor with regard to testing and
maintenance. And lastly, the life cycle for this type of software is extremely compressed,
i.e., better software faster, when compared with proprietary software. It's no wonder,

with so many companies and individuals all being able to contribute.

B. XML THE NEW LINGUA-FRANCA

XML stands for Extensible Markup Language, which is a meta- markup language
that became a World Wide Web Consortium (W3C) recommendation in January of 1999.
It is the new lingua-franca for structured documents and data on the Internet. It is
platform-independent, nonproprietary, customizable, self-describing and human
readable. It is not our intent to provide an indepth discussion on XML. Further
information can be found at [W3C].

XML isafamily of technologies. We will focus on a few members of this family,
namely: DTD, XML Schema, SAX, DOM, and XSLT. But before we begin, we would
like to give the reader a quick look at what XML is and discuss the key concepts of well-

formedness and validity.
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1 XML basics

The best way to get afeel for XML is by viewing an example. Figurelll-1 below
shows a simple XML document that is used to handle the persistent storage of options for

the FIOM IDE, displayed in Microsoft’s Internet Explorer Version 6.0.

/3 D:\Babel\options.xml - Microsofl Internet Exp I _lol x|
Elle Edit Wiew Favorites ™ ({3 = &) - (%] | Address (&0 \Bael\ptiors aml = ®
Gorige +f = | @ Seach e |Waead Sl * | Links £ | Codes2 Chedd In =

5|

< ?zm| version="1.0" ?>
- <options >
= <paths >

=componentSystemSchema Path > C: A XSD_Test \ USMTF = /componentSystem Schema Path =
<fiomPath=c:\Decuments and Settings\00MI Project\babel' fiom=/fiomPath=
< fpaths>
= Joptions }I

K| | o

£ | Done | sl My Computer -
£ | Y

Figurelll-1. Simple XML Document

As you can see, XML looks a lot like HTML. The major difference is that XML
is a meta- language that offers no inherent clue as to how the information should look.
This frees XML from the static tag set of HTML and also separates the model created
from its view. All XML documents are properly nested (hierarchical) tree structures.
This example document contains a root element <options>, which contains one child
element <paths>, which contains two child elements caled
<componentSystemSchemaPath> and <fiomPath>. Notice that the XML document
nicely describes the structure of the data but does not say much as to what the elements
mean, other than what can be inferred by the element names.

2. Well-for medness

A document is not an XML document unless it is well-formed, i.e., syntactically
correct, according to the W3C's XML specification. This means that an ill-formed
document will not be accepted for processing. This simplifies the internal code of parsers

and also speeds up the processing of documents.
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3. Validity

An XML document is valid if it has an associated schema, DTD or XML Schema,
and if the document complies with that schema. A schema further constrains the syntax

of the XML document and also adds semantics through documentation within the schema
itself.

C. CONSTRAINING CONTENT
1 DTD

A Document Type Definition (DTD) specifies the logical structure of the
document; it is a forma grammar describing document syntax and semantics. We will
not discuss DTD beyond this section because of this technology’s many flaws. The
DTD’s most crippling flaw is that it has no capability for strong typing. DTDs treat
amost al of its data as strings. Existing free text searches can't differentiate between a
Marine, Marine Air Ground Task Force, Marine Corps Band, or a Marine Weather
Forecast. Strong typing is need if we are going to effectively match different
representations of the same RWE.

DTDs are not even XML. This disalows the use of many XML tools for
displaying and manipulating information within the DTD. Thiswould make it difficult to
find open-source XML based APIs thet support DTDs for use in our tool. These fatal

flaws make DTDs unsuitable for our purposes.
2. XML Schema

XML Schema is much more suited for our purposes. XML Schema can specify
actual data types for each element’s content within a document. Thisis essential if we
are going to have enhanced, efficient, and accurate searching capabilities within our tool.
Also, XML Schemas have built in elements to handle annotations to add semantics to the
types created. XML Schema can handle multiple namespaces dlowing a means to
process homonyms, which is also essential in matching RWESs. A more detail discussion
of XML Schema can be found at [W3Csch].
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D. PROGRAMMATIC ACCESS
1. SAX

Simple API for XML (SAX) and DOM (Document Object Model), which we will
discuss in the next section, were both created to serve the same purpose. Their purpose is
to provide access and modification capability to the information stored in XML
documents using any programming language. However, both of these techniques take

very different approaches in providing that access.

SAX provides access to documents as a sequence of events. It works as follows:

A SAX parser sequentially processes an XML document, signaling an

event when a specified item such as an open tag or close tag is found.

The programmer is responsible for interpreting these events by writing an
XML document handler class. This handler class is responsible for
specifying what action is required to be taken when a tag is encountered,
such as storing an element for future reference.

2. DOM

XML only supports “has & or “parent-child” relationships, such as a <person>
may contain sub-elements of <name>, <social_security _number>, <height>, <weight>,
<eye color>, etc. This hierarchical tree structure is preserved with the Document Object
Model (DOM). DOM creates a tree of nodes (based on the structure and information in
an XML document) and provides access to this information by interacting with this tree
of nodes. The DOM takes a generic approach, in that it will take any arbitrary XML
document and model it. Once a document object tree has been created (by the XML
parser, or your own code), you can access elements in that tree and you can also modify,
delete and create leaves and branches by using the interfaces in the API.

3. SAX vs. DOM

The choice of SAX or the DOM is dependent on how much of a document the
programmer wishes to access, ease of use, and performance concerns. The SAX treats a
document as a series of events, which means it efficiently and swiftly, analyzes large

XML documents. The drawback is that the programmer has to define the data structure

31



to hold element data. The DOM must load the entire document in-memory before one
has access. This takes more memory and time when compared to SAX. The DOM’s
strength is that the parser does almost everything, including reading the XML document
in, creating a Java object model on top of it, and then gives a reference to this object
model (a Document object) for manipulation. With the FIOM IDE speed and memory
should not be an issue so the DOM’s ease of use makes it the preferable choice to SAX.

E. TRANSLATIONS

Extensble Styles Language (XSL) is essentidly three languages: a
transformation language (XSLT), an accessing language (XPath), and a formatting
language (XML-FO). Our research is only concerned with XSL Transformations (XSLT)
and the XML Path language (XPath) used for pattern matching within XSLT style sheets.

XSLT is a highlevel, declarative, and XML-based language. It allows a
programmer to write XSLT code (style sheets) that transform an XML document into any
text-based document. XSLT behaves as follows:

First, an XSL engine is used to convert the XML document into a tree

structure, which is composed of various types of nodes.

Next, a style sheet is applied which transforms the XML document. The
transformation is accomplished by using pattern matching, via XPath
language notation, and then applying rules (templates) within the style
sheet.

In the transformed document, the body of the template element replaces

the matched node in the source document.

XSLT does have a very limited, nonstandardized, and awkward capability to do
functional transformations by escaping into another language such as JavaScript or Java.
The W3C's XSLT Recommendation does not define any aspect of this mechanism nor
does it require that an XSLT processor should provide one at all. This should be
remedied in future versions of XSLT. Until this is done, XSLT is not suitable for our
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purposes. Further discussion on extension functions can be found in [Kay0O] on pages
122-124 and 632-637.

F. XML DATA-BINDING
1. An object-oriented view

The FIOM IDE uses XML Schema to represent the externa interface of
component systems being integrated. XML Schema allows us to define entities shared
between systems. XML Schema also provides a mechanism for capturing information
used to establish correspondence between two component system representations of the
same real-world entity. The schema will define the structure, syntax, and to some extent,
the semantics of the component system external interface. The OOMI methodology for
resolving differences in view of rea-world entities between component systems
necessitates use of an object-orientated approach. If we view an XML Schema in object-
oriented terms, a schema can be thought of as a class. Furthermore, an XML document,
which is described and constrained by a particular schema, can also be thought of as an
object. XML data binding is Java methodology, along with an API, alowing programs
to be written that access and manipulate the content of XML documents in an object
oriented fashion.

2. Why use data-binding?

The parse trees of the W3C DOM APl and parser events of SAX APl are
primitive, constricting, and more focused on the structure vice the content of an XML
document. Also, the DOM and SAX APIstreat all data as strings requiring the casting of
data to a suitable type. In contrast, data binding facilitates the direct mapping
(transforming) of an XML document to objects while maintaining the constraints
imposed by its corresponding schema. Thus, all the benefits, power, and familiarity of
the object-oriented paradigm are available. In effect, the programmer does not have to
“reinvent the wheel” in gaining access to and updating the element content within a
document. The programmer receives al of this along with the confidence that any
resulting change in state will not violate well-formedness and validity of the resulting
XML document.

33



3. Definition

The Javad Architecture for XML Binding (JAXB) Working Draft Specification
[Sun01] defines XML data-binding as a facility containing two components. A schema
compiler and a marshalling framework.  The schema compiler binds components of an
input schemato derived lightweight classes. A lightweight class is conceptually the same
as a Java Bean providing access to the content of the corresponding schema component
via a set of accessor and mutator (j.e., get and set) methods. The derived lightweight
classes will maintain al the constraints described in its corresponding schema. This
ensures that when the class instance (i.e., object) is unmarshalled it will not only be well-
formed, but vaid as well. The marshalling framework is a runtime APl that, in

conjunction with the derived lightweight classes, supports three primary operations:

The unmarshalling of an XML document into a Java object that is an instance
of a schemaderived class. This schemaderived class is composed of

interrelated instances of both existing and schema-derived classes.
The marshalling of an object back into an XML document.

And, the validation of member variables against the constraints expressed in

the schema.
In summary, the generated lightweight class will contain the following:
Member variables representing the content of the input XML Schema.

Get and set methods to access the generated member variables while

maintaining constraints of the original schema.

The unmarshal, marshal, and validate methods to convert an XML document

into an instance object of the generated lightweight class and back.
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Figurelll-2. XML and Java Relationships. From Ref. [Sun01].

Figure 111-2 above shows how XML Schemas, XML documents, Java classes, and
Java objects are related under this framework. As you can see, these relationships
preserve equivalence, i.e., round tripping. In other words, the unmarshalling of an XML
Document and then immediate marshalling of the Java object(s) produced should result in
an equivalent copy of the original XML Document.

4. I mplementations

This “bleeding-edge” technology is still in development.  While, all current
implementations support DTD schema, not one has yet to fully support all three parts of
the 2 May 2001 W3C XML Schema recommendation. As discussed earlier, DTD
specifications allow the validation of data structure, but do not allow the validation of
data content, i.e., strong typing. This strong typing is necessary to allow for the syntactic
and semantic matching in connecting different representations of the same real-world
entity. There are currently three somewhat competitive APIs and one tool available that
implement data binding: JAXB, Zeus, Castor, and Breeze XML Studio. We will discuss
the merits of each and which implementation we chose to incorporate into our tool.

a JAXB

First, Sun Microsystems Java Architecture for Data Binding JAXB) is
being developed under the Java Community Process under Java Specification Request
(JSR-031) [JSR31]. JAXB isessentidly the base for the other three implementations and

therefore the least developed. JAXB has an early access implementation available. This
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implementation is far from being a useable technology and currently only supports DTD
schema. It also imposes some unreasonable restrictions on generated classes. For
example, generated classes must extend some base classes from Sun’s Java APl for XML
Processing (JAXP). It aso generates classes that contain parsing code. This means that
every change in your schema mapping requires code generation. So the only way to
retain the code you wish to add to the generated JAXB code is to subclass their classes.
This is probably a good idea regardless, but a constraint nonetheless. These constraints
and the fact that JAXB is hardly a Beta make it unsuitable for use in our tool.

b. Zeus

Zeus is the open source brainchild of Brett McLaughlin, an Enhydra
strategist with Lutris Technologies and one of the most knowledgeable individuals in the
data-binding field. Much of McLaughlin’s impetus in starting Zeus was his frustration
with the complexity of the Castor project. Castor is more of a “Swiss-army knife’
approach, trying to provide JDO (Java Data Objects), LDAP mappings, SQL mappings,
etc., etc. This makes for a rather enormous code base, something McLaughlin was
explicitly aiming to avoid in starting Zeus. Unlike Castor, Zeus provides a tightly
focused XML to Java mapping in a very easy-to-use package. Zeus is quite a bit further
along, in terms of usability, when compared with JAXB. Even so, it still only has minor
support for XML Schema and none for data validation. [Zeus01]

C. Castor

Castor may be the “Swiss-army knife” of data binding API’s but it's for
good reason. It isone of the most active open source projects we have withessed. While
all this individual input does adds to the complexity of the code, it does have the benefit
of being constantly tested, evaluated, and improved. It aso has XML Schema support
along with data validation. This made Castor the clear winner for use in our tool.
Currently the generated Java source files that Castor’s Source Code Generator (schema
compiler) produces need to be compiled. Thisisimportant if our tool is to use reflection
in the viewing the structure of the generated classes. The Castor project will be adding
code to the API eventually to handle this automatically [Cas01].
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d. Breeze XML Studio

Breeze XML Studio Release 2.5 Beta Il supports the XML Schema
Recommendation of May 2, 2001 as well as support for XML Namespaces [Bre01].
Breeze Factor, LLC sits on the expert committee for JAXB JSR-031 and is committed to
providing support if and when JSR-031 is useable [JSR31]. Even with these positive
statements the negatives have far greater weight. The number one negative is that Breeze
XML studio is proprietary, with no commercial competition whatsoever, and the
company that owns it has the ability to radically affect the JSR-031. This is a very
dangerous combination indeed. Their product is stand-alone with no capability to plug
into another application. Also, although the Java classes generated are more compact and
readable than the other tools, they are nonteditable and have a birth certificate, i.e, a
limited life that only Breeze LLC determines. This2.5 Beta |l was, for our project, a day
late and a dollar short. We had already developed our own prototype that essentialy has

the same features of Breeze XML Studio using our own code and open source software.

G. ALTERNATIVES AND CONCLUSION

Can't we just use XSLT to generate Java classes? Yes, but given the choice,
would you rather manually develop a style sheet for every document you need to
manipulate in Java or have the code generated for you? With data binding you can take
an arbitrary XML document and automatically generate the corresponding java classes.
Likewise, who wants to tedioudly update a style sheet when there is a change in the
schema? With data binding when a change is made in a schema, all that needs to be done
isto re-generate the code in question. This automation dramatically reduces the time and

effort to generate Java classes and thus reduces costs to develop and maintain code.

Why use data-binding at all? Can’'t we use SAX or DOM to access the document
and XSLT to do the trandations? The problems with this approach are as follows:

Remember, with SAX the programmer has to design his own data model
to handle a specific XML Document. With data-binding the mapping to a
Java data model (class) is done automatically.
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DOM gives access to a document view as a tree structure. This involves
tree searches to find the particular node a programmer is seeking. With
data-binding all that is needed are simple get and set methods to access the

data members of an object.

XSLT can be used to transform an XML document to another view of that
document. But, the problem is in scalability. Creating an XSLT style
sheet is a manual process. This involves creating templates that match a
certain element within an XML document and then describing what is to
be done. This is very inefficient as can be seen in Figure I11-3, which

shows the effort required to retrieve the range of a missile in Java and in

XSLT.
<xsl:template match="missile™:>
Java <xsl:element name="{name} ">

<xsl:attribute name="range":>
<xsl:value-of select="range"/
</xsl:attributex>
</xsl:element:
</xsl:templates

missile.getRange () VS,

Figurelll-3. Javavs. XSLT

Data-binding is the technology best suited to implement the FIOM IDE. It
automatically maps an XML Schema into a Java class freeing the programmer from
learning and using the low-level and tedious SAX and DOM API's. It allows for
functional trandations using the power and vast resource libraries of the Java
programming language directly. It also automatically moves XML documents to Java

objects and back. There are no other technologies that give object-oriented access to
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XML documents with no effort on the part of the programmer. This makes data-binding

the clear winner.
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V. VISION, REQUIREMENTS, AND PROTOTY PE

A. INTRODUCTION

In this chapter we will briefly discuss the key aspects of the Vision Document,
Software Requirements Specification (SRS), and prototype for the FIOM IDE. The Java
source code and required files for the FIOM IDE can be found in appendix A. For the
sake of brevity and because much of the information from the Vision Document and the

SRS are dready present in this thesis, they will not be included as appendices.

B. VISION DOCUMENT

The Vision document describes the application in general terms, including
descriptions of the target market, the system users, and the application features [Leff00].
Again, the bulk of this information can be found in this thesis (see, Chapter 1). However,
We would like to cover two important aspects of this document, the product features and
the key use case.

1. Product Features

Table V-1 below shows the current, but by no means exhaustive, product features
for the FIOM IDE. These features provide a fundamental basis for product definition,

scope management, and project management [ Leff00].

ID Feature Status Priority Effort  Assigned Reason

1  Accessof Incorporated  Critical Low Christie
component system
schemafiles

2 Viewschemafiles Incorporated Important Low Christie Used for text searches
in text only format of schema

3 View schemafiles  Incorporated Critical High Christie Help visualize
in graphical format structure of schema

4 Transform Incorporated  Critical High Christie Key to manipulating
Component System component RWE in
Schemato Java Java
Classes

5 View FIOM Proposed Critical High TBD Help visualize
graphically as structure of FIOM and
hierarchy manually find FEs

quicker

6 View FEintext Proposed Important Med TBD
format

7 Search FIOM for Proposed Critical High Pugh Coreof IDE
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Feature

Effort

Priority

FE that matches
selected object in
component system

8  Display probability  Proposed Critical Med Pugh Help IE choose most
of match on likely FE that matches
returned FE object from component

system schema while
not filtering out low
probability matches.

9  Splitscreenview of Incorporated Important Low Chrigtie Help IE determine if
an object from the match a help with
component system mapping of attributes
and a selected FE

10 Mapping of Proposed Critical High TBD Choosing a
attributes between transformation
component system function will also be
object and FCR included

11 Manualy add FEta Proposed Critical Med TBD
FIOM

12 Manually delete FE  Proposed Important  Low TBD
from FIOM

13  EditFE Proposed Important Med TBD

14 Print component Proposed Useful Low TBD
system schema text
format

15  Print component Proposed Useful Med TBD
system schema
graphical format

16  Print FE in text Proposed Useful Low TBD
format

17 Print FIOM Proposed Useful Med TBD
hierarchy

18 Savework as Incorporated  Useful Med Chrigtie Keep current view of
current “ snapshot” files and FIOM to

alow quick return to
work.
TableIV-1.  Product Features

2. Key Use Case

Table 1V-2 below is the key use case for the FIOM IDE.

exemplary use cases and actors along with their relationships.

[ tem

Use case hame

Value

High-level system view

Figure V-1 shows the

Brief description

This use case describes how an interoperability engineer (IE)
loads a component system schema and what tre system state is
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| tem Value

after this operation is finished. This is the heart of what this
tool isto provide.

Flow of events 1

|E identifies part of a component system to be integrated into
the federation by selecting its XML schema file. The XML
schema represents real world entities that are based upon the
inputs, outputs, and services of a component system.

|E utilizes a software tool that analyzes and parses the XML
schema. An XML data binding Java class generator
automatically maps the XML schema to light-weight Java
classes. Thisresultsin a"graph” of al the classes found in
the component system schema. Each node of the graph
represents member variable within the schema. A member
variable may be a class itsdlf. If thisis true, the class node
can be “clicked-on” and display its own member variables.

After sdlecting a class using the first software tool on the
system, the |E uses a second software tool, which conducts a
search to find the FIOM representation of the same real world
entity. If no matches are found, |E is given option to create a
new Federation Entity (FE). Else, a list of FE with a
probability of match for each is displayed.

The IE analyzes the output from Step 3, and determines
which member variables are appropriately mapped. The tool
helps this process by displaying both graphs of the
component system object and the FCR side by side. If the
object does not map completely, the IE is given the option to
add the current component system object to the FIOM
hierarchy as anew FCR. This new FCR may inherit the FCR
that was the closest match from the search.

The IE executes a fourth tool that sets the functional
transformations needed to map the component system object
to the correct FCR and vice versa

Exceptional flow of TBD.

events

Preconditions A wedll-formed XML schema representing a real world entity to
be integrated into the federation is available.
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| tem Value

Postconditions The FIOM is updated with the addition of the XML schema
from the component system in question. The FIOM will now
be capable of taking an XML Document based upon the XML
schema previously integrated and transform it into another
XML Document based upon ancther integrated component
system’'s XML schema. This is provided that the XML
schemas represent the same real world object.

Special None.
requirements

Table1V-2. Key Use Case

FIOM IDE

X O—X

Ontology Librarian

Ontology Database

Request Ontology Update

i << >>
<<communicate>> search

________________________________

1
| v ' ////’
! 1 i
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1 77 | ///
1 / [P
! <<include>> ,/ //’r
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| el !
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1
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FigurelV-1. Key Use Case Diagram



C. SOFTWARE REQUIREM ENTS SPECIFICATION (SRS)

The highlights of the SRS covered in this section are the Use Case Model Survey,
Actor Survey, and the Activity Diagrams describing the key use casein Table IV-2.

1 Use Case Model Survey

Name Description Actor(s)

Add  Component Allows IE to open a component system XML IE,

System Schema Schemafile and display the objects contained Component
therein. Using a data-binding mechanism, the System Schema,
file is transformed into a light-weight Java FIOM Database
class(es) . A search is then conducted to find
a matching FCR within the FIOM. The
results of the match are displayed. A FCR is
chosen, or one is created (see Manage
FIOM), and the relationship is made. The
trandations between member variables are
made. Lastly, the relationship and
trandation(s) are stored in the FIOM.

Manage FIOM Gives the IE the ability to create, modify, or IE,
delete an FE, FEV view, FCR, or CCR. FIOM Database,
Note: CCRswill not be modified. Ontology Database

Manage Ontology  Adds a new entity to the Ontology Database.  Ontology
Not part of FIOM IDE. Librarian
Ontology Database

TableIV-3.  Use Case Model Survey

2. Actor Survey

Actor Name Description

Component System XML schema file defining the component system’'s external
External Interface interface and containing a representation of the real-world entity
Schema it wishes to add to the FIOM.

FI1OM Database The collection of Federation Entities (FE) containing the

relationships and trandations necessary for component system
members to share information the members have registered using
the FIOM IDE.
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Actor Name Description
I nteroperability An individual that is an experienced Software Engineer that is
Engineer (1E) responsible for integrating DoD systems. It is assumed that the

IE is not necessarily a domain expert in the particular systems
that are to be integrated. But, the IE is expert in the federation
namespace being used to create the FIOM. Once the FIOM is
created it will be used within a network to convert messages and
services between component systems.

Ontology Librarian ~ One who has the ability and authority to update the contents of
the Ontology Database.

Ontology Database The working model of entities and interactions in some particular
domain of knowledge or practices, such as Defense Information
Systems Agency’s DISA's) Defense Information Infrastructure
Common Operating Environment (DIl COE) XML Registry and
the Defense Modeling and Simulation Office's (DMSO's)
Functiona Description of the Mission Space (FDMYS)
namespaces [DI101, FDMO1]. In artificial intelligence @Al), an
ontology is, according to Tom Gruber, an Al specidist at
Stanford University, "the specification of conceptualizations,
used to help programs and humans share knowledge." In this
usage, an ontology is a set of concepts - such as things, events,
and relations - that are gecified in some way (such as specific
natural language) in order to create an agreed-upon vocabulary
for exchanging information [Whatis].

TableIV-4.  Actor Survey

3. Activity Diagrams

Figures V-2 and 1V-3 describe the steps needed to implement the key use case
found in Table IV-3.
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Add Component
System Schema

Load Component
System Schema

Search for
matching FCR

Add CCR to Adjust Views in
FEV FE

Map Attributes

Add new FE to
FIOM

Figure1V-2.  Add Component System Schema Activity Diagram
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Open Component
System Schema File
Generate Java
Classes
Display Namespace Class
Package Directory

Load Component
System Schema

Open XML Schema
editor(read-only) and display file

Neural Net Key-word map
Processing generation

FigurelV-3. Load Component System Schema Activity Diagram
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D. FIOM IDE PROTOTYPE

The main goal of our work with the prototype was to build the base graphical user
environment and the data binding mechanism needed for follow-on work. In this section
we will to discuss the current features implemented and cover an example of exercising
the data-binding feature of the application.

1. Environment

The FIOM IDE will execute on a system running Java 2 runtime environment
1.3.0 with normal 800x600 resolution or greater monitor, keyboard, and mouse. All user
interface components are implemented using the Java Swing library. Upon program start
an 800x600 pixel window will open and be placed in the middle of the screen. The
application will have the “Look and Fedl” of the operating system environment it is
running in. Figure IV-6 shows a typical window running under a Windows 2000
operating system environment. Anyone familiar with any Windows type environment
should find this application to be “user friendly.”

2. Functionality

There are four drop-down menus used to control the FIOM IDE. Table V-5
describes their functions and submenus. These drop-down menus can be seen in Figure
V-4,

Menu | Sub-Menu Function

File Basic File Input/Output operations

Load XML SchemaFile  JFileChooser is displayed to allow user to load .xsd
file into tool. Figure IV-5 shows a sample dialog
box.

Close XML SchemaFile  Current schema file is closed along with associated

view XML Schematext or tree panes opened.

Exit Closes all files and exits the application

View Displays different views of schema file loaded.

49



Menu | Sub-Menu Function

XML Schema Tree As seen in Figure V-6, displays a JTree containing
the contents of the current schema file. This tree
aso contains any <include> files within the
origina schema file as well as the <include> files
themselves.

XML Schema Text As seen in Figure V-7, XHTML representation of
the original schema file only. <include> files are
not added.

Tools Handles different tools the application has.

Generate Java Classes Takes the loaded XML Schema file and creates
lightweight Java classes and stores them in the
directory based on the package given by the user.
The package dialog can be seen in Figure 1V-8.

Options Displays application options and allows the user to
edit them. Currently path information for schema
location and FIOM location can be edited and
stored. Figure IV-9 shows an example of the
dialog. The information is stored in a XML
Document called optionsxml. Note: This tool
actually helped in building itself! This operation
was created using the FIOM IDE. The options
XML Schema was created and then loaded into the
FIOM IDE. The classes were then generated and
then incorporated into the FIOM IDE code. This
gave the FIOM IDE the ability to manipulate an
options XML file.
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Menu | Sub-Menu Function

Help Handles any help or information screens.
About Gives brief background on tool as seen in Figure
IV-10.

Table 1V-5.

Menu Functions

ﬂBahel - Federation Management and Component System Integration Tool i )
RICH View Tools Help

B
Load XML Schema File
CloaashL Sehera File
Exit
ﬂBahel - Federation Management and Component System Integration Tool ;I
e [P Tools el
ML Schema Tree
HML Scherma Text

ﬂBahel - Federation Management and Component System Integration Tool E '3

e _view RERY telo
Generate Java Classes
IDE Options

ﬂBahel - Federation Management and Component System Integration Tool K
File “iew Tools Igglﬂ

About |

FigurelV-4. Cascaded View of Menus
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1 X5D_Test

== ¥ optic

File name: hpﬁnnaxad

Files oftype;  [<ML Schema Files (xsd) -]

Load

Cancel

FigurelV-5. Load Schema Dialog

EBahel - Federation Management and Component System Integration Tool

File View Tools Help

=101

Schema Tree View |

B _qxsd:schema
HmInG s d="http: a3 org/ 2001 HMLScherma”
_A nsd:element
~-# name="options"
El-_4 xsd:complexType

El-_4 ¥sd:seguence

E-_4 ¥sd:element

~-# name="paths"
El-_4 xsd:complexType

El-_4 xsd:seguence
=4 xsd:element
# name="tomponentSystemSchemaPath”
: # type="xsd:string"
El-_4 xsd:element
-8 name="finmPath"
L type="xsdstring”

Let's Babell Schema path --=DABabeloptions xsd

FigurelV-6. SchemaTree View Display
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EBahel - Federation Management and Component System Integration Tool = IEIIlI

File  View Tools Help

Schema Tree View Scherna Text View |

|converted by smiverbatim.xs 1.0.2, (¢) 0. Becker |
<xed:schema mminsxsd="hitp/www w3 org/2001/ XL 3 chema "=
= xsd ! element name=" options ">
= xsd: complexType =
< xsd sequence >

< xsd : element name="paths ">
= xsd: complexType =
= xsd sequence >
= xsd: element name=" componentSystemSchemnalPath " type="xsdstring" /=
< xsd ! element name="flomPath " type="=sdstring" />
=f®sd: sequence >
=fxsd: complexType >
=fxsd : element »
=f®sd : sequence >
=fxsd: complexType >
=fxsd : element »
=fxsd:schema »

Let's Bahell Schema path --=DBabehoptions. xsd

FigureV-7. Schema Text View Display

@ Enter package name for generated classes
|mi|.naw.nps.cs.t:uabel

0] Cancel |

FigurelV-8. Package Dialog for Generating Classes
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B3 1DE Options

Component System Schemals) Location: |CS0_TestlISMTF

FIOm Location:

cADocuments and SettingsvOOMI Project,

Lpdate Cancel

Figure1V-9. |IDE Options Dialog

Babel
Version 1.0
Copyright (o 2001

Authors:
CAPTAIMN Faul E. Yaung LISH
Major Brent F. Christie LISMC
Captain Randy G. Pugh USMC

Cyeryie:

A Integrated Development Enviornment {(IDE) far
construction of a Federation Interoperability Object
Madel (FIOM). This tool will enahle a Interaperahility
Engineer {IE) to design and maintain a federation of
realwarld entities (RWE) based on component system
representations. All based on Young's DOl

Figure 1V-10. About Information Display




3. Example of Data-binding using the FIOM IDE

In this section we hope to demonstrate the power of data-binding by explaining
how the FIOM IDE actually helped in building itself. Feature 18 in Table 1V-1 sought to
save work as a current “snapshot” in order to keep a current view of the component
system files and the FIOM to allow a quick return to work. Part of capturing the current
state of the application was the persistent storage and retrieval of path information for
component system XML Schema and FIOM files. To incorporate this feature the

following steps were taken:

An XML Schema file called options.xsd, Figure IV-11, was developed to
define the logical structure of the document used to store user options for
the application. As can be seen below in Figure 1V-11, XML documents
following this schema will have aroot element called “options’, which has
a sequence of children. Currently, the “options’ element has only one
child called “paths’ aso having a sequence of children called
“componentSystemSchemaPath” and “fiomPath”, both of which are
strings.  This schema can be easily modified to add more options that

require persistent storage.

<?xm version="1.0" encodi ng="UTF-8"?>
<xsd: schema xm ns: xsd="http://ww. w3. or g/ 2001/ XM_Scherma" >
<xsd: el enent nane="opti ons">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el enent nane="pat hs" >
<xsd: conpl exType>
<xsd: sequence>
<xsd: el enent nane="conponent Syst enSchemaPat h'
type="xsd:string"/>
<xsd: el enent nane="fionPath" type="xsd:string"/>
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >
</ xsd: schema>

Figure IV-11. options.xsd
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dass file
Options. java

The prototype FIOM IDE was then started and the options.xsd was |oaded
by clicking on the File menu and then the Load XML Schema File sub-

menu.

A JFileChooser dialog box then appears and the options.xsd file is located

and chosen as seen in Figure [V-5.

The file's content was then checked using the Schema Tree View and
Schema Text View, which are sub-menus under the View menu. See
Figure V-6 and Figure 1V-7.

The Generate Java Classes sub-menu, which can be found under the Tools
menu, was then clicked on and the Package Dialog Box appeared. The
package for the FIOM IDE was thenentered. Figure 1V-8.

Then FIOM generated four Java classes in background using the Castor

Source Generator API. The four files are:
0 Optionsjava
0 OptionsDescriptor.java
0 Pathsjava
0 And, PathsDescriptor.java

These generated files can be seen in Appendix A. The attributes and
methods contained in Options.java and Paths,java are listed in Table 1V-6
below.

Attributes Met hods
Pat hs _pat hs public Paths getPat hs()

public voi d set Pat hs(Pat hs pat hs)
public bool ean isValid()
public void marshal (java.io. Witer out)

public static Options
unmar shal (j ava. i 0. Reader reader)

Pat hs. j ava

String public String
_conponent Syst enSchenaPat h get Conponent Syst enSchemaPat h()
String _fionPath public void

set Conponent Syst enSchemaPat h( Stri ng
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Cass file

Attributes Met hods
conmponent Syst enSchemaPat h)
public void setFionPath(String fionPath)
public java.lang. String getFi onPat h()
public void setFionPath(String fionPath)
public bool ean isValid()
public void marshal (java.io. Witer out)

public static Paths
unmar shal (j ava. i 0. Reader reader)

Table IV-6.  Generated Class Files
OptionsDescriptor and PathsDescriptor class serve a class reflection
mechanism to retrieve things such as class name, its super class,

namespace, €etc.

The methods in Table 1V-6 are then used within the program to access the
options.xml file, see Figure Il1l1-1. This programmatic access can be seen
in the IDEOptions class constructor and display method in Appendix A.
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V. CONCLUSION

A. RESULTS OF THISRESEARCH

This research effort has resulted in the beginnings a FIOM IDE prototype capable
of demonstrating the transformation process. This was originaly not the focus of our
research. But, it became clear as work progressed, that a way to view real-world entities

in pure object-orientated terms was needed if the project was to move forward.

XML, and the family of technologies associated with it, are very immature at this
time. Most of the recommendations from the W3C are less than two years old and some
are still only candidates. We found that the XML Schema inheritance mechanism was
too crude and XSLT’ s trandlation capabilities were insufficient to effect proper functional
trandations. Our frustration grew as we tried to make XML “fit” in our object-orientated
model. Luckily, we stumbled across one of the newest XML technologies, data-binding.
Data-binding enabled the transformation of XML Schemas into pure Java classes, and
thus, freed us from trying to implement object-orientated techniques using other crude,

immature, and sometimes unusable XML technologies.

B. CRITICISMS OF THIS RESEARCH

The new capabilities that XML brings to interoperation between legacy systems
are atwo-edged sword. XML now allows the world to define the structure and semantics
of data to suit its needs. But again, XML technologies are very immature and it will be
quite some time before data-binding, or any other XML technology, performs as
advertised.

C. RECOMMENDATIONS

Follow on work should focus on the following:

The classes generated via data-binding need to be compiled if we are to

use reflection to view the contents of the classes. The Castor APl will
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eventualy do this automatically but, until then, a manua solution is
needed.

Pugh'’s correlation techniques, see [Pug01], drew their discriminators from
XML Schema files only. Since the federation view of a real-world entity

is now described using Java Class only, his techniques must be modified.

Lastly, a graphica, UML type, mapping interface is need to aid the
Interoperability Engineer in developing the transation methods necessary
to convert FCRs to CCRs, and visaversa. The University of California at
Irvine developed an open source Java library called the Graph Editing
Framework (GEF) that may drasticaly reduce the amount of work
necessary to accomplish this task [GEFO1].
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APPENDIX A. FIOM IDE SOURCE CODE AND REQUIRED FILES

A. SOURCE CODE

1.

Babel .java

package m | . navy. nps. cs. babel ;

i nport javax.sw ng. U Manager ;
import java.awt.*;

/**

* Title: Babel
* Description: A Integrated Devel opnent Enviornnent (IDE) for construction of

* a Federation Interoperability Qoject Mddel (FIOM. This tool
* will enable a Interoperability Engineer (IE) to design and

* naintain a federation of real world entities (RWE) based on
* conmponent systemrepresentations.

* Copyright: Copyright (c) 2001

* Conpany: Naval Postgraduate School

* @uthor Major Brent P. Christie USMC

* @ersion 1.0

*/

public class Babel {

/1

*kkkk mTA NENBE% * Kk Kk k%

bool ean packFrane = fal se;

/1

*x%xk QONSTUCTCRS *****

/**Construct the application*/
public Babel () {

Mai nFrame frame = new Mai nFrane();
//Validate frames that have preset sizes
//Pack frames t hat have useful preferred size info, e.g. fromtheir |ayout
if ( packFranme ) {
frame. pack();

}

el se {
franme.validate();

}

/] Center the w ndow
Di nensi on screenSize = Tool ki t. get Defaul t Tool kit ().getScreenSi ze();
Di nension franmeSi ze = frane. get Si ze();
if ( frameSi ze. height > screenSize. height ) {
frameSi ze. hei ght = screenSi ze. hei ght;
}
i

f ( franeSize.width > screenSize.width ) {
frameSi ze.wi dth = screenSi ze. wi dt h;
}
frane. setLocation( ( screenSize.width - franeSize.width ) /
( screenSize. height - franeSize. height )
frane.setVisible( true );

2,
I 2);

}//end Babel class constructor

/1

*kk k% ’\Erm * Kk kk Kk

/**Mai n net hod*/
public static void main( String[] args ) {

try {
/1 U Manager . LookAndFeel I nfo | ooks[];
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/11 ooks = U Manager. get | nst al | edLookAndFeel s();

/10 - Metal, 1- Mtif, 2 - Wndows

/1 U Manager . set LookAndFeel ( | ooks[ 0] . get A assNanme() );

U Manager . set LookAndFeel (Ul Manager . get Syst enLookAndFeel O assNane() );

}
catch( Exception e ) {
e. printStackTrace();

}
new Babel ();
}//end of main method

}//end of class Bable

// eof Babel .java

N

ConvenientFileFilter java

-~

EE . T R R R R R R R

@#)Exanpl eFileFilter.java 1.9 99/ 04/ 23
Copyright (c) 1998, 1999 by Sun Mcrosystens, Inc. Al R ghts Reserved.

Sun grants you ("Licensee") a non-exclusive, royalty free, |icense to use,
nmodi fy and redistribute this software in source and binary code form
provided that i) this copyright notice and |icense appear on all copies of
the software; and ii) Licensee does not utilize the software in a manner
whi ch is disparaging to Sun.

This software is provided "AS IS," without a warranty of any kind. ALL
EXPRESS OR | MPLI ED CONDI TI ONS, REPRESENTATI ONS AND WARRANTI ES, | NCLUDI NG ANY
| MPLI ED WARRANTY OF MERCHANTABI LI TY, FI TNESS FOR A PARTI CULAR PURPCSE OR
NON- | NFRI NGEMENT, ARE HEREBY EXCLUDED. SUN AND | TS LI CENSORS SHALL NOT BE

LI ABLE FOR ANY DAMAGES SUFFERED BY LI CENSEE AS A RESULT OF USI NG MODI FYI NG
CR DI STRI BUTI NG THE SOFTWARE OR | TS DERI VATI VES. I N NO EVENT WLL SUN CR ITS
LI CENSORS BE LI ABLE FOR ANY LOST REVENUE, PROFIT OR DATA, OR FOR DI RECT,

I NDI RECT, SPECI AL, CONSEQUENTI AL, | NCI DENTAL OR PUN Tl VE DAMAGES, HOWEVER
CAUSED AND REGARDLESS OF THE THEORY OF LI ABILITY, ARISING QUT OF THE USE OF
CR INABILITY TO USE SOFTWARE, EVEN | F SUN HAS BEEN ADVI SED OF THE

PCSS Bl LI TY OF SUCH DAMAGES.

This software is not designed or intended for use in on-line control of
aircraft, air traffic, aircraft navigation or aircraft comunications; or in
the design, construction, operation or naintenance of any nucl ear

* facility. Licensee represents and warrants that it will not use or

* redistribute the Software for such purposes.

*/

package m | . navy. nps. cs. babel ;

inport java.io.File;

inmport java.util.Hashtable;
import java.util.Enuneration;
import javax.swi ng.*;

i mport javax.sw ng.filechooser.*;

*

/
A conveni ence inplenentation of FileFilter that filters out
all files except for those type extensions that it knows about.

Ext ensions are of the type ".foo", which is typically found on
Wndows and Uni x boxes, but not on Macinthosh. Case is ignored.

Exanple - create a new filter that filerts out all files
but gif and jpg i mage files:

JFi | eChooser chooser = new JFil eChooser ();
Exanpl eFileFilter filter = new Exanpl eFileFilter(

new String{"gif", "jpg"}, "JPEG & G F | nmages")
chooser . addChoosabl eFil eFilter(filter);
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chooser . showOpenDi al og(t his);

*
*
* @ersion 1.9 04/23/99
* @uthor Jeff Dinkins

*/
public class ConvenientFileFilter extends FileFilter {

private static String TYPE_UNKNOM = "Type Unknown";
private static String H DDEN FILE = "H dden File";

private Hashtable filters = null;

private String description = null;

private String full Description = null;

private bool ean useExtensi onsl nDescription = true;

/**

* (reates a file filter. If no filters are added, then all
* files are accepted.
*
* @ee #addExt ension
*/
public ConvenientFileFilter() {
this.filters = new Hashtabl e();
}

/**

* Creates a file filter that accepts files with the given extension.
* Exanpl e: new ExanpleFileFilter("jpg");
*

* @ee #addExt ension
*/
public ConvenientFileFilter(String extension) {
t hi s(extension, null);

/**

* Creates a file filter that accepts the given file type.
* Exanpl e: new Exanpl eFileFilter("jpg", "JPEG | nage | mages");
*

Note that the "." before the extension is not needed. |f
provided, it will be ignored.

EE

* @ee #addExt ension

*/
public ConvenientFileFilter(String extension, String description) {
this();
i f(extension!=null) addExtensi on(extension);
i f(description!=null) setDescription(description);
}
/**

* Creates a file filter fromthe given string array.
* Exanpl e: new ExanpleFileFilter(String {"gif", "jpg"});
*

* Note that the "." before the extension is not needed adn

* will be ignored.

*

* @ee #addExtension

*/

public ConvenientFileFilter(String[] filters) {
this(filters, null);

/**

* Creates a file filter fromthe given string array and description.
* Exanpl e: new ExanpleFileFilter(String {"gif", "jpg"}, "Gf and
JPG | nages");

Note that the "." before the extension is not needed and will be ignored.

* % X * *

@ee #addExt ensi on
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*
/
public ConvenientFileFilter(String[] filters, String description) {
this();
for (int i =0; i <filters.length; i++) {
/] add filters one by one
addExtension(filters[i]);

i f(description!=null) setDescription(description);
}
/**

* Return true if this file should be shown in the directory pane,
* false if it shouldn't.

Files that begin with "." are ignored.

* ok ok ok

@ee #get Ext ensi on
* @ee FileFilter#accepts
*/
publ i c bool ean accept(File f) {
if(f '=null) {
if(f.isDrectory()) {
return true;

}
String extension = get Extension(f);
if(extension !'= null &% filters.get(getExtension(f)) != null) {
return true;
b
return fal se;
}
/**

* Return the extension portion of the file's nane .
*
* @ee #get Extension
* @ee FileFilter#accept
*/
public String getExtension(File f) {
if(f '=null) {
String filenanme = f.getNane();
int i = filenane.lastlndexO('.");
if(i>0 & i<filenane.length()-1) {
return filenanme. substring(i+1).toLowerCase();
b

return null;

}
/**

* Adds a filetype "dot" extension to filter against.

*

* For exanple: the following code will create a filter that filters
* out all files except those that end in ".jpg" and ".tif":

*

* Exanpl eFileFilter filter = new ExanpleFileFilter();
* filter.addExtension("jpg");

* filter.addExtension("tif");

*

* Note that the "." before the extension is not needed and wi |l be ignored.
*/
public void addExt ension(String extension) {
if(filters == null) {
filters = new Hashtabl e(5);

filters. put (extension.toLowerCase(), this);
full Description = null;

/**



Returns the human readabl e description of this filter. For
exanple: "JPEG and G F Image Files (*.jpg, *.gif)"

@ee setDescription
@ee set Ext ensi onLi st nDescription
@ee i sExtensi onLi st nDescription
@ee Fil eFilter#getDescription
/
public String getDescription() {
I

% kK ok ok % & F

if(fullDescription == null) {
if(description == null || isExtensionListlnDescription()) {
full Description = description==null ? "(" : description + "

/1 build the description fromthe extension |i st
Enuneration extensions = filters. keys();
if(extensions !'= null) {
full Description += "." + (String)
ext ensi ons. next El ement () ;

whi | e (extensions. hasMoreEl enents()) {
full Description += ", " + (String)
ext ensi ons. next El enent () ;
}
full Description +=")";
el se {
full Description = description;
}
return full Description;
}
/**

* Sets the human readabl e description of this filter. For

* exanple: filter.setDescription("Gf and JPG | mages");

*

* @ee setDescription

* @ee set ExtensionListlnDescription

* @ee isExtensionListlnDescription

*/

public void setDescription(String description) {
this.description = description;
full Description = null;

}
/**
* Determines whether the extension list (.jpg, .gif, etc) should
* show up in the human readabl e description.
*
* Only relevent if a description was provided in the constructor
* or using setDescription();
*
* @ee getDescription
* @ee setDescription
* @ee isExtensionListlnDescription
*
/

public void setExtensionListlnDescription(bool ean b) {
useExt ensi onsl nDescri ption = b;
full Description = null;

}
/**
* Returns whether the extension list (.jpg, .gif, etc) should
* show up in the human readabl e description.
*
* Only relevent if a description was provided in the constructor
* or using setDescription();
*
* @ee getDescription
* @ee setDescription
*

@ee set ExtensionLi stlnDescription
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*/
public bool ean i sExtensionLi stlnDescription() {
return useExtensi onsl nDescri ption;
}

}//end ConvenientFileFilter class

//eof ConvenientFileFilter.java

3. ConvenientFileView.java

@#) Exanpl eFil eView java 1.8 99/04/23
Copyright (c) 1998, 1999 by Sun Mcrosystens, Inc. Al R ghts Reserved.

Sun grants you ("Licensee") a non-exclusive, royalty free, |icense to use,
nodi fy and redistribute this software in source and binary code form
provided that i) this copyright notice and |icense appear on all copies of
the software; and ii) Licensee does not utilize the software in a manner
whi ch is disparaging to Sun.

This software is provided "AS IS," without a warranty of any kind. ALL

| MPLI ED WARRANTY OF MERCHANTABI LI TY, FITNESS FOR A PARTI CULAR PURPCSE OR
NON- | NFRI NGEMENT, ARE HEREBY EXCLUDED. SUN AND | TS LI CENSORS SHALL NOT BE

LI CENSCRS BE LI ABLE FCR ANY LOST REVENUE, PRCFIT OR DATA, OR FCR DI RECT,
I NDI RECT, SPECI AL, CONSEQUENTI AL, | NCI DENTAL OR PUNI Tl VE DAMAGES, HOWEVER

CR INABI LI TY TO USE SOFTWARE, EVEN | F SUN HAS BEEN ADVI SED CF THE
PCSSI BI LI TY OF SUCH DAMAGES.

This software is not designed or intended for use in on-line control of
aircraft, air traffic, aircraft navigation or aircraft comrunications; or
the design, construction, operation or naintenance of any nucl ear
facility. Licensee represents and warrants that it will not use or
redistribute the Software for such purposes.

ECE R I S T R R R R R R T T N I I A

*
-~

package m | . navy. nps. cs. babel ;

i nport javax.sw ng. *;
import javax.sw ng.filechooser.*;

inmport java.io.File;
inport java.util.Hashtable;

*

/
A conveni ence inplenentation of the FileView interface that
manages nane, icon, traversable, and file type information.

This this inmplemention will work well with file systens that use
"dot" extensions to indicate file type. For exanple: "picture.gif"
as a gif image.

If the java.io.File ever contains some of this information, such as
file type, icon, and hidden file inforation, this inplenentation nmay
beconme obsolete. At mininum it should be rewitten at that tine to
use any new type information provided by java.io.File

Exanpl e:
JFi | eChooser chooser = new JFil eChooser();
fileView = new Exanpl eFil eView);
fileview putlcon("jpg", new |Inagel con("inmages/jpglcon.jpg"));
fileView putlcon("gif", new | magel con("images/giflcon.gif"));
chooser.setFileViewfileView;

i

* Ok ok kK K ok sk sk ok ok ok ok Ok Ok % ok Kk F
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* @ersion 1.8 04/23/99
* @uthor Jeff Dinkins
*/
public class ConvenientFileView extends FileView {

private Hashtabl e i cons = new Hasht abl e(5);
private Hashtable fileDescriptions = new Hasht abl e(5);
private Hashtabl e typeDescriptions = new Hasht abl e(5);

/**

* The nane of the file. Do nothing special here. Let
* the systemfile view handl e this.

* @ee #set Nane

* @ee Fil eVi ewttget Nane

*/
public String getNane(File f) {
return null;
}
/**
* Adds a hunan readabl e description of the file.
*/

public void putDescription(File f, String fileDescription) {
fileDescriptions.put(fileDescription, f);
}

/**
* A human readabl e description of the file.
*
* @ee Fil eVi ewtget Description
*/
public String getDescription(File f) {
return (String) fileDescriptions.get(f);

b

/**

* Adds a hunan readabl e type description for files. Based on "dot"
* extension strings, e.g: ".gif". Case is ignored.

*/

public void put TypeDescription(String extension, String typeDescription) {
typeDescri ptions. put (typeDescri ption, extension);

}

/**

* Adds a human readabl e type description for files of the type of

* the passed in file. Based on "dot" extension strings, e.g: ".gif".
* Case is ignored.

*/

public void put TypeDescription(File f, String typeDescription) {
put TypeDescri pti on(get Extensi on(f), typeDescription);
}

/**

* A human readabl e description of the type of the file.

*

* @ee Fil eVi ew#get TypeDescri ption

*/

public String get TypeDescription(File f) {

return (String) typeDescriptions. get(getExtension(f));

}

/**
* Convei nience nmethod that returnsa the "dot" extension for the
* given file.
*/
public String getExtension(File f) {
String nane = f.get Nane();
if(name !'= null) {
int extensionlndex = nane.lastlndexOh('.");
i f(extensionlndex < 0) {
return null;
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}

return name. substring(extensi onl ndex+1) .t oLower Case();

return null;

}
/**
* Adds an i con based on the file type "dot" extension
* string, e.g: ".gif". Case is ignored.
*/
public void putlcon(String extension, lcon icon) {
i cons. put (ext ensi on, icon);

}

/**
* |con that reperesents this file. Default inplenentation returns
* null. You mght want to override this to return sonething nore

* interesting.
*
* @ee Fil eViewtgetlcon
*/
public lcon getlcon(File f) {
lcon icon = null;
String extension = getExtension(f);
if(extension !'= null)
icon = (lcon) icons.get(extension);

return icon;

/**

* Whether the file is hidden or not. This inplenentation returns
* true if the filename starts with a "."
*
* @ee Fil eVi ew#i sH dden
*/
public Bool ean isH dden(File f) {
String nane = f.getNane();
if(name !'= null && !nane.equal s("") &% name.charAt(0) == "'.") {
return Bool ean. TRUE;

el se {

}

return Bool ean. FALSE;

}
/**

* Whether the directory is traversable or not. Generic inplenentation

* returns true for all directories.

*

* You might want to subtype Exanpl eFileView to do sonething nore

* interesting, such as recogni ze compound docunents directories; in such a
* case you might return a special icon for the diretory that makes it | ook
like a regul ar docunent, and return false for isTraversable to not allow
users to descend into the directory.

@ee Fil eViewti sTraversabl e
/
publ i c Bool ean isTraversable(File f) {
if(f.isDirectory()) {
return Bool ean. TRUE;

*
*
*
*
*

el se {

}

return Bool ean. FALSE;
H
}//end Conveni entFil eView cl ass

/1 eof ConvenientFileView java
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4. IDEOptionsjava

package m | . navy. nps. cs. babel ;

inmport java.awt.*;
import java.awt.event.*;
import javax.swi ng.*;

inmport java.io.*;

i mport org.exol ab. castor.xm . d assDescri pt or Resol ver;

i mport org.exol ab. castor. xm . Unmar shal | er;

i mport org.exol ab. castor.xm . Marshal | er;

i mport org. exol ab. cast or. xni . Mar shal Excepti on;

i mport org.exol ab.castor.xm .util.C assDescri ptorResol verl npl ;

/**
* Title: Babel
* Description: Controls storage/retreval /updating of options for |DE
* Copyright: Copyright (c) 2001
* Conpany: Naval Postgraduate School
* @uthor Major Brent P. Christie USMC
* @ersion 1.0
*/

public class | DEOptions {
// *kk k% mTA NE'VBERS *kk k%
private Component parent;
private JPanel topPanel;
private JTabbedPane tabbedPane;
private JPanel pathPanel;
private JPanel pathPanel Left;
private JPanel pathPanel R ght;
private JTextField cssPath;
private JTextField fionPath;
private JButton cssButton;
private JButton fionButton;
private Options options = null;
private String opFil eLocation = "options.xm";
private String[] actions = { "cssButton", "fionButton" };
[lprivate File optionsFile;
// * Kk k kK w\BTmeS *kkkk
public | DEOpti ons( Conmponent parent ) {

this. parent = parent;

try {
options = Options. unnmar shal (new Fi | eReader ( opFil eLocation ));

}
catch (Exception e) {

e. printStackTrace();
}

bui | dDi al og();

//open stored options file

}//end | DEOptions() constructor
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[ *x**xx NETHODS *****
public voi d display() {

String dialogTitle = "I DE Options";
String dialogButtons[] = { "Update", "Cancel" };

String | ast CSSPath = cssPat h. get Text();
String | astFl OvPath = fionPat h. get Text();

int result = JOptionPane. showOpti onD al og( parent,
topPanel , dialogTitle,
JOpt i onPane. OK_CANCEL_CPTI ON,
JOpt i onPane. PLAI N_MESSAGE,
nul I,
di al ogBut t ons,
di al ogButtons[0]);

if ( result == JOptionPane. OK_ OPTION && options !'= null ) {

opti ons. get Pat hs() . set Conponent Syst enSchenaPat h( cssPat h. get Text () );
options. get Pat hs() . set Fi onPat h( fi onPat h. get Text () );

try {
options. marshal ( new FileWiter( opFilelLocation) );

}

catch (Exception e) {
e.print StackTrace();

}

el se {

cssPat h. set Text ( | ast CSSPat h ) ;
fionPath. set Text( lastFl Owath );

}
}//end display nethod

public String get CSSPat h() {
return cssPath. get Text ();
}//end get CSSPat h nethod

public String getFl Owat h() {

return fionPath. get Text();
}//end get Fl OWPat h()

private void buildD alog() {

t opPanel = new JPanel ();
t abbedPane = new JTabbedPane();
pat hPanel = new JPanel ();

pat hPanel Left = new JPanel ();
pat hPanel R ght = new JPanel ();

cssPath = new JText Fi el d(15);
fionmPath = new JText Fi el d(15);

if (options !'=null ) {
cssPat h. set Text ( opti ons. get Pat hs() . get Conponent Syst enSchemaPat h() );
fionPat h. set Text ( options. get Paths().getFionPath() );

}
cssButton = new JButton( "..." );
fionButton = new JButton( "..." );
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cssBut t on. addAct i onLi st ener ( new CSSPat hHandl er () );
fionButton. addActi onLi stener( new Fl OWPat hHandl er () );

pat hPanel Left . set Layout (new Gi dLayout (0, 2));
pat hPanel Ri ght . set Layout (new Gi dLayout (0, 1));

pat hPanel Left. add(new JLabel ("Conponent System Schema(s) Location: "));
pat hPanel Left. add( cssPath );
pat hPanel Ri ght . add( cssButton );

pat hPanel Left. add(new JLabel ("FI OM Location: "));
pat hPanel Left.add( fionPath );
pat hPanel R ght. add( fionButton );

pat hPanel . add( pat hPanel Left );

pat hPanel . add( pat hPanel R ght );

t abbedPane. add( "Pat hs", pathPanel );
t opPanel . add( tabbedPane );

}//end buil dD al og ret hod

private class CSSPat hHandl er inpl ements ActionLi stener {
public void actionPerformed( ActionEvent e ) {

JFi | eChooser jfc = new JFil eChooser();
jfc.setFileSel ecti onMbde(JFi | eChooser. DI RECTOR ES_ON\LY) ;

if (options !=null ) {

jfc.setCurrentDirectory( new Fil e(
options. get Pat hs() . get Conponent Syst enSchemaPath() ) );

int result = jfc.showD al og( parent, "Update Path" );
if( result == JFi | eChooser. APPROVE_ OPTION ) {

cssPat h. set Text ( jfc.getSel ectedFile().getPath() );
}

}//end actionPerformed net hod
}//end CSSPat hHandl er i nner cl ass

private class FI OwathHandl er inpl enents ActionLi stener {
public void actionPerforned( ActionEvent e ) {

JFi | eChooser jfc = new JFil eChooser ();
jfc.setFileSel ecti onMode(JFi | eChooser. DI RECTORI ES_ONLY) ;

if (options !'=null ) {
jfc.setCurrentDirectory( new Fil e(
options. getPaths().getFionPath() ) );
}

int result = jfc.showD al og( parent, "Update Path" );
if( result == JFi| eChooser. APPROVE_ OPTION ) {

fionPat h. set Text( jfc.getSelectedFile().getPath() );
}

}//end actionPerformed net hod
}//end FI OWat hHandl er i nner cl ass

}//end | DEQptions cl ass
//eof |DEOptions.java
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5.

MainFramejava

package mil. navy. nps. cs. babel ;

import java.aw.*;
import java.awt.event.*;
import javax.swing.*;

/**
*
*

E I N I

*/

Title:

Babel

Description: A Integrated Devel opnent Enviornnent (1DE) for construction of

a Federation Interoperability Object Mdel (FIOVW. This tool
will enable a Interoperability Engineer (IE) to design and
maintain a federation of real world entities (RAE) based on

conponent system representations.

Copyri ght: Copyright (c) 2001
Conpany: Naval Post graduate School
@ut hor Major Brent P. Christie USMC
@ersion 1.0

public class MinFrane extends JFrane {

// * %k k ok k DA\TA NENBERS * k k k%
JPanel content Pane;

[/ menu bar information
JMenuBar j MenuBar = new JMenuBar ();

JMenu j MenuFile = new JMenu();

JMenul tem j MenuFi | eLoad = new JMenultemn();
JMenul tem j MenuFi | ed ose = new JMenulten();
JMenul tem j MenuFil eExit = new JMenultemn();

JMenu j MenuVi ew = new JMenu();
JCheckBoxMenul t em j MenuVi ewXM.SchenmaTree = new JCheckBoxMenul ten();
JCheckBoxMenul t em j MenuVi ewXM_SchemaText = new JCheckBoxMenul ten();

JMenu j MenuTool s = new JMenu();
JMenul t em j MenuTool sGen = new JMenul ten();
JMenul t em j MenuTool sl DE = new JMenul temn();

JMenu j MenuHel p = new JMenu();
JMenul t em j MenuHel pAbout = new JMenul ten();

Bor der Layout borderLayout 1 = new Bor der Layout () ;

JPanel statusBar = new JPanel ();
JLabel statusCeneral Text = new JLabel ();
JLabel statusSchenmaText = new JLabel ();

JSplit Pane vi ewSear chSplit
JSpli t Pane schenaFi onBpl it

new JSplitPane();
new JSpl it Pane();

JTabbedPane schenmaTabbedPane = new JTabbedPane();

| DEQpti ons ideQptions = new | DEQptions( this );
Schema schema = new Schema( this, ideQptions );

/] *%%%% CONSTUCTORS *****

/**
* Construct the frame
*/
public MainFrane() {
enabl eEvent s( AWrEvent . W NDOW EVENT_NASK ) ;
try {
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init();

catch( Exception e ) {
e. printStackTrace();

}//end Mai nFrame constructor

// *xxkx NETHODS *****

/**
* Conponent initialization
*/
private void init() throws Exception {
this.setlconlmage( Tool ki t. get Def aul t Tool ki t (). creat el mage
( Mai nFrane. cl ass. get Resource( "inages/babel .jpg" ) ) );

this.setSi ze(new O nensi on( 800, 600 ) );
this.setTitle( "Babel - Federation Managenment and Conponent System" +
"Integration Tool" );

/1 Set up Menu bar
jMenuFile. setText( "File" );
j MenuFi | e. set Mhenonic( 'F );
jMenuFil eExit.setText( "Exit" );
j MenuFi | eExit. set Mhenonic( 'x' );
j MenuFi | eExi t. addActi onLi stener( new ActionListener() {
public void actionPerformed( ActionEvent e ) {
j MenuFi | eExit _actionPerformed( e );

1)

j MenuFi | eLoad. set Text ( "Load XM. Schema File" );
j MenuFi | eLoad. set Mhenonic( 'L' );
j MenuFi | eLoad. addAct i onLi st ener ( new Acti onLi stener() {
public void actionPerformed( ActionEvent e ) {
j MenuFi | eLoad_acti onPerforned( e );

}
1)

j MenuFi | eCl ose. set Text( "Od ose XM. Schema File" );
j MenuFi | ed ose. set Mhenonic( 'C );
j MenuFi | ed ose. set Enabl ed( fal se );
j MenuFi | ed ose. addAct i onLi st ener ( new Acti onLi stener () {
public void actionPerformed( ActionEvent e ) {
j MenuFi | ed ose_actionPerformed( e );

}
1)

j MenuVi ew. set Text ( "View' );
j MenuVi ew. set Mhemonic( 'V );
j MenuVi ewXM_SchemaTr ee. set Enabl ed( fal se );
j MenuVi ewXM_SchemaTr ee. set State( fal se );
j MenuVi enwXM_SchemaTr ee. set Text ( "XM. Schena Tree" );
j MenuVi ewXM_SchenaTr ee. set Mhenonic( 'S );
j MenuVi ewXM_SchemaTr ee. addl t enli stener ( new I tenLi stener() {
public void itenftateChanged( |tenEvent e) {
j MenuVi ewXM_.SchenaTr ee_i t entt at eChanged( e );

s
j MenuVi ewXM_SchemaText . set Enabl ed( fal se );
j MenuVi ewXM_SchenaText . set State( fal se );
j MenuVi ewXM_SchemaText . set Text ( “XM. Schema Text" );
j MenuVi ewXM_SchenaText . set Mnenmonic( ' X' );
j MenuVi enXM_SchermaText . addl t enLi stener ( new I tenli stener() {
public void itenttateChanged( ItenEvent e) {
j MenuVi ewXM_SchemaText _i t enft at eChanged( e );
}
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1)

j MenuTool s. set Text ( "Tool s" );
j MenuTool s. set Mhenonic( 'T );
j MenuTool sGen. set Text ( "Generate Java d asses" );
j MenuTool sGen. set Menonic( 'G );
j MenuTool sGen. set Enabl ed( fal se );
j MenuTool sGen. addAct i onLi stener( new ActionListener() {
public void actionPerformed( ActionEvent e ) {
j MenuTool sGen_acti onPerfornmed( e );

}
B
j MenuTool sI DE. set Text ( "I DE Qi)tl ons" );
] MenuTool sl DE. set Mhenoni ¢c( ' );

j MenuTool sl DE. addAct i onLi st ener( new ActionListener() {
public void actionPerfornmed( ActionEvent e ) {
j MenuTool sl DE_acti onPerformed( e );

}
1)

j MenuHel p. set Text (" Hel p" );
j MenuHel p. set Mhenoni c( ;
i MenuHel pAbout . set Text ( "About "),
j MenuHel pAbout . set Mheroni c( ' )
j MenuHel pAbout . addAct i onLi st ener( new ActionListener() {
public void actionPerforned( ActionEvent e ) {
j MenuHel pAbout _actionPerformed( e );

}
1)

j MenuFi | e. add( j MenuFi | eLoad );

j MenuFi | e. add( j MenuFi | ed ose );

j MenuFi | e. add( j MenuFileExit );

j MenuVi ew. add( j MenuVi ewXM.SchenaTree );
j MenuVi ew. add( j MenuVi ewXM.SchenaText );
j MenuTool s. add( j MenuTool sGen );

j MenuTool s. add( j MenuTool sl DE );

j MenuHel p. add( j MenuHel pAbout );

j MenuBar . add( j MenuFile );

j MenuBar . add( j MenuVi ew );

j MenuBar . add( j MenuTool s );

j MenuBar . add( j MenuHel p );

this.setJMenuBar ( j MenuBar );

/1 set up contentPane

content Pane = ( JPanel ) this.getContentPane();
cont ent Pane. set Layout ( borderLayoutl );

cont ent Pane. set Background( Col or.white );

/] set up status bar

st at usCeneral Text.set Text( "Let's Babel! ");

st at usBar. add( statusGeneral Text );

cont ent Pane. add( statusBar, borderLayout1l. SOQUTH );

!/l set up schema / fiomsplit pane
schenmaFionBplit.setOientation( JSplitPane. HORI ZONTAL_SPLIT );
schemaFi onBpl i t. set Lef t Conponent (  schenaTabbedPane ) ;

schemaFi onBpl i t. set R ght Conponent ( null );

/] set up view/ search split pane
viewSearchSplit.setOientation( JSplitPane. VERTI CAL_SPLIT );
vi ewSear chSplit. set TopConmponent ( schemaFi onBplit );

vi ewSear chSplit. set Bott omConponent ( null );

cont ent Pane. add( vi ewSearchSplit, borderLayoutl. CENTER );
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show() ;
}//end init method

/**
* Loads a new XM. schema froma .xsd file
*/
voi d j MenuFi | eLoad_acti onPerforned( ActionEvent e ) {
if ( schema.loadFile() ) {
st at usSchemaText . set Text ( "Schena path -->" +
scherma. getFil e().getPath() );

statusBar. add( statusSchenaText );
j MenuFi | eLoad. set Enabl ed( fal se );
j MenuFi | ed ose. set Enabl ed( true );
j MenuVi ewXM_SchenaTr ee. set Enabl ed( true );
j MenuVi ewXMLSchenaText . set Enabl ed( true );
j MenuTool sGen. set Enabl ed( true );
show() ;

}
}///end jMenuFil eLoad_acti onPerformed nethod

/**
* Coses XM. schena file and all related w ndows
*/
void j MenuFi | ed ose_acti onPerformed( ActionEvent e ) {
schena. cl oseFil e();
stat usBar. renove( statusSchemaText );
j MenuFi | eLoad. set Enabl ed( true );
j MenuFi | ed ose. set Enabl ed( fal se );
j MenuVi ewXM_SchenaTree. set State( fal se );
j MenuVi ewXM_SchemaTr ee. set Enabl ed( fal se );
j MenuVi ewXM_SchenaText . set State( fal se );
j MenuVi ewXM_SchemaText . set Enabl ed( fal se );
j MenuTool sGen. set Enabl ed( fal se );
show() ;

}///end jMenuFil eLoad_acti onPerformed nethod

/**

* File | Exit action perforned
*/
public void jMenuFil eExit_actionPerforned( ActionEvent e ) {
Systemexit( 0 );
}//end jMenuFil eExit_actionPerformed method

/**
* Displays view of | oaded sherma file
*/
voi d j MenuVi enXM_SchemaTr ee_i t entt at eChanged( ItenEvent e ) {
if ( e.getStateChange() == ltenEvent. SELECTED ) {
schemaTabbedPane. addTab( "Schema Tree View',
schema. get TreeView true ) );
show() ;
el se {

schenmaTabbedPane. r enove( schena. get TreeView true ) );

}
Y/ 1/ end j MenuVi ewXM_SchenaTr ee_act i onPer f or ned net hod

/**
* Displays view of |oaded shena file
*/
voi d j MenuVi ewXM_SchenaText _i t entt at eChanged( |tenEvent e ) {

if ( e.getStateChange() == ItenEvent.SELECTED ) {
schemaTabbedPane. addTab( "Schema Text View',
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schena. get Text View false ) );
show() ;

el se {
schemaTabbedPane. r enove( schema. getTextView false ) );

Y/ 1/ end j MenuVi ewXM_SchenaTr ee_act i onPer f or ned net hod

/**
* Cenerates Java classes fromopen XM. Schena file
*/
voi d j MenuTool sGen_acti onPerformed( ActionEvent e ) {
schema. gener at eJavad asses() ;
}/1/end jMenuTool sl DE_acti onPerformed net hod

/**
* Displays |IDE Options
*/
voi d j MenuTool sl DE_acti onPerformed( ActionEvent e ) {
i deOpti ons. di spl ay();
}/ /1 end j MenuTool sl DE_act i onPer f or med net hod

/**
* Help | About action perforned
*/
public void j MenuHel pAbout _acti onPerformed( ActionEvent e ) {
Mai nFrane_About Box dl g = new Mai nFrame_About Box( this );
}//end j MenuHel pAbout _acti onPer f orned net hod

/**

* Overridden so we can exit when w ndow is cl osed
*/
protected void processWndowEvent ( W ndowEvent e ) {
super. processW ndowEvent ( e );
if ( egetlD) == WndowEvent. WNDOWVN CLOSING ) {
j MenuFi | eExi t _acti onPerformed( null );

}
}//end processW ndowEvent nethod

}//end MainFrane cl ass

// eof Mai nFrane.java

6. MainFrame_AboutBox.java
package nil.navy. nps. cs. babel ;

import java.awt.*;
i mport javax.swi ng.*;

/**
* Title: Babel
* Description: D splays about information
* Copyright: Copyright (c) 2001
* Conpany: Naval Postgraduate School
*

@ut hor Major Brent P. Christie USMC
* @ersion 1.0
*/
public class Mai nFrane_About Box extends JOptionPane {

// *kkk*k mTA '\E'\/BERS *k k k%
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private String nmsg = "Babel \n" +

"Version 1.0 \n" +
"Copyright (c) 2001 \n\n" +
"Aut hors: \n" +
" CAPTAIN Paul E. Young USN \n" +
" Maj or Brent P. Christie USMC\n" +

Captain Randy G Pugh USMC\n\n" +
"Overview \n" +
" A I ntegrated Devel opnent Enviornnent (IDE) for \n" +
"construction of a Federation Interoperability Cbject \n" +
"Model (FIOVW). This tool will enable a Interoperability \n" +
"Engi neer (IE) to design and naintain a federation of \n" +
"real world entities (RWE) based on conponent system\n" +
"representations. Al based on Young's COM!";

private | magel con aboutlcon = new | magel con
( Mai nFranme_About Box. cl ass. get Resource( "inmges/ babel .jpg" ) );

/] *%%%% CONSTUCTORS *****

publ i ¢ Mai nFrane_About Box( Conponent parent ) {
super () ;
showMessageDi al og( parent,
ey,
" About ",
PLAI N_MESSAGE,
about I con );

}// end Mai nFrame_About Box constructor

// *kk k% ,\E"m *kk k%
/1 none.
}//end Mai nFrame_About Box cl ass

[/ eof Mai nFrane_About Box. j ava

7. Options.java
/ *
* This class was autonatically generated with
* <a href="http://castor.exol ab. org">Castor 0.9.2</a>, using an
* XML Schena.
*

$1d: Options.java,v 1.1.1.1 2001/08/27 23:42:30 bpchrist Exp $
*
/

package mnil.navy. nps. cs. babel ;

/1- Imported cl asses and packages -/
e /

import java.io. Reader;

inmport java.io.Serializable;

inmport java.io.Witer;

i mport org.exol ab. castor.xm .*;

i mport org. exol ab. castor. xnl . Mar shal Excepti on;

i mport org.exol ab. castor. xnl. Val i dati onExcepti on;
import org.xm .sax. Docunent Handl er;

/**
*

* @ersion $Revision: 1.1.1.1 $ $Date: 2001/08/27 23:42:30 $

**/

public class Options inplenents java.io. Serializable {
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e /
/- Constructors -/
e /
public Options() {

super () ;

} //-- ml.navy. nps.cs. babel . Options()

I /
/1- Methods -/
A /
/**
**/
publ i c Pat hs get Pat hs()

{
return this._paths;
} /1 -- Paths getPaths()

/**
**/
publ i c bool ean isValid()
{
try {
val i date();

catch (org.exol ab. castor.xm . Val i dati onException vex) {
return fal se;

return true;
} /1-- bool ean isValid()

/**
*
* @ar am out
**/
public void marshal (java.io. Witer out)
throws org. exol ab. cast or. xni . Mar shal Excepti on,
org. exol ab. castor.xm . Val i dati onExcepti on

{

Marshal | er. marshal (this, out);
} //-- void marshal (java.io. Witer)

/**
*

* @ar am handl er
**/
public void marshal (org. xm . sax. Docurment Handl er handl er)
throws org. exol ab. cast or. xni . Mar shal Excepti on,
org. exol ab. castor.xm . Val i dati onExcepti on

{

Mar shal | er. marshal (this, handler);
} //-- void marshal (org. xm . sax. Docunent Handl er)

/**

*

* @ar am pat hs

**/
public void setPat hs(Paths pat hs)

{
this. _paths = paths;
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} /1-- void setPaths(Pat hs)

/**
*
* @ar am r eader
**/
public static ml.navy. nps.cs. babel.Qtions unmarshal (j ava.i o. Reader reader)
throws org. exol ab. cast or. xm . Mar shal Except i on,
org. exol ab. castor. xml . Val i dati onExcepti on

{
return (ml.navy. nps.cs. babel . Opti ons)
Unnar shal | er. unnar shal (ni | . navy. nps. cs. babel . Opti ons. cl ass, reader);
} //-- ml.navy. nps.cs. babel . Opti ons unnarshal (j ava. i 0. Reader)

/**
**/
public void validate()
throws org. exol ab. castor.xm . Val i dati onExcepti on
{
org. exol ab. castor.xm . Val i dator validator = new
org. exol ab. castor. xm . Validator();

val idator. val i date(this);
} //-- void validate()

8. OptionsDescriptor.java

/*
* This class was autonatically generated with
* <a href="http://castor.exol ab. org">Castor 0.9.2</a>, using an
* XML Schema.
* $ld: OptionsDescriptor.java,v 1.1.1.1 2001/08/27 23:42:30 bpchrist Exp $
*/

package nil.navy. nps. cs. babel ;

/- Imported cl asses and packages -/
B T /

i mport org. exol ab. cast or. nappi ng. AccessMde;

i nport org. exol ab. castor. mappi ng. d assDescri ptor;

i mport org. exol ab. cast or. mappi ng. Fi el dDescri pt or;

i nport org. exol ab. castor. xm . *;

i mport org.exol ab. castor. xni . Fi el dval i dat or;

i nport org.exol ab. castor. xm . TypeVal i dat or;

i mport org. exol ab. cast or.xm . XM_Fi el dDescri ptor;

i nport org.exol ab. castor.xm . handl ers. *;

i mport org.exol ab. castor.xm .util.XMFi el dDescriptorlnpl;
i nport org.exol ab. castor.xm .validators. *;

/**
*

* @ersion $Revision: 1.1.1.1 $ $Date: 2001/08/27 23:42:30 $

**/
public class OptionsDescriptor extends
org. exol ab. castor.xm . util.XM.O assDescriptorlnmpl {

R /

/ /- O ass/Menber Variables -/
e /
private java.lang. String nsPrefix;
private java.lang. String nsURl;

private java.lang. String xnl Nane;
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private org.exol ab. castor.xm . XM.Fi el dDescriptor identity;

publ

ic OptionsDescriptor() {

super () ;

xm Nane = "options";

XML_Fi el dDescriptorlnpl desc

XM_Fi el dHandl er handl er

Fi el dval i dat or fieldVvalidator
[l-- initialize attribute descriptors

ionon
S5 S 3
ccc

[l-- initialize el enent descriptors

[1-- _paths
desc = new XML_Fi el dDescri pt or | npl ( Pat hs. cl ass,

NodeType. El enent) ;

}y 11

11
/-
/l--

/**
**/

publ
{

}y 11

/**
**/

publ
{

handl er = (new XM.Fi el dHandl er () {
public Object getValue( Object object )
throws |11 egal StateException
{

Options target = (Options) object;
return target.getPaths();

" _paths",

public void setVal ue( (bject object, Object val ue)
throws |11 egal StateException, IlIlegal Argunent Exception

{

try {
Options target = (Options) object;
target.setPaths( (Paths) value);

catch (Exception ex) {

"pat hs",

throw new I | | egal St at eException(ex.toString());

}

public Onject newl nstance( Object parent ) {

return new Pat hs();

}
)
desc. set Handl er (handl er) ;
desc. set Requi red(true);
desc. set Mul ti val ued(fal se);
addFi el dDescri pt or (desc) ;

//-- validation code for: _paths
fieldvalidator = new Fiel dVvalidator();
fieldValidator.setMnCccurs(1);

desc. set Val i dator (fi el dvalidator);

-- ml.navy. nps. cs. babel . Opti onsDescri ptor ()
----------- /
Met hods -/
--------- /
i ¢ org. exol ab. cast or . mappi ng. AccesshMbde get AccessMde()

return null;

-- org. exol ab. cast or. mappi ng. Accessivbde get AccessMde()

i c org. exol ab. cast or. mappi ng. d assDescri pt or get Ext ends()

return null;
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9.
/*

} //-- org. exol ab. castor. mappi ng. G assDescri pt or get Ext ends()
/**
**/

publ i c org. exol ab. castor. mappi ng. Fi el dDescriptor getldentity()

{
return identity;
} /1 -- org. exol ab. cast or. mappi ng. Fi el dDescri ptor getldentity()

/**
**/

public java.lang. d ass getJavad ass()

{
return ml.navy. nps. cs. babel . Opti ons. cl ass;
} /1-- java.l ang. O ass getJavad ass()

/**
**/

public java.lang. String get NameSpacePrefi x()

return nsPrefix;
} /1-- java.lang. String get NaneSpacePrefi x()

/**
**/

public java.lang. String get NameSpaceURl ()

return nsURl ;
} //-- java.lang. String get NameSpaceURl ()

/**
**/

public org.exol ab. castor. xnl . TypeVal i dat or get Val i dat or ()

return this;
} //-- org. exol ab. castor.xm . TypeVal i dat or get Val i dat or ()

/**
**/

public java.lang. String get XM_.Nane()

return xnl Nane;
} /1-- java.lang. String get XM_.Nane()

Paths.java

* This class was autonatically generated with

* <a href="http://castor.exol ab. org">Castor 0.9.2</a>, using an
* XML Schena.

* $ld: Paths.java,v 1.1.1.1 2001/08/27 23:42:30 bpchrist Exp $

*/

package mil.navy. nps. cs. babel ;

/1- Imported cl asses and packages -/

/1l--

import java.io. Reader;

inmport java.io.Serializable;

inport java.io.Witer;

i mport org.exol ab. castor.xm .*;

i mport org. exol ab. castor. xnl . Mar shal Excepti on;

i mport org.exol ab. castor.xni. Val i dati onExcepti on;
import org.xm .sax. Docunent Handl er;

/**
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*

* @ersion $Revision: 1.1.1.1 $ $Date: 2001/08/27 23:42:30 $

**/

public class Paths inplenents java.io.Serializable {

private java.lang. String _conponent Syst enSchenaPat h;

private java.lang. String _fionPath;

public Paths() {
super ();
} //-- ml.navy. nps. cs. babel . Pat hs()

/**
**/

public java.lang. String get Component Syst enSchemaPat h()
{

return this._conponent Syst enSchemaPat h;
} /1-- java.lang. String get Conponent Syst enSchenaPat h()

/**
**/

public java.lang. String getFi onPat h()

return this._fionPath;
} /1-- java.lang. String getFi onPat h()

/**
**/
publ i c bool ean isValid()
{
try {
val i date();

catch (org. exol ab. castor. xm . Val i dati onException vex) {
return fal se;
}

return true;
} //-- bool ean isValid()

/**
*
*  @ar am out
**/
public void marshal (java.io. Witer out)
throws org. exol ab. cast or. xm . Mar shal Except i on,
org. exol ab. castor. xm . Val i dati onExcepti on

{

Mar shal | er. marshal (this, out);
} //-- void marshal (java.io. Witer)

/**
*

* @ar am handl er

**/
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public void marshal (org. xm . sax. Docurrent Handl er handl er)
throws org. exol ab. cast or. xm . Mar shal Except i on,
org. exol ab. castor. xm . Val i dati onExcepti on

{

Marshal | er. marshal (this, handler);
} /1-- void marshal (org. xm . sax. Docunent Handl er)

/**
*
* @ar am conponent Syst enSchenmaPat h
**/
public void set Conponent Syst enSchenaPat h(j ava. | ang. Stri ng
conponent Syst enfScheraPat h)
{

t hi s. _conponent Syst enSchemaPat h = conponent Syst enSchenaPat h;
} //-- void set Conponent Syst enSchenaPat h(j ava. | ang. Stri ng)

/**
*
* @aram fionPat h

**/

public void setFionPath(java.lang.String fionPat h)

this. _fionPath = fionPath;
} /1-- void setFionPat h(java.lang. String)

/**
*
* @aram reader
**/
public static ml.navy.nps.cs. babel . Paths unmarshal (j ava. i 0. Reader reader)
throws org. exol ab. castor. xm . Marshal Excepti on,
org. exol ab. castor. xm . Val i dati onExcepti on

return (ml.navy. nps. cs. babel . Pat hs)
Unnmar shal | er. unmar shal (m | . navy. nps. cs. babel . Pat hs. cl ass, reader);
} //-- ml.navy. nps. cs. babel . Pat hs unnar shal (j ava. i 0. Reader)

/**
**/

public void validate()
throws org. exol ab. castor.xm . Val i dati onExcepti on
{
org. exol ab. castor.xm . Val i dator validator = new
org. exol ab. castor.xm . Validator();

val i dator. val i date(this);
} /1-- void validate()

10. PathsDescriptor.java

/*
* This class was autonatically generated with
* <a href="http://castor.exol ab. org">Castor 0.9.2</a> using an
* XML Schena.
* $ld: PathsDescriptor.java,v 1.1.1.1 2001/08/27 23:42:30 bpchrist Exp $
*/

package nil.navy. nps. cs. babel ;
/- Imported cl asses and packages -/
L /
i mport org. exol ab. cast or. nappi ng. AccessMde;

i mport org. exol ab. cast or. mappi ng. d assDescri ptor;
i mport org. exol ab. cast or. mappi ng. Fi el dDescri pt or;
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* -

import org.exol ab. castor. xm . *;
i mport org.exol ab. castor. xnl . Fi el dval i dat or;

i nport org. exol ab. castor.xm . TypeVal i dat or;

i mport org. exol ab. cast or.xm . XM_Fi el dDescri ptor;

i mport org.exol ab. castor.xm . handl ers. *;

i mport org.exol ab. castor.xm .util.XMFi el dDescri ptorlnpl;
i mport org.exol ab. castor.xm .validators.*;

/**
*

* @ersion $Revision: 1.1.1.1 $ $Date: 2001/08/27 23:42:30 $

**/
public class Pat hsDescriptor extends
org. exol ab. castor.xm . util.XM.d assDescriptorlnmpl {

private java.lang. String nsPrefix;
private java.lang. String nsURl;
private java.lang. String xm Nane;

private org.exol ab. castor.xm . XM.Fi el dDescriptor identity;

//- Constructors -/
[ /

public PathsDescriptor() {
super();
xm Narme = "pat hs";

XM_Fi el dDescriptorlnpl desc = null;
XM_Fi el dHandl er handl er = null;
Fi el dval i dat or fieldvalidator = null;
//-- initialize attribute descriptors

/l/-- initialize el enent descriptors

/1-- _conponent Syst enSchenaPat h
desc = new XM.Fi el dDescri ptorlnpl (java.lang. String. cl ass,
" _conponent Syst enSchermaPat h", "conponent Syst enSchemaPat h", NodeType. El enent) ;
desc. set | mut abl e(true);
handl er = (new XM.Fi el dHandl er () {
public Object getValue( Object object )
throws |11 egal StateException

Pat hs target = (Paths) object;
return target. get Conponent Syst enSchemaPat h() ;

public void setVal ue( (bject object, Object val ue)
throws |11 egal StateException, |l egal Argunent Exception

try {
Pat hs target = (Paths) object;

t ar get . set Conponent Syst enBchemaPat h( (j ava. | ang. Stri ng)
val ue);

catch (Exception ex) {
throw new I | | egal St at eException(ex.toString());
}

public Onject new nstance( Object parent ) {
return null;

}
})s

desc. set Handl er (handl er) ;



"fionPat h",

desc. set Requi red(true);
desc. set Mul ti val ued(fal se);
addFi el dDescri pt or (desc) ;

//-- validation code for: _conponent Syst enBchenmaPat h
fieldvalidator = new Fiel dVvalidator();
fieldvalidator.setMnGCccurs(1);
{ I/-- local scope
StringValidator sv = new StringValidator();
sv. set Wi t eSpace( " preserve");
fieldvalidator.setValidator(sv);

desc. set Val i dator (fiel dValidator);

/1-- _fionPath
desc = new XM.Fi el dDescriptorlnpl (java.lang. String.class, "_fionPath",
NodeType. El enent ) ;
desc. set | mmut abl e(true);
handl er = (new XM.Fi el dHandl er () {
public Object getValue( Object object )
throws |11 egal StateException

Pat hs target = (Paths) object;
return target.getFionPath();

public void setVal ue( (bject object, Object val ue)

throws |11 egal StateException, Illegal Argunent Exception
{
try {
Pat hs target = (Paths) object;
target. set FionPat h( (java.lang. String) val ue);
catch (Exception ex) {
throw new ||| egal St at eExcepti on(ex.toString());
}
public Ohject newl nstance( Object parent ) {
return null;
}
P

desc. set Handl er (handl er) ;
desc. set Requi red(true);
desc. set Mul ti val ued(fal se);
addFi el dDescri pt or (desc) ;

//-- validation code for: _fionPath
fieldvalidator = new Fiel dVvalidator();
fieldValidator.setMnCccurs(1);
{ //-- local scope
StringValidator sv = new StringValidator();
sv. set Wi t eSpace( " preserve");
fieldvalidator.setValidator(sv);

}
desc. set Val i dator (fi el dval i dator);

} //-- ml.navy. nps. cs. babel . Pat hsDescri ptor ()

/**
**/

publ i c org. exol ab. cast or. mappi ng. AccessMde get AccessMde()

return null;
} //-- org. exol ab. cast or. mappi ng. AccessMde get AccessMbde()

/**
**/
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publ i ¢ org. exol ab. cast or.mappi ng. G assDescri ptor get Ext ends()

{
return null;
} /1-- org.exol ab. castor. mappi ng. G assDescri ptor get Ext ends()
/**
**/

publ i c org. exol ab. cast or. mappi ng. Fi el dDescri ptor getldentity()

{
return identity;
} //-- org. exol ab. cast or. mappi ng. Fi el dDescri ptor getldentity()
/**
**/

public java.lang. d ass getJavad ass()

{
return ml.navy. nps. cs. babel . Pat hs. cl ass;
} //-- java.l ang. d ass getJavad ass()

/**
**/

public java.lang. String getNanmeSpacePrefix()

return nsPrefix;
} /1-- java.lang. String get NaneSpacePrefi x()

/**
**/

public java.lang. String get NaneSpaceURl ()

return nsURl;
} /1-- java.lang. String get NaneSpaceURl ()

/**
**/

public org.exol ab. castor. xnl . TypeVal i dat or get Val i dat or ()

return this;
} /1-- org.exol ab. castor.xm . TypeVal i dat or get Val i dator ()

/**
**/

public java.lang. String get XM_Nane()

return xn Nane;
} //-- java.lang. String get XM_Nane()

11.  Schemajava

package mil.navy. nps. cs. babel ;

import java.awt.*;

import java.io.*;

import java.net. URL;

import javax.swing.*;

import javax.swing.filechooser.*;
import javax.sw ng.text.htm.*;

i mport xbrowser.renderer.custom *;

i mport org.exol ab. castor. bui |l der. *;
inport javax.xnl.parsers.*;

i nport org.xm .sax. SAXExcepti on;
i mport org.xm .sax. SAXPar seExcepti on;

i mport org.w3c.dom Docunent ;
i mport org.w3c. dom DOVExcepti on;
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i mport javax.xm .transform Transforner;

i mport javax.xm.transform Transformer Fact ory;

i nport javax.xni.transform Transfor ner Excepti on;

i mport javax.xm .transform Transforner Confi gurati onExcepti on;

i mport javax.xm .transform dom DOVSour ce;

import javax.xm .transform stream StreanResul t;
inport javax. xni.transform stream StreanBource;

/**
* Title: Babel
* Description: Handles all schena file operations
* Copyright: Copyright (c) 2001

* Conpany: Naval Postgraduate School
* @uthor Major Brent P. Christie USMC

* @ersion 1.0
*

*
/
public class Schena {

// *kkk*k mTA '\E'\/BERS *kkk*k

private Conponent parent;
private | DEOptions options;

private ConvenientFileFilter filter;
private String schemaFilter = "xsd";
private String schemaDescription = "XM. Schema Fil es";

private ConvenientFileView fil eView

private File schemaFile = null;
private bool ean schemaFi | eLoaded = fal se;

private Docunent docunent, docunentWthl ncl ude;

private JScrol | Pane treeView, treeView nc,
textView, textView nc;

/1 ***** QONSTUCTCRS *****

/**

* Schena constructor
* @aram parent parent w ndow
* @aramoptions contains file path infornmation
*/
publ i ¢ Schena( Conponent parent, |DEOptions options) {

this.parent = parent;
this.options = options;

}//end Schema constructor

// *xkxx NETHODS *****

/**

* Loads schena file using JFileChooser.
* @eturn True if file | oaded properly
*/

publ i c bool ean | oadFile() {

JFi | eChooser chooser = new JFi | eChooser( options. get CSSPat h()
chooser. set Fi | eSel ecti onMbde(JFi | eChooser. FI LES O\LY) ;

[lset file filter(s)

87



filter = new ConvenientFileFilter( schemaFilter, schemaDescription );

chooser . addChoosabl eFil eFilter( filter );

//set icons(s)
fileView = new Conveni entFileView);
fileView putlcon( schenaFilter,

new | magel con( Schena. cl ass. get Resour ce
( "images/babel _Icon.jpg" ) ) );

chooser.setFileView fileView);

while ( true ) {

int result = chooser.showhDi al og( parent, "Load" );

if ( result == JFil eChooser. APPROVE_OPTION ) {

schenaFi | e = chooser. get Sel ectedFil e();

SchemaDocunent sd = new SchemaDocunent () ;

if ( sd.goodLoadFronFile( schemaFile, true ) ) {
docurrent Wt hl ncl ude = sd. get Docunent () ;

sd. goodLoadFronFi |l e( schemaFile, false );
docunent = sd. get Docurent () ;

treeVi ew = generat eTreeVi ew( docunent );

treeViewl nc = generateTreeVi ew( docunment Wt hl ncl ude );

text Vi ew = gener at eText Vi ew( docunent );

text Vi ewd nc = generat eText Vi ew( document Wt hl ncl ude );

schemaFi | eLoaded = true;
return true;

el se {
JOpt i onPane. showMessageDi al og( parent,

"File not valid XM. docunent. See consol e nessages for
"details.

else if ( result == JFi | eChooser. ERROR OPTION ) {

(LI

JOpt i onPane. showvessageDi al og( parent, "An file error occured.

"Try again.

}
else if ( result == JFil eChooser. CANCEL_OPTION ) {
return fal se;

")

Try agai n.

}
el se {
JOpt i onPane. showessageDi al og( parent, "Unknown operation " +
"occur ed.
}
}//end while

}//end | oadFi | e nmet hod

/**
* Frees current file
*/
public void closeFile() {
schemaFile = null;
}//end closeFil e method

/**

* Returns Loaded XML Schema file chosen by the user
* @eturn Loaded XML Scherma file chosen

*/
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public File getFile() {
return schenaFil e;
}//end getFile nethod

/**

* Uses Castor Source Cenerator data binding APl to create |ight weight java
* classes based on input XML schema file.

* @eturn True if light weght classes were generated, False if error

*/

publi c bool ean generateJavad asses() {

if ( schemaFil eLoaded && schemaFile !'= null ) {

String packageName = "default"; //incase user cancels input
String i nput = JOptionPane. show nput D al og
( parent, "Enter package nane for generated cl asses" );

if (input !'=null ) {
packageNarme = i nput;

Sour ceGenerat or sg = new SourceCenerator();

try {
sg. gener at eSour ce( schemaFi | e. get Pat h(), packageNane);
return true;

catch (java.io. Fil eNot FoundException e) {
Systemout.printin("File not found: " + e);
return fal se;

}
}
el se {

return false;
}

}//end generateJavaC asses et hod

/**

* Returns a JScroll Pane containing a JTree view of the | oaded XM. Schema
* File.

* @araminclude If the tree returned is to contain information contained
* within the files in <include> el enents.

* @eturn The tree view of the | oaded XM. Schena file.

*/

public JScrol |l Pane get TreeView bool ean include ) {

return include ? treeViewnc : textView,

}//end get TreeVi ew net hod

/**

* Returns a JScrol |l Pane containing a JEditorPane with a XHTM. vi ew of the
* | oaded XM Scherma Fil e.

* @araminclude True, if the XHTM. returned is to contain schema

* information fromthe files in <include> el ements.

* @eturn The tree view of the | oaded XM. Schema file.

*/

public JScrol |l Pane get TextView bool ean include ) {

return include ? textViewlnc : textView
}//end get Text Vi ew et hod

/**

* Returns a JScroll Pane containing a JTree view of the docunent given.
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* @aram docunent document used to create JTree

* @eturn Returns a JScrol |l Pane containing a JTree view of the docunent
* given.

*/

private JScrol | Pane generateTreeVi ew( Docunent docurent ) {

/1 This JScroll Pane is the container for the JTree

JScrol | Pane j Scrol | Pane = new JScrol | Pane();
/1 This is the XTree object which displays the XM_. in a JTree
XTree XTr ee;

/1 Build the XTree object
xTree = new XTree( docunent );

/!l Wap the XTree in a JScroll so that we can scroll it in the JFrane.
j Scrol | Pane. get Vi ewport (). add( xTree );

return j Scroll Pane;
}//end get TreeVi ew net hod

/**
* Returns JScrol | Pane containing a JEditorPane with the XHTM. version of the
* docunent given.
* @ar am docunent docunment to convert to XHTM
* @eturn Returns JScroll Pane containing a JEditorPane with the XHTM.
* version of the docunent given.
*/
private JScrol | Pane generateTextView Docunent docurent ) {

JScrol | Pane j Scrol | Pane = new JScrol | Pane();

XHTMLEditorKit htm Kit = new XHTM.EditorKit ();

JEdi t or Pane jep = new JEditorPane();

htmKit.install( jep );

jep.setEditorKit( htmKit );

String xsltStylesheet = "xmverbatimxsl";

if ( schemaFile !'=null ) {

TransfornerFactory tFactory = Transforner Fact ory. newl nst ance();

try {

/1 Use a Transformer for output

Transforner transfornmer = tFactory. newlransf ormer (
new St reanBSource( xsltStylesheet ) );

DOVSour ce source = new DOVSour ce( document );

/] create a new string witer
StringWiter sw = new StringWiter();

StreanResult result = new StreanResult( sw);
transformer.transforn{ source, result );

/1 set the text of the text pane
/1] Text Pane. set Text ( sw.toString() ):
jep.setText( sw.toString() );

}

catch ( Exception e ) {
e.printStackTrace();

}

Y lend if
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j Scrol | Pane. get Vi ewport ().add( jep );
return j Scrol | Pane;
}/ 11/ end generateTextVi ew net hod

}//end Schema cl ass
/ I eof Schena.java

11.  SchemaDocument.java

package mil.navy. nps. cs. babel ;

import java.io.*;
import java.util.Vector;

import javax.xm .parsers.*;

i mport org.xm .sax. SAXExcepti on;
i mport org.xm .sax. SAXPar seExcepti on;

i nport org.w3c.dom *;

/**

* Title: Babel

* Description: Used to create a DOM docurment froma XM. schema and any
* xsd:include schenas. Note: This should not be necessary

* once Xerces J parser starts supporting XML schemas. Current
* 2.0 beta does not.

* Copyright: Copyright (c) 2001

* Conpany: Naval Postgraduate School

* @uthor Major Brent P. Christie USMC

* @ersion 1.0

*

~

public class SchemaDocunent {

// *kkk*k mTA '\E'\/BERS *kkk*k

private Docunent Bui | der buil der;
private DocunentBui | der Factory factory = Docunent Bui | der Fact ory. newl nst ance();
private Docunent docunent;

private bool ean i ncl udeRef er ence;
private bool ean goodLoad = fal se;

/] ***%** QONSTUCTCRS *****

/**

* No argument constructor
*/
publ i ¢ SchemaDocunent () {

factory. setlgnori ngEl enent Cont ent Wi t espace( true );

}//end SchemaDocument constructor

// *k k k% ’\Erm * Kk k k%
/**

* Creates new docunment fromschena '.xsd' file.

* @aram schemaFile XM. Schena file to load from

* @araminclude True to include files referenced in xsd:include
* el enents' schenalLocation attribute.
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* @eturn True if document created properly
*/
publ i ¢ bool ean goodLoadFronfile( File schemaFile, boolean include ) {

docurent = nul | ;

i ncl udeRef erence = incl ude;

goodLoad = true;

docunent = parseDocunent ( schemaFile );

return goodLoad;

}// end goodLoadFrontil e nethod

/**

* Returns a DOM Docunent froma schena .xsd file. The docunent will contain
i ncl uded

* references if the includeReference flag is set.

* @aram schemaFile .xsd file to input

* @eturn Docunent fromgiven file

*/

private Docunent parseDocunent( File schemaFile ) {

Docunent current Document = nul | ;

try {
bui | der = factory. newDocunent Bui | der () ;
current Docurent = bui |l der. parse( schemaFile );

if ( includeReference ) {

current Docunment = creat el ncl udeDocurnent ( current Docurent ,
schemaFile );

}//end if includeReference

catch ( Exception e ) {
e. printStackTrace();
goodLoad = fal se;

}//end try-catch

return currentDocunent;

}// end parseDocunent nethod

/**

* Adds given schema file to current docunent.

* @aram current Docunent The docunent to add include file infronation to.

* @aram schemaFile The .xsd file to add to the current Docunment

* @eturn a Docurent containing the conbination of the given Docunent and the
gi ven Docunent file.

*/

publ i ¢ Docunent creat el ncl udeDocunent ( Docunent current Docunent,

File schemaFile ) {

Docunent i ncl udeDocunent ;
String path;

//find directory where schena file resides
path = schemaFil e. get Path().substring( O,
schemaFil e. getPat h().length() - schenaFile.getNarme().length() );

//find all include elenents
NodeLi st i ncl udeLi st =
current Docunent . get El enent sByTagNane( "xsd:incl ude" );
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for (int i =0; i < includeList.getLength(); i ++ ) {
El enent incl udeEl enment = (El enment)includeList.iten( 0 );
String schemaLocation = includeEl ement.getAttribute( "schemalLocation");

/lif valid schema | ocation
File includeFile = schenaFil e;
if (! schemaLocation.equals( "" ) ) {

/1if not absolute path, deternine path, else no change
includeFile = new Fil e( schemaLocation );
if (! includeFile.isAbsolute() ) {

/' Updat e schenalocation
schemalLocation = path + schemalLocati on;
includeFile = new Fil e( schemaLocation );
try {
//add relative path to current path
path = incl udeFil e. get Canoni cal Pat h() . substring( O,
i ncl udeFi | e. get Canoni cal Path().length() -
i ncl udeFi |l e. get Name().length() );

catch (I CException ioe) {
goodLoad = fal se;
i oe. printStackTrace();
}/lend try - catch
includeFile = new File( path + includeFile.getName() );

Y lend if (! tenmpFile.isAbsolute() )
Systemout.println( "Including File " + includeFile.getPath() );

/lrecursively search for other documents
i ncl udeDocunent = parseDocunent( includeFile );

/I merge includeDocunent into currentDocunent
cr eat eMer geDocurnent ( current Docurrent, incl udeDocunent );

} // end if valid schena | ocation

//renove found include node and replace with coment
//<!'-- Include fileinc... -->
Node insrtCrt = currentDocurent. createComment( "Include file " +
"incorporated and stnt del eted");
i ncl udeEl ement . get Par ent Node() . repl aceChi | d(i nsrt Cnt,
i ncl udel enment );

}//end for all include elerments | oop

return currentDocunent;

/**

* Returns the current DOM Docunent .
* @eturn The current Docunent.
*
/
publ i ¢ Docurment get Docunent ()

return docunent;
}//end get Docurment mnet hod
/**
* This nethod nerges a include(or any for that natter) docunent into another

* (the currentDocurent). It does this by finding all the "type" attributes
* of all elenents in the current docunent. For each "type" attribute
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a search is made in the include docunent for all elements with a matching
"name" attribute. If found, that element is added as a child of the
current docurent el ement with natching type. This allows one to view
the guts of a type at the node that references it.

@ar am cur rent Docunent docurent to update

@ar am i ncl udeDocument document to include into current (not changed)

L

*/
private void createMergeDocunent ( Docunent current Docunent,
Docunent incl udeDocunent ) {
El ement current El enent;
String typeAttribute;

//get included docurment's root el enent
El enent current Root = current Docunent . get Docunent El enent () ;
NodeLi st al | Chil drenLi st = currentRoot. get El ement sByTagNanme( "*" );

for (int i =0; i <allChildrenList.getLength(); i++) {
currentElenent = (Element)all ChildrenList.iten(i);
typeAttribute = currentEl ement.getAttribute( "type" );

/| separ ate nanespace fromtype nane
String naneSpace;
String type = typeAttribute;
int colon = typeAttribute.indexO(( ":" ); //-1 returned if not found
if ( colon>0)
nanmeSpace = typeAttribute.substring( 0, colon - 1);
type = typeAttribute.substring( colon + 1 );

//add include elenent as child if natch type attribute
if (! type.equals( "" ) ) {

//first add all conplex types frominclude docunent
NodeLi st conpl exChild = i ncl udeDocunent . get El ement sBy TagName(
"xsd: conpl exType" );

El ement conpl exEl enent ;
String conpl exNaneg;
for (int j = 0; j < conplexChild.getLength(); j++ ) {
conpl exEl ement = (El enent)conplexChild.item( j );
conpl exNarme = conpl exEl ement . get Attri bute( "name" );
[1if "type" form currentDocunent nmatches "nane" fromincl ude
// docunent add the include element as child of current el enent
if ( type.equal s( conplexNane ) ) {
//create a inport node that is a deep copy of the match
//this will allow view'guts' of types
Node i nportNode = current Docunent . i nport Node( conpl exEl ement,
true );
// make sure no duplicates of type information
if ( !'currentE enent. hasChil dNodes() ) {
current El enent . appendChi | d( i nport Node );
}//end if already has type information

Y/ /end if match
}//end for conplexChild | oop

NodeLi st sinpl eChild = incl udeDocurnent . get El ement sBy TagNane(
"xsd: si npl eType" );
El emrent si npl eEl enent ;
String sinpl eNang;
for (int j =0; j < sinpleChild.getLength(); j++ ) {
sinpl eEl emrent = (Bl enment)sinpleChild.item( j );
si nmpl eNare = sinpl eEl ement. get Attribute( "name" );
[lif "type" form currentDocunment matches "nane" fromi nclude
[/ docunent add the include element as child of current el enent
if ( type.equals( sinpleNane ) ) {
//create a inport node that is a deep copy of the natch
//this will allow view 'guts' of types
Node i nport Node = current Docunent. i nport Node( si npl eEl enent,
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true );
/I make sure no duplicates of type information
if ( !'currentE enent. hasChil dNodes() ) {
current El ement . appendChi | d( i nport Node ) ;
}/lend if alread has type information

}//end if match
}//end for sinpleChild |oop
Y/ /end if found type
}//end for all children in current Docunent
}///end mergeDons net hod

}//end SchemaDocunent cl ass
! eof SchemaDocunent.java

12. XTreejava

package m | . navy. nps. cs. babel ;

/1 WBC DOM cl asses
i mport org.w3c.dom *;

/1 JAXP's classes for DOM I/ 0O
import javax.xml .parsers.*;

/] Standard Java cl asses
import javax.swing.*;
import javax.swing.tree.*;
i mport javax.sw ng.event.*;
import j ava.awt . *;

import java.awt.event.*;
import java.io.*;

/**

* Description: The XTree class is an extension of the javax.sw ng.JTree cl ass.
* 1t behaves in every way like a JTree conponent, the difference is that

addi ti onal

JTree.

* met hods have been provided to facilitate the parsing of an XM. docunent into a

* DOM object and translating that DOM object into a viewable JTree structure.
*

* Copyright (c) March 2001 Kyl e Gabhart

* @uthor Kyle Gabhart

* @ersion 1.0

*/

public class XTree extends JTree

/**

* This menber stores the TreeNode object used to create the nodel for the

* The Def aul t Mut abl eTreeNode cl ass is defined in the javax.sw ng.tree package
* and provides a default inplenmentation of the Mitabl eTreeNode interface.

*/
private Def aul t Mut abl eTr eeNode treeNode;

/**

* These three nenbers are a part of the JAXP APl and are used to parse the XM.
* text into a DOM object (of type Docunent).

*/

private Docunent doc;

/**

* This single constructor builds an XTree object using the XM text
* passed in through the constructor.

*
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* @aramtext A String of XML fornatted text

* @xception ParserConfigurationException This exception is potentially thrown

if
* the constructor configures the parser inproperly. It won't.
*/
public XTree( Docunent docunent )
{

/1 Initialize the superclass portion of the object
super () ;

doc = docunent;

/'l Set basic properties for the Tree rendering

get Sel ecti onModel (). set Sel ecti onMode(
TreeSel ecti onMbdel . SI NGLE_TREE_SELECTI ON ) ;

set ShowsRoot Handl es( true );

setEditable( false ); // A nore advanced version of this tool would allow
the Tree to be editable

/Il Take the DOMr oot node and convert it to a Tree nodel for the JTree
treeNode = createTreeNode( (Node)doc. get Docunent El emrent () );
set Model ( new Def aul t TreeMbdel ( treeNode ) );

} //end XTree()

/**
* This takes a DOM Node and recurses through the children until each one is

added
* to a Defaul t Mut abl eTreeNode. The JTree then uses this object as a tree

nmodel .

@ar am root org.w3c. Node. Node

* ok %k

@eturn Returns a Defaul t Mut abl eTr eeNode obj ect based on the root Node
passed in

*/

private Defaul t Mit abl eTr eeNode creat eTr eeNode( Node root )

{
Def aul t Mut abl eTreeNode treeNode = nul | ;
String type, name, val ue;
NanedNodeMap attribs;
Node attri bNode;

/1 Get data from root node
type = get NodeType( root );
nane = root.get NodeNane();
val ue = root. get NodeVal ue();

/] Special case for TEXT_NODE or COMVENT NCDE
if ( root.getNodeType() == Node. COMWENT_NCDE | |
root . get NodeType() == Node. TEXT_NCDE ) {
nane = val ue;
}
treeNode = new Def aul t Mut abl eTr eeNode( nane );

/1 Display the attributes if there are any
attribs = root.getAttributes();
if( attribs !'=null )
{
for( int i =0; i < attribs.getLength(); i++)
{
attribNode = attribs.iten(i);
nane = attri bNode. get NodeNanme().trim();
val ue = attri bNode. get NodeVal ue().trim);

if (value !'=null )

if ( value.length() > 0)
{
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treeNode. add( new Def aul t Mut abl eTreeNode( nane + "2\"" + value +

\"t) )
} /lend if ( value.length() > 0)
} /lend if ( value !'= null )
} /lend for( int i = 0; i < attribs.getLength(); i++)

} //end if( attribs !'= null )

/'l Recurse children nodes if any exist
i f( root.hasChil dNodes() )

{
NodelLi st children;
int nunChi | dren;
Node node;
String dat a;

children = root. get Chil dNodes();
/!l Only recurse if Child Nodes are non-null
if( children !'= null )

nuntChi | dren = chil dren. get Length();
for (int i=0; i < nunChildren; i++)

node = children.iten(i);
if( node !'=null )

/1 A special case could be made for each Node type.
i f( node. get NodeType() == Node. ELEMENT_NCDE )

treeNode. add( creat eTreeNode(node) );
} //end if( node. get NodeType() == Node. ELEMENT_NOCDE )

data = node. get NodeVal ue();
if( data !'= null )

data = data.trin();
if ( !data.equals("\n") &% !data.equal s("\r\n") &&
data.length() > 0)

treeNode. add( cr eat eTr eeNode( node) ) ;
} //end if ( !data.equal s("\n") & !data.equals("\r\n") &&
data.length() > 0)
} //end if( data !'= null )
} //end if( node != null )
} //end for (int i=0; i < nuntChildren; i++)

} /lend if( children !'= null

} //end if( root.hasChil dNodes() )

return treeNode;

} //end createTreeNode( Node root )

/**
* This nethod returns a string representing the type of node passed in.

*

* @aram node org. w3c. Node. Node

*

* @eturn Returns a String representing the node type
*/
private String get NodeType( Node node )

{
String type;

swi t ch( node. get NodeType() )

{
case Node. ELEMENT_NODE:

{
type = "El enent";
br eak;

}
case Node. ATTRI BUTE_NCDE:
{
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type = "Attribute";

break;
}
case Node. TEXT_NCDE:
{

type = "Text";

br eak;

}
case Node. CDATA_SECTI ON_NCDE:

{
type = "CDhata section";
br eak;
}
case Node. ENTI TY_REFERENCE_NCDE:
{
type = "Entity reference";
br eak;
}
case Node. ENTI TY_NODE:
{

type = "Entity";
br eak;

}
case Node. PROCESSI NG | NSTRUCTI ON_NCDE:
{

type = "Processing instruction";
br eak;

}
case Node. COMMENT_NODE:

{
type = "Coment";
br eak;

}
case Node. DOCUVENT _NCDE:

type = "Docunent"”;
br eak;

}
case Node. DOCUMENT _TYPE_NCDE:

{
type = "Docunent type";
br eak;

}
case Node. DOCUVENT_FRAGVENT_NCDE:
{

type = "Docunent fragment";
br eak;

}
case Node. NOTATI ON_NCDE:

{
type = "Notation";
br eak;
defaul t:
{
type = "???";
br eak;

}
}// end sw tch( node. get NodeType() )
return type;
} //end get NodeType()

} //end class XTree
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B. REQUIRED FILES

1 options.xsl

<?xm version="1.0" encodi ng="UTF-8"?>
<xsd: schema xm ns: xsd="http://ww. w3. or g/ 2001/ XM_Schema" >
<xsd: el enent nane="options">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement name="pat hs" >
<xsd: conpl exType>
<xsd: sequence>
<xsd: el enent nane="conponent Syst enSchenaPat h" type="xsd: string"/>
<xsd: el ement nanme="fi onPath" type="xsd:string"/>
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el enent >
</ xsd: sequence>
</ xsd: conpl exType>
</xsd: el enent >
</ xsd: schena>

2. options.xml
<?xm version="1.0"?>
<options>

<pat hs>

<conponent Syst enBchenmaPat h>C: \ XSD_Test \ USMIF</ conponent Syst enSchenaPat h>
<fionPat h>c:\ Docunents and Settings\OOM Project\babel\fionx/fionPath>
</ pat hs>
</ options>

3. xmlverbatim.xsl
<?xm version="1.0" encodi ng="1SO-8859-1"?>

<l--
XM. to HTML Verbatim Formatter with Syntax H ghlighting
Version 1.0.2
GPL (c) diver Becker, 2000-08-12

obecker @nf ornati k. hu- berl i n. de
-->

<xsl : styl esheet version="1.0"
xm ns: xsl ="http://ww. w3. or g/ 1999/ XSL/ Tr ansf or m'
xm ns:verb="http://informatik. hu-berlin.de/xm verbatim'
exclude-result -prefixes="verb">

<xsl :out put nethod="htm" onit-xni-declaration="yes" indent="no"/>
<xsl:tenplate natch="/">

<style type="text/css"><!--

. xm ver b-def aul t { color: #333333; background-color: #fffff;
font-famly: nonospace; }

col or: #990000

col or: #666600; }

col or: #660000; }

col or: #000099; font-weight: bold; }
col or: #666600; }

col or: #330099; }

col or: #000000; font-weight: bold; }
col or: #006600; font-style: itaic; }
col or: #006600; font-style: italic; }
col or: #006666; font-style: italic; }
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. xm ver b-el enent - nane

.xm verb-el enent - nsprefix

.xm verb-attr-nane

.xm verb-attr-content

. xm ver b-ns-name

.xm verb-ns-uri

.xm verb-text

. xm ver b- comment

. xm ver b-pi - name

.xm ver b-pi - cont ent
--></styl e>
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"

<xsl :apply-tenpl ates sel ect ="." node="xm verb" />

</xsl :tenpl ate>

<l-- root -->
<xsl:tenplate match="/" node="xm verb">
<xsl : text >&#xA; </ xsl : text>
<xsl : comrent >
<xsl:text > converted by xmverbatimxsl 1.0.2, (c) O Becker
</ xsl : comment >
<xsl : text >&#xA; </ xsl : text>
<div class="xm verb-default ">
<xsl : appl y-t enpl at es node="xm verb">
<xsl:w th-param nane="root " select="true()"/>
</ xsl : appl y- tenpl at es>
</ div>
<xsl : text >&#xA; </ xsl : text>
</ xsl : tenpl at e>

<l-- wapper -->
<xsl :tenpl ate natch="verb: w apper">

<xsl: appl y-tenpl at es node="xm verb" />
</xsl :tenpl at e>

<xsl :tenpl ate natch="verb: wapper" node="xml verb">
<xsl: appl y-tenpl at es node="xm verb" />
</xsl :tenpl at e>

<l-- elenent nodes -->
<xsl:tenplate match="*" node="xmnl verb">
<xsl : param nanme="root" />
<xsl:text>& t; </xsl:text>
<xsl :vari abl e name="ns-prefix"
sel ect="substring- before(name(),':")" />
<xsl:if test="$ns-prefix !="'"">
<span cl ass="xm ver b- el ement - nsprefi x">
<xsl :val ue- of sel ect="$ns-prefix"/>
</ span>
<xsl :text > </xsl:text >
</ xsl:if>
<span cl ass="xnl ver b-el ement- nane" >
<xsl :val ue-of sel ect="l ocal-nane()"/>
</ span>
<xsl :vari abl e name="pns" sel ect="../nanmespace: : *"/>
<xsl:if test="$pns[name()=""'] and not (namespace::*[name()="])">
<span cl ass="xm ver b- ns- nanme" >
<xsl:text > xm ns</ xsl: text >
</ span>
<xsl : t ext >=&quot ; &quot ; </ xsl : t ext >
</ xsl:if>
<xsl : for-each sel ect="nanespace: : *">
<xsl:if test="not($pns[nane()=nane(current()) and
.=current()])">
<xsl:call -tenplate name="xm verb-ns" />

</ xsl:if>
</ xsl : for- each>
<xsl : for-each select="@">

<xsl:call -tenpl ate name="xml verb-attrs" />
</ xsl : for - each>
<xsl : choose>
<xsl :when test ="count(*)=0 and .=""">
<xsl:text > /&gt; </ xsl:text >
</ xsl : when>
<xsl : ot herw se>
<xsl :text >&gt ; </ xsl : text>
<xsl : appl y- tenpl at es node="xnl verb" />
<xsl:text >& t;/</xsl:text>
<xsl:if test="$ns-prefix I="'""">
<span cl ass="xni verb-el ement -nsprefix">
<xsl :val ue-of select="%ns-prefix"/>
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</ span>
<xsl:text>:</xsl:text>
</xsl:if>
<span cl ass="xnm ver b- el ement - name" >
<xsl :val ue-of sel ect ="l ocal - name()"/>
</ span>
<xsl:text >&gt ; </ xsl : text>
</ xsl : ot herwi se>
</ xsl : choose>
<xsl:if test="$root "><br /><xsl:text>&#xA </ xsl|:text></xsl:if>

</ xsl :tenpl at e>

<l-- attribute nodes -->
<xsl:tenpl ate name="xm verb-attrs">

<xsl:text> </xsl:text>
<span cl ass="xm verb-attr-nanme">
<xsl : val ue-of sel ect="nanme()"/>
</ span>
<xsl : t ext >=&quot ; </ xsl : t ext >
<span cl ass="xm verb-attr-content" >
<xsl:call -tenpl ate nane="htm -repl ace-entities">

<xsl:w th-param nane="text" sel ect="nornalize-space(.)" />

<xsl:w th-param nane="attrs" select="true()" />
</ xsl :call-tenpl ate>
</ span>
<xsl : text >&quot ; </ xsl : t ext >

</ xsl : tenpl at e>

<l-- nanespace nodes -->
<xsl :tenpl ate nane="xm verb-ns">

<xsl:if test="panme()!="xm"'">
<span cl ass="xmnl ver b- ns- nane" >
<xsl:text > xm ns</ xsl:text>

<xsl:if test="name()!=""">
<xsl:text>:</xsl:text>
</xsl:if>
<xsl :val ue- of sel ect="name()"/>
</ span>

<xsl : text >=&quot ; </ xsl : t ext>
<span cl ass="xm verb- ns-uri">

<xsl :val ue- of select="."/>
</ span>
<xsl : t ext >&quot ; </ xsl : text >
</ xsl:if>

</xsl :tenpl ate>

<l-- text nodes -->
<xsl:tenplate match="text ()" nmode="xnlverb">

<span cl ass="xm verb-text">
<xsl:cal |l -tenpl ate nane="pref or mat t ed- out put ">
<xsl:w th-param name="t ext ">
<xsl:call-tenplate nane="htm-repl ace-entities">
<xsl :with-param nane="text" select="." />
</xsl:call -tenpl at e>
</ xsl : wi t h- par an>
</ xsl :cal | -tenpl at e>
</ span>

</ xsl :tenpl at e>

<l-- coments -->
<xsl:tenpl ate natch="comment ()" node="xm verb">

<xsl : param name="root" />
<xsl:text>&t;!--</xsl:text>
<span cl ass="xnl ver b-conment" >

<xsl:call -tenpl ate name="pref or matt ed- out put ">

<xsl:w th-param nane="text" select="." />
</ xsl :call-tenpl ate>
</ span>

<xsl:text>--&gt;</xsl:text>
<xsl:if test="%$root"><br /><xsl:text>&#xA </ xsl:text></xsl:if>

</xsl :tenpl at e>
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<l-- processing instructions -->
<xsl :tenpl ate match="processing-instruction()" node="xm verb">
<xsl : param nane="root" />
<xsl:text>&t; ?</ xsl :text>
<span cl ass="xml ver b-pi - nane" >
<xsl : val ue-of sel ect="nane()"/>
</ span>
<xsl:if test=".1=""">
<xsl :text > </xsl:text >
<span cl ass="xml ver b- pi - content ">

<xsl : val ue- of select="."/>
</ span>
</ xsl:if>

<xsl:text>?8&gt; </ xsl :text>

<xsl:if test="$root "><br /><xsl:text>&H#xA </ xsl:text></xsl:if>
</ xsl :tenpl at e>

<l--

<l-- Procedures / Functions

<l--

<l-- generate entities by replacing & ", <and >in $text -->

<xsl :tenplate nane="htnl-replace-entities">
<xsl : param nane="text" />
<xsl : param nane="attrs" />
<xsl :vari abl e name="t np" >
<xsl:cal |l -tenpl ate nane="repl ace-substring">
<xsl:w th-param nane="from' select=""8&gt;"'" />
<xsl:w th-param name="t 0" sel ect=""'&anp;gt;"'" />
<xsl :w t h-param nane="val ue" >
<xsl:cal l-tenpl ate nane="repl ace- substri ng" >
<xsl :wi t h- param nane="fron{ select=""&t;"'" />
<xsl :wi t h- param nane="to" sel ect ="' &nmp;It;"'" />
<xsl : wi t h- param nane="val ue" >
<xsl:cal | -tenpl ate nane="repl ace-substring">
<xsl:wi t h-param nanme="fron'
sel ect=""&anp;"' " />
<xsl : wi t h- par am nane="t o"
sel ect="" &anp; anp;"'" />
<xsl : wi t h- par am nane="val ue"
sel ect="$text" />
</ xsl :cal l-tenpl ate>
</xsl :w th-paran»
</xsl:call -tenpl at e>
</ xsl : wi t h- paran>
</ xsl :call-tenpl ate>
</ xsl :vari abl e>
<xsl : choose>
<l-- $text is an attribute value -->
<xsl :when test ="$attrs">
<xsl:call -tenplate name="repl ace- substring">
<xsl:w th-param name="fronm select=""'&H#xA"'" />
<xsl:w th-param name="t 0" sel ect ="' &anp; #xA;"' " [ >
<xsl :w t h- param nane="val ue" >
<xsl :cal |l -tenpl ate name="repl ace-substring">
<xsl :wi t h-param nanme="fronm
sel ect ="' &quot ;"' " />
<xsl :wi t h-paramnane="to"
sel ect ="' &np; quot ;' " />
<xsl :wi t h-paramnane="val ue" sel ect="$tmp" />
</xsl:call -tenpl at e>
</xsl:w th-paranr
</xsl :call-tenpl ate>
</ xsl : when>
<xsl : ot herw se>
<xsl :val ue- of select="$tnp" />
</ xsl : ot herw se>
</ xsl : choose>
</xsl :tenpl at e>
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<l-- replace in $val ue substring $fromwith $to -->
<xsl :tenpl ate nane="repl ace-substring">
<xsl : param nane="val ue" />
<xsl : param name="from' />
<xsl : param nane="to" />
<xsl : choose>
<xsl : when test ="cont ai ns($val ue, $from" >
<xsl : val ue- of sel ect ="substring-before($val ue, $from" />
<xsl : val ue- of select="$to" />
<xsl:call -tenpl ate name="repl ace- substring" >
<xsl :w t h- par am nanme="val ue"
sel ect ="substring-after($val ue, $from " />
<xsl:wi th-param nane="fromi select="$fromi />
<xsl:w t h- param nane="t 0" sel ect="$to" />
</xsl :call-tenpl at e>
</ xsl : when>
<xsl : ot herw se>
<xsl :val ue- of sel ect="%value" />
</ xsl : ot herw se>
</ xsl : choose>
</xsl :tenpl at e>

<l-- prefornatted output: space as &nbsp;, tab as 8 &nbsp;
nl as <br> -->
<xsl :tenpl ate nane="preformatted-output">
<xsl: param nanme="text" />
<xsl:call-tenpl ate nane="out put-nl ">
<xsl :wi t h-param name="t ext ">
<xsl:call -tenpl ate name="repl ace- substring" >
<xsl :w t h- param nanme="val ue"
sel ect="transl ate($text,' ','&xA0;')" />
<xsl:w th-param name="from select=""'&#9;"'" />
<xsl : w t h- par am nane="t 0"

sel ect ="' &#xA0; &#xA0; &#xAQ; &#xAD; &#xAD; &#xAD; &#xAD; &#xA0;"' " >
</xsl :call-tenpl ate>
</ xsl : wi t h- par an>
</ xsl:call -tenpl ate>
</ xsl :tenpl at e>

<l-- output nl as <br>-->
<xsl :tenpl ate nanme="out put-nl">
<xsl : param name="text" />
<xsl : choose>
<xsl :when test =" contai ns($text,"' &#xA ') ">
<xsl : val ue- of sel ect ="substring-before($text,"' &xA;"')" />
<br />
<xsl :text >&H#xA; </ xsl : text >
<xsl:call -tenpl ate nanme="out put -nl ">
<xsl:w t h- param name="t ext"
sel ect ="substring-after($text,' &#xA;')" />
</xsl :call-tenpl ate>
</ xsl : when>
<xsl : ot herw se>
<xsl : val ue- of sel ect="%text" />
</ xsl : ot herw se>
</ xsl : choose>
</xsl :tenpl ate>

</ xsl : styl esheet >
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