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ABSTRACT
We present Galileo, an innovative engineering modeling
and analysis tool built using an approach we call package-
oriented programming (POP). Galileo represents an
ongoing evaluation of the POP approach, where multiple
large, architecturally coherent components are tightly
integrated in an overall software system. Galileo utilizes
Microsoft Word, Internet Explorer, and Visio to provide a
low cost, richly functional fault tree modeling
superstructure. Based on the success of previous prototypes
of the tool, we are now building a version for industrial use
under an agreement with NASA Langley Research Center.
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1 MOTIVATION: FROM-SCRATCH DEVELOP-
MENT IN SMALL MARKETS

As the demand software continues to increase, it becomes
apparent that line-by-line software development is too
costly, resulting in software that, if produced at all, is
lacking in the sophistication that users demand. This
problem is most apparent in small markets, where the cost
of developing software can not be easily amortized across a
large number of buyers [5].

One such market is engineering modeling and analysis
tools. As with most software, engineers expect modeling
tools to have high usability, to have large feature sets, and
to interoperate within the overall engineering process. In
addition, the modeling frameworks can be complex and
subtle, which increases the software developer’s cost of
correctly specifying and implementing the system. The
tools must also have a high level of assurance in the models

and associated analyses because the tools are critical in that
their results are used to make design decisions which, if
incorrect, can have significant consequences. [16]

Consider the two screenshots in Figure 1. On the left is
Reliasoft’s BlockSim tool [14], which is used to model and
analyze block diagrams. On the right is Microsoft’s Visio
[13], a general purpose drawing tool. Note the large amount
of functionality they have in common: the ability to format
shape labels, position shapes on a drawing page, scrolling,
zooming, shape “stencils” from which to build diagrams,
etc. The key point is that Visio’s functionality closely
matches the graphical modeling needs of such tools. The
ability to specialize and integrate large application such as
Visio promises to significantly lower the cost of developing
tools.

2 PACKAGE-ORIENTED PROGRAMMING
Package-Oriented Programming is an architectural style in
which large, architecturally coherent components are
specialized and integrated as part of the overall system
[16,17,18,19]. Large components can provide larger
fractions of the overall functionality of the system, and can
potentially lower integration costs because there are fewer
components to integrate.

Large components of particular interest are applications
such as the Microsoft Word document editor and the Visio
graphical drawing tool. Such standard software packages
deliver large amounts of functionality at a very low cost
due to their mass-market nature. In addition, because such
components are also popular stand-alone applications, users
are often already familiar with them, and much of the
application documentation applies when the application is
used as a component [17].

There are several important questions that must be
answered for such an approach to succeed. First, the extent
to which component integration standards can address the
problem of architectural mismatch [10] is not clear.
Second, large components bind numerous design decisions
[2], which means that they must provide suitable degrees of
specialization that allow developers to utilize them
effectively. Another problem is the effect of component
upgrades on the operation of the system. Unlike traditional



components, new versions of mass-market applications
may be acquired independently of the developer, and it is
not clear the degree to which new components will be
backwards compatible. Other issues include the large and
undocumented limitations, behaviors, and interfaces of the
components, the problem of testing such components,
integrating their user interfaces, etc.

3 GALILEO FEATURES
Galileo is a dynamic fault tree analysis tool used by
engineers to model the reliability of a system. Fault trees
[20] are models of system failure, where particular
combinations and orders can cause overall system failure.
Galileo hosts Dugan’s DIFTree analysis methodology
[8,11], which is capable of solving fault trees quickly using
an innovative divide-and-conquer methodology. The
DIFTree approach first modularizes a fault tree into
statistically independent subtrees, which are then solved
using either a dynamic subtree solver or a static subtree
solver.

Galileo’s features include:

• the ability for the user to edit a fault tree in either a
textual or graphical representation

• automatic rendering from the textual view to the
graphical view, or vice-versa

• exploitation of the user interfaces of off-the-shelf
packages, e.g., zoom, find-and-replace, print preview,
etc.

• exploitation of the user’s familiarity with common
applications, significantly reducing training costs

• integration of the separate interfaces of the component
applications into a single Galileo interface

• on-line documentation through an embedded internet

browser and World-Wide Web pages

• support for fault tree specific editing operations

A complete description of the current public version of
Galileo has been published elsewhere [17]. Here we present
the highlights and most recent developments.

1 Careful Reimplementation of the DIFTree Core
Early versions of Galileo used a legacy implementation of
the core DIFTree engine that was carefully extracted from
the existing Unix-based tool and then embedded in Galileo
[6]. Because of serious maintainability and evolvability
issues, the engine is being redesigned and reimplemented
from the ground up.

The current developmental version of Galileo uses a more
flexible modularizer. By identifying and clarifying the
distinction between subtrees and modules, we were able to
develop an algorithm that first divides a fault tree into
subtrees, and then combines them according to one of a
number of possible policies. For example, Dugan’s
statistically independent modularization can be replaced
with Anand & Somani’s modularization policy, which
trades performance over accuracy [1].

Galileo also has a new dynamic fault tree solver based on a
carefully written semi-formal specification of the fault tree
to Markov chain translation algorithm [12]. This new
implementation repairs several bugs in the previous one,
and promises to be more maintainable. An analogous
reimplementation of the static solver is currently underway.

2 New User Interface
Figure 2 shows a screenshot of the current developmental
version of Galileo. The upper right sub-window contains
the graphical representation of a simple fault tree, and the
lower sub-window contains the corresponding textual
representation. The upper left sub-window is the stencil

    

Figure 1: Comparison of BlockSim and Visio



from which graphical shapes can be taken to manually
construct the graphical fault tree.

Galileo utilizes the Microsoft’s Active Document
Architecture to merge the various interface elements of the
large scale components [9]. For example, the Visio menus
and toolbars become active when the graphical view is
selected, and are merged with Galileo’s own menus and
buttons. For example, the large buttons in the figure
represent fault tree specific operations such as add and
attach a new gate and select subtree, we use to augment
Visio’s own low-level editing functionality.

3 Formal Specification of the Semantics Dynamic
Fault Trees

Because incorrect results from engineering analysis tools
can cause engineers make incorrect design decisions, the
tools themselves become critical parts of the engineering
practice [4]. Based on the observation that the
computational core has the highest probability of
contributing to incorrect analysis results, part of the Galileo
development effort is devoted to the formal specification,
in Z [15], of this core.

Previous specifications of dynamic fault trees used a semi-
formal approach based on natural language descriptions
and equivalent Markov chains [3,7,12]. We hope that the
formal specification of the semantics of fault trees will help
give practitioners confidence in their understanding of the
modeling framework and in a particular implementation of
it.

This specification effort is still in progress. An initial
specification of the dynamic fault tree structure and its

solution in terms of Markov chains has been completed.
Validation of this specification remains to be done, as well
as the augmentation of the specification to handle particular
solution optimizations and additional modeling features.

4 EVALUATION
To date, our experiences developing Galileo as an
evaluation of the POP approach show that the approach has
enormous potential, but also currently has a high level of
risk [5]. We believe that the tool we have produced
demonstrates that the approach allows sophisticated tools
with high degrees of functionality, increased usability, and
easier evolution to be developed using far fewer resources
that traditional from-scratch approaches.

One indicator that lends credence to our evaluation of the
POP approach is the response the reliability community has
given Galileo. Lockheed Martin conducted a review of an
early version of Galileo, publishing an internal document
that concluded that Galileo has tremendous potential to aid
reliability engineers in that corporation. It was based on
that potential that the University of Virginia was asked by
the NASA Langley Research Center to develop a version of
the tool suitable for industrial use. This work is currently in
progress.

5 ACQUIRING GALILEO
Galileo is available for free on the World-Wide Web, under
license for evaluation purposes only. To date, over 150
enterprises have downloaded the tool in over 30 countries.
The URL is http://www.cs.virginia.edu/~ftree/. The current
publicly available version, Galileo 2.11 Alpha, runs on
Microsoft Windows 95, 98, and NT. It requires either or

Figure 2: Screenshot of Galileo (developmental version)



both of Microsoft Word (95 or 97) and Visio Technical or
Enterprise (4.1 to 5.0). If Internet Explorer is available,
Galileo will also use it to display hypertext-based
documentation. A minimum computer is a 166 MHz
“Pentium-class” computer, with 32 MB of main memory
and 50 MB of disk space. Installation involves the
unzipping of the archive, and the execution of a standard
setup program.
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