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Abstract. The Dust InfraRed ToolBox (DIRT - a part of the Web In-
frared ToolShed, or WITS, located at http://dustem.astro.umd.edu) is
a Java applet for modeling astrophysical processes in circumstellar shells
around young and evolved stars. DIRT has been used by the astrophysics
community for about 4 years. DIRT uses results from a number of nu-
merical models of astrophysical processes, and has an AWT based user
interface. DIRT has been refactored to decouple data representation from
plotting and curve fitting. This makes it easier to add new kinds of as-
trophysical models, use the plotter in other applications, migrate the
user interface to Swing components, and modify the user interface to add
functionality (for example, SIRTF tools).

DIRT is now an extension of two generic libraries, one of which man-
ages data representation and caching, and the second of which manages
plotting and curve fitting. This project is an example of refactoring with
no impact on user interface, so the existing user community was not af-
fected.

1. Rationale for Refactoring

DIRT is a powerful tool for searching pre-calculated models to fit observed data.
DIRT provides access to over 500,000 models, parameterized over a large set
of physical parameters and dust types. DIRT has been used by the astronomy
community since 1999. For a more complete description of DIRT and its user
interface, refer to Pound et al. (2000).

DIRT had a user interface that was closely coupled to the data representa-
tion, both on disk and in memory. Essentially, DIRT did not use a Model-View-
Controller (MVC) pattern.

At the present time, DIRT is being extended to

e support missions such as SIRTF by providing instrument based models,
e support models for disk shaped dust regions around young and evolved
stars.
Such extensions are less effort to implement if data storage is decoupled from
data representation in memory, and the user interface makes minimal assump-
tions about data representation and manipulation.
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2. DIRT - Application Structure & Modifications

DIRT is an application that is made up of

1. model files, containing pre-calculated data from parameterized models,

2. a directory tree containing the model files, where each level in the tree rep-
resents a specific parameter, and a value of that parameter is represented
by a node at that level,

3. Perl scripts for retrieving model data from the disk,

4. a Java applet using the Perl script that provides an AWT-based interface
for plotting and fitting.

The model data files store data as ASCII columns of numbers with human
readable column headers. A model may have multiple data files, each with its
own columns and rows.

Before refactoring, model data was represented within the user interface
using Database and Record objects. The Database object (a Java class), is a set
of records, where each record is a row in the model data file represented by the
Database object. Each plot window was associated with an array of database
objects, representing the model data of interest for a set of plots. A column
within a Database object was accessed by name, and these column names were
explicitly used within the user interface. Database objects were associated with
specific files by name. Datasets for plotting were selected using an class Filter
object, and the chosen datasets were mapped to plot axes using a Mapper.
Adding model data files, adding new types of models, and modifying the user
interface required significant development effort with this design.

In order to simplify future upgrades, we decided to decouple the user inter-
face and data representations and move to a more MVC compliant design for
the application. However, any redesign (refactoring) had to be accomplished
without affecting DIRT’s user community. This implied that anything directly
visible to the user had to remain unchanged, and behavioral changes to the user
interface had to be minimal. Since our resources were limited, we also had to
pick redesign options that would minimize the effort required to make the nec-
essary code changes. These constraints meant that we could only change the
representation of model data and the interface to data storage. To simplify the
process of change, we decided to change only the Java code, and leave the Perl
scripts mostly intact.

We decoupled data storage representations from the user interface by re-
placing the Database and Record classes by ModelMap, Model and ModelData
classes. ModelMap is an ordered collection of Model objects. Each Model ob-
ject is a collection of ModelData objects, which represent the data in one model
file. Data in a ModelData object are read from the disk file and parsed using
a description of the model data file contained in a schema, or Schema object.
Information about the nature of the model, for example, the number of model
parameters and the structure of the directory tree, are managed by an object of
type Modellnfo. In this design, a ModelMap object now contains all models of
interest to the user. Data from all data files associated with a specific model are
managed by the associated Model object. Filter was slightly modified to filter
datasets out of ModelMap objects, and Mapper changed to manage mapping
and scaling of data to plot axes, which was formerly handled by Database.
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Figure 1. A block diagram showing changes to DIRT.

Figure 1 provides a picture of the modifications to DIRT - grayed out objects
represent classes that were modified, or eliminated.

3. The New, Refactored DIRT

As a result of our refactoring, we can now add new model types and instrument
based model data without changing any code. The process of designing the
addition of SIRTF based model data was considerably accelerated - in fact,
apart from the additional model data files, it involved the addition of just three
text files.

In addition, source code was greatly simplified, making it more readable and
comprehensible. For example, referring to Figure 2, which describes a routine
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for displaying the details of a point on a plot, the refactored code on the right
is more understandable.
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Figure 2. Sample difference in source code between the original ver-
sion, on the left, and the refactored version on the right.

The Java applet in DIRT is now composed of 3 packages, one for plotting
and fitting numeric data, a second for managing data in memory, and a set of
DIRT-specific classes.
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