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Abstract: Alborz is a multi-view, interactive, and
wizard-based software architecture reconstruction and evaluation toolkit that takes advantage of the Eclipse plug-in
technology to provide feature extensibility, and uses GXL
format to interoperate with other reverse engineering tools.
The current version of Alborz toolkit supports static and
dynamic views of a software system. For the static view,
the toolkit extracts the structure of a software system using
wizard-guided forms that allow to define the high-level
view of the system. The static view represents abstract
components and connectors which are then mapped onto
the low-level source graph to find approximate matching
within the software system. For the dynamic view, the
toolkit extracts high-frequent execution patterns by running
feature specific task scenarios on the software system.
Subsequently, the implementations of the software features
in the source code are identified as a means to evaluate the
structure of software. The toolkit will be available as an
Eclipse plug-in to serve the software reverse engineering
community.

1. Introduction
Alborz was originally designed as a research toolkit for
software architecture recovery and evaluation in the Refine
re-engineering environment [6] at the University of Waterloo [7]. The Refine environment, as the execution platform
of Alborz, had drawbacks in terms of low performance and
lack of widely adoption by the reverse engineering community. The new version of Alborz toolkit has been developed
at McMaster University as an Eclipse plug-in application
[1] that is entirely re-engineered such that only the functionality and features of the old version have been re-used, not
its design. This practice generated valuable re-engineering
experience within our research team. The current version
of Alborz consists of more than 14 packages and 160 Java
classes/interfaces. Users can easily extend the functionality
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of Alborz using standard Eclipse plug-in mechanism. The
toolkit interoperates with SHriMP toolkit [10] to visualize
the results of the static analysis of a software system. The
Alborz project aims to provide useful architectural information through both static and dynamic analyzes. For the static
view, the tool extracts a number of components and their interactions, where a component is either a number of system
files or a number of system functions and the interactions
are defined in terms of imports and exports of software entities at function level. For the dynamic view, the tool maps
specific software features (defined through a number of task
scenario sets) onto the source code that implement those
features, and consequently it allows to evaluate the structure of a software system.

2. Related Work
The following static and dynamic analysis tools from the
literature are related to the Alborz tool.
Stoermer et al. [9] and Hamou-Lhadj and Lethbridge
[3] have surveyed a number of static and dynamic analysis tools, respectively. The closest static analysis approach
to our approach is presented by Bunch tool [5] that provides a partitioning method to group software modules (e.g.,
system files) into a number of clusters. Bunch uses a hillclimbing search to consider different alternatives based on
neighboring partitions, where the initial partition is randomly selected. Also, the closest dynamic analysis tools
to the Alborz tool are as follows. DRT [2] is a tool for design recovery of interactive graphical applications that provides a means to track the implementation of the user’s actions (through scenario execution) in the source code. ISVis
(Interaction Scenario Visualizer) [4] is a tool that provides
traditional static analysis techniques to extract the software
components. Furthermore the tool uses task scenarios to
extract and visualize the dynamic interactions among the
existing components.
Alborz provides a pattern-based architectural recovery
technique to recover highly cohesive components that con-
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form with the input pattern. In the dynamic analysis, the
frequent patterns in execution traces are used to map the individual software features onto the corresponding software
component, and to evaluate the component’s cohesiveness.

3. Underlying Theory
In the following parts, we discuss the employed techniques and underlying theories that support the proposed
static and dynamic views of a software system.
Static analysis technique
In the static view, based on domain knowledge, system documents, or tool-provided clustering techniques, the user develops a hypothesis about the architecture of the system that
can be viewed as a graph of components and their interconnections. In this context, a component is a subsystem of
files, or a module of functions, where each component represents a group of placeholders to be instantiated by the system entities. Also, each bundle of interconnections between
two components represents data-/control-dependencies between two groups of placeholders in two components. In
this form, a system entity can be a function, an aggregate
type, or a global variable to fill a placeholder in the component. The minimum/maximum sizes and the types of both
placeholders and interconnections are decided by the user.
This yet un-instantiated component-interconnection representation (can be referred to as conceptual architecture)
is directly defined for the tool, using wizard-based forms.
In this context, a query represents a macroscopic graphform pattern for a part or the whole of the system architecture to be recovered. The task of the tool is then to search
through the software system that is also represented as a
graph of system entities and relationships, to find a suboptimal match between the component-interconnection pattern in the query forms and the graph of the system. We use
a sub-optimal heuristic of A* optimal search algorithm for
the pattern matching engine [8].
In a medium or large size software system it is imperative
that we restrict the search domain in a large graph generated
by the entities and relationships. In this respect, in Alborz
toolkit the graph of the software system is preprocessed and
decomposed into a large number of domains based on the
association property that we obtain from data mining operations, and then we restrict the search for each component
to one (or more) of these domains. Therefore, the quality of
the recovered modules depends on the proper selection of
the domain(s) for each component in the query forms. Each
domain is identified by its core entity, namely main-seed
and every other entity in the domain has a high association
with the domain’s main-seed. The result of the structural
recovery is represented as concrete subsystems / modules
and their exact interconnections through hypertext links and
navigable views provided by the Eclipse platform.

In the design of the Alborz toolkit data mining is used
to extract maximal association relation among a group of
highly related system entities such as functions, aggregate
data-types, and global variables. Maximal association
is a property among a group of entities and their shared
attributes such that the group of entities share the maximum
number of shared attributes.
Dynamic analysis technique
Alborz provides dynamic analysis of a software system
based on frequent patterns of execution traces in a software
system, where the patterns represent the common functionality of a number of feature-specific task scenarios. Dynamic analysis takes advantage of the data mining technique
sequential pattern discovery among the software execution
traces. As a critical aspect of this dynamic analysis, the
specific features of a software system must be identified by
investigating evidences such as: system user manual, online help, and similar systems in the corresponding application domain. A set of relevant task scenarios is selected
that examine a single software feature. We denote this set as
feature-specific scenario set. For example, in the case of a
drawing tool all scenarios that examine the move figure operation of the tool would constitute such a feature-specific
scenario set. The software under study is instrumented by
inserting particular pieces of code into the software system
(source code/binary image) to generate a trace of the software execution. Therefore, running the feature-specific scenarios against the instrumented software system generates a
set of execution traces with very large sizes. To make the
large size of the generated traces manageable, in the preprocessing step we remove all redundant function calls caused
by the cycles of the program loops. The trimmed execution traces are then fed into the execution pattern mining
engine to reveal the common sequences of function invocations that exist within the different executions of a program.
Each execution pattern is a candidate group of functions that
implement a common feature within a scenario set.
Finally, we assign the extracted execution patterns to the
system’s structure, i.e., files of the system and define two
software quality measures to assess: i) local structural cohesion for each software module; and ii) functional scattering
of a specific software feature among software modules.

4. Tool Architecture
Alborz toolkit has a data-centric and user-interface
driven architecture consisting of six collaborative components, as: User Interface (UI); Datastore; Input/Out (I/O);
System Analysis; Pre-processing; and Evaluation. Figure
1 illustrates the hierarchy of Alborz components and subcomponents within the context of Eclipse plug-in mechanism. A key characteristic of the Alborz toolkit is its ex-
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Figure 1. Structure of Alborz components in
the context of Eclipse plug-in mechanism.
tensibility by leveraging the power of Eclipse platform that
allows to adopt different formats of data sources; as well as
utilizing different forms of preprocessing, system analysis,
and searching algorithms. This is done by implementing a
standard Eclipse plug-in and installing it within the Eclipse
plug-in directory, without modifying any source code of Alborz or violating the integrity of the user interface of Alborz
or Eclipse. The components of Alborz are briefly discussed
below.
User interface component: UI closely collaborates with
and controls other components within the Alborz toolkit
and interacts with the user throughout the offline and online analysis phases. Almost all the events and requests in
the system are emitted from this component. UI consists of
the following parts:
• System data generation wizard: this wizard controls
the operations of the I/O component and preprocessing
component by guiding the offline operations within the
toolkit. It allows the user to: i) extract data from various sources (source code, GXL, RSF, etc.) for static
analysis; ii) extract execution traces for dynamic analysis; iii) perform data-mining operations to extract association relation among system entities; iv) generate
sequential patterns from execution traces; v) generate
system data including domains of entities and similarity matrices for the A* search algorithm; and vi) store
system data in the local Datastore to be used for the
online system analysis.
• System analysis wizard: this wizard assists the user
throughout the steps of the online system analysis,
such as: analysis-type selection; main seed selection;
query editing; and redistribution of entities into components.
• Perspectives, views, menus and tool-bars: a series of
standard Eclipse user-interface elements used for inte-

Datastore component: Datastore is the center of the Alborz structure and allows the system components to communicate with each other through this component’s interfaces. XML files are used for storing: source graphs; domains of entities for the search engine; similarity matrices; query forms; result of architectural analysis; execution
traces and patterns; and annotated source code that allows
navigating the source code from the solution of the recovery.
System analysis component: encapsulates all the functionalities that are required in the online analysis phase, including: selecting main-seeds as the core functionality in
each component; executing a sub-optimal version of the
A* search algorithm; and performing dynamic analysis. To
fulfill tool extensibility, we utilized design patterns in the
design of system analysis component and support Eclipse
plug-ins to add other search algorithms and analysis types
(e.g., clustering).
I/O component: provides interoperability among the
systems in the environment of Alborz and the Alborz
toolkit. It receives inputs such as: source code, GXL, RSF
(for static analysis) and execution traces (for dynamic analysis). It also uses the Evaluation component to evaluate
the recovery results, as its output. I/O component supports
plug-in extensibility and design patterns as well. Furthermore, this component provides parser wrappers to wrap external parsers for parsing source code of the subject software system, and provides a wrapper for the SHriMP visualization tool to connect it to Alborz.

5. Example Tool Usage
In this section, the candidate experimentations to extract
the static and dynamic views of the Xfig drawing tool are
briefly discussed. For the static view in Figure 2, a highlevel structure decomposition of Xfig is specified in terms
of subsystems and interconnections (at file-level); then each
subsystem can be specified as a number of modules and interconnections (at function-level).
For the dynamic view, Table 1 left column presents a
number of specific features from the related feature-specific
scenario sets (namely feature-families) that are applied on
the Xfig tool. The other columns of Table 1 represent a
variety of statistics related to the extracted functions that
implement these features.
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Feature
Family
Draw
Ellipse

Copy
Draw
Spline

Specific
Feature of Xfig
Circle-Diameter
Circle-Radius
Ellipse-Diameter
Ellipse-Radius
Move Objects
Copy Objects
Closed Interpolated
Interpolated
Approximated

Number of
Different Scenarios
10
10
10
10
4
4
10
10
10

Average
Trace Size
7234
8143
6405
7351
11887
11460
18635
15469
15057

Average
Pruned Trace Size
2600
2463
2536
2549
3166
3269
4434
4038
5362

Number of
Extracted Patterns
46
48
41
39
31
37
58
66
61

Average
Pattern Size
33
32
37
35
53
50
63
49
47

Table 1. The results of execution pattern mining for 3 Xfig feature families.
that is developed as an Eclipse plug-in. The static view exploits a pattern matching mechanism that maps a high-level
conceptual architecture of a software system onto the source
graph of the system. The dynamic view allows to map the
core functionality of software features onto the software’s
structure and to evaluate its structural quality.
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