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Abstract

The combination of source code analysis and automatic clustering tech-
niques have been shown to produce good results for recovering the
high-level organization of a software system directly from its source
code. These techniques, however, have several limitations as they do
not provide mechanisms for integrating the knowledge of a designer into
the automatic clustering process. Instead, fully automatic clustering
techniques must solely rely on source-code level inter-relationships to
derive higher-level structural views of the systems organization.

This paper describes an automatic clustering system that we developed
that is capable of integrating user-specified knowledge about the actual
system structure into the otherwise fully automatic clustering process.
These capabilities leverage the advantages of fully automatic clustering
techniques while providing facilities to integrate knowledge that the
designer may possess about the actual system structure.

Keywords: Clustering, Software Maintenance, Incremental Software
Structure Maintenance, Program Understanding, Reverse Engineering,
Software Structure, Optimization, Genetic Algorithms.



1 Introduction

Manually discovering the subsystem structure of a software system directly
from the source code is often not possible due to the complexity associated
with understanding the large number of inter-relationships that exist be-
tween the native source code components. Therefore, automatic software
modularization techniques are helpful as they provide a valuable service to
software professionals who are trying to understand the intricate organiza-
tion of complex systems without having to go through an exhaustive (and
time consuming) analysis of the source code. This task is accomplished
by automatically clustering the software components in a way that derives
the high-level subsystem structure of a software system directly from the
component-level relationships that are present in the source code.

Do we want to keep or scrap the above paragraph?
Remainder of section to be written by Spiros.

2 Automatic Software Modularization

In a previous paper[3] we described an automatic software modularization
technique based on formally quantifying the quality of a partitioning of
a module dependency graph (M DG). The MDG = (M, R) is a graph
where M is the set of named modules in the software system, and R C
M x M is a set of ordered pairs of the form (u,v) which represents the
source-level relationships that exist between module v and module v. The
M DG is a convenient input to our technique because it can be automatically
constructed by using readily available source code analysis tools such as
CIA[1] for C and Acacia[2] for C++.

Once the M DG of a software system is determined, we search for par-
titions so that the inter-connectivity (i.e., connections between the compo-
nents of two distinct clusters) is minimized and the intra-connectivity (i.e.,
connections between the components of the same cluster) is maximized. This
task is accomplished by treating the clustering process as an optimization
problem where the goal is to maximize the value of an objective function
that is based on a formal characterization of the trade-off between inter-
and intra-connectivity. We refer to our objective function as the Modular-
ization Quality (MQ) of a partition for a particular M DG. MQ is formally
described in the next section of this paper.



One way to find the optimal partition would be to enumerate through all
of the partitions of the M DG and select the one with the largest MQ value.
However, this is often not possible because the number of partitions of the
M DG grows exponentially with respect to the number of modules in the
software system. Because discovering the optimal partition of the M DG is
often only feasible for small software systems (e.g., fewer then 15 modules),
we direct our attention instead, to using search algorithms that are capable
of efficiently discovering acceptable sub-optimal results. The sub-optimal
search strategies that we have investigated and implemented are based on
hill-climbing and genetic algorithm techniques.

2.1 Quantification of Automatic Clustering

Below we illustrate our modularization quality (M) measurement. This
measurement, which is used as the objective function of our clustering al-
gorithm, represents the ”quality” of a system modularization. The M@
measurement is designed to reward the creation of highly cohesive clusters
(high intra-connectivity) while penalizing excessive module coupling (high
inter-connectivity). This tradeoff is established by subtracting the average
intra-connectivity (A) from the average inter-connectivity (F).
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The M@ measurement for an M DG partitioned into k clusters is calcu-
lated by subtracting the average inter-connectivity from the average intra-
connectivity. The intra-connectivity measurement A; of cluster ¢ consisting
of N; components and p; intra-dependencies is defined as the fraction of
the maximum possible number of intra-dependencies of cluster 2, which is
NZ. The inter-connectivity measurement F; ; between two distinct clusters
and j which consists of N; and N; components, respectively, with ¢; ; inter-
dependencies is defined as the fraction of the maximum possible number of
inter-dependencies between clusters ¢ and j, which is 2/N;N;.

Figure 1 illustrates an example M) calculation for an M DG consisting
of 8 components that are partitioned into 3 subsystems. The value of M@
is approximately 0.186, which is the difference between the average intra-
connectivity (A4) of 0.269, and an average inter-connectivity () of 0.083.
The M@ measurement is bounded between -1 (no cohesion within the sub-
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Figure 1: Modularization Quality Example

systems) and 1 (no coupling between the subsystems). The larger the value
of M(), the better the partition. Thus, the M@ measurement adheres to our
fundamental assumption that well-designed software systems are organized
into cohesive clusters that are loosely interconnected.

2.2 Limitations of Automatic Clustering Techniques

Fully automatic clustering techniques provide a valuable service to software
practitioners who are trying to understand the organization of a software
system in the absence of any knowledge about the actual system structure.
However, because our automatic clustering strategy is based solely on the
topology of the M DG several shortcomings associated with fully automatic
clustering may arise that will negatively impact the results that are produced
by our system. One can make better progress if they are able to integrate
knowledge about the actual system design into the otherwise fully automatic
clustering process. Specifically:

e Omnipresent entities are modules that either use a large number of the
other modules in the system (i.e., drivers), or modules that are used by
a large number of other modules in the system (i.e., libraries). Because
these modules are highly interconnected to the other modules in the
system, the automatic clustering algorithm will make compensations
for these modules, which often negatively effects the quality of the
result. We agree with Miiller[4] assumption that omnipresent modules
obscure system structure and should be removed from the clustering



analysis process.

e The original version of our automatic clustering tool did not enable a
user to specify that certain modules must always be contained in the
same subsystem. This feature is desirable because our automatic clus-
tering technique makes its partitioning decisions based on maximizing
the M) measurement. Because this measurement is based on the
overall average inter- and intra-connectivity, tradeoffs that are incon-
sistent with the users understanding of the actual system organization
might be made in order to maximize the MQ).

e Bach change to the M DG (i.e., introduction of a new module or an
update to an existing module that introduces additional inter-module
dependencies) may result in a radical change in the automatically pro-
duced clustering. It would be desirable to offer a facility for preserving
existing architectural and structural information by localizing the im-
pact of a change in the M DG on the resultant partitioning. Integrat-
ing an Orphan Adoption[6] capability into our automatic clustering
system can readily facilitate this capability.

Because fully automatic clustering techniques have these shortcomings,
our goal is to leverage the benefits associated with fully automatic cluster-
ing techniques while providing facilities for specifying omnipresent modules,
user-specified cluster overrides, and incremental structural maintenance (or-
phan adoption). In the next section of this paper, we illustrate how our
clustering tool, named Bunch, can be used for recovering and maintaining
the hierarchical structure of a software system.

3 The Bunch Clustering Tool

Figure 2shows the main window of the Bunch clustering tool. This window
prompts the user to specify a clustering algorithm, the input M DG file
and the name of the clustered output file. The three distinct clustering
algorithms supported by Bunch make use of the M{) measurement and
have been described elsewhere[3]. The input is a text file that contains a list
of ordered pairs that specifies the relations between the source code entities
in the software system. The clustered output file field specifies the name
of the file that will be generated by Bunch. This file contains a text-based
description of the partitioned M DG that can be read by the AT&T dotty
tool[5] to visualize the results.
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Figure 2: The Main Window of Bunch

The remainder of this section describes the features implemented in
Bunch to support software maintenance.

3.1 Omnipresent Module Detection and Removal

Recall that omnipresent modules obscure the actual system structure be-
cause they either use, or are used by, many of the other modules in the
system. Therefore, we wish to remove these modules and their associated
edges from participating in the M calculation. Bunch enables the user
to specify two different types of omnipresent modules. Omnipresent Clients
are modules that behave like a driver because they use many of the other
modules in the system. Omnipresent Suppliers are modules that behave
like a library because they provide services to many of the other modules
in the system. The specification of omnipresent clients and suppliers is a
manual activity. However, Bunch includes a facility to automatically detect
omnipresent modules.

Figure 3 illustrates the Bunch omnipresent module calculator. This fea-
ture enables the user to specify an omnipresent module threshold as a mul-
tiple of the average node degree in the M D(G. Upon pressing the Calculate
button, the omnipresent module calculator processes the M DG, and deter-
mines the average node degree for the graph. Once this has been accom-
plished, the M DG is searched for modules that have an in- or out-degree
greater then the user-specified threshold. The results, which indicate candi-
date omnipresent modules, are displayed in the lower listbox. The user has
the option to select the modules that will be treated as omnipresent.
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Figure 3: Omnipresent Module Calculator

1 Omnipresent Modules
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Figure 4 illustrates the Bunch omnipresent module window. This win-
dow is used to specify the modules in the M DG that Bunch will treat as
omnipresent. The user also has the option to specify how the edges into, and
out of, the omnipresent modules will be represented in the generated output
file. Bunch takes the modules specified in the omnipresent client and om-
nipresent supplier entry fields and creates special clusters to contain each of
the omnipresent module types. The omnipresent edge style feature of Bunch
allows the user to choose how the edges that connect the omnipresent mod-
ules to the rest of the modules in the system will be visualized. By default,
Bunch will draw these edges in a different color, however, other options are
supported for ”lightly” drawing the edges, or removing the edges altogether
from the output visualization.

3.2 User-Directed Cluster Overrides

A user who is trying to extract the structure of a software system often has
some knowledge about the actual system design. The user-directed clus-
tering override feature of Bunch enables users to manually cluster (known)
modules based on their understanding of the system design, while taking
advantage of the automatic clustering capabilities of Bunch to organize the
remaining (unknown) modules.

Figure 5 illustrates the user directed clustering dialog box. The user
specifies a file name that describes the known clusters in the software system.
Bunch will respect the user-specified clusters while searching for an optimal
partitioning of the M DG. Bunch, by default, will never remove modules
from, or introduce new modules into the user-specified clusters. However,
?locking” the user-specified clusters may not be always desirable; therefore,
our system includes an option that enables the automatic clustering process
to add modules to the user-specified clusters if the addition results in higher

MQ.



3.3 Orphan Adoption

Determining the subsystem structure of a software system (by manual, semi-
automatic, or fully automatic techniques) is an arduous task. Once the sys-
tem organization is obtained, it is desirable to preserve the investment made
in determining the subsystem structure as the system evolves. However, our
fully automatic clustering process places modules into subsystems based on
the topology of the M DG; therefore, a small change in the M DG can result
in a large change in the partitioned result.

Orphan adoption techniques[6] address one aspect of incremental struc-
tural maintenance. By integrating the orphan adoption techniques into
Bunch, designers are able to preserve a subsystem structure when:

e New modules are introduced into the system

e Existing modules modified resulting in the introduction of new depen-
dencies between the updated module, and the other modules in the
system.

Figure 6 shows the Orphan Adoption dialog box. The user is prompted
for a file name that specifies the known subsystem decomposition of the
software system. The input cluster file specifies a partitioning of the input
M DG file. The user is also prompted to provide a list of orphan modules.
An orphan module is either a new module that is being introduced into
the system, or a module that has undergone some enhancements and has
been removed from the known subsystem organization. Bunch facilitates
the Orphan Adoption process by first measuring the M) based on placing
the orphan module into a new subsystem. Bunch then moves the orphan
module into existing subsystems, one at a time, and records the M@ for
each of the relocations. The subsystem that produces the highest M@ is
selected as the parent for the orphaned module. This process is repeated for
each user-specified orphan module.

3.4 Obtaining Bunch

Interested readers may download a copy of Bunch, which was developed
in Java, from the Drexel University Software Engineering Research Group

(SERG) home page. The URL for SERG on the World Wide Web is
http://www.mcs.drexel.edu /" serg.
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Figure 6: Orphan Adoption Window

4 Software Maintenance with Bunch - A Case Study

This section details the case study of using Bunch to recover the structure
of the AT&T dot tool...

For your convenience, I have included the postscript files for the remod-
ularization results.

5 Related Work

To be written by Spiros.

6 Conclusions and Future Work

To be written by Spiros and Brian.
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