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1. Introduction

Large multi-platform software systems are likely to
encompass a variety of programming languages, coding
styles, idioms and hardware-dependent code. Analyzing
multi-platform source code, however, is a challenging task.
Assembler code is often mixed with high-level Object Ori-
ented (OO) or procedural programming languages. Further-
more, scripting languages, configuration files, and hardware
specific resources are typically used.

Often, systems were originally conceived as a single
platform application, with a limited number of functionali-
ties and of supported devices. Then, they evolved by adding
new functionalities and were ported on new product fami-
lies. In other words, new devices and target platforms were
added. When writing a device driver or porting an existing
application to a new processor, developers may decide to
copy an entire working subsystem and then modify the code
to cope with the new hardware. This approach is believed to
increase the chances that the developers’ work will have lit-
tle unplanned effect on the original piece of code they have
just copied. However, this evolving practice promotes the
appearing of duplicated code snippets, also calledclones.

There have been many publications proposing various
ways of identifying similar code fragments and components
in a software system [14, 9, 6, 2, 10, 12, 3]. However,
those publications essentially focused on procedural pro-
gramming languages such as C and only few contribution
addressed the problem of detecting duplicated code in OO
systems [8, 1]. Moreover, algorithms presented and pub-
lished to detect duplications in procedural systems exhibit
linear or almost linear complexities whereas published simi-
larity computation in OO has higher complexities (see [13]).
For example, the complexity of similarity computation be-
tween C++ classes published in [1] isO(n2), wheren is
the number of classes. To compare two subsequent releases,
each one composed of about 200 classes, of the same sys-

tem, several hours were required. Complexity issues raise
from the the nature of properties of objects, as it will be
discussed in Section 2, which are characterized by meth-
ods, which are procedural in nature, and by state variables
of different types. With the increased adoption of OO tech-
nologies, the lack of computationally efficient approaches
to identify duplicated code on OO systems is limiting the
ability to analyze large systems and the scalability of known
techniques.

2. The Paradigm and the Problem

We believe that the complexity of detecting duplicate
code in OO system is essentially related to the OO paradigm
and its available representations.

Bunge’s ontology [4, 5] has been a source of inspiration
in the OO domain. According to this ontology objects can
be viewed assubstantial individualswhich possessproper-
ties. Chidamber and Kemerer [7], proposed a representation
of substantial individuals, objects, as a finite collection of
properties:

X =< x; P (x) > (1)

where the objectX , is identified by its unique identifier,x,
andP (x) is its finite collection of properties. If similar-
ity between two individuals is defined as the intersection of
their sets of properties, two individuals are indistinguish-
able if and only if they share the same name and possess the
same collection of properties.

In general, two objectsX andY may possess different
properties. Comparing individuals for similarity translates
into checking the similarity of the individuals’ properties.
The similarity between two individuals is related to their
properties, in that it seems reasonable that the more proper-
ties they share, the more similar they are. If two individu-
als are identical then no matter how we measure their sim-



ilarity, similarity must evaluate to 1; conversely, the more
differences two individual exhibit, the less similar they are
[11].

The idea is easily generalized to represent all the artifacts
which characterize a software system or which are produced
along the software life-cycle. Since Bunge’s ontology does
not specify the nature of the represented object, it can be ap-
plied to the different software artifacts (i.e., requirements,
design, user manual or source code), once an identity and
a set of properties are defined. However, a criterion impos-
ing substantial individualsidentity is unnecessarily strin-
gent and may lead to unsatisfactory results.

Nevertheless the ontology clearly state the double nature
of entities: they possess properties and an identity. Thus,
due to the intrinsic nature of entities any similarity defi-
nition must account for the identity (i.e., the class name)
and properties (i.e., methods and attributes), see for exam-
ple [1].

Approaches developed to detect duplicated code with
linear complexity in procedural systems can be applied to
the methods of an OO system. However, the extracted in-
formation accounts only for one aspect of the OO nature,
the methods, and they somehow neglect the object identity
and the attributes.

In other words we believe that in the OO area there is the
need of a substantial research effort to define new similarity
measures and new approaches aiming at reducing the com-
putational cost, while, at the same time, fully considering
the substantial individuality of objects together with their
properties. It is well known that in several fields such as
graph theory, artificial intelligence and pattern recognition
heuristics and opportunistic strategies often allow to reduce
the average case complexity when linear solution exists for
specific sub-problems. Indeed, exact solutions may or may
be not computationally feasible, whereas approximated so-
lutions with low or almost linear complexity may ensure
scalability to multi-million LOCs OO systems. Such sys-
tems, which have been developed with OO programming
languages, could be analyzed at the cost of slightly reduc-
ing the accuracy of the computed solution.
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