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Abstract

We believe the techniques for evaluating clone detectors
can be improved, and that the improvements can lead the
way to better clone detector research and research results.
Current techniques are based on simple performance mea-
sures borrowed from information retrieval (IR) research.
Here we argue that additional IR evaluation measures can
be usefully imported.

1. Limitations of current research

Automated methods for finding software clones have, in
the past, been primarily evaluated according to simple mea-
sures adapted from prior work in the field ofinformation
retrieval (IR). The main stated purpose of an IR system
is to enable users to finddocumentswhich arerelevantto
the user based on some approximation of their needs in the
form of aquery. One classic way of evaluating IR systems
is to examine their scores onprecisionand recall. These
measures are usually neatly defined and related by way of a
table (see e.g., van Rijsbergen [5]):

RELEVANT IRRELEVANT

RETRIEVED A ∩ B Ā ∩ B B

NOT RETRIEVED A ∩ B̄ Ā ∩ B̄ B̄

A Ā

Precision and recall are then defined as

precision =
|A ∩ B|
|B| , recall =

|A ∩ B|
|A|

Ideally, an IR system would yield simultaneously high re-
call and high precision: it would return all the relevant doc-
uments andonly the relevant documents.

Application of these ideas to clone detection (CD) are
typified by Kontogiannis’ evaluation [3]. In this formula-
tion, clone pairs correspond to documents, and relevance is

interpreted to mean a clone pair is relevant if and only if it
is really a clone pair. Effectively there is but a single query
being evaluated, namely: “find all clones” [3]. Normally
the result is in the form of a simple set. That is, the clone
candidates are unweighted and order is considered unimpor-
tant. Perfect recall, in this context, means that all clones are
found; perfect precision means no false clones are reported.

This basic evaluation template has been followed by sev-
eral researchers, and precision and recall values have be-
come thede factobasis for empirical evaluation of auto-
mated CD systems [1–4]. Although this has proven to be a
useful tactic, it limits what can be said about the CD results
and how they may be compared. We feel that it worthwhile
to expand on these evaluation techniques, and that exploring
other IR-based measures techniques is a good first step. IR
has developed an arsenal, and from examining them several
useful directions for CD evaluation might be derived.

2. Evaluation measures and techniques

IR evaluation methods are generally based on some sim-
ple measure of the query result set. Although precision
and recall appear to be the main measures, another rela-
tively common measure is calledfallout. Referring to the ta-
ble from Section 1, it is defined asfallout = |Ā ∩ B|/|Ā|.
Fallout thus measures the fraction of results which are false
positives. We are not aware of any CD studies directly mea-
suring fallout, yet it seems to be a measure we should be
paying closer attention to. It is clearly relevant when apply-
ing clone detectors in automation contexts such as in auto-
mated code refactoring. There, a low fallout maps directly
to the ideal of usingconservativeanalyses. In interactive
applications, fallout neatly captures the intuitive measure of
how much useless rubbish the user will have to slog through
to find the truly relevant clones.

If detector A has higher recall but lower precision than
B, which is better? One way of resolving this conundrum
in IR is to introduce a “composite” measure, which pro-
vides a total ordering on the results. For instance, one might
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compare the ratio of precision to recall, or precision to fall-
out [5]. Although composite measures can be contentious,
using a composite measure will, at the very least, appropri-
ately confine disagreements to the measure’s definition.

Another possibly fruitful avenue is to comparepreci-
sion/recall curves[5]. A precision-recall curve can illus-
trate how a detector responds to changes in its tunable pa-
rameters. Many detectors provide one or more tunable pa-
rameters as a threshold value for making clone compar-
isons. For instance, the detector used by Kontogiannis [3]
provided a setting for how many insertions or deletions were
allowed before two candidates were considered non-clones.
If one systematically varies such a threshold value, one may
obtain the precision/recall curve, which is more informative
than precision and recall values measured for anad hoctun-
ing value. With such curves one may establish and compare
the useful ranges of detectors. For instance, how does de-
tector A’s precision differ from B’s when the recall is set to
80%? 50%? 30%? Such curves might be used to help eval-
uators empirically pick appropriate threshold values, and
could yield better advice for choosing CD systems to meet
specific task demands.

3. Multiple queries

IR evaluation is founded on being able to specify mul-
tiple queries. This makes sense because users will, in gen-
eral, encounter many different task contexts. Assuming a
space of queries allows one to define useful notions such as
“average precision” and “average recall” [5]. These mea-
sures may be of more service than measures for the single,
generic query of “find all clones”. It would be difficult to
imagine cases in IR where the query is fixed, and it seems
clear to us that the CD field must step beyond performance
comparisons on merely the “find all clones” query. For in-
stance, consider the case where a developer creates a clone
clique by cloning a function four times over, after which
another developer made a bug fix to one of them, but not
the others. It is likely that these other clones also needed to
be updated, and that these related clones may cause mainte-
nance headaches. A “find parallel maintenance headaches”
query would be desirable. CD systems need to be evaluated
against these and other queries.

4. Ranked results

One vigorous area of research in IR has been the inves-
tigation of ranked query result sets. Anyone using WWW
search tools knows about ranked results: the most “inter-
esting” results are presented first. Many existing CDs are
easily modified so that they generate ranked outputs instead
of amorphous result sets: merely rank the clone candidates

according to the “closeness” metric being used. Then CDs
can be evaluated not only on the overall content of the re-
sult sets, but also according to how they are ranked so that
the user is presented the most salient clone candidates first.
However this is but the first step in an intriguing research
path. The ranking generally needs to reflect the user’s goals.
Consider the previously mentioned task of finding inconsis-
tent parallel modifications. The clones within such a clone
clique are bound to be different due to the inconsistent fixes.
Yet if the detectors rank candidates by how similar they are
to one another, then such problem clones might rank well
down the list and exact clones causing no problems would
come first. Its clear to us that combining task context and
result ranking is a wholly unexplored area of CD research.

5. Summary

The IR field has been a named and identifiable research
field for over 40 years. The two evaluation measures of
recall and precision—used as early as 1958—have been
widely applied in clone detection. However relatively little
else has been applied, which leads one to wonder what has
been missed. It is unwise to neglect this aspect because how
one decides to evaluate a research product quite frequently
drives at the heart of the research questions themselves.

Our position is that CD research has likely oversimpli-
fied its evaluation techniques. Now is a good time to in-
vestigate additional evaluation schemes. We believe some
of the IR-inspired techniques are worthy of exploring in the
context of CD research. But whether we adopt more IR-
developed methods or not, we believe the issue of evalua-
tion is critical, and that the field should not settle for contin-
ued use of simple precision and recall comparisons.
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