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Abstract 

 
This (extended) position paper describes a future 

perspective of code-clone detection and analysis me-
thods, in which code-clone detection and analysis me-
thods are interoperated, or integrated with various 
kinds of analysis methods, in order to open new possi-
bilities of research and applications.  
 
1. Introduction 
 

We know that code-clone detection and analysis 
have unique applications, such as the evaluation of 
products for refactoring, or detection of plagiarism. 
However, code-clone detection and analysis go far 
beyond that, once we regard the detection and analysis 
methods as fundamental techniques of reverse engi-
neering. This perspective will open new possibilities of 
applications both in research and industrial fields, in 
which code-clone detection and analysis methods are 
used in an interoperated or integrated way with other 
analysis methods.  

This paper introduces two types of ongoing research 
for this direction; the first one develops a new applica-
tion by combination of code-clone detection and fre-
quent itemset mining techniques. The second uses de-
pendency analysis among modules as an enhancement 
of code-clone analysis. 
 
2. Code-clone detection ×frequent itemset 
mining 
 

In this research, a code-clone detection method is 
combined with a frequent itemset mining technique 
[Agrawal93] in order to implement a tool to detect 
name changes between versions of a software product 
(see a paper [Kamiya08] for detail). 

In the software maintenance process, names of 
functions, classes, methods, etc. are sometimes 
changed to improve the consistency of names and thus, 
the maintainability of the product, or, to improve API 
sets by replacing obsolete functions with newer ones.   
In some cases, these changes may not be fully docu-
mented. A tool for finding name changes from source 
code in an automatic way will be helpful especially for 
developers in distributed development processes, who 
routinely write, read, or review these documents. 

Consider gapped clones between two versions of a 
source code of a product (Fig. 1). Here, a gapped clone 
is a pair of the code fragments that consist of almost 
the same code (called matches), but also have some 
differences (called gaps). When we extract gapped 
clone pairs between versions, a code fragment is taken 
from the older version (say, f−), and the other code 
fragments from the newer version (say, f+).  The gaps 
will be the differences between the two versions. For a 
given name (of a function, a class, a method, etc.), if 
the name is changed, then the older name will be found 

(1) a gapped 
clone pair

∙ ∙ ∙
a = foo();
b = goo();
s = format(a, b);
print(s);
∙ ∙ ∙

∙ ∙ ∙
a = foo();
b = goo();
s = formatEx(a, b, 

true);
print(s);
∙ ∙ ∙

(2) a gap

a source file of 
older ver.

a source file of 
newer ver.

(3) a candidate of name change
{ format }  { formatEx, true }

f- f+

  
Figure 1. Gapped clone pair and name change 
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in a gap of f−, and the newer name will be in a gap of 
f+, while unchanged names will be found in a match 
of both f− and f+. 

A tool named Vaci (http://www.ccfinder.net/vaci/) 
has been developed to test this assumption. First, this 
tool extracts gapped clones between two versions of 
source codes. Next, the tool finds the cases where a 
name change (that is, a pair of a set of the old names 
and a set of the newer names) is observed frequently. 
In other words, the name change is found in many 
gapped clones (the current development version of the 
tool uses a frequent itemset mining algorithm [Agraw-
al94] for this). Lastly, the tool scores each name 
change in terms of total length of adjacent matches by 
multiplying how many times the name change is ob-
served by how long the matched texts appear before 
and after the gap, and prints out the name changes in 
order of their score.  

In a tool demo [Kamiya08], we showed examples in 
which the early implementation of the tool was applied 
to some open-source products. The current develop-
ment version can compare two versions of Linux ker-
nels of 19k+ files each. 

 
3. Code-clone analysis ×  dependency 
analysis between modules 

 
This approach classifies code clones by dependen-

cies between modules (not published yet). 
Some kinds of libraries require ‘idiom’ (or ‘pat-

tern’) code to call the functions of the libraries, and 
sometimes ‘boilerplate’ or ‘skeleton’ codes are pro-
vided to developers, to make it easy to write such 

codes in a copy-paste-and-modify manner. (The exam-
ple idioms are: a code for GUI to display a window or 
buttons on a screen, or a code for the database, to con-
nect a database and to execute a query or to do a roll-
back if needed.) As a result, these code fragments be-
come code clones (called idiom code clones). If we can 
automatically label each of these code fragments as an 
“idiom for library x”, such detailed classification will 
be helpful in the analysis. In some cases, idiom code 
clones will not be regarded as a target of analysis. In 

(2) distance (similarity) of
dependence

vsrcA = (0, 1, 0)
vsrcB = (1, 0, 1)
vsrcC = (1, 1, 0)
vsrcD = (0, 1, 0)

(3) clustering and
ordering by distance
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Figure 2. Imports, dependency by imports, and cluster-
ing by dependency 

Alphabetical order Depends order

Separated sets 
of code clones

  
Figure 3. A scatter plot of alphabetical order vs. depends order 
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other cases, the idiom code clones are the primal target 
of analysis. 

When a module m imports another module r (the 
importing command/statement varies in programming 
languages, “import”, “include”, “require”, etc., but 
they essentially mean reusing functionalities from oth-
er modules), let call m depends on r. If an idiom is 
used to call r’s functions, the calling codes will be 
code clones. If we can classify modules of a software 
product in terms of dependency, that is, classify each 
module m by a module r that is imported by m, then 
idiom code clones related to r will appear within code 
fragments of modules of the classification of r. 

A tool named sbyd (sort source files by dependen-
cy) provides a view to explore this assumption. Fig. 2 
illustrates how the tool works. First, the tool parses 
each of given source files to find import statements and 
makes a list of imported (depending) source files for 
the source file. Next, the tool performs a clustering of 
source files based on the similarity between the lists, 
and makes the result into a dendrogram (a kind of tree, 
in which each leaf represents a source file), and prints 
out names of the source files in the order of the leaves 
(call it depends order). In the depends order, the more 
similar import statements appear in two source files, 
the nearer the two files appears in the order. We can 
compare a scatter plot of code clones in which source 
files are aligned along alphabetical order and a scatter 
plot of depends order. Idiom code clones are expected 
to appear more closely to the main diagonal line in the 
latter scatter plot because the library related to the 
idiom collects the source files that include the idiom 
code clone. 

In a preliminary experiment where the tool is ap-
plied to open-source products, some code clones were 
separated like islands in a scatter plot (Fig. 3). 
 
4. Related work 
 

 Several research groups are working on code 
clones across versions [Adar07] [Chevalier07] [Loza-
no08]. Some people are working on analysis of rela-
tions between code clones and the architectural struc-
ture of software products [Kasper05] [MingJiang06]. 
Yoshida et al. [Yoshida05] attempt to classify code 
clones with class hierarchy in object-oriented programs. 
Ueda et al. [Ueda02] tried re-ordering source files in a 
scatter plot with code clones, which are included in the 
files. Manual classification of source code is used in 
some code-clone analysis research [Baxter98] [Mon-
den02]. Examples of using frequent itemset mining as 
a clone detection algorithm are found in [Basit06] [Yo-
shida08]. 

The tool Vaci (introduced in Section 2) detects 
name changes by analyzing the use of names, that is, 
code fragments where the target names are used (re-
ferred). On the other hand, there is another approach to 
name changes, called origin analysis, which analyzes 
the definition of names, that is, code fragments where 
the target names are defined. Several research groups 
are actively working on origin analysis [Demeyer00] 
[Dig06] [Godfrey05] [Kim05] [Weißgerber06]. Godf-
rey et al. [Godfrey02] points out that a kind of depen-
dency analysis can be used together with origin analy-
sis. Generally speaking, such refactoring can be de-
tected not only by similarity in code, but also by dif-
ference of code. An approach by [VanRysselberghe06] 
called, Code movement,extracts refactoring by analyz-
ing code movement.  
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