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A partition-based algorithm for clustering
large-scale software systems
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Abstract

Clustering techniques are used to extract the structure of software for understanding, maintaining, and
refactoring. In the literature, most of the proposed approaches for software clustering are divided into
hierarchical algorithms and search-based techniques. In the former, clustering is a process of merging
(splitting) similar (non-similar) clusters. These techniques suffered from the drawbacks such as
finiteness criterion and arbitrary decisions occurred in the process. Because of the NP-hardness of
clustering software systems, evolutionary and search-based algorithms are more commonly used
algorithm than hierarchical ones. In evolutionary algorithms, the clustering of software systems is
considered as a problem of searching over some possible clustering candidates. Although these
algorithms are often able to achieve an appropriate structure of the software, they are not applicable in
clustering large-scale software. Furthermore, these algorithms are unable to consider the knowledge in
the artifact dependency graph, which extracted from the source code of the software. In software
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systems, an artifact can be everything like a class, a function, or a file. In this paper, a new partition-
based clustering algorithm is presented. This algorithm attempts to partition the artifact dependency
graph considering the knowledge therein. Moreover, a new distance criterion is presented to measure
the similarity and dissimilarity of the artifacts. The proposed algorithm starts with the artifact
dependency graph and creates the similarity matrices of the artifacts. So, it attempts to refine the
partition candidate until a fixed point is reached. We expect that the proposed method compared with
other methods could lead to achieve the clustering with high quality and similar to the expert's
clustering based on MoJo-FM measure. To demonstrate the applicability and validity of the proposed
algorithm, a large-scale case study, Mozilla Firefox, is employed. The results demonstrate that the
proposed algorithm outperforms the commonly used evolutionary methods in the literature.

Keywords: Software Engineering, Reverse Engineering, Software Clustering, K-means algorithm.
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(Figure-2): An artifact dependency graph
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(Table-1): Data table for standard K-means
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(Algorithm-1): Pseudocode for the GMA algorithm

Algorithm 1

Input: Get the similarity matrix and K
Output: A clustered ADG

3. Update cluster centers as follow:

clustering. Otherwise, go to step two.

1. Select K initial nodes (artifacts) randomly as the centers of the first clusters.
2. Each artifact, according to the similarity value (from the similarity matrix) assigns to the most similar cluster
center (we have a partitioning on vertices as the current clustering).

For a cluster, the new center is the vertex that is the most similar to its other co-clusters, and for this purpose,
the sum of the similarity of that vertex with its co-clusters has to be maximized in that clusters. If two or more
vertices share such a property, a vertex is chosen that has the least sum of similarity to non-co-cluster vertices.
If several more vertices still have the same value, one of them will be randomly selected.

4. If there are no changes in clusters through three iterations, the clustering process ends and report the resulting

3950 ) st b ], 5 s meas e (LSS L,
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(Table-3): Distance matrix for graph in figure (2)
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(Table-5): Properties of selected folders

Folder File Number of | Number of
Name Number Calls Clusters
1 ACCESSIB 179 293 9
LE
2 | BROWSER 45 45 8
3 BUILD 21 4 2
4 CONTENT 881 2948 13
5 DB 97 494 4
6 DOM 163 324 5
EXTENSIO
7 NS 179 206 13
8 GFX 342 644 8
9 INTL 573 957 7
10 IPC 393 59 4
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(Figure-3): Obtained clustering for figure (2)
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(Figure-4): Comparing the GMA with the best result of others
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