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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.

et [2 1] agd g jaseds ailole (So5d lsLe doddo —)

o il ol lfley able S ceaS lee o Ll SR .
o e ’ 63y By J8le 5 (6,5 anl s o e 5 loaige

o4 pae S e Il ol grie 5 b oy )

ddon S oo B abgs S j0 4 glaTCusgge

S5>50 US> g0 g Ail alils po Ll alus/bLs )|
sl assls 1) wlas/bls )l S dime slaaiias o

b ate oS al> o 5l 133l 55 ganadgs IS )

ools Hlas (V) JS& jo [2] 5 as 5 cnles al>pe

Al o a5l g 15800 5 allels SO gaalis sl 0uls

"J}}" B 09...)‘541 C‘W‘ L)—‘ )‘ L;w‘s J‘; 9 04

slogaoils 4 ofFul cax JlBley ol jksle
ol 0sz g0 slaadlio 3l duze boleiul izen g Lo
31 O Wlg o Dlpess pl 0ed axlge Cudgaswe b
Loy wox slagaiejls (adosss8l dagain)ls s
Wle S ot ol ond Jloo! slaceslow i
(2 ;o8 dlwgay salzl Seinl (Sily SIS pg0 fjd 6%;“0@}‘12 L.)lyquj ‘WJ | Lito
b Jol> sanatys 3T al>pe 10 0580 anadss LT T RS o 0 SR e

ol an Baiasaang Wil Seed BB ol

lo yLias 81 .5 gules gla,lpl 5l ol ~
Bt 030 0 Gid;u“ SRS g Cubls wilgs aaliy ol 5l g i, Sy ‘)ljél‘e);

anlg> ool ey drwgi g ol wasee solaill Sl
Jles ol ilore (omyn b lile s o g od o
il oy Lol g aibeles jo 05250 s3] 5l 2, S aS
L) Lheleys Yganads: sl pd el el

o 0 Dgliie dine) 90 ;3 (Gandly>
Jisbe Sl 5l as e o5 cul ad) S5 4 e 5
SIS S IIPASL I3
BUIY\ P30 R - PSR- PP P PR - RV
sl s alol S 4320 ol (gonadig® sla b, e 0 6lS it S (e Tsanailey
sl od JB g o sine sladilol 4 e o5 (55,
e wmlB e Bl w4 ) cnl &gy
D 55 e il S S il S
o glite dlaal b Ll S e eslitl sanabss

5 oS Suz 5 Ll¥le S )lene liul (gl GusSa
Cesl (sB9y Jl38lp 5 gamades Tl 8o 5 (g laeSS
Boos, i g o5 ihite gla,lilo o] b 4o aS
g 0 3,80 e pb a4 olbacgase 4 0,08 g c':.’|95
g aieS T lasl dil Glbls)l olass 4 axgs b aS
O B bl (Jlail oed anin felx]
ol 1y bbailze U3l Slbls,) bl 5 loaise
oS s 153l 5 lelis 5 0,20 oyl ) S o
k0,5 b g oo o oSt 1) aileles ilaie jlisLe
wiss boasly S s ee 4 by Glhie slees,

Saze (gaade> slag, b lle 5 s3lusl sla by,

Olgreds 5 ogbe aB8F (59955 Glyea albole S

Gamads>s bowoe el jsba abile o (29,5
[3-5] sgi oo @3l 0o

Py £ 98 «sdnaby> anld Ll bl o

Cewl 0ol slpaing 5,138le 5 sloailoles (gasualiss (ol

! clustering

Hledlade ganadss laghy, 5Ioasle oS
single linkage [1], complete linkage [1], wwile
average linkage [1], combined algorithm [6],

6 artifact
7 software architecture recovery
8 refactoring

2 modularization
el samaisd IS pl S5 olsie a5 canl S a4y T
sl Glidle s sanalss sln gpoge Shasl o Js

4 cohesion
3 coupling

b 2bs F 5L Ve Lo

D950 ) 4 sunailes Q’JJ
)


http://dx.doi.org/10.52547/jsdp.18.4.37
http://jsdp.rcisp.ac.ir/article-1-1028-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-05]

[ DOI: 10.52547/jsdp.18.4.37]

S0 Ml b o3l i s Ailobw SIsdued sl BT SISl 2 Glike @l 9Nl

& S e JSie Gl Gl g8 bl
Sty 5l ojeyel WMie (pl 4 a2 b wipes
55 w5l 8le 5 salels ganadss jo ol pealide
Dgds oo oolaiul

Lo (gl gonabe> lagls, )0
O S
OO @l gt S &S ala g, S et
O, e Ll Bas S oo ool canlin gasualig>
L Jlasl s aien 1) pbrdl &5 ol gunalss S
2 &S Zel cnl oy, onl ol JSie ST anS
S o Job 455 s 53 slodl 5

ohles &5 oS Sl Bl S anatss
ool (633,5 loreds cams oo LA ) l38le 5 el
JBle s slaaius (5, 5l axlgioe SIS (nl oS
Coawddy 0p0f 5 ko &S UML 21k sl jlogad aisle
oo Lol> osSae wdige S5 b 5 aril ede]
sl

JRley sanades 3 SIS gg g0l eolaal
SIS 5 CDG Jlsslp Sialy LS ] pymsre
)8 CDG GLS 5 AFDG Cusgrse (S Koy
b e g el alile § Cussrse K Ll
Ll e ) bl b 5 lacosgzge o sl Sl 2
Slgige Cudsrge S lle 5 S s s e i |,
wite 03 ilab 5 s lBlp 5 sadlge wile (29 2 ]
5 55 AFDG G5 45 098 4135 i o sl 5 bl
S35 20 2975 (Shg 5 Ladgzse slagh 4 4, g5
bl wols oKl Jguz cCuvszge S 09> Wilgi oo
on sl sl gl e S > Lo
Log laglyal samsplas o Shy 5 budsge
Slodl o & el i el oSy ) ool
> 0 9 Al ADG g4 3l 1 BIS g0 ol cgaog0
oolatul 35 MDG & jle 5l ADG & jle sl ) o)ls0
D9 50

Olfle s omadss Glapn sl i 6999
b0zl (Y) S el g2 g SKialy L5 5,
el )38l 5 wileles S, 51,2 ADG S

(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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Folder File Number of | Number of
Name Number Calls Clusters
1 ACCESSIB 179 293 9
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2 | BROWSER 45 45 8
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7 NS 179 206 13
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9 INTL 573 957 7
10 IPC 393 59 4
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(Figure-4): Comparing the GMA with the best result of others
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