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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
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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
3 BUILD 21 4 2
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5 DB 97 494 4
6 DOM 163 324 5
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7 NS 179 206 13
8 GFX 342 644 8
9 INTL 573 957 7
10 IPC 393 59 4

S i -0

c&olpiion g, @l gy byl slp lie opl jo

sloganang: L o, ol 5l sdslcwsa
ol al seles colaiul by g, ple 3 edwlcoassd
575 )0 &S Fae (el (2B gl e
Slr &S 39 o0 o3liinl 053 ganaliss o] Arnlre
Ll 9290 (gaadigs pl S8 51 jee
sy, byl slp MoJo-FM o L
5 @l (2l Jleme (ol [14] 09500 )5 4 analiss
ool diey ol SYe 5l g b ;0 5 0,5 5 Sl

Sy 5 ol ganades Gle ol [15-20] el o

dlio 03 0,8 ganales L l; gonalys o ,sSl
Gl 00 o0lo QLA-MJ (\) d.]a.t‘) B )Lum w‘ J..S‘Sa

mno(A, B)

(\) MO]OFM = (1 - W) * 100

sl S e olows pyeS mMNo(A, B) ol o a5
Sl B4 A gonadss has lp pleolb glrals

A e G (om0 e g Cen b > ()
J3d BB axl o 6350l jobar . dls wales s,
oals ooly ol el amaiys (V) S |

(7)) U5 (gl ool Cawddy (guigadsgs (Y- JSi)
(Figure-3): Obtained clustering for figure (2)
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(Figure-4): Comparing the GMA with the best result of others

100%

i
i
i

s
s
T
e
HEE

90%

s
At
EEEE
R

S
R

25
A

T
i

80%

.‘.‘.,.‘.‘.,.‘.,.‘.,.,.q
=
i
=
5

T

o
G
3
<3
T
i
S
B
TR
R

70%

.,...,
i
S

RE

i
=

3
5

o
o

o
i3
o
i
i
5

s

L

2 HEE
i
it

MoJo-FM

o £ e
B e g

] s ]

=] i o

0 o i e
60% o it aa
] oz ]

T
e

o
i
3

bEAE
™

-
R
il

F
i
g
F
i
e,

5
i ]

F:
E=
E:
E:
E:
E:
E:
E:
E:
E:
E:
E:
F:
E:
E:
E:
E:
E:

HhLRLERL LR

1t
2 &
s # £
L2 i = ; oo
i s i ]
5 00/ = paicd 2o b b
o o i i i
B e i £ i ]
P 244 B o4 < et
2] s 3 2] 3 ]
o i 2} it = iy
B fe £ ) o

L
o

it

=
i

=
i

T3

2
=
i

T
T
S

2
%

T
3
i

40%

TETTRTS
SR

o
-
t
i

-uuuuuuuApvrvrv
o

HHLLLSLILLELEY

o
b
i

2
i
221
21

i
o

i

i

T
GHEE

i

&

5
piocd

i

T
4
-

25
s

A A A
LTI AT I T T FT I TTFA

A A A A A A S S S A ST

]

o

N
it s
\
\

sl
i
e
§§§ Eiid

Browser Db Dom  Accessible Extensions  Gfx Ipc

ey
3
£t

-
21
5

i
2
!

o
i

T
i3
ek

f
2
=
i
2

i

o

30%

K GMA Best Results of Existing Algorithms

w52, 1 45 58 sanlin olgise obe sl S sy 8 ol waiS e i) Ul
ol 9y i osnl Gla)ls cul il g A S9zge o 83 Ganady> o5 (WSERL Sjse iile 5
ol G i) ol ganatss g st Ll il ) e
slass Jlo laacds)  Siwsly olass 28,5 oy - Sl slre opl 0gd oo oy 0ol Jlae b eyl (>
toi ol 5o (Slel 3 Saae L) Jolbs lade caes o sue SO (gaiuadss o
tonnlin K (a3 (sl (o9, L)1 Y 2 el (o0 dunlie laghy, ple @l b)) 51 Jel>
GBS slp SIS 608 SSa by, Al Y by e Ganals o8l Bl i e (nl ax
telio adsl sloo 5 MOJO- ke (8) Jsaz o cunsl 4zl gy 0,5,

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

rs S Vb Sp 59,58k, -F degezme 59y JlBle s (Ganadss cadol slagiy, FM
‘6)LH;>| w‘ W) oals ULAAJ dSLéJJLB )'L!)ﬁ.c 6)‘)5‘(’)‘ d‘; [N}

u_,|9_>|)3;‘_e‘_>ud)§)_]a_,)¢ -0 le)"‘ )| PRWTRV-Y K );QLSLA CRAE 70 O S5 5o

Sl a4 arg bocwl ool z0 golpiing wi N

135 wlow K¥:1) .. = . _

GNPl s 2 e 9 sxmadyS sl oS soleidan 555!

SHollom s 5o e (pl (oS A5 aslio gy il GMA 1, 1 ol el GBS
( [:) (:: }'1 F) (:::2 C):L E;) ol ff:i j 5)3 (_S;Libli.3l4° L..J 9 < LT-AA)[:>‘J° “’:;i4) 5}5:J‘ 23.1774.9 5 @ o 5XJ§T s @ = l;;j ( 1: ) L_J:;:‘i’ 4);3 ‘4);;4&1
ol dlwgay sanliwsa mls ooy b golpin
.A;L«AAJ‘ W) o~>‘.} ‘;)lAiAJ Lib g}i’3<)

a8l o xS Az lae ol sl ouls &Sl) g asd
ol oadioly il 1Sy cadsl )| Allie suleslolds )l g
Y ‘O KWW ~>‘~> L;isA)‘ = l;;; 9 ¢ L}b fb;;i )‘e.gij‘ s[lb g_}:’f9) ‘A—A—LS‘

ool )5 5 (5 puFazmass -#
7- References &l -V oS sl s b i ol e L
[1] A. lsazadeh, H. lzadkhah, and I. Elgedawy,

“’Source code modularization: theory and Sl i G e pRpsl So sl
techniques’’, Springer, 2017. 5 Solw 4 azg b ools alyl J8le 5 ganaigs

[2] B.S. Mitchell, S. and Mancoridis, “°On the sl S sonang: 0 ol 5l Glgie ol Ce e
automatic modularization of software systems o L e L
using the bunch tool””, IEEE Transactions on pioosdl Cnl 5l Gzer 08 eolitul S5 (6515800 5

Sggévare Engineering, vol. 32(3), pp.193-208 , g oS 5 & aie o5 S (50,8 e (5l o3 o0
' 5,5 ool gjlpe b g oz e cloailole gg, 2568
[3]1. Candela, G. Bavota, B. Russo, and R. s I &% &

Oliveto, “’Using cohesion and coupling for Scadly SIS 59, o 2l g pieSl jlwesls b

software remodularization: Is it enough?’’, sl b ol mls flie 5 SBLL Sjse 5ile

’U:d*’ ACM Transactions on Software Engineering

! Graph-based Modularization Algorithm

O 2le ¥ ol VFee JLu


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

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-16 ]

[ DOI: 10.52547/jsdp.18.4.37]

[15] T. Lutellier, D. Chollak, J. Garcia, L. Tan, D.
Rayside, N. Medvidovi¢, and R. Kroeger, “’
Measuring the impact of code dependencies
on software architecture recovery
techniques’’, IEEE Transactions on Software
Engineering, vol. 44(2), pp.159-181, 2017.

[16] N.S. Jalali, H. lzadkhah, and S. Lotfi,
“’Multi-objective  search-based  software
modularization: structural and non-structural
features’’, Soft Computing, vol23(21),
pp.11141-11165. 2019

[17] R. Naseem, O. Magbool, and S. Muhammad,
“Cooperative  clustering  for  software
modularization’’, Journal of Systems and
Software, vol. 86(8), pp.2045-2062, 2013.

[18] S. Mohammadi, and H. Izadkhah, A new
algorithm for software clustering considering
the knowledge of dependency between
artifacts in the source code’’, Information and
Software Technology, vol.105, pp.252-256.
2019.

[19] H. Sozer, “’Evaluating the Effectiveness of
Multi-level Greedy Modularity Clustering for
Software  Architecture  Recovery’’, In
European Conference on Software
Architecture, pp. 71-87, 2019.

[20] M. Kargar, A. Isazadeh, and H. Izadkhah, *’
Multi-programming language software
systems modularization’’, Computers &
Electrical Engineering, vol.80, pp.106-500,
2019.

ol el e olKils ealS psle
aly ye ) e eld)l5 S e
9 L)‘).g‘; oKiils )‘ )45.»*0[5 ﬁ}l“-
BN PR Ve V) W E 3 L S VS

ol 00,5 8L o ay i caio olBidls A, aes

Wl 4 plgee ol BDle 8y50 Lagh sloaia;

5 ,158le 5 (gaimalgs li8le 5 cwdige (gglSenls (31T

2,5 0,Ldl dwle 4y,

5 el & le Ll ablly olas
b.pourasghar@tabrizu.ac.ir

pole 09,5 JLoliul olgo ! o
addle .ol R olKislo )_39_....‘,[5

e Jold ol (st lagane
- / ‘ o lBles slese l8le 5

o8 Sl by (2)l8le 5 g egSas
Gdls> g weSae (owiige I oslitul )3 ol (95T

and Methodology (TOSEM), vol. 25(3), pp.1-28,
2016.

[4] G. Bavota, F. Carnevale, A. De Lucia, M. Di
Penta, and R. Oliveto, ‘’Putting the developer
in-the-loop: an interactive GA for software re-
modularization’’, In International Symposium
on Search Based Software Engineering, 2012,
pp. 75-89.

[5] W. Mkaouer, M. Kessentini, A. Shaout, P.
Koligheu, S. Bechikh, K. Deb, andA. Ouni,
“’Many-objective  software remodularization
using NSGA-II’’, ACM Transactions on
Software  Engineering and  Methodology
(TOSEM), vol.24(3), pp.1-45, 2017.

[6] O. Magbool, and H. Babri, “’Hierarchical
clustering for software architecture recovery’’,
IEEE Transactions on Software Engineering,
vol. 33(11), pp.759-780, 2007.

[7]P. Andritsos, and V. Tzerpos, ‘’Information-
theoretic software clustering’’, IEEE
Transactions on Software Engineering, vol.
31(2), pp.150-165, 2007.

[8] M. Tajgardan, H. lzadkhah, and S. Lotfi,
“’Software systems clustering using estimation
of distribution approach,”” Journal of Applied
Computer Science Methods, vol.8(2), pp.99-
113, 2016.

[9] H. Izadkhah, 1. Elgedawy, A. Isazadeh, “’E-
cdgm: an evolutionary call-dependency graph
modularization approach for software systems”’,
Cybernetics and Information Technologies,
vol.16(3), pp.70-90, 2016.

[10] S. Parsa, and O. Bushehrian, <* The design and
implementation of a framework for automatic
modularization of software systems’’, The
Journal of Supercomputing, vol.32(1), pp.71-
94, 2005.

[11] M. Kargar, A. lsazadeh, and H. lzadkhah,
“’Semantic-based software clustering using
hill climbing’’, In 2017 International
Symposium on Computer Science and
Software Engineering Conference (CSSE) ,
pp. 55-60, IEEE, 2017, October.

[12] K. Praditwong, M. Harman, M. and X. Yao,
“Software module clustering as a multi-
objective search problem”’, IEEE
Transactions on Software Engineering, vol.
37(2), pp.264-282, 2010.

[13] T.H. Cormen, C.E. Leiserson, R.L. Rivest, and
C. Stein, “’Introduction to algorithms’’, MIT
press, 2009.

[14] Z. Wen, and V. Tzerpos, >’ An effectiveness
measure for software clustering algorithms”’,
In Proceedings. 12th IEEE International
Workshop on Program Comprehension, 2004.
pp. 194-203, IEEE.

O 2l F o bl 1Fee Jlu

&


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

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-16 ]

[ DOI: 10.52547/jsdp.18.4.37]

j:
2
=§
X
2
ﬁ.
9
2
)
X
9
4
!
3
9
3
3
>
k|
Y
A
K
A
3
3.
1
X
"

I

v 2l F ol fe Sl

B alianr 5 Shp slalle s wd gl ol
00,5 8,8 Gl ctagh leelan 0 ol WS (e
Source Code LS Barws 31 S 5 ol
a5 <ol Modularization; Theory and Techniques
550 el ool ol Springer ol lecl Awgas
Iran Journal alxe oyl poo o 51 (SO (955 o olgz0 3!
ollasl dewgas a5 cwwl of Computer Science
g o ol Springer
Sl el @)le lagl asbll,y sles
izadkhah@tabrizu.ac.ir

pole 095 Llesils (Al b b
0ol Cawl 3y oy SanlS
5 )5 ghie )3 1) 393 SMeass
e AL, e abl eelals
Oledal ol o liBle i SanelS
g ol oSzils jlais) fad j0 1) 095 (51 5SS g 0nil A8
Syge SR Sbaie el 03,8 28l s ) Ceio
Lo blals o dablals Lls pla) e
ol iy 68l g JLolSS Dlslos (53150 (Lo ;X!
el & le il aallly glas
shahriar_lotfi@tabrizu.ac.ir

e 0y skl glle pls

@ Sl 0,8 0 ol jo SenlS
¢ & p pole ad; ;o 1) 353 IDasd 0,0l
5 old)5 ahie 0 bl

g oy ollails jo ol owls,ls

By et 5 ], 995 (8150 5 0wl S Uiy ixio
iosh saiw) 5wl 00,5 A5l 5 0 JRuils
x5Ok sr3e oty 4 Glgies lial Al 5 )50
3,5 o Ll j18le 5 50 el Sledbl b > g il

5l cwl @ sle Lol asbl, glas
kh.salehi@sku.ac.ir


http://dx.doi.org/10.52547/jsdp.18.4.37
https://jsdp.rcisp.ac.ir/article-1-1028-fa.html
http://www.tcpdf.org

