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Proposing an evolutionary-fuzzy method for software

defects detection

Mahdi Eftekhari, Maryam Majidi momenabadi & Mojtaba Khamar
Department computer engineering, Shahid Bahonar University of Kerman, Kerman, Iran.

Abstract

Software defects detection is one of the most important challenges of software development and it is the most
prohibitive process in software development. The early detection of fault-prone modules helps software
project managers to allocate the limited cost, time, and effort of developers for testing the defect-prone
modules more intensively. In this paper, according to the importance of software defects detection, a method
based on fuzzy sets and evolutionary algorithms is proposed. Due to the imbalanced nature of software defect
detection datasets, benefits of fuzzy clustering algorithms were used to data sampling and more attention to
the minority class. This method is a combined algorithm which, firstly has used fuzzy c-mean clustering as
weighted bootstrap sampling. Weight of data (their membership’s degrees) increases for minority class. In
the next step, the subtractive clustering algorithm is applied to produce the classifier which was trained by
produced data in the previous step. The binary genetic algorithm was utilized to select appropriate features.
The results and also comparisons with eight popular methods in software defect detection literature, show an
acceptable performance of the proposed method. The experiments were performed on ten real-world datasets
with a wide range of data sizes and imbalance rates. Also T-test is used as the statistical significance test for
pair wise comparison of our proposed method against the others. The final results of T-test are shown in tables
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for three performance measures (G-mean, AUC and Balanced) over various datasets. (As the obtained results
apparently show our proposed method has the ability to improve three aforementioned performance criteria
simultaneously). Some methods just have improved the G-mean measure while the AUC and Balance criteria
have lower values than the others. Securing a high level of three performance measures simultaneously
illustrates the ability of our proposed algorithm for handling the imbalance problem of software defects
detection datasets.

Keywords: classification, evolutionary algorithm, fuzzy logic, imbalance datasets, software defect detection.

SO A S Uas g0 S l38le 5 gl aseis Al '..&.....3"‘“” io —Y

ol 18l oo BT 508 Jlatol 4 dlaz (900 Lges

ol i ileel lidle 5 gl aseis slaosls
olawy 5l iy Uas e did slodiged olasy oS Liso
Sy 52 Wlie (ol 35 505 (nl b stanl Jollaz A3 b (glaaiges
ol alilo (lnels @598 b (gonpadd dloe
sladsile wiilgige yl38le 5 sl (aris slaJos
Uas (g0 g ol slaJoile Al 90 a0 1) (5,l38lp 5
Sy olabanl gloaaal sl oolawl Ll taias  plaisl
slapm,oSl el 1) st sl jlgels filse
5ol Sladiges Slaai a5 A o (258 edile 550k
snadb ame cwl plp o oglite gleail s
Ol a5 9l o Azl o ST AL I el sadas Sl
Pl (wpots Colll Bl hjgel a1 Jdoas g5.09a
e Selil il 5l sl i @ el oal
d9st sl 3lgiels 30l alls o 5 S8 callty 9935 00
Syre Sl HlBle s las sleesisS i S
90 4 yilgtels bols Pluw Jo lp goue sla oy, ol
il o Sob; dws duw 4 095 45 oold (g S diges )
ol S slo by 9 Lo BT AR 3 S0 (oLl
D9 s
45 oz s S BLIL 95250 slapi ;oS Lol Y
G50l anie 4 Geles 650l by aw Jels
Bl el parseis e 250k 5 A p (e

Ol ebidlay (Jg sl jlollas diges SG oS 90,0

Ol Db jl58le 5 CelnS oS gunainl e (50 )
Lo gy diges SO olodl gamasds oS Jl>po .l
@l dosle Sohaid lejl dge bllas lgieay
Wbl dab oloil ganaib dnje cplply cuils salys
el o ST A oliil ganaids A il iy e

Sollas &b vilgts a5 Cenl pge sbons lis 4 g5 b
[1] oS Gmiion swponr |y e ildal lea

Ol ol s A | g B0ls pie a5 Ve 00 Jlu o
sl ialejl g Sladllae ailgn a5 o ols )5 imsh 4
wls aie opl pe alS dawlie e L) 0>
bl 5 a5 ols sgzg lidle 5 sl slacolsacgesre
laarus o1 58l 5 slallas o l58le 5 calizee (ola s
[1] 0,5 o Gmal38l s JI58le 5 glas asis

(SRl slable Saorg g ojlal Liolidl b
wlazel LB (St Bl Jygos (il b il 5 canio
)l LS (gl o dxlge ool nd A e b g adgedy
Sk gl JosB B iyl 51 (S Bl sols 0525 g0l
Usasrsysboas o l8la 5 slallas [2] coud o5 sllas L
Qi &5 ol ATl 0500 Dlisgas 1 Gl ol e
Dgd oo 0aisl ey 5o Jes o glacenSs

Sialejl & 613l 5 slaailoles (sl (30,565 gl
g A3 doyd £o b 0 sg0 Ll sl LS l58le 5
gy Jodsas [3] 955 e bgrpe Salojl 4 l38le 5
B Fn il Bl S slasile LIS isle]
Wyl gyt gl il a5 laJgile his wel
e gl Jgsle (st 4 glim ol saigd (iles]
izl o las saiae slo Jgsle amieds b .o log Ylas
wilgise 6)lle s slaejgn olnde syl s 8595 o
Slalejl Gro plin 1) aswgl o G 5 auze ol
Sl JS Liolesl a 5ls 500 g oS Uas sias sloJg5le
85550 O iy (5l 9lg¥ so e LSl LS (515300 3
L g ol axsls e szl J5uS e myaabip )l 3l 5
Cold; adgeds g oadipmnd au o b oot b dilolu J o>
Blls JS 5l SosS ide s axies sl Jsile oS
Cople Jdods (o Ohleds o o JuSis 1y 13l 5

I PROMISE
2 Defect-prone modules

YA 2l ¥ o)l Ay Jlo



http://dx.doi.org/10.29252/jsdp.15.4.3
http://jsdp.rcisp.ac.ir/article-1-656-fa.html

Hr3leys slalba Housiss sl (HelS-s)L Hhy) S ashl

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-04 ]

10.29252/jsdp.15.4.3 ]

L oawslie jo wod oo oolatul wwn s g0l olasy
Oty o g sSy Olsidy Sy g5, B
SFRe S0 5 oS sl Slaype (S0lee Wlgi oo 558
Jho yo Gl en g oy 050 cowoay lallas S slass (o
o G 69,5 Sy e, oSUl 5l eolaiwl LYY
055 sloilafl plasl sl 5 [10] (oo e 5 (sl
w9l (63959 Olgreds Sk e JlBle S o slajlre ]
wadslpaing ALk 3l Ll Gas ais 5 sslaiul Sy
ool JlBle s QB asmsanngs slp )09 IRl Ko dawgs
Jhaz! 5)05800 5 slo 5l plaS aums jaseis ailes oS
Digd e oloul el sag] jo 4S8 ls (g yien

5o D dales &) 5 e dllie un i
SHB anals> By Sy )0 Tmdg 4 93 A
OR9y A S 50 0gd co A1 allde (sl jo eabeslai]
5 oot 4 ez iSu 50 sl 0ald ools sl (golpaioy
Loan (W 50 9 d9der by mls 3)50 y0 ou
oty 03 5 solerian gy (owip Jol> &5 (6 S
i sn ol Wi asl o

G Gauadgs Y
Al g )l g ok slaasls 5l (o aabys
&S slhaies & ldges o] b o a5 coul 5,045
) A Wgh e el 35,5005 alie o] slacl
e Oomalie lp dedoe S ader batws
Ol a5 8 Jlaie ) Aol jlne Jio il sla)lins
S Sy At S lyear pr 4 SS00p L
Wold py (hino (§ALADg™ (GaLady> £95 (| 4 D9 o0
6955 Aged 2 «SedS (aaligS )0 35l oo AUS 5
50 pas Wlgh oo g Sul AbgS S Ladd 9 G 4 3lae
SLones badss Koo by 4 5 w8k Joe b g ade>
So ki pliee a5 025 Sl e ) (A Jl sl
hol Solis adly pluSe Jtn by ads 90 b diged
a5 Gl pl j0 551 sunadys g SIS gundlgs
Sl G 4 Blate Wl e Wised Sy (30 anadss
lads> olawd 5)50,0 by, sl axli> ail abgs
09y plS gandlss l eolaiul il anila ogxg
DByl (2 09h (0 Do Egd9e (nl > Sln @
bl plyied ool 03 (add (b9, (nl b &5 55515
S8 ookl 9550 analdes slap oSl oo sl 4
3 GO gunadss o LlalS ganalsd 8 yS o

YA 2be F o)l IYAY Jlo

o oo Al o LS iy sl e
Sy, 5l S oo lag 1) Uad awies o Jg5be 5515800 5
5 ke e 5l ailes S sl ot s
[S} 36 uainl sloby, @ plyioe Wil ey sl
s sbasin [81-[10] LIS (slapm oS ([7]
[8]= oleiiy Jlop lagile {21H5], [7]-{13] (o gan
5,5 o Ll [10], [12]-[19]
Wl cpl 390 3 YOY Jlo jo )5 5 Sl
sloail 5ok slaghy, jebaz &5 WoS gy
sla pasis Al > 4 wilgee ojlyeb
ol sla s, wilises glgil il [1] oS (a5 33l 5
23,5 gy (i )s¥) i LB ) 1) (pjleel sleails
S 2 slaghy) waze S diged ) £ dw ol &S
Gy Wade Timer GlapiyeSl 5 'wliol us
T 53 i 31 54 3 oy Aoy (0 gl
Ol 59,8 g g 0 slp |y Loyl polie oy
P byl Giie popslowsd ln g
Pl Tloged 25 gl g (et 5eSilos (Jolas sl Lons
9 mela gy o slp byl polie G e (e 10
b g,y ol dunlie Aot aiad anglie So0SG L lag ;55!
2L @b Gt T of gl 02,5501 oS 05 0
Canddy Jo5 g 13900 5 grhanw gudid 5Klo (sl )lone
s g ) g w5 SIS sl ) (sl LT
395 (golpaion w08l el g wisly slpiny 1 51 gy doeus
5 el o8 LT o oS arnlas AL{% o O CawgaloT 1,
51 st 15 i | 555 sla s oSSl
T Ll 5 oy ey 15 5 sl s a3l L
Tools s g (oo Ol gl (sl 55U L 1) 095 2,550
oldeolprins oy, a5 Wols 5,155 Ll s ,S aslae
ool 00l j g ol o ) CewglsT 5l 5 550 5 Sl
bosgazr iy, Se Ve Jlo po (uilSen 5 o
ais sln V3l oletiy Jop s S, 5l eslitd
sl 699,9 [6] w05 sleiay Hl38le 5 slallas slass
Jolels 138l 5 sl jlne (slroslsac gozme Wilgs oo 9 )5,
slooslsasgaze (55, Ll slagiole;l mls wiS cu pas
Jols a5 LlaJsile 51 3s ols Lis RSDIMU 4 MIS

! Threshold-moving

2 Ensemble learning

3 Area Under Curve(AUC)
4 AdaBoost.NC

5> Dynamic version of AdaBoost.NC(DNC)
®Naive Bayes
7Fuzzy Support Vector Regression (FSVR)


http://dx.doi.org/10.29252/jsdp.15.4.3
http://jsdp.rcisp.ac.ir/article-1-656-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jsdp.15.4.3 ]

N
_ Zi=1 w; f;

N
i=1 Wi

*)

A5 e 1y 1 18 TS 08w o5

el —€ (531 (g algs Y-

Slass 5 oy oS!l J0 S (. Skeo—C v, 651 asliie
Sy aS Boa wl ol ool Lasine JuB 5l (€) laadgs
[15], [20] S| Py SHgods o.\.wuu).su p.».a)jﬂ‘ U"

c n
— 2 )
] = 2 Z W dige
i=1 k=1
c n
ik k i
i=1 k=1

ool Sy J) 55 e sae STV Jpo 5o
gl Xp-9 g0 il g3 30e M (5l 0 l90 5 i 0 a5
Glas e U ol 1T adigs 350 b oanlai vy 5 pl K
Sliwe Il codle oo oo ylii |y ol T algs )0 ol aiges
225l lor &5 Conl alg> 55 10 () b iges (akold) aslis
ooliiwl il adss 35 e g diged alas Sl o5 (ol
hIo a5 9,5 S U e Sle S GlgS oo thine 59, 5105
Solie o il o ol gleadlie § Cul (g Mg Sl €
sladlie oolos 1 oS Ll 1) S5 U jee
€ e 8l il S b 5 ke Ssen Ul
U g yilo cloailpo a5 ol b gy solss SadlS . Silo
Lol causs S o b Sae G lie o iy e
g 2l Sy plp b baggie 51 S e sladdlie £gene
161, [20] ol

c
Zuik=1,vk=1,...,n S
i=1
“wﬂ&@wJW‘w‘bﬂw‘éw
9 YU bos sl eolawl Lol S plp Wl adgs ¢ o
6], [20] cuils pealss Bua il (40,5 4o

o9y il e SO ol 0 wgd e 0uels
abis S oSl ol e el VliemsS ganangs
Sy se 48,5 a3 )3 algS 35 50 (sl Jemlly Sy plgrea
16] Wl o Cawday o Aolaes G Josliy (5 u50jlusl a5

N
)
P, = eallxi—xjl1?
2
4 Y
T ? "

Gk a lade Humes cwl pll &gas )5 olo x; a5

a5 el S (5,080 Ty > 0 Ly co oy (V) dlal,
i Abe> Sy e 6l (Slees gl lyiea
4 dhe> ;o 4 oddosls Larass Jewily cplply $ed oo
3o 0gd oo YU eily b pleades 4 om0 i
SVl s oS el S s 2 gl Jedlly Al
9o GeetS Py Joandly b 0g)S a3 e (lgiea

:[6]
P, = P, — p;e P11 )
4
=— f
P 32 M

©oae 1y >0 g Wl oo cawoss (F) dlaly 51 B lade a5
S o slazgs B oS L) glalues a5 el oo
o5 aS glosls dlass JB> lade coplply . auS o s
oo (R ez BB by el algS s 4
U o ‘J}‘ )‘:,Stb (J-WJLU ‘_’.&ls 9 )S‘J.a ul}w‘) 4:5) U"‘
SonadsE (g 055 ool by slajloas 5 Luls
Ol S el 95 g (o500 Flizul Slle S sialS

6] 0500 25 ) Ojgots 935 gu

Rulel: Ifx is A; and y is B;then f; = p;x + )

a.v+r.
11/ . s

6 lrdacgams A1 By (35,5 sl pxio X,y a5

Se sl el e e (L) (295 &b fi s
DSl gy J oMol b 9359 5306 B 5 45 i
.A;.TGA Coddy oSl 00 00ls L (F) dlal) jo0 aS™ Jlo 3

2
g = ( ) /m-1 @
ve  dik
I=tdjy
, _ Xk=1 Uik Xk 0"
, = Skl ek
k=1 Uik
2 Firing strength

! Mountain

YA 2l ¥ o)l Ay Jlo



http://dx.doi.org/10.29252/jsdp.15.4.3
http://jsdp.rcisp.ac.ir/article-1-656-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-04 ]

- 10.29252/jsdp.15.4.3 ]

Hr3leys slalba Housiss sl (HelS-s)L Hhy) S ashl

45 0005 degoste madti
oals Salesl g Lyl (slaols
|

S8 (sun Aty Jlecl
dng o S

Cugas 4z, dalidl
Sl LIS claaiyes

L4
E,L'Lf $b)las saul=s
5 ol piin onSileo
STy logei o laws

S digei S Jlos!
Sl dasas s,
Sugae sloaz )

v
b sl o cL
Gaaadgs | sl
Lol Sl 5 s2als

Sy (sladigas I oalazl

S al> s 5l oual

ol 09 sledwigy (V- JS)

(Figure-1): Flow chart of proposed method
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(Figure -2): Flow chart of genetic algorithm used in this paper
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(Figure-3): performance comparison of our proposed method with the others by bar chart: the mean of G-mean, AUC and balance
values as well as their standard deviation for ten datasets.
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