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Software Defect Prediction Method Based on Neighborhood Three-way Decision-theoretic
Rough Set Model

Li Weiwei' , Guo Hongchang’

(1. College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing, 210016, China; 2. Air Force Equip-

ment Department of Eastern Theater Command, Nanjing, 210081, China)

Abstract: Based on existing software defect data, it is possible to improve the efficiency of software tes-
ting and reduce the test cost by establishing the classification model to predict the software modules.
Most machine learning based defect prediction researches are based on two-way decision method. Since
software defect prediction can be seen as a kind of cost-sensitive learning problem, and the software data
has continuous values, this paper proposes a classification method based on neighborhood three-way deci-
sion-theoretic rough set model. For ambiguous testing modules, compared with two-way decision meth-
ods, this method makes a deferment decision to reduce the misclassification rate. Experimental results on
NASA software datasets show that the proposed method can get a higher classification accuracy and a
lower misclassification cost.
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EX 1 RERATEKR N —DIITH
S=W,At=CUD.,{V, |at € At} . {I,|at € At} (O
X ARES UG A HEEES CHFRMEIESE: D HISRIEESE V, R E Mk a BESG 1,
U—>V, AU BV, BB REEE L B REN ATEN R 2 € UTERYE a € A ERYERE T L
RN I, () o TERDRE S AU 8 H 25 A0 SR A8 20k 20 m s Rl IR X 5 0 X 2 WA 2R E L
[xla={yEU|YVa € A(l,(2)=1,(»)} (2)
TE DU SR e X T A B X R 2 BRI 2 = {w, o w. ) JE 2 A AT REARS 1A 55 &
B A= {ay s va, } EFTA W BEIT HAERES . p(w, | ) BAR YL 2 FPRE R w, BEIHR, &
Aa; | w) R 0 R FRRE N w, FOREUT A @, BIR REL S FTE R A, o« BT R o SREUWAT N
N a; s WIRZAT Ry T 17 2 B4 F0T KUK (A5 2% 7T 3R 7R 2Ry

R(a,‘x):z:/l(a,‘wj) « plw; |2 (3
FEJRMBEE IR, 4 0= (X, X} R RN LE TES X SHAENREEE. p(X| [z])=

%a@ﬂ;m;@ ] HEEIE T X BRI p (X | [2]) = 1— p(X | [2]) R B MK (2]
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I3 RRTEXS G o SEBRIE T X W23 R B PR HRAT N ap san B ay (9 KURSE AN B 5 A s Aun F1 A 24 TE X
o SPRIE T X WA R B RAT N ap san Flay MUK ACH A . ACHE TIUHH XU 19 20 =X mT 0L X X5 42
SR JBORH 0L BI) VB >f 8 D1 - 350 JRURS: A0 43 301 A

Re =R(ar | [2]) =Ap + p(X[ [2]) + Apx » p(X| [2])

Ry =R(ap | [x] ) =Aup PX | [2]) + A s p(X | [2])

R =R(av | [x])=2Aw * p(X| [x]) +Aw » p(X | [2]) 4

R A DU 307 5 /0N IR e 55 T O, W DA A 3] 1 e S R D) Ay
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(NDE Ry <R H Ry SR E € NEGX) Tab. 1 Different decision costs based
o POS(X) %78 X 9 1F 3 BND(X) % 8 X (93 558 NEG(X) on different actions
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RN A P SRACAN o B AFTE — DB P AT B X 4, B9 B 2800 D A 510, 43 3285 D
HIMER A 49060, e B Z RO WDR LR 43 ) D, bt I ok 5 30 49 Vo BE R B4 45 . BE X S iR gy
eI 45 e s = SR D7 VR WD RO AN 1 1 0 G 8 4 21 30 B0 b AR IR IR DR AR e R i — P Ab B
B =S YOR S RN AR S PR A A L TR AR I = S P R RS SRR R B T — R = S PR AR
et T B B BE 20 28 % 2 AR 1 H B2 0800 7 R AT IR R . 0 R RE BRIV AR X TR e 26
BB o PR T A S EHE LG D R p(D, |8, (2)) il 5 H Wiz M A58 5 56 T 10 H R 4R
JE B Y (R Cas ) 22 T) 1 DR/ DG R AR HE AR A = S TR 3, AR T
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(B)Y#& B<p(D. |0p () <a, M| & FE ik — 42,
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&% 1 Three-way decisions based neighborhood classifier (TDNEC)#ii A : Training set: (U,C,D );

Test object: x ;

Parameter w ;

Cost matrix{ A; }.
it . Class of x .

BEGIN
(1) Compute the decision threshold a,B based on {A; } 3 //3& TR Hr of B B 154 5 (H X
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(2)FOR eachs inU
(3)Compute the distance A(x,s) between x and s with the used norm;//31 8 i
(4)MIN=min( A(x,s));
(5)MAX=max( A(x,s));
(6)END FOR
(7)) 8(x) =MIN+ w « (MAX—MIN); //3+55 H AR
(8) p = p(D+| 6(a));
(DIF p > a
(10) Assign D, to test object and x is a defect-prone module; / /¥ H ) & A B fE A B
(IDELSE IF8< p < a
(12) z is in the boundary region of D, and x needs to further-examined;/ /% fi it — 4 kb #4
(13)ELSE
(14) x is a non-defect-prone module; / /¥ H:J & S~ JC Bk [ 455 B
(15)END IF
END BEGIN

TEAZSE B SR BORL ¥~ 19 K/ B 6 P, SR I SCilk L2 ] rb e 380y 75 X, i 1 0 0 42 2 19 Jm) 3 A
2 )RR B S veE

0=min(A(s; »2)) + o+ (max(A(s; ,2)) — min(ACs; ,x))) w<1 (14)

HF s, G=1,. ... IR ZE ;min(AGs, , 2)) F max(ACs, , ) 43 HFow s, AR XT R 2« I/ Fl ik
KIEEE .

3 LIRISIIF

AR 3 2 S 6 ok 2 5% T B =S e SR AT S SR AR IR B B O 284 S5 B MR RE L SC B X E = SR
A4 73 2 %% (TDNEC) |, — 3 g 5 4B B 43 25 28 (NEO) ', C4. 5, k-NN FlIl SVM 14> B fEffi R | F (5 AR5
LK LRy TERE .

3.1 XRHW|EMSHIEE

F 211 ANEIEEY R NASA BSLFrI H, ok A T4 PROMISE BN 5 T TR “ITH
P T3 A AU B R T O AR A AR R AR . IR AR TR T 3 MR RRIE T . TE X SRR A b, B
PO E 33300 3. 026 ~32.29 % o » AN KA R FE IR — A B Py 8 M2 A2 B pE . RS s M
& McCabe £ {8 . Halstead & 5 {38 /E 25 BORMACHS 41504 .

+ 2 NASAHiE&E
Tab.2 NASA data sets

HR 4 R ke i A WwE FEA J& bk Wi/ %
CM1 NASA R A2 B C 498 22 9. 830
M1 NASA IRy BV C 7782 22 21. 400
KC2 NASA b T HCHE A A 7 C++ 522 21 20. 490
KC3 NASA b AT BHE A i 4 B JAVA 458 39 9. 380
MC2 NASA LT S R 5 C++ 61 39 32.290
MW1 NASA FEH T RS 5 C++ 403 37 7.690
PCl1 NASA Lib BRPLIE 9 TR AT R C++ 1109 21 6. 940
PC2 NASA b BRBLIE TR AT A C++ 745 37 2. 147
PC3 NASA LE PR BB T AL CAT R C++ 1077 38 12. 400
PC4 NASA SEHb R PLIE TR AT C++ 1458 38 12. 200

PC5 NASA ZEER BB TR AT C++ 17 186 39 3. 000
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SR PAE R SRR B WER 3 ian. TR 10 538 UEE, A A5 SR AU IR g R . T
BEABARLE AL 2E 10 AR [R] AR BRI 2L, BV B A 43 2841 5531247 10 IR 10 528 XHiE . o HE % X
MRC12JMRE, w AT 0 F1 0. 1,

=3 ITREBHPEE

Tab.3 Parameter setting

24 =

Platform Eclipse with WEKA (version 3. 5)
{A; } 10 groups, generated randomly
Distance Euclidean distance A »

w (0,0.1]

C4.5,k-NN, SVM default values in WEKA

cross validation 10-folds

3.2 iR

A Nop F7R8 57 25 W5 SEBR 0 A B B 0 B H ) 28 TE 45 19 1850, N 3R 43 28 2 44 S5 B oy TG i g 1) 55 B
72 TE B 1K, Ny 2278 4 T B B R B 5 Sy A 050 B A B 1 A S0, IN e 2275 B A S50 B 1 B B o oy
T e A 1 A B, 00 3 2 TE A SR

accuracy = Nep 4 N (15)
NPP + NNF + N\'\I + NPN
LEETSE
_ Npp + Nyp + Naw + Npy
coverage = (16)

Nee + Ny + Nip + Ny + Naw + Npy

TDNEC & F = % i, — 363t 2 S92 2050 F i . Ik . TDNEC # 35 R W% % /N T 1. 1
KEBE T L4325 1F 5 R F B 26 RS2 — P tradeof § (956 R, M F EEF R DR BT HIERE., T
GrJSIE B BRI 55 3R 0 F (HE SR
F=2.

accuracy e coverage
accuracy -+ coverage

BT R 4 AR pREL R AN E SR
cost =2Apx * Npy FAwp © Nap + Apy © N+ App o Npp (18)

3.3 XWRERERSH

e A~6 = PR AR 4> 25 2% NEC, C4. 5, k-NN Hl SVM T #1432 8% 76 43 25 1E 0 % F (A% 43
KM ERTEREXS LS5 5. X T4 2K IE# R, TDNEC 76 5 N EE & R T H M5 2, SVM 3l H
Wod el Ca. 54 2 A efl. TDNEC H R H = 300 58 05 25 %k 4504 15 nl A9 %ok 4 #6465 bl 428 3R A
HE— 2D BRI X AR FARIE T =3RRI R i R B . X T F {H,SVM i A 7 i
,C4.5 HRVH 2 M . NECH 1 M. ¥+ TDNEC AR, X 2 nl FUH Y, Bk F(E 2 i 432k
E A ORI 35 B I A P E 1Y SR TDNEC RE 85 BUS 3048 1) 3 25 IE %, TDNEC /Y 28 35 B2 /N F 1, i K
b VE W 3 55 BE R4 T 1, e 7 TNDEC 78— @ 2 BRI B mi iy F A . X T3 2400,
TDNEC £7 5 M4 F el . SVM R B K 4 AN el . C4. 5 47 2 A defit . WS B 43 #r . TDNEC %
F e/ DU 3 e S AR BEAE X AR IE T TDNEC 96 15 2 48/ iR 20 041 .

an
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R4 BLOEBEMRRGREBELSLEBENNILER (MERTRTFNE)
Tab. 4 Comparison results of classification accuracy on NASA datasets (The best values in bold)
Data set TDNEC NEC C4.5 k-NN SVM

cml 0.883910.0095 0.868040.0020 0.830840.0106 0.784640.0078 0.877940.0000
jml 0.80711+0.0121 0.772640.0019 0.784240.0024 0.717940.0013 0.786340.0002
kc2 0.815940.0024 0.812640.0018 0.830310.0066 0.808040.0064 0.825540.0035
ke3 0.75984+0.0142 0.742840.0134 0.795940.0106 0.750040.0095 0.819610.0024
mc2 0.71451+0.0229 0.680840.0218 0.626440.0173 0.697640.0155 0.702440.0216
mwl 0.825940.0097 0.824140.0062 0.872740.0105 0.817840.0101 0.892940. 0012
pel 0.925710.0082 0.912940.0014 0.901840.0063 0.897040.0037 0.912240. 0004
pc2 0.977440. 0005 0.976940.0011 0.978540.0000 0.956840.0038 0.978510. 0000
pc3 0.854740.0049 0.828240.0052 0.854640.0098 0.849440.0023 0.8756=0. 0000
pcd 0.904410.0038 0.890940.0036 0.896240.0044 0.874040.0035 0.890940.0007

x5 ENAFEMRRGREBEL FENNILER (MERTRIFHNE)

Tab.5 Comparison results of ' -measure on NASA datasets (The best values in bold)

Data set TDNEC NEC C4.5 k-NN SVM
cml 0.9114+0.0221 0.9293+0.0012 0.9076+0.0063 0.8793+0.0049 0.9350£0. 0000
jml 0.7725+0.1067 0.8717£0.0012 0.8791£0.0015 0.8358£0.0009 0.8804£0. 0004
kc2 0.891740.0046 0.896640.0011 0.907340,0040 0.893840.0039 0.9044=40.0021
ke3 0.857840.0090 0.852340.0088 0.886340.0066 0.857140.0062 0.9008=+0.0015
mc2 0.8025+0.0147 0.8099+0.0155 0.7702£0.0131 0.8218+0.0107 0.8250£0. 0150
mwl 0.901440. 0061 0.903640.0038 0.932040.0060 0.899740.0061 0.943410. 0007
pcl 0.944540.0128 0.954530.0007 0.948440.0035 0.945740.0021 0.95414-0. 0002
pc2 0.9870+0.0024 0.9883+0.0005 0.9891£0.0000 0.9779£0.0020 0.9891£0. 0000
pc3 0.883140.0098 0.906040.0031 0.921640.0058 0.918640.0013 0.9337£0. 000
pc4 0.924840.0051 0.942340.0020 0.945310.0025 0.932840.0020 0.942340.0004

K6 EFEBEMRKGRBHEELRIEXAUTLER (MERTRFNE)

Tab. 6 Comparison results of misclassification cost on NASA datasets (The best values in bold)

Data set TDNEC NEC C4.5 k-NN SVM

cml 18.011+4.948 19.402+5.562 25.030£7. 819 31.79049. 590 17.942+5.112
jml 713.577+£198.062 992. 2594307, 421 941.308+291.7211231. 147+381. 403 932. 759+289. 645
kc2 38.111418.650  38.876+20.222 34.992+17.930 39.772+20.149  35.981+17.878
ke3 12.423+8.594 13.293+£9.371 10.485+£7. 427 12.800£38. 934 9.2771+6.478
mc2 17.079+8.833 20.350411.075 23.335+£11.519  19.185410.264  18.945+10.120
mwl 14.694+8.692 14.561+£38.305 10. 715+£6. 610 15.422+38. 865 8.966+5.274
pcl 24.339+12.295 27.780+13.477 31.4534+16.306 33.032+16.178 28.078+13.730
pc2 7.142+4.787 7.96645. 381 7.308+4.803 14.871£9.970 7.30844.803
pc3 67.272438.506  78.488+49.170  66.769+41.460  69.331+44.307 57.301%36. 803

pcd

57.888+30.353

64. 680434, 600

62.529435. 238

75.015+40. 042

64.928434.610
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