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The Effectiveness of the Combination of Filter and Wrapper Feature
Selection Methods to Improve Software Fault Prediction

F. Alighardashit, MSc Student; M. A. Zare Chahooki?, Assistant Professor

1- Faculty of Electrical and Computer Engineering, University of Yazd, Yazd, Iran, Email: f.alighardashi@stu.yazd.ac.ir
2- Faculty of Electrical and Computer Engineering, University of Yazd, Yazd, Iran, Email: chahooki@yazd.ac.ir

Abstract: Improving the software product quality before releasing by periodic tests is one of the most expensive activities in
software projects. Due to limited resources to test modules in software projects, it is important to identify fault-prone modules and
use the test sources for fault prediction in these modules. Software fault predictors based on machine learning algorithms, are
effective tools for identifying fault-prone modules. Extensive studies are being done in this field to find the connection between
features of software modules, and fault-prone have been done. Some of these features in predictive algorithms are like that not only
did not improve the accuracy of the learning process, but also will be reduced the accuracy. In this study, due to the excellent
performance of Forward Feature Selection (FS) method for effective selection of features, the initial subset of this method has been
selected by using of combination of high ranking features in different Filter methods. The proposed method causes increment the
speed of the convergence of feature selection as well as the accuracy improvement. The obtained results on NASA dataset with AUC
criteria, indicates the effectiveness of this method in the improvement of the accuracy and the speed of software fault prediction.

Keywords: Software fault prediction, machine learning, feature selection, filter, wrapper.
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Fused weighted filter method (Xtrain, Xvalidate F\M))

Input:

xtrain Z{Xt,rt}

Nt

t=1
the number of features.

11 X" is a train sample, rt e {nfp, fp Nt is the number of train samples, x' [ x],x},X;,..,x;,] and D is

X validate _ {XV ,rv}yzvl I1X" is a validate sample, v < {nfp, fp} » Nv is the number of validate samples, x* e[ x},x},x},....x"]
and D is the number of features.
EM :{ fmi}i“f1 // fm is Filter method and M is the number of Filter methods.
Method:
1: fori=1: M
2: FListi = fm; (x%);  //FListi is ordered List of features by fm.
3: w=D;
4: /I Assignment new weight to features for each of filter methods.
5: forj=1: D
6: fnum=FListi(j); //fnum is feature’s number.
& anum W = w;
8: w=w-1;
9: end
10: end
11: /I calculate weight for each of filter methods.
12: fori=1: M
13: FList = fmi (x*);  // FList is ordered List of features by fmi.
14: for j=1: size(FList)
15: train = train + FList.xE ;
16: validate = validate + FList.x!:
17: accuracy = classifier (train, validate);
18: if accuracy>best result in this iteration
19: best=accuracy;
20: end
21: end
22: fmi.bestAcc= best;
23: end
24: FilterList= sort (fm.bestAcc, ‘ascend'); // FilterList is ordered list of Filter methods.
25: i=FilterList(1);
26: fmi.W=0.1;
27: fori=2: M
28: d= fmi.bestAcc — fmi.1.bestAcc;
29: fmi.W= fmi..W + (d/10);
30: end
31: /I Assignment new weight to features by WF method.
32: fori=1: D
M t
33 2 NewW — 2jz1fmi Wxx, W :
' M
34: newFList.Add ( xit );
35: end
36: [newFList] = sort (newFList.NewW, 'descend’);
37: /I calculate optimal k for feature selection by WF method.
38: for j=1: size(newFList)
39: train = train + newFList.x; ;
40: validate = validate + newFList.x!;
41: accuracy = classifier (train, validate);
42: if accuracy>best result in this iteration
43: best=accuracy;
44: k=j;
45: end
46: end
47: optimalk= k;
Output:
newFList /1 the ordered subset of the features by WF method.
optimalk /1 the optimal k for feature selection by WF method.
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Enhanced forward feature selection method (X, FM) .ol oas o Lal o oS0l cpl a )b Y alie it asmio 51,51 GLSTL 90 50

Input:

X={x¢, rt}tf1 Il x* is a train sample, r* e{nfp, fp}, N is the number of samples, x' €[x}, x§, x4, ..., x5], and D is the number of
features.

FM={fm;} i1:11 Il fm; is a known Filter method and M is the number of Filter methods.

Method

2: [Xtrain X validate]=10-fold cross validation(X);

3 [FList kK]=Fused weighted filter method (Xtrain | Xvalidate 'F\);

4: /I Enhanced forward feature selection method:

4: S= FList; IIFList is [x}, x5, x5, ..., x5].

5: 1S= [x}, x5, x5, ..., xLE]; //1S is initial subset for enhanced forward feature selection method.
6: AS=[xE 1, XE v XErg) e, X5 ]; IIAS is S-IS and it is additive subset for enhanced forward feature selection
method.

7: [FSFList, EM] = Forward selection method (Xain | Xvalidate |5 AS)

Output:

FSFList // the optimal subset of the features by forward selection method.

EM /I the value of evaluation measures by forward selection method.

FS o9y ¥ ok 595

Forward selection method (X" , Xvalidate |5 AS)

Input:
Xtrain ={xt 1t} t’itl Il xt is a train sample, ¢ €{nfp, fp}, Nt is the number of train samples, x¢ €[x{, x5, x5, ..., x5], and D is the
number of features.

Xvalidate =0 3V} 15V=v1 /I x? is a validate sample, ¥ €{nfp, fp}, Nv is the number of validate samples, x” €[x7, x%,x%, ..., x5],
and D is the number of features.

IS [l initial subset for forward feature selection method.

AS /I additive subset for forward feature selection method.
Method

1: n=1;

2: Max = Size(AS);

3: while (n < Max)

4: while(s = selected next element of AS)

5: S=ISuUs;

6: [accuracy] = Classifier (Xtrain | Xvalidate ' g).
7: If accuracy > Best result in this iteration
8: Best = accuracy;

9: best-feature=s;

10: end

11: end

12: if Best > previous Best result

13: 1S=IS U best-feature;

14: AS=AS — best-feature;

15: EM = Best;

16: else

17: break;

18: end

19: n=n+1;

20: end

Output:

IS /I the optimal subset of the features

EM /I the best value of evaluation measures by features in IS
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