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Code Smells Detection Using Ensemble Feature Selection
Methods and Wrapper Techniques Based on Neural Network
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Abstract

Software code refactoring is one of the effective methods to enhance software quality, which has a direct
relationship with the code smells of the software. Code smell is a superficial symptom that may indicate a deeper
problem in the application. Code smell hinders the path of maintenance, development and evolution of the program.
Advanced defense is a set of technologies and systems designed to counter modern and advanced security threats. It
encompasses a set of measures such as secure design, the use of appropriate architectural patterns, and avoiding
unnecessary complexities in software code. Most studies have utilized open-source software in the Java
programming language, whereas newer and more modern software projects tend to lean towards Python. Therefore,
in this paper, a neural network-based approach with a new feature selection method including the use of ensemble
feature selection methods and wrapper techniques, has been presented to predict software code smells in the Python
programming language. The code smells mentioned in the software include long method, long parameter list, large
class, long base class list and long scope chaining. Also, the genetic algorithm and the gray wolf optimizer are the
desired wrapper techniques, and information gain, information gain ratio and chi-square are the three algorithms
used in the ensemble feature selection. The final and main goal of this paper, which is to improve software quality
by early prediction of code smells using a desirable feature selection method in the source code of the program with
Python language, has been realized with the help of the proposed method and performance improvement of 1 to 7
percent has been obtained.

Keywords: Software engineering, Software quality improvement, Code smell, Classification, Neural network,
Feature selection.
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6. Feature Selection (FS)

7. Machine Learning (ML) Techniques
8. Information Gain (IG)

9. Information Gain Ratio (IGR)
10. Chi-Square

11. Genetic Algorithm (GA)

12. Grey Wolf Optimizer (GWO)
13. Chaos Theory

14. Long Method

15. Long Parameter List

16. Large Class

17. Long Base Class List

18. Long Scope Chaining
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1. Code Smells

2. Fowler

3. Source Code
4. Heuristic Rules
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7. Correlation-Based Feature Selection (CFS)

8. Logistic Regression-Forward Stepwise (LRFS)
9. Support Vector Machine

10. Whale Optimization Algorithm (WOA)

1. Regression Models

2. Multinominal Models

3. Ordinal Classification Models

4. Local Interpretable Model Agnostic Explanations (LIME)
Algorithm

5. Projective Adaptive Resonance Theory (PART) Algorithm
6. Spearman's Correlation Measure
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1. Filters

2. Wrappers

3. Embedded Methods

4. Hybrid

5. Ensemble

6. Ensemble Learning Based Feature Selection
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. Fisher 'S Exact Test

. Pearson Correlation

. Fast Correlation-Based Filter

. Minimal-Redundancy-Maximal-Relevance

. Sequential Forward and Backward Selection
. Randomized Hill Climbing

. Random Forest (RF)

Lasso (L1) or Elastic Net Regression
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: Randomly initialize the population of the grey wolves X, (i=1,2...n)

: Initialize a, A and C

: Calculate the fitness value of every grey wolf

: Rank the grey wolves according to their fitness and name the
best, second best and third best grey wolves as X,, X; and X;
respectively

A WN -

5: while termination condition not satisfied do

6: Update each grey wolf position using Equation (12)

7: Update value of a, A and C using Equations (4), (5) respectively
8: Evaluate fitness of each grey wolf and update X,, X; and X;.
9: end while

10: Return best solution
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7 Attacking

8. Hybridized

9. Parallel

10. Multi-objective

11. Modified

12. Artificial neural networks (ANNs)
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Given:
-nP: base population size.
-nl: number of iterations.
-rC: rate of crossover.
-rM: rate of mutation.
Generate initial population of size nP.
Evaluate initial population according to the fitness function.
‘While (current__iteration < nl)
//Breed rC' x nP new solutions.
Select two parent solutions from current population.
Form offspring’s solutions via crossover.
IF (rand(0.0,1.0) < rM)
Mutate the offspring’s solutions.
end IF
Evaluate cach child solution according to the fitness function.
Add offspring’s to population.
//population size is now MaxPop=nP x (1+rC).
Remove the rCx nP least-fit solutions from population.
end While
Qutput the global best solution
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1. Meta-Heuristic

2. Selection

3. Crossover

4. Mutation

5 Tracking and Approaching
6 Pursuing and Encircling
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+ Sigmoid
" « Hyperbolid
weights Tangent

« Rectified
Linear Unit
(ReLU)
« Leaky RelU
« Maxout

r . . .
° activation function

o-(z) output O
2 = weighted sum \
Neuron
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6. Underfitting

1. Artificial Neurons

2. Connection Strengths (Weights)

3. Activation Function (Transfer Function)
4. Feed-Forward Networks

5. Recurrent Networks
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4. Efficiency
5. Population Size
6. Number of Generations

1. Deletion
2. Mean/Median/Mode Imputation
3. Highest-Ranked



1F+Y 5l oY o)lolh (@m0 3b Sl y g5 wiBlay (sbdg,9Ld g paler

ARY)

s g obelF Sllug juelS (gl Momentum
B9yt I 4 gl Ken

Sl o sle ) 5ok 5 by sk 4 Adam jluacge
59 lapi,ofl b avslie jo s (rad 4y 5 S e 590
Adam g ReLU (fgomxe 10 098 o0 |, Kan Sz SGD 3l
SlaaSel ;3 00,1F jsb 4 oS wies 3850 5 ml, Ll 9o
Aigd oo 0oldinl goac

ST b (ras 4l aaib Jas a5 Cul S3 a0y
Lo Sy il e 5o sitin &Y O slls 5 oabatas
"Gl b Uy 55 s S S8 5 Sy slap,sS)
s 1y b S5 5l cuS 5 Goye 5 48,5 )15 eolitul 5500
wad e Wl 283 Jlae ulul p al>e a0 ol (2o
28 ol anaid wiles 35 Ghile w0 ose3l 5 el
ol o ploil (39 o 4] gy iy

wgainb 9051 9 Ghigel O-F

ol gy mae a0l Juo 903l 5 Gijeel 4 Cagh (g
3 eras 4o Ggail 5 (el Sl e yo S laas
5 S a8 ot sanaids sk hlite e Lish i,
b osbate oy 0gd oo oolaul el Jildie s, Ll glsil
50 bl mples ST L Ve Ceend Ve 4 boools s
Olgeds bosls L3 slaciand 5l glate Cuond S o ),SS
Sy 5500 Glatond § 0 o 48,5 a3 10 903l solodc gazme
bl (8 SO Bliie o jlel el ui))'yo—‘ srosls
Gl S8 oS aeld jo @ly Jow
o basl gy 5l alie ol ol aaS a4 jsblen
KFold 543 g0 48,5 0p0 oddguianl ise-V- o
ok 4y |y oolvacgese a5l blie  omiwliel SO
o gaanl Sk Sl W}L&.&‘ .A.:SLga PO
Shls ooldacgorms 51 izn 2 aF 05d Jol> liedl o
olply tcwl (attin cuaz p SO L GLSS Slaslin cos
aBlo g s oadguidad KFold a5 cul dxe ol &

Oilyel e b sanaid by b aglse ol
a4 1, StratifiedKFold wb «(Joleob slaosloac goze) o pwdS

sk hgy 50 Wosls (s 0gzd ols s 5 KFold
Jlonlgieds sl oadoslolis (Vo) UKo o ol guiadls
s3a) Y lp (G ) U Y lyls Wosls ¢ n_splits = 4
a2 o9 1y ool pled (aejlacgeme T oocl (atuly

8. Fitness Function
9. Stratified K-Fold Cross-Validation
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1. Number of Wolves

2. Maximum Iteration

3. Lower Bound (Lb)

4. Upper Bound (Ub)

5. Multilayer Perceptron (MLP)
6. Vanishing Gradient

7. Sparsity
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2. Correlation-based Feature Selection (CFS)
3. Logistic Regression-Forward Stepwise (LRFS)

1. https://stackoverflow.com/questions/45969390/difference-
between-stratifiedkfold-and-stratifiedshufflesplit-in-sklearn
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’max depth’ : [None, 2, 4, 6, 8, 10, 12] *criterion’ : [’gini’, ’entropy’] el S 8

’learning rate’: [0.1, 0.01]
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‘max depth’ : [3,4, 6, 8, 10, 12]
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’n neighbors’ : list(range(1, 10))
’leaf size’ : list(range(1, 50))
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*C’:list(range(—1 ,11))

’penalty’ : [’11°, ’12°]

’max iter’: [20, 50, 100, 200, 500, 1000]
’solver’: [’lbfgs’, ’liblinear’]

’class weight’: [None, balanced’]
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