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Abstract. Feature selection (FS) averts the consideration of unwanted features
which may tend the classification algorithm to classify wrongly. Choosing an opti-
mal feature subset from the given set of features is challenging due to the complex
associations present within the features. In non-convex conditions, the gradient-
based algorithms suffer due to local optima or saddle points with respect to initial
conditions where swarm intelligence algorithms pose a higher chance to converge
over the global optima. The Salp Swarm Algorithm (SSA) proposed by Mirjalili et
al. is based on the chaining behaviour of sea salps but the algorithm lacks diversity
in the exploration stage. Rectifying the exploratory behaviour and testing the algo-
rithm against the F'S problem is the motivation behind this work. Three variants of
the algorithm are proposed, of which the Vigilant Salp Swarm Algorithm (VSSA)
inherits the vigilant mechanism in Grey Wolf Optimizer (GWO), the second vari-
ant and the third variant replace a simple crossover operator and shuffle crossover
operator instead of the follower’s position update mechanism used in the VSSA to
form Vanilla Crossover VSSA (VCVSSA) and Shuffle Crossover VSSA (SCVSSA).

Keywords: Feature selection, optimization, k-nearest neighbors, salp swarm algo-
rithm

Mathematics Subject Classification 2010: 68T01

1 INTRODUCTION

Feature selection is a challenging problem where two contradicting objectives of
selecting the minimal number of features and achieving maximum accuracy on clas-
sification have to be attained. The feature selection discards the un-impacting or
misleading features in training the algorithm for the classification. Using unwanted
features for classification may deteriorate the algorithm’s performance as fitting an
extra dimension with respect to any learning algorithm takes considerable time due
to the curse of dimensionality. The predominantly used feature selection (FS) mod-
els are of three types: filter, embedded and wrapper. The filter feature selection
models are independent of the learning algorithm and rank the features based on
any relationship amid the features. The ranking models are computationally low
in cost. However, after ranking, choosing the n number of best features would be
sub-optimal as ranking algorithms would investigate only the necessity of a single
feature at a time. This phenomenon biases the feature selection only towards some
specific data relationship alone. But, in a real scenario, the features may have com-
plex dependencies. For example, a feature when being alone may not be essential
but, when combined with any other features it would become a vital indicator for
classification. As the complexity of the dependency between the features increases,
the filter models would fail to mine out the significant feature subset. In the case of
the wrapper model, the association with the classification algorithm provides feed-
back to the feature selection algorithm [T]. Tt aids the FS algorithm in procuring the
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minimal and better optimal subset of features. The bio-inspired algorithms [2] can
swiftly investigate the problem space and find the optimal solution in contrast to the
gradient-based algorithms [3], which use only the slope of the current position. The
convergence speed of the swarm intelligence algorithms is higher than the gradient
following algorithms. The gradient-based algorithms may get stuck in local minima
or on saddle points, paving the way to choose unwanted features and thereby dete-
riorating the learning algorithm’s performance. The above phenomenon can be seen
in the comparison table. The balanced exploration and exploitation capabilities of
the swarm algorithms bestow the capability of mining the best optimal solution.
A hybrid algorithm fabricated by inheriting the existing swarm algorithms’ best
traits will be much more efficient than their parent algorithms. The Salp Swarm
Algorithm proposed by [] uses two different mechanisms for updating a salp. One
is used for updating the leader regarding the food position and the second is for
updating the followers as a chain. Using a single solution for guiding may stag-
nate the algorithm in local optima as it lacks diversity. Introducing the influence
of other eminent solutions would enhance the exploratory behaviour in the initial
search and make the particles more vigilant. The GWO [5] algorithm replicates the
vigilant hunting strategy of the wolves where a group of wolves surround the prey
and attack them. Both the Salp Swarm Algorithm and the GWO are being used on
several applications as they uncover promising solutions.

1.1 Goals

The prime goal of the proposed paper is to adopt an enhanced position update mech-
anism for the Salp Swarm Algorithm. The following objectives will be scrutinized
to ensure enhanced performance of the proposed algorithm.

e A hybrid position update model that increases the efficiency of the guiding
mechanism.

e An algorithm capable of finding a minimal and the optimal subset of features
best suited for classifying the objects with high accuracy compared to the SSA.

e An algorithm that could outperform the other primarily used feature selection
algorithms.

e An algorithm that aids in classifying data of different dimensions.

1.2 Organization

The paper is organized as follows: Section [I] comprises the introduction to feature
selection, introduction to swarm intelligence and defines the goal. Section [2] enu-
merates the related work on bio-inspired and feature selection algorithms. Section [3]
provides the needed preliminaries and the proposed variants. Section [ depicts the
experimentation setup. Section [§ discusses the results and analysis. Section [ con-
cludes the paper with the findings accomplished.



808  N.B. Arunekumar, K. Suresh Joseph, J. Viswanath, A. Anbarasi, N. Padmapriya
2 RELATED WORK

Feature selection is an NP-hard problem that tries to avert the curse of dimensional-
ity. Choosing a subset of m features out of n would result in 2" different combinations
of feature subsets. Each feature in a feature vector is represented as either 1 or 0
to denote whether the respective feature is selected or not. Various algorithms have
been proposed starting from the Genetic Algorithm [6], Simulated Annealing [7],
Ant Colony Optimization [8] and PSO [9]. Other state-of-the-art swarm algorithms
are Cuckoo Search [10], Bat Algorithm that mimics the echolocation behaviour of
bats [I1], Firefly Algorithm [I2], Biogeography-Based Optimizer [I3] and Whale
Optimization Algorithm [T4].

All the data observed need not necessarily be used for the classification and
the data may possess several complexities such as dependency between features
and irrelevant features. These feature selection algorithms pick out the essential
features among the complete set and facilitate the execution of classification algo-
rithms to provide high accuracy and low running time. The F-score [15], PCA [I6],
and correlation-based feature (CBF) selection [I7] are some of the filter model fea-
ture selection algorithms. The filter models have no interaction with the learning
algorithm and are purely dependent on the features’ characteristics. The wrapper
models on the other extreme works on the feedback from the learning algorithm. The
elegant behaviour of the bio-inspired algorithm has attracted researchers to adopt
these algorithms for wrapper feature selection algorithms. For feature selection,
algorithms like hybrid genetic algorithm [I8], hybrid PSO [19] with micro genetic
algorithm and Gaussian mutation were used. Unlike the problems with continuous
space, the binary algorithm takes values of either 0 or 1. Binary variants of the
algorithms like bGWO [20], BPSO [2I] and Binary Ant Lion Optimizer [22] were
introduced specifically for the feature selection problems. To convert the continuous
algorithms into their binary equivalent without altering any of their characteristics,
the transfer functions [23] were introduced. There are totally 8 different functions
that can be broadly divided into two families of S-shaped and V-shaped functions.
Both the S-shaped and the V-shaped family of transfer functions map the input
from the continuous range into values amid the range [0,1] which is later converted
to binary value with conditions similar to Equation . Binary algorithms like the
Binary Salp Swarm [24] and the Binary Dragonfly Algorithm [25] also used transfer
functions.

3 PRELIMINARIES AND PROPOSED ALGORITHM
3.1 Brief on SSA

The SSA algorithm proposed by Ali Mirjalili et al. [4] is a population-based algorithm
inspired by the swarming behaviour of the transparent jelly-like fish. This fish moves
analogous to the motion exhibited by jet propulsion where the water is inhaled and
exerted from its body to move forward. Along with the motion, the salps feed from
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the inhaled water by filtering out the plankton. The locomotive behaviour of the
salp swarm is modelled mathematically to solve the optimization problems. They
bind together as salp chains and exhibit swarming behaviour. These salps move as
long chains and are attached to each other.

3.1.1 Salp Swarm Algorithm

The salps chain can be divided into two parts: the leader and the followers. The
first salp is termed the leader, and the rest form the chain members or followers, as
shown in Figure 2}

Dimensions([j]

X11 X12 X1j

Salps[i]

X34 ‘ X35 X3

' X24 X2, X2

Figure 1. Representation of salp swarm in problem space

The complete population data is stored as the matrix comprising the number
of individuals and the number of dimensions. All the agents and their respective
features are combined to form the matrix x; as in Figure , where i denotes the
salp or agent number and j denotes the dimension. The position update of the salp
members is done separately in two stages. The leader’s position is updated using
the Equation @ which relies on the target food position.

L =2x% 67(%)2

, (1)
1 /I‘J + % ((Ubj — lb]) * Co + lbj) s C3 2 05,
T; — c1 % ((ubj — 1bj) x co + 1b;), ¢35 > 0.5,

x:%(x;Jr x?‘l), 1> 2. (3)

(SN

The variable x]l is j™ dimension of the first salp. Variable 7' denotes the target
or food, and ub and (b are the upper and lower bound respectively. The parameters
¢y, and c3 are random numbers amid [0, 1] and the parameter ¢; is calculated as
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Algorithm 1: SSA pseudo code

Initialize the population within the bound;

while current iteration < total no. of iterations do
Compute fitness of each salp;

T = salp possessing best fitness (Target or Food);
Update parameter ¢; using Equation ;

for each salp particle x; do

if 1==1 then
‘ Update leader salp solution using Equation ;
else
‘ Update followers on-chain using Equation (EI);
end
end
end
Return T’
AV}
o é‘ "
Individual Salp M \_- ’J.L‘f‘
vV N
Salp Chain members

Figure 2. Salp swarm

given in Equation , which changes in accordance to the iteration count. The
parameter c; is a crucial parameter that balances the algorithm between exploration
and exploitation. The parameter [ refers to the current iteration and L depicts the
total number of iterations. The remaining salps other than the leader are being
modified using Equation (3). The Pseudo code for the complete working model of
the SSA is given in Algorithm [I] Several variants of the Salp Swarm Algorithm
have been proposed so far. Among these variants specialized for feature selection
are the bSSA [26] and iSSA [27]. In bSSA three major variants were proposed the
S-shaped transfer function variants, the V-shaped transfer function variants and the
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simple crossover variant. The transfer functions are one of the ways by which the
values at any range are transformed into a range amid [0,1]. The algorithm was
run over 22 different datasets with 30 independent runs each. The iSSA algorithm
used the inertia weight w parameter from PSO and the target food. The algorithm
was run over 23 different datasets with 20 independent runs each. The multi-salp
chain [28] algorithm split the salps into sub-chains, updated the parameter with
different strategies for each sub-chain and was run over 20 datasets with 30 iterations
on each.

3.2 Proposed Algorithm

The salp chain updates the food in two phases where updating the leader position is
highly critical. Based on the leader’s position, the chain particles will be updated. In
such cases, if the leader gets into local optima there is a huge chance for the followers
to avoid promising search areas. To avert this situation the vigilant mechanism found
in the GWO is introduced. Three algorithms are proposed: the first is VGSSA
algorithm, the second is VCVSSA and the third is SCVGSSA.

----OA3
T
Pseudo Food O~ = == % é
NS ‘
I
After Update

Before Update

Salp Chain Members

Figure 3. Vigilant SSA
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3.2.1 Vigilant Salp Swarm Algorithm

Instead of relying on only one best solution as the target food, three best solutions
namely Alpha, Beta and Delta are adopted. The Pseudo Food given in Equation @
is the average of the three solutions. The Pseudo Food (PFj) for each dimension j
is replaced instead of Target Food T} used in the SSA. The parameters rq, r2, 73 are
random numbers in between the range [0, 1]. The overall working mechanism of the
VSSA is depicted in Figure[§] After the accomplishment of maximum iterations, the
best solution («) is returned as given in the pseudo-code of VSSA in Algorithm 2}

Algorithm 2: VSSA algorithm pseudo code

Initialize population with respect to the bounds;
while Max iterations > current iteration do
Derive fitness for each salp;
Update a, 3, § food sources;
a = 1% best solution;
B = 2" best solution;
§ = 3" best solution;
PF = Compute Pseudo Food with Equation @;
Update ¢; w.r.t. Equation ;
for each salp particle x; do
if z; is leader then
‘ Use Leader position update as in Equation ;
else
L Use followers position update as in Equation ;

Return «;

PFj = ((Ay * aj)+(Ay = B5) + (A3 % 65)) /3, (4)
A1 = 2% T, (5)
Ay = 2% 1y, ( )
Az = 2713, (7)

Il _ PF‘J+01*((UZ)J*lb])*CQ‘Flbj), 0320.5,

J PF} — Cp * ((’U/bj - lb]) * Co + lbj) , C3 Z 0.5.
3.2.2 Vanilla Crossover Vigilant Salp Swarm Algorithm (VCVSSA)

As a binary problem, feature selection either rejects or accepts a feature. Using
the proposed VSSA algorithm an enhancement in the exploration of the agents can
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be achieved. However, the salp chain followers still update their positions using
Equation @ which intuitively relocates the solution amid itself and its predecessor.
This phenomenon can be more efficiently modelled by using a crossover operator v
as in Equation @ The crossover operator is predominantly used in the inheritance
phase of the genetic algorithm [6], 29, [30]. The crossover operator can extract the
exact features from both of its parents. The vanilla (simple) single-point crossover
as given in Figure [ inherits half of its characteristics from parent A and the rest
half from parent B which is equivalent to Equation @

QC:Jrl = 'lb(x“ xi_l). (9)

In Equation @D, the child feature set :1c§+1 is the salp ¢ at time ¢ 4+ 1 which is
derived from its parents, x; the salp itself at time ¢ and the salp’s predecessor x;_1.

Mﬁ@@@%%@@@@@
%@@@@@ Child

Tt
Wm®®®®®%@$®$

Figure 4. Simple single point crossover (vanilla crossover)

3.2.3 Shuffle Crossover Vigilant Salp Swarm Algorithm (SCVSSA)

A simple single-point crossover would be a better choice as it averts having a com-
plete, continuous domain calculation and also depicts the behaviour of Equation @
But, the single-point crossover has a substantial drawback of always inheriting either
the left or right half of the parent as a whole.

Ww@%%@@%@?®?
@@% @%@%@ww
v EOOOOO®O®O®®

Figure 5. Shuffle crossover
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The single-point crossover again introduces the paucity of inheriting multiple
combinations of features. To overcome all these difficulties the proposed SCVSSA
uses shuffled crossover operator ¢ which carries out crossover as given in Equa-
tion instead of the position update by Equation .

o= p(at, ). (10)

In shuffle crossover, both the parents are shuffled with the same indices and
then a single point crossover is done with the final reverse shuffling of the children
to roll them back into their original indices again. The single-point crossover after
the shuffling overcomes its earlier difficulties. The shuffled crossover also inputs
the parents and outputs the children as done by the simple crossover. The overall
mechanism of the shuffle crossover can be observed in Figure [f] and the combined
flowchart for both the crossover mechanisms is given in Figure [f]

4 N

Compute Pseudo Food
Initialize salp positions by Eq.(3.4)

¥ y
Compute Parameter ¢ using

— Compute Fitness Eq.(3.1)

v

Update Alpha,Beta and
Delta Food Sources

Update Leader Salp Position

v

Relocate Salp Positions | Update Followers using
within bound

A

(Vannila / Shuffled) Crossover

Return Best Alpha

Stopping Met

_ )

Figure 6. Flowchart for vanilla (VCVSSA)/shuffled (SCVSSA)
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4 EXPERIMENTATION

4.1 Feature Representation

As discussed in Section [2] feature selection is a discrete problem. The feature sets

can be modelled as binary solutions represented as an n-dimensional vector as in
Figure [7] which uses 0 to reject and 1 to accept the respective feature.

rejected feature

selected feature

Figure 7. Feature vector representation

The algorithm is initialized and later updated over continuous domain values.
To directly convert j'" dimension of the i*® continuous agent x; into its respective
binary agent (b:c;) Equation is used. The converted bx; is utilized to calculate
the fitness of the corresponding continuous solution.

1, it >05
Z‘ — Y J — )
b; { 0, ifx}<0.5. (1)

4.2 Classification Algorithm and Parameter Setup

The KNN classification used in this experiment uses certain distance measures to
classify the data. A generic KNN model uses Euclidean distance as given in Equa-
tion for the classification.

D(X1,X2) = (X1 — X5)2. (12)

Various parameters used for the other algorithms are enumerated in the table,
for the sake of fair comparison all the algorithms were implemented in the same
language and compared with the same sample on each iteration.

4.3 Fitness Function

The feature selection’s fitness function comprises two objectives contradicting each
other. The first objective is selecting the feature that yields high accuracy for the
classification algorithm and the second is selecting the least number of features.
Aggregating both these objectives the fitness function which is utilized in most of
the literature is being adopted as given in Equation . The error rate vz of the
solution is given as (1 — accuracy). R is the number of features selected in the
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solution and N is the total number of features. The hyperparameters (p, o) decide
the weights for the error rate and the features selected. The hyperparameter o is
given by ¢ = (1 — p) and the other hyperparameter p is given as 0.99 because the
reduction of error rate has to be weighted higher than the number of features. These
hyperparameter values are adopted from the literature [22], 3T].

R
Fit = p* vr(D) + o * ||N| (13)

4.4 Datasets

The proposed variants are tested over 24 datasets of various modalities and char-
acteristics to prove the durability of the algorithm in versatile conditions. All the
datasets have been downloaded from the standard UCI machine learning dataset
repository [32] and ASU feature selection repository [33]. Very few algorithms in
the literature have tested the feature selection with such enormously high-dimension
datasets. Failing to test on such large dimension datasets will fail to portray the
exact capabilities of the exploration and the exploitation of the algorithm. In this
work, datasets of both large and small dimensions have been tested to generalize
the algorithm’s capability under various conditions. The datasets with feature sizes
greater than 100 are termed large-dimension datasets. The number of instances in
the datasets also varies in accordance with the change in dimensions. Some of the
datasets possess missing values too. The above-given traits provide a challenging
task of testing the exploration and exploitation ability of the algorithm such that
the algorithms have to elect the optimal feature subset.

4.5 Experiment Setup

Including the raw VSSA, two other variants incorporating crossover have been
proposed. All the proposed three variants are compared with the baseline Salp
Swarm [4], its recently proposed hybrids bSSA [24], iSSA [27] and predominantly
used feature selection algorithms bGWO [34], GOA [35], ALO [36] and PSO [37].
The general parameter setting derived from the literature [24] is used for the exper-
imentation as enumerated in Table 2

The feature selection algorithms are compared over three standard metrics: fit-
ness, accuracy and number of selected features. Each algorithm is run 30 times over
a dataset and its arithmetic mean is counted for the final comparison. The dataset
is split into 80-20 ratio where 80 % is utilized for training the classifier and 20 % is
utilized for testing it. For each of the 30 iterations performed, a unique sample of
training and testing data was subjected to all the algorithms. By providing the same
sample to all the algorithms for each round, the bias of the classifier with respect to
the sample could be completely averted and all the algorithms would have an equal
opportunity to showcase their performance.
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Sl. No. | Parameters Value
1 | Population 7
2 | Neighbor count in KNN 5
3 | Independent run 30
4 | Fitness parameters p=0.99, 0 =0.01
5 | GOA ¢ = [Min = 0, Max = 1],
cMin = 0.0004, cMax =1
6 | PSO w=1; cl =1.5; 2 = 2.0;
7 | (SSA/VSSA/SCVSSA), bGWO | cl,a = [Max = 2, Min = 0]

Table 2. Parameter configuration

5 RESULTS AND DISCUSSION
5.1 Assessment of Results

The fitness, accuracy and the number of features selected are tabulated in Tables [3]
A and The fitness value must be minimal as the error rate and no features are
considered. Each cell in the table corresponds to either the mean (avg) or the
standard deviation (std) for 30 independent runs on each dataset of the respective
algorithms. The proposed variants are compared with the baseline, modified SSA
and the other existing algorithms. On accuracy alone, the KNN without feature
selection is compared.

5.1.1 Comparison over SCVSSA

Among the three proposed variants, the SCVSSA algorithm has outperformed every
other algorithm over most datasets. It has been ranked 1 on both fitness and ac-
curacy against all the other algorithms including the other proposed variants which
is evident from Table 3] and Table @l From those tables, it is also evident that
the SCVSSA has outperformed all the other algorithms on 87.5% of the datasets
in terms of fitness and accuracy. Considering individually, SCVSSA has outper-
formed VCVSSA, bSSA [24] and PSO [37] over 95.8% of the datasets and the
VSSA, iSSA [27], bGWO [34], GOA [35], ALO [36] and baseline SSA [4] over 100 %
of the datasets on accuracy and fitness. In addition, the naive KNN classifier was
also subjected to experimentation and its accuracy is compared in Table[d It clearly
shows the need for the feature selection that has increased the accuracy by 16 %.
From Table [ inference can be made that, on all datasets, the algorithm performs
better. In terms of the number of features chosen, the SCVSSA is ranked second.
The parameters in the fitness Equation facilitate the primary goal to acquire
good accuracy and the secondary goal to elect the minimal number of features.
Therefore, the SCVSSA has balanced well in accordance with the fitness equation
and has tried to converge with the global minima without getting stuck or stagnating.
For example, On the Soybean-small dataset, all the algorithms have achieved the
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Figure 8. Comparison over average fitness

classification accuracy of 100 % and in such cases, the iSSA has failed to provide the
least number of features instead, SCVSSA has chosen the least number of features.
Even though SCVSSA has not been ranked one in terms of features selected, it
is evident that the algorithm has provided a good reduction rate of features that
provide the best accuracy which is the vital component.

5.1.2 Comparison over VCVSSA

The VCVSSA uses simple crossover despite the shuffled. This variant ranked 2,
surpasses the other algorithms other than SCVSSA. The algorithm has an increased
average accuracy of 15% than the raw KNN algorithm with no feature selection.
The algorithm has surpassed VSSA in over 62% of the datasets, iSSA, ALO and
SSA in over 83 % of the datasets, bSSA in over 91 % of the datasets, b.GWO, GOA
and KNN in over 100% of the datasets in terms of accuracy. Sufficiently with
the ordinary crossover, the algorithm could perform considerably well. However,
the Shuffled crossover was proposed to improve the accuracy to some greater ex-
tent. Regarding the number of features selected, it has also managed to a good
extent and is placed next to the VCVSSA. The overall performance of this vari-
ant can also be termed good when compared to the other algorithms than the
VCVSSA.

5.1.3 Comparison over VSSA

The VSSA is the naive model which did not use any crossover operator. Instead, it
has used Equation for acquiring the binary equivalent of a feature vector. The
VSSA has the least proficiency among the proposed algorithms. But it is better
than every other existing algorithm compared in Tables B} @] and [f

The VSSA algorithm has outstepped the existing algorithms on 11 datasets in
terms of accuracy. The algorithm has a higher accuracy for 20 of the datasets, i.e.
83 % over PSO and SSA. Likewise, higher accuracy over 87 % of the datasets has
been achieved on iSSA and ALO, 91 % over bSSA and 100 % over bGWO, KNN and
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Figure 9. Comparison over average accuracy

GOA. In terms of the feature reduction, even though VSSA being ranked 4%, it has
showcased a satisfactory rate of reduction in features.

5.1.4 Overall Analysis on Results with Meta-Heuristic Algorithms

Three variants were proposed, out of which one variant without crossover and the
rest two with crossover operator have been proposed. All three algorithms have been
compared over the three metrics of accuracy, fitness and number of features selected.
Tables [3, f] and [f] show that the variant SCVSSA that uses the shuffled crossover
has gained better proficiency than the other two. Utilization of the Pseudo food
has enhanced the search on exploration and exploitation stages where the leader is
being re-positioned without being biased towards the best solution alone.

1400
1200
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800
600
400
200

Average features Selected

SCVSSA
VCVSSA
VSSA
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bGWO
GOA
ALO
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SSA

Algorithms

Figure 10. Comparison over the average number of features selected

The comparison of all the datasets between the proposed algorithm and the
existing algorithm is given in Figure 11 and Figure 12. The box plot depicts the
median — a measure of centrality, and quartile ranges which aid the measures of
dispersion, minimum and maximum values. On the algorithms such as bSSA and
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the bGWO the elongated whiskers and box sizes indicate a higher deviation from the
median. This depicts the instability of the algorithm under various conditions and
may fail to perform consistently under all conditions. From the plots, it is clearly
visible that SCVSSA has less deviation and is more stable than the other algorithms
in most of the datasets. The algorithm’s minimum and maximum accuracies are
not highly deviated from the median of the algorithm. Thus the algorithm can be
termed more stable and has a good combination of exploration and exploitation
under various conditions.

I SCVSSAmVCVSSAmVSSAMIiSSAM bSSAM bGWO MKNN lGOA M ALO mPSO ESSA

a) Color coding for the box plots
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Figure 11. Box plot comparison — proposed vs. existing meta heuristic algorithms over
dataset (1-12)

5.2 Comparison over Filter Methods

As discussed in Section [T the filter models are independent of the classification
algorithm apart from the wrapper models. These filter models are mostly used to
rank the features based on its characteristics. Once the features are being ranked
the first n feature would be chosen and the classification would be performed on
it. The correlation-based feature selection CFS [I7] uses the statistical measure of
correlation to rank the feature. Other filter algorithms used for the comparison are
Laplacian [38], F-score [39], relieff [40] and mutinffs [41]. The SCVSSA algorithm
which is selected as the best algorithm from the previous findings is subjected to
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Figure 12. Box plot comparison — proposed vs. existing meta heuristic algorithms over
dataset (13-24)

test against the filter models. Once the features are ranked using the filter models
the same number of n features which has been obtained by the SCVSSA has been
filtered from the respective algorithms and subjected to the KNN classifier whose
accuracy is enumerated in Table [fl From Table [f it is visible that the SCVSSA
has cleanly surpassed all the filter algorithms over all the datasets. From Figure [T3]
which summarizes the average accuracy of all the algorithms, it can be inferred that
the SCVSSA is far better than the most commonly used filter models for feature
selection.

6 CONCLUSION AND FUTURE WORK

In this paper, the SSA’s performance has been improved by incorporating the vig-
ilant mechanism adopted from the GWO. In addition to the above enhancement,
two different crossover methods equivalent to the follower position update strategy
of the SSA were applied. The main contribution of the paper is the adoption of
a vigilant mechanism and shuffied crossover mechanism over the SSA. The effec-
tiveness of this algorithm is tested by subjecting the proposed algorithms to the
standard benchmark datasets downloaded from the UCI machine learning reposi-
tory and ASU feature selection repository. The datasets were chosen such that they
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Sl. Algorithm
no. Dataset

1 Wine

2 Hepatitis

3 Vehicle

4 Zoo

5 Heart disease
6 Wisconson

7 Ionosphere

8 Lung-cancer
9 Dermatology
10 Sonar
11 Breast EW

12 Soybean-small
13 Movement_libras

14 Spambase
15 Arrhythmia
16 Cleanl
17 Hill valley
18 Leukemia
19 Colon
20 Arcene
21 Lymphoma
22 Smk_can_187
23 Tox_171
24 Coil20
Avg Rank
Final Rank

relieff laplacian f-Score cfs mutinffs SCVSSA

avg std avg std avg std avg std avg std avg std

0.8190 0.1054 0.7362 0.0599 0.7352 0.1169 0.5324 0.1764 0.7333 0.1116 0.9843 0.0174
0.7387 0.0773 0.7591 0.0775 0.7785 0.0756 0.7667 0.0671 0.7903 0.0591 0.9247 0.0451
0.4778 0.0858 0.5056 0.1224 0.4722 0.0782 0.3833 0.1490 0.4926 0.1146 0.7772 0.0826
0.8161 0.1022 0.8223 0.1345 0.6279 0.1451 0.4689 0.2628 0.7729 0.1008 0.9856 0.0223
0.6877 0.0736 0.6519 0.0720 0.6790 0.0666 0.6179 0.1005 0.7111 0.0434 0.8790 0.0332
0.9417 0.0221 0.6064 0.0376 0.7806 0.1731 0.7498 0.1526 0.6507 0.1121 0.9881 0.0093
0.8376 0.0560 0.8100 0.0370 0.8895 0.0278 0.7176 0.0979 0.9010 0.0356 0.9427 0.0215
0.4383 0.2352 0.4195 0.1644 0.4261 0.2052 0.5144 0.1699 0.4006 0.2209 0.9429 0.0888
0.7995 0.0752 0.8365 0.1060 0.7164 0.0746 0.5973 0.1673 0.8068 0.1061 0.9973 0.0055
0.7268 0.0900 0.4992 0.0643 0.7797 0.0658 0.5260 0.0768 0.7707 0.0503 0.9524 0.0319
0.7336 0.0501 0.7003 0.0413 0.7106 0.0481 0.6850 0.0753 0.7103 0.0475 0.8678 0.0276
0.5253 0.1386 0.3577 0.1628 0.3444 0.2486 0.4098 0.2148 0.4481 0.1384 1.0000 0.0000
0.7440 0.0538 0.7093 0.0739 0.2796 0.0830 0.2319 0.0670 0.4519 0.1069 0.8588 0.0398
0.8592 0.0194 0.8809 0.0206 0.8389 0.0136 0.7816 0.0469 0.8398 0.0129 0.9322 0.0073
0.5884 0.0508 0.5840 0.0387 0.5617 0.0432 0.5634 0.0481 0.5939 0.0467 0.7126 0.0446
0.8312 0.0448 0.8316 0.0455 0.8463 0.0287 0.7958 0.0318 0.8470 0.0288 0.9549 0.0224
0.5326 0.0306 0.5620 0.0306 0.5317 0.0279 0.5565 0.0240 0.5263 0.0333 0.6443 0.0218
0.8119 0.1036 0.8000 0.1051 0.7929 0.1033 0.8143 0.1103 0.8071 0.1030 0.9867 0.0271
0.6639 0.1147 0.7250 0.1279 0.7556 0.1093 0.6639 0.1443 0.6972 0.1392 0.9667 0.0388
0.8092 0.0498 0.8075 0.0595 0.8017 0.0704 0.7950 0.0628 0.7925 0.0743 0.9383 0.0381
0.8004 0.1028 0.8347 0.0801 0.7907 0.1118 0.7516 0.0895 0.8394 0.1119 0.9598 0.0403
0.6297 0.0758 0.6477 0.0664 0.6162 0.0907 0.0000 1.0000 0.6423 0.0776 0.7877 0.0521
0.6578 0.1060 0.6569 0.0804 0.6598 0.0744 0.6471 0.0799 0.6569 0.0652 0.8914 0.0465
0.9674 0.0100 0.9306 0.0189 0.9701 0.0133 0.7925 0.0508 0.9609 0.0142 0.9941 0.0050

3.30 3.87 4.00 5.08 3.65 1.00
2 4 5 6 3 1

Table 6. Accuracy — comparison over filter models
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Figure 13. Comparison of average accuracy over filter models

possess various proportions of dimensions and a number of instances. To prove the
proficiency of the VSSA and enhanced versions of VSSA, they were compared with
the original SSA, its other hybrids and other promising meta-heuristic algorithms.
The comparison and the analysis of results certainly portray that the SCVSSA could
be adopted for feature selection to obtain good accuracy with the least number of
features. The future direction of this work can be carried out by introducing and in-
vestigating the transfer function for the conversion of binary vectors. This wrapper
model is well suited to be adopted as a pre-processing amenity for feature selection
before applying a machine learning classifier.
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