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Interpolation kernel machines belong to the class of interpolating classifiers that interpolate all the training

data and thus have zero training error. Recent research shows that they do generalize well. Interpolation ker-
nel machines have been demonstrated to be a good alternative to support vector machine and thus should be
generally considered in practice. In this work we study training set pruning as a means of performance boost-
ing. Our work is motivated from different perspectives of the curse of dimensionality. We design a genetic
algorithm to perform the training set pruning. The experimental results clearly demonstrate its potential for

classification performance boosting.

1 INTRODUCTION

Kernel-based methods in machine learning have
sound mathematical foundation and provide powerful
tools in numerous fields. In addition to classification
and regression (Herbrich, 2002; Motai, 2015), they
also have successfully contributed to other tasks such
as clustering (Wang et al., 2021), dimensionality re-
duction (e.g. PCA (Kim and Klabjan, 2020)), consen-
sus learning (Nienkétter and Jiang, 2023), computer
vision (Lampert, 2009), and recently to studying deep
neural networks (Huang et al., 2021).

There are a large variety of basis kernel func-
tions. The spectrum of kernel functions can be fur-
ther extended by various combination rules (Herbrich,
2002). Despite this richness in the design of kernels,
their use for classification is clearly dominated by the
support vector machines (SVM) in general. This is
also true for special domains such as graphs, as re-
flected in the recent survey papers for graph kernels:
“In the case of graph kernels, to perform graph clas-
sification, we employed a Support Vector Machine
(SVM) classifier and in particular, the LIB-SVM im-
plementation” (Nikolentzos et al., 2021). Recently,
another kernel-based method, the so-called interpo-
lation kernel machine, has received attention in the
literature, which is the focus of our current work.

Interpolation kernel machines (Belkin et al., 2018;
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Hui et al., 2019) belong to the class of interpolating
classifiers that perfectly fit the training data, i.e. with
zero training error. It is a common belief that such
interpolating classifiers inevitably lead to overfitting.
Recent research, however, reveals good reasons to
study such classifiers. For instance, the work (Wyner
et al., 2017) provides strong indications that ensemble
techniques are particularly successful if they are built
on interpolating classifiers. A prominent example is
random forest. Recently, Belkin (Belkin, 2021) em-
phasizes the importance of interpolation (and its sib-
ling over-parametrization) to understand the founda-
tions of deep learning. Despite zero training error, in-
terpolation kernel machines generalize well to unseen
test data (Belkin et al., 2018) (a phenomenon also
typically observed in over-parametrized deep learn-
ing models). They turned out to be a good alternative
to deep neural networks (DNN), capable of match-
ing and even surpassing their performance while uti-
lizing less computational resources in training (Hui
et al.,, 2019). In addition, the recent study (Zhang
et al., 2022) demonstrated that interpolation kernel
machines are a good alternative to the popular SVM.
This finding justifies a systematic consideration of in-
terpolation kernel machines parallel to SVM in prac-
tice.

In general, there are several reasons why it is help-
ful not to involve the entire training set for model
learning. For instance, not all training samples nec-
essarily contribute positively to a successful model.
Data redundancy is another issue of consideration.
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Thus, training set pruning is an important task.

In this work we study pruning the training set as
a means performance boosting of interpolation ker-
nel machines. The remainder of the paper is orga-
nized as follows. We start with a general discussion
of training set pruning in Section 2. The interpolation
kernel machine is introduced in Section 3, where we
also discuss why training set pruning can be expected
to boost classification performance and thus motivate
our work. We design a genetic algorithm to perform
the training set pruning for interpolation kernel ma-
chines (Section 4). The experimental results follow in
Section 5. Finally, Section 6 concludes the paper.

2 BENEFIT OF TRAINING SET
PRUNING

Machine learning can considerably benefit from train-
ing set pruning. We categorize this benefit in five
groups.

Training Efficiency. A weakness of some classifiers
is that their training efficiency rapidly decreases with
increasing size of training set. A prominent example
is the support vector machine. In such cases training
set pruning is vital for training efficiency (Birzhandi
et al., 2022).

Testing Efficiency. Instance-based classifiers are a
family of learning algorithms that, instead of perform-
ing explicit generalization, compare new problem in-
stances with instances from the training set, which has
to be stored. Examples are the k-nearest neighbors al-
gorithm (see e.g. (Hang et al., 2022) for a recent de-
velopment in favor of imbalanced classification tasks)
and RBF networks. Obviously, there is a strong need
of training set pruning for instance-based learning al-
gorithms towards reasonable space and time complex-
ity in the test phase (Wilson and Martinez, 2000). In
addition to practical algorithms thereotical considera-
tions are also of interest (Chitnis, 2022).

Data Redundancy Reduction. There are different
views of data redundancy. In (Yang et al., 2023) it is
understood as those samples that have little impact on
model parameters. An optimization-based training set
pruning method was proposed to identify the largest
redundant subset from the entire training set with the-
oretically guaranteed generalization gap. Similarly, a
core subset is extracted in (Jeong et al., 2023) to ap-
proximate the training set. It should primarily contain
informative high-contribution samples. The learning
contribution refers to how much the model can learn
from that sample during the training.

Learning for Imbalanced Datasets. In practice im-
balanced data poses challenges to classifier design.

One popular technique for imbalanced classification
tasks are resampling methods (Han et al., 2023) that
change the composition of the training set. In particu-
lar, undersampling (i.e. pruning) has been be used for
majority classes, which can be further combined with
oversampling for minority classes (Susan and Kumar,
2019).

Classification Performance Boosting. Training set
pruning also potentially boosts the classification per-
formance. One reason for this nice behavior lies in the
noisy nature of data. There may be noisy instances,
with errors in the features or class label that will de-
grade the generalization accuracy. Training set prun-
ing also helps to avoid overfitting. We will show later
that interpolation kernel machines benefit from train-
ing set pruning for classification performance boost-
ing from different perspectives of the curse of dimen-
sionality.

The categorization above reflects the main motivation
behind the various training set pruning techniques
from the literature. In practice, however, it is not
uncommon that we have multiple benefits simulta-
neously. For instance, while data redundancy reduc-
tion primarily intends to understand the representa-
tion ability of small data (i.e. how many training sam-
ples are required and sufficient for learning), it auto-
matically improves the training efficiency.

For the sake of completeness, we like to point out
that there are other reduction techniques in addition
to training set pruning. For instance, many methods
have been proposed to prune the set of support vec-
tors in trained SVMs. Non-trivial cases exist (Burges
and Scholkopf, 1996) so that such a pruning results
in an increase of classification speed with no loss in
generalization performance. In (Hady et al., 2011) a
genetic algorithm was applied to select the best subset
of support vectors.

3 INTERPOLATION KERNEL
MACHINES

Here we introduce a technique to fully interpolate the
training data using kernel functions, known as ker-
nel machines (Belkin et al., 2018; Hui et al., 2019).
Note that this term has been often used in research
papers (e.g. (Houthuys and Suykens, 2021; Xue and
Chen, 2014)), where variants of support vector ma-
chines are effectively meant. For the sake of clarity
we will use the term “interpolation kernel machine”
throughout the paper.

Let X = {x1,x2,...,x,} C Q" be a set of n train-
ing samples with their corresponding targets Y =
{y1,¥2,--+,¥n} C T" in the target space. The sets are
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sorted so that the corresponding training sample and
target have the same index. A function f:Q — 7T
interpolates this data iif:

flxi) =y, Viel,...n (1)
The interpolation kernel machine is derived from the
representer theorem.
Representer Theorem. Let £k : Q x Q — R be a pos-
itive semidefinite kernel for some domain Q, X and Y
a set of training samples and targets as defined above,
and g : [0,0) — R a strictly monotonically increasing
function for regularization. We define E as an error
function that calculates the loss L of f on the whole
sample set with:

E(X,Y)

E((x17y1)7 ) (xm)’n))
Y L el @
i=1

Then, the function f* = argmin {E(X,Y)} that min-
imizes the error £ admit a representation of the form:

f* (Z) = iaik(z,x,’) with o; € R 3)
i=1

The proof can be found in many textbooks, e.g. (Her-
brich, 2002).

Classification Model. We now can use f* from
Eq. (3) to interpolate our training data. Note that the
only learnable parameters are oo = (o, . .., 0,), areal-
valued vector with the same length as the number of
training samples. Learning o is equivalent to solving
the system of linear equations:

Gu(o, ey 0i)" = (1,0 0a)” (4)
where G, € R"*" is the kernel (Gram) matrix with the
ij-th element g;; = k(x;,x;), i,j = 1,...,n. In case

of positive definite kernel k the Gram matrix G, is
invertible. Therefore, we can find the optimal o* to
construct f* by:
(0, 00) T = G 01wy )T Q)

After learning, the interpolation kernel machine then
uses the interpolating function from Eq. (3) to make
prediction for test samples.

In this work we focus on classification problems.
In this case f(z) is encoded as a one-hot vector f(z) =
(f1(2),-.. fe(z)) with ¢ € N being the number of out-
put classes. This requires c¢ times repeating the learn-
ing process above, one for each component of the one-
hot vector. This computation can be formulated as
follows. Let A; = (oj,...,0,) be the parameters to
be learned and Y; = (yy1, ..., Y1) target values for each
component [ = 1,...,c. The learning of interpolation
kernel machine becomes:

G(AT,..,A) =(v],...x]) (6)

A Y
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with the unique solution:

A=Gly 7

which is the extended version of Eq. (5) for ¢ classes
and results in zero error on training data. When pre-
dicting a test sample z, the output vector f(z) is not
a probability vector in general. The class which gets
the highest output value is considered as the predicted
class. If needed, e.g. for the purpose of classifier
combination, the output vector (z) can also be con-
verted into a probability vector by applying the soft-
max function.
Need of Training Set Pruning. Note that solving
the optimal parameters a* in Eq. (5) in a naive man-
ner requires computation of order O(n?) and is thus
not feasible for large-scale applications. A highly ef-
ficient solver EigenPro has been developed (Ma and
Belkin, 2019) to enable significant speedup for train-
ing on GPUs. Another recent work (Winter et al.,
2021) applies an explainable Al technique for sample
condensation of interpolation kernel machines. The
performance boosting is not the focus there.

In contrast to many other classifiers, the interpo-
lation kernel machines have a rather unique charac-
teristic that the size of training set also influences the
dimension of the space in which they operate. Given
a kernel k, the modeling function f*(z) defined in
Eq. (3) can be interpreted as a mapping from the orig-
inal space Q to a n-dimensional feature space: #:
Q — R”" by:

T(Z) — (k(Z,X1)7 k(Z,.XQ), i b k(z,xn))
These features are then linearly combined based on
parameters ; that are learned using training data. The
dimension of this feature space depends on the num-
ber of training samples. Thus, learning interpolation
kernel machines is faced with the problem of the curse
of dimensionality (Bishop, 2006). In general, this
phenomenon means that for a fixed number of training
samples, the predictive power of a classifier initially
increases with the increasing number of features but
beyond a certain dimensionality it begins to deteri-
orate instead of steadily improving. More fundamen-
tally, dealing with high-dimensional spaces poses sev-
eral challenges (Angiulli, 2017; Heo et al., 2019; Hsu
and Chen, 2009). Thus, there is a need of reducing
the number of features. In case of interpolation ker-
nel machines this reduction is exactly a training set
pruning. Our work is motivated by this observation.

Overall, training efficiency may not be a big is-
sue for interpolation kernel machines. But training
set pruning has a positive effect on both testing effi-
ciency and classification performance boosting. This
paper presents an approach to training set pruning and
demonstrates the expected classification performance
boosting.
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4 TRAINING SET PRUNING BY
GENETIC ALGORITHM

We first formally define the problem of training set
pruning and then present the details of a genetic algo-
rithm to solve the problem.

Problem Definition. Given a training set X =
{x1,%2,...,x,} C Q" and some prespecified size
m, m < n, of reduced training set, there are (;’1) po-
tential solutions. We define an error function E(X,,)
to measure the goodness of a candidate solution X,
of cardinality m. Then, the problem of training set
pruning is defined by:

Jmin E (Xm) (8)
where the set Py, contains all subsets of X with cardi-
nality m.

For notation simplicity and without loss of gen-
erality we specify a reduced training set by X, =
{x1,x2,...,x,} with the corresponding targets ¥ =
{¥1,¥2,--+,Ym}- Then, learning the related parameters

o= (ay,...,0,) is equivalent to solving the system
of linear equations:
G (oo )T = (31, ey ym)T )

where G,, € R™*™ is the kernel (Gram) matrix with
the ij-th element g;; = k(xi,x;), i,j=1,...,m, result-
ing in the solution:

(05000 0) " = G (15 ym)”  (10)

The learned interpolation kernel machine has zero er-
ror on training data.

We consider two different ways of defining the er-
ror function E(X,,). We can use the total modeling
error of the learned model for the removed training
samples {xp41,...,%,}:

n

E(Xm) = Z Hf*(xj)—ysz
Jj=m+1
2
n m
= Z oc,-k(xj,x,-) —-Yj (11)
Jj=m+1||i=1

Alternatively, we can also use the entire training set
X for training instead of X, only in order to take as
much information as possible into the training pro-
cess. After training, only X, is kept to build the
learned interpolation kernel machine. In this case the
learning task becomes to solving the system of linear
equations:

= V1seesyn)” (12)

where G, € R"™ is the kernel (Gram) matrix with
the ij-th element g;; = k(x;,x;), i=1,...,n, j =

Gum (], ...y0)T

1,...,m. The optimization term behind the least-
square solution of this system of linear equations can
be used as error function as well:

E(Xp) = ||Gum(€}s s 05)7 = (1) ||

13)
Genetic Algorithm. Due to the combinatorially high
number of reduced training sets, it is not possible
to exhaustively generate and test their quality. Here
we resort to genetic algorithms. They belong to the
nature-inspired metaheuristic methods and have been
successfully used to solve a variety of combinato-
rial optimization problems including feature selection
(Nssibi et al., 2023), hyperparameter tuning (Shan-
thi and Chethan, 2023), and multiple kernel learning
(Shen et al., 2023).

The key building elements of the genetic algo-
rithm are defined as follows. In our case there is a
straightforward coding for chromosomes. Each chro-
mosome represents a specific reduced training set X,
and is encoded as a binary array of length n. The bi-
nary bit at a specific position i, 1 < i < n, in a chro-
mosome is one if the corresponding training sample
is kept (i.e. x; € X;,;) and zero otherwise. We apply
the roulette wheel selection method. We apply the
commonly used single-point crossover operator. Here
the resulting chromosome may not be a valid one, i.e.
having exactly m ones and n —m zeros. We intro-
duce a consistency test and correction by randomly
modifying the bits until the requirement is satisfied.
Mutation is accomplished by randomly changing the
numbers in the chromosome. The mutation rate is de-
fined with 0.05. Again, a consistency test and, if nec-
essary, a modification similar to that in the crossover
operator are carried out. The fitness function can be
either Eq. (11) or Eq. (13) defined above. The popu-
lation size is fixed to 50 and initialized randomly. The
optimization is terminated after 30 generations.

S EXPERIMENTAL RESULTS

Table 1: Description of UCI datasets.

| dataset || #instances | # features [ # classes |

Acoustic 400 50 4
Balance 625 4 3
Biodeg 1053 41 2
Car 1728 21 4
Dermatology 358 34 6
Iris 150 4 3
German 1000 24 2
Liver 345 6 2
Vehicle 846 18 4
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Figure 1: Accuracy (%) of training set pruning by genetic algorithm.
Experiments were conducted on 9 UCI datasets (see * Laplacian kernel: k(x,y) = exp(—7y||x—y||)

Table 1 for an overview) using the following kernels: « Polynomial kernel: k(x,y) = (y<ux,y > +c)

o & (=) « RBF kemnel: k(x,y) = 2
* Addictive -~ kernel: k(x,y) = —Z— ernel: k(x,y) = exp(—y||x—y[|%)

= Xty . . ) _
i * Sigmoid kernel: k(x,y) = tanh(y < x,y > +c)
m i i\2 : i
w2 . _ B (x' =" where x and y are two samples with m features, x'
X kemel: k(x,y) = exp Y; x4y means the ith feature of sample x, and analog y'.
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Table 2: Accuracy (%) of training set pruning by genetic algorithm. For each dataset the optimal performance is marked bold.

Dataser Reduction | 5or | 49 | 6% | 8% | 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%
Addictive 2 kernel
Acoustic 66.0 | 73.0 | 81.3 | 855 | 83.0 | 91.5 | 94.0 | 953 | 955 | 96.0 | 963 | 955 | 93.8 | 88.8
Balance 86.4 | 865 | 86.7 | 86.5 | 863 | 86.4 | 86.4 | 86.4 | 86.4 | 86.4 | 86.4 | 86.4 | 86.4 | 463
Biodeg 80.9 | 84.8 | 83.8 | 849 | 86.6 | 87.3 | 88.0 | 87.6 | 87.7 | 87.1 | 86.7 | 86.6 | 86.5 56.0
Car 789 | 785 | 785 | 785 | 785 | 785 | 78.5 | 78.5 | 78.5 | 785 | 785 | 78.5 | 78.5 78.5
Dermatology 88.0 | 100.0 | 99.4 | 989 | 98.6 | 98.1 | 97.2 | 96.7 | 96.4 | 96.7 | 96.1 | 96.1 | 95.8 | 96.7
Iris 94.0 | 99.3 | 98.7 | 98.7 | 98.0 | 96.7 | 96.7 | 96.7 | 96.7 | 96.7 | 96.7 | 96.7 | 96.7 | 96.7
German 792 | 79.2 | 79.2 | 785 | 77.8 | 77.8 | 77.8 | 77.6 | 77.7 | 71.5 | 77.1 | 76.6 | 76.5 77.5
Liver 736 | 809 | 794 | 79.1 | 788 | 76.8 | 76.5 | 75.7 | 75.1 | 74.8 | 754 | 742 | 73.6 | 76.2
Vehicle 61.0 | 755 | 79.8 | 81.8 | 82.2 | 80.7 | 80.2 | 79.3 | 78.8 | 78.9 | 79.5 | 784 | 78.6 33.9
x? kernel
Acoustic 360 | 450 | 533 [ 545 | 60.0 | 92.0 | 742 | 82.5 | 842 | 86.7 | 88.8 | 92.3 | 923 | 95.3
Balance 84.8 | 85.7 | 82.6 | 853 | 84.6 | 744 | 80.2 | 774 | 758 | 742 | 742 | 72.7 | 7277 | 67.6
Biodeg 79.8 | 84.1 | 86.7 | 86.2 | 86.3 | 89.7 | 90.5 | 91.1 | 91.1 | 91.1 | 90.7 | 89.0 | 89.0 | 83.1
Car 703 | 71.0 | 69.7 | 744 | 73.3 | 852 | 78.6 | 81.5 | 83.3 | 82.8 | 83.9 | 854 | 854 | 87.1
Dermatology 492 | 696 | 746 | 80.8 | 855 | 97.5 | 97.5 | 97.5 | 97.2 | 97.7 | 98.0 | 98.0 | 98.0 | 98.0
Iris 38.7 | 77.3 | 88.0 | 91.3 | 953 | 98.7 | 96.7 | 97.3 | 97.3 | 96.7 | 98.0 | 953 | 95.3 | 76.0
German 69.6 | 719 [ 709 | 719 | 72.8 | 722 | 714 | 728 | 73.3 | 73.7 | 729 | 727 | 72.7 | 723
Liver 588 | 655 | 71.9 | 754 | 75.1 | 63.2 | 70.7 | 71.3 | 67.5 | 65.8 | 69.3 | 594 | 594 | 57.1
Vehicle 475 | 647 | 71.2 | 750 | 76.2 | 79.3 | 81.3 | 80.5 | 81.7 | 81.7 | 81.3 | 81.8 | 81.8 | 81.3
Laplacian kernel
Acoustic 475 | 625 [ 693 | 705 | 77.3 | 87.0 | 87.7 | 89 | 91.5 | 93.0 | 932 | 94.5 | 945 | 95.7
Balance 67.0 | 832 | 84.0 | 843 | 783 | 742 | 732 | 71.8 | 724 | 72.1 | 71.1 | 71.8 | 71.8 | 70.8
Biodeg 81.0 | 839 | 842 | 86.0 | 85.6 | 87.9 | 89.4 | 89.3 | 89.5 | 88.8 | 89.8 | 90.1 | 90.1 | 90.3
Car 789 | 78.8 | 80.6 | 81.8 | 82.7 | 76.7 | 82.1 | 82.6 | 82.1 | 85.5 | 84.4 | 84.2 | 84.2 | 83.7
Dermatology 57.1 | 803 | 928 | 947 | 953 | 96.7 | 97.8 | 98.1 | 97.5 | 97.2 | 96.9 | 96.9 | 96.9 | 96.1
Iris 30.0 | 66.7 86 | 84.7 | 90.7 | 953 | 96.7 | 96.7 | 97.3 | 96.7 | 97.3 | 98.0 | 98.0 | 98.0
German 712 | 748 | 76.3 | 764 | 754 | 758 | 76.1 | 7277 | 73.3 | 74.8 | 71.5 | 70.4 | 70.4 | 70.3
Liver 577 | 63.8 | 652 | 687 | 67.2 | 71.0 | 704 | 68.7 | 71.3 | 69.0 | 71.3 | 65.8 | 65.8 | 63.8
Vehicle 524 | 66.4 | 70.8 | 734 | 74.6 | 78.1 | 79.7 | 80.5 | 81.1 | 81.7 | 79.4 | 80.5 | 80.5 | 81.0
Polynomial kernel
Acoustic 67.5 | 75.8 | 81.3 | 852 | 87.5 | 92.0 | 93.8 | 953 | 952 | 96.8 | 96.3 | 96.3 | 96.0 | 92.8
Balance 85.6 | 819 | 835 | 82.8 | 82.8 | 82.8 | 82.8 | 82.8 | 82.8 | 82.8 | 82.8 | 82.8 | 82.8 | 45.6
Biodeg 79.7 | 84.8 | 843 | 84.4 | 86.1 | 87.6 | 88.8 | 88.9 | 88.9 | 86.7 | 87.1 | 84.6 | 84.0 | 53.6
Car 829 | 84.8 | 87.1 | 86.7 | 82.1 | 83.9 | 84.8 | 84.8 | 849 | 84.1 | 842 | 83.6 | 83.6 | 39.8
Dermatology 81.0 | 95.8 | 97.2 | 97.2 | 97.5 | 98.1 | 98.1 | 983 | 98.0 | 97.8 | 97.2 | 96.9 | 95.0 | 86.1
Iris 753 | 98.0 | 97.3 | 98.0 | 98.7 | 98.7 | 98.0 | 98.0 | 98.0 | 98.0 | 98.0 | 98.0 | 98.0 | 64.7
German 762 | 763 | 772 | 784 | 785 | 79.6 | 784 | 784 | 76.4 | 749 | 739 | 71.8 | 69.6 | 54.5
Liver 733 | 774 | 762 | 762 | 783 | 77.1 | 71.9 | 704 | 69.9 | 69.9 | 69.9 | 69.6 | 69.6 | 60.3
Vehicle 637 | 76.1 | 78.4 [ 80.0 | 81.9 | 83.5 | 83.2 | 82.2 | 823 | 81.6 | 81.1 | 77.1 | 72.6 | 66.4
RBF kernel
Acoustic 635 | 763 | 81.7 | 855 | 87.8 | 92.0 | 945 | 95.0 | 96.0 | 96.5 | 96.3 | 96.3 | 95.3 | 83.2
Balance 84.2 | 83.5 | 82.8 | 83.0 | 84.8 | 80.6 | 77.3 | 756 | 723 | 729 | 71.0 | 71.1 | 71.3 359
Biodeg 812 | 844 | 847|855 | 862 | 83.1 | 89.0 | 89.2 | 89.3 | 88.1 | 85.8 | 87.2 | 84.0 | 53.9
Car 827 | 86.1 | 87.3 | 87.0 | 85.0 | 83.9 | 857 | 85.5 | 86.1 | 86.6 | 86.4 | 86.4 | 855 | 83.7
Dermatology 490 | 65.1 | 749 | 81.3 | 849 | 93.8 | 952 | 96.3 | 958 | 955 | 952 | 949 | 952 | 933
Iris 853 | 98.0 | 98.7 | 987|987 | 98.0 | 97.3 | 97.3 | 98.0 | 99.3 | 98.7 | 98.7 | 97.3 | 70.7
German 727 | 73.0 | 73.2 | 73.8 | 72.8 | 748 | 76.7 | 76.2 | 753 | 75.1 | 754 | 744 | 73.6 | 70.1
Liver 67.0 | 713 | 699 | 71.0 | 69.9 | 722 | 73.6 | 739 | 748 | 754 | 742 | 754 | 73.6 | 69.3
Vehicle 654 | 769 | 77.9 | 804 | 81.0 | 84.4 | 83.1 | 829 | 83.0 | 82.3 | 81.8 | 78.7 | 76.0 | 71.9
Sigmoid kerne

Acoustic 443 | 558 | 66.0 | 76.3 | 76.0 | 80.7 | 87.5 | 91.0 | 92.0 | 91.3 | 93.3 | 925 | 92.5 | 92.0
Balance 858 | 83.0 | 82.7 | 825 | 81.1 | 81.5 | 769 | 755 | 745 | 73.5 | 72.1 | 72.1 | 72.1 40.8
Biodeg 815 | 839 | 854|849 | 8.6 | 87.4 | 87.6 | 89.6 | 90.1 | 87.4 | 86.1 | 84.1 | 84.1 | 552
Car 79.7 | 79.6 | 82.6 | 834 | 789 | 794 | 79.2 | 80.0 | 83.2 | 83.2 | 81.8 | 774 | 774 | 53.0
Dermatology 61.1 847 |1 93.0 | 969 | 963 | 97.5 | 96.7 | 97.5 | 98.0 | 96.9 | 96.6 | 91.9 | 91.9 | 453
Iris 38.7 | 73.3 [ 933|960 | 96.7 | 98.7 | 96.0 | 96.7 | 97.3 | 97.3 | 97.3 | 96.7 | 96.7 | 66.7
German 732 | 76.6 | 76.8 | 76.2 | 76.2 | 76.0 | 75.0 | 72.0 | 70.6 | 68.2 | 66.7 | 62.6 | 62.6 | 60.2
Liver 583 | 67.5 | 71.3 | 722 | 745 | 73.0 | 68.1 | 68.1 | 70.7 | 69.6 | 66.7 | 623 | 62.3 | 559
Vehicle 663 | 754 | 789 [ 799 | 81.7 | 83.5 | 82.6 | 82.4 | 824 | 82.1 | 76.6 | 66.9 | 66.9 | 29.1
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For the current study our intention is to demon-
strate the potential of training set pruning in general
and we did not optimize the parameters of the ker-
nels. Instead, we used the default settings of the used
software package. In our experiments we have used
Eq. (13) as fitness function.

We study different levels of pruning 2%, 4%, 6%,
8%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%. The use of the entire training set X is termed
as 100%. We conducted a 5-fold cross validation and
report the average performance in term of classifica-
tion accuracy. The experimental results are presented
in Figure 1 and Table 2 for details.

Generally, using the entire training set is not opti-
mal for classification performance. There are only a
few exceptions, e.g. dataset Acoustic with x> kernel,
in our experiments. The optimal pruning level varies
dependent of the dataset and the used kernel. In many
cases even a reduction to < 10% still maintains the
classification accuracy or is actually better. For the re-
duction level 10%, for instance, in 40 (74.1%) of the
54 test instances (9 datasets, 6 kernels) the classifica-
tion performance after training set pruning is identical
or even, partly significantly, superior to using the en-
tire training set. Even for the extreme reduction level
of 2% only, this ratio remains rather high (25 out of 54
test instances, 46.3%). In addition, there is typically
a broad range of pruning levels, where the classifi-
cation accuracy is superior to using the entire train-
ing set. A part of this broad range (approximately
between 20% and 80%) roughly shows a plateau of
high performance. Overall, our experimental results
confirmed the expected positive effect of training set
pruning on classification performance.

6 CONCLUSION

Recently, interpolation kernel machines have been
demonstrated to have several nice properties. In fact,
the study (Zhang et al., 2022) demonstrated that inter-
polation kernel machines are a good alternative to the
popular SVM. Motivated from different perspectives
of the curse of dimensionality we have studied train-
ing set pruning as a means of performance boosting
in this work. The experimental results clearly demon-
strated the potential for this purpose. In addition, the
significantly pruned training set also increases the ef-
ficiency in the test phase.

The current work shows the potential of training
set pruning only. We still need a mechanism to au-
tomatically determine the optimal reduction level in
order to really benefit from this potential in practice.
In addition, other metaheuristic optimization methods
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such as particle swarm optimization can be applied
for training set pruning as well. We will study appli-
cations in specific domains, e.g. graphs. Interpola-
tion kernel machines can be a good choice for many
applications. With our work we contribute to increas-
ing the methodological plurality in machine learning
community.
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