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Abstract: This study aims to improve the efficiency of the SVM classifier using the fractional descent gradient algorithm, so
that the speed during the data training process increases. There are seven numerical datasets (iris, abalone, wine quality, pima
Indian diabetes, ionosphere, wheat seeds, sonar) used to test the performance of the SVM classifier with fractional gradient
descent which has been optimized with fractional order Caputo Type. The seven datasets have a binary class and a balanced class
for the number of labels from one class to another. The problem of minimizing the objective function of the SVM classifier is
the problem of infinite minimization which is a convex function that can be solved with Fractional Gradient Descent. Fractional
order makes it easier to determine the amount of learning rate used to update weights so as to increase computation time. In this
study SVM classifier optimization using a fractional order derivative of the Caputo type, so that the convergence speed is much
faster than using a sequence of integers. The test results show that the SVM Classifier with fractional gradient descent, it reaches
a convergence point of approximately 60% smaller than traditional SVM gradient descent. SVM classifier with Fractional
Gradient Descent has the highest convergence speed in the seven datasets, with a small learning speed in the process of reaching
the point of convergence of computing time increases. For the future study we want to use fractional gradient descent SVM for
unbalanced class case and sparse dataset that many of the values are zero for text classification.
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1. Introduction

The Support Vector Machine (SVM) linear classifier is a linear prediction method that has several advantages,
namely first, SVM has regularization capabilities, so that SVM has good generalizability which prevents it from
over-fitting problems [R. Fernandes de Mello. et. al., 2018]. The problem of over-fitting can be easily controlled
by selecting an appropriate margin for separating the data. Second, SVM is able to efficiently handle non-linear
data patterns using a kernel trick [S. Guo. et. al., 2017]. For sample data that cannot be resolved in linear space,
SVM can transform into non-linear space using a kernel trick in a high-dimensional space, without increasing
computational complexity [J. Tao. et al., 2019]. Third, SVM is able to solve classification and regression
problems, Support Vector Classification (SVC) is used for classification problems, while Support Vector
Regression (SVR) is used for regression problems. Fourth, SVM has stability: small changes in data do not really
affect the hyperplane and hence SVM becomes a stable classifier model.

SVM as a linear classification algorithm has constraints on the slow convergence and the small amount of data
on large-scale data training activities [T. Watanabe and H. lima., 2019] [J. Wang. et. al., 2017]. SVM also has the
disadvantage of the difficulty of determining optimal parameters. So that the SVM linear classifier optimization
problem uses convex optimization which is closely related to the large-scale data training process. In the large-
scale data training process, it usually involves matrix operations that require a lot of time. This is related to the
size of the matrix which keeps increasing or becomes impossible due to memory limitations [A. Cutkosky and R.
Busa-Fekete, 2018]. Large-scale data training on the SVM linear classifier is a convex optimization problem that
scales with the training set size rather than the feature space dimension. In the case of large-scale data training, it
can cause data training activities to be impractical [S. Vakili. et. al.,2019].

The completion of the optimization of the SVM objective function using Quadratic Programming requires
computation time or worse-case time O (N3) where N is the number of variables or constraints of the data. The
solution to this problem, John Platt, in 1998 introduced SMO. SVM linear classifier aims to find the maximum
margin with the objective function being primal or dual. SMO only optimizes two variables at once rather than
trying to optimize all n variables, but it is still considered slow for large-scale data training processes [J. Shawe-
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Taylor and S. Sun, 2011]. Optimization algorithms for machine learning are procedures that are carried out
iteratively by comparing various solutions until an optimal solution is found. The optimization algorithm helps to
minimize or maximize the objective function with respect to the internal parameters of the model which maps a
set of predictor variables to target values [J. K. Liu and S. J. Li, 2014].

Classifiers such as SVM for the data training process require an unconstrained optimization method. Based on
the research that has been done, gradient-based unconstrained optimization method is very effective in terms of
the speed of computation time for large-scale data sets [J. Liu and X. Wu, 2014]. There are several studies that
have been carried out to optimize the gradient-based SVM model, including optimization with the Stochastic
Gradient Descent approach [J. Kone¢ny. et. al.,2016]. Furthermore, the optimization method for the gradient-
based SVM model includes sub-gradient descent and coordinate descent [A. S. Bedi and K. Rajawat, 2018]. Both
techniques have been shown to offer significant advantages over traditional approaches when dealing with large
data sets. In a seamless optimization apart from stochastic gradient descent, there is an optimization method based
on fractional gradient descent [F. Oberdorf. et. al.,2019]. Fractional gradient descent is a seamless optimization
method that has been proven to be effective in solving large-scale training data optimization problems in linear
classification algorithms such as neural networks [J. Wang. et. al.,2017]. In the fractional gradient descent
optimization method, it involves mathematical theory, namely fractional calculus theory. Fractional Calculus is
believed to be a good tool to improve the performance of traditional gradient method. Fractional decrease in the
gradient method has been successfully used for convex problems, but related research is still in its early stages
and needs to be investigated further. There are obstacles in its implementation, namely the convergence problem
that cannot meet the requirements and convergence speed which must also be taken into account [S. Ruder.,2016].

2. Material and Method
2.1 Material

Generalization in machine learning, the classification algorithm uses training data to build several prediction
models, where the training data consists of pairs of attributes in one data record along with several targets. The
purpose of building a prediction model is that in the future there will be new data and unknown target values that
are expected by the classification algorithm with the resulting model can predict the target label on the new data.
The objectives of this study include how to construct and implement a Caputo type fractional gradient descent
algorithm to optimize the SVM classifier in order to increase the speed during the data training process with a
number of lines of approximately five thousand lines and a number of features or features of approximately 15
features, and simulate using secondary data.

The problem limitation of this research is to use a training data optimization method based on fractional
gradient descent with a fractional-order derivative of the Caputo type. In this study, using a data group with two
classes (binary class) and the number of class balanced labels (class balanced). The data group used for simulating
the performance of the SVM classifier with fractional gradient descent has a variation in the number of attributes
with the number of data lines ranging from 150 to approximately 5000 rows of data with features between 8 and
15. The data group used in the simulation can be accessed from the UCI engine web page. study. There are seven
data groups used, among others the iris flower, abalone, wine quality, pima Indians diabetes, ionosphere, wheat
seeds, and sonar data group.

In this study using a dataset from the UC Machine Learning Repository (URL:

https://archive.ics.uci.edu/ml/index.php). UC machine learning is a collection of databases, as well as data
generators, used by the machine learning community for empirical analysis of machine learning algorithms. There
are seven datasets used to test the performance of the SVM classifier which has been optimized with fractional
gradient descent. The seven datasets have a binary class and a balanced class for the number of labels from one
class to another. Table 2 below shows the number of records and the number of attributes of each of the datasets
used.

No. Dataset Name Number of Instance Number of Attribute
1 Abalone 4177 8

2 Wine Quality 1.599 12

3 Pima Indians Diabetes 768 8

4 lonosphere 351 34

5 Wheat Seeds 210 7
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6 Sonar 207 60

7 Iris Flower 150 4
Tabel 2. Datasets for Fractional Gradient Descent SVM

For each dataset used only use negative or positive class labels as in the Pima Indians Diabetes dataset. For other
datasets the class labels are only 0 and 1, from table 2 it can be seen that the Abalone dataset has the largest number
of records. The Abalone dataset with the largest number of records will form a large matrix, as well as the Sonar
dataset which has the largest number of attributes 60 among other datasets. In this experiment we will see the
performance of the SVM classifier with fractional gradient descent in these datasets.

2.2 Optimization with Fractional Gradient Descent

The ability of the classification algorithm to predict the target value of new data is closely related to the problem
of Under-fitting and over-fitting. What is meant by the problem of over-fitting is when learning conducted by the
classification algorithm produces a prediction model that is only suitable for training data only []. This can occur
when the prediction model is complex and flexible only for the noise contained in the training data. Problems arise
due to noise in training data not necessarily the same as new data. The formal definition of the problem of over-
fitting is a prediction model in the form of a function that is over-fit for a group of data if another f prime function
is sought where the function makes more errors or errors in the training data Eain (F*) > Eain (F) but fewer mistakes
are made for new data.

In contrast to the under-fitting problem is when a prediction model in the form of a function that is applied to
training data is too general or simple to recognize patterns in a group of data. The formal definition of an under-
fitting problem is a prediction model in the form of functions that are over-fit for a group of data if another f prime
function is sought where the function is smaller in error value for training data and new data.

Each group of data needs different levels to understand the flexibility of the prediction model. Each classification
algorithm has a way to adjust the flexibility of the prediction model. The regression classification algorithm uses
polynomial derivatives, the decision tree classification algorithm uses pruning confidence, the KNN classification
algorithm uses the closest neighbor value, and the SVM classification algorithm uses kernels and cost parameters.

Actual error training error that's the error that you get on a training set on the general form for the training set
the general form for the training error is sum up over all training examples the individual errors that you get for each
example X;.

Training error:
n

1
Berain = = Y error(f G,y ()

i=1

The error xi is the input that we get fD of xi that's our prediction that's what our classifier system predicts as the
output for x;, yi is the true value that should have gone to xi. The error function is some measure of this error inside
is some measure that tells you how close was the predicted value to the true value. The simplest case when in
classification it usually just measures were they the same or were they not the same did we predict the right class.
Training error and the sum is over the training set. The generalization error the generalization that is how well we
do on the data that you don't have today on the data that's going to come tomorrow. The problem with that is we
don't know what tomorrow's data would look like. We don't know what future data xi will be, we don't know what
labels y; it will have, otherwise if we did there wouldn't be much need in predicting those values. We will be building
a classifier in the first place but you can still come up with an equation for the generalization error because we know
the range of all possible {x,y}.

We can write on an equation for a generalization error:

Eyon = f error (fy (0, Y)p(6dx  (3)

we going to integral and that integral moves over all possible x's and all possible y's. Why it's integral and not a sum
when we have real-valued data we need to integrate over all possible values for every possible attribute. That integral
captures every possible value of every attribute over all the possible classes that we are trying to predict that’s such
a big space.

A particular label y together in the future. That's a probability distribution for the future data coming down the
line. Same way as we had it before right so we have the y the x our function f the predictor would compute some
value for the x and then we see that the same as the true label. As shown in Figure 1 the generalization error process
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is carried out in the training data after the hyperparameter optimization process for the model generated by the
classifier algorithm.

The SVM classifier which aims to estimate the value of w and b uses an algorithm or solver to solve optimization
problems. We can use a quadratic solver with the first step of minimizing quadratic functions which are subject to
linear constraints. The problem is that the solver is not efficient for large scale data, so we use an alternative
approach. We can minimize the convex function.

fw,b) = 234, (WD)’ + T max(01 - y; w-x +b)}  (4)

Using gradient descent on the convex function is very simple, half ¥ the sum of all the coordinates over all
dimensions squared of the value w. The first part is margin maximization and the second part is the empirical loss
plus the penalty slack C times the sum of all our training examples 1 to N then the slack penalty value = 0 if we
classify correctly or the penalty slack value = -1 our distance from the limit. To optimize the function, it can be done
by calculating the gradient (derivative). The function we are going to calculate the gradient for is basically a convex
function so we can calculate it with gradient descent. If we start from a certain point then we calculate the derivative
/ gradient of the function with that particular point / point data so that we can make small steps leading to the gradient
of the function to the desired minimum point. To count V(j)) w - r - t - w\)

N _ WD) _ () n  OL(xuyi)
Vi) = 5 = W+ O 06 ®)

The way to calculate the derivative of the empirical gradient is if our classification is correct which means that
it is correct to classify the training data then the value of the derivative is 0 and if we misclassify then this is just
the j coordinate of the i-th training data times the class of that training data. When you have obtained the gradient
from the objective function, you can use the gradient descent (Batch) method to estimate w.

For the pseudocode Batch gradient descent as follows;

The iteration will repeat until the convergence condition:

Forj=1...d

Evaluation: V(j) = ag‘%?) = w4+ CZ?zlaLa(;"(%")

Update: w0 « w0 — nv(j)  where n learning rate parameter
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Figure 1. Supervised Learning processes.

The problem arises that calculating V (j) will take O (n). The computation time will increase as the size of the
training data increases. It can be concluded that using Batch gradient descent is not suitable for use in the case of
big data. Now that we have the gradient to use for the gradient descent method, we will start at some location x and
evaluate the gradient for the given dimension so we will repeat all the dimensions we will evaluate the gradient on
the given dimension by simply going through all the data to calculate the number of previous interests. Then we
update the vector coordinates in reverse to the gradient. We have a parameter called the Learning Rate parameter
which basically tells us how big of a move we are going to make. However, there is a problem that the gradient
descent computation time is linear with the amount of training data [Y. Wei. et. al.,2017].

With Stochastic, it is expected to accelerate the running of the algorithm. The idea is that we will only evaluate
the gradient on each individual example. For coordinates or dimensions j and training data i only w j plus C times
the gradient for the training data given i. So there are 4 loops, the first loop is for all training data, the second loop
is for all dimensional coordinates and the third loop evaluates the coordinates (j, i) for the processed data points,
then the last loop is the direction of the gradient from the individual data points. For improve the efficient of SVM
classifier we use fractional calculus, However, when the first order generalized gradient direction by a first-order
gradient fractions, the corresponding algorithm will converge to the extreme point fractions of the target function
are not the same as the actual extreme point [Y. Chen. et. al.,2018]. This weakness is critically impeding the
application of this method. To solve the problem of convergence, this paper analyzes the specific reasons and
proposed three possible solutions. Taking into consideration the characteristics of the long memory of fractional
derivatives, short-memory principle is the previous selection. In addition to cutting the length of memory, two new
methods were developed to achieve convergence.

In this research, we will use Caputo's fractional order derivative for the optimization of the gradient-based SVM
classifier algorithm. The Caputo derivative has the advantage that it allows traditional initial and boundary
conditions to be included in the problem formulation and its derivative for constants is zero [M. Caputo and M.
Fabrizio.,2015]. Caputo derivatives are especially useful when dealing with real-world problems because, they allow
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traditional initial and boundary conditions to be included in the problem formulation and in addition the constant
derivative is zero. Caputo's fractional-order of order o is defined as follows;

1 t —a—
CPEDE () = s S, &= D" f™ (Ddr, (6)
where “*P*°Da is a Caputo derivative operator, a is a fractional order derivative. Specifically, when a € (0,1), the
expression for the Caputo derivative is as follows;
1 t _ ,
CEDE() = s S, =D f (T (7)

Since the initial values between fractional differential equations with Caputo derivatives and integer differential
equations are the same: these derivatives have a wide variety of applications in physical processes and engineering
problems.

3.Result and Discussion

In this section we carry out tests that demonstrate the effectiveness of an SVM classifier with a fractional gradient
descent. The test conducted aims to evaluate the accuracy and error rate of the SVM classifier with fractional
gradient descent. With the seven datasets used we use a Core i5-7200U 2.50GHz processor and 8GB RAM memory
and the SVM classifier uses a linear kernel. Fractional order makes it easier to determine the amount of learning
rate used to update weights so as to increase computation time. In this study SVM classifier optimization using a
fractional order derivative of the Caputo type, so that the convergence speed is much faster than using an integer
order.

Error for 1000 iteration

Dataset Accuration
Name a=0.00001 a=0.0001 a=0.001 a=0.01
Abalone 0,49132 9.69417e-06 1.9326e-21 7.49966e-41 8.64068e-61
Wine Quality 0,52272 0,33994 0,336 0,336 0,336
Pima Diabetes 0,34375 0,34267 0,248 0,248 0,248
lonosphare 0,61363 1,09394 0,059 0,059 0,059
Seeds 0,48571 2,80764 0,034 0,034 0,034
Sonar 0,47115 2,00595 0,056 0,056 0,056
Iris 0,40000 2,70962 0,022 0,020 0,020

Table 1. Simulation result SVM classifier with Fractional Gradient Descent

In table 1, it can be seen that the SVM classifier accuracy value for seven datasets, clearly seen in Figure 2, the
highest accuracy value is the lonosphere dataset with 351 instances and 34 features. For the lowest accuracy value
is the Pima Indian Diabetes dataset with 768 instances and eight the number of features. For the accuracy of the
SVM classifier, it will depend on the kernel used. In this study, the kernel that we used is a polynomial kernel
which has a weakness, a polynomial kernel not suitable for large orders of power.

In an experiment conducted to evaluate the error rate of the SVM classifier with fractional gradient descent, it
uses four different alpha values. The alpha value shows the learning rate which is a tuning parameter in an
optimization algorithm like fractional gradient descent that determines the step size at each iteration while moving
toward a minimum of a loss function. With four different learning rate values (0.01; 0.001; 0.0001; 0.00001) will
show that fractional gradient descent has the ability to process training data and makes it easier to determine the
amount of learning rate used to update weights so as to increase computation time, as seen in Figure 3.
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Figure 2. The Accuracy of SVM Fractional Gradient Descent

From the Figure 3, it is clear that with a small learning rate of 0.00001 the SVM classifier with a Fractional
gradient descent moving toward a minimum of a loss function for each dataset. It can be seen in the table 1, for the
SVM classifier with fractional gradient descent which has the highest number of instances of the seven datasets
used, the error value NaN (Not a Number) is the value of a numeric data type that is not represented in floating
point. With the fractional gradient descent SVM the Abalone dataset has an error value of = 9,69417e-06 by setting
a learning rate of 0.00001, on 4177 data records.

2.5

15

0.5

Abalone Wine Pima lonosphare  Seeds Sonar Iris
Quality Diabetes

e=@== o= 0.00001 a=0.0001 a=0.001 a=0.01

Figure 3. Error Rate for four different value of alfa

For the error rate value in table 1 on seven datasets is the error rate value in the thousandth iteration. For error
rate values of seven datasets with iterations below a thousand, only the SVM classifier with fractional gradient
descent was able to achieve convergence. We also conducted experiments on SVM classifiers optimized perceptron
algorithm and stochastic gradient algorithm decline. As shown in Figure 3, the SVM classifier using fractional
gradient descent algorithm that gives a small error rate and not much different from the optimized SVM classifier
with stochastic gradient descent algorithm. Even the SVM classifier error value with the decline smaller gradient
fractions.
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Figure 4. Error Rate for SVM classifier with optimization

We also conducted experiments on the SVM classifier which is optimized with the perceptron algorithm and
the stochastic gradient descent algorithm. As shown in Figure 4, the SVM classifier with the fractional gradient
descent algorithm which gives a small error rate and is not much different from the SVM classifier that is optimized
with the stochastic gradient descent algorithm. Even the SVM classifier with fractional gradient descent error value
is smaller. The simulation result show that the SVM Classifier with fractional gradient descent optimization, it
reaches a convergence point of approximately 60% smaller than traditional SVM gradient descent.

4.Conclusion

In this study use seven datasets that have a binary class and a balanced class for the number of labels from one
class to another. From seven numerical datasets (iris, abalone, wine quality, pima Indian diabetes, ionosphere, wheat
seeds, sonar) used to test the performance of the SVM classifier with fractional gradient descent. The simulation
result show that the SVM classifier with fractional gradient descent it reaches a convergence point of approximately
60% smaller than traditional SVM gradient descent. SVM classifier with fractional gradient descent has the highest
convergence speed in the seven datasets, with a small number of learning rate in the process of reaching convergence
point that increase computation time. The SVM classifier with fractional gradient descent is able to streamline
computational procedures for training data. By using the Fractional type Caputo Gradient Descent optimization
method, it is able to reduce the steps towards the convergent point. The desired convergence and convergence speed
of the Fractional type Caputo Gradient Descent can be optimized with the smallest error value of = 9,69417e-06
from Abalone dataset by setting a learning rate of 0.00001 on 4177 data records by using the basic procedure of the
fractional gradient descent with Caputo type. For the future study we want to use fractional gradient descent SVM
for unbalanced class case and sparse dataset that many of the values are zero for text classification.
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