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Introduction

Support Vector Machine (SVM) is a robust supervised learning algorithm
primarily used for classification and regression. It is initially invented for
binary classification. However, many real-world problems involve multi-
class classification, where the goal is to distinguish between more than two
classes. Various strategies have been proposed to address this challenge,
including decomposition methods that reduce the multi-class problem into
multiple binary subproblems, as well as direct approaches that optimize for
all classes simultaneously. Two of the methods that distinct all classes simul-
taneously are Cramer-Singer and simplified multi-class SVM (SimMSVM).
The challenge in multi-class SVM lies in accurate inputs while the data are
uncertain in the real world due to measurement errors. Some approaches
include Crammer and Singer’s method or SImMSVM. Despite having nice
strengths and performance, they consider inputs in an accurate state. This
work has explored the theoretical foundations and practical implementations
of SIMMSVM in which the inputs are random variables and the constraints
are probabilistic. The constraints have been released from the probabilistic
state by leveraging statistical theories, and the expectation value has been
entered into the model. Hence, the model has been converted into ordinary
quadratic programming. This paper will show that the model with uncertain
inputs has a better procedure than the traditional one.
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Material and Methods

This paper applies the expected value to release the constraints from the
probabilistic state. Then, the sample mean is used to estimate the expected
value in the unknown population state. Also, the Monte Carlo method is im-
plemented to simulate the data, and then the bootstrap resampling method
is used to generate random samples to estimate the expected value. More-
over, the confusion matrix statistical indices and accuracy criterion are used
to evaluate the proposed and competing models.

Results and Discussion

Using three kernel functions, linear, polynomial, and Gaussian, we investi-
gate the accuracy values of the three models. In the simulation subsection,
we examine the performance of the three proposed models, basic and Cramer-
Singer, using the statistical indices of mean and standard deviation, and we
compare the three models using the Friedman test statistic. Also, in the real
example subsection, we evaluate these models in different parameter ranges
for three real data sets of seeds, ecoli, and leukemia.

Conclusion

Given that most of the data we encounter in the real world is not precise
and certain and has inherent flaws due to measurement errors, this paper
proposes a model that addresses this issue. The results show that the model
based on random inputs is far better than the models based on definite and
precise inputs.
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