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Introduction

Time series analysis is widely used for vast applied statistics such as sales,
economics, astronomy, and weather forecasting. The classical time series
models rely on exact data. In real-world applications, data frequently con-
tains inherent uncertainties due to measurement errors, human factors, or
inherent variability. This imprecision can significantly impact the accuracy
and reliability of traditional time series models. To address this challenge,
we propose a novel fuzzy autoregressive time series model that incorporates
the robust and flexible framework of Support Vector Machines (SVM).

Material and Methods

The proposed model leverages the SVM approach to handle the fuzzy nature
of the data effectively. Specifically, a kernel function is employed within the
SVM framework to enhance model stability and flexibility by mapping the
data into a higher-dimensional space. Constraints are integrated into the
model to control the influence of data points and improve the robustness
of the predictions. The performance of the proposed fuzzy autoregressive
model is evaluated using a combination of goodness-of-fit criteria, including
measures such as mean absolute error, root mean squared error, and mean
absolute percentage error.

Results and Discussion
This study introduces a novel fuzzy autoregressive time series model based
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on the SVM approach to address the inherent uncertainty often encountered
in time series data. With its kernel-based approach, the SVM framework
gives the model significant flexibility in capturing complex, non-linear re-
lationships within the time series. This flexibility is crucial in accurately
representing the dynamic behavior of real-world systems, which often ex-
hibit non-linear trends and unpredictable fluctuations. The incorporation of
constraints within the SVM framework allows for effective control over the in-
fluence of individual data points, mitigating the impact of potential outliers
or noisy observations. This is particularly beneficial in time series analy-
sis, where outliers can significantly degrade the performance of traditional
forecasting models. The empirical results, based on both simulated and real-
world datasets, demonstrate the superior performance of the proposed model
compared to existing methods. This result suggests that integrating fuzzy
logic and SVM techniques offers a promising approach to improving the ac-
curacy and robustness of time series forecasting.

Conclusion

This research introduces a novel fuzzy autoregressive time series model based
on the SVM approach, effectively addressing the challenges posed by impre-
cise observations in time series analysis. Integrating kernel functions and
constraints enhances the model’s flexibility, stability, and robustness. The
promising results from simulated and real-world data suggest that the pro-
posed model offers a valuable tool for accurately modeling and forecasting
time series with inherent uncertainties. However, the proposed method can
only be applied to triangular fuzzy numbers. Thus, further investigations are
necessary to extend the proposed method to any LR fuzzy numbers. Future
studies should be focused on detecting outliers and extending the proposed
method to a robust fuzzy time series model based on in-sample and out-
sample forecasting criteria.

Keywords: Autoregressive model, Fuzzy number, Kernel function, Lagrange
function, Support vector machine.
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