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Abstrak

Inflasi merupakan indikator ekonomi makro yang berperan penting dalam menentukan
stabilitas dan arah kebijakan ekonomi suatu negara. Fluktuasi inflasi yang tidak menentu
menuntut adanya metode prediksi yang akurat guna mendukung perencanaan ekonomi
jangka pendek maupun jangka panjang. Penelitian ini bertujuan untuk mengembangkan dan
mengevaluasi model hibrida yang mengintegrasikan metode Singular Spectrum Analysis
(SSA) dan Relevance Vector Machine (RVM) dalam meramalkan inflasi bulanan di Indonesia.
Data yang digunakan merupakan data sekunder dari Badan Pusat Statistik (BPS) periode
Januari 2015 hingga Desember 2024. SSA digunakan untuk mengekstraksi dan
merekonstruksi pola dominan dari data deret waktu, sementara RVM digunakan sebagai
model regresi nonlinier untuk menghasilkan prediksi 12 bulan ke depan. Evaluasi performa
model dilakukan dengan mengukur nilai Mean Squared Error (MSE), Root Mean Squared Error
(RMSE), dan Mean Absolute Percentage Error (MAPE). Hasil penelitian menunjukkan bahwa
model SSA-RVM memiliki akurasi yang lebih tinggi dibandingkan SSA maupun RVM secara
terpisah, dengan nilai MSE sebesar 0,0085 dan MAPE sebesar 6,62%. Temuan ini
mengindikasikan bahwa pendekatan hibrida mampu meningkatkan keakuratan prediksi
inflasi dan berpotensi menjadi alternatif andal dalam analisis deret waktu ekonomi.
Implikasi dari penelitian ini dapat diarahkan pada penerapan model dalam sistem
pendukung kebijakan fiskal dan moneter serta pengembangan model prediktif lanjutan
berbasis optimasi parameter dan kecerdasan buatan.

Kata kunci: Inflasi, Singular Spectrum Analysis, Relevance Vector Machine, Peramalan, Deret
Waktu, Model Hibrida.

Abstract

Inflation is a macroeconomic indicator that plays an important role in determining the
stability and direction of a country's economic policy. Unpredictable fluctuations in
inflation require accurate prediction methods to support short-term and long-term
economic planning. This study aims to develop and evaluate a hybrid model that integrates
the Singular Spectrum Analysis (SSA) and Relevance Vector Machine (RVM) methods in
forecasting monthly inflation in Indonesia. The data used is secondary data from the Central
Statistics Agency (BPS) for the period January 2015 to December 2024. SSA is used to extract
and reconstruct dominant patterns from time series data, while RVM is used as a nonlinear
regression model to generate predictions for the next 12 months. Model performance was
evaluated by measuring the Mean Squared Error (MSE), Root Mean Squared Error (RMSE), and
Mean Absolute Percentage Error (MAPE) values. The results showed that the SSA-RVM model
had higher accuracy than SSA and RVM separately, with an MSE value of 0.0085 and a MAPE
value of 6.62%. These findings indicate that the hybrid approach can improve the accuracy
of inflation predictions and has the potential to become a reliable alternative in economic
time series analysis. The implications of this study can be directed towards the application
of the model in fiscal and monetary policy support systems and the development of
advanced predictive models based on parameter optimization and artificial intelligence.
Keyword: Inflation, Singular Spectrum Analysis, Relevance Vector Machine, Forecasting,
Time Series, Hybrid Models.
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Pendahuluan

Inflation is a macroeconomic variable that plays a crucial role in determining
the stability and direction of growth of an economy (Lastri & Anis, 2020).
Fluctuations in inflation rates not only affect people's consumption capacity through
purchasing power, but also have implications for strategic policies such as interest
rate setting, fiscal and monetary policy, and investment decisions from both the
public and private sectors (Sari, 2024). Uncontrolled inflation has the potential to
cause economic instability, which can lead to a decline in social welfare and an
increase in economic inequality. Conversely, excessively low inflation can reflect
weak aggregate demand, which ultimately hinders economic growth. In this context,
accuracy in monitoring and projecting inflation is essential, especially for monetary
authorities in formulating evidence-based and adaptive economic policies.
Therefore, developing effective and accurate predictive approaches to estimate
inflation is an important agenda in current economic research.

The process of forecasting inflation presents its own complexities in economic
studies, given the dynamic, non-linear nature of inflation data and its susceptibility
to various interrelated economic variables, both domestic and foreign (Fahrudin &
Sumitra, 2020). Various factors such as global commodity price volatility, fiscal and
monetary policies, currency exchange rates, and geopolitical tensions contribute to
high uncertainty in inflation behavior. Although traditional models such as
Autoregressive Integrated Moving Average (ARIMA) and Vector Autoregression (VAR)
have long been used in forecasting studies, these models are often unable to
represent the complex nonlinear relationships between the variables that affect
inflation (Sutrisno et al., 2022). In addition, limitations in handling non-stationary
data and irregular seasonal patterns further complicate the achievement of
prediction accuracy. Thus, the main challenge in forecasting inflation today lies in
the need for a more robust, adaptive approach that is capable of identifying latent
structures in economic data, especially in an increasingly uncertain global economic
situation (Verianto, 2024).

Singular Spectrum Analysis (SSA) is a nonparametric technique in time series
analysis that is widely used to detect, extract, and reconstruct fundamental
components in data, such as long-term trends, seasonal patterns, and random
components (noise) (Lubis et al., 2017). One of the main advantages of SSA is its
ability to process time series data without requiring any prior assumptions regarding
the model form or specific statistical distribution, making it a flexible method that
can be applied to a wide range of data characteristics (Monsaputra, 2024). In the
context of inflation forecasting, SSA contributes significantly to the data
preprocessing stage, particularly in separating random fluctuations from more
stable and systematic pattern structures (Ayuningtyas & Yustanti, 2024). This
process produces smoother and more informative reconstruction data, which in turn
can improve the performance of advanced prediction methods. In addition, SSA has
the ability to reveal hidden seasonal patterns or cycles that are not easily detected
through conventional approaches. However, although SSA is effective in filtering and
reconstructing signals, its predictive capabilities are limited, especially in capturing
nonlinear and complex relationships between economic variables (Ma et al., 2023).
Therefore, optimal utilization of SSA is recommended within the framework of a
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hybrid approach integrated with other predictive methods that are more adaptive to
nonlinear dynamics.

Relevance Vector Machine (RVM) is a machine learning method based on the
Bayesian framework and is widely known for its ability to effectively handle
nonlinear modeling problems, especially in the context of limited data (Jabbari et
al., 2023). One of the main strengths of RVM lies in its probabilistic approach, which
allows for explicit estimation of uncertainty in the prediction process (Bhattacharya
et al., 2015). In addition, RVM has high sparsity, which means that it relies on only
a small number of relevance vectors to form a model, resulting in a simpler and more
efficient structure compared to methods such as Support Vector Machine (SVM). The
flexibility in selecting kernel functions also gives RVM high flexibility to be applied
to various types of problems and data (Meng et al., 2023). In practice, RVM has shown
promising performance in various fields, such as system error diagnosis and
prediction, solar cell modeling, and vehicle characteristic identification, with
accuracy and efficiency levels comparable to or even surpassing traditional methods
(Angra & Ahuja, 2017). Thus,Elshewey et al. (2023) revealed that the effectiveness
of RVM is highly dependent on the quality of input data and the selection and
adjustment of the appropriate kernel function, so a careful model design strategy is
needed in real-world applications to obtain optimal results.

A hybrid approach that integrates Singular Spectrum Analysis (SSA) and
Relevance Vector Machine (RVM) offers a more reliable and accurate predictive
solution in time series analysis (Zhou et al., 2022). SSA excels at extracting hidden
patterns by decomposing time series data into more structured components, thereby
facilitating trend and anomaly detection and improving the signal-to-noise ratio (Roy
et al., 2021). On the other hand, RVM provides high predictive power for nonlinear
relationships through a sparsity-based regression approach that prioritizes
computational efficiency without sacrificing accuracy. The combination of these two
methods has shown promising performance in various contexts, such as in
predicting water runoff and estimating the service life of lithium-ion batteries, with
results showing a significant reduction in prediction error rates (Qin et al., 2023).
One study even reported that the SSA-RVM model was able to achieve a Mean
Absolute Percentage Error (MAPE) value as low as 6.20% in runoff forecasting. In
addition, the effectiveness of this approach has also been proven in improving the
accuracy of damage diagnosis in mechanical systems, such as rolling bearings.
However, the application of this combined model still faces a number of challenges,
including high computational load in the SSA decomposition process and the need
for careful parameter calibration in RVM implementation, both of which can affect
the overall efficiency of the model if not managed properly.

A number of recent studies have explored various approaches to forecasting
inflation and other economic indicators. Arumsari et al. (2021) applying a hybrid
Singular Spectrum Analysis (SSA)-ARIMA model to predict inflation in East
Kalimantan and successfully achieving a high level of accuracy. Integrating SSA with
machine learning techniques, such as least-squares support vector regression and
random forest, in the context of rainfall prediction, which showed a significant
improvement in model performance. In Indonesia, inflation forecasting has been
carried out using the ARIMA (2,1,2) model, the ARIMA approach with Artificial Neural
Network (ANN), and found that ANN provides superior prediction results due to its
ability to capture nonlinear relationships between variables (Reddy et al., 2022).
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These findings underscore the effectiveness of combining traditional time series
methods, such as ARIMA, with modern techniques such as SSA and machine learning
to improve forecasting accuracy in various applications, both in economics and the
environment.

This study aims to design and examine an innovative hybrid model that
combines Singular Spectrum Analysis (SSA) and Relevance Vector Machine (RVM)
methods to improve the accuracy of inflation forecasting in Indonesia. The synergy
between these two approaches is expected to complement the limitations of each
method, where SSA serves to extract structural components from complex time
series data, while RVM is used to model nonlinear relationships through a sparse
probabilistic approach. With this integration, the resulting model is expected to
provide more precise and responsive inflation estimates to dynamic economic
conditions. In addition, this study also aims to compare the performance of the SSA-
RVM approach with conventional forecasting models, as well as provide theoretical
and practical contributions to the development of a more adaptive and reliable
inflation prediction framework in the context of national macroeconomic policy.

Metode Penelitian

This study falls under the category of experimental quantitative research that
aims to develop and evaluate a hybrid model for inflation forecasting by integrating
the Singular Spectrum Analysis (SSA) and Relevance Vector Machine (RVM) methods.
The data used is secondary data in the form of monthly inflation time series in
Indonesia, obtained from official sources such as the Central Statistics Agency (BPS)
or Bank Indonesia, covering the period from January 2015 to December 2024. The
research method consisted of several stages, starting with data collection and pre-
processing, followed by the application of SSA to extract the main components of
the time series through the embedding process, decomposition using Singular Value
Decomposition (SVD), clustering, and noise-free data reconstruction. The
reconstruction results are used as input for the RVM model, which is then used to
forecast inflation for the next 12 months using a sparsity-based nonlinear regression
approach. The model performance is evaluated by measuring three error parameters,
namely Mean Squared Error (MSE), Root Mean Squared Error (RMSE), and Mean
Absolute Percentage Error (MAPE) to demonstrate the superiority of the SSA-RVM
approach in terms of prediction accuracy and efficiency.

At the SSA stage, the process begins with performing vector embedding:

X, = [x1, %5, %3, o x| (1)

Then decomposition is performed using Singular Value Decomposition (SVD)
with the equation:

X =3t AU v (2)

After decomposition, the process continues with the reconstruction of the main
components and noise removal. The reconstruction results are then used as input
for the RVM model.

In RVM, the kernel activation function used is the Gaussian RBF function:

f) =N, wK(x,x)+b 3)
With kernel functions:
K(x,x;) = exp (%) (4)
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The training process was conducted using a Bayesian approach to obtain
relevant weight vectors, where the final model results were sparse and probabilistic.
To measure the model's performance, three evaluation parameters were used,
namely Mean Squared Error (MSE), Root Mean Squared Error (RMSE), and Mean
Absolute Percentage Error (MAPE) with the following formulas:

1
MSE = 130U~y (5)
MAPE =2%% yn | |yyl| (6)

n
To clarify the stages and workflow of this study, the methodological procedures
are presented in a flowchart that illustrates the stages from the beginning to the end
of the study.

DataiCoflsction P computing Process

.

MAPE&MSE Evaluation

'

Math Model ¢—] Prediction Result j¢—] Graph Visualization

Figure 1. Research Procedure

Figure 1 represents the stages of quantitative experimental research combining
Singular Spectrum Analysis (SSA) and Relevance Vector Machine (RVM) methods for
inflation forecasting purposes. The research began with the collection of monthly
inflation data from a secondary source, namely the Central Statistics Agency (BPS),
which was then input into Excel software for data pre-processing. In the
computational stage, SSA is used to extract and reconstruct the main components of
the time series to identify latent patterns, while RVM is applied to build a nonlinear
predictive model based on the decomposition results. The prediction output is then
evaluated using error measures such as Mean Absolute Percentage Error (MAPE) and
Mean Squared Error (MSE) to measure the accuracy level of the model built. The
evaluation results are visualized in graph form to provide a clearer picture of the
model's performance. Based on the visualization and evaluation results, a final
mathematical model is then developed that reflects the relationship between the
input and output variables. This entire process is completed systematically until the
final stage to ensure the reliability and validity of the developed model.

74



SEMNAPTIKA V: Literasi Matematis Abad Digital: Integrasi Etnomatematika, Deep Learning dan Teknologi
untuk Menjawab Tantangan Pendidikan

ISSN: 3047-2059

Hasil Penelitian dan Pembahasan

Hasil

To measure the effectiveness of each method in forecasting the National
Consumer Price Inflation Rate, a comparative analysis of the accuracy of the
prediction results was conducted by applying three approaches, namely the SSA
model, the RVM model for regression, and the SSA-RVM hybrid model. This accuracy
evaluation was carried out by referring to three main indicators, namely Mean
Squared Error (MSE), Root Mean Squared Error (RMSE), and Mean Absolute Percentage
Error (MAPE). These three metrics describe the magnitude of the deviation between
the predicted value and the actual data.

Table 1. Accuracy Results for Each Method

Method MSE MAPE
SSA 0.0657 20.4511%
RVM 3.3626 81.7105%
SSA-RVM 0.0085 6.6213%

Based on the evaluation results of the three methods used to predict inflation
rates, different accuracy values were obtained as shown in the table. The Singular
Spectrum Analysis (SSA) method produced a Mean Squared Error (MSE) value of
0.0657 and a Mean Absolute Percentage Error (MAPE) of 20.4511%, indicating fairly
good prediction performance. Meanwhile, the Relevance Vector Machine (RVM)
method showed a lower level of accuracy, with an MSE of 3.3626 and a MAPE of
81.7105%, indicating a significant deviation in predictions from the actual data. The
SSA-RVM hybrid model showed the best performance, with a very low MSE of 0.0085
and MAPE of 6.6213%. These values indicate that the combination of the two methods
can significantly improve prediction accuracy compared to the individual
application of the SSA or RVM methods. Thus, it can be concluded that the SSA-RVM
hybrid model is a more accurate and effective approach to forecasting inflation than
either single method.

The following graph shows inflation predictions for the next 12 months based
on three approaches, namely SSA, RVM, and a combination of the two (SSA-RVM), to
visualize the performance of each method more clearly.
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SSA-Based Inflation Forecast (12-Months Ahead)
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Figure 2. Actual Data and SSA Prediction Data Approach

Figure 2 shows the results of monthly inflation reconstruction and prediction in
Indonesia using the optimized Singular Spectrum Analysis (SSA) method. In the
graph, the black line represents actual inflation data from month 1 to month 120
(January 2015 - December 2024), while the blue line shows the SSA reconstruction
results, which visually follow the fluctuations in the actual data quite accurately.
The red dots illustrate the prediction results for the next 12 months (January -
December 2025), which show a tendency for inflation to move steadily within the
range of 1.5% to 2.5%. The pattern formed from the reconstruction results indicates
that the SSA method successfully separates the dominant signal from the time series
and effectively reduces noise, so that trends and seasonal patterns can be identified
more clearly. The effectiveness of this method is also supported by low error values,
both in terms of Mean Squared Error (MSE) and Mean Absolute Percentage Error
(MAPE), which indicate that SSA is able to capture inflation dynamics
representatively, both in the short and medium term. The following is the
mathematical model of the SSA method:

Best Window Length (L): 24

Best Rank (r): 10

The predictions were obtained using the diagonal averaging and forecasting
extension methods, resulting in a series of predictions x, for the next 12 months.

Thus, the SSA mathematical model produced in this study consists of
decomposing the inflation data trajectory matrix into orthogonal components,
selecting significant components, and forecasting based on projections of these
components, which has been proven capable of modeling and predicting inflation
dynamics with high accuracy.
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Figure 3. Actual Data and RVM Prediction Data Approach

Figure 3 presents the results of inflation predictions for the next 12 months in
Indonesia using the Relevance Vector Machine (RVM) method based on the Radial
Basis Function (RBF) built manually. The black line shows actual inflation data from
month 1 to month 120 (January 2015 - December 2024), while the blue line
illustrates the results of the RVM model reconstruction of historical data. The red
dots show inflation predictions for the period January to December 2025. The
prediction results show that the RVM model tends to produce sharp fluctuations that
do not fully follow seasonal patterns or historical data trends, with some predictions
having negative values, which are economically irrelevant.

This indicates that although RVM has the ability to handle nonlinear
relationships, manually constructed models still require further parameter
optimization in order to produce more stable and realistic estimates. In this context,
the basic function of RBF-based RVM can be mathematically expressed as:

flx) =7 wii * exp(—|lx — c_i[|? /(2?7))

Where? = 2.00,and number of relevance vectors = 30
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Figure 4. Actual Data and Predicted Data Approach SSA +RVM
Figure 4 presents the results of inflation predictions for the next 12 months
(January-December 2025) using three approaches: SSA, RVM, and a combination of
SSA+RVM. The blue curve shows the prediction results from the Singular Spectrum
Analysis (SSA) method, the red curve illustrates the predictions from the Relevance
Vector Machine (RVM), while the black line represents the combined SSA+RVM
prediction results. The actual data used as a comparison simulation is shown by the
green line. The graph shows that the combined SSA+RVM prediction produces values
that are closest to the actual simulation data compared to each method separately.
This indicates that the integration of SSA and RVM successfully combines the
strengths of both methods, namely SSA's ability to capture seasonal patterns and
trends and RVM's strength in modeling nonlinear relationships.
Mathematically, the SSA-RVM hybrid model is formed as follows:
Combinedgyrecast = 0.5 * Predictedgsy + 0.5 * Predictedgpyy

Pembahasan

A number of previous studies have proven that the Singular Spectrum Analysis
(SSA) and Relevance Vector Machine (RVM) methods are quite effective in forecasting
time series data, especially economic data such as inflation. For example, research
by Sergio et al. (2023) shows that SSA is capable of reducing noise components and
identifying dominant patterns in Indonesia's monthly inflation data. The accuracy
level of this method is demonstrated by a MAPE value of 10.23% and an MSE of 0.091.
The study concludes that although SSA excels at reconstructing trend and seasonal
patterns, this method still has limitations in handling complex nonlinear patterns.
On the other hand, Niu et al., (2020) applied the RVM model to forecast stock price
indices, and obtained a MAPE value of 15.7% and an RMSE of 1.62. These results
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indicate that RVM is quite effective in capturing nonlinear patterns, although its
accuracy can still be improved through more precise parameter settings.

When compared to the results of this study, the combined use of SSA and RVM
methods in a hybrid model shows a significant improvement in accuracy compared
to the use of each method separately. In this study, the SSA-RVM hybrid model
produced a MAPE value of 6.62% and an MSE of 0.0085, which is much lower than
the MAPE and MSE values of the SSA model at 20.45% and 0.0657, respectively, and
the RVM model at 81.71% and 3.3626, respectively. These findings show that
combining SSA as a principal pattern extraction tool and RVM as a nonlinear
regression model can significantly improve forecasting performance. Therefore, this
hybrid approach has proven to be superior in handling the dynamics of economic
time series and has the potential to be a more adaptive and accurate solution for
predicting inflation.

Simpulan

Based on the results of the analysis, it can be concluded that the SSA-RVM hybrid
model is capable of providing higher prediction accuracy compared to the
application of the SSA or RVM methods individually. This is demonstrated by a Mean
Squared Error (MSE) value of 0.0085 and a Mean Absolute Percentage Error (MAPE) of
6.62%, which are much smaller than the MSE and MAPE values of SSA at 0.0657;
20.45% and RVM at 3.3626; 81.71%. This advantage reflects the effectiveness of
integrating SSA as a dominant pattern extraction method and RVM as a nonlinear
modeling tool in producing more accurate and stable inflation predictions. These
findings not only reinforce the argument that a hybrid approach is superior to a
single approach in economic time series forecasting, but also open up opportunities
for further research. Further research can focus on developing other hybrid models,
such as SSA combined with deep learning methods or metaheuristic algorithm-based
automatic parameter optimization, to further improve the accuracy and
generalization capabilities of predictive models in dealing with complex and
nonlinear economic dynamics.
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