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Abstract: Accurate forecasting of silver prices is essential for investors, policymakers, 

and industrial stakeholders due to the metal’s dual role as both an investment asset and 

an industrial input. Silver price dynamics are characterized by strong nonlinearity, 

volatility, and regime changes, which limit the effectiveness of traditional linear time-

series models. This study proposes a hybrid machine-learning framework for short-term 

silver price forecasting based on Support Vector Regression (SVR) and two 

metaheuristic optimization techniques: Genetic Algorithm (GA) and Bat Algorithm 

(BAT). Daily silver prices (XAG/USD) from 1 February 2025 to 1 February 2026 are 

used, and a lag-based supervised learning structure is adopted. Model performance is 

evaluated using a realistic one-month backtesting design and multiple criteria, including 

mean squared error (MSE), root mean squared error (RMSE), Akaike information 

criterion (AIC), and Bayesian information criterion (BIC). Empirical results 

demonstrate that both optimized models significantly outperform the baseline SVR, 

with GA-SVR achieving the highest predictive accuracy and the best balance between 

goodness-of-fit and model complexity. Forecast uncertainty is assessed through 

bootstrap-based 95% confidence intervals, while residual diagnostics using the 

Augmented Dickey–Fuller test confirm the adequacy of the selected model. The 

findings highlight the effectiveness of hybrid SVR–metaheuristic approaches for 

modeling nonlinear silver price dynamics and provide a reliable, uncertainty-aware 

forecasting framework for short-term decision-making. 

Keywords: Silver price forecasting; Support Vector Regression; Genetic Algorithm; 

Bat Algorithm; Forecast uncertainty. 
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القرار والقطاعات الصناعية،   :المستخلص  بالغ الأهمية للمستثمرين وصناّع  بأسعار الفضة أمرًا  الدقيق  التنبؤ  يعُد 

للدور المزدوج الذي تؤديه الفضة كأصل استثماري ومدخل صناعي. وتتسم أسعار الفضة بدرجة عالية من  نظرًا 

اللاخطية والتقلب والتغيرات الهيكلية، مما يحد من كفاءة النماذج الخطية التقليدية في التنبؤ قصير الأجل. تهدف هذه 

( الدعم  متجهات  باستخدام  الانحدار  على  يعتمد  هجين  تنبؤي  إطار  تطوير  إلى  خوارزميتين  SVRالدراسة  مع   )

(، لتحسين اختيار BAT( وخوارزمية الخفاش )GAتحسينيتين مستوحيتين من الطبيعة، هما الخوارزمية الجينية )

( الفضة  اليومية لأسعار  البيانات  استخدام  تم  التنبؤية.  الدقة  وتعزيز  للفترة من  XAG/USDالمعلمات  فبراير   ١( 

باستخدام ٢0٢6فبراير    ١إلى    ٢0٢5 الأداء  تقييم  جرى  الزمنية.  الإبطاءات  على  قائم  إشرافي  نموذج  بناء  مع   ،

(،  MSEتصميم اختبار خلفي واقعي لمدة شهر واحد، وبالاعتماد على مقاييس متعددة تشمل متوسط مربع الخطأ ) 

( الخطأ  لمتوسط مربع  التربيعي  )RMSEوالجذر  للمعلومات  وبايزي  أكايك  ومعياري   ،)AIC  وBIC  أظهرت  .)

بـ مقارنةً  المُحسّنة  للنماذج  واضحًا  تفوقاً  نموذج    SVRالنتائج  وأفضل    GA-SVRالتقليدي، حيث حقق  دقة  أعلى 

ثقة   فواصل  باستخدام  اليقين  عدم  تقدير  تم  كما  النموذج.  وتعقيد  الملاءمة  جودة  بين  الإقلاع    %95توازن  بأسلوب 

(Bootstrapوأكد اختبار ديكي ،)–  فولر المعزز استقرارية المتبقيات. تؤكد النتائج فاعلية النماذج الهجينة في التنبؤ

 قصير الأجل بأسعار الفضة في بيئات سوقية متقلبة. 

المفتاحية:  خوارزمية    الكلمات  الجينية؛  الخوارزمية  الدعم؛  متجهات  باستخدام  الانحدار  الفضة؛  بأسعار  التنبؤ 

 الخفاش؛ عدم اليقين التنبؤي.
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Introduction 

Silver as an investment Silver, like other precious metals, may be used as an investment. Its 

spreads, 

currency translation effects, industrial demand, pure speculation and geopolitical noise. 

dependence on More 

forcast based on linear time series models face serious problems. There is 

recently, the 

complexity of global commodity markets has amplified the need for accurate and 

market 

environments. Economists have adopted classic econometric models such as the ARIMA 

(AutoRegressive Integrated Moving Average) and the GARCH (Generalized Autoregressive 

Conditional Heteroskedasticity), which they consider to be fundamentally proper, although they 

could possibly overlook these nonlinear/nonstationary patterns that are presented in most precious 

metal price series (Tsay 2010). To cope with these limitations, machine learning techniques have 

been widely used in predicting commodity prices. Among them, Support Vector Regression 

(SVR)—with a strong theoretical foundation in statistical learning theory and the property of 

balancing between model complexity and generalization—is especially attractive. The machine 

learning algorithm for example SVR model has been successfully applied to different financial 

prediction problems including commodity price, exchange rate and stock index predication (Hsu, 

Hsieh & Chen, 2016). By its kernel-based strategy, it is flexible for modeling complex non-linear 

relationships and without parametric assumption of the form of these relationships. 

Nevertheless, SQ model has the disadvantages as follows: like traditional SVR [ 28 ], it is also 

sensitive to the choices of hyper-parameters which contain ρ :the regularization parameter: σ: the 

kernel width and tolerance of loss function. Choosing wrong parameter might run risk of bad 

prediction or over-modeling. Consequently, a few recent works have investigated the integration of 

SVR with intelligent optimization algorithms to assist in the automatic selection of proper settings 

for its parameters. In this respect, bio-inspired metaheuristic computational techniques are more 

efficient than gradient-based ones due to the fact that they are a kind of flexible and global trial 

input optimization search process (Boussaïd et al., 2013). Furthermore, hybrid prediction models 
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 integrating SVR with genetic or swarm intelligence algorithms have been proved effective in 

financial and economic domains. For example, optimized SVR models are observed to be more 

accurate and reliable in the presence of noisy and non-linear financial data (Kumar & Thenmozhi, 

2021) compared with separate machine learning methods. This type of hybrid approaches are of 

particular interest for commodity market, where price dynamics are determined by heterogeneous 

agents interacting with one another and fast transmission of information. 
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represented as: 

             𝑓(𝑥) = [𝑤, 𝜙(𝑥)] + 𝑏                                                                                                 (1) 

where: 

w is the weight vector that determines the importance of each feature. 
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 ϕ(x) is a kernel function that maps the input features into a higher-dimensional space to facilitate 

the modeling of complex relationships. 

b is the bias term that adjusts the function output. 

A. Loss Function 

SVR employs the ϵ-insensitive loss function, defined as: 

𝐿ϵ (𝑦𝑖, 𝑓(𝑥𝑖)) = {
0                                            if |𝑦𝑖 − 𝑓(𝑥𝑖)| ≤  ϵ     
|𝑦𝑖 − 𝑓(𝑥𝑖)| −  ϵ                    𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒              

                            (2) 
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Table (2): Backtest performance metrics for SVR, GA-SVR, and BAT-SVR 

Model MSE RMSE AIC BIC 

SVR 1651.98 40.6446 228.2919 232.4955 

GA-SVR 46.2198 6.7985 121.0022 125.2058 

BAT-SVR 82.1689 9.0647 138.2633 142.4669 
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