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Abstract. The increasing digitization of financial markets and the rise of 
Web3 trading pairs have significantly impacted asset trading, introducing new chal-
lenges in price volatility forecasting. Traditional risk management strategies often fail 
to adapt to the unpredictable nature of cryptocurrency markets. This study explores 
the application of advanced machine learning models for forecasting price volatility 
in cryptocurrency trading pairs. We compare the performance of Temporal Fusion 
Transformer (TFT), Temporal Convolutional Network (TCN), XGBoost, Random 
Forest, and a hybrid CNN-LSTM model. Our findings indicate that TFT and CNN-
LSTM hybrid models outperform traditional recurrent neural networks in capturing 
complex market dynamics, enhancing risk management strategies in high-frequency 
cryptocurrency trading.

Keywords: price volatility, machine learning, cryptocurrency, risk manage-
ment, deep learning, temporal models, Web3
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Аннотация. Қаржы нарықтарының цифрландырылуының артуы және 
Web3 сауда жұптарының көбеюі активтер саудасына елеулі әсер етіп, баға 
құбылмалылығын болжауда жаңа қиындықтар туғызуда. Дәстүрлі тәуекелдерді 
басқару стратегиялары криптовалюта нарықтарының болжанбайтын 
табиғатына бейімделе алмай жатады. Бұл зерттеу криптовалюта сауда 
жұптарында баға құбылмалылығын болжау үшін озық машиналық оқыту 
модельдерін қолдануды қарастырады. Біз Temporal Fusion Transformer (TFT), 
Temporal Convolutional Network (TCN), XGBoost, Random Forest және CNN-
LSTM гибридті модельдерінің тиімділігін салыстырамыз. Зерттеу нәтижелері 
TFT және CNN-LSTM гибридті модельдерінің күрделі нарықтық динамиканы 
түсінуде дәстүрлі рекуррентті нейрондық желілерден басым түсетінін көрсетеді, 
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бұл криптовалютаның жоғары жиілікті саудасында тәуекелдерді басқару 
стратегияларын жақсартуға көмектеседі.

Түйін сөздер: Баға құбылмалылығы, Машиналық оқыту, Криптовалюта, 
Тәуекелдерді басқару, Терең оқыту, Уақыттық модельдер, Web3
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Аннотация. Увеличение цифровизации финансовых рынков и рост 
торговых пар Web3 существенно повлияли на торговлю активами, создавая но-
вые вызовы в прогнозировании волатильности цен. Традиционные стратегии 
управления рисками зачастую не справляются с непредсказуемой природой 
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криптовалютных рынков. В данном исследовании рассматривается примене-
ние передовых моделей машинного обучения для прогнозирования волатиль-
ности цен в криптовалютных торговых парах. Мы сравниваем эффективность 
моделей Temporal Fusion Transformer (TFT), Temporal Convolutional Network 
(TCN), XGBoost, Random Forest и гибридной модели CNN-LSTM. Наши 
результаты показывают, что модели TFT и гибридная CNN-LSTM превосходят 
традиционные рекуррентные нейронные сети в улавливании сложных 
рыночных динамик, способствуя улучшению стратегий управления рисками в 
высокочастотной торговле криптовалютами.

Ключевые слова: волатильность цен, машинное обучение, 
криптовалюта, управление рисками, глубокое обучение, временные модели, 
Web3
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Introduction
Cryptocurrency markets have experienced substantial growth over the past 

decade, attracting investors and traders worldwide. Unlike traditional financial assets, 
cryptocurrencies exhibit high volatility due to their decentralized nature, speculative 
trading behavior, and susceptibility to global economic events (Vaswani et al., 2017; 
Hochreiter & Schmidhuber, 1997). Managing price fluctuations efficiently is crucial 
for traders to minimize risks and maximize returns. Various statistical and econo-
metric models have been applied to forecast market volatility; however, they often 
struggle to capture the nonlinear dependencies of crypto market data (Bai et al., 2018; 
Friedman, 2001).

Machine learning (ML) techniques, especially deep learning models, have 
emerged as promising tools for predicting financial time-series data (Breiman, 2001; 
Lim et al., 2021). Recurrent neural networks (RNNs) such as Long Short-Term Mem-
ory (LSTM) and Gated Recurrent Units (GRU) have demonstrated effectiveness in 
analyzing sequential data but still face limitations in long-range dependencies. More 
recently, transformer-based models, such as the Temporal Fusion Transformer (TFT), 
and convolutional architectures, such as the Temporal Convolutional Network (TCN), 
have shown superior predictive performance (Kingma & Welling, 2013). The primary 
goal of this research is to evaluate and compare these modern ML models to improve 
volatility forecasting and trading decision-making.
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Methodology
	This study utilizes historical cryptocurrency market data to train and eval-

uate five machine learning models. The dataset spans eight years (2013–2021) and 
consists of daily price data for the top 10 cryptocurrencies by market capitalization. 
The data preprocessing involved multiple steps, including data cleaning, normaliza-
tion, and feature extraction. Missing values were handled using linear interpolation, 
and features were standardized using min-max scaling to ensure numerical stabili-
ty. Additional derived features such as moving averages, price momentum indica-
tors, and market sentiment scores were integrated to enhance model performance. 
	 The dataset was split into training (2013–2019) and testing (2020–2021) sub-
sets, ensuring that the models learned from past data and generalized well to unseen 
market conditions. To further evaluate robustness, a k-fold cross-validation technique 
was applied, dividing the training data into multiple folds for iterative learning and 
validation.

The following models were implemented:
Temporal Fusion Transformer (TFT)
The TFT model integrates multi-horizon forecasting with attention mechanisms 

to capture complex temporal dependencies. The model is defined as:

	    	       	                   (1)

Where, are learned weights,  are input features, is the residual error.
TFT dynamically selects relevant inputs at each time step, allowing better 

handling of non-stationary data. The self-attention mechanism enables it to focus 
on significant market trends, improving interpretability and adaptability to changing 
patterns.

Temporal Convolutional Network (TCN)
TCN employs dilated causal convolutions to model sequential dependencies 

effectively:

		                         	                 (2)

Where, W represents the convolutional kernel,  are input features, and  is 
the hidden state.

Unlike traditional RNN-based models, TCN utilizes convolutional layers 
to process sequences in parallel, enhancing computational efficiency and reducing 
training time. This makes TCN particularly suitable for processing large-scale 
financial datasets while maintaining accuracy in long-term dependencies.

XGBoost
XGBoost is an optimized gradient boosting algorithm commonly used in 

time-series forecasting:
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, 	               	  (3)

where  represents decision trees.
XGBoost employs regularization techniques to prevent overfitting and 

improves model interpretability by evaluating feature importance. Its ability to handle 
missing values efficiently and provide high-speed training makes it a preferred choice 
for structured financial data analysis.

Random Forest
Random Forest is an ensemble learning method using multiple decision trees 

for classification:

 	                       		                         (4)

Where,  are individual trees. By aggregating multiple decision trees, 
Random Forest enhances predictive accuracy and reduces variance, making it a robust 
choice for time-series forecasting

CNN-LSTM Hybrid
The CNN-LSTM hybrid model combines convolutional feature extraction 

with sequential modeling:

			                         (5)

Where, represents CNN filters.
The convolutional layers capture local dependencies, while the LSTM 

layers model long-term dependencies, providing a powerful hybrid framework for 
forecasting cryptocurrency price volatility.

Performance Evaluation Models
To evaluate the performance of the models, the following error metrics were 

used:
Mean Absolute Error (MAE):

                                                 (6)

where,  is the actual value  is the predicted value, and  is the number of 
observations.

Mean Squared Error (MSE):
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                                              (7)

which penalizes larger errors more significantly than MAE.
Root Mean Squared Error (RMSE):

                                                                (8)

which provides an interpretable scale for error magnitude. 
Results and discussion
We evaluate model performance based on Test Loss, 

AUC-ROC Score, and Volatility Classification Accuracy. The re-
sults of our experiments are summarized in the table below. 
	 The Test Loss metric quantifies the discrepancy between predicted and actual 
volatility values, with lower values indicating a better fit. The AUC-ROC Score (Area 
Under the Receiver Operating Characteristic Curve) measures the model’s ability to 
distinguish between high and low volatility instances, with values closer to 1 repre-
senting better classification performance. The Volatility Classification Accuracy as-
sesses how effectively a model correctly classifies high-volatility and low-volatility 
periods.

The experimental results revealed significant differences in model perfor-
mance. TFT exhibited the best overall accuracy and lowest test loss, confirming the 
strength of transformer-based architectures in capturing complex temporal dependen-
cies.

The CNN-LSTM hybrid model also performed well, leveraging convolution-
al layers for feature extraction and LSTM units for sequential modeling. XGBoost 
and Random Forest demonstrated solid interpretability but struggled to capture lon-
ger-term dependencies effectively. Meanwhile, TCN showed promising results with 
parallel processing capabilities, though it performed slightly below TFT in terms of 
classification accuracy. The detailed performance comparison is shown in Table 1. 

The results indicate that TFT and CNN-LSTM hybrid models outperform the 
other models in terms of accuracy and predictive performance. The transformer-based 
approach effectively captures sequential dependencies in the data, while the CNN-
LSTM hybrid model leverages convolutional layers to extract important fe tures be-
fore feeding them into LSTM units. 

TFT demonstrated the lowest test loss (0.00478), the highest AUC-ROC score 
(0.72), and the highest classification accuracy (81.3 %). This suggests that transform-
er-based models offer superior capabilities in analyzing volatile market trends com-
pared to traditional deep learning models.
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Table 1: Model Performance Comparison
Model Test Loss AUC-ROC Score Accuracy (%)
TFT 0.00478 0.72 81.3
TCN 0.00512 0.69 78.5
XGBoost 0.00589 0.64 75.1
Random Forest 0.00622 0.61 72.8
CNN-LSTM 0.00492 0.71 80.5

Confusion Matrix 
The confusion matrix for the Temporal Fusion Transformer (TFT) model illus-

trates the number of correctly and incorrectly classified instances of price volatility. 
The matrix shows that TFT correctly classified a significant portion of highly volatile 
periods while maintaining low false positive and false negative rates. This indicates 
that TFT is effective in distinguishing between stable and volatile periods, making 
it a valuable tool for traders looking to manage risks based on predictive modeling. 
	 A closer examination of the confusion matrix shows that TFT has higher re-
call in detecting high-volatility periods, which is particularly important for traders 
seeking early signals of market instability. The model’s balanced precision and recall 
values indicate that it does not overly favor either class, ensuring a reliable classifica-
tion across different market conditions. Compared to other models, TFT demonstrates 
a superior ability to minimize misclassification errors, reinforcing its suitability for 
volatility forecasting in cryptocurrency trading.

Fig.1. Confusion Matrix - TFT
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The confusion matrix for TFT shows the classification performance in terms 
of correctly identified volatile and non-volatile cases. It demonstrates how well the 
model distinguishes between true positive and false positive predictions.

Fig. 2. Confusion Matrix - TCN

The confusion matrix for TCN shows the classification performance in terms 
of correctly identified volatile and non-volatile cases. It demonstrates how well the 
model distinguishes between true positive and false positive predictions.

Fig. 3. Confusion Matrix - XGBoost
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The confusion matrix for XGBoost shows the classification performance in 
terms of correctly identified volatile and non-volatile cases. It demonstrates how well 
the model distinguishes between true positive and false positive predictions.

Fig. 4. Confusion Matrix - Random Forest
The confusion matrix for Random Forest shows the classification performance 

in terms of correctly identified volatile and non-volatile cases. It demonstrates how 
well the model distinguishes between true positive and false positive predictions.

Fig. 5. Confusion Matrix - CNN-LSTM



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2025. Vol. 6. Іs. 2

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License 140

The confusion matrix for CNN-LSTM shows the classification performance 
in terms of correctly identified volatile and non-volatile cases. It demonstrates how 
well the model distinguishes between true positive and false positive predictions.

AUC-ROC Curve Comparison

Fig. 6. AUC-ROC Curve Comparison

The AUC-ROC curve illustrates the trade-off between sensitivity and specific-
ity for different models. A higher AUC score indicates better discriminatory ability in 
distinguishing between volatile and non-volatile periods. Among the evaluated mod-
els, TFT and CNN-LSTM achieve the highest AUC scores, making them superior for 
this task.

Conclusion
This study has demonstrated the potential of advanced machine learning mod-

els in forecasting price volatility in cryptocurrency markets. Among the tested mod-
els, the Temporal Fusion Transformer (TFT) and CNN-LSTM hybrid models deliv-
ered the most accurate predictions, outperforming traditional approaches. The results 
indicate that these models can provide traders with reliable tools to anticipate market 
fluctuations and mitigate risks.

The key insights from this research highlight the importance of advanced se-
quence modeling techniques in financial market analysis. While TFT and CNN-LSTM 
were the top performers, the study also underscores the utility of ensemble learning 
methods like XGBoost and Random Forest for interpretable financial modeling.

Future research should explore additional hybrid architectures and incorpo-
rate alternative market indicators, such as investor sentiment and on-chain analytics, 
to further improve predictive accuracy. Additionally, expanding the dataset to include 
lower liquidity tokens and more granular timeframes could further improve the gen-
eralizability of the models. Integrating explainable AI techniques may also enhance 
interpretability, allowing traders to understand the rationale behind predictions and 
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trust the system for automated decision-making.
Overall, this research contributes to the growing body of work on AI-driven 

financial forecasting, offering practical insights for traders, risk analysts, and algorith-
mic trading developers in the evolving digital asset market.
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