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Abstract:

This study aimed to design and validate a novel investment model that integrates Japanese candlestick patterns with fuzzy
logic to enhance stock market trend prediction and manage uncertainty in financial data. This applied and developmental
research utilized historical stock market data, including open, close, high, and low prices over sequential trading periods. Data
were transformed into candlestick representations, and features such as the Relative Strength Index (RSl), divergences, and
failure swings were extracted. Fuzzy sets and membership functions were defined to formulate if—then rules, while five-day
clustering was applied to structure time series. A fuzzy information retrieval mechanism using the TF—IDF index ranked
candlestick patterns and matched future market trends. The final model was implemented in Python and compared against
traditional forecasting approaches. Results demonstrated that the proposed model outperformed conventional methods in
predicting future market trends, improving performance indicators such as risk-adjusted return and ROI. The novel
aggregation operator and fuzzy rule-based structure effectively managed noisy and heterogeneous data, leading to more
stable predictions under volatile market conditions. Among candlestick patterns, Hammer and Doji showed the strongest
predictive power for trend reversals. Integrating fuzzy logic with Japanese candlestick analysis provides a robust and adaptive
framework for time series financial modeling and investment decision-making. The proposed approach can supportintelligent
algorithmic trading systems, enhance investor decision quality, and strengthen risk management in dynamic stock markets.
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Extended Abstract

Introduction

Investment is a central driver of economic growth and wealth creation, providing the foundation for production and
sustainable development (Raei & Talangi, 2024). Financial markets, particularly stock exchanges, are essential platforms for
channeling capital efficiently, yet their volatile and dynamic nature introduces considerable uncertainty for investors
(Ramzani, 2020). Traditional decision-making tools based solely on fundamental indicators are often insufficient for
addressing the complexity and rapid shifts in stock markets (Jafari, 2016). To overcome this limitation, technical analysis and
quantitative modeling have gained prominence, with Japanese candlestick patterns emerging as a powerful visual and
analytical method to interpret price behavior and market sentiment (Kamo & Dagli, 2017; Lee & Jo, 2021). Patterns such as
Doji, Hammer, and Engulfing provide early signals of potential price reversals and shifts in investor behavior (Sadeghi et al.,
2021). However, relying exclusively on candlestick signals may lead to inaccurate predictions due to the inherent noise and
ambiguity of financial data (Zhou & Dong, 2021).

Fuzzy logic offers a robust approach to handling uncertainty and imprecision in complex, real-world datasets (Naranjo et
al.,, 2022; Zhang et al., 2022). By transforming vague and linguistic information into structured quantitative models, fuzzy
systems can enhance the interpretability and predictive power of technical indicators (Zhou & Dong, 2021). Several studies
have successfully combined fuzzy logic with candlestick analysis, demonstrating improvements in trend forecasting and risk
reduction (Madbouly et al., 2020; Sadeghi et al., 2021). At the same time, classical investment theories such as Markowitz’s
portfolio optimization remain foundational but require adaptation to today’s highly uncertain and data-rich markets (Balqis
et al., 2021; Leung et al., 2022). Recent efforts have aimed to merge these well-established frameworks with modern data-
driven techniques to increase decision reliability and performance (Melina, 2024; Ye, 2024).

Furthermore, the rapid evolution of machine learning and information retrieval methods has introduced new
opportunities to model financial time series more effectively (Melina, 2024; Zhang et al., 2022). Tools such as TF—IDF,
originally designed for ranking text data, have been adapted to classify and prioritize market patterns, allowing improved
recognition of predictive signals (Naranjo et al., 2022). In parallel, the diversification of assets—from traditional stocks to
digital instruments such as cryptocurrencies and NFTs—demands flexible and adaptive investment models (Viéitez et al.,
2024; Wieprow, 2025). Combining classical theories with advanced analytics provides investors with tools capable of
managing risk, identifying robust entry and exit points, and navigating markets characterized by volatility and incomplete
information (Kumar & Ravi, 2022; Tang et al., 2024).

This study addresses these gaps by proposing and validating a comprehensive investment modeling framework that
integrates Japanese candlestick patterns with fuzzy logic. The approach leverages the interpretive strength of candlestick
analysis, the uncertainty-handling capability of fuzzy sets, and innovative aggregation and information retrieval mechanisms.
Building on advances in both financial theory and data-driven modeling (Balgis et al., 2021; Naranjo et al., 2022; Raei &
Talangi, 2024), this research aims to create a reliable and practical tool for trend prediction and decision-making in volatile
and emerging stock markets.

Methods and Materials

This applied and developmental study utilized historical stock market data consisting of open, close, high, and low prices

across sequential trading sessions. Data preprocessing involved transforming raw price information into Japanese candlestick
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representations and extracting technical indicators such as the Relative Strength Index (RSI), divergence, and failure swing
signals. Fuzzy sets and membership functions were defined for key candlestick attributes including body length, upper and
lower shadows, price gaps, and trend direction.

A five-day clustering strategy was employed to capture temporal dependencies and pattern evolution. Fuzzy if-then rules
were formulated to categorize and interpret candlestick sequences such as Doji, Hammer, and Engulfing. An innovative fuzzy
information retrieval system, based on the TF—IDF weighting scheme, was implemented to rank the predictive strength of
identified clusters and match them to potential future market trends. A novel aggregation operator was introduced to
integrate multiple fuzzy indicators, enhance stability, and reduce sensitivity to market noise.

The entire modeling pipeline was implemented in Python, allowing scalable data processing and model evaluation. Model
performance was compared against traditional forecasting methods and baseline technical analysis approaches using key
performance metrics such as return on investment (ROI) and risk-adjusted returns (e.g., Sharpe ratio).

Findings

The empirical results confirmed that integrating fuzzy logic with candlestick analysis significantly improved the predictive
accuracy of stock market trend forecasts. The proposed model demonstrated superior performance compared to
conventional statistical and purely technical analysis methods, particularly in volatile conditions where noise and uncertainty
are prevalent. The innovative aggregation operator effectively reduced the impact of erratic price fluctuations and data
irregularities, resulting in more stable and consistent predictions.

Among the examined candlestick patterns, Hammer exhibited the strongest predictive power for trend reversals, followed
closely by Doji and Engulfing. Incorporating RSI enhanced the model’s ability to detect overbought and oversold market
conditions, providing valuable confirmation signals for trend shifts. The five-day clustering approach proved advantageous
for capturing medium-term patterns, moving beyond the short-term focus typical of previous single-day forecasting models.

Performance evaluation revealed a clear improvement in key financial indicators. The fuzzy candlestick model achieved
higher ROl and better risk-adjusted returns compared to standard technical trading strategies. It also showed resilience under
different market scenarios, including periods of price consolidation and sharp volatility, where many traditional models tend
to degrade. The system’s ability to balance both quantitative and qualitative aspects of time series data contributed to its
overall robustness and adaptability.

Discussion and Conclusion

The findings highlight the significant benefits of combining fuzzy logic with Japanese candlestick patterns for investment
modeling. By capturing uncertainty and linguistic nuances inherent in financial data, the fuzzy system improved
interpretability and predictive stability, addressing limitations of traditional statistical inference and purely computational
approaches. Unlike models that assume data independence or normality, this framework explicitly considered temporal
dependencies and market sentiment, leading to stronger and more actionable trading signals.

Another major contribution of this study is the introduction of a novel aggregation operator and fuzzy information retrieval
method for ranking candlestick clusters. This advancement expands the predictive horizon from short-term to medium-term
trends, offering investors and portfolio managers a more strategic perspective. While earlier studies successfully applied fuzzy
logic to individual candlestick recognition (Kamo & Dagli, 2017; Sadeghi et al., 2021), the present model advances the field by

incorporating sequential clustering and TF—IDF ranking to extract the most relevant and powerful patterns.
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The alignment of this work with established portfolio management frameworks underscores its theoretical and practical
value. Integrating risk optimization concepts inspired by Markowitz theory (Balgis et al., 2021; Leung et al., 2022; Ye, 2024)
with advanced fuzzy analytics creates a balanced system capable of both controlling downside risk and seizing profitable
opportunities in uncertain environments. Moreover, testing the model on Tehran Stock Exchange data shows its adaptability
to emerging markets where information asymmetry and high volatility challenge classical models (Raei & Talangi, 2024;
Ramzani, 2020).

Beyond its immediate application to stock markets, the flexible architecture of this fuzzy candlestick system suggests
potential for broader use in other asset classes. With the growing importance of cryptocurrencies and digital assets, similar
modeling strategies could help investors navigate these highly volatile markets (Viéitez et al., 2024; Wieprow, 2025).
Furthermore, the methodology is extensible to alternative data sources, including sentiment analysis and macroeconomic
indicators, which could further enhance predictive depth and decision support.

In conclusion, this research bridges a critical gap between classical investment theory and modern computational
intelligence by presenting a robust, adaptive, and interpretable modeling framework. The integration of fuzzy logic and
candlestick analysis enhances both predictive accuracy and practical decision-making capabilities in dynamic markets. By
addressing uncertainty and combining multi-layered information, the proposed model offers a valuable foundation for
developing intelligent trading systems, supporting informed portfolio strategies, and promoting more stable investment

outcomes in an era of complex and fast-changing financial environments.
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