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Abstract

This study addresses the limitations of conventional stock price modeling in capturing
the multi-dimensional complexities of financial markets by integrating fractal theory
and game theory into a unified energy-space-time framework. Traditional approaches
often fail to account for the chaotic dynamics of stock prices due to their static
assumptions about market behavior, whereas this research emphasizes the interplay of
capital flow dynamics (energy), structural patterns (space), and cyclical trends (time)
across multiple scales. By leveraging Yang-Zhang volatility estimation and multi-fractal
recursion, we construct a novel energy index to quantify multi-party capital competition
and identify critical inflection points in market sentiment. Empirical analysis of
benchmark stocks-such as CATL (new energy), Kweichow Moutai (consumer staples),
SMIC (semiconductors), and CMB (financials)-demonstrates that sector-specific
volatility profiles align with industry attributes (e.g., "high fluctuation-strong trend" in
tech vs. "low volatility-slow recovery" in consumer sectors). The proposed framework
further integrates deviation metrics (DVI) and risk controls (e.g., 20% stop-loss, 30%
profit-taking) to generate actionable trading signals, achieving annualized returns
exceeding 23% in select cases while maintaining Sharpe ratios >1.2. Philosophically, this
work bridges Eastern strategic thinking (The Great Learning’s "knowing-practicing”
continuum) with Western quantitative rigor, offering a paradigm for systemic risk
management and long-term value creation in turbulent markets.
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1. Introduction

Financial markets are inherently complex systems characterized by nonlinear dynamics,
chaotic price movements, and the collective behavior of heterogeneous agents. Traditional
modeling approaches, which rely heavily on linear regression, historical averages, or simplistic
technical indicators, often fail to capture the multi-dimensional nature of stock price
fluctuations. These methods struggle to account for the interplay of capital flow dynamics,
structural market shifts, and cyclical trends-a shortcoming that becomes particularly evident
during periods of extreme volatility or regime change. Recent advancements in fractal
geometry and game theory offer promising avenues for addressing these limitations by
providing tools to analyze self-similar patterns in price series and model strategic interactions
among market participants [1].

This study introduces an integrated energy-space-time framework for stock market analysis,
combining insights from fractal theory and game theory to address the critical challenge of

41



Frontiers in Economics and Management Volume 6 Issue 8, 2025
ISSN: 2692-7608 DOI: 10.6981/FEM.202508_6(8).0005

quantifying multi-party capital competition and identifying trend-reversal signals. The core
innovation lies in decomposing stock price movements into three interconnected dimensions:

1) energy (volatility and directional intensity of capital flows).
2) space (spatial distribution of prices relative to multi-period moving averages).
3) time (cyclical patterns across daily, weekly, and monthly horizons).

By leveraging Yang-Zhang volatility estimation and multi-fractal recursion, we construct a
novel energy index to quantify the intensity of bullish/bearish struggles and pinpoint critical
inflection points in market sentiment.

Empirical analysis focuses on four representative stocks-CATL (new energy), Kweichow Moutai
(consumer staples), SMIC (semiconductors), and CMB (financials)-spanning diverse industries
and market behaviors. Results reveal distinct sectoral patterns: high-volatility sectors (e.g.,
technology) exhibit "strong-trend, high-amplitude" fluctuations, while low-volatility sectors
(e.g., consumer staples) follow "slow-recovery, range-bound" trajectories. The framework
further integrates a deviation metrics system (DVI) and risk controls (e.g., 20% stop-loss, 30%
profit-taking) to generate actionable trading signals. Backtesting demonstrates that this
approach achieves annualized returns exceeding 23% in select cases while maintaining Sharpe
ratios >1.2, outperforming passive holding strategies [2].

Philosophically, this work bridges Eastern strategic thinking (The Great Learning’s "knowing-
practicing” continuum) with Western quantitative rigor, offering a paradigm for systemic risk
management and long-term value creation in turbulent markets. The remainder of this paper
is structured as follows: Section 2 reviews relevant literature on fractal applications and game-
theoretic models in finance; Section 3 details the methodology, including energy index
construction and multi-fractal recursion; Section 4 presents empirical results and validation;
and Section 5 discusses philosophical implications and extensions.

2. Literature Review

2.1. Fractal Theory in Financial Markets

Fractal geometry has emerged as a paradigm-shifting tool for analyzing financial markets
characterized by scale-invariant patterns and nonlinear dynamics. Mandelbrot’s foundational
work challenged the Efficient Market Hypothesis (EMH) by revealing persistent
autocorrelations in cotton prices, debunking the notion of purely random walks. Peters later
extended fractal analysis to financial time series, arguing that markets exhibit fractal scaling in
volatility clusters and price movements. Recent advancements in multifractal analysis have
enabled researchers to quantify hierarchical scaling behaviors in financial data. For instance
[3], Yang-Zhang volatility estimation and multi-fractal recursion techniques have been widely
applied to model intraday volatility and identify regime shifts. However, existing studies often
focus on single-asset fractal features, neglecting cross-asset interactions and strategic
behaviors of market participants.

2.2. Game Theory in Market Microstructure

Game theory provides a robust framework for modeling strategic interactions among
heterogeneous market agents. Classical models like Grossman-Stiglitz and Kyle highlight
information asymmetry and price discovery mechanisms, but assume rational actors with static
preferences. Behavioral game theory and evolutionary game frameworks have since
incorporated bounded rationality and adaptive learning, better reflecting real-world investor
psychology [4]. In recent years, agent-based computational economics (ACE) models have
simulated strategic trading behaviors in complex market environments. Notable applications
include momentum-driven herding effects and adversarial interactions between institutional
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investors. However, these studies typically isolate micro-level interactions, lacking integration
with macroscopic market structures and temporal dynamics [5].

2.3. Integration of Fractal and Game-Theoretic Approaches

Recent interdisciplinary efforts have explored synergies between fractal geometry and game
theory. Zhou proposed a fractal-game hybrid model to predict bubble bursts by linking investor
sentiment cycles with price deviations. Similarly, Li combined multi-fractal detrended
fluctuation analysis (MF-DFA) with Stackelberg games to optimize portfolio allocations.
However, these works often prioritize theoretical elegance over practical scalability, failing to
bridge the gap between microscopic agent behaviors and mesoscopic/macroscopic market
phenomena. Moreover, few studies have operationalized fractal-game frameworks for real-
time trading signal generation or risk management [6].

2.4. Limitations of Existing Models

Current literature exhibits three critical gaps:

1) Dimensional Fragmentation: Most models isolate volatility (energy), structural patterns
(space), or cyclical trends (time), neglecting their interdependencies.

2) Static Assumptions: Conventional frameworks assume equilibrium states or linear feedback
loops, underestimating chaotic dynamics and adaptive agent strategies.

3) Sectoral Blindness: Cross-industry variations in volatility regimes (e.g., tech vs. utilities) are
rarely accounted for in multi-asset analyses.

2.5. Theoretical Gap Addressed by This Study

This paper bridges the above gaps by proposing a unified energy-space-time framework that
synergizes fractal recursion (for multi-scale pattern detection) with evolutionary game theory
(for capital flow competition). By operationalizing Yang-Zhang volatility and DVI metrics, the
model captures the triadic dynamics of energy (volatility), space (price alignment), and time
(cyclical trends), enabling sector-specific strategy optimization [7].

3. Methodology

This study employs a hybrid quantitative-qualitative methodology to construct and validate the
energy-space-time framework for stock market analysis. The approach integrates fractal
decomposition, game-theoretic modeling, and machine learning techniques to analyze multi-
dimensional market dynamics. Below is a step-by-step outline of the methodology:

3.1. Energy Index Construction
We quantify capital flow dynamics (energy) using a modified Yang-Zhang volatility estimator:

1 _ 1 —
0= [EEM, Gi— PPk 2T R+ 251 Riless) ()

where 7; denotes intraday returns, h;represents half-day ranges, and k adjusts for overnight
jumps. This metric captures both realized volatility and trend strength.

To identify multi-party capital competition, we apply multi-fractal recursion to decompose
price series into hierarchical scaling layers. This technique reveals self-similar patterns across
multiple timescales, enabling the detection of inflection points where bullish /bearish pressures
reach critical thresholds [8].
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3.2. Space-Time Dimension Analysis

Spatial alignment is measured via z-score normalization of prices relative to multi-period
moving averages (5-day, 20-day, 60-day):

z, = 2H (2)

(o2

where p and o are the mean and standard deviation of the moving average window. This
normalization contextualizes price movements within historical volatility regimes.

Temporal cyclicity is extracted using wavelet transform coherence to identify phase-aligned
cycles across daily, weekly, and monthly horizons. This method disentangles cyclical trends
from noise, enhancing the model’s sensitivity to regime shifts [9].

3.3. Framework Integration

The energy-space-time framework synthesizes these components into a unified model:
® Energy (Volatility): Monitors short-term fluctuations via Yang-Zhang volatility.

® Space (Structural Alignment): Tracks price positioning relative to moving averages.

® Time (Cyclical Trends): Analyzes multi-scale cycles using wavelet transforms.

Together, these dimensions form a tripartite lens for detecting systemic imbalances in market
dynamics.

3.4. Trading Signal Generation

Signals are generated through a deviation metrics system (DVI):

DVli=a-Ac+f-Z; +vy - cos(wt) (3)

where «a, 8, y are weights calibrated via genetic algorithms to optimize signal accuracy, and
w represents dominant cycle frequencies. Risk controls (e.g., 20% stop-loss, 30% profit-taking)
are embedded into the decision tree to manage downside exposure.

3.5. Empirical Validation

We test the framework on four stocks (CATL, Kweichow Moutai, SMIC, CMB) from 2018-2024,
using daily OHLCV data. Performance metrics include [10]:

® Annualized Returns: Compounded returns adjusted for compounding frequency.

® Sharpe Ratios: Risk-adjusted returns calculated as it §

Or

® Maximum Drawdown: Peak-to-trough decline during the backtesting period.

Sector-specific volatility regimes are validated against industry benchmarks (e.g., tech vs.
utilities) to ensure generalizability.

4. Results & Discussion

Our empirical analysis demonstrates that the energy-space-time framework effectively
captures sector-specific volatility patterns, identifies critical market inflection points, and
generates robust trading signals. By integrating fractal geometry and game theory, this
approach outperforms traditional models in both predictive accuracy and risk management.
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4.1. Sectoral Volatility Dynamics

Distinct volatility regimes emerged across industries, as evidenced by Yang-Zhang volatility
measurements in Fig. 1. CATL (new energy) and SMIC (semiconductors) exhibited high-
amplitude volatility (>8%) during trend phases, where cumulative energy peaks aligned
precisely with price extremes. This reflects intense capital competition in innovation-driven
sectors. Conversely, Kweichow Moutai (consumer staples) and CMB (financials) maintained
low-volatility resilience (x3%), with energy accumulation lagging price recoveries by 10-15
days, indicating gradual institutional repositioning. These patterns validate our hypothesis that
industry fundamentals shape volatility structures [11].

Volatility Analysis of SMIC
0.04

0.02

B T I AW L SR Y

g ooof WWM
E
o
s
-0.02
-0.04} Daily Return of SMIC
—— 20-Day Rolling Standard Deviation
—— Monthly Average
2018-01 2018-05 2018-09 2019-01 2019-05 2019-09 2020-01 2020-05 2020-09
Date
(a)
Volatility Analysis of Kweichow Moutai
0.03r
0.02
0.01f M N N W Y L IF AV A e 2RIk A P L
2
T 0.00fF
5
$
-0.01f
—0.02
Daily Return of Kweichow Moutai
—— 20-Day Rolling Standard Deviation
—0.03r _ Monthly Average
2018-01  2018-05 2018-09 201901 2019-05 2019-09 2020-01  2020-05 2020-09
Date

45



Frontiers in Economics and Management Volume 6 Issue 8, 2025
ISSN: 2692-7608 DOI: 10.6981/FEM.202508_6(8).0005

Volatility Analysis of CATL
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Figure 1. Volatility analysis chart of each stock

4.2. Inflection Point Detection

The Deviation Metrics System (DVI) identified critical turning points with high precision. As
shown in Fig. 2 for CMB, DVI values < -1.20 coupled with volume contraction signaled "falling
exhaustion" across all four stocks. These moments - 4 in CATL, 4 in SMIC, 5 in CMB -
consistently preceded rebounds averaging 8.6% over 10 days. Crucially, the synergy between
dimensions proved decisive: during CATL’s 2023 reversal, energy troughs, weekly MA
deviations, and DVI extremes converged, triggering a 15% rally within 20 days. This triadic
confirmation mechanism reduced false signals by 37% versus single-dimension models.
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4.3. Trading Strategy Performance
Backtests (2022-2025) confirmed the framework’s practical efficacy:

Table 1. Backtesting Performance Metrics by Sector Leader

Stock Annualized Return Sharpe Ratio Max Drawdown
CATL 23.4% 1.32 17.2%
Kweichow Moutai 18.7% 1.28 14.5%
SMIC 21.9% 1.15 19.8%
CMB 15.6% 1.08 12.3%

Key success drivers included:

1) Multi-Cycle Timing: Weekly/daily MA convergence improved entry accuracy by 32%

2) Dynamic Risk Controls: The 20% stop-loss rule curtailed losses during black swan events
(e.g., limiting CATL’s 2023 Q4 drawdown to 17.2%)

3) Sector-Adaptive Signals: Bollinger Band analysis achieved <2% false positives in stable
sectors like finance

4.4. Theoretical and Practical Implications

This study advances financial market analysis through two foundational innovations. First, the
validation of triangle-based fractal recursion establishes an optimal structure for modeling self-
similarity, as evidenced by a Hurst exponent of 0.68-significantly outperforming rectangular or
circular geometries in capturing price consolidation breakouts (89% accuracy) and trend
reversals (76% accuracy). Second, the energy-space-time synergy enables early detection of
regime shifts, particularly through divergence patterns between price action and energy
metrics, which identified market inflection points 8-12 days earlier than conventional
indicators.

Operationally, the framework demonstrates remarkable cross-sector adaptability. In high-
volatility technology sectors (e.g., SMIC), fractal spectra detected supply-chain disruptions with
92% precision, while in low-volatility financial stocks (e.g., CMB), wavelet cycle analysis
achieved 89% accuracy in forecasting policy-driven impacts. This dual-sector efficacy
underscores the model’s capacity to navigate divergent market conditions—from momentum-
driven tech rallies to macro-sensitive banking trends.
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Despite these strengths, limitations emerged during stress-testing. Performance degraded
during the 2022 market-wide crash (correlated drawdowns >30%), exposing vulnerability to
systemic shocks. Additionally, biotech/pharma sectors exhibited weaker signal concordance
(52% win rate), suggesting industry-specific calibration is essential for universal application.
Future iterations will address these gaps by integrating NLP-driven sentiment analysis to
enhance black swan resilience and developing sector-optimized fractal coefficients.

5. Philosophical Implications and Extensions

This research establishes a novel paradigm where fractal market structures and strategic
decision-making converge, creating a symbiotic relationship between quantitative analysis and
behavioral discipline. The energy-space-time framework transcends conventional technical
approaches by incorporating three foundational philosophical principles: pattern-based
cognition, hierarchical risk governance, and adaptive market reverence. By recognizing that
price movements exhibit self-similar geometries across temporal scales (notably triangle
recursions as optimal fractal structures), traders internalize the fundamental uncertainty of
markets, replacing prediction-driven hubris with probabilistic discipline. This cognitive shift
manifests operationally through strict execution protocols-20% stop-loss thresholds
counteracting loss aversion bias, multi-cycle position sizing aligned with volatility regimes, and
dynamic sector rotation balancing opportunity capture with tail-risk protection.

The framework’s recursive logic-where micro-level price actions inform macro-level strategy-
echoes classical wisdom on systems thinking. Just as nested triangles reveal market structure
across scales, the trader’s mindset must integrate immediate execution with strategic
compounding. This hierarchical governance transforms risk management from reactive
defense to proactive equilibrium: capital preservation ("self-mastery") enables systemic
robustness ("portfolio construction"), which in turn sustains long-term wealth creation
("compounding legacy"). Empirical results validate this approach, with controlled 12-20%
drawdowns across sectors outperforming passive benchmarks by 18-32% during stress
periods.

Extension pathways demonstrate translational potential:

1) Biotech/Crypto Adaptation: Sector-specific fractal calibration (e.g., asymmetric recursion
coefficients for high-volatility assets)

2) Sentiment Integration: Hybridizing wavelet cycles with NLP-driven regime shift detection

3) Ethical Algorithmics: Embedding "desire restraint” protocols in autonomous trading agents
to mitigate overleveraging

For global portfolio management, the framework enables fractal-volatility harvesting in
emerging markets and institution-scale recursion layers aligned with endowment timelines.
Future work will explore quantum-accelerated multi-scale recursion and cross-cultural
cognition studies-promising pathways toward democratized, psychologically resilient trading
systems.

6. Conclusion

This study establishes the energy-space-time framework as a transformative paradigm for
stock market analysis, integrating fractal geometry, game theory, and disciplined risk
management into a unified methodology. By synthesizing three interdependent dimensions-
energy (volatility-driven capital flows), space (price alignment relative to multi-period moving
averages), and time (multi-scale cyclical trends)-the framework resolves critical limitations of
traditional models that fragment these dynamics. Empirical validation across sector leaders
(CATL, Kweichow Moutai, SMIC, CMB) confirms its robustness, with the DVI signal system
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capturing 78% of critical inflection points-such as "falling exhaustion" reversals-while reducing
false signals by 37% compared to single-dimension approaches. The framework consistently
achieved 15.6-23.4% annualized returns with controlled drawdowns of 12.3-19.8%,
outperforming passive benchmarks by 18-32% in risk-adjusted returns (Sharpe ratios: 1.08-
1.32) through strict risk protocols like the 20% stop-loss rule and multi-cycle timing.

Theoretically, this work bridges Eastern strategic philosophy and Western quantitative rigor.
The validation of triangle-based fractal recursion as the optimal structure for modeling self-
similarity (Hurst exponent: 0.68) mirrors classical systems thinking, where micro-level price
actions recursively inform macro-level strategy. This manifests operationally in a behaviorally
grounded discipline: probabilistic position sizing replaces emotional bias, while hierarchical
risk governance transforms turbulence from a threat into quantifiable opportunity. Cross-
sector adaptability-from volatility harvesting in technology to stability-focused strategies in
finance-demonstrates the framework’s versatility across market regimes.

Despite its efficacy, limitations emerged during systemic crises (e.g., 2022’s correlated
drawdowns) and in niche sectors like biotech (52% win rate). Future work will integrate NLP
sentiment analysis to capture news-driven regime shifts, develop quantum-accelerated
recursion for real-time optimization, and establish sector-specific fractal coefficients for
emerging assets. In synthesizing chaos theory, capital flow dynamics, and adaptive discipline,
this research redefines market participation. The energy-space-time framework thus emerges
as both an analytical compass and behavioral anchor-proving that in markets, as in nature, self-
similar patterns are not noise but the architecture of opportunity.
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