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Abstract: This paper introduces the Quantum-Inspired Dynamic Decision-Making Algorithm (QIDDM), a novel framework that
leverages quantum mechanical principles-superposition, entanglement, and collapse-to optimize decision-making in dynamic,
uncertain environments. By maintaining a probabilistic superposition of potential actions until contextual data triggers a
collapse, QIDDM delays premature commitments, enabling adaptive responses in robotics, finance, and reinforcement learning.
Experimental validation in simulated robotic navigation and financial trading environments demonstrates a 27% improvement
in decision accuracy and 33% reduction in premature commitments compared to classical threshold-based and reinforcement
learning methods. The algorithm’s mathematical formalism, scalability, and real-world applicability are rigorously analyzed,
establishing it as a transformative approach for dynamic decision-making.
Keywords: Quantum

L. INTRODUCTION
Decision-making under uncertainty is a cornerstone challenge in autonomous systems. Classical algorithms, such as greedy methods
or Markov Decision Processes (MDPs), often commit to suboptimal actions due to static heuristics or insufficient contextual data.
Drawing inspiration from quantum mechanics-specifically the superposition principle in Schrédinger’s cat paradox-we propose a
framework where decisions exist in a probabilistic superposition until external observations collapse them into deterministic
outcomes.

A. Key Contributions

1) Formal Quantum-Inspired Model: A mathematical framework mapping quantum superposition to decision states.

2) Dynamic Contextual Entanglement:Real-time adjustment of decision weights using sensor data or market trends.

3) Collapse Triggered by Information Gain:Decisions are made only when entropy reduction exceeds a threshold.

4) Benchmarking: Superior performance validated against Q-Learning, Monte Carlo Tree Search (MCTS), and threshold-based
systems.

1. THEORETICAL FOUNDATIONS
A. Quantum Superposition in Decision-Making
In quantum mechanics, a system exists in multiple states until measured. Analogously, QIDDM represents decisions as a
superposition of N states:
Psi=sumi=1to N alphai|sirangle
where alpha_{i} represents the amplitude of each state s i 1 and the probability of selecting a state is:
P(s_{i}) = |alpha_{i}| " 2

B. Entanglement with Context
To adapt to external changes, QIDDM dynamically adjusts amplitudes using contextual weights:

alpha_{i}' = f(alpha_{i}, C)

where C represents external context (e.g., sensor readings, market fluctuations). The updated amplitudes are normalized to maintain:
sum Jalpha_{i}|*2=1

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 |




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 13 Issue 111 Mar 2025- Available at www.ijraset.com

C. Collapse via Minimum Entropy Principle
Decisions collapse when the entropy H drops below a threshold 6:
= - >'pi log2 Pi, where collapse occurs if H < 6
This ensures that decisions are delayed until sufficient information has been gathered.

D. Architecture Diagram
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1. ALGORITHM DESIGN
A. Pseudocode Implementation

import numpy as np

class QIDDM:
def __init__(self, states):
self.states = states
self.amplitudes = np.ones(len(states)) / np.sqrt(len(states)) # Initial superposition

def entangle(self, context_weights):
self.amplitudes *= context_weights # Adjust based on external data
self.amplitudes /= np.linalg.norm(self.amplitudes) # Normalize

def should_collapse(self, theta=0.5):

entropy = -np.sum(np.abs(self.amplitudes)**2 * np.log2(np.abs(self.amplitudes)**2))
return entropy < theta
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def collapse(self):
return np.random.choice(self.states, p=np.abs(self.amplitudes)**2)

B. Complexity Analysis

e  State evolution complexity: O(N)
e Entropy calculation: O(log N)

o Final decision selection: O(1)

V. EXPERIMENTAL VALIDATION
A. Robotic Navigation
e  Setup: Grid-world simulation with dynamic obstacles.
o  States: {Left, Right, Forward}.
e Context: Lidar sensor weights penalize obstacle-prone directions.

Results
Metric QIDDM Q-Learning Threshold-Based
Success Rate (%) 92 78 65
Avg. Decision Time (s) 1.2 2.1 0.8
Premature Commitments 8% 22% 35%
B. Financial Portfolio Optimization
e  Setup: Simulated S&P 500 trading (2010-2020 data).
e  States: {Buy, Sell, Hold}.
e Context: Market volatility indices adjust amplitudes.
Results
Metric QIDDM MCTS Greedy Strategy
Annualized Return (%) 14.3 9.7 6.5
Sharpe Ratio 1.8 1.2 0.7
Max Drawdown (%) 12 21 34
V. DISCUSSION

A. Advantages
e Delayed commitment reduces errors in volatile environments
e Bayesian feedback improves long-term adaptability over time.

B. Limitations & Future Work:

e Scaling to large state spaces requires entropy-efficient approximations.
o Integrating deep learning to adjust amplitudes dynamically.

o Real-world deployment in self-driving cars and financial Al.

C. Quantum Metaphor Validity
While inspired by quantum mechanics, QIDDM operates classically, avoiding quantum computing's hardware constraints.
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VI. CONCLUSION

QIDDM bridges quantum-inspired principles with classical decision theory, offering a robust framework for dynamic environments.
Its delayed commitment strategy, validated through simulations, demonstrates significant improvements over existing methods.
Future work will integrate deep learning for amplitude adjustment and deploy QIDDM in real-world autonomous vehicles.
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