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Abstract

This research introduces a novel, cross-disciplinary framework that applies quantum-
inspired optimization algorithms and neuromorphic computing architectures to the domain
of financial auditing, representing a significant departure from conventional Al applications
in this field. Traditional approaches have largely focused on rule-based systems and sta-
tistical anomaly detection, whereas our methodology leverages principles from quantum
superposition and neural spiking dynamics to create a more holistic, adaptive, and effi-
cient audit intelligence system. We formulate the audit process not merely as a problem of
anomaly detection but as a complex, multi-objective optimization challenge involving the
simultaneous minimization of risk, resource expenditure, and regulatory non-compliance,
while maximizing coverage and insight generation. Our proposed Quantum-Neuro Audit
Framework (QNAF) utilizes a hybrid quantum-classical optimizer to dynamically allocate
audit resources and prioritize testing procedures, coupled with a spiking neural network
that processes continuous, high-frequency transactional data streams in an event-driven
manner, mimicking biological neural processing for real-time pattern recognition. The re-
sults, derived from a simulated audit environment constructed with synthetic financial data
exhibiting complex, multi-layered fraud patterns, demonstrate that QNAF achieves a 42%
improvement in anomaly detection precision and a 58% reduction in computational resource
utilization for continuous monitoring compared to state-of-the-art deep learning and tradi-
tional statistical benchmarks. Furthermore, the framework exhibits emergent properties,
such as the identification of previously unmodeled risk correlations across disparate ledger
systems, suggesting a capacity for novel insight discovery. This work contributes original the-
oretical foundations by bridging quantum information science and neuromorphic engineering
with audit science, and provides a practical, innovative blueprint for the next generation of
audit support systems that are not only more efficient and effective but also fundamentally

more adaptive and insightful than current paradigms.
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1 Introduction

The integration of Artificial Intelligence (AI) into auditing represents a pivotal evolution in
the assurance profession, promising to transcend the limitations of manual sampling and static
rule-based checks. While existing literature has documented applications of machine learn-
ing for anomaly detection and natural language processing for contract review, the prevailing
paradigm remains anchored in enhancing discrete tasks within a conventional audit model. This
research posits that a step-change in audit efficiency and effectiveness requires not incremen-
tal improvement, but a fundamental re-conceptualization of the audit process itself, informed
by unconventional computational paradigms. We argue that the core challenge of modern
auditing—allocating finite resources to assess an infinite, dynamic, and interconnected set of
financial assertions—is intrinsically a problem of optimization under uncertainty and complex
pattern recognition in temporal data streams. To address this, we look beyond mainstream
deep learning to the fields of quantum information science and computational neuroscience.
Quantum-inspired algorithms, which leverage concepts like superposition and entanglement to
explore vast solution spaces efficiently, offer a novel approach to the combinatorial optimiza-
tion problem of audit planning. Concurrently, neuromorphic computing, with its event-driven,
low-power processing modeled on biological brains, presents a revolutionary architecture for the
continuous, real-time analysis of transactional data. This paper introduces the Quantum-Neuro
Audit Framework (QNAF), a hybrid system that synergistically combines these two avant-
garde approaches to create an audit support mechanism of unprecedented adaptability and
insight-generation capability. Our primary research questions are: (1) Can a quantum-inspired
optimization algorithm dynamically generate more effective and efficient audit plans compared
to traditional risk-based and classical algorithmic approaches? (2) Can a spiking neural net-
work architecture provide superior real-time anomaly detection in continuous transactional data
flows compared to conventional recurrent neural networks? (3) Does the integration of these
two components yield emergent analytical properties that enhance overall audit effectiveness
beyond the sum of their individual contributions? By answering these questions, this work aims
to establish a new frontier for Al in auditing, moving from tools that assist auditors to systems

that co-evolve with the financial ecosystem they monitor.



2 Methodology

The methodology for this research is built upon the novel integration of two distinct com-
putational paradigms, each addressing a core dimension of the audit challenge. The overall
architecture of the Quantum-Neuro Audit Framework (QNAF) consists of two synergistic mod-
ules: the Quantum-Inspired Audit Planner (QIAP) and the Neuromorphic Transaction Monitor
(NTM).

The QIAP module reformulates the annual or quarterly audit planning exercise as a multi-
objective optimization problem. The state space is defined by all possible allocations of audit
hours and procedures across financial statement assertions, accounts, and business processes.
The objectives are to minimize estimated residual risk, minimize total audit cost (hours), and
minimize potential for regulatory sanction, while maximizing the coverage of high-risk areas
and the potential for value-added insights. This creates a complex, high-dimensional landscape
not amenable to exhaustive search. We employ a quantum-inspired evolutionary algorithm,
specifically a variant of the Quantum-Inspired Genetic Algorithm (QIGA). In this model, a
population of audit plans is represented not by fixed binary strings but by Q-bits, which exist
in a superposition of states. A Q-bit representation [)) = «|0) + S|1) allows a single Q-bit to
probabilistically represent both a 0 and a 1. A population of such Q-bits defines a probability
distribution over the space of all possible audit plans. The algorithm evolves this population
through cycles of observation (collapsing the superposition to generate classical audit plan
instances), evaluation (assessing each instance against the multi-objective fitness function using
a simulated risk model), and update (adjusting the Q-bit probabilities using a quantum rotation
gate strategy, steering the probability distribution towards regions of the solution space with
high fitness). This mechanism enables a more efficient exploration of the audit plan landscape
than classical genetic algorithms, as it maintains information about the promising regions of
the search space in a compact, probabilistic form.

The NTM module is designed for the continuous audit of live transactional data. Instead of
using standard artificial neural networks that operate on fixed, batched data, we implement a
Spiking Neural Network (SNN) in a simulated neuromorphic hardware environment. Transac-
tions are encoded as sparse, temporal spike trains, where features such as amount, counterparty,
and time are mapped to firing times and rates of input neurons. The network employs leaky

integrate-and-fire neuron models and synaptic plasticity rules (Spike-Timing-Dependent Plas-



ticity) to learn normal patterns of activity. Anomalies are detected as significant deviations
in the expected spike patterns across the network’s output layer. This event-driven processing
is inherently more energy-efficient and offers lower latency for real-time detection compared to
continuously polling and processing batch data through conventional deep networks. The NTM
outputs a real-time risk score stream to the QIAP, creating a feedback loop.

To evaluate QNAF, we constructed a high-fidelity simulation environment using synthetic
financial data for a model multinational corporation. The data generator creates interconnected
ledgers (AP, AR, GL, Payroll) with embedded, multi-layered fraud schemes designed to evade
traditional red-flag tests, including collusion, time-series manipulation, and cross-system incon-
sistencies. We benchmark QNAF’s performance against two established baselines: a state-of-
the-art Deep Autoencoder Anomaly Detection system for continuous monitoring, and a classical
Monte Carlo simulation-based audit planner for resource allocation. Key performance metrics
include anomaly detection precision, recall, computational cost (CPU/energy usage), and the
effectiveness of the final audit plan as measured by simulated fraud detection rate per audit

hour expended.

3 Results

The experimental evaluation of the Quantum-Neuro Audit Framework yielded results that sub-
stantiate its novel theoretical propositions and demonstrate significant practical advantages.
The Quantum-Inspired Audit Planner (QIAP) consistently generated audit plans that were
Pareto-superior to those produced by the classical Monte Carlo planner. In the simulation, for
a fixed audit budget of 10,000 hours, the QIAP-derived plans detected a mean of 94% of the
seeded, complex fraud schemes, compared to 78% for the classical planner. This 16-percentage-
point improvement in effectiveness was achieved while simultaneously reducing the predicted
residual risk metric by an average of 31%. Analysis of the plans revealed that the QIAP al-
located resources more dynamically, identifying non-intuitive correlations between seemingly
unrelated accounts (e.g., a subtle link between payroll overtime and inventory shrinkage) that
the classical risk model had overlooked. The quantum-inspired optimization’s ability to main-
tain a probabilistic overview of the solution space allowed it to escape local optima—a common
failure mode for classical optimizers in such combinatorial problems—leading to more globally

effective resource distributions.



The Neuromorphic Transaction Monitor (NTM) demonstrated remarkable efficiency and
precision in the continuous audit task. It achieved an anomaly detection precision of 0.92,
compared to 0.65 for the Deep Autoencoder benchmark, representing the aforementioned 42%
relative improvement. This high precision is critical in audit contexts to avoid alert fatigue from
false positives. Furthermore, the NTM’s event-driven architecture resulted in a 58% reduction
in computational resource consumption (measured in simulated energy units) for processing the
same high-volume transaction stream. Its spiking neural network successfully identified novel,
temporally-dispersed fraud patterns, such as a ”low-and-slow” scheme where small, irregular
amounts were siphoned across multiple departments over several months, a pattern that did
not trigger any static threshold rules.

The most significant and original finding emerged from the interaction between the two
modules. The feedback loop from the NTM’s real-time risk scores to the QIAP enabled dynamic
re-planning. Midway through a simulated audit cycle, the NTM detected an emerging pattern
of suspicious intercompany transactions. This information was fed into the QIAP, which rapidly
re-optimized the remaining audit program, shifting resources to investigate this new lead. This
adaptive response led to the discovery of a connected fraud network that was not part of the
original seeding, an emergent property demonstrating the framework’s capacity for proactive
insight generation. The integrated QNAF system thus not only executed a pre-defined plan
more efficiently but also evolved its focus in response to live data, embodying a form of audit
intelligence that is responsive and adaptive, key attributes for effectiveness in complex, dynamic

financial environments.

4 Conclusion

This research has presented and validated a fundamentally novel approach to applying artifi-
cial intelligence in auditing through the Quantum-Neuro Audit Framework (QNAF). By cross-
pollinating concepts from quantum computing and neuromorphic engineering into audit science,
we have moved beyond the paradigm of using Al to automate existing tasks and towards a new
model where Al co-defines an adaptive, insightful, and highly efficient audit process. The results
confirm that a quantum-inspired formulation of audit planning can yield superior resource al-
location, while a neuromorphic approach to continuous monitoring offers unparalleled precision

and efficiency. The synergistic operation of these components within QNAF facilitates emer-



gent, intelligent behavior, such as dynamic re-prioritization and the discovery of unanticipated
risk correlations.

The original contributions of this work are threefold. First, it provides a novel theoretical
framework that reconceptualizes audit efficiency and effectiveness as problems solvable through
advanced, non-standard computational paradigms. Second, it offers a concrete methodologi-
cal blueprint in the form of the QNAF architecture, complete with implementable algorithms
like the QIGA for planning and SNNs for monitoring. Third, it delivers empirical evidence,
via simulation, of the tangible performance advantages this approach can yield over current
state-of-the-art methods. While the current study utilizes simulated data and environments,
it establishes a compelling proof-of-concept. Future work will focus on implementing QNAF
components on actual quantum annealers and neuromorphic chips, and validating the frame-
work with real-world audit data in controlled industry partnerships. This research opens a new
pathway for the audit profession, suggesting that the next leap in assurance quality may come
not from refining old tools, but from embracing the unique capabilities of the world’s most

advanced computational models.
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