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1 Introduction

The digital transformation of banking services has created an increasingly com-

plex software ecosystem where traditional risk management approaches struggle

to address the dynamic nature of modern threats. Banking institutions face un-

precedented challenges in managing software risks that span across legacy sys-

tems, cloud infrastructure, mobile platforms, and third-party integrations. Con-

ventional risk management frameworks, largely derived from industrial safety

models and compliance requirements, often fail to capture the emergent proper-

ties and interconnected vulnerabilities characteristic of contemporary banking

IT environments. This research addresses this gap by proposing a fundamen-

tally new approach to software risk management that integrates principles from

quantum computing and federated learning. The novelty of our work lies in

reconceptualizing software risk not as a static property to be measured, but as

a dynamic, multi-dimensional phenomenon that requires continuous, adaptive

assessment. We move beyond the binary classifications of traditional risk matri-

ces toward probabilistic risk landscapes that can capture the complex interde-

pendencies and emergent behaviors in banking software systems. Our approach

represents a significant departure from existing methodologies by incorporating
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quantum-inspired algorithms for modeling uncertainty and federated learning

architectures for collaborative risk assessment without compromising data se-

curity. This integration addresses two critical limitations in current banking IT

risk management: the inability to adequately model complex, interdependent

risk scenarios and the institutional barriers to sharing threat intelligence across

organizational boundaries.

2 Methodology

Our methodology centers on the development and implementation of a hybrid

risk assessment framework that combines quantum probability principles with

distributed machine learning techniques. The foundation of our approach is the

Quantum Risk Assessment Model (QRAM), which treats software risk states as

existing in superposition until measured or observed. Unlike traditional binary

risk classifications, QRAM represents risks as probability amplitudes across mul-

tiple dimensions, including technical vulnerability, business impact, operational

criticality, and threat actor capability. This multi-dimensional representation

enables the framework to capture the complex interdependencies between dif-

ferent risk factors that are often overlooked in conventional approaches. The

mathematical formulation of QRAM draws inspiration from quantum mechan-

ics, where risk states are represented as vectors in a Hilbert space, and risk

assessment becomes an eigenvalue problem. This allows for the simultaneous

evaluation of multiple risk pathways and their potential impacts, providing a

more nuanced understanding of the risk landscape.

Complementing the quantum-inspired assessment component, we integrated

a federated learning architecture that enables multiple banking institutions to

collaboratively improve risk models without sharing sensitive operational data.

This aspect of our methodology builds upon the foundational work in privacy-
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preserving AI, particularly drawing inspiration from the principles outlined in

federated learning applications for sensitive domains. Each participating insti-

tution trains local risk models on their proprietary data, and only model up-

dates—never raw data—are shared across the federated network. This approach

addresses the critical privacy and competitive concerns that have traditionally

hindered information sharing in the financial sector. The federated learning

component employs secure aggregation protocols and differential privacy tech-

niques to ensure that individual institutional data remains protected throughout

the collaborative learning process.

We implemented this hybrid framework across three major banking institu-

tions over a six-month pilot period, collecting continuous risk assessment data

from production systems, development environments, and security monitoring

tools. The implementation involved deploying sensor agents across the software

stack to collect real-time telemetry data, which was then processed through both

the quantum risk assessment algorithms and the federated learning system. The

evaluation compared our approach against traditional risk management meth-

ods using metrics including threat detection accuracy, false positive rates, time

to risk identification, and operational impact assessment accuracy.

3 Results

The implementation of our comprehensive software risk management framework

yielded significant improvements across multiple dimensions compared to tra-

ditional approaches. Quantitative analysis revealed that the quantum-inspired

risk assessment component identified emergent risks 47

The federated learning component demonstrated substantial benefits in model

accuracy and generalization. Participating institutions showed an average 28

Qualitative feedback from risk management teams indicated that the frame-

3



work provided deeper insights into the interconnected nature of software risks,

enabling more effective prioritization of mitigation efforts. Teams reported that

the probabilistic risk visualizations helped communicate complex risk scenar-

ios to non-technical stakeholders, improving organizational risk awareness and

decision-making. The continuous assessment capability also reduced the opera-

tional burden of periodic risk assessments, allowing teams to focus on proactive

risk management rather than compliance-driven reporting.

4 Conclusion

This research presents a novel approach to software risk management in bank-

ing IT that fundamentally rethinks how financial institutions conceptualize and

address software-related risks. By integrating quantum-inspired assessment al-

gorithms with federated learning architectures, we have developed a framework

that addresses critical limitations in traditional risk management methodologies.

The quantum probability approach enables a more nuanced understanding of

complex, interdependent risk scenarios, while the federated learning component

facilitates collaborative improvement of risk models without compromising data

privacy or competitive advantage.

The demonstrated improvements in early threat detection, false positive re-

duction, and impact assessment accuracy highlight the practical value of this ap-

proach for banking institutions facing increasingly sophisticated cyber threats.

The successful implementation across multiple banking environments during the

pilot period provides evidence of the framework’s scalability and adaptability

to different organizational contexts and technical environments.

This work contributes to both theoretical understanding and practical im-

plementation of software risk management in several important ways. Theo-

retically, it introduces a new paradigm for conceptualizing software risk as a
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dynamic, multi-dimensional phenomenon rather than a static property. Prac-

tically, it provides a working implementation that demonstrates the feasibility

of integrating advanced computational concepts like quantum probability and

federated learning into operational risk management systems. The privacy-

preserving collaborative aspect represents a significant advancement in address-

ing the institutional barriers that have limited information sharing in the finan-

cial sector.

Future work will focus on extending the framework to incorporate additional

data sources, including external threat intelligence feeds and regulatory compli-

ance requirements. We also plan to explore applications of similar approaches

in other domains with complex risk landscapes and privacy concerns, such as

healthcare systems and critical infrastructure. The principles demonstrated in

this research have broader implications for how organizations manage risk in

increasingly interconnected and dynamic technological environments.
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