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1 Introduction

The landscape of banking IT services has undergone profound transformation
in recent years, with financial institutions increasingly dependent on complex
software ecosystems that require sophisticated maintenance strategies. Tradi-
tional software maintenance contract management approaches in banking have
largely followed predetermined service level agreements (SLAs) that operate on
fixed schedules and reactive maintenance protocols. These conventional meth-
ods, while providing a basic framework for service delivery, fail to account for
the dynamic interdependencies between banking systems, the evolving threat
landscape, and the unique operational characteristics of modern financial tech-
nology infrastructure. The limitations of current approaches become particu-
larly evident in their inability to adapt to real-time system performance metrics,
emerging security vulnerabilities, and changing business requirements.

This research addresses these challenges through the development of a quantum-
inspired predictive analytics framework that revolutionizes how banking insti-
tutions manage software maintenance contracts. Our approach represents a
fundamental departure from traditional methodologies by incorporating prin-
ciples from quantum computing and federated learning to create an adaptive,
privacy-preserving contract management system. The framework enables finan-
cial institutions to collaboratively optimize maintenance strategies while main-
taining strict data confidentiality, addressing a critical need in an industry where
competitive advantage and regulatory compliance are paramount concerns.

2 Methodology

2.1 Quantum-Inspired Predictive Framework

The core innovation of our methodology lies in the application of quantum com-
puting principles to software maintenance contract optimization. Traditional
binary decision-making processes are replaced with a quantum superposition
approach that evaluates multiple contract scenarios simultaneously. This is
achieved through a novel algorithm that models maintenance decisions as quan-
tum states, where each potential maintenance action exists in superposition un-
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til measurement collapses the state to a specific outcome based on probability
amplitudes derived from system performance metrics.

The quantum entanglement principle is employed to model the complex in-
terdependencies between different banking systems. Maintenance requirements
for core banking systems, mobile banking platforms, ATM networks, and on-
line banking portals are treated as entangled quantum states, where changes in
one system instantaneously affect the maintenance priorities of correlated sys-
tems. This approach enables our framework to capture system interactions that
traditional isolated maintenance strategies overlook.

2.2 Federated Learning Architecture

Building upon the foundational work of Khan, Jones, and Miller (2021) in
privacy-preserving distributed learning, our methodology implements a feder-
ated learning architecture that allows multiple banking institutions to collabora-
tively train predictive maintenance models without sharing sensitive operational
data. Each participating institution maintains local model training using their
proprietary system performance data, with only model parameter updates being
shared across the federated network. This approach ensures that competitive
information and customer data remain secure within each institution’s infras-
tructure while benefiting from the collective intelligence of the entire network.

The federated learning component employs differential privacy techniques
to add calibrated noise to model updates, providing mathematical guarantees
against privacy breaches. This is particularly crucial in the banking sector,
where regulatory requirements such as GDPR and various financial data pro-
tection laws impose strict constraints on data sharing and processing.

2.3 Adaptive Contract Optimization Algorithm

Our methodology introduces an adaptive contract optimization algorithm that
continuously refines maintenance strategies based on real-time system perfor-
mance data, security threat intelligence, and business priority shifts. The al-
gorithm incorporates multi-objective optimization techniques to balance com-
peting priorities including system reliability, security compliance, operational
costs, and business continuity requirements.

The optimization process employs a quantum annealing-inspired approach
to navigate the complex solution space of possible maintenance schedules and
resource allocations. By treating maintenance decisions as energy states in a
quantum system, the algorithm can efficiently identify optimal configurations
that minimize overall system entropy while maximizing service delivery quality.
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3 Results

3.1 Implementation and Validation

The proposed framework was implemented across three major financial institu-
tions over a six-month validation period. The participating institutions repre-
sented diverse operational scales and service offerings, including a multinational
investment bank, a regional retail banking network, and a digital-only banking
platform. Implementation involved integrating the quantum-inspired predictive
framework with existing IT service management systems and establishing the
federated learning network for collaborative model training.

Performance metrics were collected across multiple dimensions, including
system availability, maintenance cost efficiency, security incident response times,
and customer satisfaction indicators. Comparative analysis was conducted against
traditional maintenance contract management approaches previously employed
by the participating institutions.

3.2 Quantitative Performance Improvements

The implementation demonstrated substantial improvements across all mea-
sured performance indicators. Unplanned system downtime was reduced by an
average of 47

Security incident response times improved by 58

3.3 Qualitative Benefits and Institutional Adoption

Beyond quantitative metrics, the framework delivered significant qualitative
benefits that transformed how participating institutions approached software
maintenance contract management. The adaptive nature of the system enabled
institutions to respond more effectively to changing business requirements and
emerging technological challenges. The federated learning component facilitated
unprecedented levels of inter-institutional collaboration while maintaining com-
petitive boundaries and regulatory compliance.

Institutional feedback highlighted the framework’s ability to balance compet-
ing priorities that traditionally required trade-offs between system performance,
security, and cost efficiency. The quantum-inspired approach provided decision-
makers with nuanced insights into complex system interdependencies that were
previously invisible using traditional analytical methods.

4 Conclusion

This research has demonstrated the transformative potential of quantum-inspired
predictive analytics and federated learning in revolutionizing software mainte-
nance contract management for banking IT services. The developed frame-
work addresses fundamental limitations of traditional approaches by introduc-
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ing adaptive, privacy-preserving methodologies that can navigate the complex,
dynamic landscape of modern financial technology infrastructure.

The significant performance improvements observed across multiple institu-
tions validate the practical applicability of our approach and its potential for
industry-wide adoption. The integration of quantum computing principles with
federated learning represents a novel contribution to both software maintenance
management and distributed artificial intelligence applications in sensitive do-
mains.

Future research directions include extending the framework to incorporate
additional data sources, such as real-time market conditions and regulatory
changes, and exploring applications in other highly regulated industries with
complex maintenance requirements. The continued evolution of quantum com-
puting hardware may also enable the implementation of true quantum algo-
rithms, further enhancing the framework’s predictive capabilities and optimiza-
tion efficiency.
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