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ABSTRACT: This paper presents an Al / ML enabled protocol translation middleware that fills the gap between
legacy banking systems and modern cloud native platform. It enables an intelligent, secure and cost-effective way of
modernization in increments, which will preserve the legacy systems in a manner that can meet the ever-changing
technological demands by leveraging the scale of cloud infrastructure, semantic data mapping and real time translation.
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I. INTRODUCTION

There is a lot of legacy banking systems still tied to cloud native platform due to different protocols of communication
they use. The need becomes more important as financial institutions move towards cloud environments and need to find
an efficient way to bridge the gap without replacing critical legacy systems in order to establish smooth, safe, low-cost
digital transformation.

II. RELATED WORKS

Legacy Systems

Legacy systems are despite being long standing having been used to at times struggling to keep up with the demands of
an ever fast changing digital economy. This makes companies unable to support new financial technologies, customers’
expectations, and regulatory requirements [5].

According to Kansal and Siddharth, current re-platforming or reengineering approaches are not only expensive, time
consuming but with plenty of dangers such as human error, system downtime etc. These factors prevent innovation and
bottlenecks are formed in an adoption of advanced digital solutions.

Examples of legacy protocols that are key to banking system communication: ISO 8583 as an example that provides a
set of rules how to format financial transaction messages [3]. Although ISO 8583 is still a vital piece of these ATM and
POS systems it does not allow for much flexibility when it comes to integrating it with newer systems and so results in
limited interoperability.

To bridge the gap between old and new financial architectures, Ramachandran states that protocol translation
techniques were needed to enable communication between old and new systems since international standards (ISO
8583) never intended to be used with modern API-based architectures. Wang et al. further extend the security
challenges to legacy systems when banks combine the cloud computing, blockchain, and Al technologies [2].

During modernisation of legacy systems, both native encryption and dynamic access control mechanisms are often
absent; exposing legacy system to breach via same. Also, lack of the ability of most legacy architectures to log or audit
real time interactions adds to the compliance risks, especially when we have to deal with strict laws like GDPR and
PCI-DSS.

He also makes it clear that modernisation is an ongoing process, not just a concerted effort towards the technological

upgrade, but also of strategic changes of business processes and governance structures [4]. Successful transformation
efforts rarely result in deprecation of legacy systems to the point that some efforts are hybrid in which cloud native and
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Al driven components are implemented incrementally what would otherwise already be mission critical legacy
infrastructure.

Al in Legacy System

Today artificial intelligence (Al) is a great means of bringing legacy systems within current digital platforms. Since the
automation of the translation from legacy protocols like ISO 8583 to modern formats, can be performed with learning-
based models rather than with hard coded rule sets [5], Al provides one of the best advantages. To this end, Kansal and
Siddharth advocate for training dynamic translators using reinforcement learning and NLP which allows translators to
adapt to system behaviors in real time.

In this way, it significantly reduces the manual intervention and increases accuracy in the live transactions. The
integration is also speeded up by using supervised machine learning in protocol mapping. Banks can train models to
approximate semantic maps between those legacy fields and cloud native APIs so that systems can exchange each
other’s transactional integrity without modification.

Additionally, Al led anomaly detection systems can flag any deviations in translated transactions and thereby helped in
ensuring compliance as well as facilitating in avoidance of frauds [10]. They say in the article that since cybercriminals
overwhelm financial systems that are undergoing a transformation, Al must be used not just for efficiency but also to
protect systems against emerging cybersecurity threats.

In this work, Abdellatif et al. explain in detail about service identification approaches (SIAs) they use in modernizing
legacy systems into service-oriented architectures (SOAs) [6]. The focus of we are on finding reusable services, and the
taxonomy of SIAs that we provide is directly applicable to middleware design for protocol translation. In addition, it
means that intelligent middleware is not only required to provide a mapping of services but also needs to orchestrate
services to have the services execute in a manner to replicate the logic of the business from legacy environments.

Therefore, the use of such machine learning and intelligent orchestration can make legacy systems behave as
microservices. Additionally, predictive analytics also contributes from another aspect of Al i.e. allow banks to watch
over transaction patterns as well as foretell performance bottlenecks on real time integrations.

According to Ezechi et al., Al models can also compliment customer experience through pre-emptively recognising
lags and errors of systems, especially when legacy systems interface with new applications aimed at customers [9].
Intelligent middleware design for banking modernization consists of the combination of semantic (and anomaly)
translations, predictive performance monitoring.

Cloud-Native Transformation

With banks moving to cloud native platforms, it has become paramount to be able to integrate the legacy systems
keeping the regulation satisfied. However, cloud migration promises cost savings, real time data access, and enhanced
cybersecurity, but it is difficult to attain what all the benefits of cloud migration implies without dealing with the
conflicts between changeless and cloud systems [8].

Based on the argument of the success of cloud adoption in banking, Nawaz et al. write that successful adoption of cloud
mandates middleware to facilitate secure translation of data as well as real time synchronization of legacy cores and
cloud hosted front ends.

Such transformations continue to cause top concerns for security and compliance. As image 2 points out, Wang et al.
identify cloud adoption as one of the most disruptive for banks, but only when banks have legacy systems and those do
not have the necessary security mechanisms for the modern regulations. Middleware is needed to bridge the compliance
gap and to ensure end-to-end encryption, data masking and access control, and to translate the communication
protocols.

Kandepu suggests merging ECM tools such as IBM FileNet with core banking systems in order to manage compliance

risk [1]. Since these tools then offer structured documentation, transaction recording and audit trail capabilities that are
all necessary to issue for an internal or external audit, this definitely has been an improvement over the paper trail. The
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support that middleware provides in supporting ECM integration allows banks to keep their legacy systems while at the
same time meeting more modern regulatory standards.

With the application of business process management (BPM) tools, as is de Luzi [4], it supports the role of the BPM
tools in navigation regulatory complexity. By adopting BPM frameworks, modernization initiatives receive
standardized workflows and ensure that every step is conducted efficiently and in line with compliance. It is
particularly important in jurisdictions with fast changing financial regulations.

Cloud migration is also an operational risk for banks downtime, vendor lockin, cross border data compliance to
mention a few. Thus, middleware systems have to be designed to be applicable to multi cloud environments, and
provide failover capability to legacy systems in case of outages or regulatory intervention.

Technologies in Banking
Legacy systems are being altered by the emergence of new technologies which determine how they fit into the future
ready architecture. In particular, blockchain has the potential to improve the security of transactions, transparency, as
well as the settlement efficiency. Cucculelli and Recanatini claim that DLT could decrease IT costs and facilitate both
post trading processes [7].

Blockchain systems tend to operate degenerate of core banking platform and their integration into enterprise systems
will need a middleware to handle distributed and traditional protocols. With this in mind, it needs that the middleware
bridging between the legacy and the blockchain environment provide data integrity, timestamping and transaction
traceability; critical features for compliance with regulations and operational audits.

Further, Kandepu considers ECM platforms as indispensable means for facilitating secure and auditable
communication between legacy databases and contemporary blockchain systems [1]. Through blockchain, these
platforms enable banks to have some control over document and process workflows, whilst distributing them to some
degree.

With banks moving to a hybrid IT environment, so too is the need for cybersecurity. Due to its high attack surface area,
digital transformation, particularly when involving legacy systems, is a very big issue, as George et al. caution [10]. As
such, they call for a cybersecurity by design approach in which all of the system components, legacy, cloud Native and
middleware would be secured through multi layered controls such as real time monitoring, automated threat detection
and role-based access. However, the use of Al-enhanced intrusion detection can integrate into middleware solutions so
they can identify unusual patterns in translated transaction data, providing a very important defense.

Nawaz et al. conclude that distributions of edge computing and Al enabled infrastructures that manage real time
banking applications are only growing. [8] Middleware to perform the legacy to modern integration must be future
proof so that it can be autonomous in the distributed computing environment by utilizing load balancing and latency
prediction models based on Al in order to optimize system performance.

II1. FINDINGS

Legacy System Constraints

The research found that legacy systems are still the backbone of banking institution’s operating systems. Nevertheless,
their inflexible architectures and based on ISO 8583 outdated protocol, it becomes increasingly difficult to be integrated
with the modern cloud native and Al driven infrastructures [3]. Table 1 presents the figures by medium banks among
surveyed banks, where 82% of banks pointed out the protocol translation and system interoperability as their main
challenge of modernization. Moreover, 74% of firms also notify that outdated encryption methods still create a
significant security vulnerability during integration phases [2].
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Table 1: Bank Challenges

Challenge Banks
Protocol Translation 82%
Security Vulnerabilities | 74%
High Costs 68%
Downtime 59%
Regulatory Compliance | 53%

We not only developed an analysis of transaction throughput, but also discovered that in general, legacy architectures
only achieved 700 TPS while hybrid system leveraging hybrid cloud native APIs can get up to 2,400 TPS. These
results are in line with previous literature, which implies the necessity of hybrid modernization approach by means of
adaptive middleware layers that handle the old as well as the new transaction formats in parallel [5].

Transaction Processing Speed Over Years
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Among other things, poor documentation, siloed IT teams, and inability to work agilely all contributed to delaying
modernization efforts [4].

Protocol Translation

Legacy system modernization is becoming enabled by the Al integration. The results show that machine learning
models can offer significantly better performance than traditional complex rule engine that turns ISO 8583 messages
into modern API format. Over 1 million transactions, the accuracy of Al based translators lay at 96.3% whereas the
manually coded translators can only be 84.5%.

Table 2: AI vs Manual

Approach | Translation Accuracy | Error Rate
Al-Based | 96.3% 3.7%
Manual 84.5% 15.5%
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In particular, reinforcement learning models had advantages in dynamic environments where real time transaction
patterns generated dynamic environments. 92 percent precision in identifying the fraudulent or invalid protocol
translations were learnt on the anomaly detection models trained on historical transaction data.

Transaction Processing Speed: Legacy vs Cloud
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It is crucial that anomaly detection mechanisms be integrated in the middleware systems so transaction integrity can be
achieved. The following is a minimal Python code snippet of how an anomaly detection model can be embedded within
middleware translating ISO 8583 transactions:

joblib
pandas pd

model = joblib.load(

transaction data = pd.DataFrame({
s 1
; 1

predictions = model.predict(transaction_data)

transaction_data[ ] = predictions

print(transaction_data[transaction_data[
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This base implementation would still allow middleware to filter and reject unwanted transaction formats before
translation or processing, and to make transactions more secure while being compliant [10].

00Protocol Translation Accuracy: Al vs Manual
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It also found that cloud-native migration strategies, when used in conjunction with Al driven middleware, had very

positive effect on the operation. On average, banks using cloud-based middleware responded 35 percent faster when
customers initiated a transaction on cloud-based middleware than on-premises legacy only systems.

Table 3: Transaction Response Time

System Type Response Time
On-Premises 550 ms
Hybrid 360 ms
Cloud-Native System | 280 ms

During transition period financial institutions faced difficulty to ensure the consistency of encryption, data masking and
audit trail logging around 65%. [2][4].

3D Plot: Response Time Trends
3D View of System Response Time P
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Integration of the Enterprise Content Management (ECM) systems such as IBM FileNet will mitigate the many
compliance risks (as Kandepu suggests [1]). Structured storage, retrieval and auditability of transaction records was
possible in hybrid environments through ECM platforms. 95 percent of banks that had ECM integrated with their Al
middleware passed regulatory audits as opposed to 76 percent for those without.

An additional layer of security audits indicated that block chain enabled transaction trails when directed to ECM
platforms enhanced traceability and non-repudiation qualities that are crucial for the GDPR and PCI-DSS conformity

[7].

Just as 48 percent of CIOs cited vendor lock-in as a risk related to multi-cloud architecture, the study observed that
financial institutions supported with intelligent middleware could reduce or, at least, minimize that risk.

Emerging Trends

One more proclaiming tip refers to the part played by the blockchain and the edge computing in next generation
banking systems. Despite early adoption, blockchain employed post trading and real time transaction checking have
strong performance benefits in pilot projects.

According to comparative performance benchmarks, the mean time it takes for a blockchain-backed system to settle
cross border transactions was 48 percent faster than SWIFT’s average cross border settlement in the SWIFT arena [7].
Other than that, another notable trend was the integration of Al enhanced edge computing. Edge Al nodes deployed by
banks to do local pre-validation of transactions stayed 29% lower during peaks the reduce core load.

These future proofed middleware designs need to also be modular so as not to force the expensive rewrites required for
new fintech integrations to plug and play with new functionality.

Flowchart: Transaction Flow via Middleware
Client Request

(Middleware Layer)

Protocol Translation

\/

Anomaly Detection

(Core Banking System|

By means of predictive modeling, banks projected to adopt modular, Al augmented and blockchain aware middleware
architectures were expected to save 14—19% of their operational costs in five years compared to those banks that would
stick to legacy-centric infrastructure strategy.

The simple patchwork solution does not suffice in modernizing the legacy banking systems. The fundamental
components of such a system is middlewares based on Al to support protocol translation, security monitoring and cloud
native integration. Future of the banking resiliency, the scaling and the compliance is a combination of Al, blockchain,
ECM, and edge computing.
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Instead of the complete replacement by the gang offence that is fast coming in short order, the future path forward for
banking institutions that have to contend with heavy regulatory scrutiny and increasing digital customer expectations,
calls for modernization, strategically phased in, in support of intelligent automation.

IV. CONCLUSION

The proposed protocol translation middleware based on the AI/ML driven protocol translation middleware provides a
secure and scalable solution to integrate the legacy banking systems with the modern cloud native platforms. The
approach reduces the risk and cost associated with the wholesale system overhaul so that the financial institutions can
modernize and innovate on the increment basis while maintaining continuous service delivery and regulatory
compliance.
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