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Abstract

This paper analyzes the advantages of adding Al to mainframe systems, pointing out how
this leads to better efficiency, updated code, and updated mainframe systems. It illustrates,
using examples and statistics, how new Al methods help companies make their aging

systems more flexible and ready for future challenges.
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L. INTRODUCTION
Although mainframes are crucial for many businesses, adaptation to modern ways is

needed to maintain sustainability and stay flexible. Strategies based on Al such as
automation, smart resource management, and automatic document generation are
introduced in this paper to fix technical debt and inefficiencies. We analyze how Al is

connecting with mainframes by relying on recent findings and real-life examples.
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II. RELATED WORKS
Al in Mainframe Systems

Earlier, mainframe computing was only for old enterprise systems, but now, due to Al,
ML, and generative Al, it is experiencing a new wave of popularity. Most critical applications
in healthcare, finance, and the government are built on mainframe computers.

Still, the way they fare in today’s digital space largely depends on their use of Al in their
operations [1]. IBM’s z17 mainframe shows how this has changed, given that it can handle

more than 250 Al applications for enterprises.
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It is becoming clear that more organizations are relying on Al to perform key
operations and the most advanced analyses straight at the source of the data [1]. Based on
the text [1], it is clear that automation, optimization, and smart decision-making are the
significant roles Al plays.

They are used to optimize workloads, notice changes while they are happening, do
predictive maintenance, and plan the use of resources. Alternatively, Generative Al is used
in adapting documentation, handling incidents, and boosting productivity of developers.

Rather than replace human operators, artificial intelligence takes over simple duties

and lets humans focus on high-level decisions and ethical concerns. According to [3], the
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CETM (Cognitive Enterprise Transition Model) gives complete guidelines for transforming
organizations to be Al-native, working on legacy code, adapting Al models, and changing to
single or multi-agent autonomy. As a result, firms modernize their technology and change
their usual ways of working with AL

Technical Debt Management

Making mainframe systems modern requires working on more than infrastructure
alone; the actual programming code has to change as well. When it comes to legacy languages
like COBOL and MUMPS, code refactoring has usually required a lot of effort and often led to
mistakes. It is now clear, based on recent achievements [5], [6], and [10], that deep learning
and GNNs have a major impact on this field.

Models that rely on GNNs generally process code context with the help of abstract
syntax trees (ASTs) and make recommendations for improving the code. GNNs decreased
cyclomatic complexity and coupling more than SonarQube and similar tools by 35% and
33%, respectively, in the comparative study [5]

With Al involved in technical debt management, software continues to develop in a
sustainable way. By looking at Al approaches for controlling technical debt [7], tools have

been discovered that deal with code reviews, testing, and documentation.
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Apart from helping companies modernize, such automation solutions also keep
software reliable and guarantee system strength. Even so, some challenges still exist. Almost
all refactoring tools concentrate on methods and do not consider important class- or
framework-level improvements [6].

Moreover, having Al resources such as IBM Watsonx Code Assistant for Z and AWS Q-
based refactoring tools demonstrates how companies are making good use of these tools to
simplify code changes and prevent errors [1].

Modernization Strategies

To get from old monolithic systems to Al-based platforms, one must use proper tools
and plan the change. According to CETM [3], this path comprises ten categories, starting with
the difficulty of legacy codes and employee resistance and ending with using self-sufficient
multi-agent systems.

It is important for this movement that Al-native architecture exists to help Al agents
take part in business management, decision-making, and optimization. An important aspect
of this shift is making use of intelligent tools.

The XMainframe LLM is specifically made to handle COBOL and ALC challenges and
delivers much better results in documenting and summarizing than mainstream GPT-3.5 and
Mixtral-Instruct [9].

In the same way, line-level techniques used to build readable and error-free guides for
old systems are a clear example of how Al can transform them without needing human
attention [8]. In fact, by using Al pipelines to upgrade old COBOL code to Java, both the
accuracy (93%) and efficiency in making things less complex and coupled were confirmed at
[10].

Consequently, Al can help bring about modernization, since it is both feasible and
scalable in any business environment. Examining cloud platforms also contributes to making
the modernization process more effective. Even though both GCP and AWS have their own
advantages, Azure comes out as the best pick due to its hybrid and Al-augmented features.
The insights make it possible for companies to double-check their cloud migration plans

against their Al goals.

https://iscsitr.com/index.php/ISCSITR-IJSRAIML 17



Future Directions

Although there is great technology involved, mainframe modernization with Al still
encounters several issues. There are some challenges such as poor data, complex systems,
and the inability to explain AI's conclusions.

Even though GNNs and LLMs are superior in precision and recall than traditional
models, they do not perform as well with different codebases [6][8]. Refactoring projects
that use deep learning are mostly designed to detect problems and recommend solutions,
with just a few looking at the whole process or quality checks [6].

Because Al hallucinations occur and there are still no dependable ways to evaluate the
results, ethical issues around trusting Al-generated code and documentation only become
more complex [8]. Due to recent research works, such as the MainframeBench and Legacy
COBOL 2024 Corpus, comparisons of Al tools according to fairness, reliability, and speed are
now becoming easier [9][10].

In the future, researchers may find it valuable to look at method and class emphasis in
code, make progress in measuring LLM documentation, and begin applying XAl to win user
trust. Such frameworks give a company a view of its goals for the future.

Their approach to all the mentioned topics fits the future direction of self-evolving,
independent business systems [3]. The literature shows how Al is making significant
changes to mainframe operations, including making them more efficient, streamlining tasks,
and converting a lot of code.

Modernization is now faster and more strategically coordinated with the enterprise
agility goals, due to Al tools, such as LLMs, GNN refactoring engines, and others.
Nevertheless, it is still difficult to interpret, guarantee quality, and use deep learning on a
large scale. Tools and frameworks like CETM, XMainframe, and Watsonx Code Assistant are
making it possible to move from outdated static environments to ones which are dynamic

and use Al
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II1. FINDINGS
Operational Optimization

By adding Al to mainframe systems such as IBM’s z16 and z17, automation processes
in everyday work have been greatly improved. Al now performs many official administrator
duties, such as handling predictive maintenance, adjusting workloads, organizing resources,
and adjusting the systems [1][2].

Reviewing old data in the logs, algorithms learn what could stop the service and help
by warning of anomalies soon. Hence, organizations running Al-modified mainframes have
seen big drops in system delays and issues.

To give an example, using Al in selected environments, HyperFRAME Research found
an improvement in job throughput by 45% and a drop in downtime hours by 35% per
quarter [1]. The improved operations lead to less spending and better agreement to service
level arrangements.

These engines automatically give CPU and memory to different LPARs according to
predictions of how workloads and traffic will change. The z17 processors’ on-chip Al digital

circuits help the system perform more than 250 Al-related industry tasks [2].

Table 1: Mainframe System Efficiency

Metric Traditional Mainframes AI-Enhanced Mainframes % Improvement
Job Throughput 430 625 45%

Mean Downtime 32 21 34.4%

SLA Compliance 89% 96% 7.9%

Mean CPU 62% 84% 35.5%
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Intelligent Refactoring

The process of updating old mainframe applications, much of which are in COBOL,
MUMPS, or Assembly, has been very difficult because they are hard to understand and
contain a lot of debt. Al helps organizations to automate large parts of refactoring code,
mapping dependencies, and making documentation, due to watsonx Code Assistant for Z,
Amazon Q-based assistants, and specially designed LLMs [3][7][9].

Graph neural networks working on abstract syntax trees outperform the functions of
SonarQube. In tests run on 75,000 Python apps and 50,000 COBOL software systems, GNNs
managed to accurately recommend refactorings and drastically reduce cyclomatic

complexity and coupling, while the traditional methods were much less efficient [5][10].
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Table 2: Refactoring Accuracy

Tool Refactoring Accuracy | Complexity Reduction | Coupling Reduction
GNN-Based Refactorer 92% 35% 33%
SonarQube 78% 16% 15%
Decision Trees 85% 25% 22%
Manual Refactoring 75% 21% 19%

Today, people are using LLMs for reverse engineering code written in the past.
XMainframe LLM, made with inputs from COBOL and ALC, is more accurate at summarizing
and creating documentation than GPT-3.5. XMainframe improves developers’ ability to
understand legacy systems, which makes the training period half as long and reduces the

number of documentation mistakes by more than half [9].
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Cognitive Enterprise Transition

Moving to Al-native or self-managed mainframe architectures is among the most
important trends Al brings. Sanford states in CETM [3] that firms are starting to switch from
mainframe systems that don’t adapt to smart, flexible, and modular Al-based solutions.

Due to intelligent agents’ ability to self-diagnose, distribute tasks among themselves,
and coordinate with others, things are moving toward a different place. Organizations using
multi-agent Al reported that their business processes in payroll, transaction monitoring, and

fraud detection became much faster [3][7].

Table 3: Business Process Automation

Function Pre-Al MAS Post-Al MAS Reduction (%)
Payroll Processing 7 hours 1.5 hours 78.5%
Fraud Detection 3 hours 25 minutes 86.1%
Loan Approval 4.2 hours 55 minutes 78.2%
COBOL Code 12 hours 2.1 hours 82.5%

With CETM, organizations get a clear plan for handling data on the mainframe,
changing the workforce, and meeting integration needs. The key outcomes for early adopters
are migrating costs that are 26% less, modernization done 40% more rapidly, and being

more agile in the long run [3].
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Ethical Considerations

Integrating Al into mainframe activities comes with a variety of difficulties. Technical
debt, and especially the issues that come with old code and ways of designing applications,
is very important where Al is slow to be adopted.

Refactoring using Al is effective, though quality assurance of Al changes is hardly
researched, so there are still some issues with making them production-oriented [6][7].
Modernization is made harder by how hard it is to explain and follow the steps in LLM-based
code.

Even if XMainframe has lowered the rate of hallucinations in generated documentation,
ALC does not have enough accurate comments, which means we still need specific metrics
for different fields [8].

In a recent study [7], it was found that data imbalance in the training data, dependence

on exclusive Al software, and the lack of proper frameworks for Al governance are some of
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the problems. These are very important for banking and healthcare since explainability and

compliance must always be present.

Table 4: Qualitative Challenges

Challenge Area | Description Stakeholder
Impact
. Many times, existing data cannot be used in Al because it is unorganized,
Data Quality has duplicates, and does not match current Al standards. IT Ops
Skill Gaps Not many engineers are knowledgeable in working with mainframe systems HR
as well as AL
Refactoring Ex- | Code changes made through deep learning are not well explained, so audits
o . Developers
plainability can be complicated.
Ethical A There is no set approach to check the fairness, transparency, and compli- Compliance
ance of Al-produced code. Officers

The report highlights that Al is changing how mainframe operations are carried out
and not just making them easier. Al technologies are introducing new improvements like fast
operations, automation, intelligent refactoring, and independent architectures to old

infrastructure that is still important for the business.

Stakeholder Concerns in Al Modernization
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Due to GNNs, LLMs, and cognitive enterprise models, organizations can cut their costs
and speed up their transition to new technologies while also ensuring they remain resilient.
Even so, the process is not fully finished. Just like any other major change in technology, there
are problems such as issues with data, technical challenges, moral concerns, and insufficient
resources.

In order for modernization to last, organizations must have an organized method, Al
technologies, and effective rules in place. Basically, the use of Al in mainframe operations is
not just about keeping things the same but about reshaping what they mean in tomorrow’s

business world.

IV. CONCLUSION

Mainframe operations benefit a lot from Al, resulting in higher performance, better
manageability, and more options for scaling. They allow companies to make their old
systems more efficient by reducing costs. It proves that Al is not only a helpful tool but also

a major change agent in mainframes set up for the future.
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