Al-Assisted Legacy Modernization in a Brazilian Bank

Bruno Pereira Soares
Banco Bradesco S.A.
Osasco, Brasil
bruno.p.soares@bradesco.com.br

Abstract

Legacy software modernization in financial institutions involves
critical systems, complex dependencies, distributed tacit knowl-
edge, heterogeneous technologies, and strong governance require-
ments. This paper presents an industry experience report on the
governed use of Artificial Intelligence (AI) to support a large-scale
modernization program in a Brazilian bank. The initiative focuses
on business services derived from an internal BIAN-based capa-
bility structure and involves multiple business units, internal and
external teams, and modernization waves. The Al strategy priori-
tized three fronts: reverse engineering, dependency mapping, and
modernization of legacy technologies. Instead of treating Al as
an unrestricted automation mechanism, the initiative combined
Al agents, human review, technical validation, guardrails, and or-
ganizational governance. The report also describes the role of an
Al-Driven Coding Engineering squad, a corporate catalog of Al
agents, and an internal platform to manage, evaluate, approve, and
communicate Al-supported solutions. The experience indicates that
AT can support knowledge-intensive modernization activities, es-
pecially when combined with traceability, human oversight, and
governance mechanisms.
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1 Introduction

Legacy software modernization remains a central challenge in large
organizations. In financial institutions, this challenge is amplified
by the operational criticality of systems, coexistence between old
and modern platforms, the high volume of dependencies, and the
need to preserve business rules frequently embedded in legacy code,
incomplete documentation, and tacit knowledge.

The literature indicates that legacy systems are perceived as
critical, reliable, and strongly connected to the business, but also
associated with high maintenance costs, difficulty of evolution, and
scarcity of technical knowledge [10]. At the same time, language
models and machine learning techniques applied to code have
created opportunities to support summarization, documentation,
dependency analysis, translation between languages, refactoring,
test generation, and technology upgrading [2, 8, 12]. However, in
critical contexts, Al cannot be treated as unrestricted automation:
semantic preservation, security, traceability, human validation, and
artifact quality remain determining factors [13, 15].
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This paper presents an industry experience report on the gov-
erned application of Al in a large-scale legacy modernization pro-
gram in a Brazilian bank. The program involves 252 Business Ser-
vices organized from an internal BIAN-derived layer [3]. Initial
evidence includes 21,780 hours saved in reverse engineering and
11,646 hours in Angular-related technology upgrading, totaling
33,426 hours.

The report also describes the governance structure based on an
Al-Driven Coding Engineering squad, a corporate agent catalog,
and internal governance software. It extends a previous experience
in the same banking context by examining Al support for reverse
engineering, dependency mapping, and technology upgrading [16].

2 Industrial Problem and Context

The modernization program was structured around 252 Business
Services defined from an internal BIAN-derived layer. This orga-
nization treats modernization as a business capability-oriented
transformation rather than only as the replacement of applications
or technical components.

The scope comprises approximately 1.4 million development
hours, about 1,000 internal and external collaborators, and seven
business units: Wealth & Personal Banking, Cards & International
Banking, Digital Business, Credit, Retail & SME, Corporate Func-
tions, and Corporate Daily Banking.

The scale of the program creates technical and organizational
challenges: understanding legacy systems, identifying dependen-
cies, impact analysis, extracting business rules, architecture docu-
mentation, technology upgrading, and functional equivalence vali-
dation. From an organizational perspective, it requires alignment
among business, architecture, engineering, security, operations,
vendors, and platform teams.

In this context, Al was prioritized in three fronts:

Reverse engineering: understanding legacy systems, extracting
business rules, and generating technical documentation.

Dependency mapping: identifying relationships among appli-
cations, components, services, databases, integrations, and business
flows.

Technology modernization: supporting upgrades, library mi-
gration, assisted refactoring, and repetitive code transformations.

The program builds on a previous pilot involving mainframe and
cloud-native squads, which revealed decision inconsistencies, high
reverse-engineering effort, and the need for standardized architec-
tural evidence [16]. These lessons motivated the adoption of phases,
templates, transition architectures, and systematic Al support.
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3 Background

Legacy software modernization involves encapsulation, rewriting,
automated migration, reengineering, refactoring, and architectural
transformation [4, 9, 17]. In COBOL environments, rule-based ap-
proaches have historically supported code restructuring and mi-
gration [7, 20]. However, complete rewrites may introduce high
costs and functional-loss risks, while automated migrations may
preserve behavior without improving architectural quality, mak-
ing functional-equivalence validation essential [17, 18]. Program
slicing and model-based approaches can also extract business rules
embedded in COBOL code [5].

Machine learning techniques support source-code modeling, gen-
eration, translation, and analysis [2, 12]. Applications include code
transformation [19], pseudocode generation [1], library upgrading
[14], automated refactoring [13], and monolith decomposition [11].
Nevertheless, data quality, generalization, semantic preservation,
output evaluation, and human validation remain challenges [12, 13].

4 Governance of Al Agents in Modernization

In this report, an Al agent is a tool, workflow, or automation that
supports a Software Engineering or modernization activity through
LLMs, RAG, static analysis, pipeline integration, IDE assistance,
documentation tools, or combinations of these approaches. Its out-
puts are candidate artifacts subject to human review, technical
validation, security criteria, traceability, and approval by technical
owners.

Governance is coordinated by the ACE squad (AI-Driven Cod-
ing Engineering), which defines standards, guardrails, acceptance
criteria, and communication practices. Other teams may propose
agents, but catalog admission requires a defined purpose, usage con-
text, owner, expected artifacts, risks, limitations, and supervision
requirements.

Each agent follows a lifecycle recorded in the corporate catalog.
Proposals remain In Development during validation and become
Active after technical approval and demonstrated use. Deprioritized
or unused agents move to Backlog or Inactive, preserving trace-
ability and reducing fragmented automation. These mechanisms
complement the AS-IS, Transition, and TO-BE views, C4 models,
architectural evidence, and enabling-team practices established in
the previous modernization experience [6, 16].

5 Applied Solution

The Card Payment Business Service illustrates the end-to-end work-
flow. First, reverse-engineering tools generated technical documen-
tation, including C4, UML, and entity-relationship diagrams, from
legacy COBOL code and identified critical business rules. Second,
dependency-mapping agents identified integrations and coupling
risks, supporting a C4-based transition architecture. Third, mod-
ernization agents assisted the transformation to Java Spring Boot.
Human approval and functional-equivalence validation were re-
quired before accepting the generated changes.

The ACE squad and corporate catalog described in the previous
section govern this workflow. Table 1 summarizes the prioritized
fronts, their objectives, and examples of expected artifacts.
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6 Initial Results

The results correspond to gains already measured in specific activi-
ties of the program. They do not yet represent the total schedule
gain of modernization, since the final benefits will be assessed after
the modernization of the business services is completed. Table 2
presents the main initial indicators of scope, planned effort, and
hours saved.

To quantify the impact of Al, we established a baseline by com-
paring the estimated historical effort for reverse engineering and
technology modernization activities against the actual time spent
after the agents were implemented. The measurement was per-
formed by tracking hours logged in project management systems
(Jira/Confluence) by members of the involved squads, focusing
specifically on tasks where the agents were invoked (e.g., technical
documentation generation, assisted refactoring). The “saved” value
represents the difference between the effort originally planned for
these activities and the effort actually expended, isolating the con-
tribution of automation. It is important to note that this metric is
conservative: it does not include indirect gains such as reduced
rework or improved code quality, as these factors are difficult to
attribute exclusively to Al without introducing bias. The reported
hours saved (21,780 for reverse engineering and 11,646 for Angular
modernization) reflect only the direct, measurable impact on the
schedule of the modernization waves as of the date of this report.

In reverse engineering, the hours saved are associated with effort
reduction in understanding, summarization, technical documen-
tation, knowledge reconstruction, and preparation of artifacts for
modernization decisions. In Angular-related technology upgrad-
ing, the gains indicate the potential of Al to accelerate technical
transformation tasks, identification of obsolete patterns, support
for refactoring, and reduction of repetitive effort.

Together, the measured results total 33,426 hours saved. Consid-
ering 252 Business Services, this represents an approximate aver-
age of 132.6 hours per service. In a managerial conversion of 160
hours per person-month, the gain is equivalent to about 209 person-
months. This conversion is approximate, since gains vary according
to service complexity, technologies involved, dependencies, code
volume, existing documentation, and availability of specialists.

Dependency mapping and the measurement of schedule gains
in architecture activities are still under analysis. Total schedule
gains will be assessed at the end of the modernizations, when it will
be possible to compare planned effort, actual effort, delivery-cycle
impacts, rework, and artifact quality.

The distribution of gains is not uniform across legacy technolo-
gies; it reflects both the complexity of the code and the level of
maturity of the Al tools available for each domain. Most of the
hours saved in reverse engineering (21,780) were concentrated in
Mainframe/COBOL systems, where technical documentation was
virtually nonexistent and agents focused on rule extraction and
diagram generation had a transformative impact. In terms of techno-
logical modernization, the significant gain (11,646 hours) occurred
predominantly in the Angular frontend, due to the massive need
for version upgrades and migration from obsolete standards, which
the agents successfully automated. In contrast, the dependency
mapping effort is still under detailed analysis; although it shows
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Table 1: Prioritized fronts for using Al in modernization.

Front Objective

Expected artifacts

Reverse engineering Reduce the effort required to understand legacy systems
and support the reconstruction of technical and func-
tional knowledge.

Identify relationships among applications, components,
integrations, databases, services, external calls, and busi-
ness flows.

Support the upgrading of legacy technologies, assisted
refactoring, and effort reduction in repetitive technical
transformation tasks.

Dependency mapping

Technology modernization

Technical summaries, component documentation, description of business
rules, functional flows, behavioral hypotheses, attention points, and inputs
for architecture.

Dependency maps, impact matrices, relationship graphs, lists of con-
sumers/providers, coupling risks, and inputs for transition planning.

Upgrade recommendations, assisted code changes, compatibility analysis,
support for library migration, identification of obsolete patterns, and
review evidence.

Table 2: Initial measured results.

Indicator Value
Business Services in the initial scope 252
Business units involved 7
Approximate planned effort 1.4 million hours
Internal and external collaborators ~1,000
Hours saved with Reverse Engineering 21,780
Hours saved with Angular upgrading 11,646
Total hours already measured as saved 33,426

132.6 hours
209 person-months

Approximate average saving per service
Approximate equivalent in person-months

promise for reducing the time required for impact analysis, its quan-
titative gains will only be realized after the completion of the next
waves of modernization.

At the reporting cutoff, the corporate catalog contained 134
registered agent entries. Backend was the largest category, with
83 entries, followed by Frontend with 25, Mainframe with 18, and
Copilot with eight. No entries were classified under Migration
or Quality at this stage. These categories represent the primary
technical focus assigned to each catalog entry and do not directly
correspond to the three modernization fronts, since an agent may
support reverse engineering, dependency mapping, or technology
modernization regardless of its technical category.

7 Discussion and Lessons Learned

The results suggest that Al can generate relevant gains when ap-
plied to knowledge-intensive activities, and not only to code gen-
eration. Savings in reverse engineering reinforce that one of the
greatest opportunities lies in accelerating system understanding,
knowledge recovery, and production of intermediate artifacts. This
finding is consistent with the literature on Al for code, which points
to applications in summarization, documentation, pattern inference,
and support for software comprehension [2, 8, 12].

Savings in technology upgrading indicate that AI can support
repetitive transformations, compatibility analysis, and assisted refac-
torings. The literature on library upgrading and deep learning-based
refactoring points to similar opportunities, but also to limitations re-
lated to behavioral preservation, data quality, and human validation
(13, 14].

The lessons summarized in Table 3 synthesize the main practical
implications of the experience for software organizations facing
large-scale legacy modernization. These lessons complement evi-
dence previously reported in the same industrial context [16].

The adoption of Al in a brownfield context revealed that not all
initial assumptions held up under the pressure of operational reality.

Initially, we attempted to apply general-purpose agents to documen-
tation tasks without contextual constraints; however, we observed
that plausible but semantically incorrect outputs were often ac-
cepted by developers, compromising the quality of the artifacts.
This led us to implement strict guardrails based on cross-checking
with static analysis and mandatory human review for any changes
to automatically generated code. Furthermore, we discovered that
agents focused exclusively on code generation (without support
for domain understanding) failed to handle complex business rules
embedded in the legacy system; the solution was to redirect these
efforts toward the extraction and validation of rules prior to syn-
tactic transformation. These adaptations—from the introduction
of quality checkpoints to the refinement of prompts based on con-
tinuous feedback—demonstrate that governance is not merely a
static catalog, but a dynamic process of learning from day-to-day
mistakes.

Table 3: Lessons learned from the Al-assisted modernization
experience.

1D Lesson learned

L1 Al generates value before coding. The main initial gains occurred in understanding,
documentation, reverse engineering, and technology transformation.

L2 Large-scale modernization requires business orientation. Business Services
helped connect technical decisions to organizational capabilities.

L3 Governance is a condition for scaling Al Without a catalog, guardrails, and
owners, agents tend to multiply in a fragmented way.

L4 Intermediate metrics are necessary. Since total schedule gains will only be known

at the end of the modernizations, intermediate indicators allow impact monitoring
during execution.

L5 Human supervision remains essential. Specialists remain necessary to validate
business rules, dependencies, security, architecture, and functional equivalence.

The results complement evidence previously reported in the
same industrial context. While the previous report highlighted
an estimated 65% reduction in analysis effort through reverse-
engineering and documentation automation, in addition to a priori-
tized scope of 199 business services across multiple waves [16], this
work considers 252 Business Services with modernization starting
in 2026 and specific indicators of hours saved in reverse engineering
and technology upgrading.

8 Threats to Validity and Limitations

This report has limitations. The results are initial and correspond
to activities already measured; total schedule gains will be mea-
sured at the end of the modernizations. The aggregated numbers
do not detail variations by domain, technology, complexity, code
volume, or dependency criticality. For confidentiality reasons, sys-
tem names, source code, prompts, knowledge bases, proprietary
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architecture, sensitive data, and restricted operational indicators
are not presented.

There are also threats related to measuring hours saved, since
effort savings depend on the baseline used, the complexity of the
artifacts, and the participation of specialists. As this is an ongoing
industry report, the results should not be automatically generalized
to other contexts, although banks, insurers, public agencies, and
large enterprises may share similar legacy challenges.

9 Conclusion

This paper presented an industry experience report on the gov-
erned use of Al in a large-scale legacy software modernization
program in a Brazilian bank. The program involves 252 Business
Services, approximately 1.4 million development hours, about 1,000
internal and external collaborators, and seven business units. The
strategy prioritized reverse engineering, dependency mapping, and
technology modernization.

The initial results indicate 33,426 hours saved, with greater im-
pact in reverse engineering and technology upgrading. These re-
sults suggest that Al can generate value in knowledge-intensive
and technical transformation activities, especially when applied
with governance, traceability, and human supervision.

In addition to quantitative results, the paper presented the organi-
zational governance structure based on the ACE squad, a corporate
agent catalog, and internal software to manage, evaluate, approve,
and communicate Al agents. As future work, we intend to expand
the measurement of schedule gains in architecture, measure results
at the end of the modernizations, and longitudinally evaluate the
impact of Al on the modernization cycle of Business Services.

Artifact Availability

No public artifacts are available for this study. Due to confidentiality
and organizational restrictions, source code, prompts, knowledge
bases, internal architectural artifacts, operational data, and propri-
etary Al agents cannot be made publicly available.
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