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Abstract Data migration across different database management systems (DBMSs) is a critical task for companies
aiming to modernize their infrastructure, reduce risks, and improve operational efficiency. This paper presents a
workflow to assist in conducting migrations, from planning to post-migration. The objective is to provide a roadmap
for migrations, reducing execution time, mitigating risks, and ensuring data integrity and security. The proposed
approach was validated in a real company scenario, demonstrating its feasibility and effectiveness. This article
makes a practical contribution to the data migration area, providing a validated roadmap that assists companies in
conducting migrations efficiently and safely.
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1 Introduction
Various factors may lead organizations to turn to the data mi-
gration process, such as updating technologies, saving costs,
and fixing security issues. The benefits of a successful mi-
gration are significant, including improved performance and
system scalability, consolidation of legacy data, and ensuring
business continuity. However, data migration can present
several challenges, requiring a solid workflow Hussein et al.
[2021]; Thalheim and Wang [2013].
Despite its crucial role, database migration is often under-

estimated, which can lead to significant risks regarding data
integrity and security. Data loss and compromise stand out
among the main challenges of this process, often caused by
issues like data type incompatibility. For example, one might
use the int unsigned type in MySQL and int in PostgreSQL;
however, PostgreSQL does not support unsigned types, re-
quiring a choice of a data type that covers the same range of
values. These problems can negatively impact business oper-
ations (e.g., an inconsistent database) and even lead to legal
issues. Moreover, performance problems can frequently oc-
cur, affecting operational efficiency.
Choosing the proper migration process is fundamental for

its success. For instance, migrating to the cloud can offer
scalability, reduced costs, and greater availability. However,
it is crucial to assess the risks and challenges before initiat-
ing the migration, as issues related to security, compatibility,
and performance may arise. Additionally, there are different
types of migration to consider: migrations between different
DBMSs, between the same DBMSs but with different ver-
sions, between DBMSs with different data models (for ex-
ample, from a relational database to NoSQL) Ellison et al.
[2018], and finally, migrations between DBMSs located in
different computing environments (for example, from an on-
premise setup to the cloud).

This work presents a generic workflow to ensure an ef-
ficient migration process in terms of accuracy and execu-
tion time. The goal is to provide a comprehensive and sys-
tematic strategy that guides organizations throughout the en-
tire migration process, including planning, execution, and
post-migration activities, and encompassing migrations be-
tween different DBMSs and data models. The workflow
described in this work gives organizations a solid basis to
perform database migration, mitigating risks and ensuring
data integrity. This study extends our previous work Moraes
et al. [2024], incorporating a more detailed description of
each stage of the data migration process. In addition, it en-
hances the proposed workflow and presents a more in-depth
analysis of the challenges and risks involved.
The primary contributions of this work are the follow-

ing: First, we introduce DB-SMigra, a detailed, six-stage
workflow designed with the flexibility to be applied to
diverse scenarios, including migrations between heteroge-
neous databases and across different data models. Second,
the workflow establishes continuous documentation as a core
principle for the entire process, a critical factor for ensuring
traceability and mitigating risks that goes beyond a simple
ETL procedure. Third, we provide empirical validation of
the workflow’s effectiveness through its successful instan-
tiation in an industrial case study, demonstrating its practi-
cal applicability in migrating a legacy MySQL database to a
replicated PostgreSQL environment with spatial data require-
ments.
The structure of this work is organized as follows: in Sec-

tion 2, several studies related to the database migration pro-
cess are presented. In Section 3, we detail the proposed work-
flow, divided into distinct steps, aiming to establish a solid
theoretical foundation to serve as a reference for data migra-
tions. In Section 4, we demonstrate the practical application
of the workflow in a real business scenario. Finally, in Sec-
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tion 5, we present the conclusions of the work.

2 Related works
Studies on database migration have been evolving alongside
the emergence of new technologies that companies use. In
Elamparithi and Anuratha [2015], an analysis of relational
database migration strategies between 1987 and 2008 is pre-
sented, describing the main limitations of each strategy and a
vast collection of different types of migration tools. A crucial
aspect of this process is conceptual modeling, as discussed in
Mayr and Thalheim [2021], which plays a fundamental role
in understanding and representing data. The ability to trans-
form conceptual models is essential to preserve semantics
and data integrity during migration.
With the continuous development of NoSQL databases,

new perspectives and strategies have been developed, allow-
ing the industry to go beyond relational database systems and
explore the transition to NoSQL models. The study by Nan
and Bai [2019] focuses on data migration from relational
databases to graph databases, proposing an algorithm that
transforms Entity-Relationship (ER) models into graph mod-
els, using transformation rules to maintain data integrity and
constraints. Similarly, Karnitis and Arnicans [2015] presents
a solution for migrating relational databases to document-
oriented databases, enabling the semi-automatic conversion
of data, the creation of refined logical data models, and cus-
tomized migration templates.
In addition to the migration aspect involving the type of

source (legacy) or target database with its specific character-
istics, it is important to consider storage methods. In the cur-
rent context, many companies choose to transition to cloud-
based systems. The study by Ellison et al. [2018] addresses
database migration to the cloud, highlighting the importance
of understanding migration duration, migration costs, and fu-
ture operational costs. In Boddapati et al. [2022], the authors
review data migration processes to the cloud, evaluating the
service models of providers such as AWS, Microsoft Azure,
and Google Cloud. Each of these providers offers tools and
resources that facilitate data migration, attracting the interest
of organizations. However, the authors emphasize that de-
spite the potential benefits of cloud platforms, the inherent
challenges of database migration persist, increasing organi-
zations’ dependency on these solutions.
These studies contribute significantly to datamigration, re-

porting specific challenges faced due to the characteristics of
source or target databases and the use of cloud storage. In
all these cases, a standard set of steps must be followed as
best practices. For example, the work of Wang et al. [2014]
presents a migration workflow for heterogeneous databases.
It consists of three main procedures: extracting data from the
legacy system, converting it, and loading it into the target sys-
tem. Several factors can complicate the data migration pro-
cess in heterogeneous environments during these procedures,
particularly issues related to data types. These three main
procedures align with the concept of ETL (Extract, Trans-
form, Load), which is a common and well-explored practice
in the context of data migration Thalheim and Wang [2013].
However, it is important to emphasize that data migration

goes beyond a simple ETL procedure. The study by Hus-
sein et al. [2021] demonstrates that data migration is a multi-
faceted process that begins with the analysis legacy data and
culminates in the reconciliation data loaded into new appli-
cations. This process can be complex, requiring testing to
ensure data quality and potentially becoming costly if best
practices are not followed. The study proposes a three-phase
methodology: planning, migration, and validation.
In summary, studies on database migration provide prac-

tical methodologies for addressing the challenges involved
in transitioning between relational, NoSQL, or cloud-based
systems. Each approach aims to ensure data integrity and the
efficiency of the migration process. Based on works such as
Hussein et al. [2021] and a real-world case of data migra-
tion in the industry, we propose, in the next section, an ex-
panded step-by-step workflow that distinguishes itself in key
areas: it goes beyond a simple ETL procedure by incorporat-
ing theoretical perspectives Thalheim and Wang [2013], and
it establishes continuous documentation as a core principle
throughout the entire process to mitigate risks.

3 DB-SMigra: A Workflow for Intel-
ligent Database Migration

As previously stated, various scenarios may lead companies
to undertake the database migration process. However, this
process presents challenging risks. To minimize risks during
migration, this section describes DB-SMigra, a workflow de-
signed to guide the migration process, regardless of the type
of migration.
Figure 1 presents the proposed workflow. Note that it is

divided into six stages. Each stage is designed to provide a
clear understanding and effectively execute the process. It
begins with evaluating the legacy database, followed by mi-
gration planning, development or configuration of the neces-
sary tools, execution of the migration, and finally, verifica-
tion and validation. It is important to highlight that the doc-
umentation stage is carried out continuously throughout the
migration process as activities are developed. This ensures a
comprehensive and continuous view of the workflow.
In addition to the options for partial or complete migra-

tion of legacy data and the compatibility between the source
and target database management systems (homogeneous or
heterogeneous migration), it is crucial to consider the num-
ber of databases involved in the process. In many cases,
there is only one source and one target database (1:1), but
other possibilities include consolidation (n:1), where multi-
ple legacy databases are migrated into a single one; distri-
bution (1:n), where a legacy database is distributed across
multiple databases; and redistribution (n:m), where multi-
ple legacy databases are redistributed into multiple target
databases Google Cloud [2024]. Understanding the migra-
tion scenario helps adapt the stages (see Figure 1) to suit the
number of databases involved.
The following sections describe the stages along with their

activities, perspectives, and suggested documentation. It is
worth noting that activities do not necessarily have to be per-
formed sequentially; several activities can be executed in par-
allel, making the process more dynamic.
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Figure 1. Workflow for the Database Migration Process

In each of these stages and activities, parameters previ-
ously presented in Section 2 are considered within the work-
flow. For instance, conceptual modeling is examined in Sec-
tion 3.1.1, while data types are analyzed in Sections 3.1.2
and 3.2.2. ETL strategies are defined in Section 3.2.4. As-
pects related to heterogeneous databases are taken into ac-
count in Section 3.2.2, whereas cloud environments are con-
sidered in Sections 3.2.5 and 3.2.9. Storage and caching
mechanisms are also included in Section 3.2.5. Data quality
and integrity are verified in Sections 3.1.5 and 3.5, while per-
formance metrics are defined and evaluated in Sections 3.2.6
and 3.5. Finally, security requirements are incorporated
into Sections 3.2.5 and 3.4.1. Collectively, these parameters
guide the planning, execution, and validation phases of the
migration process within DB-SMigra.

3.1 Stage 1: Evaluation of the legacy database
This stage aims to understand the structure and functional-
ity of the legacy database. It includes an analysis of model-
ing, physical configuration, storage capacity, workload, con-
nected applications, historical or redundant data, and incon-
sistency detection. This allows us to identify areas for im-
provement and bottlenecks in the legacy system.

3.1.1 Initial analysis of the legacy database modeling

This activity focuses on analyzing the modeling of the legacy
database to understand its structure and organization. It is es-
sential to conduct a comprehensive assessment of direct or in-
direct data relationships, regardless of whether the database
is relational or not. At the end of this activity, a legacy data
model diagram should be generated. This visual representa-
tion is crucial for the team and other stakeholders to grasp
the data’s complexity and interconnections quickly.

3.1.2 Analysis of the physical configuration of the
legacy database

This activity focuses on examining the specific physical con-
figurations of the legacy database, including schemas, ta-
bles, data types, indexes, views, triggers, functions, and the

overall database size in gigabytes. The goal is to provide
a comprehensive understanding of the volume of data to be
migrated, as well as a complete overview of the database’s
structural and behavioral elements. This analysis must also
include all relevant information about the data and data types,
ensuring that potential incompatibilities or limitations in the
target system can be anticipated and addressed during the
planning phase.
At the end of this process, it is crucial to generate a de-

tailed technical report summarizing the identified configura-
tions. This report should offer a clear and structured view
of the current database infrastructure, highlighting dependen-
cies, constraints, and optimization opportunities. It serves as
a critical reference for defining migration strategies, support-
ing informed decision-making in the subsequent stages of the
workflow.

3.1.3 Analysis of the workload of the legacy database

This activity aims to map which applications are connected
to the legacy database and understand their purpose and us-
age frequency. Additionally, it involves evaluating the num-
ber of reads, writes, and transaction isolation levels within
the database, enabling the identification of bottlenecks that
may compromise the system’s future scalability. By the end
of this activity, it is recommended to generate a document
that includes a diagram or a list of all applications connected
to the database, along with access details and dependencies.
Moreover, an analysis of the system’s current transaction
throughput can be valuable, providing a comprehensive un-
derstanding of the workload and contributing to planning fu-
ture optimization and migration actions.

3.1.4 Historical or redundant data

This activity aims to identify obsolete, redundant, or histor-
ical data that can be removed or stored in another medium.
This action can optimize storage space in the new environ-
ment and improve overall system efficiency. At the end of
this activity, it is recommended that a document detailing
the data considered historical or redundant and recommen-
dations for its treatment be generated. This document guides
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the migration team and assists in decision-making regarding
which data can be eliminated or archived.

3.1.5 Detection of data inconsistencies

This activity aims to identify inconsistencies, errors, or fail-
ures in the data stored in the legacy database. Data quality is
crucial for the success of any migration project. Complete,
correct, and clean data reduces costs, complexity, and risks
and provides a solid foundation for fast and effective strate-
gic decision-making. Without acceptable data quality, data
migration may be unfeasible Azeroual and Jha [2021]. At
the end of this activity, it is recommended that a detailed re-
port be generated highlighting the identified inconsistencies
and possible corrective actions. This report will guide data
cleansing and correction before migration, ensuring that all
relevant data is successfully transferred to the target system.

3.2 Stage 2: Migration planning
In this stage, the focus is on developing a migration plan.
This is a strategic process aimed at defining specific steps for
transitioning the legacy database to a new environment. Dur-
ing this phase, strategies are established for selecting the data
model, defining optimizations, access permissions, backup
strategies, and procedures to minimize risks and ensure a suc-
cessful migration. Additionally, it is essential to create an
effective communication channel with relevant stakeholders,
such as database administrators (DBAs) and developers, to
align objectives and requirements. This plan will serve as a
detailed guide, supporting all subsequent stages of the migra-
tion process.

3.2.1 Definition of the physical configuration and opti-
mizations of the new database

In this activity, define and document the storage area (files)
where the new database’s data will be stored, with special
attention given to the log or snapshot files storage area if
the database supports it. Next, consider implementing fea-
tures such as table or file partitioning, materialized views,
and other storage technologies. In this context, it is impor-
tant to evaluate whether strategies should be implemented
to optimize the performance of the database. The use of in-
dexes, partitioning, and query optimizations is essential to
maximize the system’s efficiency. Optimizing queries en-
sures faster and more effective responses, directly impact-
ing the performance and productivity of applications Mon-
teiro Filho and Brayner [2013].

3.2.2 Mapping between source and target data

Prepare a detailed document outlining the mapping between
the legacy database data and the new database, including
the procedures for transferring and organizing data in the
new system. It is crucial to consider creating an optimized
new data model, especially when dealing with migration be-
tween heterogeneous databases. Also, prioritize defining the
order in which data will be migrated. For example, deter-
mine which tables or files should be migrated first. This can

help minimize disruptions and make the new environment
partially available for applications.
It is essential to evaluate all data elements in both the

source and target databases to identify differences in types,
structures, constraints, and semantics. This evaluation pro-
vides an accurate view of the compatibility level between
both systems, ensuring that transformation rules are prop-
erly defined before the migration. However, it is important
to highlight that the degree of compatibility to be achieved
should ultimately be guided by business requirements and
strategic priorities, rather than purely technical considera-
tions. In some cases, achieving full compatibility may not
be cost-effective or necessary, and trade-offs between data
fidelity, migration cost, and operational impact must be care-
fully analyzed in collaboration with stakeholders.

3.2.3 Choice of migration approach (one-time or incre-
mental)

When deciding on the most suitable migration strategy for
the specific context, one must consider whether to migrate
everything simultaneously or incrementally. A one-time mi-
gration offers speed but may result in prolonged downtime.
On the other hand, an incremental migration provides better
control and less interruption, although it may require more
time and carry risks of inconsistencies.

3.2.4 ETL or ELT methods for data extraction

Choose between using traditional ETL (Extract, Transform,
Load) methods or ELT (Extract, Load, Transform) ap-
proaches for data transfer. With ETL, legacy data extraction,
transformation according to the new database requirements,
and loading into the new system are performed in a structured
and sequential manner, making it ideal for smaller data vol-
umes and complex transformations during transfer. On the
other hand, ELT prioritizes initial data extraction and loading,
followed by transformation within the new database, making
it more suitable for large data volumes and for leveraging
the processing capabilities of the target system for complex
transformations after migration. The choice will depend on
the complexity of the transformations, data volumes, and the
available infrastructure in the target environment Singhal and
Aggarwal [2022].

3.2.5 Evaluation of specific architecture and functional-
ity requirements.

This activity involves a detailed analysis of the new database
environment’s specific needs, considering various technical
and operational factors that impact the system’s efficiency,
scalability, and robustness.
A critical factor is prioritizing either database performance

or data availability, depending on the context. Performance
may be more important in some cases, requiring optimiza-
tions to speed up read and write operations. High availabil-
ity may be the priority in others, necessitating robust failover
and failure recovery strategies. Analyzing the need to imple-
ment clustering or replication techniques becomes essential
in this context. Clustering distributes the load across mul-
tiple servers, increasing processing capacity and improving
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system scalability. At the same time, replication ensures high
data availability by maintaining copies in different locations
to prevent data loss in case of failures. Identifying where the
emphasis should be placed will help determine the ideal sys-
tem configuration and the technologies to be adopted Fuaad
et al. [2018].
In database migration scenarios, caching mechanisms can

help reduce performance degradation during data transfer
and validation. By temporarily storing frequently accessed
data, caching minimizes redundant reads on the source sys-
tem and reduces network and disk usage. This practice con-
tributes to lower latency, less contention on shared resources,
and greater stability during intensive migration or testing ac-
tivities. Several other specific requirements may arise during
migration planning. These include implementing similarity
and/or phonetic search techniques, applying geographic data
management techniques and employing encryption methods
to protect sensitive data. In addition, techniques based on on-
line classification and tuple reordering have been proposed
to optimize the data transfer process between the source and
target databases, improving compression efficiency, increas-
ing throughput, and reducing the amount of data transmitted
over the network during migration Hu et al. [2024].
It is also important to consider requirements such as data

security, compliance with regulations, integration with exist-
ing systems, and support for distributed transactions if nec-
essary. Evaluating all these factors is essential to ensure a
successful migration and that the new database environment
meets all operational and business needs. Finally, it is cru-
cial to include a detailed report explaining the necessity of
each requirement and describing, incrementally, how its im-
plementation will be carried out.

3.2.6 Establishing performance goals for the new
database

This activity’s objective is to define performance metrics and
targets to ensure that the new database meets user expec-
tations. Establish measurable parameters such as response
time, system throughput, database availability, scalability,
data integrity, and security. Key metrics include the data
transfer rate (throughput), which measures the volume of
data migrated per unit of time, and the total migration time,
representing the full duration from the start to the comple-
tion of the migration. It is also essential to assess system
downtime, referring to the period during which the database
is unavailable to users due to the migration. Other relevant
metrics involve the error rate, accounting for failed transac-
tions, corrupted records, or data inconsistencies, as well as
resource utilization, including CPU, memory, disk, and net-
work usage on both the source and target systems. In cases
where rollback mechanisms are in place, the time required to
fully restore the original state in the event of a failure should
also be considered. At the end of this activity, prepare a doc-
ument with recommendations on the performance goals for
the new environment.
The choice of the goals ultimately comes down to business

decisions regarding what levels of performance are accept-
able for the organization. While technical teams can mea-
sure and report on metrics such as response time, through-

put, and availability, determining the acceptable thresholds
for these indicators should be a collaborative decision involv-
ing all relevant stakeholders. Business leaders, system ad-
ministrators, and end-users must jointly define the trade-offs
between performance, cost, and risk tolerance. For example,
a lower acceptable downtime may require additional invest-
ment in redundancy or fail-over mechanisms, while higher
throughput targets might demandmore powerful hardware or
optimized database configurations. Therefore, setting these
goals should be an outcome of strategic alignment between
technical feasibility and business priorities, ensuring that the
new environment delivers measurable value and meets user
expectations within agreed operational boundaries.

3.2.7 Access permissions for the target database

To enhance database security, it is essential to establish per-
missions and access levels for each user. If the new envi-
ronment supports it, define which parts of the database users
can interact with, including which operations (read or write)
they can perform. If applicable, base these permissions on
the users and access restrictions of the legacy database, pro-
vided it also supports this functionality.

3.2.8 Backup and rollback plan

Developing backup strategies and contingency plans is es-
sential to ensure the security and resilience of the migration
process. These measures guarantee readiness to handle po-
tential failures or critical errors, minimizing adverse impacts
and allowing for a safe migration rollback while maintaining
data integrity and system continuity Magalhaes et al. [2021].
This activity should result in a detailed report outlining the
data backup strategies in case they are needed and the contin-
gency plan for rolling back the migration during critical fail-
ures, especially considering systems that require high avail-
ability and a low migration downtime.

3.2.9 Assessment of migration costs and impact

A migration, whether to an on-premises infrastructure or the
cloud, requires an analysis of financial costs and resource
allocation. Prepare a report analyzing the costs associated
with the migration. Assess the availability of stakeholders
and evaluate the impact of the migration. For example, con-
sider whether there will be changes to applications accessing
the legacy database and, in the event of failures or delays,
how much downtime would be detrimental to business op-
erations. In the case of a cloud migration, a comprehensive
cost comparison across providers is essential. This evalua-
tion should consider recurring expenses related to storage,
transactions per second (TPS), and data transfer, as well as
additional factors such as replication, backup, and scaling
policies. Such analysis ensures an effective balance between
performance requirements and budget constraints, enabling
stakeholders to identify the most cost-efficient and sustain-
able deployment strategy.

3.2.10 Testing plans
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Various methodologies can be used to verify the correctness
of the migration. One approach is technical verification to
ensure that essential information from the legacy database is
available in the new environment Haller [2009]. However,
migrated data may not always be organized in the same way
as in the legacy database. Even with the necessary applica-
tion modifications to support the migration, testing these ap-
plications also becomes necessary. The goal is to develop
a testing plan with detailed scenarios for each application to
validate the migrated data. This plan should be a reference
for guiding the tests conducted in Stage 5 (see Section 3.5).

3.3 Stage 3: Development or configuration of
migration tools

This stage involves developing or configuring the essential
tools for carrying out the migration. Define the technolo-
gies to be used, select the migration tools, establish valida-
tion tests, and implement error monitoring and performance
metrics to ensure the migration process can handle different
scenarios.

3.3.1 Configuration or development of the migration
tool

Based on the evaluations from the previous stages, this is
the moment to configure an existing tool or develop a new
one. The chosen migration tool must meet various require-
ments, such as migration between heterogeneous databases,
parallel migration, incremental migration, data reengineer-
ing, testability, and good usability with a low learning curve
Neto et al. [2013].
If the problem involves a simple legacy database or no ex-

isting tool meets all the requirements, it may be necessary
to develop a custom tool. While this provides greater auton-
omy, it also incurs implementation costs. Another option is
configuring an existing tool that meets the requirements or di-
viding the migration process into phases, depending on previ-
ous decisions such as approaches and mappings (see Section
3.2). In other words, parts of the data can be migrated using
an existing tool, while more sensitive parts can be migrated
through a custom tool to ensure the necessary control and re-
quirements. It is also important to establish at least minimal
documentation detailing the configuration or implementation
of the tool(s).
A practical approach to orchestrating the process is to

model data migration as a manageable workflow. In this
context, migration can be implemented and monitored by a
Workflow Management System (WFMS), which serves as
the central tool for migration. As proposed by Shankar et al.
[2005], it is even possible to integrate the WFMS directly
into the DBMS, taking advantage of the database’s capabili-
ties as the core component for managing the entire workflow
lifecycle. This perspective promotes a unified architecture in
which workflow execution and data manipulation are tightly
coupled through SQL, leveraging the database’s nativemech-
anisms for optimization and control. Employing a WFMS
provides improved control, traceability, and automation ca-
pabilities.

3.3.2 Development of test routines for verification and
validation

This activity consists of implementing or configuring the test
plan created in the activity from Section 3.2. As with the pre-
vious section on configuring or developing the tool, it may
be necessary to implement a test tool or use existing tools.

3.3.3 Error monitoring and performance metrics

This activity aims to configure and ensure that the migration
tools can monitor and log potential errors, performance met-
rics (discussed in Section 3.2), and other relevant informa-
tion. This monitoring is crucial as it enables the identifica-
tion of issues and the assessment of the effectiveness of the
migration results.

3.3.4 Migration simulation to evaluate tool effectiveness

One way to assess the effectiveness of the tools and tests
developed or configured is through simulations. These al-
low the identification of potential areas for improvement and
problem resolution before the actual data migration and eval-
uate the tools’ capacity to handle large volumes of data. Dur-
ing this activity, creating migration scenarios that replicate
actual conditions is essential. This enables a detailed analy-
sis of tool performance, a better understanding of their effec-
tiveness and the identification of optimization opportunities.

3.4 Stage 4: Performing the migration
This stage focuses on executing the migration plan. We en-
sure proper permissions and security measures, verify the tar-
get system’s capacity, isolate the migration environment, and
monitor the process in real-time to identify and resolve poten-
tial issues.

3.4.1 Access permissions and required security mea-
sures

This activity aims to ensure that all access permissions and
security measures are configured correctly in the legacy and
target database systems, thereby preparing the environment
for the physical migration process. It is advisable to create
a checklist that includes access permissions, password poli-
cies, encryption options, and other relevant security settings.
Thesemeasures should help preserve data confidentiality and
integrity during the migration, ensuring that information is
protected during transfer and storage, temporary files are re-
moved once no longer needed, and access remains restricted
to authorized users. Whenever possible, basic auditing can
also be enabled to record configuration and access changes,
contributing to a secure and controlled migration environ-
ment.

3.4.2 Verification of the target system’s capacity

This activity ensures that the target system possesses the com-
putational resources required to support the migration pro-
cess. It is critical to confirm that the system has sufficient
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storage capacity, adequate processing power, and stable net-
work connectivity.

3.4.3 Controlled migration execution with real-time
monitoring

This activity involves performing the migration guided by
the migration plan and using the appropriate tools, includ-
ing extracting, transforming, and storing legacy data using
strategies selected in prior stages. Real-time monitoring is
essential to identify potential issues or errors throughout the
process. This continuous monitoring enables immediate in-
tervention in case of failures.

3.5 Stage 5: Verification and validation

This stage focuses on verifying and validating the migrated
data. It involves integration testing with applications access-
ing the new environment, workload simulations, and detailed
comparisons between migrated and original data. These pro-
cesses ensure the data’s accuracy, integrity, and functionality
in the new environment, confirming readiness for continuous
operational use.

3.5.1 Comparison between migrated data and legacy
data

This activity documents a comparative analysis between mi-
grated and original data to ensure migration accuracy and in-
tegrity. The approaches for verifying migration correctness,
proposed by Haller [2009], include comparing data using sta-
tistical measures, such as checking if table tuple counts or
legacy instances match those in the new environment. De-
pending on the data model, another more detailed but time-
consuming option is a row-by-row or instance-by-instance
comparison.

3.5.2 Simulations and integration testing with other sys-
tems

This activity aims to verify performance by executing and
documenting simulation results (as designed in the activity
from Section 3.2) that represent the expected application
workload in the new environment. Additionally, it is recom-
mended that tests be performed and documented to verify
the integration of migrated data with other systems or appli-
cations, ensuring proper combined functionality.

3.5.3 Documentation of migration results

After completing the migration, it is important to document
the outcomes. This includes the log records generated by
migration tools and the results obtained from post-migration
testing. This documentation covers the identification of dis-
crepancies encountered and the solutions applied, ensuring
traceability and transparency of the process.

4 DB-SMigra: instantiation in a real
enterprise migration

This Section presents the successful use of the migration
DB-SMigra workflow in a real company. The migration
involved transitioning from a legacy MySQL database to a
PostgreSQLwith replication (one master and multiple slaves
with full transparency) Ozsu and Valduriez [2001], as well as
managing spatial data.

4.1 Migration settings
Due to the confidential nature of the data, some specific de-
tails will be omitted. The legacy database contained 120 ta-
bles and approximately 460 indexes, with around 30 million
rows totaling 5.60 GB. Most data volume (about 85%) was
concentrated in a single table, primarily used for insert opera-
tions. After a pre-migration cleanup, no data inconsistencies
were detected. Two tables were identified as obsolete and
were excluded from the process.

The new storage environment was set up on a dedicated
local server. The migration between the two data models
was facilitated by the fact that both were relational databases,
eliminating the need for drastic changes to the data model
or table fragmentation. Only a few transformations were re-
quired due to differences in data types. The migration was
divided into two approaches: a one-time migration for most
tables and an incremental migration for the table with the
highest data volume.
The priority was to ensure high system availability. To

achieve this, the Patroni1 solution was used, managing a pri-
mary database with two replicas. One of the replicas could
take over in case of a primary database failure. There were
also specific requirements for storing geographic data, which
were met using the PostGIS2 extension.

Despite the availability of various migration tools from
MySQL to PostgreSQL, we chose to develop our tool to auto-
mate several activities of the proposed migration workflow.
Notable activities include inconsistency detection, source-to-
target mapping, error monitoring, rollback in case of failures,
data transfer, and integrity checks. Although this approach
required more time, it provided more significant control over
the code, making it easier to implement data type converters,
especially for geographic data. The tool’s code and perfor-
mance experiments are available in an online repository3.
The developed tool can read and convert the definitions of

legacy tables to the new environment. It then migrates the tu-
ples of each table, primary keys, integrity rules, foreign keys,
indexes, and sequences. The tool also includes a log system
that records the entire process, as well as a fault tolerance
mechanism capable of rolling back the last transactions and
resuming from a stable point in case of failures.

4.2 Performing the migration
During execution, the first step is to migrate all tables except
for the one with the highest volume, which is migrated incre-

1https://patroni.readthedocs.io/en/latest/
2https://postgis.net/
3https://github.com/VicMisael/IDataMig
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mentally. Several migration simulations using test data were
conducted to ensure the effectiveness of the process. The to-
tal migration time for the legacy database using the tool was
approximately 45 minutes. Subsequently, the applications
were also updated to operate with the new database. Overall,
the entire process, from planning to post-migration follow-
ing the proposed workflow, took approximately 35 business
days.
One key factor in the migration’s success was the compre-

hensiveness and level of detail of the workflow, combined
with a strong emphasis on documenting the entire process.
This allowed all stakeholders in the project to contribute
more efficiently, ensuring the necessary transparency for a
critical operation andminimizing risks to the company’s busi-
ness.

4.3 Evaluation of database migration tool pa-
rameters

Before executing the final migration, a preliminary ex-
perimental plan was defined to identify which configura-
tion parameters would most strongly influence performance
throughout the workflow described in Section 3. The goal
was to ensure that the tool’s evaluation covered realistic mi-
gration conditions and provided guidance for parameter tun-
ing in future scenarios. Among the parameters analyzed,
those directly related to I/O and transaction management
were prioritized, as they are critical in the assessment, plan-
ning, and execution phases of the process.
These experiments assessed data migration performance

by adjusting reading and storage parameters, the experiments
were executed on amachinewith 64GB of RAMand 480GB
of SSD Kingston SA400S37480G with Ubuntu Linux 18.04
LTS, Intel i7-9700k 3.60 GHz, both database instances were
on a local network. Two main configurations were analyzed:
the reading block size (batch size) in the source MySQL ta-
bles and the number of tuples inserted per transaction (bulk
insert) in the target PostgreSQL tables.
The results for TPC-H with a scale factor of 1 demon-

strated that using smaller reading blocks (for example, 1000,
5000, 10000) in conjunction with a moderate bulk insertion
size (20000) significantly reduced migration times, while the
opposite configuration led to suboptimal performance, likely
due to increased memory overhead and the inefficiency of
handling multiple smaller write operations. Although the
evaluation was performed under controlled local conditions,
the same experimental plan can be extended to different data
types, replication setups, and DBMS versions to assess the
robustness of the proposed approach in heterogeneous sce-
narios.

5 Conclusion

This work presented DB-SMigra, a generic workflow for
database migration, divided into stages with best practices
to ensure an efficient and secure process. Data migration is a
complex process that requires meticulous planning and strict
execution. DB-SMigra highlights the importance of each

stage, from the initial analysis of legacy data to the final vali-
dation in the new environment. Through the instantiation of
DB-SMigra, it was possible to demonstrate that the various
adaptive strategies for different scenarios and data volumes
suggested in the workflow and proper documentation led to
positive results when migrating a MySQL database to Post-
greSQL.
Although the workflow provides a strategic guide for the

migration process, the success of a data migration also de-
pends on proper planning, appropriate tools, and continuous
monitoring to quickly identify and resolve potential issues.
Proper documentation of all stages and results of the migra-
tion provides greater transparency and traceability of the pro-
cess, allowing future migrations within the company to ben-
efit from the lessons learned. The experience gained and the
methods applied in this study serve as a guide for profession-
als in the field, reinforcing the importance of a structured
approach.
Despite the successful validation of the workflow in a real-

world enterprise scenario, it is important to acknowledge the
limitations of this study. The application of DB-SMigra was
demonstrated in a single case study, focusing on the migra-
tion of data between two relational databases (MySQL to
PostgreSQL). Although the workflow is proposed as generic,
its effectiveness in more complex contexts, such as hetero-
geneous migrations (e.g., from relational to NoSQL) or in
projects involving massive data volumes, has not yet been
empirically validated. Furthermore, the presented use case
opted for the development of a custom migration tool, mean-
ing the specific challenges associated with configuring and
utilizing third-party tools were not explored in depth. These
limitations, however, open opportunities for future work that
can investigate the application of the workflow across a
broader variety of migration scenarios.
As for future perspectives, the use of artificial intelligence

(AI) to assist with executing various activities in the database
migration workflow show great potential. For instance, map-
ping a legacy system to a target system requires an in-depth
understanding of the schemas, or data models, involved. In
an illustrative scenario, which may apply to both relational
and NoSQL databases, multiple entities in the source system
could be consolidated into a single entity in the target sys-
tem, or vice versa. In this way, AI can analyze these data
models and, based on the semantics of the attributes, pro-
vide accurate mapping recommendations. Another key as-
pect is data standardization: in corporate environments, tex-
tual fieldsmanually entered by users often contain typograph-
ical errors. In such cases, AI can contribute to standardizing
this unstructured information, either by rewriting the text or
extracting the relevant data, thereby optimizing themigration
process and ensuring greater data integrity.
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