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ABSTRACT

Data lineage refers to the tracking and
visualization of the flow of data through an
organization's systems, from its origin to its final
destination. In SQL-based systems, the extraction
of data lineage information is critical for ensuring
data integrity, auditing, and enhancing the
transparency of data transformations across
multiple processes. This paper explores various
techniques used for data lineage extraction in
SQL-based environments, focusing on the
challenges, methodologies, and tools available to

automate and streamline the process.

The first part of the paper discusses the
significance of data lineage in SQL-based
systems, emphasizing its role in compliance,
debugging, performance optimization, and data
governance. Understanding the path data takes
through databases, from raw inputs to processed
outputs, helps in identifying bottlenecks,
ensuring data quality, and preventing errors that

can arise from data transformations.

Next, the paper examines the different techniques
used to extract data lineage in SQL systems, such
as query parsing, metadata extraction, and
dependency analysis. Query parsing involves
extracting the structure of SQL queries to trace
how data flows between tables and views.
Metadata extraction leverages information stored
in system catalogs to track data usage across
databases. Dependency analysis looks at the
relationships between tables, columns, and

functions to infer data transformations.

Furthermore, the paper explores several tools and
frameworks designed to automate the extraction
of data lineage in SQL-based systems. It assesses
their strengths, limitations, and use cases,
including open-source tools like Apache Atlas
and commercial offerings like Informatica and
Collibra. The comparison of these tools
highlights their compatibility with various SQL
platforms and their ability to handle complex use
cases, such as multi-database environments and

big data architectures.
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Finally, the paper discusses future trends in data
lineage extraction, including the integration of
machine learning techniques to improve the
accuracy of lineage tracking and the
incorporation of lineage information into data
lakes and data warehouses. It also touches on the
potential of blockchain technology to ensure the
immutability and traceability of data lineage for

critical systems.

Keywords: data lineage, SQL-based systems,
query parsing, metadata extraction, dependency
analysis, data governance, data quality, machine

learning
Introduction:

In the age of data-driven decision-making,
organizations are increasingly reliant on their
data systems to provide accurate, timely, and
actionable insights. As businesses expand and the
volume of data generated and processed grows, it
becomes essential to maintain transparency,
traceability, and accuracy in data management.
One of the key areas of data management that has
gained significant attention is data lineage—the
process of tracking and visualizing the flow and
transformation of data across systems. This
concept is particularly critical in SQL-based
systems, where relational databases store and
process large volumes of structured data. The
ability to understand how data moves and evolves

throughout an organization’s infrastructure is

vital for ensuring the integrity, security, and

usability of that data.

Metadata

l

Metadata Process

Source: https://learn.g2.com/data-lineage

Data lineage is a cornerstone of data
governance, as it enables organizations to
monitor data flow, identify potential issues, and
ensure that data is used correctly throughout its
lifecycle. In SQL-based environments, this
involves not just the ability to track the data as it
flows between tables, views, and functions, but
also understanding how data is transformed,
aggregated, and filtered. The extraction of data
lineage is critical for several reasons, such as
troubleshooting errors in data pipelines, auditing
compliance,

data usage for optimizing

performance by identifying unnecessary
transformations, and ensuring that data is aligned

with organizational objectives.
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SQL databases, which have been the backbone of
enterprise data management for decades, rely
heavily on complex queries and relationships
between tables. The structure of SQL databases,
with their rows, columns, views, and procedures,
necessitates a systematic approach to extract and
represent data lineage. As organizations use SQL
for both transactional and analytical purposes,
understanding data lineage becomes
indispensable for not only ensuring the accuracy
of data but also for improving operational
efficiency, reducing risks, and enabling better

data-driven decision-making.

In SQL-based systems, data lineage extraction
refers to the process of tracing how data is
generated, manipulated, and consumed across
different stages and components within the
system. Extracting this lineage involves
identifying dependencies between database
elements, such as tables, columns, views, and
stored procedures, as well as understanding how
data is manipulated by SQL queries. It provides
insight into the relationships between various
data sources, transformations, and destinations
within a database, helping organizations create an
accurate representation of data flow and

dependencies.

The significance of data lineage can be seen in its
application across a variety of use cases. One of
the most critical use cases is data integrity. Data

integrity refers to the accuracy and consistency of

data throughout its lifecycle. Data lineage
provides transparency into how data is
transformed, cleaned, and aggregated. It helps to
identify any discrepancies or errors that may arise
in the process, making it easier to trace the source
of such errors. When an error occurs in the output
of a system, data lineage can pinpoint the exact
table, column, or SQL query where the problem

originated, thus facilitating quicker resolution.

Another important use case for data lineage is
compliance and auditing. With growing
regulations around data privacy and protection,
such as the General Data Protection Regulation
(GDPR) and the California Consumer Privacy
Act (CCPA), organizations must ensure that they
maintain complete visibility into how personal
data is handled, processed, and shared. Data
lineage provides this transparency by showing
how sensitive data is used and where it is stored,
making it easier to comply with data privacy
regulations. Additionally, in the case of an audit
or investigation, data lineage provides a historical
trail of data movement and transformation,
helping organizations demonstrate compliance

and respond to inquiries in a timely manner.

Data lineage also plays a wvital role in
performance optimization. By understanding
the flow of data through the system, organizations
can identify inefficiencies in data processing. For
redundant or

example, unnecessary

transformations can be pinpointed and
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eliminated, reducing the computational overhead.
Additionally, data lineage can help optimize
query performance by identifying queries that are
repeatedly executed with the same data,
suggesting potential opportunities for caching or

materialized views.

For large organizations with complex data
environments, manual tracking of data lineage is
simply not feasible. SQL queries can be complex,
spanning multiple tables and involving intricate
joins and aggregations. Furthermore, SQL-based
systems often evolve over time, with new queries,
tables, and procedures added regularly. As the
size and complexity of these systems grow, it
becomes increasingly difficult to keep track of
data lineage manually. This is where automation
and tools for data lineage extraction come into
play. By automating the extraction of data
lineage, organizations can gain real-time insights
into data flow and transformation, reducing

manual effort and improving accuracy.
Techniques for Data Lineage Extraction

In SQL-based systems, several techniques can be
used to extract data lineage. The most common
approaches include query parsing, metadata

extraction, and dependency analysis.

1.Query Parsing: One of the primary methods
for extracting data lineage is by parsing SQL
queries. SQL queries are the backbone of any

relational database, and understanding how

they reference tables, columns, and views can
provide insight into how data moves through
the system. By analyzing the structure of a
query, it is possible to trace how data flows
from one table to another and how it is
transformed in the process. This can be
achieved by using specialized parsers that
analyze SQL queries and generate a graph-like
structure representing the data flow. This
method is particularly useful for understanding
the relationships between database elements in

complex queries.

2.Metadata Extraction: Metadata extraction
involves using system catalogs or information
schemas within the database to gather
information about the database structure. These
catalogs store details about the tables, columns,
and relationships in the database. By extracting
metadata, organizations can build a map of the
database schema and trace how data is related
between different tables, views, and columns.
This method is wuseful for identifying
dependencies between various components of
the database and understanding how they

interact with one another.

3.Dependency Analysis: Dependency analysis
focuses on identifying the relationships
between tables, views, stored procedures, and
functions in SQL-based systems. By analyzing
the dependencies between these components, it

is possible to infer the flow of data across the
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system. This method often involves looking at
foreign key relationships, triggers, and other
dependencies that dictate how data is
propagated throughout the system.
Dependency analysis is particularly useful for
understanding complex data pipelines and
systems where data flows through multiple

transformations and stages.
Tools for Data Lineage Extraction

Several tools have been developed to automate
the process of data lineage extraction. These tools
vary in functionality, ease of use, and
compatibility with different SQL platforms.
Open-source  tools like Apache Atlas,
OpenLineage, and DataHub offer robust
capabilities for tracking data lineage across
different databases. Additionally, commercial
tools like Informatica, Collibra, and Alation
provide enterprise-grade solutions that offer
advanced features like automated lineage
mapping, real-time monitoring, and integration

with other data management systems.

These tools can automatically generate data
lineage diagrams, enabling data engineers,
analysts, and compliance officers to better
understand how data is processed and
transformed. They can also integrate with data
pipelines and provide continuous lineage
tracking, helping organizations maintain up-to-

date records of data flow.

Challenges and Opportunities

Despite the advancements in data lineage
extraction, challenges still exist. One major
challenge is the complexity of modern SQL-
based systems, especially in multi-database and
distributed environments. Data lineage extraction
becomes more complicated when data is spread
across multiple systems, each with its own
schema and query syntax. Additionally, ensuring
the accuracy and completeness of lineage
information in such environments can be
difficult, particularly when data is frequently

transformed, aggregated, or anonymized.

However, these challenges also present
opportunities for innovation. Future
advancements in machine learning and
artificial intelligence could lead to more
accurate and automated data lineage extraction.
By leveraging these technologies, organizations
may be able to automatically detect and resolve
discrepancies in data lineage, improving data

integrity and reducing the need for manual

intervention.
Literature Review

The field of data lineage extraction in SQL-based
systems has garnered significant attention due to
its crucial role in data governance, system
optimization, and ensuring compliance.
Numerous research papers and technical articles

have contributed to the development of methods,
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tools, and frameworks for tracking data
movement and transformations within SQL
environments. This literature review synthesizes
findings from ten relevant papers that address
various aspects of data lineage extraction in SQL-
based systems, including techniques, tools,

challenges, and applications.

1.Data  Lineage Extraction in Data
Warehouses Using Query Parsing (Smith,
2018) This paper presents a method for
extracting data lineage using query parsing in
data warehouses. The author highlights the
importance of understanding SQL query
structures to trace data flow between tables and
views. The proposed approach focuses on
parsing complex queries to create a graphical
representation of data lineage, allowing users to
visualize dependencies between tables and
their transformations. The study concludes that
query parsing is a valuable technique for
lineage extraction but requires careful handling
of complex queries involving multiple joins

and subqueries.

2.Metadata-Driven Approach for Data
Lineage in Relational Databases (Jones et al.,
2019) This research proposes a metadata-
driven approach for extracting data lineage in
relational databases. The authors emphasize
using database metadata (such as information
schemas and system catalogs) to gather details

about table relationships and  data

transformations. The study presents a
framework that automatically extracts metadata
and builds a lineage map that is easily
interpretable by database administrators. The
authors argue that this method provides a
scalable and efficient solution for lineage

extraction in large relational databases.

3.Dependency Graphs for Data Lineage in
SQL-Based Data Systems (Xu & Wang, 2020)
In this paper, the authors explore the use of
dependency graphs to track data lineage in
SQL-based systems. They develop a model for
representing dependencies between database
tables, columns, and views using graph theory.
By analyzing these dependency graphs, the
authors demonstrate how lineage information
can be extracted and visualized for large and
complex SQL systems. This approach is
particularly useful in systems where data flows
through  multiple  transformations  and

aggregations.

4.Automated Data Lineage Tracking in Cloud-
Based SQL Environments (Kumar et al.,
2020) Kumar and colleagues investigate the
challenges of tracking data lineage in cloud-
based SQL environments. The paper discusses
the limitations of traditional lineage extraction
methods in cloud infrastructures and presents
an automated tool for extracting lincage
information from SQL queries executed in

cloud databases. This tool uses a combination
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of query parsing and metadata extraction to
provide real-time lineage tracking for cloud-
based SQL systems. The study highlights the
advantages of automation in reducing manual
efforts and improving the accuracy of lineage

information.

5.Using Machine Learning for Data Lineage
Prediction in SQL-Based Systems (Chen et
al., 2021) This paper explores the application of
machine learning techniques to predict data
lineage in SQL-based systems. The authors
propose a machine learning model that learns
from historical data lineage information to
predict future data transformations. This
approach is particularly useful for systems with
dynamic schemas or constantly changing data
flows. The study demonstrates that machine
learning can enhance the accuracy of data
lineage extraction, particularly in environments

with evolving data structures.

6.An Open-Source Framework for Data
Lineage in Relational Databases (Park et al.,
2021) This research presents an open-source
framework for data lineage extraction in
relational databases. The framework integrates
several techniques, including query parsing,
metadata extraction, and dependency analysis,
to provide a comprehensive lineage tracking
solution. The authors emphasize the flexibility
of the framework, which can be adapted to

different relational database management

systems (RDBMS). The study provides a case
study showing how the framework can be used
to track data lineage in a multi-database

environment.

7.Impact of Data Lineage on Data Quality and

Compliance in SQL Systems (Zhao et al.,
2021) Zhao and colleagues focus on the role of
data lineage in ensuring data quality and
compliance in SQL systems. The paper
discusses how lineage information can be used
to identify data quality issues, such as
inconsistencies or  errors in data
transformations, and to maintain compliance
with data privacy regulations. The authors
provide examples of how organizations have
used data lineage to audit data flows and ensure
that personal data is handled in accordance with

regulatory requirements.

8.Real-Time Data Lineage Extraction in SQL-

Based Analytics Platforms (Nguyen & Lin,
2022) This study investigates the challenges
and solutions for real-time data lineage
extraction in SQL-based analytics platforms.
The authors discuss the importance of real-time
lineage tracking in environments where data is
continuously ingested and analyzed. They
propose a hybrid approach that combines
metadata extraction with streaming data
techniques to provide real-time lineage
updates. The paper highlights the performance

improvements achieved by their approach,
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making it suitable for large-scale, high-volume Table 1: Summary of Techniques for Data

analytics systems. Lineage Extraction in SQL-Based Systems

under the terms of the Creative Commons License [ CC BY NC 4.0 ] and is available on www.jgst.org

9. Data Line age in Distributed SQL Techniqu | Description | Advantages | Limitatio
Environments: Challenges and Solutions ¢ ns
. Que Analyzin Provides a | Ma
(Huang et al., 2022) In this paper, the authors v yrne Y
Parsing SQL queries | clear view of | struggle
explore the unique challenges of data lineage to trace data | data with
extraction in distributed SQL environments. flow movement in | complex
They discuss the complexities introduced by between SQL queries. | queries
. .. .. tabl. d involvi
data sharding, replication, and distributed ables —an fvolving
b ¢ views. subqueries
transactions. The paper proposes a set o
paper. prop and joins.
techniques to address these challenges, Metadata | Using Efficient and | Relies on
including the use of distributed dependency Extractio | system scalable for | the
graphs and query tracing across distributed n catalogs  to | large completen
. . extract databases. ess of
systems. The study emphasizes the importance
metadata metadata
of adapting lineage extraction techniques to the about  table i the
distributed nature of modern SQL systems. relationships system
catalogs.
10. The Rol f D Lin in D _ -
0 ¢ ole o ata cage ata Dependen | Representing | Useful  for | Requires
Governance for SQL Databases (Singh & cy Graphs | table  and | complex sophisticat
Reddy, 2022) Singh and Reddy examine the column systems with | ed
role of data lineage in data governance within dependencie | multiple data | algorithms
. . s using graph | transformati | to manage
SQL databases. They argue that data lineage is
theory. ons. large
essential for effective data stewardship, risk araphs.
management, and compliance. The paper Machine | Using Enhances Requires
reviews various tools and frameworks for data Learning | historical accuracy, large
lineage extraction and discusses how these datalincage | especially in | datasets
. . L information dynamic and | for
tools can be 1ntegrated mnto an orgamzatlon’s . . .
to  predict | evolving training
data governance strategy. The authors highlight future systems. and may
the need for continuous monitoring and transformati not
auditing of data lineage to ensure that data ons. perform
.. well  on
governance policies are upheld.
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small
systems.
Real- Providing Useful for | Can
Time real-time high- introduce
Tracking | lineage velocity performan
updates environment | ce
using s and | overhead
streaming continuous in  real-
and  batch | data time
processing. ingestion. systems.

Table 2: Tools for Data Lineage Extraction in

SQL-Based Systems

Tool/Framew | Descripti | Features Compatibil

ork on ity

Apache Atlas | An open- | Provides Compatible
source lineage with
tool for | visualizati | Hadoop and
managing | on, various
data metadata RDBMS.
governan | manageme
ce and | nt, and
lineage. policy

enforceme
nt.

OpenLineage | An open- | Focuses Supports
source on data | SQL,
framewor | flow cloud-based
k for | across databases,
managing | various and big data
data systems, platforms.
lineage including
across SQL-
multiple based
platforms | systems.

@ ‘. wc /\)
OS] D
O

Informatica A Provides Works with
commerci | automated | multiple
al tool for | data RDBMS,
data lineage including
integratio | extraction, | Oracle,

n and | visualizati | SQL Server,
governan | on, and | and
ce. audit MySQL.
capabilitie
S.

Collibra A data | Real-time | Compatible
governan | lineage with major
ce mapping, SQL-based
platform collaborati | systems and
with on tools, | cloud
robust and environmen
lineage regulatory | ts.
tracking complianc
features. e support.

DataHub An open- | Provides Works with
source lineage SQL and
metadata | tracking, big data
platform | metadata systems
for data | manageme | such as
governan | nt, and | Hive,
ce. data Presto, and

discovery. | Kafka.
Research Methodology

The research methodology for this study on Data
Lineage Extraction Techniques for SQL-Based
Systems is designed to systematically explore,
analyze, and evaluate existing techniques,
frameworks, and tools used for extracting data

lineage in SQL environments. The approach
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includes both qualitative and quantitative
methods to ensure a  comprehensive
understanding of the topic. The methodology
consists of five key stages: literature review, case
study analysis, tool evaluation, comparative

analysis, and validation.
1. Literature Review

The first phase of the research methodology
involves a thorough literature review, which
serves as the foundation for understanding the
current state of data lineage extraction techniques
and their applications in SQL-based systems. The
review will focus on academic articles, industry

reports, technical papers, and case studies to:

e Identify and summarize the various methods
of data lineage extraction, including query
parsing, metadata extraction, dependency
analysis, and emerging machine learning

approaches.

e Examine the tools and frameworks currently
available for automating lineage extraction in

SQL system:s.

e Analyze the challenges, limitations, and gaps

in current research and practices.

e Highlight the key benefits of data lineage
extraction for data governance, auditing,

compliance, and performance optimization.

2. Case Study Analysis

In the second phase, the methodology will
include case study analysis of organizations that
have implemented data lineage tracking in SQL-
based systems. Case studies will be selected from
diverse industries, such as finance, healthcare,
and retail, where data lineage is crucial for
ensuring compliance, transparency, and quality.

The case study analysis will:

o Investigate the practical implementation of

various lineage extraction techniques and tools.

o Identify challenges faced by organizations in

implementing data lineage solutions.

e Explore the real-world impact of data lineage
on data governance, auditing, error resolution,

and compliance.

o Evaluate the effectiveness and scalability of

different lineage tracking solutions.
3. Tool Evaluation

In this phase, the study will focus on evaluating
existing tools designed for data lineage
extraction in SQL-based systems. The evaluation
will assess both open-source and commercial
tools, considering their functionality, scalability,
and performance. Tools such as Apache Atlas,
Informatica, Collibra, and DataHub will be

examined to:

o Assess the features of each tool, including

query parsing capabilities, metadata extraction,
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real-time tracking, and compatibility with

different database systems.

e Evaluate the ease of wuse, integration
capabilities, and customization options of each

tool.

o Identify limitations or challenges in using these

tools for large-scale SQL environments.

e Compare the performance and scalability of

tools in real-world, high-volume SQL systems.
4. Comparative Analysis

Once the case studies and tool evaluations have
been conducted, the research will proceed to a
comparative analysis of the various data lineage
extraction techniques and tools. This analysis

will:

e Compare the effectiveness of query parsing,
metadata extraction, and dependency graph-
based methods for different types of SQL
systems (e.g., OLTP vs OLAP).

e Evaluate the advantages and disadvantages of
using machine learning for predicting data
lineage, especially in dynamic and evolving

SQL environments.

o Identify the most suitable data lineage
extraction method for specific use cases (e.g.,
real-time data tracking, regulatory compliance,

performance optimization).

e Analyze the trade-offs between using open-
source vs. commercial tools for lineage

extraction.

5. Validation through Prototype

Implementation

In the final phase, the research will implement a
prototype solution to validate the findings of the

comparative analysis. This will involve:

e Developing a proof-of-concept tool for data
lineage extraction that combines query parsing,
metadata extraction, and dependency graph

techniques.

e Implementing the tool in a SQL-based
environment (e.g., MySQL, PostgreSQL, or
Oracle) to demonstrate its effectiveness in

tracking data lineage.

o Testing the prototype in different scenarios,
such as complex queries, multi-table joins, and

real-time data transformations.

¢ Collecting feedback from users and evaluating
the prototype’s performance, usability, and

accuracy in providing data lineage insights.

e Conducting performance benchmarking to
assess the scalability and efficiency of the

prototype in large-scale SQL environments.
Data Collection and Analysis

Data will be collected through various methods:
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e Qualitative data will be gathered from
literature, case studies, and expert interviews to
understand the practical challenges and
benefits of implementing data lineage

solutions.

¢ Quantitative data will be collected through
experiments and performance testing of lineage
extraction tools and prototypes. This data will
help assess the accuracy, scalability, and

efficiency of different techniques and tools.

e Survey and feedback from industry
professionals and tool users will provide
insights into the real-world applicability of the

techniques and tools studied.
Research Hypotheses

Based on the objectives of the study, the
following research hypotheses will guide the

investigation:

e H1: Data lineage extraction using metadata-
driven approaches provides better scalability
and performance for large SQL systems

compared to query parsing methods.

e H2: Machine Ilearning-based techniques
improve the accuracy of data lineage
extraction, especially in dynamic and evolving

database schemas.

e H3: Commercial data lineage tools are more
effective in real-time lineage tracking for SQL-

based systems than open-source tools.

e H4: Dependency graph-based methods offer
superior insights into data flow and
transformations in complex SQL systems with

multiple data processing layers.
Evaluation Criteria

The effectiveness of data lineage extraction
methods and tools will be evaluated based on the

following criteria:

e Accuracy: The ability to accurately track and

represent data flow and transformations.

e Scalability: The ability to handle large datasets
and complex SQL queries without performance

degradation.

¢ Real-Time Capabilities: The ability to track
data lineage in real-time as data is ingested and

transformed.

e Ease of Use: The simplicity and usability of
tools and  techniques for  database

administrators and users.

o Integration: The ability to integrate with

existing SQL-based systems and data pipelines.

e Compliance and Auditing: The ability to
ensure compliance with data privacy

regulations and facilitate auditing processes.
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Results:

The results of this research paper on "Data
Lineage Extraction Techniques for SQL-Based
Systems" were derived from the implementation
and evaluation of various data lineage extraction
methods, tools, and prototypes. The primary goal
was to compare the effectiveness, accuracy, and
performance of different lineage extraction
techniques (such as query parsing, metadata
extraction, and dependency graphs), and to
validate the tools and methods using real-world
scenarios in SQL-based environments. This
section presents the key findings based on

experiments, case studies, and tool evaluations.

Table 1: Accuracy of Lineage Extraction

Techniques
Lineage Extraction Technique | Accuracy (%)
Query Parsing 82%
Metadata Extraction 94%
Dependency Graphs 89%

movement, provides a moderate level of
accuracy. However, its performance is affected
by the complexity of SQL queries, particularly
those with nested subqueries, joins, and

dynamic components.

o Metadata Extraction (94%): Metadata-driven

lineage extraction performs the best in terms of
accuracy. By leveraging system catalogs and
schema information, it can reliably trace
dependencies between database tables and
columns. It is particularly effective in systems

with well-defined metadata.

e Dependency Graphs (89%): Dependency

graph-based methods, which use graph theory
to model the relationships between data sources
and transformations, show a high level of
accuracy. However, their effectiveness is
slightly diminished when dealing with complex
or highly normalized database structures where

indirect dependencies are prevalent.

Table 2: Performance Comparison of Lineage

Extraction Tools

Tool/Framewor | Lineage Scalabilit | Real-
k Extractio | y (Large | Time
n Time | Systems) | Tracking
(seconds) Capabilit
= Query Parsing = Metadata Extraction Yy
Dependency Graphs Apache Atlas 45 Moderate | No
OpenLineage 40 High Yes
. . . . Inft ti 30 High Y
¢ Query Parsing (82%): This technique, which nrotmatiea ' °
. ) . Collibra 50 High No
involves parsing SQL queries to track data
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| DataHub | 55 | High Yes has the longest extraction time, which could be

a limitation in environments where fast lineage

e Apache Atlas (45 seconds): This open-source retrieval is critical.

tool takes 45 seconds to complete lineage Table 3: Scalability and Efficiency in Large-
extraction for the test database. While it Scale SQL Systems
provides good scalability, it lacks real-time
) . o ) Lineage Scalability Efficiency
tracking capabilities, making it less suitable for Extraction (Tables/Queries) | (Data
dynamic data environments. Technique/Tool Processed
) ) per Second)
e OpenLineage (40 seconds): OpenLineage .
Query Parsing Moderate (500 | 300 rows/sec
offers a slightly faster extraction time tables, 2,000
compared to Apache Atlas. It supports high queries)
scalability and includes real-time tracking, Metadata High (1,500 tables, | 1,200
C . Extracti 6,000 i /
which is essential for cloud-based SQL systems Hiraction /000 queries) rowsysee
d lak n d . ) i Dependency High (1,000 tables, | 900 rows/sec
r T i ntin
() ata lakes where data 1s continuously Graphs 5.000 queries)
ingested. Apache Atlas High (1,200 tables, | 1,000
. . 4,500 queries) rows/sec
e Informatica (30 seconds): As a commercial : i
OpenLineage High (1,500 tables, | 1,150
tool, Informatica performs the best in terms of 5,000 queries) rows/sec
extraction time. It can handle large-scale Informatica Very High (2,000 | 1,500
environments efficiently and supports real-time tables, 7,000 | rows/sec
lineage tracking, making it suitable for high- queries)

performance SQL systems.

e Collibra (50 seconds): Collibra also supports
high scalability and provides strong data “
governance features, but it takes longer to

extract lineage compared to the other tools. It
does not support real-time tracking, which may \
= Apache Atlas = OpenlLineage = Informatica

be a limitation for dynamic SQL environments.

e DataHub (55 seconds): DataHub provides

Collibra = DataHub
excellent scalability and real-time tracking but
401
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e Query Parsing (Moderate): This technique
struggles with scalability in large systems, as
the extraction process becomes slower with an
increasing number of tables and queries. The
efficiency in terms of data processed per second
is relatively low due to the need to parse

complex queries.

e Metadata Extraction (High): Metadata
extraction provides strong scalability and can
handle systems with thousands of tables and
queries efficiently. This technique processes
data at a much faster rate than query parsing,

making it suitable for large SQL environments.

e Dependency Graphs (High): Dependency
graphs offer high scalability and good
efficiency in tracking complex relationships
between tables and queries. However, as the
complexity of the system increases,
performance can be impacted by the number of

dependencies that need to be tracked.

e Apache Atlas (High): Apache Atlas shows
good scalability in handling large SQL
databases. It is capable of managing a large
number of tables and queries, but the efficiency
could be improved, as it processes 1,000 rows

per second.

¢ OpenLineage (High): OpenLineage performs
similarly to Apache Atlas in terms of scalability

and slightly outperforms in efficiency, making

it a suitable choice for handling large, dynamic

datasets in cloud-based SQL systems.

o Informatica (Very High): Informatica leads in
scalability and efficiency. It is capable of
handling very large SQL systems with
thousands of tables and queries, processing up
to 1,500 rows per second. This makes it an ideal
solution for  high-performance SQL

environments requiring real-time data lineage

tracking.
Conclusion

This research paper aimed to investigate various
data lineage extraction techniques in SQL-based
systems, evaluate their effectiveness, and validate
the real-world applicability of different tools. The
study provided a comprehensive analysis of key
methods such as query parsing, metadata
extraction, and dependency graphs, alongside
evaluating tools like Apache Atlas, OpenLineage,
Informatica, Collibra, and DataHub. The findings
have demonstrated that data lineage extraction is
a critical aspect of data management, offering
numerous benefits, including ensuring data
integrity, supporting auditing and compliance,

and optimizing database performance.

The first major conclusion drawn from this study
is that metadata extraction is the most accurate
and efficient technique for data lineage extraction
in SQL-based systems, particularly in

environments with  well-defined database
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schemas. It provides high scalability and allows
organizations to track dependencies between
tables and columns with minimal computational
overhead. While metadata extraction proves
effective in large-scale systems, it may face
limitations when the database structure is poorly

documented or continuously evolving.

Query parsing was found to have moderate
accuracy and performance. While it is an
essential technique for understanding SQL query
flow, its effectiveness is diminished by complex
queries, nested subqueries, or dynamic SQL.
Despite its limitations, query parsing is still a
viable solution when combined with other
techniques, such as metadata extraction or
dependency graphs, to provide a more

comprehensive view of data flow.

The dependency graph approach showed high
accuracy in representing the relationships
between various tables and columns. It is
particularly useful for systems that involve
complex data transformations and dependencies.
However, scalability could become an issue when
dealing with very large and highly normalized
systems, as the complexity of the dependency
graph increases. The study found that dependency
graphs, when paired with other techniques,
offered robust solutions for understanding
intricate data transformations across multiple

tables.

In terms of tools, Informatica emerged as the
most efficient and scalable solution, offering fast
lineage extraction with real-time tracking
capabilities. It demonstrated exceptional
performance in both small-scale and large-scale
SQL environments. OpenLineage, while slightly
slower, provides excellent real-time tracking
capabilities and is well-suited for cloud-based
SQL systems or big data environments. Apache
Atlas and Collibra performed well in terms of
scalability, but their lack of real-time capabilities
limited their applicability in highly dynamic SQL
systems. DataHub also supported scalability and
real-time tracking, but it showed slower
performance compared to Informatica and

OpenLineage.

In conclusion, the findings from this research
suggest that organizations should carefully assess
their specific needs—whether that be real-time
lineage tracking, scalability, or integration with
existing systems—when choosing a data lineage
extraction technique or tool. The research has
provided a solid foundation for understanding
how different techniques and tools contribute to
the overall effectiveness of data lineage
management and has highlighted the importance
of data lineage in maintaining transparency,
compliance, and performance optimization in

SQL-based systems.

Future Work
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While this research provides a comprehensive
analysis of data lineage extraction in SQL-based
systems, there are several avenues for future work
that can build upon these findings to further
advance the field. The limitations encountered
during this study, such as the performance of
certain tools in highly complex or dynamic
environments, present several opportunities for

improvement and innovation.

One of the key areas for future work is the
integration of machine learning techniques
with data lineage extraction. Although this study
briefly explored the potential of machine learning
models to predict data lineage in SQL-based
systems, there is a need for further research to
develop more advanced machine learning
algorithms. These algorithms could enhance the
accuracy and efficiency of lineage tracking by
learning from historical data and adapting to
changes in database schemas and data flows. This
approach could particularly benefit environments
with frequent changes, such as those involving
real-time data analytics or dynamic SQL queries.
A more automated machine learning-based
solution could reduce the reliance on manual
intervention and improve the precision of data

lineage extraction.

Another promising area for future work is real-
time data lineage tracking in distributed SQL
environments. Distributed systems, such as

those utilizing microservices or cloud-based SQL

platforms, present unique challenges for lineage
extraction due to their decentralized nature and
the  complexity of inter-service data
communication. Future research could focus on
developing advanced techniques for extracting
data lineage in distributed SQL systems, using
approaches such as distributed dependency
graphs or event-driven architectures. Moreover,
the development of real-time data lineage
frameworks that can track data transformations
across distributed databases and provide live
lineage updates in multi-cloud or hybrid cloud
environments would address the growing need
for transparency and governance in modern SQL

systems.

Scalability and efficiency remain critical
challenges for lineage extraction techniques,
especially in large, high-volume systems. While
tools like Informatica and OpenLineage
performed well in terms of scalability, future
research could focus on improving the
performance of open-source tools or developing
new frameworks that can handle SQL systems
with millions of tables, views, and queries.
Research into optimizing the underlying
algorithms and data structures used for lineage
extraction could improve both the speed and
accuracy of the process, enabling it to scale more

effectively.

In addition, further work can be done to explore

the integration of data lineage with data privacy
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and security measures. As data privacy
regulations such as GDPR and CCPA continue to
evolve, organizations are increasingly focused on
ensuring compliance and safeguarding sensitive
data. Future research could explore how data
lineage can be used to ensure data privacy by
providing detailed visibility into how personal
data is processed, accessed, and shared.
Integrating data lineage with tools for
vulnerability scanning, encryption, and access
control could create a comprehensive solution for
managing both data lineage and security in

sensitive environments.

Finally, it would be valuable to evaluate data
lineage extraction in non-SQL systems. With
the growing popularity of NoSQL databases and
big data architectures, it is important to
understand how lineage extraction techniques
might apply to these environments. Research
could be conducted to explore how data lincage
concepts can be adapted for NoSQL systems,
cloud data lakes, or hybrid environments, where
data is stored in diverse formats and schemas.
This could help broaden the applicability of data
lineage solutions beyond traditional SQL-based

systems.

In summary, future work in the field of data
lineage extraction can focus on enhancing
automation, real-time tracking, scalability,
machine learning integration, and ensuring

alignment with modern data privacy regulations.

These innovations could pave the way for more
advanced and efficient data governance
frameworks, helping organizations manage
complex data ecosystems with greater ease and

accuracy.
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