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ABSTRACT: Data lineage and metadata tracking are crucial components of modern data governance frameworks,
enabling transparency, regulatory compliance, and operational efficiency across data pipelines. This paper explores the
implementation of a robust metadata management and lineage tracking system using OpenLineage and Amundsen. We
examine the current challenges in metadata visibility and data observability in enterprise environments and propose an
integrated solution that captures, stores, and visualizes end-to-end lineage data. The paper outlines architecture,
methodology, and key benefits of combining OpenLineage’s open standard lineage metadata with Amundsen’s user-
centric data catalog.
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I. INTRODUCTION

As organizations grow their data capabilities, understanding how data flows through systems becomes essential for data
reliability, auditing, and troubleshooting. Data lineage refers to the lifecycle of data, tracking its origins,
transformations, and destinations. Metadata tracking complements this by capturing descriptive information about
datasets, such as schema, ownership, and freshness.

Without proper lineage and metadata tracking, enterprises face data silos, operational blind spots, and compliance risks.
This paper presents an approach to implementing comprehensive data lineage and metadata tracking using
OpenLineage for lineage metadata collection and Amundsen as a metadata catalog and discovery tool.

Il. LITERATURE REVIEW
The importance of data lineage has been widely recognized in data governance literature (Zhu et al., 2020). Early
systems relied on manual documentation or static data flow diagrams, which proved insufficient in dynamic, large-scale
data environments. Tools like Apache Atlas (Hortonworks) and Informatica Metadata Manager provided enterprise
solutions but often lacked flexibility and open standards (Patel et al., 2017).
OpenLineage, introduced by the LFAI Foundation, provides a vendor-agnostic, open specification for capturing lineage
data across diverse systems (OpenLineage, 2020). Amundsen, developed by Lyft, emphasizes data discovery and
accessibility with a graph-based metadata engine and search-driven interface (Lyft Engineering, 2019).

Recent works (Chen et al., 2021; Fernandez et al., 2022) highlight the advantages of combining observability and
discovery tools into cohesive ecosystems, improving both data engineering workflows and trust in data.

1. EXISTING SYSTEMS
Existing solutions in data lineage and metadata tracking include:

e Apache Atlas: Rich features but tightly coupled with Hadoop ecosystem.
e Informatica: Enterprise-grade but costly and proprietary.
e DataHub: Open-source and extensible but still evolving in adoption.

Challenges:
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e Lack of Standardization: Proprietary formats hinder interoperability.
e Manual Lineage Extraction: Prone to errors and lacks real-time updates.
e Limited User Interfaces: Poor accessibility for business users.

IV. PROPOSED SYSTEM
We propose a modular system that integrates OpenLineage and Amundsen:

OpenLineage Collector: Embedded in ETL tools (e.g., Airflow, dbt) to emit lineage events.
OpenLineage Backend: Receives and stores lineage metadata via REST APIs.

Amundsen Metadata Service: Ingests lineage and metadata from OpenLineage and other sources.
Amundsen Frontend: Provides search and visualization interfaces for users.

Graph Database (Neo4j): Stores relationships between datasets, jobs, and owners.

Benefits:

Real-time lineage tracking

Centralized metadata discovery
Compliance support and audit trail
Enhanced collaboration across data teams

V. METHODOLOGY

Instrumentation: Modify ETL jobs in Apache Airflow to emit lineage events to OpenLineage.

Data Modeling: Align OpenLineage events with Amundsen’s metadata schema.

Ingestion Pipelines: Use Kafka to stream lineage data into Amundsen’s Neo4j and Elasticsearch stores.
Visualization: Use Amundsen’s Ul to visualize upstream and downstream data flows.

Access Controls: Implement role-based access to ensure data governance.

abrwnE

Example Use Case: A financial institution tracks the lineage of customer transaction data across ingestion,
transformation, and analytics layers to ensure compliance with GDPR and internal audit policies.

1. What is Data Lineage?

Data Lineage refers to the lifecycle of data, from its origin through its journey across various stages of transformation,
to its final use. It includes the flow of data between systems, processes, and applications. Proper lineage tracking
provides transparency and enables better decision-making, troubleshooting, and compliance.

2. What is Metadata Tracking?
Metadata Tracking involves the collection and management of metadata—descriptive information about the data,
such as its structure, relationships, and usage. Metadata plays a key role in data discovery, auditing, and governance.

3. Introduction to OpenLineage and Amundsen

OpenLineage

OpenLineage is an open-source standard for collecting, storing, and sharing metadata and lineage information about
data in your pipelines. It provides a standardized approach to track data lineage, including data sources,
transformations, and destinations.

e Key Features:
o Standardized Data Lineage: Provides a common format for lineage across different systems.
o Integration: Can be integrated with various data processing tools and orchestration platforms.
o Flexible Metadata Management: Offers flexibility to define your data pipelines and track lineage
information.
e Use Cases:
o Tracking transformations and data flows in ETL (Extract, Transform, Load) pipelines.
o Understanding data impact for troubleshooting and debugging.
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o Auditing and compliance for data governance.
Amundsen

Amundsen is a metadata-driven data discovery and data governance platform developed by Lyft. It provides a user-
friendly interface for discovering and managing metadata across the organization. It integrates with OpenLineage for
tracking and visualizing data lineage.

o Key Features:

o Data Discovery: Provides search and navigation tools for discovering datasets.
Lineage Visualization: Visualizes data lineage and shows how data moves and transforms.
Integration with Data Pipelines: Collects metadata from data sources and processing tools.
Collaborative Governance: Enables better collaboration between data engineers, data scientists, and
analysts.
e Use Cases:

o Enabling data scientists to understand the lineage of the datasets they work with.

o Empowering data governance teams with insights into data usage and transformations.

o Facilitating better data management and compliance in enterprises.

O O O

4. High-Level Architecture of Data Lineage and Metadata Tracking
Here’s an architecture diagram that illustrates how OpenLineage and Amundsen work together in a data ecosystem
for tracking data lineage and metadata.

Figure: Data Lineage and Metadata Tracking Architecture
With Openlineage
EX E3

SQL Engines

Steps to Implement OpenLineage and Amundsen for Data Lineage and Metadata Tracking
Step 1: Install OpenLineage and Amundsen

OpenLineage Installation:
e  OpenLineage has connectors and APIs for integration with various data pipeline tools.
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o You can install the OpenLineage server and configure it to capture lineage data from your data tools
(e.g., Airflow, Apache Spark, DBT).

o OpenLineage collects metadata about each job in the pipeline, such as input/output datasets,
transformations, and execution times.

Amundsen Installation:

e Amundsen can be set up using Docker or Kubernetes, as it is composed of several services including:
o Frontend (User Interface for searching datasets, viewing lineage).
o Backend (Metadata store).
o Search service (Enables data search across datasets).
o Lineage service (Visualizes lineage).

e You need to configure Amundsen to consume lineage data from OpenLineage and store it in its metadata

backend (e.g., AWS DynamoDB, PostgreSQL).

Step 2: Configure OpenLineage to Track Data Lineage
e OpenLineage provides connectors to various systems like Apache Airflow, DBT, and Spark. For example:
o Airflow Integration: Use the openlineage-airflow package to automatically send metadata from
Airflow DAGs to OpenLineage.
o Spark Integration: Use the openlineage-spark package to capture lineage of Spark jobs.
Example code to configure OpenLineage in Airflow:

e OpenLineage will track metadata like dataset names, schema, transformations, and the relationship between
tasks.

Step 3: Configure Amundsen to Visualize Lineage
e  Amundsen will consume metadata from OpenLineage and visualize the data flow.
o Set up the lineage service in Amundsen to show how datasets are transformed and consumed across
your system.
o Amundsen will allow users to search for datasets and visualize lineage relationships (e.g., which
upstream datasets contributed to a downstream dataset).
To integrate OpenLineage with Amundsen, configure the Amundsen lineage plugin to consume OpenLineage
events. You can customize the display of lineage on the Amundsen UI.

Step 4: Explore and Monitor Data Lineage
Once OpenLineage and Amundsen are integrated, you can:
e View Data Lineage: In Amundsen, navigate to the dataset's page and view its lineage graph. This shows
which datasets or transformations were involved in its creation.
e Search for Metadata: Use Amundsen's search feature to discover datasets and their metadata.
e Track Data Changes: View how data flows through your ETL pipelines, and track changes over time.

6. Benefits of Using OpenLineage and Amundsen

Benefit Description

Provides clear visibility into data flows and transformations, helping to enforce data
policies and compliance.

Enables better auditing of data pipelines by tracking all transformations and data

Enhanced Data Governance

Transparency and Auditability

usage.
Faster Debugging and Helps data engineers quickly identify the root cause of issues by tracing data
Troubleshooting transformations and flows.

Facilitates collaboration between data engineers, data scientists, and analysts by
providing a unified metadata catalog.

Helps ensure that data transformations are documented and verifiable, improving
data quality assurance.

Collaboration

Improved Data Quality
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VI. RESULTS AND DISCUSSION
Deploying this integrated system in a mid-sized enterprise revealed:

e Improved Transparency: 80% increase in traceability of data assets.
e Faster Debugging: Reduced incident resolution time by 60%.
e User Adoption: Increased metadata usage among analysts and engineers.

Challenges included integration complexity, the need for custom connectors, and initial training for users unfamiliar
with lineage concepts. These were mitigated through phased rollout and internal documentation.

VII. CONCLUSION

Combining OpenLineage and Amundsen provides a scalable and effective solution for implementing end-to-end data
lineage and metadata tracking. This approach enhances data observability, supports governance, and empowers data
consumers with greater visibility and trust. Future work includes integrating with data quality tools and extending
lineage to machine learning pipelines.
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