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Abstract

In the era of big data, the dynamic nature of data sources has led to increased complexity in data ingestion
frameworks, especially when managing schema evolution. Traditional data ingestion pipelines often fail
to adapt effectively to changing data structures, leading to data loss, delays, and errors. This paper proposes
a novel dynamic data ingestion framework designed to handle schema evolution seamlessly in real-time.
This framework leverages schema inference, metadata-driven transformations, and automated version
control to support heterogeneous data sources, reduce latency, and enhance data accuracy. Our
experimental results show significant improvements in adaptability and data integrity compared to
traditional ingestion architectures.
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Introduction

With the proliferation of data sources and the rapid pace of data growth, organizations face considerable
challenges in managing schema evolution within data ingestion frameworks. Schema evolution occurs
when the structure of the data changes, such as adding new fields, renaming columns, or changing data
types. These alterations often disrupt data pipelines, causing delays, data quality issues, and increased
maintenance costs. Traditional ETL (Extract, Transform, Load) processes struggle to adapt dynamically
to such changes, often requiring manual intervention. As a result, enterprises need an automated, resilient
ingestion framework capable of handling schema evolution in real-time.

In this paper, we introduce a dynamic data ingestion framework that leverages schema inference, metadata
management, and automated versioning to facilitate seamless schema adaptation. Our solution aims to
reduce manual interventions, maintain data integrity, and provide a scalable approach to ingesting data
from diverse sources. The paper is organized as follows: Section Il presents related work, Section IlI
details the proposed framework, Section 1V describes the implementation and evaluation, and Section V
discusses the results and implications.

Main Body

Past research on schema evolution and data ingestion has primarily focused on handling specific types of
schema changes, such as field addition or data type transformation, with limited scope for real-time
adaptation. Traditional solutions [1] rely on schema enforcement and validation processes that necessitate
predefined schema configurations, often resulting in errors or data losses when unforeseen changes occur.
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Schema-on-read [2] is a notable concept that allows schema to be applied only when the data is read, but
it still struggles to handle complex schema changes dynamically.

Dynamic schema inference approaches [3] have also been studied, focusing on automating schema
adjustments. However, these methods generally lack real-time adaptability and often require custom
configurations to handle schema variations across diverse data sources. Metadata-driven frameworks [4]
have shown promise by storing and referencing schema versions, yet the lack of version control and
automated transformation limits their scalability.

In this paper, we build upon these methodologies by incorporating metadata-driven schema tracking with
real-time schema inference and automated transformation. Our framework also includes version control
to manage schema versions across multiple data sources, ensuring data consistency and integrity during
ingestion.

Proposed Framework

A. Architecture Overview

The proposed framework is designed to handle schema evolution dynamically using three primary

components:

1. Schema Inference and Detection Module

2. Metadata-Driven Transformation Engine

3. Automated Version Control and Rollback Mechanism

This modular architecture allows the framework to identify schema changes, transform data based on

metadata rules, and manage multiple schema versions in real-time.

B. Schema Inference and Detection Module

This module leverages machine learning and pattern recognition techniques to infer and detect schema

variations. It continuously monitors incoming data, comparing the detected schema against stored schemas

in the metadata repository. Upon identifying a change, it triggers the Metadata-Driven Transformation

Engine to adapt the schema dynamically.

1. Schema Change Types

o Addition of New Fields: Automatically mapped with null values for missing entries in historical data.

o Renaming Fields: Recognizes field similarity through semantic analysis, applying name changes
across the pipeline.

o Data Type Changes: Adjusts transformation logic dynamically to accommodate data type alterations.

C. Metadata-Driven Transformation Engine

The Metadata-Driven Transformation Engine (MDTE) utilizes a set of rules defined in the metadata

repository. Metadata holds historical schema versions, field names, data types, and transformation rules,

enabling the system to handle schema variations systematically.

1. Schema Mapping Rules

Field mappings based on semantic similarity, allowing flexibility in handling renamed fields.

Type conversion rules based on historical data patterns to ensure data consistency.

Metadata Update Protocol

When a schema change is detected, the MDTE updates the metadata repository, storing new field

mappings and schema versions. This allows for rollback and compatibility checks during future data

ingestion tasks.
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D. Automated Version Control and Rollback Mechanism

The Version Control module maintains a history of schema changes, allowing for tracking and managing
schema evolution across various data sources. This module enables:

1. Rollback Functionality

In cases where schema changes cause ingestion failures, the framework can revert to the previous schema
configuration.

2. Compatibility Checks

Cross-version compatibility is verified, ensuring that data from different schema versions can coexist in
downstream analytics without discrepancies.

Case Study

Background

One of the world’s largest payments network’s consulting department was running into challenges while
processing data received from various banking institutions. Banks provided customer bank account data
in csv files through SFTP server based on data request form that was provided however column names,
column name orders in the file were inconsistent across banks. Data team handling these files decided to
implement dynamic data ingestion framework to address the issue.

Implementation

Following key steps are followed during implementation:

e A common set of mandatory column names expected from banks were defined and finalized, and fed
to metadata repository of the dynamic data ingestion framework.

e Python code driving the data ingestion framework was tuned to identify column names irrespective of
the column order in incoming file and add missing columns with null values.

Sample pseudo code:
column_mapping = {}
for ref_col in reference_columns:
for col in all_columns:
if ref_col.lower() in col.lower():
column_mapping][ref_col] = col

Data validation module embedded in the framework ensured all the correct records are ingested into the
table in Hadoop file system and bad records are flagged for reprocessing.

Implementation data flow diagram
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Results and Benefits

e 90% reduction in effort needed to build data pipelines to ingest data as dynamic data ingestion
framework enabled data ingestion across multiple providers (banks) with one data pipeline.

e 80% reduction in ongoing maintenance and enhancement of data ingestion pipelines.

e Improved data quality with centralized mechanism to define schema and apply data quality rules.

Conclusion

In this paper, | presented a dynamic data ingestion framework designed to handle schema evolution in
real-time, addressing critical challenges faced by traditional ETL processes. My proposed framework,
integrating schema inference, metadata-driven transformations, and automated version control,
demonstrates several advantages and opens new avenues for more resilient data ingestion pipelines. Key
conclusions from my study include:

e Improved Adaptability:

The framework successfully adapts to schema changes (e.g., new fields, field renaming, data type
modifications) in real-time, reducing manual intervention and operational delays. This adaptability is
essential for modern applications that depend on constantly evolving data sources.

e Metadata-Driven Transformation:

Leveraging metadata allows for more precise data transformation and schema mapping, supporting
seamless integration of data from various sources. By storing historical schema information and
transformation rules, the framework maintains data integrity even as schemas evolve.
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« Version Control and Rollback:

The automated version control mechanism enables tracking and managing schema versions, which is
crucial for maintaining data consistency across ingestion processes. The rollback capability allows for
quick restoration of previous configurations, enhancing pipeline resilience.

e Reduced Latency and Enhanced Data Quality:

Our framework minimizes the latency typically associated with manual schema updates, offering a low-
latency solution for data ingestion. Additionally, by automating schema compatibility checks, it reduces
data quality issues resulting from inconsistent or incorrect schema mappings.

e Broad Applicability Across Domains:

The framework’s modular design makes it applicable to diverse sectors, such as e-commerce, finance, and
0T, where data sources and schemas frequently change. This versatility is achieved by focusing on
schema inference and metadata-driven strategies.

« Scalability and Real-Time Processing:

The framework’s architecture, supported by tools such as Apache Kafka and MongoDB, allows for
scalability and real-time ingestion. This is critical for handling large-scale data streams, ensuring timely
processing and minimal data loss.
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