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ABSTRACT

The exponential proliferation of data across heterogeneous digital ecosystems has underscored the
necessity for robust, adaptive, and validation-aware ingestion architectures. Data ingestion plays a
pivotal role in data analysis, serving as the foundation for unifying data from diverse, heterogencous
sources into a unified system. This process ensures that data is collected, transformed, and stored in
the desired format, creating data lakes. Apache NiFi, an open-source data ingestion framework,
automates data flow between disparate systems, ensuring efficiency, scalability, and fault tolerance.
This research addresses a critical gap in big-data engineering, that is, the absence of a generic,
scalable ingestion framework capable of sustaining operational consistency across local and cloud
environments. The study employs a comparative methodology across on-premises, Google Cloud
Platform (GCP), and Amazon Web Services (AWS) environments to analyse ingestion throughput,
latency, and elasticity under varying workloads. Two Custom validation processors are developed,
namely, File Size Validation and Ingestion Frequency Validation, to introduce self-regulating
intelligence within the ingestion pipeline, ensuring data correctness without performance
degradation. Experimental outcomes demonstrate that NiFi achieves near-linear scalability, with
minimal latency differentials (<10%) between local and cloud executions, thereby disproving
long-held beliefs that validation or cloud orchestration inherently reduce performance. The study
establishes that efficiency in data ingestion extends beyond raw throughput to encompass data
quality, resilience, and deployment neutrality. The findings position NiFi as an adaptable ingestion
solution suited to hybrid data ecosystems. This work contributes to both theory and practice,
providing a reproducible blueprint for future research in scalable, validation-driven ingestion
frameworks that bridge local—cloud interoperability and support sustainable data-driven innovation.
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