International Journal of Engineering Research & Technology (IJERT)

| SSN: 2278-0181
Vol. 14 | ssue 06, June - 2025

Designing Scalable Serverless Data
Pipelines: A Practical Guide to
High-Performance and Cost-Optimized
Solutions

Published by :
http://lwww.ijert.org

Author:
Srinivasarao Thota
Senior Manager, Software Engineering
Capital One, Richmond, Virginia, USA

INTRODUCTION

Efficient data management has become crucial in today's rapidly evolving, technology-driven landscape.
Organizations continuously face the challenge of managing vast amounts of data that must be captured, transformed,
stored, and utilized effectively. As businesses increasingly rely on real-time, data-driven decision-making, the
importance of robust and optimized data pipelines grows even greater. Data pipelines serve as the essential backbone
of modern data engineering, facilitating seamless integration, transformation, and delivery of extensive datasets across
diverse platforms and applications.

In this context, AWS Glue stands out as a powerful solution, offering a serverless, scalable, and fully managed Extract,
Transform, Load (ETL) framework. Powered by Apache Spark, AWS Glue simplifies large-scale data processing,
enabling engineers to efficiently conduct complex transformations and integrations without the burden of
infrastructure management. Its serverless architecture speeds up the deployment of data workflows, significantly
reducing time-to-market and allowing teams to focus on enhancing the logic and optimizing the performance of their
pipelines.

The integration of AWS Glue with languages such as Python and PySpark further enhances its capacity for high
performance and flexibility. Python's readability and extensive libraries, combined with PySpark's robust distributed
computing capabilities, create an ideal environment for effectively managing extensive data transformations.
Additionally, incorporating TypeScript improves these pipelines by enabling seamless interactions with
supplementary services or managing metadata through serverless functions, such as AWS Lambda, thereby supporting
a comprehensive and robust end-to-end workflow.

This article provides practical insights and best practices for building optimized data pipelines using AWS Glue in
conjunction with Python, PySpark, and TypeScript. Readers will gain actionable knowledge to enhance pipeline
performance, effectively manage large-scale data operations, and reliably generate large string files with greater
efficiency.

OVERVIEW OF AWS GLUE

AWS Glue is a fully managed, serverless Extract, Transform, and Load (ETL) service built upon the robust and
powerful Apache Spark framework. It streamlines complex data processing workflows by seamlessly managing
infrastructure provisioning, resource allocation, and operational scalability. As a result, data engineers are relieved
from the burden of server management. They can instead concentrate entirely on refining data transformation logic,
optimizing performance, and implementing innovative solutions aligned with core business objectives.

The serverless architecture of AWS Glue dynamically allocates and scales computational resources based on workload
requirements, eliminating unnecessary overhead and ensuring cost-effective utilization. By automatically handling
tasks such as cluster setup, maintenance, and teardown, AWS Glue significantly reduces operational complexity and
accelerates the deployment of data-driven workflows. Its integration with Apache Spark provides powerful distributed
processing capabilities, facilitating rapid transformation and analysis of vast and diverse datasets.

Overall, AWS Glue empowers data engineering teams to rapidly build scalable, reliable, and optimized data pipelines,
significantly accelerating development timelines, reducing total operational costs, and fostering an environment of
innovation and continuous improvement in data management practices.
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BUILDING EFFECTIVE PIPELINES WITH PYTHON AND PYSPARK

AWS Glue's seamless integration with Python and PySpark provides a robust and intuitive framework for efficiently
handling large-scale data transformations. Leveraging PySpark's powerful capabilities, data engineers can easily
manage complex analytics workflows, enabling optimized processing of extensive datasets such as customer
transaction records.

Below is an optimized PySpark example tailored for efficient handling and analysis of customer transaction data:
This optimized approach enhances pipeline performance by selectively processing essential transaction details,
effectively distributing data processing loads, and significantly improving both read and write operations. As a result,
engineers can rapidly deliver valuable insights from large-scale customer transaction datasets.

ORCHESTRATING DATA PIPELINES WITH AWS STEP FUNCTIONS
While AWS Glue handles complex data processing tasks efficiently, real-world data pipelines often involve multiple
interdependent steps, such as data extraction, transformation, validation, enrichment, and post-processing. AWS Step

Functions is a powerful serverless orchestration service that allows you to coordinate these discrete components into
a unified and resilient workflow.
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OPTIMIZING AWS GLUE PERFORMANCE THROUGH EFFECTIVE RESOURCE MANAGEMENT
Achieving optimal performance with AWS Glue largely depends on choosing the right worker types tailored
specifically to the characteristics of your data workload. AWS Glue offers distinct worker configurations, each
designed to cater to varying computational and memory requirements:
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e G.1X Workers: These are suited for workloads that are computationally lighter but require efficient memory
usage. Such tasks typically involve straightforward transformations, simple aggregations, or scenarios where
cost efficiency is paramount.

e G.2X Workers: Designed explicitly for compute-intensive tasks, G.2X workers provide enhanced CPU and
memory capacity, significantly accelerating performance for complex data processing, large-scale
transformations, and computationally demanding analytics tasks.

PRACTICAL TIPS FOR SELECTING THE APPROPRIATE AWS GLUE WORKER TYPE:
1. Analyze Your Workload Characteristics:
Carefully evaluate your data pipelines to identify computational complexity and memory needs. Consider the
nature of your tasks, such as intensive computations, large joins, or heavy aggregations, to determine whether
a lightweight (G.1X) or a compute-intensive (G.2X) worker is most appropriate.

2. Conduct Benchmarking Tests:
Run practical benchmarking experiments with representative datasets across different worker configurations.
By comparing the performance, resource utilization, and execution time of these tests, you can empirically
identify the optimal worker type and number.

3. Monitor Resource Utilization with AWS CloudWatch:
Actively leverage AWS CloudWatch to track critical metrics like CPU usage, memory consumption, and job
execution duration. Continuous monitoring enables the early detection of resource bottlenecks, facilitates
proactive  adjustments, and allows for fine-tuning to achieve maximum efficiency.

4. Balance Performance with Cost:
Strive for an optimal balance between worker type, resource count, and cost implications. While more
powerful worker types or additional workers may enhance speed and throughput, it's essential to carefully
align these choices with your organization's cost management strategy and performance expectations.

By thoughtfully selecting worker types and continuously monitoring performance metrics, data engineers can
significantly enhance pipeline efficiency, reduce operational costs, and ensure consistently high-performing data
processing workflows in AWS Glue.

INTEGRATING TYPESCRIPT TO ENHANCE DATA PIPELINE FUNCTIONALITY
Integrating TypeScript into data pipelines can significantly enhance their capabilities, particularly when combined
with serverless solutions like AWS Lambda. TypeScript’s strong typing, readability, and maintainability make it well-
suited for building serverless functions that efficiently manage and process pipeline-generated data or handle metadata
effectively.

Below is a practical example demonstrating how a TypeScript-based AWS Lambda function can retrieve and
process customer transaction data stored in Amazon S3:

BEST PRACTICES FOR HIGH-PERFORMANCE DATA PIPELINES
To ensure scalable and efficient data processing, it is essential to adopt proven best practices when building data
pipelines. The following strategies—supported by practical code examples—illustrate how to enhance performance,
minimize latency, and efficiently manage large volumes of customer transaction data.

1. Partitioning Data

Logical partitioning significantly enhances pipeline performance by reducing 1/0 operations, enabling parallel
processing, and allowing Spark to scan only relevant data subsets. When working with customer transaction data,
partitioning by transaction date and customer ID is a common and effective approach.

Performance Benefits:
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e  Minimizes scan range by targeting only relevant partitions.
e Improves parallelism and reduces job execution time.

2. Compression Techniques
Using columnar file formats, such as Parquet with Snappy compression, reduces file size and improves both read
and write performance. This is particularly useful for transaction logs that contain repetitive or numeric data.

Performance Benefits:
e Decreases storage footprint.
e Speeds up I/0 operations, enhancing overall processing efficiency.

3. Intermediate Caching
When performing multi-stage transformations, caching intermediate results can dramatically reduce computation time.

This is especially effective when datasets are reused in multiple operations, such as filtering and aggregating customer
transactions.

Performance Benefits:

e Avoids redundant computations.
e  Greatly improves performance for repeated data operations.

4. Robust Monitoring with AWS CloudWatch
Monitoring and observability are key to maintaining high-performing data pipelines. AWS CloudWatch provides

detailed metrics and logs that help identify performance bottlenecks, resource limitations, and unexpected behavior
during job execution.

CloudWatch Monitoring Guidelines:

e Set up alarms for high memory or CPU usage, long job durations, and failed executions.
e Use logs to trace errors and gain visibility into the execution flow.

Performance Benefits:

e Enables proactive issue resolution.
e Ensures continuous optimization of pipeline performance.

By following these practices—partitioning strategically, leveraging compression, caching intermediate results, and
monitoring with CloudWatch—you can significantly improve the efficiency, scalability, and reliability of your AWS
Glue-based data pipelines, especially when handling large volumes of customer transaction data.

CONCLUSION

The combined power of AWS Glue, Python, PySpark, and TypeScript provides a comprehensive and highly effective
foundation for building modern, scalable, and high-performance data pipelines. These technologies, when thoughtfully
integrated, enable data engineering teams to design robust workflows that can handle complex transformations,
massive datasets, and real-time processing demands with remarkable efficiency.

By applying best practices such as intelligent data partitioning, efficient compression techniques, strategic caching,
and proactive monitoring, teams can significantly optimize performance, reduce operational overhead, and accelerate
time-to-insight. Moreover, leveraging the flexibility of AWS Glue's serverless infrastructure, alongside performance-
aware resource configurations, ensures that workloads scale automatically and cost-effectively, without compromising
reliability or speed.

Incorporating TypeScript through AWS Lambda functions further extends the pipeline’s capabilities, allowing for
seamless post-processing, metadata management, and system integrations within a fully serverless ecosystem.
Ultimately, this unified approach enables organizations to transform their data pipelines into strategic assets—capable
of delivering accurate, timely, and actionable insights at scale—while maintaining agility, performance, and cost
efficiency across cloud environments.
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