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Pipeline Architecture 
 

What is Pipeline Architecture? 
• Pipeline Architecture is a pattern where tasks are modeled as stages in a 

pipeline, and each stage is a modular component that can be replaced or 
updated without affecting the rest of the system. 

Pipelines vs Workflows 
• Workflows are a sequence of tasks that processes some data. They are broader 

than pipelines - workflow may contain multiple pipelines! 
• Workflows manage how different pipelines interact, split, or converge. 
• workflows often include decision-making steps or loops, not just data 

transformation. 
• Pipelines can be thought of as the low-level implementation details, workflows as 

the high-level orchestration. 

Key Components 
• Stages: Individual tasks or operations. 
• Pipes: Channels that pass data or control flow from one stage to the next. 
• Advantages of modular stages: Flexibility, reusability, and maintainability. 
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Example Applications 
1. Data Processing and Transformation  

o ETL (Extract, Transform, Load) pipelines for big data processing and 
analytics. 

2. Image and Video Processing  
o Image recognition, video transcoding, and filtering services. 

3. Workflow Automation  
o Automating multi-step business processes like order fulfillment, customer 

onboarding, and content moderation. 
4. DevOps and Continuous Deployment  

o Deployment pipelines that include building, testing, and deploying 
software. 

5. Game Development  
o Pipelines for real-time rendering, AI decision trees, or multiplayer state 

synchronization. 

Advantages 
• Scalability: Easy to scale individual stages based on their processing needs. 
• Flexibility: Each stage can be developed, tested, and deployed independently. 
• Testability: Simpler to write tests for individual stages. 
• Concurrency: Multiple stages can process concurrently if they are not dependent 

on each other. 

Disadvantages 
• Complexity: Initial setup and configuration can be complex. 
• Debugging: Tracing an error through multiple stages can be challenging. 
• Overhead: Data transformation and transportation between stages can introduce 

latency. 

Existing Frameworks and Tools 
Open-Source Solutions 

• Luigi: Python module that helps you build complex pipelines of batch jobs. 
• Apache Airflow: A platform to programmatically author, schedule and monitor 

workflows. Very popular for data engineering tasks. 
• With the open source solutions you have a lot of control and you can run them on 

your preferred infrastructure, which can save you cost. 
• But: maintenance can be complex, and harder to scale. 
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Platform-as-a-Service 

• AWS Step Functions: Fully managed service that makes it easy to coordinate 
distributed applications. 

• Azure Logic Apps: Helps you automate and orchestrate tasks, business 
processes, and workflows. 

• Google Cloud Workflows: similar to the other two 
• Pros:  

o Easier to manage and orchestrate. 
o Often has built-in scalability and reliability. 

• Cons:  
o Can be expensive. 
o May be overkill for simple pipelines. 

Summary and Takeaways 
• Pipeline Architecture is highly modular and allows for flexibility and scalability. 
• It's particularly useful in scenarios that require a series of steps to process data or 

automate workflows. 
• The key is to identify the stages correctly and ensure they are loosely coupled for 

easier maintainability and updates. 

 


