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Objectives

• Understand: What makes an ML system impactful?


• Strategize: Steps to design and build systems that address real-world needs.


• Inspire: A call to action for students to innovate in the MLSys field.



Characteristics of an Impactful ML System

• Scalability: Handles increasing workloads efficiently.


• Usability: Accessible to diverse users (researchers, developers, domain 
experts).


• Innovation: Introduces novel techniques or applications.


• Sustainability: Balances performance with energy/resource efficiency.


• Generalizability: Adapts across tasks and environments.



Foundational Steps to Build Impactful ML Systems

1. Identify a Real Problem: 

• Start with a concrete challenge in research or production.


• Consider underserved areas like accessibility, green AI, or edge deployments.


2. Research Existing Solutions: 

• Study state-of-the-art methods and their limitations.


• Analyze trade-offs in accuracy, latency, and cost.


3. Design for Modularity: 

• Create systems that can adapt and evolve.



Real-World Examples of Problems Needing MLSys Solutions

1. Healthcare 
• Challenge: Real-time diagnostics in remote areas with limited internet connectivity.

• Potential Solution: An edge ML system for medical image analysis (e.g., detecting diseases from X-rays).


2. Climate Change and Sustainability 
• Challenge: Predicting extreme weather events or optimizing renewable energy grids.

• Potential Solution: ML systems integrating causal inference and large-scale environmental simulations.


3. Accessibility for People with Disabilities 
• Challenge: Improving independence for visually or hearing-impaired individuals.

• Potential Solution: A multi-modal system combining vision and audio inputs for assistive navigation.


4. Education 
• Challenge: Personalized learning platforms that adapt to diverse student needs.

• Potential Solution: Adaptive ML systems that analyze student progress and recommend tailored learning 

materials.



Real-World Examples of Problems Needing MLSys Solutions

5. Supply Chain Optimization 

• Challenge: Reducing inefficiencies and waste in global logistics.


• Potential Solution: Reinforcement learning systems for dynamic routing and inventory management.


6. Disaster Response 

• Challenge: Coordinating aid and rescue efforts during natural disasters.


• Potential Solution: ML-driven decision support systems combining satellite data, social media feeds, and historical trends.


7. Fraud Detection and Security 

• Challenge: Identifying anomalies in financial transactions or cybersecurity threats in real-time.


• Potential Solution: Distributed ML systems for scalable anomaly detection in real-world networks.


8. Agriculture 

• Challenge: Optimizing crop yield while minimizing resource usage.


• Potential Solution: Edge ML systems analyzing soil data and predicting irrigation or fertilizer needs.



Real-World Examples of Problems Needing MLSys Solutions

9. Autonomous Systems 
• Challenge: Ensuring safety and efficiency in self-driving cars or drones.

• Potential Solution: ML systems that fuse sensor data for robust real-time 

decision-making.

10. Smart Cities 
• Challenge: Traffic congestion and energy management.

• Potential Solution: ML systems analyzing traffic patterns or optimizing 

smart grid performance.



Lessons from This Course

• Reconciling Trade-offs: 


• Example: InferLine's balance of accuracy and latency.


• Designing Robust Experiments: 


• Use rigorous methodologies to validate hypotheses.


• Replication and Transparency: 


• Build systems that others can replicate and extend.


• From Research to Production: 


• Adapt systems for real-world constraints.



Strategies for Impactful Design

1. Incorporate User Feedback Early: 

• Collaborate with potential users to understand their needs.


2. Leverage Emerging Technologies: 

• Examples: Federated learning for privacy, causal AI for explainability.


3. Prioritize Ethical Design: 

• Address bias, fairness, and sustainability in the system design process.


4. Adopt Open Source Practices: 

• Foster community collaboration and innovation.



The Role of Experimentation

• Iterative Design: 

• Start with a minimal viable system (MVS).


• Gradually expand features and optimize performance.


• Data-Driven Decisions: 

• Use real-world data to guide design choices.


• Failure Analysis: 

• Learn from failures to refine system components.



Inspiring Case Studies

• AlphaFold (Protein Folding): Solved a decades-old biological problem.


• OpenAI GPT Models: Ushered in the era of large-scale language modeling.


• Ray Framework: Simplified distributed computing for ML workloads.



Synthesis of Course Themes

• Designing Systems: Reconciling trade-offs between accuracy, cost, and 
latency.


• Experimentation: Rigorous methods for motivating and evaluating designs.


• Replication: Building a foundation for reproducible research.


• Bridging Research and Practice: Lessons from production-level ML 
systems.



Call to Action: Building the Future

• What is one real-world challenge you want to solve?


• How can the principles from this course guide your design?


• Sketch a roadmap for your next ML system idea.

“The best way to predict the future is to invent it.” – Alan Kay



Closing Thoughts

• You all did a great job in this course throughout the semester!


• Dream big and build impactful systems!


