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• Modern Al systems have evolved past 
single LLMs. They are now complex 
architectures integrating diverse, 
specialized components working in 
sequence to solve real-world problems.

• Large Language Models
• Retrievers and Vector Databases
• Specialized APIs and Tools
• Traditional Machine Learning Classifiers 

From Monolithic Models to Compound Systems



•Compound systems are highly sensitive to 
the failure of individual components. 
•A single misinterpretation early in the 
pipeline cascades into system-wide failure.
•If an LLM misinterprets an input query, it 
retrieves irrelevant information, causing 
subsequent tool calls to operate on incorrect 
inputs, ultimately producing unreliable 
outputs across the entire system.

Cascading Fragility with Interconnected Power



• We cannot simply use standard backpropagation to fix a compound system. 
• Non-Differentiable

• The system relies on hard breaks-text generations, API calls, and tool usage.

• Highly Heterogeneous
• Components are tuned differently. How do you simultaneously optimize a text prompt, continuous model 

weights, and a discrete hyperparameter?

• Prohibitively Expensive
• Running the full system to test every minor tweak consumes massive time and compute.

Difficulty in Handling Heterogeneous Pipelines



•  

Formalizing the System



•  

Global Optimization Objective

 

 

The optimal setup 

Across all data Global system success



• A unified framework for end-to-end optimization of compound AI systems
• Globally Aligned Local Reward Functions (LRFs)

• Align each component's optimization with global system performance
• Enables efficient, decentralized optimization while ensuring that local improvements 

contribute meaningfully to global rewards, backed by formal theoretical guarantees.

OPTIMAS



•  

Local Reward Function (LRF)



•  

Evaluator Implementation



•  

The Guarantee: Local-Global Alignment



•  

Mathematically Guaranteeing Systemic Alignment



•  

Generating Preference Data



 

Learning the Alignment



• By maintaining globally aligned, adaptive Local Reward Functions, OPTIMAS 
transforms a non-differentiable, heterogeneous DAG into a living, optimized 
entity. 

• We can now apply specialized optimization methods (PPO for weights, OPRO 
for prompts) locally to each component, drastically reducing the need for 
expensive full-system runs while mathematically guaranteeing global 
improvement.

The OPTIMAS Adapative Loop



Specialized Local Optimization



The OPTIMAS Algorithm



Guaranteeing Alignment



Convergence Analysis



Real-World Compound Systems



Baselines and Cost Control



Main Results - Performance Gains



Consistency Across Tasks



Amazon / STARK-Prime / HotpotQA

Optimization Trajectory



Alignment Quality



Interpretability



Data & Compute Efficiency



• Unified optimization for heterogeneous systems

• Globally aligned local rewards

• High data/compute efficiency

Conclusion


