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Optimization for LLMs
1. Pre-training

○ Minimize perplexity
2. Supervised fine-tuning (SFT)

○ Minimize task related loss, e.g. perplexity
3. Alignment

○ Maximize weighted sum of rewards
○ Penalize for deviation
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Optimization for LLMs
How does one choose the weights for alignment?

● Application dependent
● Chosen through trial and error
● Involves verification against minimum requirements,   

e.g. rharmless ≥ bharmless

1. Can we avoid heuristics and enforce such minimum 
requirements in a principled way?

2. Can we ensure the performance on the original task?
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Constrained optimization for LLMs
Constrained optimization problem

● Objective:    minimize task related loss
● Constraints:  maximize rewards till requirements are met

● Merge SFT (objective) and alignment (constraints)
● No reliance on heuristics
● Allows for customization
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Lagrange Large Language Models (L3Ms)
Employ logarithmic barriers

● Transforms the problem from constrained to unconstrained
● Amenable to stochastic gradient methods
● Connection to Lagrange multipliers (KKT conditions)

Constraints are gradually enforced, nudging the LLM to 
satisfy them over the optimization procedure
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Experimental results: length constrained L3Ms
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Thank you!
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