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Prompting vs. Programming

A common pattern to interact with the LLMs is through prompting:
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Prompting vs. Programming

Can we program with LLMs? An example with DSPy [ICLR ‘24]:

3



What is missing with DSPy?
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DSPy and other similar libraries provide good abstractions of prompting, but …



What is missing with DSPy?
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DSPy and other similar libraries provide good abstractions of prompting, but …

Not enough to specify “how” the program interacts with LLMs



Pangolin: Programming LLMs with Algebraic Effects and Handlers
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● Algebraic effects + handlers:
○ Effect operation declares what can happen
○ Handler defines how it happens



Pangolin: Programming LLMs with Algebraic Effects and Handlers
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● Algebraic effects + handlers:
○ Effect operation declares what can happen
○ Handler defines how it happens

● Pangolin core idea: 
○ represent LM interaction as “effects” and abstract operations
○ separate handlers provides interpretation for these “effects”



Programming with Algebraic Effects
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Programming with Algebraic Effects
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Programming with Algebraic Effects
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Defining a Naive Handler
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Defining a Naive Handler
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Defining a Naive Handler
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Defining a Naive Handler
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Defining a Naive Handler
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Test-time Scaling: Handler with Multi-shot Continuations
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Test-time Scaling: Handler with Multi-shot Continuations
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Test-time Scaling: Handler with Multi-shot Continuations
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Test-time Scaling: Handler with Multi-shot Continuations
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Selection Monad
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● Formulate loss inside effectful programs, and search objects 
through choose operations

● Handling selection monad can be combined with effect handling, 
with an additional loss continuation

● Particularly helpful for specifying retry with rewards and scaling 
behaviors in LLM interactions, and has been applied to other 
ML/RL tasks.1

1 Handling the Selection Monad. Gordon Plotkin, Ningning Xie  
  Effect Handlers for Choice-Based Learning. Gordon Plotkin, Ningning Xie  
  Choix: Choice-based Learning in Jax. Shangyin Tan, Dan Zheng, Gordon Plotkin, Ningning Xie  



Selection Monad: Best-of-N Pattern
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Selection Monad: Best-of-N Pattern
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Selection Monad: Best-of-N Pattern
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Selection Monad: Best-of-N Pattern
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Selection Monad: Assertions as Feedback/Loss
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Selection Monad: Assertions as Feedback/Loss
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Selection Monad: Assertions as Feedback/Loss



Conclusion and Future Work

● What is a good abstraction for programming with LLMs?

● We have proposed LM programming language Pangolin and sketched its design
○ Algebraic effects, selection monad, and handlers provide a 

user-customizable way to interaction with LLMs
○ Good to express many LLM programming patterns

● Future work
○ Full implementation and formal semantics remains
○ Better abstraction for building agents (involving loops and tool invocations)
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