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What properties would a language for CoT need to have?

Chain-of-thought (CoT) in LLMs 

• CoT traces appear throughout LLM development 
yet are modeled in task specific ways. 

• Lack of a unified formalism makes it difficult to 
relate different research areas, study formally. 

This work 
• Propose modeling CoT traces as a 

probabilistic programs, inferences as 
structured queries over programs.  

• Develop a simple discrete probabilistic 
programming language for CoT that supports 
tractable probabilistic and logical inference.   

Motivation CoTs as probabilistic programs (PP)

What can we do with this language?
Formal analysis of LLM likelihood Derive new test-time inference and prompting strategies 

Boolean guard semantics

Exact WMC via KC
Score aggregation

The many uses of CoT

“Think step-by-step”

Reasoning  
trace

• Making a CoT trace a PP: Steps are stochastic 
assignments, step dependencies are control flow, 
answers are return values, extra constraints are 
observes, reasoning errors are exceptions.  

• CoT inference as structured program queries: 
Likelihoods as marginal queries, sensitivities as 
gradients and step conditionals, robustness as weight 
perturbations. 

• Distill CoT traces to PPs that capture exact 
LLM likelihood inference, provides deeper 
view into semantics, help derive new bounds.  

• Identify structural properties that reveal the 
limitations of using LLM likelihood for ranking 
CoT traces, helps to rule out possible 
prompting strategies from first principles.  

• As an alternative to expensive test-time inference strategies, we explore variants of CoT that directly 
generate multiple CoTs, perform structured inference over direct LLM signals.   

• Study a particular variant, Bayesian multi-answer CoT, that aggregates step likelihoods via a Bayesian 
factorization, devise new robustness testing techniques for comparing against standard CoT.   

Standard “latent 
trace” model of CoT

LLM CoT likelihood

Parameterize step scores via LLM

Direct multi answer/CoT

Answer before reasoning steps Mixes LLM likelihood + verbal estimation  

Bayesian-style inference model

Prob. 
Program


