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Circuit Discovery

• Many applications of neural networks 
depend on the feasibility of inner 
interpretability through circuit discovery. 

• Circuit hypothesis: networks might 
implement their capabilities via small 
circuits. 

• This calls for empirical and theoretical 
explorations of viable interpretability 
queries and procedures to answer them.



Challenges and opportunities

• Automation and scalability 

• Global/local faithfulness 

• Theoretical exploration of viable 
interpretability queries is lacking 

• Breakdown of scalability: computational 
complexity 

• Intrinsic complexity of interpretability 
queries is unknown



Contributions

• Conceptualization of circuit queries in terms of affordances for description, explanation, 
prediction and control 

• Formalization of a comprehensive set of queries and a formal framework for analysis 

• Complexity-theoretic results for query variants, parameterizations, relaxations and 
approximation schemes in MLPs 

• (Find other contributions in the paper)



Generating interpretability queries

• Coverage
• Size
• Local/Global 

Minimality
• Necessity
• Sufficiency



Circuits for explanation and control



Circuits for explanation and control



Query approximations, parameterizations, relaxations

• Approximation 

• Additive 

• Multiplicative 

• Probabilistic 

• Relaxation 

• Quasi-minimality



Parameterized complexity analyses



Results
• A challenging complexity landscape for 

circuit finding in MLPs: 

• Hardness 

• Fixed-parameter intractability 

• Inapproximability 

• Transformations that could help tackle 
some hard problems with better 
understood heuristics 

• Introducing relaxations yields feasible 
queries with potentially useful properties
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