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AI is Redefining Software Development

Completion Chat Agent
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SOTA LLMs generate semantic errors and unsafe code



Our Work

Leveraging Type Systems for safe LLM code generation
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Direct approach: Feedback loop with type checker

Treat type checker as a black box:

- No control during LLM decoding

- LLM needs to figure out a well-typed
alternative from the error messages

- LLM passes: unpredictable, can require 
many iterations!
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Our work: Constraining LLMs’ next-token decoding with types
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Incremental
Type Checker+

type-safe code

Potential Benefits:

- Full control during decoding

- Generated code is guaranteed to be type safe

- LLM passes: predictable, one pass

Wanted: new incremental type checkers for LLM decoding



Background: LLM generates code left-to-right
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“Write a function to check if a string represents an integer”
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num is of type number
parseInt expects type string
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Background: LLM generates code left-to-right

“Write a function to check if a string represents an integer”

There is a valid completion!
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ok!
not ok!

Incremental type checker

“Can current output be completed to be well-typed?”



Vanilla vs. Type-Constrained LLM code generation
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Partial
Program

LLM

Sample Incremental
Type-Checker

Accept & Append

Reject & Mask

Partial
Program

LLM

Sample & Append

Vanilla Type-Constrained



Building an Incremental Type checker
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Key ingredient: Incremental type-checking automaton

Non-deterministic automaton that only accepts well-typed programs

- Abstract syntax tree 

- Augmented with typing environment

Ensure prefix property on automaton

- Every state leads to an accepting state

- If we are in state → current parsed output is prefix

- If in no state → current parsed output is not prefix
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Applying our method to a subset of TypeScript

- Mutable vs Immutable Variables

- Arrays

- Loops

- More Operators and Types

- Operator Precedence

- Global Identifiers

- Imports

- Polymorphic Built-Ins

- …
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Generic simply typed language TypeScript extensions



Incremental type checking
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Typing Environment CodeAutomaton

Identifier Type

parseInt (string) => 
number
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Identifier Type

parseInt (string) => 
number

text string

is_int (string) => 
boolean

num number

Check if we can inhabit the goal type

with a completion of the 

current partial expression

Typing Environment CodeAutomaton

Rewind: Addressing type inhabitation



Can we append operators to turn type number into string?

Type reachability search
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Type reachability search
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Type reachability search

Can we append operators to turn type number into string?



Type-Constrained LLM code generation: benefits
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Partial
Program

LLM

Sample Incremental
Type-Checker

Accept & 
Append

Reject & Mask

One forward LLM inference pass, no backtracking 

Guaranteed type safety on termination

Fully leverages type system during decoding

Requires manually coming up with the automata 
from the language and its type system definitions



Experimental Evaluation
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Drastic reduction of compiler errors
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Drastic reduction of compiler errors
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Improvement of functional correctness
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Future work

Extend to more TypeScript features

Construct incremental type-checker for other languages

Characterize the kind of type systems that can be incrementally verified
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https://github.com/eth-sri/type-constrained-code-generation 
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Conclusion

https://github.com/eth-sri/type-constrained-code-generation

