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Introduction

Grammar-constrained LLM Generation

O Context-free grammars (CFGs) define syntax through terminal

symbols, fundamental building blocks of the language (e.g.,

words) and non-terminal symbols (placeholders e.g. sentence)
Recent techniques [1] use CFGs to guide LLM generation and ensure
outputs adhere to specific syntax rules

Constrained generation typically uses parsers to analyze partial
outputs and filter outinvalid tokens

[ English text EBNF grammar

paragraph: sentence+

sentence: word+ sentence_end

word: /[a-zA-Z0-91+/ | other_punctuations
sentence_end: "." | "I!" | "?"
other_punctuations: "," | ";" | ":" | "™

IterGen: Main Contributions

First framework to use grammar symbols as navigational
abstractions for both forward and backward LLM
generation control

Enables semantic-aware generation through grammar-
guided navigation, allowing targeted corrections
Significantly improves output quality across multiple
domains: SQL, Privacy Leakage, Vega-Lite

Key Interface Functions

forward(symbol, count): Generates until specified number

of grammarsymbols is reached

backward(symbol, count): Backtracks generation by removing
specified symbols

view(symbol): Inspects all parts of the generation corresponding
to a given grammar symbol
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A user program utilizing IterGen manages LLM generation through
forward and backward calls.
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Symbol Position Map: Tracks exact positions of grammar symbols
in generated text, enabling precise navigation.

Reduce Operation Tracking:

Updates symbol positions during parser reductions.

Token Misalignment Solution: Generates an extra lookahead
token to confirm symbol completion, then removes it.
Tree-Based Decoding History: Maintains generation pathsasa
token tree with a recurrence penalty (y) to encourage exploration.
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*41.63% average accuracy vs. 28.9% for
standard

* Execution rate of 75.84% vs. 50.28% for
standard generation
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*51.4% reduction (from 51.4% to 0%)

* Minimal overhead (4-7 additional
generated tokens)

* Minimal impact on response quality
(perplexity from 5.66-6.87 to 5.76-7.0)

IlterGen code is available at https://github.com/structurediim/itergen.

[1] SynCode: LLM Generation with Grammar Augmentation
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