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Figure: Example of a parser generator output
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Types of parser generators
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Figure: Example of a parser generator grammar
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Problems

» LR parsers can only work with deterministic states, such that there is only one possible

reduction
» Algorithms like GLR and Earley’s parser explore the whole set of possible reductions

» Such algorithms can be called static. For ambiguous grammars, another approach can be

used
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Dynamic parser generator



Parser structure
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Figure: Dynamic shift-reduce algorithm pipeline
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Reduce routine
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Figure: Example of a reduce routine at some stack state for a calculator grammar
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Heuristic ambiguities resolver

» The base algorithm chooses too many possible candidates

» It can be expanded to analyze context and make decision whether to reject the match

candidate
» This allows the parser algorithm to be expanded to parse larger sets of grammars

» Reducibility checker RC(1) is a module that checks if a match candidate can be reduced one

step ahead in the future

» Prefix-based context analyzer uses prefixes and postfixes of a rule in order to analyze

current context
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Grammar serialization

Baking function % performs compile-time
serialization of grammars into a custom

EBNF-like textual representation

This mechanism is essential for integrating
symbolic grammar definitions with external

components such as language models

It can also be used for an iteration over a

superset of grammars
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Figure: Compile-time serialization process
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Complexity analysis

» As the parser algorithm is dynamic, it performs much slower than the linear-time static

shift-reduce parsers

» The shift routine is linear in O(n), while reduce routine needs to perform an O(|S|?)
iteration over the stack S: O(n - |S]? - |G|) = O(n?)

» While the worst-case complexity of the algorithm is equal to O(n?), the complexity is
limited by the size of the stack

» Non-deterministic static parsers like CYK and Euler also operate in O(n?3)
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Debugger
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The project



Features

» The project uses C++420 metaprogramming features for building compile-time parser

generator structures

» Grammar initialization is done in compile-time, and the parser generator is used as a

header-only library

» Almost all of the existing parsers generate an intermediate source file, which must be

compiled

» The only language that has a more powerful metaprogramming system than C++ is
Haskell. BNFC-Meta is another embedded parser generator (AFAIK there are no more

shift-reduce embedded parsers in existence)
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C+-+ hacks

» Type morphing casts each type T<ty, ta, ..., t,> into T<A(t1), A(t2), ..., A(£,)>

» Can be used as a constexpr type constructor (using ...
decltype (type_morph_t<...>()) ), which allows us to declare class members without the

use of auto. Still causes abort() in g++ 15.2.1 for some reason (usage: parser structures)
» C++20 variadics support allows to apply set operations to tuples (usage: parser structures)

» Dynamic hashtable stores each element as a std: :variant, which allows to dynamically

store element types and access them using std::visit (usage: parser stack)

» We can even cast a tuple into a homogeneous type and return it down the stack, but the

compilation time may be longer than the heat death of the universe
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Next steps

» Project is still in development, context analyzer is
still in WIP

» We need to formally define the parser properties

» This parser generator is going to be used in a
decoding stage of an LLM pipeline. In particular, the
grammar iteration will be used for finding an optimal

grammar for a particular LLM

Figure:
https://github.com/enaix/SuperCFG
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