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Motivacao

“While large language models (LLMs) [...] demonstrate
proficiency in semantic extraction, they still encounter
difficulties in addressing the complexity, ambiguity, and
logical depth of real-world industrial requirements.”

Referéncia: Automated Translation of Software Requirements to LTL
via Hierarchical Semantics Decomposition Using LLMs (Req2LTL)


https://arxiv.org/pdf/2512.17334v1
https://arxiv.org/pdf/2512.17334v1
https://arxiv.org/pdf/2512.17334v1

Milestone 1:
Contexto & Desafios

esafios Conceitos Base
llent failure e | TL (vs.CTL)
ustos: e NL2Spec

o trabalho manual e Pipeline NL = LTL
o formacao especializada

Prediction: Al will make formal verification go mainstream
(Kleppmann, 2025)
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https://martin.kleppmann.com/2025/12/08/ai-formal-verification.html
https://martin.kleppmann.com/2025/12/08/ai-formal-verification.html

NL2Spec vs Req2LTL

nl2spec: Interactively Translating Unstructured
Natural Language to Temporal Logics with

Large Language Models Bridging Natural Language and Formal Specification—
Automated Translation of Software Requirements to LTL
via Hierarchical Semantics Decomposition Using LLMs
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Abstract. A rigorous formalization of desired system requirements is
indispensable when performing any verification task. This often limits
the application of verification techniques, as writing formal specifications

Abstract—Automating the translation of nat
(NL) software requirements into formal specific;
a critical challenge in scaling formal verification
dustrial settings, particularly in safety-critical d

struggle tojgen-
W examples. Recent advancg
is an error-prone and time-consuming manual task. To facilitate this, Ms), such as GP
we present nl2spec, a framework for applying Large Language Models
(LLMs) to derive formal specifications (in temporal logics) from unstruc-
40 demonstrate proficiency in semantic extraclion, they sl ; translation task )
i mporal semantics, deep

sl traints inhere

tured natural language. In particular, we introduce a new methodology
to detect and resolve the inherent ambiguity of system requirements in
natural language: we utilize LLMs to map subformulas of the formaliza-
tion back to the corresponding natural language fragments of the input.
Users iteratively add, delete, and edit these sub-translations to amend

and logical depth of real-world industrial requird
paper, we propose REQ2ZLTL, a modular framewo
NL and Linear Temporal Logic (LTL) through aghierarchical
intermediate representation called Onionl.. REQ2L'N§ leverages
LI Ms for semantic decomnaosition and combines them With deter-

tvl [cs.LO] 8 Mar 2023
E] 19 Dec 2025

Projeto Métodos Formais de Programacao Milestone 2


https://arxiv.org/pdf/2512.17334v1
https://arxiv.org/pdf/2303.04864

Modelo Baseline

NL = LTL com feedback iterativo

Pipeline:
L > Generator - Validator — Judger = loop

\alidacao sintatica (JSON + LTL)
e Avaliacao semantica (Judger)

Insight:
e explanation = proto-representacao intermeédia

| —
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LTL Validator
Lexical, Syntactic and
Semantic Parser

Start LLM Agent
User inout / Prompt Generates LTL formula No
P P with the specified format

Y
Re-prompt with error details Validation Error
Generates error log

and correction prompt

Diagrama 1: Etapa de validacao de formulas LTL : 5
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Is the
formula
valid?

Yes End
LTL formula




Proximos
Passos

e Representacao Intermédia (IR)

Milestone 2

e Avaliacao e Métricas

e Extra...
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Estrutura Intermedia

NL: "Every request is eventually
followed by a grant”

IR: Explanation (insight anterior):
attern : response request . request
ope : global grant : grant
10gger : request globally

I C
sponse : grant eventually : F
followed by : ->
LTL:
G (request -> F grant)
Referéncia: Dwyer patterns
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https://arxiv.org/pdf/2512.17334v1
https://matthewbdwyer.github.io/psp/

NL - Lifting
Extracao semantica:

e proposicoes corretas

+ operadores corretos Avaliaqéo
P & Meétricas

Composicao logica
e estrutura da férmula
e USO correto de operadores

Grounded

03 Fidelidade semantica
. e corresponde ao requisito?

e validado por humano/judger




Z3
SMT Solver

e Detecao de contradicoes entre requisitos

e |dentificacao de inconsisténcias logicas
e Apoio a validacao formal

Exemplo:
reql: G (a -> F b)
req2: G (a -> G ~b)

- conflito condicionado
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