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NEURO-SYMBOLIC FORMAL VERIFICATION OF CULINARY
INSTRUCTIONS VIA ONTOLOGY-GROUNDED CONSTRAINT
SATISFACTION
Shaposhnyk M.V., Minukhin S.V.

Simon Kuznets Kharkiv National University of Economics, Kharkiv

Multimodal LLMs synthesize culinary content from images, but vision errors
cause hallucinations [1]. While optimization reduces error rates, it lacks deterministic
safety guarantees essential for allergen management.

This study proposes Formal-of-Thought (FoT), a framework shifting Al from
passive generation to active formal verification via the FoodOn ontology [2]. FoT
utilizes the LLM as a "specification compiler,” mapping DenseNet-121 features to
FoodOn evidence through Retrieval-Augmented Generation. Safety constraints are
formulated as logical predicates, with an SMT-solver proving compliance. Visual
confirmation probability is:

Riis = 0 Weym - X +b)
where o is the sigmoid function, w,, represents symbolic weights, x denotes

visual features and b is the bias parameter for the linear transformation.

FoT achieves a 0% Hazardous Action Rate across seven allergens. Table 1 shows
a 27% safety gap between FoT (100%) and the baseline (73%), as the baseline fails to
filter non-compliant ingredients. FoT ensures formal safety without sacrificing
semantic quality.

Table 1. Baseline vs. FOT Performance

Baseline FoT
Mean BLEU 0.072 0.068
Mean ROUGE-1 0.42 0.44
Mean ROUGE-2 0.11 0.13
Mean ROUGE-L 0.24 0.26
Mean cosine similarity 0.77 0.78
Mean VPR 0.73 1

By grounding reasoning in the FoodOn knowledge graph [2], the system avoids
“context drift." By prioritizing provable safety and contextual precision, this
framework anchors the deployment of trustworthy Al specifically within the
constraints of nutritional research.
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