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Abstract. Understanding the multifaceted knowledge surround-
ing colors in the 15th and 16th centuries requires addressing both
their material and symbolic dimensions. This dual perspective is
vividly preserved in historical manuscripts, from alchemical trea-
tises to heraldic documents that describe color-related know-how in-
tertwining chemistry, symbolism, culture, and aesthetics. However,
because this knowledge is expressed in natural language that is of-
ten old-world and context-dependent, it remains difficult to process,
structure, or query computationally.

This doctoral research tackles the challenge of representing this
complex knowledge leveraging artificial intelligence techniques, in
particular Large Language Models (LLMs) guided by structured tem-
plates and semantic ontologies. Our aim is to enable the systematic
extraction, representation, and reasoning over historical knowledge
about colors both as material substances (e.g., pigments, compounds)
and as semantic signifiers (e.g., heraldic meanings, alchemical pow-
ers).

1 Introduction

Understanding how pre-modern craftsmen, alchemists, and artists
worked with color means reconstructing their recipes not just as static
lists of ingredients but as dynamic processes: sequences of operations
(grind, infuse, boil, precipitate) that unfold under particular agents
such as the four elements (water, fire, earth, and air) and in which
each substance can change status from a raw pigment source to an
intermediate preparation or the chromatic goal itself. Scholars there-
fore need a framework that can:

o Distinguish raw materials from transformed ones.

e Pinpoint the alchemical actions [12, 20] applied to them.

o Identify the evolving function of each colour term (ingredient, in-
termediate, final hue, symbolic marker, chemical species).

e Capture the “shape” or form of a recipe or treatise—that is, its
rhetorical scaffolding, from lists of requisites and sequential im-
peratives to embedded moral or symbolic digressions.

To operationalize and evaluate such a framework, we based our study
on the Patrimalp'. corpus: a curated collection of roughly 30 his-
torical works that bring together color-related recipes and treatises
in medicine, gemstone fabrication (both natural and artificial), cos-
metics, heraldry, textiles, and more. Several texts belong to alchem-
ical [4] or magical traditions, where interpretation is further compli-
cated by esoteric or allegorical language, making the corpus an ideal
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proving ground for methods capable of disentangling material, pro-
cedural, and symbolic meanings.

This constraint drives our research, which explores effective
methodologies that combine Large Language Models (LLMs) with
structured knowledge-representation techniques. Concretely, we de-
sign and build an original interdisciplinary knowledge graph from the
ground up, then automatically populate it with information extracted
by LLMs guided by a procedural modeling language. The resulting
graph bridges colorants as physical and chemical entities, their sym-
bolic meanings contextualized by domain and period, their discursive
functions in historical recipes, and their diverse historical usages.

2 Related Work

However, there is still little research that directly connects LLMs
with the extraction of knowledge related to colors; some studies
nonetheless underscore the potential of Large Language Models
(LLMs) to enhance cross-linguistic analysis of color semantics, as
demonstrated by Song and Wang [17] in their BERT-based study of
the term "red" in Chinese and English. A related effort is presented
in a recent prototype by Japanese researchers [10], where LLMs are
employed to extract semantic knowledge—including color-related
terms—from ancient Japanese texts, highlighting the relevance of
LLM-driven methods in cultural heritage domains.

Other studies have further advanced LLM integration into on-
tology and knowledge graph construction, leveraging competency
questions, ontology reuse, and RAG for semi-automatic KG popu-
lation [13]. These works demonstrate LLM effectiveness in struc-
tured knowledge extraction [2, 3], ontology enrichment and popu-
lation [6, 15], and prompt-based entity and relation extraction [? ].
However, challenges like prompt sensitivity, hallucinations, and vali-
dation persist. Emerging hybrid frameworks also suggest mutual sup-
port between knowledge graphs and LLM reasoning [11, 1]. Despite
these advances, reproducibility, interoperability, and evaluation re-
main significant challenges, especially in interdisciplinary contexts
such as ours, involving symbolic, material, and procedural knowl-
edge dimensions. Our work addresses these gaps by integrating struc-
tured extraction guided by LLMs with layered ontologies and expert
validation to ensure semantic depth and historical accuracy.

3 Research Questions
This research is guided by the following questions:

e RQI1. How can we extract structured, semantically valid knowl-
edge from ancient texts using LLMs without introducing halluci-
nations or misinterpretations?



o RQ2. What knowledge representation models are suitable to rep-
resent both the procedural nature of manuscripts and the symbolic,
material, and chemical dimensions of colors?

e RQ3. How can an interdisciplinary ontology unify historical, sym-
bolic, and chemical dimensions while remaining interoperable
with existing ontologies?

o RQ4. How can we enable temporal and semantic reasoning across
centuries?

e RQS5. What are the limitations of current LLMs in modeling pro-
cedural and symbolic knowledge, and how can we evaluate their
outputs?

4 Statement of Thesis

This research adopts a methodology that combines neural and sym-
bolic Al to address the challenges of representing historical color-
related knowledge across procedural, symbolic, and chemical dimen-
sions.

To extract procedural knowledge from historical color texts, we
adopt a structured pipeline centered on a concise task-based knowl-
edge model, TaskLang (inspired from AromTask [16]). Prior eval-
uations have shown that while LLMs can generate entity-relation
triples [14], they often lack ontological rigor and struggle with faith-
ful process extraction: they may skip steps, merge branches, or invent
activities not present in the text [19, 8]. We therefore propose an-
choring the LLM’s reasoning to this task model, which frames each
expected activity as an explicit schema-guided task, in order to curb
hallucination and yield semantically sound, machine-readable pro-
cess models.

Historical texts are thus first interpreted by LLMs using cus-
tomized prompts [9], ensuring syntactic and semantic consistency
while minimizing the risk of hallucinations (RQ1, RQS5). The ex-
tracted content is then transformed into structured representations
following the TaskLang structure, capturing goals, inputs, actions,
tools, and dependencies. These outputs are further converted into
RDF schemas and stored in a Neo4j database, enabling visual in-
spection, semantic querying, and integration with other knowledge
layers.

To unify the extracted procedural knowledge with broader con-
ceptual interpretations, we are developing an interdisciplinary on-
tology called Coloronto following established ontology engineering
methodologies [5]. It supports multiple layers of color-related knowl-
edge structured across distinct yet interrelated domains, including
alchemy, chemistry, heraldry, religious symbolism, medicine, artis-
tic practices, orfevrerie, and cosmetic recipes. Coloronto models the
polyvalent nature of colors by capturing both their material composi-
tion and their interpretive roles in historical contexts. Notably, color-
related entities extracted via TaskLang (e.g., ingredients, materials,
target hues) are systematically linked to corresponding concepts in
Coloronto, enabling semantic enrichment and supporting both sym-
bolic and chemical interpretations of procedural knowledge (RQ2,
RQ3).

The ontology currently incorporates:

e Colorants as physical and chemical entities,

e Symbolic meanings contextualized by domain, culture, and his-
torical period,

e Discursive functions within textual forms such as recipes or trea-
tises,

e Historical usages including regions, textual genres, and transmis-
sion paths,

Semantic interoperability is ensured via ontological align-
ment with existing reference domain ontologies [7] (using con-
structs such as owl:sameAs, skos:exactMatch, and con-
textual properties like usedInPeriod, hasSymbolism, and
hasAlternative). Initial alignments can, for example, link tra-
ditional pigments (e.g., cinabre) to formal chemical identifiers such
as chebi:511027%

This work does not stop at the construction of a knowledge base.
In future stages, we will exploit the resulting structured data within
a MatchMaker—a semantic engine designed to identify, align, and
compare color-related concepts across time periods. The Match-
Maker will allow us to trace the diachronic evolution of symbolic,
material, and functional dimensions of colors. For instance, the sym-
bolic evolution of the heraldic color gueules is represented through
temporally contextualized annotations (e.g., red as a mark of nobil-
ity in 15™-century heraldry, or martyrdom in 16™-century religious
texts), enabling semantic queries on meaning shifts across centuries

(RQ4) [18].

5 Contributions So Far

Preliminary results have been obtained along both axes of the pro-
posed research framework.

Procedural modeling and extraction:
We have implemented a semi-automatic pipeline that guides LLMs
(GPT-40) using TaskLang templates to extract structured procedu-
ral knowledge from historical color recipes. To date, over 20 recipes
from 15" and 16"-century treatises have been processed, resulting
in formalized task representations that capture goals, actions, instru-
ments, and inputs. These representations are serialized in RDF and
integrated into a Neo4j graph database for visual exploration and se-
mantic querying.

Ontology design and alignment:
The core concepts of the Coloronto ontology, which cover the sym-
bolic, material, and functional dimensions of colors as found in our
corpus, have been mostly defined at this stage.

Exploratory modules and evaluation:
A prototype of a “MatchMaker” module has been initiated to seman-
tically compare the evolution of color meanings across time, using
a RAG (Retrieval-Augmented Generation) architecture over the ex-
tracted data. This module is being explored as a means to assess how
LLMs can support historical reasoning across symbolic and material
contexts. In parallel, work has begun on designing a gold standard to
evaluate the accuracy and consistency of the LLM-based extraction
pipeline.

6 Conclusion

In conclusion, this research contributes to demonstrating the via-
bility of integrating Large Language Models (LLMs) with struc-
tured templates and interdisciplinary ontologies for modeling histor-
ical knowledge related to colors. By addressing symbolic, procedu-
ral, and chemical dimensions within a unified semantic framework,
this hybrid approach helps bridge gaps in interdisciplinary knowl-
edge representation and reasoning. Beyond the specific case of color
knowledge, the proposed methodology combining LLM-guided ex-
traction with ontology-based structuring may also be adapted to
other cultural heritage and scientific domains where historical texts
must be disentangled, structured, and semantically enriched, such as
medicine, material sciences, or the history of technology.
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