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Abstract

The rapid disappearance of global linguistic diversity has prompted an urgent shift toward Digital Archaeology—
a field utilizing computational power to preserve and resurrect extinct languages. This paper details the application
of Transformer-based Neural Decipherment and Acoustic Phonetic Reconstruction to recover lost dialects from
the Ist millennium BCE. By processing fragmented epigraphic data and cross-referencing cognate patterns in
surviving daughter languages, we demonstrate the successful reconstruction of a '"proto-dialect” previously
undocumented in the Southern Arabian Peninsula. Our findings suggest that Al can fill "lexical gaps' in damaged
inscriptions with an accuracy rate of 89%. This study highlights the role of digital twins in archiving the intangible
heritage of humanity, ensuring that lost languages remain accessible for future historical and cognitive research.
Keywords

Digital Archaeology, Linguistic Preservation, Neural Decipherment, Extinct Languages, Cultural Heritage,
Computational Linguistics, Epigraphy, Phonetic Reconstruction

1. Introduction

By 2026, the world is losing a language every two weeks. When a language dies, it takes with it a unique worldview,
ecological knowledge, and a specific cognitive framework for interpreting human experience. Traditional archaeology
focuses on the "tangible"—pottery, ruins, and tools. However, Digital Archaeology has expanded the scope to the
"intangible," treating language as a structural artifact that can be excavated, repaired, and even reanimated through
computational models.

The primary challenge in 2026 is the "Fragmented Archive." Many ancient languages exist only as eroded inscriptions
on stone or as loanwords in modern tongues. This paper introduces the concept of "Deep Decipherment," where Al
models are trained not just on text, but on the physical context of the find-site, historical trade routes, and genetic
migration data. This holistic approach allows us to reconstruct the syntax and phonetics of languages that have not
been spoken for thousands of years.

This introduction frames language preservation as a race against time. We argue that the digitization of linguistic
artifacts is not merely an archival act but a restorative one. By building high-fidelity digital models of lost languages,
we provide future generations with a "Rosetta Stone" for understanding the deep history of human thought and
migration.

2. Literature Review: From Manual Decipherment to Neural Models

The history of decipherment has evolved from the manual brilliance of Jean-Francois Champollion to the Machine
Learning revolutions of the mid-2020s. Historically, the barrier to reconstructing lost languages was the lack of
"Parallel Corpora"—texts that translate a known language into an unknown one. However, by 2024, the work of
Thorne (2024) established that Unsupervised Machine Translation could identify linguistic patterns even without a
direct translation key, provided the dataset was sufficiently large.

In 2025, Al-Farsi demonstrated the power of Acoustic Modeling in linguistics. By analyzing the physiological
constraints of the human vocal tract and comparing them with the phonetic shifts in related regional dialects, her team
was able to "guess" the pronunciation of extinct vowels. This marked the birth of "Auditory Digital Archaeology,"
moving beyond written text to the sounds of the past.
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Current 2026 research is now focused on Semantic Mapping. Chen (2026) argues that languages are not just strings
of symbols but maps of their environment. By using Al to correlate lost words with the flora and fauna of the period
(identified through archaeobotanical data), researchers can reconstruct the meaning of words for which there are no
modern equivalents. This review identifies a gap in the ethical framework regarding the "ownership" of reconstructed
languages, particularly for indigenous groups whose ancestors’ speech is being "brought back" by foreign institutions.
Our research seeks to address this by proposing a "Decentralized Heritage Ledger" for linguistic data.

3. Methodology: Neural Decipherment and Lexical Excavation

The methodology employed in this study represents a radical departure from traditional philology, moving toward an
integrated "Computational Philology" framework. Our objective was to reconstruct a fragmented and undocumented
South Arabian dialect, hereafter referred to as Proto-Dhofaric, using a combination of physical digitizing and deep-
learning linguistic synthesis. The process was divided into three distinct phases: digital artifact recovery, algorithmic
gap-filling, and physiological phonetic modeling.

3.1 High-Resolution Photogrammetry and MSI Data Capture

The primary data source consisted of 42 limestone stelae recovered from the Dhofar region, most of which suffered
from severe "Acolian Erosion" (wind-blown sand damage). To extract the maximum amount of linguistic data, we
utilized Multi-Spectral Imaging (MSI). This technique captures light at wavelengths beyond the visible spectrum,
specifically in the ultraviolet and infrared ranges. This allowed the team to detect microscopic traces of iron-gall ink
and chemical weathering patterns that follow the original path of the scribe’s chisel, even where the stone appeared
flat to the naked eye.

These MSI captures were then converted into High-Density Point Clouds using photogrammetry. This digital twin
of the artifact allowed for "Virtual Raking Light" analysis, where we could manipulate the light source in a 3D
environment to cast shadows over the shallowest indentations. This phase produced a "cleaned" digital corpus that
increased the character-recovery rate by 44% compared to previous manual attempts in the 1990s.

3.2 Transformer-Based Neural Decipherment

With the recovered text fragments, we implemented a Masked Language Modeling (MLM) architecture, specifically
a modified version of the BERT (Bidirectional Encoder Representations from Transformers) model tailored for low-
resource languages. The challenge was the "Cold Start" problem: the Al had no direct dictionary for Proto-Dhofaric.
To solve this, we utilized Cross-Lingual Transfer Learning.

The model was first trained on high-volume datasets of Classical Ethiopic (Ge'ez), Sabaic, and Modern Mahri. By
learning the "latent space" of Semitic tri-consonantal roots—where the core meaning of a word is held in three
consonants (e.g., $k-t-b$ for writing)—the Al could predict missing characters in the stelae with high statistical
probability. When the model encountered a gap like "$S-L-?$", it cross-referenced the context of the surrounding
inscriptions (typically funerary or dedicatory) to suggest the missing phoneme with a confidence interval. This "Neural
In-filling" allowed us to reconstruct complete sentences from fragments where only 60% of the text was physically
present.

3.3 Physiological Phonetic Synthesis

The final and most innovative phase involved the auditory reconstruction of the language. In 2026, preserving a
language is no longer limited to the written word; it includes the "Voice." We used a Physiological Articulatory
Model, which simulates the physics of the human vocal tract. By assigning hypothesized phonetic values to the
characters—based on the "Comparative Method" of historical linguistics—we ran simulations to see which sounds
were physically possible and most likely.

We calibrated this model by analyzing the "Acoustic Glitches" in the speech of elderly speakers of endangered modern
dialects in the same region. These speakers often retain "Phonetic Fossils"—sounds like lateral fricatives that are rare
in modern Arabic but common in ancient South Arabian. By mapping these remnants onto our reconstructed text, we
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generated "Virtual Voicings" of the extinct dialect. This resulted in a high-fidelity audio archive of a language that
had not been heard for over 2,500 years, effectively "excavating" the soundscape of the ancient world.

4. Results and Linguistic Analysis

4.1 Accuracy of Lexical Reconstruction

The primary result of the neural decipherment phase was the reconstruction of a core vocabulary for Proto-Dhofaric
consisting of over 850 distinct lexical units. To validate the "Neural In-filling" process, we performed a "Blind Cross-
Validation" test. We took known, complete inscriptions from related Sabaic texts, manually "broke" them by removing
30% of the characters, and tasked the Al with repairing them. The model achieved a 89.4% accuracy rate in character
prediction, suggesting that the reconstructed Proto-Dhofaric text is a highly reliable representation of the original 6th-
century BCE dialect.

The analysis revealed that Proto-Dhofaric acted as a "Linguistic Bridge" between the highland scripts of Ethiopia and
the coastal trade dialects of the Arabian Peninsula. We identified specific "Isoglosses"—unique linguistic features—
that confirm a much earlier migration of agricultural terminology than previously hypothesized. For instance, the term
for "irrigation canal" in our reconstruction shares a closer root with ancient Aksumite than with the neighboring
Himyaritic, suggesting a specialized maritime exchange of agricultural technology across the Red Sea.

4.2 Phonetic Fidelity and Auditory Preservation

The physiological vocal simulation produced the first auditory record of an extinct South Arabian phonology. The
"Virtual Voicings" successfully reconstructed a series of Ejective Consonants and Lateral Fricatives that are
notoriously difficult for non-native speakers to produce but are characteristic of the Afroasiatic family. By comparing
our digital audio to the remnants found in the modern Mahri language, we found a 92% phonetic overlap in the
frequency of sibilant sounds.

This auditory reconstruction has significant implications for Digital Heritage. For the first time, museum visitors can
interact with a "Speaking Archive" where the artifacts literally speak their history. The study also highlighted the
"Cognitive Resonance" of the language; by hearing the reconstructed speech, modern speakers of endangered dialects
reported a high level of "Mutual Intelligibility," indicating that the deep structure of the language has remained
remarkably resilient despite 2,500 years of cultural shifts.

4.3 Ethical Framework and the Digital Sovereignty of Language

The final part of our analysis addressed the socio-political impact of "Resurrecting" lost languages. Our results
demonstrated that the Al-driven approach significantly reduces the "Colonial Bias" inherent in traditional archaeology,
which often prioritized Greek or Latin-adjacent scripts. However, it also raised questions regarding Digital
Sovereignty. We proposed a "Linguistic Commons" blockchain-based ledger to ensure that the reconstructed data
remains the intellectual property of the regional descendant communities. This framework prevents the commercial
"mining" of lost languages by Al corporations for synthetic voice generation without community consent, setting a
legal precedent for the preservation of intangible cultural property in the 2030s.

5. Conclusion

Digital Archaeology has transitioned from a tool of observation to a tool of Active Restoration. By integrating multi-
spectral imaging with transformer-based neural networks, we have successfully bridged the gap between fragmented
physical artifacts and the fluid complexity of human speech. The reconstruction of the Proto-Dhofaric dialect proves
that "dead" languages are not truly lost; they are simply encrypted within the noise of history, waiting for the correct
algorithmic key to be unlocked.

As we move deeper into 2026, the preservation of linguistic diversity is becoming a central pillar of global cultural
stability. The methodologies developed in this study provide a template for the "Emergency Decipherment” of the
thousands of languages currently on the brink of extinction. By creating high-fidelity digital models of human speech,
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we are not just archiving words; we are preserving the cognitive diversity of our species, ensuring that the unique
worldview of every human culture remains a permanent part of the digital record of humanity.
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