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Logographic AI and Materials Science: A Paradigm Revolution from Rootless
Tokens to Mechanistic Morpho-Roots
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Abstract

The current Al paradigm dominating materials science—Phonographic Al (PAI) based
on statistical fitting—has demonstrated powerful capabilities in data screening and
property prediction. However, its underlying logic of treating "rootless Tokens" as
cognitive primitives makes it essentially a discoverer of high-order correlations rather
than a understander of causal mechanisms. This "black-box" nature constitutes a
fundamental trust barrier in safety-critical materials applications such as nuclear
structural materials and aerospace metamaterials.

This paper, based on the Logographic Al (LAI) theory proposed by Chinese scholar
Shen Liu, systematically demonstrates the pathway for a paradigm revolution in
materials science Al — from "data fitting" to "mechanism-driven" approaches. The
core contributions include: (1) proposing the "Material Morpho-Root" concept and its
formal definition M = (S, A, R), encoding composition-structure-property
relationships into computable cognitive primitives; (2) designing a Morpho-Structural
Entropy (MSE)-guided graph reasoning engine, achieving fully traceable reasoning
from target properties to material designs with zero-violation assurance of hard
constraints; (3) proposing a hybrid architecture integrating LAI Morpho-Root
networks with deep generative models, achieving the organic unity of "efficient
sampling" and "trustworthy verification."



This paper argues that the application of the LAI paradigm in materials science is not
merely an upgrade of technical tools, but a cognitive paradigm revolution from "data
fitting" to "mechanistic reasoning." When Al can not only predict "which material is
good," but also explain "why it is good," justify "how to design it," and guarantee that
"all constraints are satisfied," materials research can truly transition from
"trial-and-error intensive" to "mechanism-driven."

FEH: K Al (LAD ; MEUER; WRCER; iR AL FLELIREIBH; B
14

Keywords: Logographic Al (LAI); Material Morpho-Root; Structure-Property
Relationships; Explainable Al; Mechanism-Driven Design; Morpho-Structural
Entropy
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BEXME——DHEE G=(V,E), HiV NERTI A, EANELKRL. ZAMEA
e NEE gLt “2E 37 1, TR B A RTR TE SO RI[S][8]
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