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The development of advanced structural materials for extreme service
environments—nuclear  reactors,  aerospace, deep-space and  deep-sea
exploration—faces fundamental bottlenecks: enormous compositional spaces,
prohibitively high experimental costs, and chronic data sparsity. Current mainstream
data-driven approaches, rooted in Phonographic Al (PAl) paradigms, rely on statistical
fitting of Token sequences. While they have accelerated materials screening, their
black-box nature renders recommendations untraceable and unexplainable—a critical
liability in safety-critical applications where trustworthiness matters more than raw

accuracy.

This paper introduces Logographic Al (LAl) as an alternative cognitive paradigm and
presents a Morpho-Root based graph-reasoning framework for trustworthy materials
design. The LAI theory, proposed by the author, centers on the "Morpho-Root"—a
structured cognitive primitive that carries inherent semantics—as a replacement for the
statistically-defined Token. In LAI, knowledge is represented as structured triples r =
( S, A R) ,whereSis a symbolic identifier, A is an attribute set embedding intrinsic
physical properties and hard constraints, and R is a set of presupposed logical relation
functions. Unlike statistical co-occurrence learned from data, these relations are
pre-defined by domain knowledge and hardwired into the knowledge

network—meaning is embedded from the start, not inferred from statistics.

Mapping this theoretical framework to materials science, we propose the “Material
Morpho-Root” system—a mechanism-first knowledge representation that encodes
physical laws, process-structure-property relationships, and design constraints into
computable cognitive units. On this basis, we design a Morpho-Structural Entropy
(MSE) guided graph traversal engine that replaces matrix operations with
structure-affine reasoning: low-entropy regions enable fast, deterministic traversal
along validated mechanistic paths; high-entropy regions trigger external validation
requests (experiments or first-principles calculations) rather than forcing unreliable
recommendations—implementing the LAl principle of “knowing what it does not know"

at the engineering level.

We demonstrate the framework on two representative case studies: hydrogen
embrittlement in high-strength steels and intermediate-temperature embrittlement in
high-entropy alloys (HEAs)—the latter being a class of materials at the forefront of
extreme-condition structural design, with active research contributions from leading
scholars including Prof. Yi Liu of Shanghai University [1-3] and Dr. Wenyi Huo of the
National Centre for Nuclear Research, Poland [4,5]. The case studies show that
Morpho-Root reasoning (1) achieves zero violation of hard physical constraints
through logic-level blocking, (2) generates fully traceable decision subgraphs for every
recommendation, and (3) actively identifies knowledge gaps and formulates structured

experimental requests.



Comparisons with Bayesian optimization and active learning reveal fundamental
advantages in trustworthiness and data efficiency—not as algorithmic superiority, but
as a paradigm shift from “statistical fitting” to “structural reasoning.” The paper
concludes with a three-stage engineering roadmap toward autonomous,
hardware-accelerated LAl systems for materials discovery.
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