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The "Rootless" Predicament of Agentic Materials Science and the "Rooted" Approach of Logographic

Al: A Paradigm-Perspective Commentary on the Review by Academician Zhang Tongyi's Team
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Abstract

A recent review by Academician Zhang Tongyi's team, published in the Journal of Materials
Informatics under the title "A survey of agentic materials science and engineering: where are we and
where are we going?," takes "autonomy" as its central theme and draws a clear hierarchical map for the
development of agentic materials science [1]. The value of this review lies in providing "a ruler to measure
whether an Al materials scientist has truly arrived." However, it is precisely the boundary of this ruler that
reveals a deeper issue: as agentic materials science progresses from Level 0 to Level 5, is it merely
becoming more autonomous in the dimension of "tools," while neglecting to take root in the dimension

of "understanding"?

This paper offers a paradigm-level commentary on the review's diagnosis from the perspective of
Logographic Al (LAI) theory [2][4]. Our core judgment is that the fundamental bottleneck of current
agentic materials science is not insufficient "autonomy," but "rootless cognitive primitives." The "difficulty
of cognitive tasks in crossing the physical loop" diagnosed by the review originates from the cognitive
ceiling of statistical intelligence—it can answer "what," but cannot answer "why." Logographic Al theory
replaces the Token with the "Morpho-Root" as the cognitive primitive, embedding physical laws within
the structure of cognitive primitives, thereby offering agentic materials science a path from "statistical

fitting" to "structural reasoning," and from "tool autonomy" to "cognitive rootedness."
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Figure 1. Comparison of Two Al Paradigms in Materials Design — From Statistical “Guessing” to Structural “Understanding”
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Figure Caption

The left side (current paradigm) fragments material data into meaningless Tokens, performs statistical association through a black-box

attention mechanism, and outputs property predictions ("WHAT") with untraceable reasoning—wandering in statistical space. The right

side (Logographic Al paradigm) parses material data into a relational network of embedded physical meaning (Morpho-Root network),

performs deterministic graph traversal along presupposed causal edges, and outputs both property predictions and complete mechanistic

explanations ("WHAT" + "WHY") with fully traceable reasoning—walking on a causal map. This contrast reveals the paradigm threshold

for agentic materials science: the transition from "tool autonomy" to "cognitive rootedness."
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