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1. Introduction

In crystallography, disorder refers to
deviations from an ideally ordered atomic ar-
rangement within a periodic lattice, typically
manifested as partial atomic site occupancies
(e.g., substitutional mixing, vacancies). Modu-
lating disorder can break the symmetry con-
straints of ordered lattices, enabling phenom-
ena such as high-entropy stabilization, ultralow
thermal conductivity, enhanced transport, and
improved catalytic activity. In the Inorganic
Crystal Structure Database (ICSD), nearly half
of the experimentally reported crystalline ma-
terials show disorder. Yet most computational
and Al-driven material pipelines remain largely
disorder-agnostic, with ordered and disordered
crystals represented and validated in funda-
mentally different ways. Recent commentaries
on GNoME and MatterGen’s generative model
highlight that many “new” compounds may
simply be symmetry-broken, artificially or-
dered structures that are experimentally disor-
dered at finite temperature [1], [2]. This chal-
lenge could invalidate benchmarks of structural
novelty. A key bottleneck is the lack of disorder-
native structure representations for scalable in-
dexing, comparison, and novelty assessment.
Most widely used encodings are optimized for
fully ordered crystals and do not treat partial
occupancies as first-class information, which
limits the ability to define similarity and nov-
elty in disordered materials. This in turn hin-
ders large-scale organization, deduplication,
and annotation of disordered-structure data-
bases and, consequently, downstream data-
driven research.

To address this issue and facilitate data-
driven research on disordered crystalline mate-
rials, we introduce Symmetry and Wyckoff-se-
quence of Ordered and Disordered crystals
(SWORD), a string representation compatible
with both ordered and disordered structures.
Analogous to the AFLOW prototype, SWORD
represents structures using Wyckoff letters, the
space-group number, and composition (Fig. 1).

2. Related work

Despite extensive efforts to catalog and
categorize unique crystal structures, challenges
remain in realizing a universal classification
scheme in a computationally rigorous and scal-
able way. Existing approaches include indexa-
ble string-based prototype or fingerprint repre-
sentations, such as AFLOW prototypes [3],
CLOUD [4], SLICES [5], and graph-based meth-
ods such as LeMat BAWL [6]. However, none of
these representations natively encode partial
occupancies, which limits their ability to de-
scribe disordered structures. A complementary
line of work focuses on equivalence testing via
pairwise structure matching, which determines
whether two structures are the same through
direct comparisons. However, the computa-
tional cost scales poorly when applied to large,
database-wide comparisons. When disorder is
included, tools such as MatterGen’s disorder
StructureMatcher [7] may require enumerating
and comparing many candidates, causing the
computational cost to further grow exponen-
tially with database size and the complexity of
the disordered-ordered configuration space,
making such approaches impractical for large-
scale cross-dataset applications.

3. Main results

Unlike the anonymous formula used in
the AFLOW prototype, SWORD adopts a Wyckoff
site-resolved, element-wise sequence represen-
tation in which partial occupancies are inher-
ently encoded. Disordered structures that share
the same disordered sites but differ in stoichi-
ometry are further distinguished by the degree
of mixing (DOM), which quantifies composi-
tional mixing on partially occupied sites. Bench-
mark tests show strong robustness under
atomic and lattice perturbations as well as in-
variance under site-translations, atom permu-
tations, and symmetry-equivalent transfor-
mations.

Based on SWORD, database-scale dedu-
plication can be carried out on datasets contain-
ing mixed ordered and disordered entries such
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as ICSD, yielding a standardized disorder-aware
cleaning workflow and a curated set of unique
structures. More importantly, SWORD enables a
more rigorous assessment of uniqueness and
novelty by explicitly accounting for composi-
tional disorder. Newly generated structures can
be screened against both ordered and disor-
dered crystallographic records using a mapping
algorithm that links an ordered configuration to
candidate disordered phases. As illustrated in
Fig. 2 using the TaCr,0g¢ structure generated by
MatterGen as an example, the candidate was in-
itially labelled as novel but later found to belong
to a known disordered phase. With SWORD, the
likelihood of false novelty and uniqueness as-
sessments is reduced without expensive pair-
wise matching. The deduplication of the exist-
ing databases including ICSD could reduce the
data bias for training AI models, making
SWORD an essential tool for data curation and

evaluation.
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Fig. 1: Schematics of the SWORD representa-
tion compared to the AFLOW prototypes.
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Fig. 2: Schematic of the ordered-disordered
linkage enabled by SWORD
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