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Structure characterization and classification is 
frequently based on coordination information of 
all or selected atomic sites in the crystal structure 
[1].  Therefore, reliable and robust procedures to 
find near(est) neighbors and to evaluate the 
resulting coordination pattern are critically 
important for machine learning applications that 
aim to exploit site or structure information for 
predicting materials properties. In this talk, we 
present new local structure order parameters 
(LoStOPs, qi) [2, 3] that are specifically designed 
to rapidly detect rotationally invariant (e.g., 
qtetrahedron, Figure 1) as well as asymmetric local 
coordination environments (e.g., qsquare_pyramid) [4]. 
We furthermore introduce an innovative optimization approach to ensure that the 
different LoStOPs are comparable with each other.  We then apply the new local 
environment descriptors to define site fingerprints and measure similarity between 
structures.  We showcase several application cases of these new tools, which are 
implemented in the open-source libraries pymatgen [5] and matminer [6]. They are, for 
example, useful as proxy variables for hydrothermal stability of zeolites [7], and the tools 
enable finding similar structures in a large materials database while, at the same time, 
carrying valuable coordination information via structure fingerprints [4]. In respect of the 
latter, we have computed all 2.45 billion structure similarity distances between each pair 
of the ≈70,000 materials that are currently present in the Materials Project [8] database. 
Finally, we integrated the structure similarity data into the openly accessible Materials 
Project [8] website, thus, enabling easy exploration and discovery of related structures 
using our new innovative tools. 
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