DOI : https://doi.org/10.22776/kgs.2026.61.3.432 CHEHX|2| &3] K| AMI61E KMI3E 2026(432~451)

adz Ed ATy 7)uF TG AA-AA Aok S AHE 7|HS
283t =l A Hst g+
A" o™
Graph Transformer-Based Representation Learning and Spatially Constrained
Clustering: A Regionalization Study of the Seoul Metropolitan Area
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Abstract : This study proposes an integrated regionalization framework that combines graph trans-
former-based representation learning with spatially constrained clustering and applies it to 1,125 eup,
myeon, and dong units in the Seoul metropolitan area as of 2020, Previous regionalization studies have
largely followed two separate approaches: homogeneous regionalization based on socioeconomic
attributes and functional regionalization based on spatial interactions such as migration flows, To integrate
these approaches, this study constructs a geographical graph in which spatial units are represented as
nodes and interregional migration flows as edges. A graph transformer is then used to learn regional
representation vectors that integrate socioeconomic attributes, migration relationships, graph structure,
and geographical location, The learned vectors are subsequently used as input for the SKATER algorithm
to derive spatially contiguous regions. To evaluate cluster validity, this study employed global self-
containment and SCSA-based compactness and separation measures. The results identified k=8, k=13

and k=20 as major candidate solutions. The k=8 solution revealed broad subregional structures of
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the metropolitan area and the independent role of the Gangnam business district. The k=13 solution

further distinguished areas such as the northern border region, the central western island region, and the

southern new-town region of Seoul. The k= 20 solution captured a more detailed structure, including

the tripartite division of Seoul, the independence of Dongtan, and the distinctive characteristics of the

northwestern island region, These results suggest that the proposed framework can incorporate both

homogeneous similarities and functional cohesion while deriving spatially contiguous regions that reveal

the multi-layered regional structure of the Seoul metropolitan area. In this respect, this study provides a

rare example of applying graph transformer-based representation learning to regionalization and

demonstrates its potential for extending GeoAl-based regional structure analysis,

Key Words : Graph Transformer, Regional Representation Learning, Spatially Constrained Clustering,

SKATER, Deep Graph Infomax, Regionalization, Seoul Metropolitan Area, GeoAl
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