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Abstract: The responses of a finite-sized, horizontally inhomogeneous specimen subject to
indentation are considered. A symplectic framework is established to analyze the finite
specimen, in which the Hamiltonian operator is formulated by choosing appropriate state
variables to rewrite the governing equations. The eigenvalues and eigen-vectors/eigen-
solutions are obtained analytically, enabling a series expansion of the state vector. Through
the analysis, the symplectic orthogonality of the eigen-solutions is thoroughly explored, along
with the Hamiltonian mixed-energy variational principle for dealing with the mixed boundary
conditions at the contact surface. This new contact symplectic framework could also be
extended to the viscoelastic case with multi-field couplings. In addition, an effective
Kolmogorov-Arnold Transformer neural operator (KATNO) architecture is established to
conduct the inverse contact analysis for high-throughput materials characterization, where the
datasets are prepared through finite element analysis of isotropic inhomogeneous cubes and
symplectic analysis of layered cylinders. Several representative numerical examples are
presented to demonstrate the performance of KATNO, with different architectures explored to
investigate the accuracy.
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