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We provided a method to construct a pair of maps, called an MCQ Alexander
pair, which is used in the construction of f-twisted Alexander invariants of handlebody-knots.
Additionally, we organized the algebraic structure of a linear extension of a multiple conjugate
guandle and showed a sufficiency of MCQ Alexander pairs in constructing handlebody-knot invariants
derived from the linear extensions.

Furthermore, we constructed the (co)homology theory of multiple group racks and the multiple group
rack cocycle invariants for oriented spatial surfaces. Using this invariant, we gave examples of
classifications of oriented spatial surfaces that cannot be distinguished by classical methods.
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