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In_this research, we studied relationship between the category MetCpo of
metric cpos and non-expansive and continuous maps with guarded fixed point operator. We showed that
the trace operator and the linear exponential comonad on MetCpo graded by the semiring of real
numbers give rise to a "graded fixed point operator” given in an existing work. We then generalized
this this result. We first give a generalization of this construction by replacing the semiring of
real numbers with a Conway semiring, and we give a further generalization based on bimonoidal
categories with a functor corresponding to Conway star-operator. We observed that the guarded fixed
point operator on the topos of trees appears as a concrete example of this construction.
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