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Abstract: The JLMS formula is a cornerstone in our understanding of bulk reconstruction in holographic theories of quantum gravity, best
interpreted as a quantum error-correcting code. Moreover, recent work has highlighted the importance of understanding holography as an
approximate and perhaps non-isometric code. In this work, we construct an enlarged code subspace for the bulk theory that contains multiple
non-perturbatively different background geometries. In such a large holographic code, we carefully derive an approximate version of the JLMS
formula from an approximate FLM formula for a class of nice states. We do not assume that the code is isometric, but interestingly find that
approximate FLM forces the code to be approximately isometric. Furthermore, we show that the bulk modular Hamiltonian of the entanglement
wedge makes important contributions to the JLMS formula and cannot in general be neglected even when the bulk state is semiclassical.
Nevertheless, when acting on states with the same background geometry, we find that the modular flow is well approximated by the area flow which
takes the geometric form of a boundary-condition-preserving kink transform. We also generalize the results to higher derivative gravity, where area
is replaced by the geometric entropy. We conjecture that a Lorentzian definition of the geometric entropy is equivalent to its original, Euclidean
definition, and we verify this conjecture in a dilaton theory with higher derivative couplings. Thus we find that the flow generated by the geometric
entropy takes the universal form of a boundary-condition-preserving kink transform.
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