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We presentthe first numericallyexact calculationof rovibrational levels of a five-atommolecule,extendingthe methodwe usedfor
calculatingvibrational levels of the samemoleculea. Two contractedbasisLanczosstrategiesareproposed.The first andpreferred
strategy is atwo-stagecontraction.Productsof eigenfunctionsof a4D stretchproblemandeigenfunctionsof 5D bend-rotationproblems,
onefor each

�
, areusedasbasisfunctionsfor computingeigenfunctionsandeigenvalues(for each

�
) of theHamiltonianwithout the

Coriolis couplingterm. Finally, energy levelsof thefull Hamiltonianarecalculatedin a basisof theeigenfunctionsof theHamiltonian
without theCoriolis couplingterm. The secondstrategy is a one-stagecontractionin which energy levelsof the full Hamiltonianare
computedin theproductcontractedbasis(withoutfirst computingeigenfunctionsof theHamiltonianwithouttheCorioliscouplingterm).
Thetwo-stagecontractionstrategy, albeitmorecomplicated,hasthecrucialadvantagethatit is trivial to parallelizethecalculationsothat
theCPUandmemorycostsareindependentof � . We usethepolarcoordinatesassociatedwith orthogonalRadauvectorsandspherical
harmonictyperovibrationalbasisfunctions.A new parity-adaptedrovibrationalbasissuitablefor a five-atommoleculeis proposedand
employed to obtainbend-rotationeigenfunctionsin the first stepof both contractionmethods.The effectivenessof the two methods
is demonstratedby calculatinga largenumberof converged ����� rovibrationallevelsof methane(up to 8000cm�

�
) usinga global

potentialenergy surface.
We alsopresenttheuseof �
	�� invariantquadraturegrid to implementthe �
	� symmetryin computingrovibrationallevelsof methane.
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