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We presenthe first numericallyexact calculationof rovibrationallevels of a five-atommolecule,extendingthe methodwe usedfor

calculatingvibrational levels of the samemoleculé. Two contractecbasisLanczosstrateies are proposed. The first and preferred
stratgy is atwo-stagecontraction Productof eigenfunctionsf a4D stretchproblemandeigenfunction®f 5D bend-rotatioproblems,
onefor eachK, areusedasbasisfunctionsfor computingeigenfunctiongndeigervalues(for eachK) of the Hamiltonianwithout the
Coriolis couplingterm. Finally, enegy levels of thefull Hamiltonianarecalculatedn a basisof the eigenfunctionof the Hamiltonian
without the Coriolis couplingterm. The secondstrateyy is a one-stageontractionin which enegy levels of the full Hamiltonianare
computedn theproductcontractedasig(withoutfirst computingeigenfunction®f theHamiltonianwithoutthe Coriolis couplingterm).

Thetwo-stagecontractiorstratayy, albeitmorecomplicatedhasthecrucialadvantagehatit is trivial to parallelizethe calculationsothat
the CPUandmemorycostsareindependentf J. We usethe polarcoordinategssociateavith orthogonalRadawectorsandspherical
harmonictyperovibrationalbasisfunctions.A new parity-adaptedovibrationalbasissuitablefor a five-atommoleculeis proposedand

employed to obtainbend-rotatioreigenfunctionsn the first stepof both contractionmethods. The effectivenessof the two methods
is demonstratetby calculatinga large numberof corvergedJ = 1 rovibrationallevels of methang(up to 8000cm~?) usinga global

potentialenepgy surface.

We alsopresentheuseof Cjs,, invariantquadraturerid to implementthe Cs,, symmetryin computingrovibrationallevels of methane.
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