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The achievement of high accuracy in theoretical modeling of the electronic structure of materialscontaining f-elements, in particular lanthanides and actinides, requires simultaneous considerationof relativistic and correlation effects. The most promising method that satisfies this requirementis the relativistic coupled cluster method (RCC), which leads to extremely resource-intensivecalculations. It is possible to achieve increased capabilities and reduced computational complexityby using tensor decompositions to store data and optimize the algorithms used in modeling.
For this purpose, a detailed analysis of the efficiency of various tensor decomposition schemes(canonical [1], tensor train [2] and Tucker[3] decompositions) were carried out. Optimal algorithmswere found for performing the approximate decomposition of tensors of molecular integralsand cluster amplitudes, and the computational complexity of algorithms implementing the basicoperations of the working equations of the coupled cluster method was evaluated.
For the first time, the equations of the coupled clustermethod for the ground state were formulateddirectly in terms of tensor trains, including versions of the method that take into account thecontributions of triple excitations of reference functions. Also a software implementation wasperformed and include to the EXP-T quantum chemical package [4]. Pilot calculations using CCSDand CCSDT methods were carried out, in which the superiority of solving the equations of thecoupled cluster method in terms of tensor trains was shown.
References
[1] Kolda T. G., Bader B. W., 2009, SIAM Rev., 51, 455[2] Oseledets I. V., 2011, SIAM J. Sci. Comput., 33, 2295[3] Tucker L. R., 1966, Psychometrika, 31, 279[4] Oleynichenko A. V., Zaitsevskii A., Eliav E., 2020, Springer International Publishing, Cham, pp 375–386

92


