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Abstract 
I will first give a brief overview of major first-principles methods in the market today used for 

electronic structure calculations. Then I will highlight one approach, called random-phase 

approximation (RPA) [1], that gets increasingly popular in recent years for ground-state total-

energy calculations in chemistry and condensed-matter physics. Remarks will be given on its 

success as well as remaining shortcomings. As a further extension of RPA, I will introduce the 

renormalized second-oder perturbation theory (rPT2) [2], that combines RPA, second-order 

screened exchange (SOSEX), and renormalized single excitation (rSE) [3,4] contributions.  

Extensive benchmarks showed that rPT2 represents "the most balanced approach" for different 

electronic situations and is a promising candidate for general-purpose  electronic-structure 

calculations. All these developments and benchmark calculations were carried out in and with 

the FHI-aims code package [5,6].  
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