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We present an overview of some current theoretical approaches employed in first-principles studies of solids, surfaces, and nanostructures.  A popular approach is the density functional theory (DFT), which has been very successful in yielding the ground-state properties of many systems. The DFT is particularly useful in the investigation of the structural, bonding and vibrational properties of complex material systems, as well as phenomena such structural phase transitions, electron-phonon interactions, and even superconductivity within the BCS framework. However, DFT is not designed for direct computation of electronic excited-state properties. Spectroscopic properties such as those measured in photoemission, optical or tunneling experiments in general require different theoretical frameworks.  In particular, for reduced dimensional systems, many-electron interaction (e.g., self-energy or electron-hole interaction) effects often become greatly enhanced compared to bulk systems. Methods employing the interacting-particle Green’s function approach have been developed to treat these effects in ab initio calculations. Some selected examples are given to illustrate the versatility of these methods and also the underlying physics that requires the appropriate theoretical treatment for the observed phenomena.  

