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Recently, a new formula for the orbital magnetization was proposed. In this talk, I will review the original derivation of
the formula based on the semi-classical wave-packet dynamics, as well as a general derivation based on the standard pertur-
bation theory of quantum mechanics. The quantum derivation clarifies the origin of the novel aspects of the semi-classical
derivation, such as the Berry phase correction to the density of states. It is valid for general systems including insulators
with or without a Chern number, metals at zero or finite temperatures. More importantly, we are able to combine the
quantum derivation with the exact current and spin density functional theory (SCDFT), proving the validity of the formula
for interacting systems. With this development, the new magnetization formula, in combination with the recent advances in
the construction of optimized effective potential for SCDFT, will turn out to be a powerful practical tool for the study of
systems that have long defied traditional ab-initio methods.
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