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Representation theory of semisimple groups:
classical, quantum, geometric, categorical

The representation theory of semisimple Lie groups is a classical subject going back to Weyl. In the 1980s, Drinfeld,
Jimbo, Reshetikhin, and others invented a quantum version of this theory. These quantum groups were used by
Reshetikhin and Turaev to construct knot and 3-manifold invariants.

Also during the 1980s and 1990s, two geometric approaches to the representation theory of semisimple groups
emerged. The first approach, due to Lusztig, Ginzburg, Drinfeld, and Mirkovic-Vilonen, used the geometry of the affine
Grassmannian. The second, due to Lusztig, Ginzburg, and Nakajima, used the geometry of quiver varieties. These
geometric approaches led to further understanding of classical and quantum representation theory and in particular to
the construction of canonical bases.

More recently, a new categorical representation theory of semisimple groups has been developed by Khovanov,
Rouquier, and others. On one hand, this categorical representation theory leads to homological knot invariant such as
Khovanov homology. On the other hand, the work of Vasserot-Varagnolo, Webster, and Cautis-Licata-Kamnitzer has
provided a strong interaction between this categorical representation theory and geometric representation theory.

In my talk, | will attempt to survey these all these developments.
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