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In the last decade, there has been a revival of orbital-free density functional theory (OF-DFT), pioneered          
by Thomas and Fermi as the first generation of DFT in the late 1930's. OF-DFT is quite appealing in that its 
computational cost is essentially linear, O(N·lnN), for a given numerical grid size N. This feature makes it a 
powerful tool for large-scale materials simulations with thousands of atoms involved. Unfortunately, the early 
days of OF-DFT suffered from poor design of the kinetic-energy density functional (KEDF). Not until the late 
1990's, high-quality orbital-free KEDFs began to emerge. Despite the fact that many materials simulations have 
been performed with OF-DFT methods, certain mathematical issues in the design of the KEDF and several major 
obstacles remain unresolved before OF-DFT becomes a main-stream ab initio simulation method. For the fourth 
time, mathematicians, functional designers, methodology developers, and method practitioners will come 
together to showcase recent developments in OF-DFT and to position OF-DFT as a major tool in simulating 
complex systems of thousands of atoms within a diverse chemical bonding environment. 
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