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The problem of optimal power flow (OPF) is fundamental 
because numerous power system applications can be formulated 
as an OPF problem.  It has been shown to be NP-hard by reducing 
the NP-complete subset sum problem to an OPF feasibility 
problem on a star network.  Despite this worst-case result, OPF 
seems to be “easy” in practice in that local algorithms such as the 
Newton-Raphson algorithm tend to produce a global optimum 
and convex relaxations tend to be exact.  In the first part of the 
talk, we provide a Lyapunov-like condition that is suÊcient, and 
almost necessary, under which convex relaxations of OPF are 
always exact and there is no spurious local optima.  In the second 
part of the talk, we introduce a coherent theory of unbalanced and 
linearized power flow that leverages the tree structure of 
distribution systems. Finally, we illustrate the theory by 
formulating a robust photovoltaic (PV) hosting capacity problem 
that is robust not only to random PV generations, but also to that is robust not only to random PV generations, but also to 
customer choices.  We show that the semi-infinite problem is 
equivalent to a linear program and illustrate its solution using 
real-world data.
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