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ABSTRACT 
We present advances in theory, computation, and applications of large-scale nonlinear programming. In particular, we present a new filter line-search framework (PIPS-NLP) for general nonconvex problems that does not require inertia (eigenvalue) information of the Karush-Kuhn-Tucker system to identify descent directions. Instead, the proposed inertia-free approach performs inexpensive curvature tests along computed search steps. We prove that the approach is well-posed, delivers descent directions, and is globally convergent. In addition, the inertia-free approach enables the use of a wide range of matrix-free and parallel linear algebra techniques and libraries that cannot provide inertia information.  We demonstrate these capabilities by solving previously intractable problems that arise in natural gas and power grid infrastructures. These problems have millions of variables and constraints and result from the combination of stochastic optimal control, partial differential equations, and network features.
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