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Abstract
Mathematical modelling and model-based optimisation of chemical process systems have great potential for providing answers on how to optimally design and operate these systems. One key difficulty in not being able to fully exploit this potential is the presence of nonlinear terms in the mathematical models. This issue is further exacerbated when the model also includes integer variables, for incorporating structural choices. A generic formulation of such mathematical programming problems is given by Mixed Integer Nonlinear Programs (MINLP) (Grossmann, 2002). 
[bookmark: _GoBack]Solving MINLPs is NP-hard and has created a huge interest for developing computationally efficient algorithms for obtaining its solution. New theoretical developments for solving MINLPs have pushed the boundaries of application of MINLPs to many areas in engineering and science. Several software tools are available to solve these problems, DICOPT (Viswanathan and Grossmann, 1990), MINOPT (MINOPT, 1998), BARON (Sahinidis, 1996), GloMIQO (Misener and Floudas, 2013), Alpha-ECP (Westerlund and Lundqvist, 2005) – to name a few. The reader is referred to recent survey papers by Belotti et al. (2013) and D’Ambrosio & Lodi (2011) presenting an overview of advances for solving MINLPs and the books (Biegler et al., 1997; Floudas, 1995; Nemhauser and Wolsey, 1988) for an introduction to the topic.
Gueddar and Dua (2012) reformulated MINLPs as a multi-parametric Nonlinear Program (mp-NLP) by first relaxing the binary variables as continuous variables and then treating them as parameters. An approximate solution of the mp-NLP is obtained and that solution was then used to estimate the solution at the terminal nodes of the Branch and Bound (B&B) tree and guide the search in the tree; integer variables are the branching variables in the tree. For details of multi-parametric programming the reader is referred to Dua and Pistikopoulos (1999), Pistikopoulos et al. (2007a,b), Pistikopoulos (2009) and Wittmann-Hohlbein and Pistikopoulos (2014).
In this work, the case when nonlinearities can be captured by polynomial functions alone is considered, an MINLP therefore becomes a Mixed Integer Polynomial Optimization (MIPOPT) problem. Patil et al. (2012) presented a Bernstein polynomial approach for solving such problems. Teles et al. (2013) proposed a discretization approach using bilinear terms as the building block. In this work, the integer variables are relaxed as continuous variables and then treated as parameters resulting in a multi-parametric polynomial program (mp3). An exact solution of the resulting mp3 can be obtained by exact multi-parametric nonlinear inversion of the optimality conditions, see for example Fotiou et al. (2007). The proposed approach hence does not require approximate solution of the mp-NLP followed by a tree search as in Gueddar and Dua (2012).
The optimality conditions for the mp3 are given by a set of simultaneous parametric polynomial equations which are solved analytically to give the parametric optimal solution as a function of the relaxed integer variables. Evaluation of the parametric optimal solution for integer variables fixed at their integer values followed by screening of the evaluated solutions gives the optimal solutions.
The proposed MIPOPT to mp3 reformulation followed by exact solution of the mp3 provides all the possible candidate solutions and does not use an iterative numerical method in the traditional sense to identify the global optimal solutions. Although the focus here is on the nonlinearities arising only from the polynomial terms, theoretical research work on obtaining analytical solution of equations incorporating other types of nonlinearities will further expand the applicability of the proposed approach where mixed integer programs were to be reformulated as multi-parametric programs. Additionally, many nonlinear functions can be approximated as polynomials and in those cases the proposed approach can be explored for obtaining approximate global optimal solutions.
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