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LINEARIZATION OF NONLINEAR FORMULATIONS
In the proposed model, certain constraints exhibit nonlinear characteristics, such as constraints (3) and constraints (11)-(14), which pose challenges for direct solving using commercial solvers like CPLEX and GUROBI. Therefore, the following discussion focuses on linearizing these nonlinear constraints for easier solving.
For constraints (3), an auxiliary binary variable (i.e., ) is introduced to denote the relationship between  and  (hereafter referred to as  and , respectively). I.e., if , ; otherwise, .

With the constraints (41), constraints (3) can be rewritten in the following form.

For constraints (11)-(14), the nonlinear expression arises from the multiplication of two binary decision variables (i.e.,  and ). This can be reformulated into the linear forms by introducing the following four auxiliary variables:

Thus, constraints (11)-(14) can be finally linearized into the following constraints (43)-(47).






