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Abstract

To address the numerical optimization difficulties caused by the non-smoothness of characteristic
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functions in probabilistically constrained optimization problems, this paper proposes a novel smooth
approximation function constructed based on special exponential functions. Probabilistically con-
strained optimization problems have extensive applications in aerospace, railway scheduling, com-
munication networks, and energy management. However, the discontinuity and non-smoothness of
characteristic functions make direct gradient computation or numerical optimization extremely
challenging. To overcome this difficulty, this paper first analyzes the limitations of traditional Sig-
moid-type smooth approximation functions in terms of convergence speed and parameter adjust-
ment flexibility, and then constructs a new smooth approximation function through reciprocal trans-
formation and exponential functions. Theoretical analysis verifies that the proposed function satis-
fies core properties including range normalization, limit consistency, piecewise monotonicity, and
infinite-order differentiability. Numerical experiments demonstrate that compared with conven-
tional approximation functions, the proposed method exhibits faster convergence speed and more
sensitive parameter adjustment mechanisms, enabling better adaptation to probabilistically con-
strained optimization scenarios with different constraint characteristics and random distributions,
thus providing a new effective tool for solving such problems.
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Figure 1. Image of function ¢(z,t)
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