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Abstract
This paper addresses the probability constraint optimization problem and proposes a novel smooth
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approximation method for the characteristic function, which utilizes the hyperbolic tangent func-
tion to construct the approximation. Probability constraint optimization problems are widely ap-
plied in fields such as engineering, finance, and energy, and their theoretical research and practical
application value are increasingly prominent. Nevertheless, due to their inherent nonlinearity and
randomness, traditional optimization methods face challenges such as high computational com-
plexity and slow convergence speed when solving these problems. To overcome these difficulties,
this paper first provides an in-depth review of existing smooth approximation methods, including
sequential convex approximation, penalty function methods, and barrier function methods, and
compares their performance and applicability in dealing with probability constraint optimization
problems. Based on this, we propose a smooth approximation method based on the hyperbolic tan-
gent function, which significantly reduces the difficulty of problem-solving and improves computa-
tional efficiency by providing a smoother approximation. Experimental results show that, com-
pared to traditional methods, the method proposed in this paper greatly reduces computation time
while maintaining solution quality, offering new insights and tools for solving probability con-
straint optimization problems.
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Figure 1. Image of the characteristic function 1, _,(z)
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Figure 2. Image of function (o(z,t)
B2 &8 o(2t) HEIE

DOI: 10.12677/aam.2025.142076 358 N H it e


https://doi.org/10.12677/aam.2025.142076

HigET

2. FHEERHL . (2) BARIEMNEL

EX 1[2]% ¢:R? > R E—ANIEGIILMEREL  o(2,t) 32 LA RIS
1) Efip(z,t) 2 LEERE, Hit>02 123

2) limp(2:t)=1..,(2) -

WIFRBREL p(2,8) R 1y ) (2) B AGHHE DL SL .
ASCEEMRAE W TR IR RR L, ) (2) 2 e R FDEHIE LR

AR 1 [3]24t> 01, (R E o(z,t) AL

WS 2eR, p(2)e(0), Ego(O,t):%o

limp(z,t)=1,.,(2), ze R\{0}

t—0
Y2500, @(z,t) KT tHRIEBEE: Mz<0, o(z,t)%T t BB
o(2,8) T 7 U Y
o(2,) KT 2 BT FT Y LT
T 5 2 EIRVERIVRHIE R L, ) (2) zeREDGHITIRE, ST k.
Bl 1 HrER

—et 1

HE L B 208, Ht>00, o(z,t) RIFEHREL, ) (2), ze RIG—DIHITLIREL.

1 T T T T T
0.8 [ 4
0.6 - .
0.4 T
02 T

0r i

#(2)

02 n

04 .

-0.6 - n

-0.8 [ b

1 I 1 I 1 I I L 1
-10 -8 -6 -4 -2 0 2 4 6 8 10

Figure 3. Image of the hyperbolic tangent function ¢(z)=
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