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Belief reliability analysis of the complex
uncertain single pendulum system

ZHAO Yunpeng, LIU Liying
(School of Mathematical and Sciences, Liaocheng University, Liaocheng 252059, China)

Abstract Belief reliability theory has proven to be an effective tool for analyzing the reliability of systems
with small sample data. This paper investigates uncertain pendulum systems and introduces two belief
reliability metrics: belief reliability function and belief reliability lifetime. Two models are studied: the
logarithmic utility uncertain time-varying pendulum model and the linear time-shift uncertain time-varying
pendulum model. Firstly, based on the logarithmic utility function, the logarithmic utility uncertain time-
varying pendulum model is constructed, and an analytical expression for its belief reliability function is
derived. The computational formulas and numerical algorithms for the belief reliability lifetime are also
provided. Second, the noise in the pendulum system is modeled as linear time-shift noise, and the linear
time-shift uncertain time-varying pendulum model is proposed. The computational formula for its certainty
reliability function is derived, and a numerical solution method is introduced. Numerical examples demon-

strate that these two certainty reliability metrics effectively measure the reliability of uncertain pendulum
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systems. This study provides new theoretical foundations and computational tools for reliability analysis of
uncertain systems with small sample data.
Keywords uncertain differential equation; belief reliability; uncertain single pendulum equation; inverse

uncertainty distribution
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Algorithm 1 The algorithm to calculate Rqp (T) of the linear time-shift system related withh > w

Input: constantsn, T » inverse uncertainty distribution ¢ ' (a) and accuracy e
Output: Rgp(T)

1. initialize «_low=0 and «_high=1

2. while |a_high—a_low|>>¢ do

3. calculate a_mid= (a_high+a_low)/2

4. define f(z3a_mid) = (exp(t)—1) (¢~ (a_mid) +a)—¢

derivative f(z3a_mid) =exp(t) (¢ ' (a_mid)+a)—1

w1

6. solve f'(t3a_mid) =0, get " =In(1/(¢ '(a_mid)+a))

7. calculate F_a_mid(T)
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9. else: F_a_mid(T)=max(f(0;a_mid), f (T ;a_mid))

10. if F_a_mid(T)=n: a_high=a_low

11.  else: a_low=a_mid

12.  return Rep(T)=a_high
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Algorithm 2 The algorithm to calculate Rqp (T) of the linear time-shift system related withh = w

Input: constantsn , h » T , inverse uncertainty distribution ¢ '(@) and accuracye .
Output: R (T) .

1. Initialize a_low = 0, «_high = 1 and R, = Appropriate value

2. The value range (0,1) of traversal «

3. Scana € (0,1) using dichotomy or fixed step

4. define F (tya) = (A —exp(—htd D X [g 1D X /A% +1/h*> +1/h* X (A 4exp(—ht) D ] —¢ ' ad Xexp(—ht) /h
5. calculate max F = sup{F(t,a) | 0t < T}
6. whenmax F =n : renew Rgp = min(Rgpsa)

7. ifa_max—a_min<Te : return Rgp(T)
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Algorithm 3 The algorithm to calculate [z, ], (8) of the logarithmic utility system related withh = w

Input: constantsa » n, T » inverse uncertainty distribution ¢ ' (a) . pre-give level 8 and accuracye .
Output: [z, 1., (8 .

exp(n)h®

1. define [lesup(ﬁ) == SUp{T ‘ m

= 0—A4+hrhT)exp(—hT)}

2. letT,,, =0, T, = 1000

min max

3. define accuracy e

4. define T, =
. S T i T e
5. loop begin: calculate midpoint T,y = T E—
¥
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¢ (B +a
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9. else: T . ,=T
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10. whenT,  —T . < e : exit loop

max min

11.  return [rllup B =T,
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