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Abstract

This paper investigates the confidence set estimation problem of model parameters for a lifetime
distribution with a bathtub-shaped failure rate curve in the case of recorded data. Firstly, based on
the recorded value samples, pivotal quantities are constructed, and then exact confidence intervals
and confidence regions for the model parameters are established separately. Secondly, for the sake
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of supplementation, the asymptotic confidence interval estimation of the model parameters was fur-
ther constructed using the large sample principle. Finally, the superiority of different confidence
set results was compared through numerical simulation and case analysis.
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Figure 1. The probability density (left) and failure rate function (right) of WHL distribution
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Algorithm 1. Process of generating recorded value samples

B 1L FERERENERRRE

I8 WIS U (0,0) P AR 2,2, Z, «

SRR 2 IS y, = —In(1-2, )i =1, PERALFRIEEEO R R
SR 3 HIW, =y, + Y, 4ot Vi =L 0 PR ERRHERE SO 0 TR R A

FRA Lu=1-e"i=1--n, Wu ZRABSDARCRERA.
WIS FTAERM COF F(x), & =F'[1-(1-u)]|i=L-n, W EKE F(x) RiCREFA.

Table 1. The superiority of confidence set estimation under the true value of parameters « = 1.8, # = 2.5, p = 0.05

#=1 BHEMEN=18, f=25, p=0.05FAEEEMHITMEMY

n=3 n=4 n=>5 n=7
Low —0.6552 —0.0439 0.2495 0.5837
ACI Up 5.0430 4.5506 4.3139 4.0352
Length 5.6982 4.5946 4.0644 3.4515
’ Low 0.4524 0.6140 0.7409 0.9285
ECI Up 5.2833 4.9389 4.6737 4.3086
Length 4.8309 4.3250 3.9328 3.3801
Low -0.2964 0.1044 0.3479 0.6549
ACI Up 4.5624 4.2124 4.0403 3.8177
Length 4.8587 4.1080 3.6924 3.1628
/ Low 0.1514 0.2775 0.3841 0.5479
ECI Up 3.8493 3.8339 3.8384 3.8514
Length 3.6979 3.5564 3.4543 3.3035
Table 2. The superiority of confidence set estimation under the true value of parameters o = 2, =3, p = 0.05
F2 BWHEMRN =2, =3, p=005IFABEREMITLRM
n=3 n=4 n=5 n=7
Low —0.6293 —0.0969 0.2820 0.6928
ACI Up 5.4696 5.1849 4.9975 4.8194
Length 6.0989 5.2818 4.7155 4.1266
’ Low 0.4991 0.6931 0.8571 1.1081
ECI Up 5.8283 5.5759 5.4070 5.1418
Length 5.3292 4.8828 4.5499 4.0337
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Low —0.3048 0.0837 0.3602 0.7005
ACI Up 4.7850 4.4846 4.2861 4.0768
Length 5.0898 4.4009 3.9259 3.3763
/ Low 0.1557 0.2835 0.3880 0.5539
ECI Up 3.9577 3.9176 3.8777 3.8936
Length 3.8020 3.6340 3.4897 3.3397
(o, B) ECR Area 26.9851 23.6258 21.4812 18.7598

M 1 A1 2 AR I AR 45 R P AT DA B DL T 23

© BEBEFEAE N WK, S8 a, B ACI I ECH B X A JEE BN, B AT S AR AR BT AR /N
frkash, St TR 4 AR TT IR R B TV, T S B AR Al VRS R S B A A R R i 2
It

@ fEFEAE n [FER, B TAKEHERSZIN ECI XA R T2 TR TNER 2R ACH XA,
ST A Al S 2 ) B AR SR AT B A AR R Ak

PA b BB AU S5 SRR, A SO B H i T i B RO T LA SR A T D I R G 2 TR A i
ERMTHRORE 4
4. SEBIsrHRr

AT FCSEHE U PR A T DT IR A R R SE . AT RIS AZ AL ROl R R
Bee e () LSRR A, T ARV AZ AL AR S (R st BB X BAE A T 25 AR R R M RS, BT
RAFHEEAERR, BAE M ZERREBOR, v 7 TSRS T, R R EE R DL 8, AR S B i i dh
B3 3 FivRe

Table 3. Annual rainfall (inches)

3. FEME(RT)

KSEEE pfE
1.6025 22325 09575 03100 1.0100 09188  1.4988  2.6250  0.9200
1.0138  3.0438 15550 1.5500 3.8763  1.1363  1.4463  2.2425 05525 0.20021 0.2353

2.0525 11563  4.7450  1.6488  0.4013 1.6913 1.1350

FEL IMEE R Z AT, A8 WHL 3 A 15 il ORI G I — Mt fie. 25138 3 e &8l 19204,
E LA I A K-S BB MU p {8, 45 R 07E4 3 h B8 AR IR 45 R T A1, K-S BEES 0N 0.20021,
p {74 0.2353, Imim KT 0.05, e WHL 73 A Al LAy — A Bl A BB R AU & I 4 31 S8l

MRAEZ 3 e Kl 19 206 R P I BAD AR A LR BR

1.6025, 2.2325, 2.6250, 3.0438, 3.8763, 4.7450

FHNIHL, 2 4 7E 95% T~ R EIRICSRAEAEAS T 25 th S50 &5 Fh BLAS X T RV E (S 1At 145 R .
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Table 4. Confidence set estimation of WHL model parameters under rainfall record data
4. BRWIZRERIET WHL RE S MM EEEMAIT

Low 0.1263
ACI Up 1.1393
Length 1.0130
¢ Low 0.2322
ECI Up 1.2306
Length 0.9984
Low 0.1231
ACI Up 0.9896
Length 0.8665
B
Low 0.1937
ECI Up 1.5745
Length 1.3808
(o, B) ECR Area 1.4004
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