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Fig. 1  The flowchart of least-squares fitting based on the quantiles
MR A /NS5 7 i W S B ] R 405 ad AR b on] DU R 2 i i R AR AS | LA AR A5 1)
AE BRI B B LA X I 1) 22 S WE AR 0L, X9 5 il i — 5 Bl 9 2382 550, FE X GPD R FN S HHEAT B
AN UG E S LUAE G B/ N TSRS T ik AR DT R T D A 2 A Y R S O L s AR



FEF L) S Pareto 4370 PRSI /N 3 1A 7 1k 419

JiA RESREA RBIE IR IR GPD L4 i R AR A 23 [B] R A K 585 T GPD 805 RS B RS 1k
111 HA T AN TG X B A 1 R AR AE AR AT T3, ORI & 1 3 54 40 A s 7T LA 3ok 5
Kriging BRIy AT 1AL TR AR an i 1 .
5 BES b
ARSCR R (7)) VE IRy vk i DR pR A7) FEREALAS 7Y 20 A S EN 2 1 R,
G(x)=x, + 2x, + 22, +x, — 5x;, — 5x + 0.001 2 sin( 100z, ) . (7)

R MM SR

Table 1  The distribution parameters of the random variables

random variable % %) X3 Xy Xs X

distribution normal( 120,12) normal(120,12) normal(120,12) normal(120,12) normal(50,15) normal(40,12)
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0.992 0,0.994 0,0.996 0,0.996 0,0.999 9. HH F EL AL Ty & MR 4 BE AR 22 [B] v T A AR A 1
SEEAS RN A AL, DR AT LK B R AE S 2 (0 200 5 45 A AR )5 25 R A S IEAE Kriging
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Table 2 The quantiles obtained with the direct sampling method and the updating Kriging method

probability p 0.990 0 0.992 0 0.994 0 0.996 0 0.996 0 0.999 9

Q (Kriging) 5.104 5x10? 5.188 6x10? 5.293 4x10? 5.434 5x10? 5.662 2x10% 6.549 9x10?
Q (DS) 5.102 5x10? 5.186 5x10° 5.292 2x10? 5.434 1x10? 5.658 7x10? 6.532 6x10?

o (Kriging) 0.413 2 0.484 6 0.518 0 0.737 9 1.154 5 3.883 2
a (DS) 0.550 1 0.594 6 0.616 2 0.758 5 0.862 0 3.674 4

R BB Kriging FBRGE B B9 A SO FRAN P 2 B s AR 8 52 26— s i
Ferb, T WIS Kriging RERIFE S — 7007 s Ak BORE BEAS i, DRLECR) B B AN s AR AR S P e AR
W 6 754, 20 3 — IR 2 iUHORT , ANHEREARBCRIER] 1117, 28008 5 IR mUH0RT , ANHiE R
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Fig. 2 The convergence of the number of uncertain points
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Fig. 3 The comparison with the proposed method between different numbers of quantiles
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Fig. 4 The comparison between the proposed method based on 3 quantiles and the maximum likelihood method
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Table 3 The comparison among the proposed method, the maximum likelihood method and the MCS method

Ny E(Q) relative error & /% a(0) feval m
3 681.02 0.48 5.490 9 95+60
4 681.21 0.46 5.600 1 101+60
5 681.22 0.46 5.630 6 103+60
6 681.25 0.45 5.593 1 109+60
maximum likelihood 681.39 0.43 4.108 6 >5 000
MCS 684.34 - - 107
6 4 it
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A Least-Squares Fitting Method for Generalized
Pareto Distributions Based on Quantiles
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Dalian, Liaoning 116024, P.R.China)

(Recommended by ZHANG Yahui, M. AMM Editorial Board)

Abstract: The generalized Pareto distribution ( GPD) is a classical asymptotically motivated
model for excesses above a high threshold based on the extreme value theory, which is useful
for the high reliability index estimation. In the GPD there are 2 unknown parameters which
could be estimated with the least-squares fitting method and the maximum likelihood method.
Both methods need all the tail samples of a distribution in previous studies. However, for the
GPD estimation, the better accuracy would lead to a much higher computational cost. So a
least-squares fitting method based on the quantiles was proposed to obtain the unknown param-
eters in the GPD. The 2-stage-updating method for the Kriging model was also given to calculate
the quantiles. Compared with the GPD based on the maximum likelihood method and the
Monte-Carlo method, the 2-stage-updating method for the Kriging model helps find the specified
quantiles accurately and efficiently, and the least-squares fitting method based on the quantiles

also performs well.

Key words: generalized Pareto distribution; least-squares fitting method; quantile; Kriging
model
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