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Parameters optimization of kernel principal component analysis and its application in evaluation of water resources
sustainable utilization//LI Tei' JIN Ju-liang Liang Zhong-min' 1. College of Water Resources and Hydrology —Hohai
University  Nanjing 210098  China 2. College of Civil Engineering Hefer University of Technology — Hefei 230009  China
Abstract According to the choice of kernel function parameters in the kernel principal component method an optimization
question based on the contribution rate is established. The real coded accelerating genetic algorithm is used to find an optimization
solution. The values of the parameters are determined objectively. The kernel principal component method was used to evaluate
and analyze water resources sustainable utilization and a satisfactory result was obtained.
Key words water resources sustainable utilization comprehensive evaluation kernel principal components analysis —parameter
optimization  accelerating genetic algorithm
principal component analysis PCA 10
real
coding based accelerating genetic algorithm RAGA 1
1
RAGA-KPCA
10
2 1 Kernel-PCA
1.1 PCA
¥4 Scholkopf 3 1998
m n
Kernel-PCA X = x 1 %,
Jx; =0 Coxn =
i=1
59 m
1 \1 ,
— X i X
m =
Jj=1
1981 — E-mail lileilily @ tom. com

36 - 2009 29 4 Tel 025-83786335 E-mail jz@hhu. edu.cn hitp //kkb. hhu. edu. cn



Aivi = CVL‘ l Vi = V,LX
n D y;
1 A ¥i i
i
Dy, =D VX =vD X v, = VvCv, = A}y,
1
v; Dy =4
85%
P
(1)] = A]/ZAL f; =
i=1
P
ij}xi
j=1
p
P
1.2 Kemel-PCA 3
x;,€R" i=12 m
® R'—>F x =& «x
Do x;, =0
i=1
r_ l 9 ’
C = m;:@ x; O x;
PCA Av=Cv
A=0 vEF\ 0
A@xk-v:@xk-C’v E=12 m
2
\ 4 [e3) X1 (e)) X () X
o= o a A
Vv = Zaﬂb X; 3
i=1
2 3 Av=Cv mio = Ka
K= ki nxm D x; - D x
mie. = Ko A4 a’
k=12 m
Av="C'v A vk
x F D x
vie @ x :Zaikébxi-@x =
i=1
ZaikK X; X 4
i=1

a; v o i
85%
p
1)‘ 17‘ m
f:Z,w,,v"CDx = wp af-“Kxix
k=1 E=1 =1
5
i@ x; =0
i=1
=~ 1 A
D X, = () X, - (3} X;
m
_ 1 ”l‘ 1 m‘ 1 m‘ "l‘
ki = ki — — 2 ki — — 2 ki + k,
/ bomi Y m% B S
K=-K-LK-KL, +L,KL,
1
Lm ij = %
vk
1= V/IL Vk = 1()(fF()(jk e X; e X; =

Mercer
Kxx; = ax x; +b1 8
Gauss
2
K x :exp(—%) 9
Sigmoid
K x x;, =tanh v x x;, + ¢ 10
Coxn>C K,
KPCA n
F F m
m>n
PCA
KPCA )
Kxx; ©
K,m Q@ mia = Ka
A, af w, k=12
m @ 5
2 RAGA-KPCA
KPCA

2009 29 4 Tel 025-83786335 E-mail jz@hhu. edu.cn  hitp //kkb. hhu. edu. cn - 37



b q o1 47 23
KPCA RAGA a =
85% 0.746675 b =5.639153 ¢ =2.438400
w; =0.960264 1
1 12 4
88.82%
RAGA-
KPCA 96.03%
RAGA
1 RAGA  KPCA 1 2
f i =max w 6 5
KPCA
3 RAGA-KPCA
4
12 a. RAGA KPCA
12 4
88.82% b. KPCA PCA
RAGA-KPCA 1
KPCA K x
X = a x x; +b 1 a PCA
1 12
L/ L/ I/ 1,/ Is/ Ie/ L/ Iy/ /
m mm m m m m -1 m -1 hm? ’ PCA 2 KPCA
43.3 656 38.03 43.21 343 22.29 267 31.63 1 16 16
2.5 596 10.54 23.36 246 13.00 212 38.07 4 17 17
311.7 601 51.32 207.13 319 159.46 600 424 .81 2 9 12
152.8 576 8.60 57.66 184 40.17 437 108.60 4 15 15
638.9 296 23.35 152.60 661 98.24 1550 170.69 3 3 3
416.0 704 49.84 143.40 348 79.26 454 122.80 2 13 13
366.9 552 171.34 101.47 389 54.66 759 70.09 1 7 9
698.0 490 30.88 268.04 719 160.82 1116 150.31 2 6 6
428.3 1059 57.28 289.25 547 190.06 648 327.17 2 8 8
991.9 1415 24.82 192.32 317 116.27 822 302.47 1 12 7
271.1 661 41.85 261.21 294 116.08 431 453.06 1 14 14
525.3 865 39.41 241.85 264 133.78 657 422.47 1 11 10
343.1 629 28.43 81.72 230 56.38 694 128.74 2 10 11
191.9 270 40.33 120.91 490 70.17 1693 89.00 3 4 4
562.0 247 85.51 27.08 555 17.22 1475 20.50 2 5 5
13.3 325 0.59 91.85 1728 32.99 4649 32.41 1 2 2
893.4 212 11.33 437.16 2588 324.87 4793 291.66 1 1 1
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