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Differential Evolution and Its Application Study
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Abstract:  For the optimization problem of high-dimensional variables, we design a flower pollination algorithm
based on nonlinear cross-generation differential evolution (FPA-NCDE). The algorithm guides individuals to approximate
the optimal solution with cross-generation differential evolution to make local search process oriented. Meanwhile, the non-
linear inertia weight is set to improve the search convergence speed. The scaling factor and crossover probability are dy-
namically updated by parameter adaptive adjustment to enhance the population richness and reduce the number of local so-
lutions. Combined with the cross-generation roulette wheel, the probability of trapping into local optimal solution is de-
creased. The performance evaluation verifies that the proposed FPA-NCDE can maintain good optimization characteristics
and stability under different dimensional benchmark functions, especially under high dimensional test functions. In addi-
tion, FPA-NCDE is applied to unmanned aerial vehicle intelligent inspection of industrial internet to evaluate the perfor-
mance of the algorithm in practical applications. The experiments results show that FPA-NCDE can satisty the needs of
low cost, high efficiency and avoidance of external attacks in inspection path planning.
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Ja R AT TE R EL AT LAy =25 (1) BR g1 Ay
R A R G e R R Rk N T (Artificial
Bee Colony, ABC)%:H%“O] ik B EE A (Social Spider
Optimization SSO) B!, I B A vk ] AR G b e
B A A R B R AR 45 B ROk B E I R I G
B, 2 R R 22 O 0 . (2) 42 Ry Wi Sl
AT B M R 9 R, AR BE 57 (Wolf Pack Algo-
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X SR ERE S [ I N 2 A RIS R, B R AP
SEPERE , (523 B R AR IR 2 B EAN R 1Y
P00 . (3) BAT B Mofte 2 o A9 300, ki R Ak
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B X% 5800 & A B R BRI, Yang $& H
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k:O.Zexp( _25 Tt +0.8%, (1)

ky=1-0.51+0.2s (2)

b min(minf(x!""), minf(x!)) (3)
a max (minf(x!""), minf(x!))

‘ min amean  (x{"'). iy (x1) ‘ )
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AR B R b AU B TR A AR i 1 - ALk bbb | Bt | SHOE | B
A S ERVER AR T8k R . [ REEE | Al | R | S
3 A — 2 B AR SR 2 S fe 3 i A B, 1T LA FPA-NCDE J V J V
e R R R I AT B LIRE FPA-NCDE(w/o CRW) x V J X
EFRPAE G FPA TR, A SO 9 38 T AR Lk i 2% FPA-NCDE(w/o CDE) \ x x v
Gy 3E A 1 46 $2 K8 1 FPA-NCDE f9 0 £ RS I 48 5 1 FPA-NCDE(w/o PAD) x M v M

N

Eix1 ETHE&MEBEKRESHENERHEEIPA-NCDE)

HNFPERLE /NN,

B AP 2 R

Begin

L BENLERE A R It g

2 BRI RYEL T, I IANICR i CR o THILF 0 F o TEEFEH)
(A8 SR CR o LA WA AR F F

3 EFARMER P A BERLH rand Ml rand 1;

4 FORBF— A x;

HRAER OO0V AN 1 F,  FIZE XA CR,

6 IF rand < P:

7. IF rand 1 <0.5:

8

9

W

XFFAER A X R PCG S B A A A X, 5
ELSE:
10. FFFAER A R NCG S e M, 5
11. ELSE:
12. MBS PR B = A e A X, 5
13, AR BT 1A ASHES 738 SRR E B IR AR A A s
14. EndIF
15, R =20 A X7
16, ApIEFea R AR RS AR X, | IS I BE(E BT T LU
TR R/ N AR R AR A A
17, P, 5, MO0 R BE (B REA T HCAR T (L IN A E Ry i
LA, B 5 Tk
18, MM, SR g NS N (AR T H SR
SJRtehftg’s
19.End FOR
20. FE ST Step3~Step 19 HERECKEGARI T,
End

3 FPA-NCDE & xRN
3.1 Eixtkgexttt

AR S 3 T S 6 R 6 4% A AL I Rk
PEAEHAEE e M DA SRR R B2 ) . TR R S 6 v p
WAL IR 1 s, Horf FPA-NCDE (w/o CRW) 38
TR AN A I AR A R0 Al e P M AR 1 AL
FPA-NCDE (w/o CDE) F/m A & A7 #5022 73 b 24K
[ 3& W 4 HLE, FPA-NCDE (w/o PAD) 8 A& 4 JE
ZE M MEACE SR T8 SR VR R %L
il , xF AR FIZ AL .

TP A0 F5 A0 4 R B0 5 4 pR TR P B9 8 I 3t bR
B0 S I 1 A 4G B AN AR LR R A TR 5 N T
R R e L SR T SRS R R AR . KA
#i¢ ' B9 FPA-NCDE #1 FPA-NCDE (w/o CRW) 5 PSO .
FPA (ABC.GA ,SSO #EAT X} HL AL 5, 203075 3] 1 45 4
TAEXE R R A TR (E 2 2 s . Hod kL
B R A A R R B R A R 3R
2 1] 1, FPA-NCDE A9 300 850CR 2201 2 A F FPA-NCDE
(w/o CRW) A1 H:Ath X e 35.3% | 1fif FPA-NCDE (w/o CRW )
AL T A0 528, o B ) A A 485 R SR YR A e, P B4 i
S A AN AR LR M A T L5 S5k Bk R S e £
fife e G R B

TEPE 1 A S0 AR ] A I3 o BNk 56 IE 5 1€ 22 4
HEAL RTS8 [ 3 B 8 2 D S 25 SR 0 B (A AR i 1
5 vk UL AR I B A A . K FPA-NCDE Fl FPA-
NCDE (w/o CDE) 5 PSO . FPA ,ABC.GA .SSO #1714 fil
SO A5 B A 45 B3 AE X iy 3 R A (R 22 40
F3 PR . o IR AR S R LA R A T Rk
B O R R L4 R . 1T LA HY FPA-NCDE 7£ 8 1~ iR 4L
WA T A SR RS SR 0 T 22 0, I HAH ek
Mk, KRR etk m 724 4 50 96, 1 FPA-
NCDE (w/o CDE) G A2 8 YA RS AL T FPA, [h 24K
XS ) SR ES R B T 2R ARt % .

# FPA-NCDE HI FPA-NCDE (w/o PAD) 5 PSO,
FPA ABC.GA ,SSO #EA7XF Fe 5288, LASG UE A 28 P51
AR R 2 50 3 O 8 3 B T R WA I ) A it
N 4 R, IR P B8 R fe R 5 3%, A T R i 85
PR AR . T LLE B AE 8 K ok 5, FPA-
NCDE 7 5 4~ I 3 pR &l b % 2% 40 Wk B e 2>, 1 FPA-
NCDE (w/o PAD) X 253 pF 55 00 BT 75 1 AR B 5
GA \SSO#2T , {U ISP T FPA.

IR RS SE I, FPA-NCDE Ff [ 547 1% 46
25 R 2 P 5 P S O T L 5 A A A RS
B 5 AR 25 4 R AL VS8 A 38 O I T D B R
T, B R R R R e e s AR MR A R IS5 A
TV R AT DA B R R R A s SR R R R
TR E&S
3.2 FPA-NCDE &iX48EI8E

AL 3 3 2804 pR B I FPA-NCDE 9 14 BE .
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F2 MiXEHAUER
IR FPA-NCDE FPA_NCDF FPA! ABCM! pso" GA™ sso!t
(w/o CRW)
HARTMANN
6-DIMENSIONAL FUNCTION 3.04E+00 -3.01E+00 -3.01E+00 -3.04E+00 ~3.00E+00 -3.01E+00 =3.03E+00
SCHAFFER FUNCTION 0.00E+00 5.00E-03 5.01E-03 1.53E-09 0.00E+00 1.08E-03 3.83E-10
SHEKEL FUNCTION -1.05E+01 -7.21E+00 ~7.20E+00 -1.05E+01 5.80E+00 -6.51E+00 -1.05E+01
ACKLEY FUNCTION 9.57E-10 1.48E+01 1.50E+01 5.75E-06 4.16E+00 1.527E+01 2.90E-01
RASTRIGIN FUNCTION 0.00E+00 2.33E+02 2.35E+02 1.80E-02 3.94E+01 2.43E+02 472E+01
SCHWEFEL FUNCTION 3.81E-04 6.76E+03 6.93E+03 1.66E+02 9.29E+03 5.92E+03 6.78E+01
MULTIMODAL FUNCTION 1.01E+00 1.15E+01 1.16E+01 1.15E+00 6.24E+00 1.13E+01 3.55E+00
STRECTCHED V FUNCTION |  1.25E-06 1.31E+01 1.32E+01 3.04E-01 2.01E+00 1.41E+01 2.92E+00
Fx3 MXEBRUERFA=E
UlIENEEE ppANCDE | e FPA! ABC™ Pso" GA™ ssoM!
(w/o CDE)
HARTMANN
6 DIMENSIONAL FUNCTION 1.04E-16 2.90E-02 2.94E-02 9.06E-16 3.01E-02 2.82E-02 2.25E-02
SCHAFFER FUNCTION 0.00E+00 5.21E-03 5.24E-03 3.41E-09 0.00E+00 1.77E-03 1.00E-10
SHEKEL FUNCTION 1.16E-14 3.47E+00 3.49E+00 6.25E-05 3.37E+00 3.11E+00 1.55E-03
ACKLEY FUNCTION 4.66E-09 9.73E-00 9.75E-00 2.50E-00 6.54E-00 5.86E-01 3.30E-02
RASTRIGIN FUNCTION 0.00E+00 1.58E+01 1.60E+01 7.43E-02 8.91E+00 1.76E+01 1.00E+01
SCHWEFEL FUNCTION 1.01E-12 4.91E+02 4.91E+02 1.16E+02 3.60E+02 4.16E+02 3.60E+01
MULTIMODAL FUNCTION 1.81E+00 2.88E-01 2.93E-01 2.00E-01 8.47E-01 4.55E-01 8.16E-01
STRECTCHED FUNCTION 6.28E-06 1.58E+00 1.59E+00 8.79E-02 1.05E+00 1.22E+00 5.13E-01
F4 MXHRBRUTEERTE
I PR AL FPA-NCDE FPA-NCDE FpA"® ABC™ pso"™ GA!™! ssott
(w/o PAD)
HARTMANN
6-DIMENSIONAL FUNCTION . 3 960 2 86 at %9
SCHAFFER FUNCTION 182 982 991 999 229 992 990
SHEKEL FUNCTION 107 986 998 126 74 970 980
ACKLEY FUNCTION 788 979 998 1000 526 996 1000
RASTRIGIN FUNCTION 229 984 1000 997 695 999 1000
SCHWEFEL FUNCTION 468 982 996 998 1000 971 642
MULTIMODAL FUNCTION 881 973 1000 999 1000 966 1000
STRECTCHED V FUNCTION 104 976 981 1000 634 978 1000
— P pR B R AR R A, 5 2 E e T L 4K FPA-NCDE #il FPA L ABC | PSO GA . SSO 7£ 451

éﬂt 55 = 2N AT R I R Xﬂ:[: LAt & UL B I &
AL B, B 30F FPA-NCDE 75 D0 Ak K 1 0 i S48
D7 T A1
3.2.1 (RYEENER L
TEICUNZR 5 9T 735 1) 1 2 A IR 4 3 e 3 2 it vy U 3K
PR S — B PR, HAt 4% 51— AR A R
AR R A BRI B 1T 30 K, BRBTEAN IR
e KR 1000 x D(D A FEE R EH R AR R AR50 5t
8T (Wilcoxon 155 BE K6 56 2 5 14 /K 168 0.05)

KA A BB B . 7R 5 S — B TR i =
T2 PRI LA B e v e R A o A 4 RN, USRS 2 B 7 1)
Ry A8 A TR A X At e SO A T I T A B A R A
F&5 WA M 7 2 . M (BN R T 1 SRS
TR A, 258/ N R I B i S e iy . R s
— AT “+/=/="3% 7% FPA-NCDE #H It HAth 5 % AR Ak
AR 2% IR RR G/ [R) /8 22 ) DU R A8 H . FPA-NCDE
Bk H A e 2B A SR 2 A P A 2
FR.
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F5 (RN RBRNLE
W R L FPA-NCDE FPAl ABC! pSot GAl! ssot!

F: BEALE 9.09E-26 4.14E-03 6.82E-10 0.00E+00 7.81E-02 1.52E-07
FUNCTION (4% 2) (3.68E-25) (7.07E-03) (1.32E-09) (0.00E+00) (1.68E-01) (1.70E-07)

F,: BOHACHEVSKY 0.00E+00 2.25E-01 0.00E+00 0.00E+00 6.20E-01 1.93E-06
FUNCTION (4 2) (0.00E+00) (2.27E-01) (0.00E+00) (0.00E+00) (2.95E-01) (1.42E-06)

F,: COLVILLE 0.00E+00 1.73E+00 2.82E-01 0.00E+00 4.79E+01 1.27E-03
FUNCTION (i ¥ 4) (0.00E+00) (1.37E+00) (1.74E-01) (0.00E+00) (3.17E+01) (5.92E-04)
F,: CROSS-IN-TRAY -2.06E+00 -2.06E+00 -2.06E+00 -2.06E+00 -2.06E+00 ~2.06E+00
FUNCTION (4% 2) (2.04E-11) (1.87E-05) (9.06E-16) (9.06E-16) (1.35E-15) (1.26E-08)

F: DROP-WAVE ~1.00E+00 -9.51E-01 ~1.00E+00 ~1.00E+00 -9.98E-01 -9.99E-01
FUNCTION (4% 2) (0.00E+00) (2.72E-02) (0.00E+00) (0.00E+00) (1.13E-16) (4.68E-06)
F:EASOM -9.99E-01 ~7.99E-01 -9.99E-01 -1.00E+00 -5.45E-01 -1.00E+00
FUNCTION (4% 2) (4.84E-05) (3.50E-01) (8.42E-06) (0.00E+00) (4.93E-01) (2.14E-07)

F,: GOLDSTEIN-PRICE 3.00E+00 3.00E+00 3.00E+00 3.00E+00 3.90E+00 3.000E+00
FUNCTION (4 2) (1.02E-15) (3.00E-03) (1.81E-07) (1.21E-15) (1.02E+00) (3.69E-05)

Fg: HARTMANN 3-DIMEN- -3.86E+00 -3.86E+00 -3.86E+00 -3.86E+00 -3.86E+00 -3.86E+00
SIONAL FUNCTION (4J¥ 3) (1.38E-15) (7.53E-05) (2.71E-15) (2.66E~15) (1.82E-05) (4.26E-05)
F,: HARTMANN 6-DIMEN- -3.04E+00 -3.01E+00 -3.04E+00 -3.00E+00 -3.01E+00 -3.03E+00
SIONAL FUNCTION (4% 6) (1.04E-16) (2.94E-02) (9.06E-16) (3.01E-02) (2.82E-02) (2.25E-02)
F,,; HOLDER TABLE -1.92E+01 -1.92E+01 -1.92E+01 -1.92E+01 -1.92E+01 -1.92E+01
FUNCTION (4% 2) (3.83E-15) (1.41E-03) (1.77E-15) (6.19E-15) (5.22E-15) (8.50E-07)
F,: MICHALEWICZ ~1.80E+00 -1.80E+00 -1.80E+00 ~1.80E+00 -1.80E+00 ~1.80E+00
FUNCTION (4% 2) (9.81E-16) (2.76E-04) (6.79E-16) (6.79E-16) (8.77E-08) (2.09E-06)
F,: PERM FUNCTION 2.13E-03 1.21E+01 1.86E-02 1.43E-01 4.47E+06 5.74E-02
(4R 2) (2.13E-03) (6.12E+00) (1.71E-02) (2.69E-01) (9.96E+06) (1.69E-01)

F;: SCHAFFER 0.00E+00 5.01E~-03 1.53E-09 0.00E+00 1.08E-03 3.83E-10
FUNCTION (4 2) (0.00E+00) (5.24E-03) (3.41E-09) (0.00E+00) (1.77E-03) (1.00E-10)
F,;: SHEKEL -1.05E+01 —7.20E+00 -1.05E+01 5.80E+00 -6.51E+00 -1.05E+01
FUNCTION (4t 4) (1.16E~14) (3.49E+00) (6.25E-05) (3.37E+00) (3.11E+00) (1.55E-03)

F s SIX-HUMP CAMEL -1.03E+00 -1.03E+00 -1.03E+00 -1.03E+00 -1.03E+00 -1.03E+00
FUNCTION (i % 2) (1.26E-12) (3.85E-05) (2.26E-16) (2.26E-16) (1.26E-03) (1.12E-06)
F,;: SPHERE -1.94E+00 ~1.94E+00 ~1.94E+00 ~1.94E+00 ~1.94E+00 ~1.94E+00
FUNCTION (4% 6) (3.26E-09) (1.26E-05) (4.53E-16) (4.96E-16) (1.07E-06) (8.41E-06)
F,,: THREE-HUMP CAMEL 4.54E-94 7.00E=-05 1.83E-18 4.41E-72 1.37E-04 1.40E-07
FUNCTION (4% 2) (2.27E-93) (1.36E-04) (1.59E-18) (2.20E-71) (1.37E-04) (1.24E-07)

+ =/ 14/3/0 7/10/0 5/10/2 15/2/0 13/4/0

A LT FPA, FPA-NCDE 7£ 14 /> il 32t p& %5 26
WA M RE  OF H OS8R 2204 17 AN sR B0
AR 7 g Z LT FPA. 5 ABC AH L, FPA-
NCDE 7£ 17 A~ s g A 7 AP RE TR 4 . FEFRIR 10
AR AR B 5 ABC AH [F] Y e 0 A . 6 T 3415 2
B, FPA-NCDE 7£ 12 pRECH L T ABC, 75 24> (F, . F)
PRI A AR A ABCWT3/\(F4\F6\F“) B
AR 2 E AL T FPA-NCDE. i 13K it , FPA-NCDE
HE 2K B R 2 E AR e MR L ABC &F. 5 PSO
HIH , FPA-NCDE 7€ 5 4~ oA B0(H 35 45 19 B AL i A8 T
PSO, 7 124> sRECTRAS W e AL A 5 PSO AHIF] . X

¥R, FPA-NCDE 7£ 7 1~ BR B P B4R, 76 4 - pR B L
(Fy Fy Fs M F ) —FMIE . X T RECF, (F, Fs.F,, .
F s I F |, B8R PSO BV #4122 T/, {H FPA-NCDE &5
PSO 2257 8/N. 5 GAMI L, 154~ %+ FPA-NCDE [
PEARHE BE LT GA L ANAE 24~ pRECD 8 i AL AR AH
], MR Z (R E , FPA-NCDE {UAE F, b H GA 22,
7 A bR R YR 22 BN T GAL 5SSO M
FPA-NCDE A] DAFE 17 4> s £ b B2 4L bE SSO B2 4 5l AH ]
WAL, 5 HALEE F R HIR 22 Z L GA BE 2%

25 R BB X IR LE D 3L R L, FPA-NCDE HAA B/
) B A1 3 RO v R e T EL R i T R R
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DA B T k.
3.2.2 SHENKEL

Ve BN 2 6 5 A 75 JEE e R AR R 1 3, R 0
HAaEES L —4HL8RME . 5 FPA M I, FPA-
NCDE 345 19 e P i 76 0T A R 2 334 T FPA \PSO |
GA .SSO Bk . P31 2% I, FPA-NCDE {{ 7£ 2 />l
BRI IR L FPA 22 AUH 1A eRE Y - 381 22
Lt PSO 1 SSO 2% , 1 7€ U A pR AL b 9 - 3533 22 40 L
GA U . #Ht T ABC, FPA-NCDE 7£ 12 4~ il i ok %% I
B W i o i, A 1A FME LA 14 ABC I

SRR AR R 2 L, ABCTE 34> s ER B R R
W f T FPA-NCDE. It 4h , FPA-NCDE 7E 3 /> 32 o5 %%
SRR 22 R 0, AR R B A T A AR
FE 14005 R B, A E A 53k ) SRR, FPA-
NCDE 1 5 N bR (F o Fpy  Fyy Fog Fy,) E /DR
10N E B AE2 DR (Foy Fy) L RADIRF TS
B G  TE 3N PR (Fyy  Fo Fyy) AT LU 375 3]
S AR . g8 b, o 22 5008 gt
PRI%L , FPA-NCDE #H Fb HAth D0 55032 19 T DL ROCR B
.

Fo6 BEMXIHAUER

NLURANESRAS FPA-NCDE FPA! ABC! pSOM GAl sso!

F: ACKLEY 9.57E~10 1.50E+01 5.75E-06 4.16E+00 1.52E+01 2.90E-01
FUNCTION (4 30) (4.66E-09) (9.75E-00) (2.50E-00) (6.54E-00) (5.86E-01) (3.30E-02)
F,: DIXON-PRICE FUNCTION 1.90E-02 3.28E+04 1.04E-02 6.99E+00 3.55E+00 2.54E+00
(41 30) (9.01E-02) (1.87E+04) (5.76E-03) (3.34E+00) 1.08E+05) (9.01E-01)

F,: GRIEWANK FUNCTION 0.00E+00 7.88E+01 5.00E-04 8.59E-01 1.89E+02 1.86E-02
(4R 30) (0.00E-+00) (2.09E+01) (2.50E-03) (4.14E-01) (2.50E+01) (1.26E-02)
F,:LEVY 4.46E-24 3.56E+01 4.87E-14(3.32 1.53E+00 7.06E+01 1.47E-01
FUNCTION (4t 30) (2.23E-23) (8.01E+00) £-14) (9.84E-01) (9.29E+00) (2.34E-01)
F,: MULTIMODAL FUNCTION 1.0O1E+00 1.16E+01 1.15E+00 (2.00 6.24E+00 1.13E+01 3.55E+00
(4t 30) (1.81E+00) (2.93E-01) E-01) (8.47E-01) (4.55E-01) (8.16E-01)

F,;: POWELL FUNCTION 8.79E-05 4.92E+02 4.36E-02 4.90E+00 4.09E+03 1.61E+00
(4E ) 30) (4.26E-04) (1.86E+02) (1.32E-02) (3.21E+00) (1.06E+03) (5.50E-01)

F,: RANA -1.28E+04 -4.94E+03 -1.22E+04 -3.24E+03 -5.67E+03 ~7.98E+03
FUNCTION (4 30) (1.50E+03) (3.81E+02) (2.28E+02) (3.51E402) (1.89E+03) (8.43E+02)
F,.: RASTRIGIN FUNCTION 0.00E+00 2.35E+02 1.80E-02 3.94E+01 2.43E+02 4.72E+01
(4B 30) (0.00E+00) (1.60E+01) (7.43E-02) (8.91E+00) (1.76E+01) (1.00E+01)

F,,: ROSENBROCK FUNCTION 6.48E-15 2.34E+04 2.74E-01 1.85E+02 2.52E+05 6.78E+01
(4R 30) (2.28E-14) (1.27E+04) (2.09E-01) (6.63E+01) (9.13E+04) (3.60E+01)

F,:: ROTATED FUNCTION 1.07E-29 4.72E+04 1.64E-11 3.37E+00 1.20E+05 1.18E+00
(4t 30) (5.37E-29) (1.31E+04) (1.44F~11) (2.87E+00) (2.32E+04) (2.79E-01)

F,: SCHWEFEL FUNCTION 3.81E-04 6.93E+03 (4.91 1.66E+02 9.29E+03 5.92E+03 6.78E+01
(4% 30) (1.01E-12) E+02) (1.16E+02) (3.60E+02) (4.16E+02) (3.60E+01)

F,: STEP FUNCTION 0.00E+00 8.94E+03 0.00E+00 6.54E+01 2.20E+04 2.40E-01
(4E ) 30) (0.00E-+00) (2.33E+03) (0.00E-+00) (4.53E+01) (2.86E+03) (4.35E-01)

F,;: STRECTCHED V FUNCTION 1.25E-06 1.32E+01 3.04E-01 2.01E+00 1.41E+01 2.92E+00
(4 30) (6.28E-06) (1.59E+00) (8.79E-02) (1.05E+00) (1.22E+00) (5.13E-01)

F,: TRID FUNCTION 7.31E-57 1.25E+02 2.43E+02 9.55£-01 2.52F+08 5.02E-01
(45 20) (3.65E-56) (1.25E+02) (2.67E+01) (4.84E-01) (4.65E+08) (1.13E-01)

=/ 14/0/0 12/1/1 14/0/0 14/0/0 14/0/0

3.2.3 A REENKRH

R T i 25 B AR A SRR A I R BT AN [ A
P i R A IOR . BT I R R PR,
Fo BRI s g . Xt T R F,,, A — ARl
fi# 0,0, -+, 0),, , 754 Jy e M0 fife R Jmy 5 e ARG e 2 TRDAEAE A
KA. UL, APk 48 R R 45 5 B A R il e

Bt , TRV 2 3t B3k 4 JRy WAL SRk R 1 e DA R A 31 4
Ry B . F B4 Jmy e D0 O e EL AT AH W] pRBUEL Y
Je 8 S AR A TR, 2 2 S A A A A i B ) B
GIRG . BN Foy, o BG5S 45 B 4 10.30.50.70
F1100, MERLE RN 7. 5103 F,,, 43 BB SR A ik 2.
30.50.70 A1 100, M5 SR ank 8.
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£ AREETF HREULER
GIRFS D=10 D=30 D=50 D=70 D=100

EPANCDE 7.98E-03 1.19E-02 7.98E-03 1.19E-02 1.19E-02
(2.76E-02) (3.31E-02) (2.76E-02) (3.31E-02) (3.31E-02)

— 2.89E-01 1.18E+00 1.91E+00 2.51E+00 3.12E+00
(5.25E-02) (1.76E-01) (2.09E-01) (2.33E-01) (3.38E-01)

ABC 2.55E-01 1.50E+00 2.70E+00 3.64E+00 4.89E+00
(6.50E-02) (1.78E-01) (1.48E-01) (1.22E-01) (1.35E-01)

— 1.59E-01 4.35E-01 6.67E-01 8.39E-01 1.06E+00
(5.00E-02) (6.37E-02) (7.48E-02) (8.66E—02) (7.57E-02)

AL 6.45F-01 1.78E+00 2.60E+00 3.38E+00 4.27E+00
(1.10E-01) (1.36E-01) (1.28E-01) (1.60E-01) (1.17E-01)

o 9.98E-02 3.03E-01 5.11E-01 6.35E-01 7.59E-01
(2.54E-10) (4.54E-02) (3.31E-02) (4.89E-02) (5.00E-02)

Foy B Fy EARLEE RS BR300 e & RE kS
FPA-NCDE f 5/ K B 42201 . Wl 35 4 B A9 38 i, FPA-
NCDE B3 (1) F00Hs B2 0 AR T Hofh s & Uk X
UERH T it o 03X R 570 e 24 A2 1 3 R, 3 R 5 A 1Y)

Jr EB B A B 1 22, LAt ] b B TR e 1 R A A A
AR Z S, B AR R AR DR R [
it P T S i A A 5 K B g i 1 e 3
i, PRI A 825 1 UK B2 2 LG FPA-NCDE 22 .

£8 ARBETF,HRLER

(=R7S D=2 D=30 D=50 D=170 D=100
~1.00E+00 —-9.95E-01 -9.97E-01 —9.94E-01 —-9.95E-01
FPA-NCDE
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~1.00E+00 —9.21E-01 —8.73E-01 -8.21E-01 ~7.66E-01
ABCH
(0.00E+00) (3.56E~11) (8.47E-10) (1.56E-10) (1.49E-02)
I ~1.00E+00 -9.63E-01 -9.59E-01 —-9.31E-01 —9.21E-01
’ (0.00E~+00) (5.50E-03) (1.13E-02) (1.78E-02) (1.13E-16)
AT —-9.99E-01 —9.21E-01 1.14E+00 1.45E+00 1.78E+00
(3.39E-16) (2.59E-07) (5.70E-02) (6.37E-02) (6.20E-02)
S5Ol —-9.99E-01 —-9.90E-01 -9.86E-01 -9.63E-01 -9.62E-01
(1.94E-03) (1.13E-10) (9.12E-03) (5.50E-03) (9.14E-10)
T8 R 45 B M R BT , FPA-NCDE 2% (& | #R EL.#% BN S R RIS TG AL O AR B 3

TP A48 BORG FE RN TR 4 ) - 2 1 2 . ZEAR AR I K R 4L
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4.1.2 HEHERT
To NHLAE A LB W B o3 B 22 [R] () 5 4 ff B 3G LA T
A
(P, P,)(P,P,.)
P, P,ll-1IP,P
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Horp R CATE BT by, AT ABLFESS m A4 BEY
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FALPERE . 9 AT, FPA-NCDE AL 3R e -, 1S F9 BEMKIMEALER
PRAUE NI B A2 7E 1.63E+06. 5 FPA (ABC .PSO.SSO.GA ik RO RECTME | PR | kBT
FHEL , FARAL SR Bk 43 9 3 11 65.7% .2.8% . 1.7% FPA-NCDE 1.63E+06 2.92E+03 20.35
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Ivi] B A 4 3 4 32 £ Bsf 1) L, A H RE s e 2 9 PSO 2 ABC! 1.67E+06 3.07E+03 20.33
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(LR NG B S S A T Ss0!!! 1.64E+06 2.92E403 20.45
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