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Adaptive Diversity-Driven Particle Swarm Optimization

ZHANG Li
(College of Computer Engineering, Jiangsu University of Technology, Changzhou, Jiangsu 213001, China)

Abstract: To address the inherent limitations of particle swarm optimization (PSO) in handling high-dimensional,
multi-modal, and complex optimization problems, such as rapid loss of population diversity and premature convergence, an
adaptive diversity-driven particle swarm optimization (ADDPSO) algorithm is proposed. This algorithm is systematically re-
constructed across five dimensions—initialization strategy, diversity quantification, parameter adaptation, information ex-
change structure, and perturbation mechanism—to comprehensively enhance its global exploration capability, convergence
accuracy, and robustness within complex search spaces. First, to address uneven initial population distribution, a weighted
fusion initialization strategy combining Logistic chaotic mapping and uniform random numbers is designed. The ratio at 7:3
balances sequence traversal and random perturbation, significantly improving the uniformity of initial solution coverage in
high-dimensional spaces. Second, a population diversity metric based on average Euclidean distance is introduced, with the
diversity ratio defined as a real-time feedback signal for evolutionary adjustments, which enables dynamic parameter and

strategy tuning. Built upon this, a dual-driven parameter adaptation mechanism combining time-decreasing rules and diversi-
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ty ratio is proposed, enabling smooth transitions between inertia weight and learning rate during exploration and exploita-
tion phases. Furthermore, to overcome the excessive reliance of traditional velocity updates on a single global optimum, a
three-tiered collaborative velocity update architecture “individual cognition-elite guidance-population distribution™ is con-
structed. Elite guidance prevents search direction convergence by maintaining an elite archive and employing probability-
based selection strategies based on fitness. While the population distribution component introduces a global coordination
mechanism based on fitness deviation, achieving differentiated guidance through root-mean-square normalisation and sign-
preserving coefficients. Additionally, the algorithm integrates diversity-aware simulated annealing with multi-strategy adap-
tive mutation operations and incorporates a dual-threshold acceptance criterion. This approach actively injects diversity
while maintaining convergence trends, effectively suppressing premature convergence. Experimental validation was con-
ducted on the CEC2017 test set comprising 12 high-dimensional complex functions (including mixed functions F18~F19
and composite functions F20~F29) and a gear system design problem. Results demonstrate that ADDPSO achieves optimal
or near-optimal mean and standard deviation values on most functions. Particularly for highly complex functions such as
F18, F20~F24, and F27~F29, their solution accuracy surpasses mainstream PSO variants by 1 to 4 orders of magnitude
while exhibiting superior stability. In gear system design problems, ADDPSO not only converged stably to theoretically op-
timal solutions but also significantly outperformed comparison algorithms, fully validating its reliability and consistency in
engineering optimization. In summary, through multi-level, multi-mechanism collaborative design, ADDPSO systematically

addresses PSO’s diversity decay and premature convergence issues in high-dimensional complex optimization, demonstrat-
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ing outstanding comprehensive performance and practical application potential.
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FH R A RCR PR R AE LS KBS . ADDPSO (138 & 2%
JEFEZORET LA R LA 71 . w5, FiE 2 BT 3
FOF- X R B B 8, T 9 0 T AR X IR A
w2 ] P B R A 2R O O (N2 - dim ) Bk, R
YR Bk i A2 1 5 0T HEP 5 i e , o
WEZPER O((N+M)log(N+M)), Hrh M AR S
ZEA WAL R S B R R E R T AR -
FRAE” = 251 FHLH] B AR T RS AR N
O(N-dim); M ALLLIR k5 22 5 W [ 38 I A% 5335 3k



o112 M

s R FOE N RPN R T R R 46717

&3%1 ADDPSOE%
BN PRI N, 4B dim, 285 E TS Ibiub, REHLAFREAR
M=5, ZHAEBIE diversity threshold=0.2, FELIR ) AR
TT,,,=3 000, PRI CR=0.995
i AL Gbest
L AR (S AR AL PR X T Y ik R (93 18 B £ (X) IE40 B
TRFhEE R V
2. R IR FhEE 2 M Div,
3 ARHE®). KO). A0 HIHTESEw, ¢ M, 191
4 MR EC(7) . (D)3 IR S BT RN 2 B Div, I REE L3R
divRatio
5. if divRatio < 0.2
RAER (12, E S w. o, M, ME
6. RAE0(20), 4 ) FHE R B cc
7. R4E(16). 2(17), WAEEE AW A TR SRR D it
8. A (21), 1155 4 R 5
9. MR (13), (8 FH 43 J22 5 | SR AL 0k
10. AR EEC(22) 20(23), AT SIS A AG A
L1 ARG ), 017007 5 5
12. MR 4 R(25), 2 TR IR ke
13. if rand < 0.9 THEN
BEBLAE B — A0, 1) B IRT P 1R 35 2 BEBLER r 0 r I IRE DL R 3
iR S SR m rp e — A A A SO X
A 0<r < 1/3 M4E5X(26), 47 w928 e e 4%
5 1/3<r < 2/3 RIER(27), HEATHT U AL 57 e
#5 2/3<r < LARHE2(28), 04T 25 4 kAL S
A6 O {142 32 ML e S 75 42 32 72 S i
14 ARHEE(T7). A1S) 5050 B TR BE 2R ARG SR 2
IF diversity_ratio < diversity_threshold
TT TT * (CR + 0.001)
ELSE
TT <TT * CR
END IF

=N
58

e AT RS2 NG 578 S Il RS 2 N O (K- N -

dim), Horp KO8 SRR s S8 A & R 5 e 8
W e B R AE A AR E AL, U O(M+N). B it
ADDPSO B3k () B R 2 T R F
Oty [N?-dim+ (N+M )log(N+M )
(29)
+N - dim - (1+k)])
S ADDPSO B A 7E 15 45 PSO L4t 151 A ZHE
WKah 52 251 SHLH, HA 2% B 55 JAL Y PSO Bk
IbF [l — .

4 SEIGISIF
4.1 SENK

HERIE 3 2K SR TR LS (ADDPSO)
TE i e S AR R ABRAL TP Y PERE , A SCHE T CEC2017 Pt

LR EB2MEA REU(FISFIF19) 5 104 4 bR
B(F20~F29) 4TI . VR 5 pREGE T 415 21> 5Ll bR
R BOt B, TP A S B R A iz Ak 5
15N e T 52 A RE A SR AR N E R v S e NS
P, AR R R AR S PR

£1 CEC2017 BHWXEH

PRIEL G Functions
F18 Hybrid Function 6 (N=5)
TR A R
F19 Hybrid Function 6 (N=6)
F20 Composition Function 1 (N=3)
F21 Composition Function 2 (N=3)
F22 Composition Function 3 (N=4)
F23 Composition Function 4 (N=4)
F24 Composition Function 5 (N=5)
AR
F25 Composition Function 6 (N=5)
F26 Composition Function 7 (N=6)
F27 Composition Function 8 (N=6)
F28 Composition Function 9 (N=3)
F29 Composition Function 10 (N=3)

4.2 MWHEXKEE

SIS AEHERE dim=100 i 2544 N 4T, ADDPSO 5
PSO Ph B SFIAR[R] PSO AR RS iF AT 25 B PEREXT LE
FLPRAG T H BRI AN S B W 2 TR

SR E T I A FIA YR G — S5 R
BN 50, Fe RIEAR BN 1000, F5N54 1k 78 45 151 P 3
PR LS 3B 4T 30 K, 25 5L R A Friedman Kz 50 5 Wil-
coxon Bk A 46 (5 FE K a=0.05) #E47 4031 B 2 1k
O3 AT . BT A SER Y 7E Windows 10 R 48 F 38 i Python
SEER
4.3 VRUMBEBESEZE

7£ ADDPSO 535 v, 1R 1 7 91) 5 459 2 il L £R ) il
G LU AR PR R0 T A o AT 1) S 5 255 T i g 1 1 G
S, HEER WA AR K S 2 R R
B . A5 Logistic TR T FIANE 2 = , ¥ G & S )R
BB R SRR, I 55 R0 RE 2 AR L T A BEBLEL & b
K, W 25 AR A 2 [A) B 35 10 R Gk, M 2 vk Wi it
FE . N FE5 K AE Logistic TR 1 143 Jg P 1 34, Tl st
A Y ST BEMLEL B P sh R PE A9 38 3 2 G0 5L 0
ERACEA L E] . S FET CEC2017 M4 th IR &
PREL(FI8 A1 F19) 55 G pREL(F20~F29) , X Lt 4B 5 41
AlA L) (5:5.6:4.7:3.8:2.9: D ILALYERE , I LUISE
PIE (mean) 5A5RE2E (std) VE N PEN 38 b, H 4RSS H a0
L3N,



4678 H, ¥

EE 2025 4F

F2 XHEESHILE

ik SR

pso! w=09,¢,=2,¢,=2
CLPSO"! we [04,0.9],Pce [0.05,0.5]
EAPSO" we [0,1],4,€ [0,1],4, € [0.1]

=0.5,7=0.01,=1.5,
ESLPSO""! ¢ 7 A
7.=50,T,=50
i8] we [04,09],¢,=2.5~0.5,¢,=0.5~2.5
LDPSO
R,.=0.5R ,,=0.1,G=150=0.2

MSCPSO!?! we [04,09].c;=2.¢c/=1.¢,=2.C,=C,=15
HCLPSO™ we [0.79,0.99] ¢, e [2,2.5] ¢, € [0.5.2] kg e [2.5. 3]
ADDPSO we [0.2,095],c,e€[0228],c,e[02 28], T,,=3 000, CR=0.995

x3 BAEFINSHLENELLASHIEE
TEN 7:3 5:5 6:4 8:2 9:1
mean |9.45 x 107[1.21 x 108|1.04 x 108[1.98 x 107[1.28 x 10®
std 6,16 107|7.28 x 107/ 6.25 x 107 |1.46 x 107|9.73 x 10
mean |6.66 x 10°(8.31 x 107|9.31 x 10°|7.87 x 10°|6.31 x 10
std 9.28 x 102|8.96 x 102|2.01 x 10°|7.23 x 102|5.23 x 1(?

&

F18

F19

20 mean | 1.13 x 10*|1.71 x 10*| 1.19 x 10*| 1.33 x 10*| 1.59 x 10*

std |2.09 x 10°|2.08 x 10°|8.97 x 10?| 1.61 x 10*|2.20 x 10°

1 mean |2.47 x 10°|2.47 x 10°|2.48 x 10*|2.48 x 10°|2.50 x 10°

std [3.61 x10°(2.14 x 10'|2.60 x 10'|2.81 x 10'|5.51 x 10°

- mean | 1.38 x 10%|1.42 x 10*|1.24 x 10*|1.96 x 10*| 1.94 x 10*

std [1.82x 10%[1.07 x 10°|1.45 x 10°|8.55 x 10°|2.75 x 10°

23 mean |2.00 x 10%|2.37 x 10*{2.06 x 10*|2.13 x 10*|2.54 x 10*

std [9.37 x 10*[1.97 x 10*|1.60 x 10°|3.00 x 10?|2.33 x 10°

_— mean |3.78 x 10°|3.86 x 10°|3.98 x 10°|4.10 x 10°|4.12 x 10?

std [1.79 x 10*[1.20 x 10*|8.09 x 10" |2.69 x 10?|2.15 x 10?

s mean |6.30 X 10°|6.51 x 10°|6.54 x 10*|6.38 x 10°|6.32 x 10°

std [5.06 x 10'[2.69 x 10*|4.28 x 10'|1.99 x 10?|7.61 x 10

6 mean |3.53 x 10°|3.70 x 10*|3.71 x 10*|3.52 x 10°|3.52 x 10°

std [4.68 x 10'(5.43 x 10'|2.04 x 10%|7.17 x 10"|3.14 x 10

27 mean |3.25 x 10°|3.27 x 10*|3.25 x 10°|3.27 x 10°|3.28 x 10°

std [3.79%10'(2.74 x 10"|8.71 x 10" |2.14 x 10" | 1.08 X 10

8 mean |9.42 x 107|2.97 x 10*|1.03 x 10%|3.24 x 10*|2.75 x 10®

std |6.44 x 107|1.75 x 10%4.69 x 107|2.06 x 10*|1.63 x 10

29 mean |3.52 X 10%(5.41 x 10%|3.60 x 10%|4.59 x 10*|5.78 x 10°

std [2.33 x 10%(2.28 x 10%|2.34 x 107|1.47 x 10%| 1.38 x 10®

S SE SRR R F A e R R A
FROW . TE Z BN PR AP, 7 3 (Rl EL B e B d
R ZRA PR, LI (E S hn ik 22 308 T A A & . 1]
78 F23 R % LB R B I 4E (2.00 x 10°) i 2%
T 5:556:4 lufl, brifE 2 (9.37 x 10°) WAL F9:1 Lk
B, (R B R M SIOKS BE S5 AR e . A F28 R
o, 703 LA T A 108 (9.42 x 107) #5515 L 4] i 2 4%
T, 1 — 25 50 I H AE e 2R AR v 0 A X R T Y
.

g5 LAk, 73 B A B RERS 7 TR I 8 A ik T
PR 5 ¥ 5] B ALER A B s M 22 18] 2 A ST A, Sk s 4
Z M ] R (AR T S IR R AL R .

4.4 HBRSLIE

k1 Z G PFAl ADDPSO 532 o 45 A% O AR HL 1 BTk
A o T AL B 83 S S 2 A7 A A O A X6 B RRUAS |, BRI bR
YHE W6 AL 4] 4R Ak 1Y) ADDPSO-CI, B% [ iif A 7% 5 38 E 11
ADDPSO-AM , 3k H & % Z 80 (w=0.9, ¢, =2, ¢,=2) 1y
ADDPSO-PA, DL B % B A5 48038 2k 45 i 12 52 BL I 1Y
ADDPSO-SA. 525 L CEC2017 Mt 4E IR & iR Bk (F18
FIF19) 55 4 HREU(F20~F29) R, 31 LI ShniE
ZVE RPN AEhR , BARZ LR 4 s .

SIS EE B, ADDPSO 78 K 250 i bR 55 45
PR . BN, 7 F20 BB %K [, ADDPSO firi51y
1 (1.13x10*) B 241K T ADDPSO-PA , 136 B 2% [ 3& 1
B 7 5 248 R v B SCHEE . e P23 PR A,
ADDPSO-AM By FREZE | T4 1.17x10%, [T H £ 5%
7 S5 N Y R BRI 2 BV (06 BERE R . FE F25 IR PR A
I, ADDPSO-CI i 3R A5 (1 - ¥ 45 5 6.55x10°, o fig
FIEG T ADDPSO, i F B IR & 01 1A AL R W AE 32 T+ U
Tl BE 0 A 2 A0y T LA SCEEE R L Bk E
ADDPSO-CI T 15-fif 1 Jit £ 30 5 2 F &, DTl 9543
UEAS SC T 46 H 04 1R A TR T 0 4 A 3R s 1) A RibE 5 o
Bk

25 LTI T A S 50 AN AN S b A5 2 BB B ) il ST
TR, 4B 78 ADDPSO JZ R AL 2244 vp i B [ AR AL ATL i
BRT S , Z R AERRLH 5 2800 [ 35 0 5wt ] 25
SER T A RO LR . A ST R R
WS 558 51 AME S BP0 3l , 3 0GBk A A A
i) b i) 42 JR ISR RE ) S e
4.5 KEEBEILES R

kAT VEAR BT 3R ) A 35 2 R PR DR SR T RO
L5575 (ADDPSO) 76 /3 4 52 2% () 3 1 iy stk e 5 &
Bedk, #5085 7 f 3R MH % (PSO. CLPSO.,



o112 M

s R FOE N RPN R T R R 4679

R4 HFRLIE

sk | e ADDPSO ADDPSO- ADDPSO- ADDPSO-
& JA
CI PA AM
s mean | 9.45x 107 | 6.52x 107 | 4.68 x 10" | 3.48 x 10"
std 6.16 x 107 | 3.15x 107 | 5.95x 10° 1.23 x 10"
19 mean | 6.66x 10° | 1.16 x10* | 1.22x10* | 2.55x 10*
std 928 x 10> | 4.83x10% | 827 x10*> | 2.42x10°
20 mean | 1.13x10* | 1.70x 10* | 6.15x 10* | 2.30 X 10°
std 2.09 x10° | 1.58x10° | 2.01 x 10* 1.26 x 10*
- mean | 247 x10° | 2.45x10° | 3.13 x 10° 8.39 x 10°
std 3.61 x10° | 1.52x 10! 1.43 x 10? 429 x 10°
- mean | 1.38x10* | 1.32x10* | 6.94 x 10* 1.27 x 10°
std 1.82x10° | 1.73x10° | 7.38 x 10° 3.32 x 10°
3 mean | 2.00 x 10* | 2.43x10* | 1.08 x 10° 1.77 x 10°
std 9.37 x 10* | 3.49 x 10? 1.18 x 10* 1.17 x 10*
24 mean | 3.78 X 10° | 4.03x 10° | 8.90x 10° | 2.76 x 10*
std 1.79 x 10> | 1.67 x 10> | 8.19x 10*> | 3.42 x 10°
s mean | 6.30x 10° | 6.55x10° | 8.76 x 10° 1.28 x 10*
std 5.06x 10" | 3.26x10* | 1.83x10° 2.90 x 10°
6 mean | 3.53x10° | 3.55x10° | 4.15x10° | 4.11x 10}
std 4.68x 10" | 1.07x10*> | 1.18 x 10> | 2.15x 10?
7 mean | 3.25x10° | 3.31 x10° | 570 x 10° | 1.44 x 10*
std 379 x 10" | 1.98 x10' | 6.70 x 10? 8.96 x 10*
128 mean | 9.42x 107 | 228 x10* | 3.72x 10" | 1.16 x 10"
std 6.44 x 10" | 9.54x 107 | 2.62x 10° 9.76 x 10"
29 mean | 3.52x10% | 1.37x10° | 3.75x 10" | 1.40 x 10"
std 2.33%x10% | 834x10% | 5.48 x 10° 1.33 x 10"

EAPSO. ESLPSO. LDPSO. MSCPSO. HCLPSO) 7&
CEC2017 M4 1Y 124 = 4k R 3 (TR A pREL F18
FIF19 K2 4 RELF20~F29) Fahsriats 30 a4 it
S50 RGP BRifE 2 R AR AR (best) , T DI
PR S WAL AE s . b, P8 S ARk iy iR
PERE T, de 0 A R IR G0 (P 1 B 0 7, o o 2 U A et 245
I BFRE I, BN R B R AR T 5

¢ 5 11, ADDPSO 7 K Z2 850 i ph %5 L 15 1 2%
PEF%F E A SR P S SR AR B RS e M . A 12
A3 PR £, ADDPSO £ 9 /> R L (F18 . F20 . F21 .
F22.F23 F24 F27 .F28 .F29) b4 U5 fedf i 41 5 fe
Do fie , HIHAR o 22 3530 4 515 BN, A2 A pR L F20
|, ADDPSO By ¥ME A 1.13x10*, A HL R AL 353 EAPSO
(2.47 x 10*) A B 46 T, 33 3R B HOAS (S e SH0KS B o
28 ) — UM W . AE F25 A1 F26 |, R4F HCLPSO
B EI(E IS, {5 ADDPSO 30 MY i 2 5 AR A bn o 22, 1A
MRS AR et Sk e

TEIR G KB F18 A1 F19 |, ADDPSO F # i b &
. XHF RIS, H k5] 9.45x107, K 2 EAPSO
(6.27x10")$& i = ANEit 9, U iZ Ak se A ok 21

ZHES S RSB WL WP . 7 F19 I,
ADDPSO 7£ f: L ff P8 br b HUAS i 4 25 2 (5.83x10%) , 5
UE T H A - i B 22 PR 5 R T & ML Oy T B A
M

TE T N 5 R W 52 45 BRB F20~F29 il TiZ 35 R
BOEA IR AN BV | 2 WV SAR LA SRR A A
B4 R B 4 T = 2Kk L ADDPSO 7 102 A
PR 8 1N (F20~F24  F27~F29) I HUA5 5 /NAH .
PLF22 Sk f5i] , ADDPSO #4{H >~ 1.38x10%, # t& CLPSO
(6.46x10*) A B & BEAIK, A o 22 4 1.82x10° K T HiAth
F B k. 7E F28 |-, ADDPSO 1 ik 9.42x107, ¢
HCLPSO(1.80x10") $2& 7+ U~ 45 2 9% , IF: [l i 3R A5 e ft
fift (2.71x107) , 3843k B HAE 2 4k 52 2 PR v 1k 2 )=y 3
WA AERF R IR R I RE 1 B W e

25 L ik, ADDPSO i#@ it 51 A [ 3 AR SR Sl L
il , FEFRRE IR AL i A P SE R R 5 I R 1 Bh A, A
BGR fAE 4E PSO B L S8 84 9 2R T ) B — A5 7]
L SRR R A A B A B AR AR A
(R , 2R IS SIORS B 55 4 Bk D7 TE 4 08 T A 23 PSO
[ Gii N RGN
4.6 WSS AT

Ry 2L B UE SR SO BE , A SCHE FirdE ADDPSO
Bk SRR T REDC AL (PSO) B 1k K 6 i L8 PSO 75
P B A R SO AT 0 L2 B, 45 SR A 1 R
TEE 1 rh B AR FR AR R B AR UCE, v TN 0 31 B KA
DB (1,,=1 000). HhALFRAIARFRAE N BE(E, >R F X £ )
B (log o) 27K , JB 7R 580 76 36 AR 2 8 v ol o7 B 1Y
4.

I 1 AT LA HY, ADDPSO 78 485 K 228503 ek 8 1
oy R B0 RO A M S B S B 2R RS R R
Gk fd AL B . FEEAR B, HIE T Logistic IR
Tl R 5 3850 o A TR A 0 R Ui L SR s A SR T
LRI I 0 AR Y S0Pk 5 2 s e, 45 A RS s | 10 2
UACIR R ML, BEA% T 67 1 7 1 g ot A X0 . 7
AR I KT 22 P SR %) KUK 3 2 B0 1 ML
5200 B Im 0 AR SRR, B R R SRR
IR AR R SO 4

JUETEWN F25 F1F26 5552 & o4 L, ADDPSO 57
A3 SeE S (40 EAPSO F1HCLPSO) By P fE 22 BE If A
RS E LR M T R —E e
J1. BRI, FE RN R 4 L 2208 SR e G IR A F R A bR
BOMRAE (F18, F20~F24, F27~F29) B, ADDPSO (141 3
JeRgEH . LLF20 R, % sRBCELA 1= B 2 44 1 R iR
53 A S /N AT B 25 5 W B i 2 R AR R AR
T T %2 V-5 e 7 48t A i 25K . 28O LB R AR AR
FR S [ AR R BRI , T ADDPSO A A8 H: 22 e M8



4680 A O S 2025 4F:
x5 IBITHERIEE
PRI i ADDPSO PSO CLPSO EAPSO ESLPSO LDPSO MSCPSO HCLPSO
mean 9.45 x 107 3.67 x 10" 2.35x 10" 6.27 x 10" 2.93 x 10" 6.64 x 10" 2.92 x 10" 3.34 x 10"
F18 std 6.16 x 10" 478 x 10" 1.00 x 10" 5.78 x 10" 9.19 x 10" 7.35 x 10° 2.10 x 10" 2.77 x 10"
best 1.96 x 107 1.60 x 10" 1.11 x 10" 1.77 x 10" 1.70 x 10'® 5.69 x 10" 6.91 x 10" 1.42 x 10"
mean 6.66 x 10° 1.79 x 10* 2.10x 10* 6.86 x 10° 4.77 x 10* 1.12 x 10* 2.58 x 10* 6.13 x 10°
F19 std 9.28 x 10* 1.44 x 10° 2.97 x 10° 1.39 x 10° 3.69 x 10° 1.85 x 10° 5.37 % 10° 2.18 x 107
best 5.83 x 10° 1.59 x 10* 1.68 x 10* 491 x10° 4.25x10* 8.63 x 10° 2.12 % 10* 5.88 x 10°
mean 1.13 x 10* 7.13 x 10* 2.34x10° 2.47 % 10* 2.78 x 10° 1.61 x 10° 295 % 10° 5.10 x 10*
F20 std 2.09 x 10° 2.29 x 10* 1.17 x 10* 6.82 x 10° 6.67 x 10? 9.82 x 10° 5.37 x 10* 5.39x 10°
best 8.43 x 10° 4.89 x 10* 2.24 X 10° 1.51 x 10* 2.77 x 10° 1.48 x 10° 2.52 % 10° 4.64 x 10*
mean 247 x 10° 5.85x 10° 8.78 x 10° 2.78 x 10° 3.12 % 10* 3.50 x 10° 3.59 x 10° 2.84 x 10°
F21 std 3.61 x 10° 1.16 x 10° 5.44 x 10° 4.92 x 10! 0.00 x 10° 1.72 x 10? 3.58 x 10? 1.22 x 10!
best 247 x 10° 4.99 x 10° 3.98 x 10° 2.74 x 10° 3.12 x 10* 3.37 x 10° 331 x10° 2.83 x 10°
mean 1.38 x 10* 5.44 x 10* 6.46 x 10* 2.21 x 10* 1.33 x 10° 1.21 x 10° 1.63 x 10° 4.00 x 10*
F22 std 1.82 x 10° 1.77 x 10* 2.57 x 10° 1.16 X 10° 1.15%x 1073 2.66 x 10° 1.59 x 10* 2.02 x 10°
best 1.24 x 10* 3.00 x 10* 6.22 x 10* 2.09 x 10* 1.33x 10° 1.18 x 10° 1.40 x 10° 3.72 x 10*
mean 2.00 x 10* 7.92 x 10* 7.57 x 10* 3.31x10* 1.94 x 10° 1.55 x 10° 1.54 x 10° 4.53 x10*
F23 std 9.37 x 10? 1.14 x 10* 2.70 x 10° 4.23x 10° 0.00 x 10° 2.27 x 10° 5.58 x 10* 8.59 x 107
best 1.88 x 10 6.71 x 10* 7.30 x 10* 2.73 x 10* 1.94 x 10° 1.53 x 10° 7.59 x 10 4.41x10*
mean 3.78 x 10° 8.72 x 10° 2.63 x 10* 3.93x 10° 5.39 x 10* 1.73 x 10* 1.83 x 10* 4.63 x 10°
F24 std 1.79 x 10* 8.31 x 107 9.84 x 107 1.65 x 10? 2.63 x 10° 4.52x10° 1.49 x 10° 1.99 x 10°
best 3.62 x 10° 7.55 % 10° 2.51%x10* 3.76 x 10° 5.17 x 10 1.40 x 10* 1.68 x 10* 4.44 x 10°
mean 6.30 x 10° 3.74 x 10* 6.90 x 10° 6.87 x 10° 3.94 x 10° 1.69 x 10* 3.14 x 10* 6.12 x 10°
F25 std 5.06 x 10! 4.19 x 10° 1.00 x 10! 6.43 x 10? 2.66 x 10* 5.32x10° 1.18 x 10* 6.97 x 10!
best 6.23 X 10° 3.26 x 10* 6.88 x 10° 6.23 X 10° 3.57 x 10° 1.07 x 10* 1.48 x 10* 6.02 x 10°
mean 3.53 x 10° 5.71%x10° 4.00 x 10° 3.49 x 10° 1.34 x 10* 434 % 10° 4.21 % 10° 343 x 10°
F26 std 4.68 x 10! 6.18 x 10* 8.89 x 10! 7.66 x 10! 1.78 x 10° 3.48 x 10? 9.12 x 10! 4.98 x 10!
best 3.47 x 10° 4.86 x 10° 3.90 x 10° 3.40 x 10° 1.10 x 10* 3.85 % 10° 4.10 x 10° 3.36 x 10°
mean 3.25 x 10° 7.68 x 10° 7.53 x 10° 4.26 x 10° 3.60 x 10* 9.65 x 10° 8.89 x 10° 5.17 x 10°
F27 std 3.79 x 10! 7.01 x 10? 2.16 x 107 4.69 x 10? 2.11 x 10° 7.39 x 10? 1.81 x 10? 1.85 x 10?
best 3.21 x 10° 6.79 x 10° 7.23 x 10° 3.63 x 10° 3.32x 10° 8.68 x 10° 8.70 x 10° 5.00 x 10°
mean 9.42 x 107 2.07 x 10" 6.59 x 10" 1.39 x 10° 4.99 x 10" 4.14 x 10" 6.98 x 10™ 1.80 x 10"
F28 std 6.44 x 107 2.78 x 10" 3.00 x 10" 7.81 x 10 292 x 10" 5.17 x 10" 9.73 x 10" 1.40 x 10"
best 2.71 x 107 1.21 x 10" 2.62 % 10" 3.89 x 10* 1.18 x 10 3.70 x 10" 9.38 x 10" 5.34 x 10°
mean 3.52 x 10* 9.37 % 10" 231 % 10" 5.08 x 10" 1.60 x 10 2.62x 10" 1.47 x 10" 3.34 x 10"
F29 std 2.33 x 108 1.96 x 10" 1.01 x 10" 3.42 x 10" 1.17 x 10" 1.04 x 10" 1.68 x 10" 1.92 x 10"
best 1.45 x 108 7.57 x 10'° 9.73 x 10'? 5.77 x 10° 7.42 x 109 1.77 x 10" 2.41 % 10" 1.21 x 10

AIREALR KL 2 3R A S AE A 5 s A A, &
IR 1) b 25 R AN (L R ) RIS S e

Zi BTk , ADDPSO I\ AR i i (S8 aE I 45
FAbAR 828 B 2 3R W B 3 55 242 T R S84 PSO
FEAEIR) (S HE AL 48R 5 ] B — RO i 8.
S 25 R IR 4R A A Ak ) B
R 8 R AP B R T g PSR A R T R A T &
i PSO 814 .

4.7 BEFEUESH

W SR PR B 8 T B (LA O RE D , T RR A 2 A
SE A TR RIE TR BE I BB AR , EDULS
SIRAE R R IR E G R I R Z I P BPRES . By
ZRE RRE R TR S W R A 2 A B TIRE R
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