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Particle Swarm Optimization with Weight Increasing
LIU Jiamhua! ZHANG Yong-huit ZHOU Li* HE Wen-wu’

(Schootl of Information Science and Engineering, Fujian University of Technology, Fuzhou 350108, China)!
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Abstract Particle swarm optimization (PSO) is an intelligent algorithm which simulates the social behavior of bird
swarm or fish group and has been applied widely in all kinds of fields on optimization computation. The inertia weight of
PSO has employed the policy of decreasing progressively with iteration, but the variable value of inertia weight is decid~
ed in term of the experiment and rarely analyzed with theory. This paper analyzed the inertia weight of PSO with the
theoretical modal. And then a kind of PSO modal with inertia weight increasing progressively with iteration was provid-
ed. The benchmark functions were used to conduct the experiment. The test results show that PSO with weight increas-
ing is superior to the traditional PSO with weight decreasing and can match with standard PSO.

Keywords Particle swarm optimization, Progressive weight increase,Swarm intelligence, Evolutionary computation
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S T WA SCHR B A A B i 1 PSO 85 GLA : PSOIn-
DR XBEFESRNERBNLRELX PSOBEEGE
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HTHEMNEREY PSOBEENER, XERBH
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BT 5 NMEEREB 15 20 oo foo /) 9N BRI S
f7 vfs ’fg ’flo 9f11 9f12 ’f13 ’f14)o % 1 Fﬂtﬂﬁ%@ﬁﬁﬁ %
R HEMRAE. BEERE—BAN o, —BBEI T IR
BE. XEERGBMRAENT SRR R AR
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SEHIPM B . KT SR v &% Cak[14 ],

#1 WiREH

No. E & %@
fi  Shifted Sphere Function [~100,100]P
f,  Shifted Schwefel’s Problem 1. 2 [~100,100]P

Shifted Rotated High Conditioned Ellip-
tic Function

R
— 450
— 450

f3 [~100,100]P — 450

Shifted Schwefel” s Problem 1. 2 with
Noise in Fitness

Schwefel” s Problem 2. 6 with Global
Optimum on Bounds

fs  Shifted Rosenbrock’s Function
Shifted Rotated Griewank’ s Function

iy [~100,100]0 — 450

f5 [~100,100]0 — 310

[~—100,100]P 390

f; D _
T without Bounds [0,600] 180
Shifted Rotated Ackley’s Function with
{; —32, D — 140
& Global Optimum on Bounds [—32,32]

fy  Shifted Rastrigin’s Function [—5,5]P — 330
fio  Shifted Rotated Rastrigin’s Function [—5,5]P — 330
f11 Shifted Rotated Weierstrass Function [~0.5,0.5]P 90

fi2  Schwefel’s Problem 2. 13 [—=,x]P — 460
fis Expanded Extended Griewank’ s plus [—3,1]P 130

Rosenbrock’s Function (F8F2)
fis  Shifted Rotated Expanded Scaffer’s F6  [—100,100]P  —300
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B, M AR IS5 B [15], L8R A matlabl2b
EEE, I window? FHATEMR.

48 PSO R FAE SCERL 782 H B M 0. 9 B 0. 4 3B B AL
&, AR AR E S PSO BEEAIR FHE/MUEDE
KA E B, HR/IMESR AN ENEE S LR R
. RIWRSEMSR D  NEBER 0<<w<l; LPRITE,
BRI S 508 T BUE T SGE R Z A, i M A B 7
WERSTEEZH. FFUERENERER PSO BE%ENE
ML 20 4 388, FREARSTHRE RN PSO B ERNE
M —0. 2—>0. 2 1Y, FAL R MR LSk i (A P B S B

AL 1 A PSO BEEX W E e BT,
FERER/MEM —0. 2 24 F] —0. 1, fiE KM 0. 1 254k
0. 2, KK 0. 01, FREH 43X T E. FLRIFEA
R (fs» AOTE 0 HETET 25 KOIUTBHERESE
HEBMENMZEE (D — &), (ORERERETH
BARMED FIMH. R NE 2 Mk 3. WAL 2 ML 3 Wit
SR ENE BB BN EER, B/MEN—0. 14, —0.
15 & —0. 16 tBe W, M B KM 0. 15,0. 16 & 0. 17 847,
RIEXATBER, A SCRANEMM —0. 15 3 0. 16 #1381
254k, Bl B/ ME A —O0. 15, TR AAE K 0. 16

Fe 7E 10 fEzsiEB MR PSO BRTHE REK fs 1817 25 I EM A R E AR

—0.20 —0.19 —0.18 —0. 17 —0.16 —0. 15 —0.14 —0.13 —0,12 —0.11 —0.10
0.10 93. 20 141, 09 165, 27 323,48 199. 81 380, 37 341, 60 209. 73 249, 60 215. 04 141, 66
0.11 357,84 133. 28 215,51 334,98 272. 44 391,93 176, 38 330. 57 238,12 182. 28 74. 24
0.12 294, 62 229. 38 116. 44 330. 65 214,63 376. 32 237.82 92. 94 199, 27 126. 96 99, 66
0.13 149, 48 115.17 227.57 361. 06 82. 90 82.63 147, 43 136, 74 256. 87 169,18 90, 38
0. 14 138, 87 148,75 215, 35 138. 92 151. 27 175. 06 162. 75 41.93 202. 96 123. 33 330, 43
0.15 236,75 218. 32 145, 06 167, 53 73.615 68.7 87.53 47,41 168, 15 322.55 157, 54
0.16 172. 60 164.17 314, 38 274,48 174. 39 71. 66 53.78 66. 81 305. 22 190. 14 174, 36
0.17 237.18 306. 18 125,91 205. 04 165, 67 98.10 95,22 192. 05 260. 89 172, 54 332. 44
0.18 118. 04 317.56 188, 03 131, 93 163. 76 240.51 203.13 105. 86 213. 47 162, 01 90. 49
0.19 307. 47 153. 44 254,02 145, 96 172.34-  132.42 188. 08 161, 22 207. 49 281,75 120.75
0. 20 286, 45 204. 99 111, 87 148, 37 107. 92 122, 50 254,11 109. 64 107,77 122, 49 290, 27

F 3 fE 10 =M A PSO B THE B 1121817 25 RAE N A RN EELE R

—0.20 —0.19 —0.18 —0.17 —0.16 —0.15 -0, 14 —0.13 —0.12 —0.11 —0.10
0.10 4. 2130 4. 6410 4, 5624 4. 6811 4. 3593 4. 9983 5. 5034 3. 8559 4. 5378 4, 9060 4, 0025
0.11 4, 0049 4, 5098 4, 0407 4,0038 3. 8862 5. 0820 3.9683 3.7932 4, 5142 5. 4488 3.7467
0.12 4.1383 4, 7174 4, 4930 4. 4185 3.5478 3. 9587 3. 5950 4. 1755 5. 3159 4. 4091 4, 4234
0.13 4.1774 4. 1646 4. 3539 3.7471 4. 0958 3. 8353 3. 6235 3. 5624 3.7630 4. 8272 4. 3785
0.14 4,1780 4, 3869 3.7662 4.1732 3.7344 3. 5562 3. 9504 3. 9890 4.1721 3. 9941 4, 2317
0.15 3. 8646 4.1203 3. 8933 3. 7606 3.9414 3. 7146 3. 4354 3. 8864 3. 6916 3.9972 4, 2181
0.16 4. 2004 4. 2468 4, 1370 4, 3631 3.6301 3.3239 3. 3786 3.5199 3. 8866 4. 2943 4,1852
0.17 3.9187 4, 3373 4, 3569 3.6075 3.6173 3.5419 3. 6046 3.9518 4. 2054 4. 0158 4. 0357
0.18 4,1651 3. 8022 3.9162 4. 0392 4. 0023 3. 6862 3. 7064 4. 6249 3.9768 3.6197 3. 8162
0.19 4. 4937 4, 0933 4, 2055 4, 4702 4. 0556 4,1138 4, 5978 4. 4917 4, 4903 4, 3622 4. 3488
0. 20 4, 1586 3. 8918 4. 2992 3. 8664 3. 8704 4, 4997 4, 1690 4,1735 4, 4019 3. 9942 4. 2388
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Lwxf 14 MEEERKBNE— N BECEEFT 25 KE, TR
HEPHESEETERENEE (@O — (%), f(x*)E
EERREENERNE PHEMEFERMRPRITE. &
ANE BB 10 45 F0 30 ARMHE R TEAT. 7 10 455
T, BANEEEGIIETTR R HE AL IR B 1000,10000 F
10000; Wi £E 30 4EHE BT » BAHIE B UGB TR R BE I K
#4 10000100000 F1 300000,

R 4R M4 AEMEREUE 10 =BT 5 KEHY
HEMEREH2EE S ZMRRE, TR B3N
1000,10000 F1 100000 ¥k, & 5 & 14 EHE BB 30 25
[EiE1T 25 WK% B S HEARAER FH2E b 2 MEk
18, VRN R BCAB125 1000, 100000 F1 300000 1K,

BIEFE 4, NEBHEY PSO B BAEF TREREA
PSO & ¥:. 7 10 Ry |, MBIk ECh 1000 B, 338
BA PSO B LR 8 MRESN, HEMRHES TR RE
9 PSO B8k 7E MR ECH 10000 F1 100000 B, B4R 4 4K
5 B R T2 EAIE B AR R, B v R RR

¢ 62 o

EET T RBER, 3 AR OBR MRS A2 TR,
TP HMRA BB R BT RE., RHMER AL L0 f
R fs RCRARAMRE . 5 B 30 425 [ R Ay
HUR , SIPM A 10000 B, 38 348 R AR T 7 38 WA A,
TAVES RHCH 100000 1 300000 ¥R, B T LA™ 6 250R S
ETFRRERIS , H B R0 AR B T 2B B 1
B LA BB R B IRR . SR PSO B BAT 53
47 PSO B FE M I G S BOR B B UM R B P T
FifE PSO B0k , 2MBEE VR M AN, 4630 10 462513 30
YR, HobE B S WA TARME PSO Bk, '

B 3—E 16 R T 14 AMEEME BB 30 4% ] IR Mh ik
$08 100000 Y BB 50 AMRETF, JEBFT 2000 18) B 45 B e i
SRR Ry X R R (B, MR R R T B
Bk HOBCR, BB Y PSO X K384 09 B B
A 1T FROR AR PSO AL, R LA B
ST T M PSO A, T 555% PSO BH:AR H Mtk B8
SREHL.



F47E 10 G MBHRREUETT 25 KWHE FEENRFENEITER

FES No. PSO SPSO PSOIncr No. PSO SPSO PSOlIner
Mean 3,32169e4-003 1, 44173e+003 4, 64890e+001 2.06546e+001  2,07319e-+001 2. 07249e-+001
Std f 1.44724e4003  4.74900e+002 5, 23449e+ 001 fs 1.55495e—001  1,17860e—001 1, 21100e—001
Best 5.17050e4-002  6.85233e+4-002 2, 26927e+ 000 2.02769e+001  2,04621e+001 2. 03794e+001
Mean 1.21264e+4004 4. 90779e+003  1.21099e+003 5.17435e+001 6, 66501e+001  3.62241e+001
Std fa 4, 25339e+003 2, 40834e-+003  6.80362¢+002 fy 1.27111e4-001  8.13338e1-000  1.00049¢+ 001
Best 4, 90087e-+003 1, 46840e+003 2. 10278e+002 2.89063e+-001 5, 04306e+001  1.44348e+001
Mean 4. 38178e+007  1.56564e+007  3.81703e+006 7.99871e+001 7, 88808e+001  5.30912e+001
Std f3 3.11474e+-007 1, 15193e-+007  2.74724e+006 fio  1.67662e+-001 1. 13705e+001  1.40562e+001
Best 6.85224e+006  1.48143e4-006  3.57034e+005 4,40713e+-001 5. 49095e+-001  2,79219e+001
Mean 1. 38614e+004 6. 28269e+003  3.03673e+003 9. 00448e+000 9. 43028e--000  8.92706e+ 000
le+3 Std fa 6.63180e+003 2, 52400e+003  1,52323e+003 fi1  1.28687e+000  8.29105e—001 1, 09274e+000
Best 3.39549e4-003  3.17476e1-003  3.92916e+ 002 5.55298e4-000  7.41120e4-000 6. 73755e+ 000
Mean 1.09054e+004  2.59667e+003  2.91042e+ 003 3.67109e+-004 2, 25458e+-004  7.83531e+003
Std fs 2. 62222e+003 1. 193961003 1. 64785e+ 003 f1z 1, 78702e+-004 8. 53018e+003 1. 47795e+ 004
Best 5.89525e+003  7.04522e+002 8. 44740e+ 002 1.18013e+004  6.17203e--003 7. 13019e+001
Mean 3.10368e+008  2.45129e+007  5,78427e+ 004 7.80544e4-000 5. 04655e+-000  3.79969e+ 000
Std {5 3,08828e+008  1.75679e+007  7.54043e+004 fi3  3.05791e1+000 5. 64936e—001  1.05784e+000
Best 2.11168e+-006  3.71757e+006  7.04511e+002 3.75601e+000 3. 72060e-+000 1. 02453¢+ 000
Mean 1.39721e+003 1, 26726e+003  1.31394e+003 4,04477e+000  4.17584e+000  3.99422e+ 000
Std f7 1.17592¢4-002 1. 11337e—001 6. 40996e+ 001 5 2.78604e—001 1. 24923e—001  1.97890e—001
Best 1. 26785e+003 1, 26723e+003  1.26706e+ 003 M 3 28037e+000  3.87165¢+000  3.50271e+000
Mean 2.08911e+002  5.40211e—003 4. 16432e—009 2. 04939e+001 2. 03722e-001 2. 04980e-+001
Std f1 3,74706e4-002  4.10998e—003 1. 12261e—008 is 1.05123e—001 8. 02741e—002 1. 54509e--001
Best 5.65075e—005 2. 64259e—004  1.81899¢—012 2.02552e+001  2,02060e+001 2, 00911e+001
Mean 1.30091e+-002 3. 68985e+001  1,21803e+000 8.35767e+000  1.14780e+001 7. 80582+ 000
Std fa 1. 30982e+002 2. 69538e+001  1.07919¢+000 fa 3. 27479e-+000 2. 98534e-+000  2.69126e+000
Best 1.93164e—001 7. 44086e+000 1. 17998e—002 2.75172e+000  6,01297e¢4000  2,99230e+ 000
Mean 3.00115¢+006  6,02057e¢4-005  6.53437e+005 2.04942e+001 1, 91263e+001  2.22162e+001
Std f3 6.57477e+006  3.91037e+005 3.61730e+005 fio  7.10782e+000 5. 87262e+000 1. 25050e+001
Best 1. 04099e+005  1.46400e+005 1. 13696e+ 005 8.40258e+000 9. 89936e+-000 4. 87049e+000
Mean 1.42384e+002 1. 50360e+002  2,05292e+001 3,96348e+000 5. 58078e-+000 5. 04295e-+000
let+4 Std fs 1,42442e+002  1.01926e+002  1.9684%¢+001 fn1 1.37680e+000 9, 21767e—001 1, 29802e-+-000
Best 1. 68170e+000 8, 09479e+000  1.79247e+ 000 1.21034e+000 3. 46687e+000 2, 17708e+000
Mean 7.76493e—005 4, 88749¢—003  1.30089e—001 3.65820e+003  6.54312e4-002 3, 79700e+003
Std {5 8.06349e—005  7.66164e—003  1.76988e—001 fiz2  5,64259e+003 7. 48974e+002  4.95912e+003
Best 8.55801e—006 9, 82516e-~005 1. 36606e— 009 1.08496e+001 3. 55868e+001 7. 18545e+000
Mean 7.74780e+006 9. 50675e+-001  6.97139¢-+001 1.70991e+000  9.97577e—001 1. 54588e+ 000
Std fs 1, 79804e+007  1.11108e+002  1.59732e+002 fi3  8.58752e—001  2.37739e—001  5,96607e—001
Best 4. 3979464000 1. 32603e+001  3.64786e—001 6.32417e—001  4.91576e—001  6.85748e—001
Mean 1. 26735¢+003  1.26721e+003  1.26705¢+003 3.50302e4-000  3.47444e4-000 3. 40437e+ 000
Std f7 2.53993e—001 4, 56755e—002  2.27359¢—008 fia  3.19986e—001  2.14309e—001  4.08105e—001
Best 1. 26723e+003 1. 26705e+-003  1.26705e+ 003 2.85002e+000 2, 88019e+000  2.48031e+000
Mean 4,13032e+-001 0. 00000e+000  4.54747e—015 2. 02938e+001 2.02627e+001  2.03189e-+001
Std f 5. 65568e+001 0. 00000e+-000  1,57392e—014 fs 6.94421e—002  6.72440e—002 7. 14857¢—002
Best 0. 00000e-+000 0. 00000e+000 0. 00000e-+ 000 2.01566e+001 2,01192e+001 2. 00975¢+-001
Mean 9.10537e+-001  4.16852e—014  6.59384e—014 5.26899e+-000  5.21789e4-000 1. 87052e+ 000
Std f2 7.93139e+001 3. 31563e—014 3. 14785¢—014 fg 5.92626e+000  2.61457e+000  7.77088e—001
Best 5.68434e—014 0. 00000e+000 0. 00000e-+ 000 0. 00000e-+000 9, 94959e—001 0. 00000e+ 000
Mean 1. 83585e+006  7.46342¢4-004  1.54662e+ 005 2.02922e-+001  1.19342¢4-001 1, 26514e+001
Std f3 3.51889e+006  5.32645e+004  1.15530e+005 fio  8.79848e+000  3.65538e+000  6.31309e+ 000
Best 9, 96846e+004 9. 50606e-+-003 4, 13897e+ 004 8.95463e+000 6, 96471e+000  3.97984e+000
Mean 2.90701e+002  3.45906e—006  2,26797e+ 000 3.49931e+000 4. 32363e+000 3. 56889e+000
let+5 Std fs 1, 46799e+002  1.48859e—005  1.13399%e+001 fu1 1.29509¢+000 1, 08021e+000  1.16431e-000
Best 5.63891e+-001  3.39185e—010  8,69704e—012 1.22304e+000 1,39111e+000  1.40420e+-000
Mean 0. 00000e+000 0. 00000e+000  1.23400e—010 1. 66136e+ 003 1.11779e+002 2. 56000e+003
Std fs 0. 00000e+000  0.00000e+000  4.18602e—010  fiz  3.31335e+003 2. 95680e+002 3. 67812e-+003
Best 0. 00000e+000 0. 00000e4-000 0. 00000e—+000 5,41956e—002 2. 06501e—002 1. 84613e--000
Mean 2.35081e+007  2.01382e+000  2.46135e+001 6.90303e~001  6.09965e—001 7. 96083e—001
Std fs 6.46658e+007  2.87824e+000  4,20677e+001 fiz  2.58602e—001 1, 52055e—001 4, 08367e-—001
Best 8.90593e+000 3. 34489e—003  1,94132e—002 3.6683%e—001  3.54147e~-001 3. 80897e~001
Mean 1.32061e4-003 1. 26723e1-003  1.26705e+ 003 2,83719e+000  3,02135e+000  2.76565e+000
Std f7 1.84228e+002  1.24514e—001  5.18907e—013 fi4  3.87662e—001  3.26014e—001  4.66739e—001
Best 1.26723e4-003 1. 26705e+-003 1. 26705e+ 003 1. 74585e+000  2.13465e-+000  1.84029e+ 000
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FES No. PSO SPSO PSQIncr No. PSO SPSO PSOlIner
Mean 4.98355e+003  1.98963e+002 5. 34280e+ 000 2.10895e+001  2.10101e4-001 2. 10682e+001
Std f1 3.93648e+003 6. 31508e+-001 5, 65236e+ 000 18 6.20321e—002  8.01338e—002  6.73100e—002
Best 6.39021e+002 9. 74439e+001  6.21580e—001 2.09720e+001  2.07798e+001  2.09142e+001
Mean 1.20179¢+004  1.62976e+004  9.18511e+003 1.51851e+002  1.35379e+002  8.33113e+001
Std fa 4,77066e+003  3.57612e4003  2.22819e+003 fo 2.52005e+001 1, 92836e+001  1.86810e+001
Best 6,40977e+003  1,07217e+004 4. 15375e+003 1.01153e+002 1. 00520e+002  4.89668e+ 001
Mean 5.97909e+007  3,99383e+007  2.73287e+007 2.50903e+002 2, 04541e+002  2.07759e+002
Std fs 2.73796e+007  1.04956e+-007  8.33413e+006 fio  2.09862e+001  2.27919e+-001  4.06657e+001
Best 1. 96856e+007 1. 01893e+007  1.30247e+007 2.15117e+002  1.57519e+002  1.42224e+002
Mean 2.07876e+004 2, 84372e1+004  1.76718e+004 3.12858e+001  3.09114e+001  2,97586e+001
let+4 Std fs 4.24848e+003  6.56060e+003  5.74941e+003 fu  3.55945e+000  2.15239e+000  2.90378e+ 000
Best 1.29491e+004 1. 63640e+004  6.97224e+003 2.48021e+001  2.75458e+001  2.55055e+001
Mean 8. 65650e+003 6. 25166e+003  6.66049e+ 003 1.15154e+005  1.08577e+005  6.71376e+004
Std f5 3.06770e+003  1.02627e+003  1.77452e+003 fiz  5.82942e+004  3.60097e+004  3.04705e+004
Best 1.39592e+003  3.81210e+003 3. 86507e+003 1. 65965e+004  4.63080e+004  3.06352e+004
Mean 6. 83765e+008  2.11047e-+006  1.30423e+004 2.01263e+001  1.07216e+001  1.00210e+001
Std fs 9.82399e+008  1.11223e+006  1.07657e+004  fiz  2.29771e+000  1.83736e+000  2.46971e+000
Best 6.34127¢+006 5. 84183e+005  1,76865¢+003 1. 65305e+001 5. 97308e+000 5, 77336e+ 000
Mean 4.79521e+003  4.69658e+003  4.69724e+003 1.35172e+001  1.33836e+001  1,33256e+ 001
Std f7 1,31326e+002  1.57566e+000  1.75879e+000 fi4  2.48143e—001 1.6468le—001  2.88264e—001
Best 4,69629e+003  4,69629e+003  4.69634e+003 1.29993e+001 1. 30844e+001  1.27715e+001
Mean 5.03297e+003 5, 68434e—014  1,53154e~004 2.09298e+001  2.09193e+001  2.09660e+001
Std fi 3.03181e+003  0.00000e+000 4. 18314e—004 {3 6.64300e—002  6.44776e~002  5.27812e—002
Best 6.07129e+002 5, 68434e—014  6.41194e—010 2.07949e+001  2,07742e+001  2.08467e+001
Mean 1.96347e+003  2.54377e+002  2.99441e+002 6.16224e+001  8.13724e+-001  4.66076e+001
Std f2 2.01172e+003 9. 34284e+001  2.56881e+002 f5 1.71755¢+001 1. 68406e+001 1. 15194e+001
Best 2.43535e+002 8, 90017e+001 9. 49609+ 001 2,76431e+001 5, 452661001  2.88538e+001
Mean 1. 54834e+007 6. 43300e+006  6.28145¢+ 006 1.34417¢+002 9. 77850e+001 1, 51357e+002
Std f3 9.17658e+006 2, 44953e+-006  3.20706e+006 fio  4,97047e+001 2, 00968e+001 4. 53854e-+-001
Best 4, 68044e+006  1.29791e+006  1.26064e+ 006 7.13564e+001  6,97065e+001  7.37419e+001
Mean 4.00006e+003 8, 32103e+003  2.80629-+003 2.23226e+001 2, 76867e+001 2, 52088e-+001
let+5 Std fs 3.98677e4+003  2.60171e+003  1.11333e+003 fi1  2.91847e+000  2.37191e+000 2. 74081e-+000
Best 1.06316e+003 2. 65577e-+003  7.00163e+ 002 1.76669¢+001 2. 23630e+001  1.97119e+001
Mean 8.26812e+003  4,03671e+003  4,00182e+003 7.11653e+004 2, 31141e+004  2.90461e+004
Std f5 2.16989¢+003  1.09741e+003  8.5068%e+002 fiz  6.44392e+004  1.41319e+004  1.41910e+004
Best 5.24738e+003  1,67555e+003  1.98746e+ 003 1.15463e+004 5, 37377e+002 9. 18983e+003
Mean 5.85082e+008 5, 61777e+001 3. 14410e+002 4,19409e+000 4, 30779e+000  3.72728e+000
Std fe 5.47286e+008  5.09707e+001  3.51614e+002 fiz  1.76370e+000  8.55066e—001  8.33247¢—001
Best 3.17191e+007 3, 69320e+000  5.61478e+000 1. 89062e+000 2, 84523e+000  2.21216e+000
Mean 4.81549e+003  4.69752e+003  4.6962%+003 1.27317e+001 1. 26418e+-001 1, 28308e-001
Std f7 1. 354714002 5.37612e+000  2.42769e—012 fi4  3.60124e—001 2. 86245¢—001 3. 54577e—001
Best 4.69629e+003 4, 69629e+003  4.69629¢+003 1. 16439¢+001 1. 17959e+001  1.17271e+001
Mean 3.26394e+003 5, 68434e—014 3, 86209e—~009 2.09111e+001  2.08954e+001 2. 09328e--001
Std f1 1. 54532e+003  0.00000e-+-000  1.51146e—008 13 5.86618e—002  5.83142e—002 5. 36313e—002
Best 6.79230e+002 5, 68434e—014  5.68434e—014 2.07410e+001  2.07997e+001 2. 07620e+001
Mean 2.50007e+003  9.16847e—002  4.82456e+001 6.04269e+001  7.36202e+-001  4.63317e+001
Std f2 2.38445e+003  5.59774e—002  1.05699e+002 1o 1.98466e+001  1.60303e+001  1.25820e+ 001
Best 2.74046e+002  2.05889e—002  3.75959¢—001 3.52026e+001 4, 43526e+001 1, 89042¢+001
Mean 2,26380e+007  2.73654e+006 3. 12054e+ 006 1.27756e+002  8.77582e+001 1, 30126e1-002
Std f3 2.50423e+007  1.70620e+-006  1.24667e+006 fio  2.85435e+001 1.30657¢+001  5.56891e+001
Best 5.57688e+006  1.23519e+006  1.51001e+006 7.27676e+001 6. 66820e+001 4, 46771e+001
Mean 2.92579e+003  2.82301e+003  7.19188e+002 2.07348e+001 2, 61465e+001 2. 39575e+001
3e+5 Std fs 2.79145e+003  8.36743e--002  3.81057e+002 fun  3,58800e+000  3.26704e+000 2. 98696e+000
Best 5.02410e+002 1. 33677e+003  1,63892e+002 1.44917e+001  2,11965e+001 1, 86127e+-001
Mean 7.61173e+003 3, 75562e+003  3.60649e+003 7.35230e+004  1.45138e+004  1.95793e+004
Std f5 1.99169e4+003 9. 95512e+-002  1.02481e+003 fiz  3.74951e+-004  6.92272e+-003 1. 11956e+004
Best 3.29871e+003  2,26279e1+003  2.27419e+003 1.47947e+004 5, 60166e+003 7. 84640e+ 002
Mean 6.97906e+-008 3, 06231e+001  7.87078e+001 3.23641e+000  4.47266e+000  2.83982¢+000
Std fs 1,05009e+009  3.87801e+-001  6.58561e+001 fi3  2.13593e+000  6.92963e—001  7.82875e—001
Best 4,10872e-+007  3.47640e—002  3.50280e-+ 000 1. 84510e+000 2. 71106e+000  1.54405e+ 000
Mean 4,85854e+003 4, 69629¢+-003  4.6962%¢+ 003 1.23318e+001  1.21451e+001 1, 25458e+001
Std fr 1.61513e4-002  3,03165e—013  2.87008e—012 fi4  4.30478¢—001 3. 86448e—001  3.02936e—001
Best 4,69629e+003 4. 69629¢+003  4.69629¢+003 1.12582¢+001 1. 13661e-+001 1, 20758e+001
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