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Archimedes Optimization Algorithm Based on Adaptive Feedback Adjustment Factor

CHEN Jun.,HE Qing and LI Shou-yu

College of Big Data &. Information Engineering,Guizhou University, Guiyang 550025, China

Abstract Aiming at the problem of slow convergence speed of basic Archimedes optimization algorithm and is easy to fall into lo-
cal optimum, this paper proposes an Archimedes optimization algorithm based on adaptive feedback adjustment factor. Firstly,ini-
tializing the population through the good point set to enhance the ergodicity of the initial population and improve the quality of
the initial solution. Secondly.an adaptive feedback adjustment factor is proposed to balance the global exploration and local deve-
lopment capabilities of the algorithm. Finally, the Levy rotation transformation strategy is proposed, to increase the diversity of
the population and prevent the algorithm from falling into a local optimum. Comparative experiments of the proposed algorithm
and mainstream algorithms are carried on 14 benchmark functions and some CEC2014 functions for 30 times. The optimization re-
sults of the algorithm on the function show that the average optimization accuracy,standard deviation and convergence curve of
the proposed algorithm are better than that of the comparison algorithm. At the same time, Wilcoxon rank sum test is performed
on 14 benchmark functions between the proposed algorithm and comparison algorithms. The test results show that the proposed
algorithm is significantly different from comparison algorithms. It will be applied to the design of welded beams, which is 2%
higher than the original algorithm.,which verifies the effectiveness of the proposed algorithm.

Keywords Archimedes optimization algorithm, Good point set, Adaptive feedback adjustment factor, Rotation transformation

strategy, Levy fight
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25 WBE o 3 PR BRCTE 30dim 51T LA B P A 1] 4 3
B AT S L S A ST S 4T 30 M,%%%Y’éyﬂ'ﬁt%’ﬁ
B S 289 8 R b o 22, SRR 45 SR 0 36 3 BT A
T H SR FH T 20 ke B i Bk 1 SR RE L R o 25 I
SkmARE . AR 3 T R (i I I R AR L TAOA 1
WCSAORS B2 A H A S U R F R Fy L Fy L Fs L F s
IAOA ¥IREE B RMEE. X F R F, . F,,F, . IAOA BRI
A IS g O L AR W SIORS B T L B v, B U 25 e
AN, FEZ W HMRE b, AR 3 AT LA . TAOA AH bk HoAth 5
DAL R TR TR . JLH X F R F BRI
AIE B L L AR R U SORS B 4R = 3 107, FE AR HE 25 1 )
W TAOA MdRtE 22 /N R TR 2 ., &G
Fi ®l Fiy 1 TAOA YW SIORE B2 5 HA B s 45 RAE AR IE . M
ik 1 F L TAOA 7E 2 A bR B L0738 00K B I i » FL bR o

B3 Za/N R TR E .
23 FEAME D bR B I 2
Table 3 Test results of benchmark test function
AOA GNS-AOA AF-AOA LR-AOA IAOA
Mean Std Mean Std Mean Std Mean Std Mean Std
Fio 1.40x10 70 0.00x107% 4,80 107 2% 0.00%x107% 0.00x107% 0.00x107% 2.84x10 2*' 0.00x107%° 0.00x 107 0.00x 10*%
Fy 1.24x107% 3.92%x107 % 3.53x10 %% 1.12x10 "' 1.58x10 ' 0.00x10"% 2.23x10 %" 7.00x10 '** 2.10%1072%° 0.00x 1090
Fy  1.18x10 0 3.72x 107 11 2,00 10 "% 6.33x 101" 0.00x107%° 0.00x107°° 7.90x 10" " 0.00x107% 0.00%x10%% 0.00x 10"
Fi 2.05%107% 6.48x107% 6.59%x10 % 2.08X107 % 5.07x10 %7 0.00x107° 2.46x10 ' 7.10x10 %" 2.48x107%% 0.00x 10"
Fs  1.14x107 7% 0.00x107% 76710177 0.00x107% 0.00x107% 0.00x10"% 4.40x10 **" 0.00x107°° 0.00x 107 0.00x 10"
Fg  2.83%x10 1% 8.95x10 1 7.65x10" % 2.42x10 %2 1.73x10 37 0.00x107% 9.48%x10 2% 0.00x107%° 0.00x 107 0.00% 109
Fr o 4.06%10 % 2.43%x10° % 3.51x10° % 2.37x10 % 9.56x10 ° 6.15X10 % 9.89%x10 % 1.19x10 ° 8.59x107% 5 44x107%
Fg 1.99x10 %" 6.29%10 %0 1.69x10° %" 5.34x10 % 1.20x10 %7 0.00x10"% 2.30x10 ' 7.60x10 % 9.05%1072°" 2.84x 100
Fy  —3.85%107% 5.20x107%% —3.53x107% 2.61x107°% —4.35x107% 3.71x107°% —8.97x107% 1.90x107% —8.57x107% 1.65x 10"
Fio 8.17x10 %0 3.69x10 °" 7.56Xx10 °0 1.08x10 °' 5.79x10 °' 4.83x10 °' 6.20x10 ®° 8.08Xx10 % 5.15%107% 6.63x107%
Fiio 1.24x10° % 1.12x10° 7% 1.24x10 1% 1.12x10° % 8.88%10 0 0.00x107° 3.73x10 " 1.50x10 '° 8.88x%107'® 0.00x 107
Fiz 0.00%107% 0.00x107% 0.00x107% 0.00x107° 0.00x107% 0.00x107% 0.00x107% 0.00x107°° 0.00%107% 0.00x 10"
Fis 0.00x107° 0.00x107% 0.00x107% 0.00x107%° 0.00x107% 0.00x107°° 0.00x107°% 0.00x107° 0.00%10%% 0.00x 107
Fiy 0.00x107% 0.00x107%° 0.00x107% 0.00x107% 0.00x107°° 0.00x10"% 0.00x107°° 0.00x107% 0.00x107% 0.00x 10%%
KRR, N A B 38 W65 1 B i Bl 3R K A AR b 5 e R B T H A B A e g . H Tl S 2 e % AR e
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Fig.3 Average convergence curve of benchmark function
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R BORTEM BN 2 RERE . NE 3T EE
L TG S B 1 bR BGA I 2 06 R 5L TAOA YISl il 28 F 1%

e, I HLH e8Il 2 3470 Al 383k 0 R DL X B S Y
TAOA A5 5P g Wie S0 B LA R O (I B3OS . L 1Ak

Ui 3Ca) — A 3Cc) Sy B0 (i R 5000 iC B4 i 28 L I TR v T LU
B AF-AOA B 5 = 1 W SIORS B DL R B 1 i 8ok
XA TR A5 S0 B IE SR T R TSR
SRV T K e 1, A58 A5 5k R i o 3k AR K O, R SR 4T )R
I K. B 3(d) — &l 3(D) Sy Z W ok B A WL St £k L DA BT e mp
. AF-AOA Fl LR-AOA f-F i St & ¥ 40 T AOA Wtk
M2 9 R I, BT R a8, SRR B R L {145 TAOA 75 4H
Ivi) 1) 32 AR U B0 LA BRI A SIOTE B L B e 1 A SSORS
H A e PSO DL K& BOA 83 AOA 3L R T H R 1
FLRE S, X525 T AOA FRkAR e BT b i 0 vk

23 LUK 3 (05 B 45 R UE B T AR SCHE 1 e ik %ﬁmﬁﬂﬁ
AR
4.2 SHMBEEeRLE XML

J T R TAOA 1Y ikt g B TAOA 5 k.7 B

R EDT (Grey
Wolf Optimizer, GWO) , IE 4% 5% % 3% (Sine Cosine Algo-
rithm, SCA) . ] 5 £ 1k 54 =20 (Butterfly optimization algo-
rithm, BOA) 435I 7£ 100/500 dim #4454 T Jh 373847 30 ¥, 52
ARG 4 MK 5 g, gk 4 AT, 7E SR MR 4 D 100
dlmﬁq‘,IAOA(ﬂzﬁﬁMﬁuﬁmﬁuh—p)rﬁfﬁﬁﬁrﬁ,aﬁcﬁ_
R S Fs o Fs B2 S 000 B2 A Gk B B e e R . %+
F, ,JAOA WKWk T 10 Z‘“,mﬁﬁﬁﬁﬁﬁﬁ#& Hk,
TESK AR 22 06 66 BT ), A I PSO, GWO, SCA, BOA 3% 4 fi &
2L TAOA BRI T HR M SRR 0. BE & e i3, 5
T 010 SR M A 2 B B L DR B I R SR RS B A T
Rl X8 FIEW A .
TEOR i 4E B S 500 dim (4 06 B0, TAOA FE R B Fo L Fs s

Fo T Foo b 3 RER B BE SR (8, R T 5058 1 -4 A
I o FFHAER AR I 22 W (H pR 8L Fs B TAOA 195K fig A B2 35
)T 1077 R T HARS . Iy B B R R
TR DR DA R A T i AR B R s A TAOA RE A 5% 138 0 53 A

Jr B g5 B o A ORAIE T B8k 7 Ak R v i B BE 2 AR L AR
TAOA K% T 85 i L e

9% (Particle swarm optimization, PSO) | K
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Table 4 Experimental results of different algorithms on 12 test functions with dimension of 100
TIAOABOA PSOBOA GWOBOA SCABOA BOA
Mean Std Mean Std Mean Std Mean Std Mean Std
Fi o 0.00x10%7% 0.00x10%% 3.11x10"7% 3.01x10"% 2.87x10° 2 6.07x10 2 3.11x10"%° 3.01x107% 2.87x10 ¥ 6.07x10 %
Fy  4.24x10720 0.00x107% 1.23x10"°0 4.28%x107% 6.290x10 ¥ 3.61x10 ¥ 1.23%x107%0 4.28x107%° 6.29x10 ¥ 3.61x10 1®
Fs 0.00%x10%% 0.00x107% 1.08x107% 2.34x107% 7.18x107% 1.56x107°" 1.08x107°" 2.34x107% 7.18x107% 1.56x 107"
Fy 3.05%10722% 0.00x107%% 9.32x10"% 1.28x107% 9.70x10° % 4.45x10 % 9.32x10"% 1.28%X107% 9.70x10 % 4.45x10 2
Fs  0.00x10%7% 0.00x107% 1.07x10"° 7.00x107 1.85%x10 %% 2.13x10 % 1.07x10"% 7.00x107°" 1.85x10 % 2.13x10
Fo  2.23%x107% 1.22x107% 3.65x107% 1.69x107% 2.41x107% 2.33%107%° 3.65x107% 1.69x107% 2.41x107% 2.33x10""
Fr o 3.94x107% 4.99x107% 1.42x107% 2.82x107%% 2.28x10 % 8.35x10 °" 1.42x107% 2.82x107%% 2.28x10 % 8.35x10 "
Fg 7.93%1072%% 0.00x107% 6.76x10"% 2.39x107% 1.44x10" % 4.50x10 % 6.76X107%° 2.39%x107%° 1.44x10 °* 4.50x10 ™
Fo —2.38x10%% 4,23x10%% -1.92x107% 5.31x107% -1.72x107% 1.67x107% -1.92x107°" 5.31x107% -1.72x10"%" 1.67x107%
Froo 2.07%107% 1.21x107% 1.72x107% 7.56x10 %" 2.98x10 "' 1.63x10 %% 1.72x107% 7.56x10 °' 2.38x10 "' 6.63x10
Fii 8.89%x107' 0.00x10%% 2.65%x107% 3.25x10 %0 1.12x10 " 1.06x10 " 2.65x107% 3.25%x10 % 1.12x10 " 1.06x10 M
Fiz 0.00x10%% 0.00x10%% 4,18x107 % 1.87x10 " 1.20x10° % 4.56x10 ° 4.18x10° % 1.87x10" " 1.20xX10 " 4.56x10
5 YN 500 B S BIELE 12 A DN bR B T B S5 45 AR
Table 5 Experimental results of different algorithms on 12 test functions with dimension of 500
TAOABOA PSOBOA GWOBOA SCABOA BOA
Mean Std Mean Std Mean Std Mean Std Mean Std
Fi o 0.00x10%7%° 0.00x10%% 2.48x10"7% 2.10x107°% 1.46x10 "% 8.51x10 ¥ 2.48x107% 2.10x107% 1.46x10 2 8.51x10 "
Fy  7.61%1072" 0.00x107% 1.10x10"%% 6.02x107% 5.95x10° % 1.60x10 % 1.10x10"% 6.02x107% 5.95%10 % 1.60x10 8
Fy  0.00x10%7% 0.00x10%% 4.69x10"7% 1.04x107% 1.34x107% 6.22x107% 4.69%x107% 1.04x107% 1.34x107% 6.22x10"
Fy 1.31x107222 0.00% 1079 2.67x107%0 1.42x107% 5.92x107%0 6.72x107%° 2.67x107% 1.42x107%° 5.92x107 6.72x107%
Fs  0.00x10%% 0.00x107% 2.49%x107% 2.20x10" 8.70x107 " 5.02x107 " 2.49%x107% 2.20x107% 8.70x10" ' 5.02x10 "
Fs  3.98x107% 1.64x107% 9.72x10"% 2.27x107% 3.22x107% 4.45%x107°% 9.72x107%" 2.27x107% 3.22%x107% 4.45x10 "%
Fr o 3.77x107% 2.91x107% 5.67x107° 2.35x107% 1.12x10° %% 2.74x10° % 5.67x107° 2.35x107% 1.12x10 %% 2.74x10 *
Fg  1.70x107%" 0.00x107% 4.46x107%% 3.13x10"% 3.49x107% 3.09x107 % 4.46x107% 3.13x107" 3.49x107 % 3.09x10 *
Fg  -6.05x10"% 7.77x10%% 8.67x10%% 2.92x107% -5.93%x10"% 9.71x107% -8.67x10"% 2.92%x107% -5.93x10"°" 9.71x 10"
Fioo 1.02X107% 4.50x10 % 2.39x107% 1.39x107% 7.51x107%" 3.38x107% 2.34x107% 1.39x107% 7.51x10 °' 3.28x10 "2
Fii 8.89%x107'% 0.00%x10%% 9.76x107% 3.16x10" %" 5.15%10 % 1.52x10° % 9.76x107% 3.16x10" °' 5.15x10 % 1.52x10 %
Fiz 0.00x107% 0.00%10%% 2.09x107% 1.07x10 %" 4.47x10 % 1.20%x10 % 2.09%107° 1.07x10 " 4.47x10 % 1.20x10 *

4.3  Wilcoxon %k #045 3&

AR Wilcoxon Bk A 58500 46 9E T TAOA 5 HAih 5%
FH R EERES ., BREBITERE p=5% 1 BFEHEKFET,
2 pfE/NF SUon R4 Ho BB A R M E R MR
E A Wk 2 45 32 HO B 16 I P R 5 o A A 1 A
B, HTREAGRS B 5T R, H R PRI N/A”
RFARIEH, TR JC Wk AT W35 HIWT, “R” O 35 Mk ) 7 2%

B4 = =00 0108 TAOA Bk vERe i T . % T HAH
BFX B, NFE6 TR LIWER, KA p HADNT
5%, HI“R” A “+7F R IEL HO %, Hd TAOA 5 GNS-
AOA,AF-AOA, LR-AOA, PSO, GWO, BOA 7 % & 10,11,
8,12,14,12,14 PR EUAF7E 25 25 5, 3 3% WA B0 9% 1 4 i
FEG I B LB TAOA M sk R Bl T 8 3
By 22 50, H TAOA B E HE AL,

6 HFuE R R Wilcoxon #k G IR (14 p 8
Table 6  p value for Wilcoxon’s rank-sum test on benchmark function
@ % AOA GNS-AOA AF-AOA LR-AOA PSO GWO BOA
Fy 1.212X107 12 + 1.212X10° 12 + N/A = 6.247X10710 + 1.212X10712 + 1.212X10712 + 1.212X10712 +
F 3.020X10 1+ 3.020x10 "+ 3,020x10 ' 4+ 3.020x10 '+ 3.020x<10 ' + 3.,020x10 ' + 3.020x10 'l +
Fy 1.212X107 12 + 1.212X10712 + 6.617x107% + 1.212X10712 + 1.212X107 12 + 1.212X10° 12 + 1.212X10 12
Fy 3.020x10 1+ 3,020<10" 1+ 3.020<10° 1 4+ 3,020x107 1 4+ 3,020x107 1 4+ 3,020x10°1 4+ 3,020x107 1 +
Fs 1.212x10 12 + 1.212X10 2 + N/A = 6.247X10 10 + 1.212Xx10 2 + l.212X10 2 + 1.212X10 2 +
Fg 7.695X 109 4+ 4.444Xx10°07  + 2.813X10 %2 + 3.020X10 1+ 3.020x10 " + 3.020x10 " + 3.020x10 11 +
Fy 8.500X107°% - 1,297X10°° - 4,060X107°% + 9,521X10"% 4+ 3,020X10" " 4+ 4,616X10710 + 1,041x107%"
Fg 3.020x10 '+ 3.020x10 '+ 3.020x10 M 4+ 3,020x10 M 4+ 3,020x10 M 4+ 3,020x10 M 4+ 3,020x10 1+
Fy 3.020x10 1+ 3.020x10" 1+ 3,020x10 1 4+ 2,755X107 9% 4+ 2.433x107%  + 3,020x10 "+ 3.020x10 11+
Fio 1.657x10 1+ 1.657x10 '+ 1.657x10 " + 5.061x10 1 + 3.018x10 ' + 7.362x10 % + 1.657x10 1 +
Fiy 7.664>X107°% - 7.664X107°% - 4,276X107' - 1,174X107% 4+ 2,655X107 10 4+ 2,094X10710 4+ 2,654x1010
Fiz 3.337x10 ! 1.608x10 01 + N/A N/A 1.212x10° 12+ 3,337X10 91 1.206X10° 12 +
Fis N/A = N/A = N/A = N/A = 1.212X10° 12 + N/A = 1.212X10° 12 +
Fiy 1.212X107 12 + 1.212X10 12 + N/A = 6.247X10710 + 1.212X10712 + 1.212X10712 + 1.212X10°1%2 +
+/=/— 10/1/3 11/1/2 8/5/1 12/2/0 14/0/0 12/1/1 14/0/0

4.4 CEC2014 i & H i
AT HE— B B TAOA B A7 20k A8 8 1k AR S0 1

CEC2014 H 5t At o %k v 3 LS 43 B2 0% {6 (Unimodal Func-
tions, UN) , £ I {f (Multimodal Functions, MF) \J& & %! (Hy-
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brid Function, HF) #l & 4 %! (Composition Function, CF) pR %X
TR . T CEC2014 rRAUEA B AR . K 2%

AN RBL TR B R

F 7 CEC2014 3£ R %L

ﬁ{{%ﬁﬁﬂx&ﬁé@u@%&mﬁﬁ%,.ﬂ?tzlijCl_EliBﬁkklﬁ i Table 7 CEC2014 benchmark function
BRI 7 A . S v e Rk UK B B O 1000, Fh Function | o o Optimal
N 1m eature omain
FERUAR U B 30, 4 R 30, B35 N HHA 2 B0 B 5w i ff name value
. L NI y CEC01 30 UN [—100.100] 100
e I p A C 3k
BB % 8 SIH T 4 SR 4 CEC2014 ik b 20 1 e 3 UN ool oo
SLIBEAT 30 WG M-I E LA AR fE 2. AR 8 I ML IAOA 7 CECO05 30 MF [—100.100] 500
74~ CEC M o8 bR 78 T LE HE A 6 57 0k 3 7 1 245 1 L 1 CECOT 80 M LEI001000 700
. . ” B . CEC12 30 MF [—100.100] 1200
CEC5 Al CEC9 E, IAOA fy-F ¥ fH % & T LR-AOA Lh K CECIL 30 MF  [—100,100] 1400
AF-AOA B & FHRM T AOA, HArMEZ R T M &, & CEC19 30 HF [—100,100] 1900
BL T BRI RS . I BEHOR B L TAOA fE 60 & 4 Fh 26 D S
e CEC30 30 CF [—100.100] 3000
By CEC2014 M3 o8 £ b /Y- 38 FO0KS B e i o HLA HE 22 0%
# 8 CEC2014 ik ok %5 Y 285 3 % He
Table 8 Results comparison of CEC2014 test functions
Algorithm Index CECO01 CECO03 CECO05 CEC07 CECI12 CECl4 CEC19 CEC27 CEC30
Mean 1.985X10797 9,624X1079 521010792 7,000x10192 1,202X1019 1,400x1019 1,921x1079% 3.392X 1070 1,320x 10104
PSO Std  1.459X 10797 6.759Xx10793 8,850 X107 92 3,108X 1092 5,268X10 %1 1,387X107 0 2,542x10700 1,151 10792 7,310x 10703
Mean 1.439X1079 7,719Xx1079 5,211x10792 1,461x1079 1,203x1019 1,694x1019 24211079 3.439x 1079 3,200x 10103
BOA Std  3.303X 10798 7,063X10793 4,135X10792 6. 718X 10701 4,378 107 %0 2,191 X107°L 6,656 X101 1,403X 10792 0.000x 10700
Mean 8.717X10798 6,402X107% 5,210x10792 1,229x10F9 1,203x10F9 1,592x 1019 2,239X 1079 3.860X 1070 2, 040X 10706
AOA Std  2.671X10798 5.361X10793 7,235X10 92 9,942X 10701 3,386X10 01 3,147X1070L 7,274 10701 2,590X 10792 8,431 1070
. Mean 2.248x10197 2,753X 10104 5,208X 10792 7,130X 10792 1,202X 1019 1,402X1079 1,941x107% 3,331X107% 6.958x107°3
GNS-AOA Std  2.485X107°7 8,640X1079% 1,484X107°1 1,508% 10101 8, 499X 1071 517110190 3,463x 10701 2,853x 10792 7,851 10103
Mean 1.596>X10197 2,491 10194 5.210X 10792 7,023X 10792 1,203X 1019 1,401x107° 1,916Xx 10703 3,477 X107 9.261x107°3
AF-AOA Std  7.981X107% 1,495X107% 7, 12110792 3,815X 10790 6,727X107 1 4,069X 1071 1,072x10+01 8. 745X 10701 3,041x 10703
Mean 1.349>X10197 4,786>x 1019 5,207 x 10192 7,010X 10792 1,202X 1019 1,400X107% 1,919X107% 3,768x107% 1,363 107
LR-AOA3 Std  6.785X107% 2,823X107% 1,416x 10707 1,112X107°1 4, 998X 1071 9,858X 1092 3,114X 10790 3,874x 10792 7,033x 10703
Mean 9.789x10%06 4,267 x10%03 5, 210X 1072 7.000x10%92 1,201x10%93 1,400x 10%93 1,921 107 3,228%x10%03 1,264 x 10+04
1A0A Std  5.902x 107 1,976 x 10703 8,101 10 92 2.899x 10792 7,109%x 107" 6.618x 10792 1,290>X 10701 3,046 % 10702 1,207 x 1070
5 1R H s. t. gl(X):N/(r')ZJrZr/rM? + () = 10 <0
H T ReAlE TAOA B35 7 T o7 JH ot 66045 280 P A 1 75 44 e 0=k <o
T35y
SRR 33 S U I B AT 43T L AR SO STk 32+ By g0 (X0 =1 — 2, <0
TR Z BB 2 A Ak Tr) B 40 O JE 20 AL Ak TR R, I HLDR 2. (X)=0.104712} +0. 048 1152, (144 2,) —5<20
Ak 25 B 5 B F BB W (PSO) | B 7 38 & 8 309 (Gravita- g5 (X)=0.125—2, <0
. . . W 1T fL A ke [ 34 . 4PL?
tional Search Algorithm, GSA) | A= ¥y H 3 24 Ak B34 (Bio- g5 (XD “Eia. — Oax 0
349
geography-based optimization, BBO) . 22 43 ¥ {1k 5 35 (Dif- 4.013Ex: 2} . _
e L e g7<X>=P*'72‘(1— ) 0
ferential Evolutionary Algorithm,DE) (B f AL B 745 (Ant 6L ZL -
. A< <2,i=1,4;0. 1<2, <10,
Colony Optimization, ACO) | #4 ¥ # #f & 157 (Salp Swarm 0. Isxis2,i= 1,430 IS2:510,0=2,3 (2
4
Algorithm, SSA) | IE 4% #% 1 £k 55 12: (SCA) L IR AR 1 1k B ik i
(GWO) P K AL B3k (AOA) FEAT X I S2 86, Bk N S , P
T
SR 2 AR — 80 B BB N =30, & KRR B V2,
M=1000. 5 % S 31T 30 %K. # =2k
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Table 9 Comparison of 10 different algorithms for solving welded
beam design problems
Algorithm Best Worst Mean Std
GSA  2.66916%x107% 3.83572x107° 3.15094x 10" 3.80909x 10 °!
PSO  1.08900%x10 " 1.08900x 10" 1.08900x 10" 1.64702x 10" 2
BBO  1.08900x10 ™ 1.08900x 107" 1.08900x 10" 1.58576x 10 !
DX10 1.08900x10 "' 1.08900x 10" 1.08900x 10" 1.64702x 10" %
ACO  1.69163X107% 1.69163%10"% 1.69163%10"° 0.00000x 10"
SSA 1.69560x 107 2.23673x107% 1.82490x 107 1.81073x 10 °
SCA  1.79957x107% 1.87293%x 107 1.84392x 107 1.90456 %10 *
GWO  1.69597x10 7% 1.70228 %107 1.69850x 107 2.16486x 10" %
AOA  1.69525X107% 1.71591x107°° 1.69773x10 "% 6.46620% 10 %
TAOA  1.69524%10%%0 1.69660% 107 1.69557 x 10" 5 52567 x 10~ %
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