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Bilevel coevolutionary clonal selection algorithm and its application
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Abstract; In order to solve the problem of slow convergence speed and low convergence precision inherent in the
clone selection algorithm, a bilevel coevolutionary clonal selection algorithm is proposed. The algorithm used
different evolutionary schemes for each level of evolution to search for optimization. Through information sharing,
co-evolution between levels was realized. Moreover, an evolutionary model of intra-level competition and inter-level
cooperation was formed. By constructing a hybrid co-evolution mechanism of multi-evolutionary strategies, it could
realize the complementary advantages and information increment of different evolutionary strategies in the
optimization process. Thus, the purpose of effectively balancing the global exploration and local exploitation of the
algorithm was achieved. Simultaneously, the premature convergence problem of the algorithm could also be better
avoided. The feasibility and effectiveness of the proposed algorithm were verified by 10 benchmarks. Experimental
results show that the proposed algorithm had obvious advantages such as stronger global search ability, better
stability, faster convergence speed, higher convergence accuracy, and so on. Furthermore, these advantages
became more prominent with the increase of testing dimensions. Lorenz chaotic system was taken as an example to
test the algorithm in estimating the parameters. Simulation results confirmed that the proposed algorithm can be
used for high-precision estimation of system parameters, and it is an effective parameter estimation method for
chaotic systems.

Keywords: clonal selection algorithm; co-evolution; multi-strategy ; chaotic system; parameter estimation

Z WG TE R G AN AR AR 7 A P 1
B R BRI 5 %, De Castro S42H T 50
FE1E A 1 (Clonal Selection Algorithm, CSA) g

WisHHA: 2018 —12 -28

EEUA: ERBRPIAES (51566012) ; 5t 4 1A 5 4 Bt B0
H (#8#4 LH 52[2015]7302 )

EERAT: AAF(1981—) 3B W-LAFoT AR
ZEERAE (1969—) 5, 42, 1 AE S0

BE1EE . 22h4,1ps20150331@ 163. com

GV 1 AR S B 0 i X R G T
PPN I R rh Y SERE R EREY 8 U S A
SR G AF SRR ML E B READL, LA R A
IR A BN BT, BB RE (R B AL B A 2 T B It
TEIG 2 DRSS 51 7 ARG L SO
SR — R PERNBE P AR LS 5 155 & UHER BE
WML Rk, R E R Re LSk —4 , sekeit
PR R A R 2 AL R [R) R A AE 5 T I AR



511 3

A, A5 WUZ PR R v B PR SRR SR ] - 175 -

PSS A . O T 4 vy e R e B 1 A A S
SISO, NS R L g Hilt s TIRA
ORISR T AR 22T R Bt ) 6. KR 2T oR
PR ARXS FRESEA TR0 d AL DL S A RS = R AR
LA A S R, HET AR ) TR IE = ORI
PR OJPRAZ R N T B i 8% B S 80
UHESE s Peng 455814 5| A Baldwinian % 2) Rl IE A
] PIRHLE R | R A B A A, B AN TR TR
Lo 2 WU () 5E B e 5932 Zhang 45 441} —
BARAR T 77 T RS ek m Rk,
WAER R R R R Y R ae IR
PR AR S 58734 e Joit ) A B A 5 A 0 — RO
REDIL A 12k v R DLl A 7 3 50 4 8 RO R A
(), AR PP D T RO S S B R S
SREGE PR IR BARSS &, St T — AR B R 4E R
I RUSE B e B B 7 5 Xu &5 R T —Fh iR 4k
PR SR E PR v I vkl i 42 48 AR R
P DX ) 175 B R U A IR AL BRI e e e
R A TH S AT, DT 2 8 1T B R T SRR
Zhang %57 — Bl R A SRR B FLIA IR 1A
FHSGH R 2 & B 20 7 R BGE R R Z2 61, JF5IA
LT P S A5 R A A S SR s R i e Tk 1Y
WRAE

#34 No free Lunch 3B, ANAFAE—Ff J5 36X ir
AT B TR) RIS AT R, B 7 AT HAR I A3
oAy HOAH R A8 45 3. 1060 52 DA IRt ) S e, B —
AR 2 ) D0 A 12 M LA AT 0 22814 e DI okl it 2
fift. TR 5 DML R A A1) 28 Ao R A A Ol R A 0 A
FAILHI AR FL A b, SE A FR 15 S8
AR TR m AR RAE R EE ). 2GR 18 ] TR By
JERVHEATT R 3 A, A SORE SUZ 3 R 2 1k S8 AR
FT pe R VEREIA 2% Y O BT, 2 M T B0 1Y) v B
VERRST 1, RIVXUZ B[] 3 Ak o7 B 3 45 55005 ( Bilevel
Coevolutionary Clonal Algorithm,
BCECSA) . iZ 85138 i1 i J2 R T0U2 43 51 5R FIAS [R] 1Y)
PR TT 5 PR IS B AL S AL A 2E W0 25 1) Bl [7)
b, AR R T RE RS E IS RE. Fe) , LAY
f4) Lorenz {RIT R G A ], K 55035 1y ] T fifp phe Rl R
SRS EE TR R, 0 R T A I TR TG .

1 EEREHE

1.1 Bkt eEs

SRR P JZ P [a] kAR BIL ], JFG A Y A
B LR, o IR A A TR #4623 Bl 2R T T A
[ ) AR T 58 K i J= A B 4 S I 1) D o e
TR IR o B — QTR BE AL 5018 R 9 00 3 ol

Selection

T, 220 T S SR 5 A SR P a5 B 3L =
PLH T2 551 R Z R AL ERAE. JIR)Z AT P
JZE A 22 1838 5 Fre 5 B A A% 3 T Uk B A2 9 1) P
[FIREACHLH 20 & 7 78 R — AL BRI AR 8] 1Y 5
S SRR A BT v i B — AL LR 2 S B A
JR BB AE A AN S S5 BRI, A Rk T Rk AR
TERE.

T = Ak

f5 B3t

1t 4

JRZ AL

B1 HEE#ER
Fig.1  Algorithmic evolution model
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Tab.1 Benchmark functions used to test the performances
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Tab.2 Experimental results of different amplification factors
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Fig.2  Convergence graphs on some functions
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Tab.3 Comparison of simulation results
. D =30 D =100
Mean Best Worst Std. TNE/ ¥X Mean Best Worst Std. TNE/ X
fii CSA 1.20x107° 5.52x107° 5.52x107° 5.65x107° 150000 2.49x107° 1.33x107° 3.94x107° 7.89x10°® 500 000
FDCSA 0 0 0 0 150 000 0 0 0 0 500 000
MSHCSA 2.59 x107" 7.76 x10™2 2.24x107"® 5.13x107" 145881.53 1.74x107% 2.72x107° 7.46x10™% 1.93 x107% 482 484.53
BCECSA 0 0 0 0 1 880.70 0 0 0 0 1 844.43
S CSA 2.62x10*2 2.12x10*? 3.31x10*2 1.42x10*2 150000 1.12x10** 1.06x10** 1.24x10** 1.68x10*> 500 000
FDCSA 3.16x107" 1.78x107' 4.97x107' 1.23x10~" 150000 9.87x10*> 7.44x10*> 1.18x10** 1.47x10*> 500 000
MSHCSA 7.64x107* 1.17x107° 7.05x107% 1.34x107> 146622.40 8.89x10*" 2.05x10*' 3.68x10*> 7.82x10*' 485333.57
BCECSA 0 0 0 0 1 894.67 0 0 0 0 1 834.87
fi CSA 1.48x107° 8.39x107* 1.96x1073 4.22x10™* 150000 3.93x1073 3.52x107* 5.13x107% 6.04x10™* 600 000
FDCSA 3.91 x10°5 0 2.11x107™ 3.57x107 150000 2.40x10° 1.69x10"" 9.77x10~2 3.69 10> 600 000
MSHCSA 1.75x1077 7.44x107° 1.77x107° 3.98x1077 148 135.53 4.90x10™> 3.75x107° 2.34x10™* 4.92x107> 482 485.37
BCECSA 0 0 0 0 3 676.37 0 0 0 0 3 686.57
fa  CSA  571x1072 4.33x1072 7.27x1072 1.04x1072 300000 4.09x10"" 3.39x107" 6.21x10~" 5.68x10°2 900 000
FDCSA 5.90x10™* 4.06x1077 2.50x107% 9.71x10™* 300000 7.88x10*' 5.67x10*" 9.94x10*" 1.88x10*' 900 000
MSHCSA 2.55x107% 3.98x107* 9.24x107% 2.03x107> 153285.17 1.14x10*' 5.77x10° 1.68x10*" 2.65x10° 537207.10
BCECSA 0 0 0 0 3783.27 0 0 0 0 3728.90
fi  CSA 0 0 0 0 150 000 0 0 0 0 500 000
FDCSA 0 0 0 0 150 000 0 0 0 0 500 000
MSHCSA 0 0 0 0 22 561.83 0 0 0 0 126 194.20
BCECSA 0 0 0 0 43.87 0 0 0 0 4.47
Jo CSA  3.65x107° 1.17x1073 7.84x1073 2.41x107> 150000 7.23x1073 4.67x107* 9.39x10°% 1.57x107% 500 000
FDCSA 0 0 0 0 150 000 0 0 0 0 500 000
MSHCSA 1.12x10** 9.76 x10*! 1.27x10*% 7.65x10*! 159 602.57 5.63 x10*? 5.26x10*? 5.92x10*> 1.51x10*' 529 268.57
BCECSA 0 0 0 0 94.900 0 0 0 0 9.17
fi CSA 5.04x107° 2.22x1073 1.06x1072 2.96x107> 150000 2.08x1073 9.45x10™* 3.49x107% 8.85x10™* 500 000
FDCSA 3.33x10°" 0 3.34 %1071 9.9 x10°"7 150000 5.55x10°" 0 2.22x107" 8.95x10°"7 500 000
MSHCSA 2.70x107% 1.11x107' 3.44x107%2 6.57x107° 146 848.90 9.48 x10™* 1.01x10™° 1.97x1072 3.73x1073 482 547.43
BCECSA 0 0 0 0 105.63 0 0 0 0 104.77
Js CSA  5.52x107° 2.01x107> 9.69x107° 2.59x107° 150000 2.13x107* 1.44x107* 2.52x10™* 3.93x107> 500 000
FDCSA 1.09 x10~" 0 2.34x107% 1.20x107 150000 1.00x107 7.46x10°" 2.12x107"° 5.92x10~" 500 000
MSHCSA 1.19x10** 9.11x10*> 1.49x10** 1.35x10*? 163288.67 1.99x10** 1.83x10** 2.06x10** 4.62x10*> 537 872.13
BCECSA 7.28 x1072 7.28 1072 7.28 x10~12 0 38300  9.46x107" 9.46x107" 9.46 x107" 0 38 300
Jo CSA  8.85x10™* 5.61x10™ 1.16x107° 2.21x107* 150000 7.18x107* 6.41x10™* 9.26x10"* 1.06x10~* 500 000
FDCSA 5.44x107™ 2.31x107" 9.82x107" 1.27x107™ 150000 2.21x107"% 1.02x107" 3.58 x10"" 2.87x10~"* 500 000
MSHCSA 4.70 x107° 5.83x10°" 2.12x107° 5.28x1071° 146 456.90 9.31x10™> 4.02x107% 2.94x107* 7.49 x1075 483 642.20
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Fig.3 Parameter estimation model for chaotic systems
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