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Abstract:  The traditional search strategy of the artificial bee colony(ABC) algorithm exists some disadvantages when
solving complex functions with high dimensions, such as that the convergence speed is not fast enough, easy to fall into local
optimum. In order to solve these issues, the multi-search strategy of the artificial bee colony(MSSABC) algorithm based on
the symbolic function is presented. The new algorithm uses the symbolic function to fuse several different search strategies,
makes full use of the advantages of the different search strategies during evolution to balance the local search ability and the
global search ability, and selects the best solution based on the objective function value. Experiments are conducted on a set

of 16 benchmark functions, and the results show that the proposed algorithm has fast convergence and high accuracy than

several other ABC-based algorithms.
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fizs 4.12e-16 836e-17 1.90e-32 3.70e-33 1.57e-32 557e-48 1.57e-32 5.57¢-48 1.57e-32 5.57e-48 1.57e-32 2.74e-48
fia  40le-16 8.19e-17 2.23e-31 1.46e-31 1.35e-32 5.57e-48 1.35¢-32 5.57e-48 1.35e-32 5.57e-48 1.35e-32 2.74e-48
fis  4.38e-16 8.43e-17 0 0 0 0 0 0 0 0 0 0
fie 0 0 0 0 0 0 0 0 0 0 0 0

R 3ME 4R LLEH, 24 D =601 D =100, HISR B4 BB T ABC 5%, 805 ABC Hik—#, 4
MSSABC HyEBHUE 75 D = 30 W — A IF It REB RIS HRAMAE (f5(2)- fs(z)~ folx) Al fi6(x)).
B, RIXFT 16 AN BRI L, BR f7(2) b, MSSABC ik
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%11 FERF: ATHITRIRHUO S LT REALSEFL L 2043
32 AXEZES)L#%#HM ABC BEELLR XF T HAR S PR RE, SIS HlE B Sk [11]. &

IR MSSABC 592 110 14 B, ¥ H 5 GABCU!,
MABCI8!, ABCBest1!'%, ABCBest2!!%), ABCVSS!!!
ST I U SR AE D =30 D =60 F1 D =100 i 3t
A7 L, B BB RPN IR B35 MaxFEs =5 000D,
% T MSSABC #%, SN = 20, limit = SNx D, w=0.05;

S~RTEHT 6 FEEKIMALER. HERS~F 70T
DL, 7£ 16 D HEAEMNHK & 20, X T f5(2)s fs()-
fo(z) F fr6(x), 6 Fh ARV R AE SR AT B L S ARAE, X T
FoAth ek %, MSSABC HLIETE AR (R BE A0 AR € PR 77 T
B & 1 - F GABC. MABC. ABCBest1. ABCBest2, 7
RZHRHH LT BoFr 2 ) ABCVSS.

R 6 o MEIATERBLUER T 60 BFRIMIKEER

) GABC MABC ABCBestl ABCBest2 ABCVSS MSSABC
R Mean Std Mean Std Mean Std Mean Std Mean Std Mean Std
f1 1.06e-15 1.2le-16  6.03e-29  4.31e-29  3.92e-44  2.64e-44  4.82e-33  2.59e-33  1.09e-83  5.01e-83 4.63e-77 7.97e-77
fa 2.96e-15 1.85e-16  6.96e-16 1.20e-16  8.48e-24  2.31e-24  1.58e-17  3.32e-18  1.47e-45 7.00e-45 3.30e-48 5.22e-48
f3 4.47e+00  6.09¢-01  3.77e+01 3.14e+00 2.10e+01 1.68e+00 2.40e+01 2.16e+00 1.68e+00 4.05e-01 1.59e+00 2.25e-01
fa 1.0d4e-15 1.27e-16  1.39e-29  8.84e-30  2.06e-44  1.83e-44  9.10e-34  3.87e-34  8.17¢-86 4.47e-85 2.51e-78  3.70e-78
fs 0 0 0 0 0 0 0 0 0 0 0 0
fe 543e-02  7.03e-03  1.14e-01 1.16e-02 6.11e-02  8.89¢-03  6.79¢-02  9.38¢-03  4.35¢-02  7.69¢e-03  4.15e-02  7.36e-03
fr 3.30e+00 1.28e+01 1.51e+00 1.34e+00 5.04e+01 5.46e+01 5.10e+01 3.77e+01 5.27e-01 1.18e+00 2.48e-01  3.27e-01
fs 0 0 0 0 0 0 0 0 0 0 0 0
fo 0 0 0 0 0 0 0 0 0 0 0 0
fio 2.47e-04  1.35e-03 0 0 0 0 3.96e-09  2.04e-08 0 0 0 0
fi1 731e-14  5.57e-15 1.37e-13  1.24e-14  6.93e-14  5.00e-15 7.47e-14  4.12e-15 5.93e-14 7.65e-15  6.67e-14  2.84e-15
fi2 4.62e-01  1.79e-02  4.84e-01  3.62e-03 4.61e-01  1.15¢-02 4.68e-01  9.17e-03  4.72¢-01  1.42e-02  4.39¢-01  1.75e-02
fis 1.05e-15 1.2le-16  6.19e-31  3.62e-31  7.85e-33  2.78e-48  7.85e-33  2.78e-48  7.85e-33  2.78¢-48  7.85e-33  1.37e-48
fia 1.0le-15  1.28e-16  3.80e-29  1.87e-29  1.35e-32  5.57e-48 1.35e-32 5.57e-48 1.35e-32 5.57e-48 1.35e-32  2.74e-48
fis 1.0le-15 1.23e-16  5.61e-29  4.18e-29 0 0 0 0 0 0 0 0
fie 0 0 0 0 0 0 0 0 0 0 0 0
R OTEIAAERBUEL T 100 BFRIMIALER
GABC MABC ABCBest1 ABCBest2 ABCVSS MSSABC
2 Mean Std Mean Std Mean Std Mean Std Mean Std Mean Std
fi 1.84e-15 1.72e-16  1.43e-27  8.12e-28  1.54e-42  8.93e-43  5.09e-32 2.03e-32 1.01e-83  5.52¢-83 3.552e-76  7.86e-76
fa 5.17e-15 2.24e-16 4.4le-15 1.50e-15 6.27e-23  1.09e-23  7.21e-17  1.36e-17 3.94e-40 2.12e-39  1.55e-45  3.00e-45
fa 1.59e+01  1.55e+00 5.98e+01 1.60e+00 4.72e+01 2.29e+00 5.06e+01 2.67e+00 7.91e+00 1.32e+00 7.83e+00  6.46e-01
fa 1.85e-15  2.00e-16  4.46e-28  2.08¢-28  8.94e-43  7.34e-43  2.15e-32 1.24e-32 5.31e-85 2.68e-84  1.50e-77  1.67e-77
fs 0 0 0 0 0 0 0 0 0 0 0 0
fe 9.47e-02  1.26e-02 2.31e-01 2.79e-02  1.30e-01  1.12e-02  1.42e-01  1.58e-02  7.87e-02  1.16e-02  6.04e-02  7.38e-03
fr 2.40e+01  3.39e+01 1.98e+00 1.30e+00 5.81e+01 6.80e+01 1.18e+02 5.76e+01 5.14e-01  1.05e+00 7.57e+00 2.15e+01
fs 0 0 0 0 0 0 0 0 0 0 0 0
fo 0 0 0 0 0 0 0 0 0 0 0 0
fio 1.26e-16  1.56e-16 0 0 0 0 2.94e-10  1.16e-09 0 0 0 0
f11 1.32e-13  9.74e-15  3.56e-13  2.29e-14  1.27e-13  7.15e-15 1.39e-13  5.75e-15 1.11e-13  9.93e-15  1.16e-13  5.07e-15
fi2 4.95e-01  1.87e-03 4.99¢-01 1.75e-04 4.96e-01 8.28e-04 4.97e-01 6.58e-04 4.98e-01 8.15¢-04 4.91e-01  2.40e-03
f13 1.90e-15 1.95e-16  1.89e-30  8.42e-31 4.71e-33  1.39e-48 4.71e-33  1.39e-48 4.71e-33  1.39e-48  4.71e-33 0
f1a 1.85e-15 1.68e-16  1.81e-28  6.44e-29  1.35e-32 5.57e-48 2.18e-32  6.62¢-33  1.35e-32 5.57e-48  1.35e-32  2.74e-48
fis 1.90e-15  1.96e-16  1.44e-27  9.16e-28 0 0 0 0 0 0 0 0
fie 0 0 0 0 0 0 0 0 0 0 0 0
M Bk sSzae g BurBLE ), MSSABC ki 4 4 i

FORGEE EAT TR S, BEAT ROC i ABC SRSk
LA I [ N SR B e R R kB, O ELRESE H AR b8 4L
YERIRIIG N, A7 RE PR IFECIF 1A RV E AN L.

AR ABC AR S 75 5 T BUVARB A
LA R PCRBAR M SR L, 20— PR 5 R AL
(28 2 RIS N TR SE. 2R AE A A b A
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5 e EOK TLAN S LI 2 SRS 3 AT Al G, SEILR
AH AN, FEHET B AR R BUE AT IR B R AR, 16 Rk
WA R ) 7 e e 45 SRR W, ASCREE A M e
U 1 55 5 T B AR N e i v S S N L
WERE SRR 1RO EGE, (B A A R R, 5] ot
1R 3 =K fi# 1) Rosenbrock pR %L 11 3K fife 24 S - A FEAE.
AR {505 R A% 8 B 22 W09 R 2 b SR B 4 ) 12 e
DL AR BT H B SRR B B 20 ARk . 2 B AR AL S
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