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Mixed fruit fly algorithm and its application in combinatorial optimization
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Abstract: To overcome the defects of local optimum and precocity in basic fruit fly algorithm, an improved
drosophila algorithm was presented in this paper for optimization. The basic idea is to improve the
searching ability and accuracy of the algorithm by using the self-non-self antigen recognition mechanism of
immune algorithm and the knowledge processing mechanism of learning-memory-forgetting in immune
system. The immune response is introduced at the later stage of fruit fly algorithm implementation and the
population diversity is enhanced by producing different antibodies to jump out of the local optimum. The
results of numerical simulation and practical cases show that the improved algorithm performs better, and
it provides an effective and feasible method and idea for algorithm optimization.
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Fig. 1 Schematic diagram of fruit fly foraging
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Table 1 The correspondence between IA and FOA in solving combinatorial optimization problems
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Fig. 2 Information entropy of genes
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Fig. 3 Iteration diagram of IAFOA algorithm
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Table 2 Comparison of optimization performance for benchmark functions
BRI % 4% SRS wAUE P {E o v 22 BATHEE] /s
1A 37.154 3 61.369 8 33.165 9 5.532 9
PSO 16.599 8 34.672 9 29.526 7 3.953 2
S 30
FOA 15.286 4 20.934 1 19.558 2 1.029 9
IAFOA 14.095 8 17.957 4 6.469 3 1.362 1
1A 2.276 3 3.529 7 0.003 061 3.514 6
PSO 2.005 1 2.119 3 0.002 796 4.228 7
1o 30
FOA 1.684 9 1.685 0 0.000 391 1.965 2
IAFOA 0.253 9 1.005 2 0.005 983 0.953 7
1A 0.020 1 0.0452 1 0.306 92 4.795 8
PSO 0.019 7 0.210 3 0.276 10 3.556 9
S 30
FOA 0.188 9 0.175 4 0.111 75 1.259 3
IAFOA 0.000 0 0.000 0 0.000 0 0.687 5
IA 0.000 196 3 0.000 234 7 0.600 210 3.638 0
PSO 0.014 700 0 0.025 600 0 0.502 100 4.356 0
S 30
FOA 0.020 900 0 0.136 810 0 0.038 672 0.993 8
IAFOA 0.003 952 1 0.000 015 6 0.025 493 1.010 2
20 -
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Fig. 5 The iterative curve of the algorithm under four functions
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D
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Table 3 Comparison table of basic parameters of 0 ~1 knapsack problem

EY ZHUH
LR n="50
LA V=1 000

R=[220,208,198,192,180,65,162,160,158,155,130,125,122,120,118,115,
Yy 18 110,105,101,100,100,98,96,95,90,88,82,80,77,75,73,72,70,69,66,65,63,
60,58,56,50, 30,20,15,10,8,5,3,1]

w=1[80,82,85,70,72,72,66,50,55,25,50,55,40,48,50,32,22,60,30,32,40,
38,35,32,25,28,30,22,50,30,45,30,60,50,20,65,20,25,30,10,20,25,15,
10,10,10,4,4,2,1]

&
0
e
fEm

PR v R LA 3 AR vE R B R XS He L, IR 4 AR 6 s, SR EN L MO R 0~1
B A5 AR A PR R A AL .
F4 0~1 BEQTERMNER

Table 4 Result comparison table of 0~1 knapsack problem

ik B ALAE REMH - fE Ji %
IA 279 5 260 1 2 865.9 5 684.100 0
PSO 299 9 248 2 2 877.2 1.2611.000 0

FOA 296 5 279 6 2 921.3 859.369 3

IAFOA 352 6 3019 3 139.1 249.091 8
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Fig. 6 Optimization process curve of the example
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4.1.2 BASIEK
W(A) = D pAL,. (19
i=1
K WA RS E S A, L, 7305 058 ¢ iRFF 09 8O BRI BE s o AP RHE BE sn S BCTHE BN EL
4.1.3 #HREMH
SRR TP 2 A AT AL 5 R IR RS M R T R T Y R
G.
— —1<o0, 20)
(o]
M1 <o, 2D
/amax
Amln<Ai<Amax’ (22)

Ko, A AR IER 15 Lo AA BN VF R 050, BT 05 BB s e T2 5 POV IS 5 A i
A o 5T AT Y R R
4.2 HfI1

HEST 10 FFMTARZE A LAY, 18 7 B, AL & 5 08 6 AL AR i 10 A, S SRAS S50 1 fe /)
LI H AL . E=68 950 MPa,p=2 768/m®,0=+172.4 MPa, ¥ & ¥ 14 % i i A2 00 77 3h 8 Bl N
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Fig. 7 Plane truss structure diagram
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Table 5 Results of plane truss structure optimization

A4 48 8T 1R/ mom®

FFO-4 5 oS BT R o v R Tl B0 88 S
(IA) (PSO) (FOA) A R HE P (JAFOA)
A, 210.56 196.52 198.31 195.30
A, 0.65 0.65 0.65 0.65
As 149.50 146.96 150.91 146.23
A, 96.89 97.56 97.91 97.63
As 0.64 0.64 0.64 0.64
Aq 4.52 3.55 4.15 3.63
A, 47.66 48.07 46.96 43.95
Ag 156.73 135.58 136.83 135.96
Ay 139.44 149.18 148.11 145.78
Ay 0.64 0.64 0.64 0.64
4EM) M kg 2 210.38 2 257.55 2 198.43 2 094.79
4.3 Hfl2

B 25 FFAFAS M ARAEA" A0 8 i . HIARAS A A SR S J AT PF R (= 0.635 m, #PERT R E =
6.895 X 10" MPa, M B & p=2.678 X 10" kg/m" , ¥ I S [ . [ —275.8,275.8 ], A #y 52 gy £ A7 Bl 4% 6 e
ARV A A 2 BRI AL RS vy —8.889 mm., fRALERINEK 7 FIR.

To 25HFMBREMEHRIR

Table 6 Load conditions of 25-bar truss structure

1 5 F, F, F.
1 4.448 44.482 —22.241
2 0.000 44,482 —22.241
3 22.241 0.000 0.000

6 22.241 0.000 0.000
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Fig. 8 Space truss structure
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Table 7 Comparison of optimization results of 25-bar truss structure

K424 4% 1 1 A/ mm®
A G B RS IR A AR
(IA) (PSO) (FOA) RAREE %L JAFOA)

A, 65.70 64.516 64.900 64.10
Ay ~A, 242.60 228.500 234.500 226.30
As~ Ag 2 287.50 2 237.600 2 230.100 2 240.40
A ~A, 65.12 64.516 63.149 63.56
Ap~A; 1 245.80 1 227.900 1 226.100 1 223.50
ALu~Ay,; 505.10 506.900 501.700 500.90
A~ Ay 92.10 83.900 89.500 85.70
As~ Ay 2 523.40 2 575.700 2 568.300 2 495.60
4R 45 44 8 B i/ ke 246.436 216.339 214.702 206.591

4.4 HERENRHE&TE

i 1 2% 2 MU IR T R AT AR RS e, i 3% 5 LR 7 AR S R AT LU OB 5 1k TAFOA 783K fife 3 12 A

AR HE bR B B4y BERS 1K B IUA &5

WAETT AW BIGH JE K JE b FHAt 3 AR MES A A BRI

oK 9 BT L AT LUE 1L TAFOA 5k B B 19 42 /1%
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Fig. 9 The optimization iteration curve of two examples
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