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Optimization Algorithm Based on Human Infection with Avian Influenza

Abstract

Abstract: To get the global optimal solution of some complex nonlinear optimization problems, an
optimization algorithm based on the human avian influenza infectious diseases is proposed by using its
dynamic model of cross species transmission. Applies the H7N9 infectious disease model to create the
operators SY-SY, IV-I, SY-14, |1-sY sU-pY |U-DY, and to enable the individuals to exchange information
among the same species and cross-species. The SU-S" and I“-I operators can improve the
characteristics of the weak individuals by that of the strong individuals, thus the exploitation ability of the

algorithm can be improved. The SY-I and I-S" operators can improve the fitness distribution
characteristics of the individuals, therefore, the exploration ability of the algorithm can be improved. The

SY-p" and I!-DY operators can effectively remove the extremely weak individual, thereby the probability
that the algorithm falls into a local trap can be reduced. The test cases show that the algorithm can
quickly solve some complex nonlinear optimization problems with high dimensions.
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Abstract: To get the global optimal solution of some complex nonlinear optimization problems, an
optimization algorithm based on the human avian influenza infectious diseases is proposed by using its
dynamic model of cross species transmission. Applies the H7N9 infectious disease model to create the
operators S"-S", I'-I', §"-I', I'-S", S"-D", I'-D", and to enable the individuals to exchange information
among the same species and cross-species. The §'-S" and I'-I" operators can improve the characteristics
of the weak individuals by that of the strong individuals, thus the exploitation ability of the algorithm can
be improved. The S'-I' and I'-S" operators can improve the fitness distribution characteristics of the
individuals, therefore, the exploration ability of the algorithm can be improved. The S"-D" and I'-D"
operators can effectively remove the extremely weak individual, thereby the probability that the algorithm
falls into a local trap can be reduced. The test cases show that the algorithm can quickly solve some
complex nonlinear optimization problems with high dimensions.
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Fig. 1 Infectious disease transmission flow chart of chicken
worker interaction
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ELSE SRR T R B VBT I,
v =x!(t=1) s SEBL 1[4, BRI HINO S0 L BL IR
SID;'(¢)=SID}' (1 —1) 5 (2) Markov . M S“-S*, 114, S“I“, I*-S",
END IF SUDY, TD* [958 XA, AR R
END IF AR I 4 IR 6, T 5% LA BT 2
ELSE ARSI R A JIRETE I, AT HTNO S35
Vi (0= x;,(1=1); it #E HA Markov HefE .
SIDF ()= SIDE( 1) () “HHARLE bk WERFT 5 ST
END 1R 51, PRI AR I R R 2% T H — AR5
END FOR R3PS
BRI RS T (@) &SP . HTNO STV A R EE
END FOR WITT 2 I SCHRTS]
END FOR
X(ty=min(X'(2), X(@)): //X'(1), X*(0)73 K L7 WIHEARE
HEAN T AR 241 4 Jey B AL AR A N=Ny+N,, HTNO 5535 (¥ I 1) 53 % o551
IF [X(0)-X"(0)|<e THENUX () ARALIEI R 2 fiors.
4 R SR A
" 42 HINO SR M [ R A5k
FLBR(S)s Tab.2  Time complexity calculation of H7NO algorithm
END IF #AE I () 52 4% 5 I ZIEIA I
X" (6)=X(1):; » %uﬂizé.% u OGn+7(n+1)N+nN) 1

END FOR ﬁj (f) ft) SH; 8 ’ o(7) (G+N+6)N

) &R SS FI SI O((N+AL+6)nEy20)  (G+N+6)(N+7)

PR E GetSID(ps, pr» pp)IsE X F: I-s*, s*-D", I'-D"

FUNCTION Gt e e e ERE e
TR SR Sy ORI I ATk KT 03n) (GHFEYVT)
A D o5 R O(n) 1

p=Rand(0, 1); . W s

RETURN S: //i&[m] 5 iR s S HINO HyES R m s, —¥4r& HINO
ELSE IF ps<p=pstpi THEN HEREN BB A, 5 BHON RN S 5
RETURN L: /BICHAING 1 B, A TR S R SE (T

FLSE o BIBHL ST AT B

ENDRIETURN D: JHERBETARS D: (1) HTNO {533 1y 2 B 2 s 7

HTN9 5 G493 5)) ) 27 1551 2 B0 3 B A0 i A2 1ff £

Sit)y, I'(t), DNt), S*(t), I'(t), D*(t) AA

1.6 H7NO B Efdket SRR . I STHRT 141024 10 2 BOIAE v
(1) DL RLPERE. A 1.5 ek gibsn, u7ng - P& ML) . W 3 di=Rand(0.2, 04),

END FUNCTION
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S1=Rand(0.4, 0.9), y)=Rand(0.1, 0.2), »=Rand(0.3,
0.5), d=Rand(0.2, 0.4), p,=Rand(0.1, 02),

y=Rand(0.2, 0.4), r=Rand(0.3, 0.5). N FItH
s, ATHCI () MUK 4 Fix. WK 4

ARG HAR
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1750 K, & 3 ik T L 5V Hbs sy
(AvgO)RIPE) CPU I A] (Avg T) 2 8] IR K 5 o 5 S 36
B, 1 L=3~6 I, AvgO WIKEEEL BB, 1M1 AveT
BN . b n] W, L=3~6 Jy L A AEBUIE X 7] .

WAL, I () AR BENLE. Z80d, B s
ris dys Bos yar o HUE R N VAN B S

3 L5 AvgO Rl AvgT Z RIS A
Tab. 3 Relationship of L with AvgO and AvgT

HATIRE, TV T L Avg0 AvgTs
1 0.794 865 425 379 465 1914

1O, 2 ~0.817 165 234 565 718 1923
091 . 3 ~0.828 543 760 029 943 2176
081 4 —0.828 508 177 784 466 2753
0.77+ 5 —0.828 417 653 467 965 2476
06 S 6 ~0.828 476 954 236 965 2771

= 035 ik 7 0.820 176 342 579 564 3275
04K 8 ~0.822 968 795 346 798 3827

9 0.821 578 076 534 786 4219

10 ~0.823 397 653 697 658 5524

A n=50, N=200, L=3, G=10°, HINO 5
1750 IR. K AR T SH E S AvgO I AvgT 2
EESES$

00 7 000

BEAL I

B4 CRE P I BEALE

Fig. 4 Randomness of state I

K4 Ey5 AvgO Rl AvgT Z IR R

() FIRBAT RIS E Tk HING 5K Tab. 4 Relationship of E, with 4vgO and AvgT

s TG40 . B % G 2R st Ey AvgO AvgTl/s
FORZE en MMRRFAEM AL Givs Boik i B AR Eo- 0.001 —0.738 746 537 653 485 4221
X , . . . 0.002 —0.748 885 324 875 453 3378
eI IAAEE Ly BN, TABN,. GHle

o e N : 0.004 ~0.786 168 905 347 567 2756
&2 AHANSHL B L AT e PRI 0.006 ~0.806 198 954 687 665 2084
() TRE ) B g, R AT e=10°~10"° BIT], G 0.008 ~0.833 787 534 785 634 2010
B A e, G TR A, R 0.01 ~0.833 990 865 347 065 1932

0.02 ~0.833 948 734 676 534 1902
= SN 10 v y 72%” /l:l ’ ’
G=10~10". HIN9 SHARBZHNAMN Lo L, N 0.04 ~0.834 298 476 335 786 2022
A N, Ejé\ N=N =N, ‘Fﬁﬂfglqi%%%%%%( Eys 0.06 —0.834 848 753 467 865 2123
L, N BEUE 7. B1-T BUMP LAk 1] 804K M Sk i , 0.08 -0.834 998 657 485 876 2257
R T A BUMP A4k 1 Sk 9K R ] o, L, N 1) 0.1 ~0.834 608 745 378 546 2325
o . 0.2 ~0.834 788 753 467 859 2 367
WAETr 7. BUMP (AL T - 0.4 ~0.795 878 876 556 856 4714
. 4 " ” 0.6 ~0.792 388 765 847 654 5238
minY,(X)=—|Y cos*(x,) = 2] [ cos?(x; ix?
o(¥) ; () 1;[ ( ’)/\/; ' 0.8 ~0.693 437 849 397 643 6879
1 ~0.759 189 034 659 765 9113

st [[x =075 5 <7.5n0<x, <10
i=1 i=1

LR, E,=0.008~02 i, :
oy L RORRT, SRA HNO Sk Bump o 4 SRS éEi?OO?,OZ T AvgO 1
PR, 4 S0, E-001, N=200, G-10°, ig T RE L AGO R S E202 I AveT
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IR, H AvgO K5 EER RS, Rl 2™
E=1 I, Toiafi g . Hitn] W, E5=0.008~0.2
N Eo W EAERUEIX A].

A N=200, L=3, G=10°, H7N9 H}iz1T 50
Wo FXSHIRT AvgO, n, NI AvgT Z {155

K5 Ey n, N5 AvgO Ml AvgT Z MR AR
Tab. 5 Relationship of Ey, n, N with AvgO and AvgT

n N Ey AvgO AvgTl/s

100 0.01 —0.810987 465 764 554 772
200 0.01 —0.809 897845845334 3102
30 300 0.01 —0.811998457863478 2087
400 0.01 —0.814283254785345 5679
100 0.01 —0.828 489 795 475 346 1152
200 0.01 —0.826 690849457846 3079
%0 300  0.01 —0.825983 457845364 3085
400  0.01 —0.826 308 924 841 98 4297
100 0.01 —0.834887458746643 2017
100 200  0.01 —0.836 526 006 633228 2497
300 0.01 —0.835589745784535 5198
50 0.01  —0.842589795478463 2679
300 100  0.01 —0.835145907 846556 4 645
200 0.01 —0.847490 854 874 656 9435
50 0.01  —0.828490 845897453 4129
500 100  0.01 —0.836280745978425 7621
200 0.01 —0.827090 845704263 13715
0.001  —0.735 690 853 487426 8 107
>0 0.01  —0.792 288 745378 534 6279
200 100 0.001 —0.735676 253497263 14 692
0.01  —0.806487 053474656 14713
0.001 —0.783 817374574546 37 542
200 0.01  —0.825587 457 865464 28734
0.001 —0.745979 342578963 9817
>0 0.01  —0.749 780 342 553 426 8347
1000 100 0.001 —-0.738 390342 690 764 18429
0.01  —0.772270453 783426 20 152
0.001 -0.759078 452879642 31276
200 0.01  —0.807 690 845 786 346 35729
M5 AT LU £

(1) 4 n S0, THFER AvgT KRB

(2) ATEEM n, WA NG, HFER AvgT
WA, 15 AvgO IR EA AW R,
BN N A— 2 SHETF AvgO TR

(3) M TFLER n AN, W E,88hn, 4vgO
(RS B2 AR 2 B4 0, ARV FER Avg T mT Re s nslm b

R, Witk n=500, N=100~200 #t L0 T ;
W n<500, N=200 HiE9% 7T .

3 H7N9 HEEHAMBE LR L

ASCAR ] CEC2013M 4 44t ) [ 138 FH £
FEUE R HCR I HTNO BPERE. CEC2013 B35 A
28 MR OB SR MENA K £, IX 28 AN
HEMR bR £ SE 7> 325, 25 1 82 FI~FS 55 54
UG R B L Y, I G LU R RO PR S AL TR
K Al BB SUE AT, S AR A s A
B, R TIAEER KRR 5 2 K2k
F6~F20 &5 15 D2 IR i, X2 ek 4,
I S8 A2 TR R HME K At o B 28 e e T 1 T
B FEHTIAEENRE R T 5B 3 A
F21~F28 %5 8 NN A bR i, XL & iR EUE th
AN 1 RN 2 R SR ST TR,
BBERIA N e R A, T R R S ) 4
Hrhed), RISRAERE S FIER R AL ) bl v . A SCiE
P 6 MEAEREL, FRE 2, WK 6 PR,

6 HEUERR KR i A

Tab. 6 Benchmark function optimizations

S ﬁ-t@z%ﬂ@ Iii@\é)% ﬁi??)%‘,%ﬁt
bEAE] wfE EHAR R EE

BlE F2  [-100,100] o] -1 300
A T3 [~100,100] o) -1200

ZI&  F15  [-100,100] A4 AN
B F19  [-100,100] o] 500

g4 F22  [-100,100] A0 ENl
BEK F28  [-100,100] A0 AR

R 6, AL B4R ns O 2—A n
YEesm i, O MERENL™ /. IXLEILHE R H1 T
AT 2 0L SCHR[15]

I HINO Hikdokigdk 6 Fronifiibnk R s,
H7N9 & %8)E n=50, «=10"", N=200, L=3,
E=0.01, G=10", ik# 7 MALSEES HING 5
PHEATHOARS, XA S RC-GAP!, DASA,
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NP-PSO"", BBOP!, DE, saDE!"#1 ABC!'™,
TR, 7 MRS S a3k 7 T RIR L.

FIXSL ST SRR R AE R £ 51 Ik, &
8 HIHh T P&t H b5 R EE (Average) . A7 %L
(Median). ArifEfh Z2(STD) eIt H b bR S0 1 5%
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ARG HAR
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IME (Min) Al KR (Max) - 23 3 55 7k
(FE) , FEXMRERMEVERATH Y« 3% 8 1) Rank] /&
o PR H bR R BUE R 7 AT IHES
Rank2 J&3% “ P34t H A el BUE RS -+ T340
IR 207 AT 4

®7 7 HALEIEI S

Tab. 7 Parameters of 7 optimization algorithms

AT S8

RC-GA Yt B H N=100,25 5:%=0.01,2 M E#=0.5N,G=1.0E+10

DASA ISR m=37, B BRI H 5=10,15 |8 FE IR p=0.2, 4 JR A K K 32 5,=0.02, 4 Jm U ik R 36 5.=0.01,
ARt [ e KRS B e=1.0e-15,G=1.0E+10

NP-PSO N=100,G=1.0E+10

BBO A A IE R =1, B R e B AR =[0, | LEZR MBI o D K= 1, A S I5 1 B KT B T B R=1, T RE=
0.02,N=100, ¥ 9=2,G=1.0E+10

DE WHE K 7 F=0.5,58 X F 4 CR=0.9,N=100,G=1.0E+10

SaDE TR F X [6]=[0.45,0.55];28 X %X [8]=[0.85,0.95],N=100,G=1.0E+10

ABC UGB 82 0%=100, 3 X £=100n, G=1.0E+10

R 8 HTNO HIEMIAM 7 Ff S0 R A HEE o KIS A ) e LA

Tab. 8 Optimal solution of H7N9 algorithm and other 7 algorithms when solving the reference function

FEER AL H7N9 RC-GA DSDA NP-PSO BBO DE SaDE ABC
F2

Average  —1.3000E+03 8.3225E+06 2.8240E+06 3.1023E+08 1.0861E+07 —1.2936E+03 —1.2995E+03 3.0186E+08
Median  —1.3000E+03 8.3225E+06 2.8240E+06 3.1023E+08 1.0861E+07 —1.2936E+03 —1.2995E+03 3.0186E+08
STD 0.0000E+00 3.3587E+02 3.4709E+02 3.3633E+02 3.6235E+02 3.0082E-03 2.6358E-03 3.1750E+02
Min —1.3000E+03 8.3217E+06 2.8233E+06 3.1023E+08 1.0860E+07 —1.2936E+03 —1.2995E+03 3.0186E+08
Max ~1.3000E+03 8.3232E+06 2.8247E+06 3.1024E+08 1.0862E+07 —1.2936E+03 —1.2995E+03 3.0186E+08
FE 5.0292E+07 1.0139E+08 2.7997E+06 4.4721E+06 9.8624E+06 7.3458E+07 4.3885E+07 4.8080E+05
Rank] 1 5 4 8 6 3 2 7
Rank2 1 5 4 8 6 3 2 7
F3

Average  —1.2000E+03 —1.1761E+03 —1.1994E+03 1.6894E+07 —1.1996E+03 —1.2000E+03 —1.2000E+03 2.3600E+04
Median  —1.2000E+03 —1.1761E+03 —1.1994E+03 1.6894E+07 —1.1996E+03 —1.2000E+03 —1.2000E+03 2.3600E+04
STD 0.0000E+00 2.9029E-03  3.6623E-03 3.0649E+02 3.4493E-03 0.0000E+00 0.0000E+00 3.1894E+02
Min —1.2000E+03 —1.1761E+03 —1.1994E+03 1.6893E+07 —1.1997E+03 —1.2000E+03 —1.2000E+03 2.2857E+04
Max —1.2000E+03 —1.1761E+03 —1.1994E+03 1.6894E+07 —1.1996E+03 —1.2000E+03 —1.2000E+03 2.4123E+04
FE 2.4861E+05 1.3597E+08 2.0624E+06 1.0646E+05 5.3366E+06 2.4995E+05 2.9842E+05 7.9065E+06
Rank] 1 6 5 8 4 1 1 7
Rank2 1 6 5 8 4 2 3 7
F15

Average  —3.5215E+03 —3.5215E+03 —3.5215E+03 —3.5215E+03 —3.5215E+03 —3.5215E+03 —3.5215E+03 —3.5215E+03

Median ~ —3.5215E+03 —3.5215E+03 —3.5215E+03 —3.5215E+03 —3.5215E+03 —3.5215E+03 —3.5215E+03 —3.5215E+03
STD 7.0568E-06 7.2331E-06 3.0026E-06 2.9515E-06 3.0860E-06 2.8049E-06 8.1101E-06 3.1148E-06
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gk

U RR L H7N9 RC-GA DSDA NP-PSO BBO DE SaDE ABC
Min —3.5215E+03 —3.5215E+03 —3.5215E+03 —3.5215E+03 —3.5215E+03 —3.5215E+03 —3.5215E+03 —3.5215E+03
Max  -3.5215E+03 -3.5215E+03 —3.5215E+03 —3.5215E+03 —3.5215E+03 —3.5215E+03 —3.5215E+03 —3.5215E+03
FE 1.7195E+04 1.3721E+04 4.8194E+05 2.0287E+05 1.7373E+05 6.3975E+05 7.8498E+05 1.5443E+05
Rank1 1 2 4 7 8 5 3 6
Rank2 1 2 4 7 8 5 3 6
F19
Average  5.0000E+02 9.1841E+02 5.5308E+02 1.1316E+04 5.3854E+02 5.0215E+02 5.0208E+02 5.2823E+02
Median  5.0000E+02 9.1841E+02 5.5308E+02 1.1319E+04 5.3854E+02 5.0215E+02 5.0208E+02 5.2823E-+02
STD 0.0000E+00 3.3819E-03 3.1507E-03 2.8562E+02 2.8454E-03 2.9603E-03 3.2766E-03 3.1410E-03
Min 5.0000E+02 9.1840E+02 5.5308E+02 1.0667E+04 5.3854E+02 5.0215E+02 5.0208E+02 5.2823E+02
Max 5.0000E+02 9.1841E+02 5.5309E+02 1.1898E+04 5.3855E+02 5.0216E+02 5.0209E+02 5.2824E+02
FE 6.8026E+07 8.2627E+07 1.1259E+07 2.1342E+07 1.4366E+07 1.4229E+06 1.0181E+07 6.7003E+06
Rank| 1 7 6 8 5 3 2 4
Rank2 1 7 6 8 5 3 2 4
F22
Average —2.5901E+03 2.9671E+05 —2.0801E+03 —6.0283E+02 —1.5140E+02 3.9461E+03 —1.8084E+03 —1.4298E+03
Median ~ —2.5901E+03 2.9668E+05 —2.0801E+03 —6.0283E+02 —1.5140E+02 3.9461E+03 —1.8084E+03 —1.4298E+03
STD 3.1205E-05 3.3871E+02 2.9534E-05 3.1132E-05 2.9329E-05 3.3495E-02 2.6385E-05 2.9111E-05
Min —2.5901E+03 2.9609E+05 —2.0801E+03 —6.0283E+02 —1.5140E+02 3.9460E+03 —1.8084E+03 —1.4298E+03
Max -2.5901E+03 2.9745E+05 —2.0801E+03 —6.0283E+02 —1.5140E+02 3.9461E+03 —1.8084E+03 —1.4298E+03
FE 2.0639E+07 1.3635E+05 7.9869E+05 3.1195E+05 1.3814E+06 1.6162E+05 1.4094E+06 8.7924E+05
Rank1 1 8 2 5 6 7 3 4
Rank2 1 8 2 5 6 7 3 4
F28
Average  —4.7566E+03 7.8446E+03 3.9794E+03 —2.4928E+03 4.0285E+03 3.0674E+03 3.0333E+03 4.1228E+03
Median  —4.7566E+03 7.8446E+03 3.9794E+03 —2.4928E+03 4.0285E+03 3.0674E+03 3.0333E+03 4.1228E+03
STD 2.8710E-02 3.2140E-02 3.2510E-02 3.0692E-05 2.6139E-02 3.0157E-02 3.4298E-02 3.1398E-02
Min —4.7567E+03 7.8445E+03 3.9794E+03 —2.4928E+03 4.0284E+03 3.0673E+03 3.0333E+03 4.1227E+03
Max  -4.7566E+03 7.8446E+03 3.9795E+03 —2.4928E+03 4.0285E+03 3.0674E+03 3.0334E+03 4.1229E+03
FE 3.9892E+06 3.1518E+06 1.4406E+06 2.7234E+06 1.2795E+06 2.0201E+06 1.5469E+06 9.1752E+05
Rank1 1 8 5 2 6 4 3 7
Rank2 1 8 5 2 6 4 3 7

Rankl 34 6 36 26 38 35 23 14 35

Rank2 4% 6 36 26 38 35 24 16 35
Rankl 1 7 4 8 5 3 2 5

WAHA
Rank2 1 7 4 8 5 3 2 5

WAHA

M 8 Il LU HIX 8 MNEYLI Rank T Rank2

0

H7N9>SaDE>DE>DSDA>BBO>ABC>RC-GA>

NP-PSO

B S(a)~(H%5 i TIX A FER AR 6 > IEAE R 2L
IS AR REAS ST S i 2k, 3K 2 i 2 1) 71 A 4R
PRSI, DA SR H X 28 il 2k (1 A2 A 4015
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