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proposed,a variety of mutation operators and crossover operators are designed. and the improved genetic
algorithm (IGA), the intelligent genetic algorithm based on knowledge model (KIGA) and the adaptive
intelligent genetic algorithm based on knowledge model (KAIGA) are formed. The results show that the
adaptive mutation and crossover probability can accelerate the convergence speed of the solution, and
the knowledge model can also improve the optimization effect of the solution
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Algorithm 1 Mainframe

1: PL « Initialize()

2: initialize the performance knowledge of
operators

3: while termination criterion not fulfilled do

4: PL'< Mutation(PL)

5: PL" <« Crossover(PL)

6: PL < Roulette_selection(PL w PL'U PL"U PS)a

7: updating the performance knowledge of
operators

8: end while

9: return PL
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Algorithm 2 Mutation

1:while d<PS

2: PL, < Roulette_selection(PL)

3: F=PL,_fitness

4:if F'>F then

5: Pm=Pm, L (Pmy —Pm,)(F —F)

Fox —F
6: else
7: Pm=Pm,
8. end if
9: Pm'=random(0,1)

10:if Pm'>Pm then

11: PL, < individual mutation(PL,)

12: d++

13: end if

14: end while

15: return PL'
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Algorithm 3 Individual mutation

1: P =random(0,1)

2: Mutation _operator _number=operator_select(P)

3: PL, = mutation_operation(PL,,

Mutation _operator number)
4: Am(Mutation _operator _number)++

5:if PL, _fitness>PL, fitness then
6: Sm(Mutation _operator _number)++
7:end if

8: return PL,
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Algorithm 4 Crossover

1: while d<PS
2 PL, < Roulette_selection(PL)

5:if PL, fitness>PL, _fitness

&& PLy, _ fitness>PL, _ fitness

&& PL,, _ fitness>PL, _ fitness

&& PL,, fitness>PL, _fitness then
6: Sc(Crossover _operator _number)++
7:end if

8:return PL,,PL,,

PL, < Roulette_selection(PL)

:if PL, _ fitness>PL, _ fitness then

: F'=PL, _ fitness 3 i—f‘ﬁg’;%&ﬁ*ﬁ

3
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7: end if TG RN R SERR R, IR T A A

8- if E'sF then e R AR AS [ RIS 1) B s 4 o TH SRS IR A

9: po-pe, (P =PeI(F- F) JAVA 4w 53, {E Eclipse *F-& EAT, 18175088
Fonax —F 4 Windows 10(CPU 1.60GHz, 8GB W71£). M L%

10: else PR 4 FRE RS R, ASCIE 11 HisdE

11: Pe=Pc, N GY B EEAN ] R AN [ R S AT S . L

12: end if RSN 3 PR,

13: Pc'=random(0,1) P et B8
3 RHIESE

14:if Pc'>Pc then Tab. 3 Case library parameter
15: PLy,PLy,, < individual rossover(PL,,PL,) ESUEIRS B4 0 B A
16: d++ 313 3 15
17: end if 2 ! 2!
533 5 33
18: end while 8-55 3 55
19: return PL" 10-72 10 72
X5 AN I S SR T AR L e o o
AT, WL S n, A XE AT 18-156 18 156
2 Ne(iy, HAE I AR17), WRIERILGT LT 20-180 20 180
HHEAAE XHE TR EZ Pe(i), HIFHE LA 24-218 24 218
R(18), AE, HARIM 2K FE3 LT, 22X S = =
SRV, HEEEE TR Acl), MR 3.2 SHIRE
A IR IR I A Se(i) WA B BIRR SO BRI, FFLAZE
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[FIBURE T R BUR R AR, I 4 Bios. w4 ETARTARNEARE
i . Tab.4 The number of iterations of the algorithm at various scales
KIGA RN IR EM A 0.1, HIih 22 f5i| 45 A VK 22 f5i| 45 A VK
G 1. 3-15 400 16-136 1000
s N L A % 4-21 400 18-156 1 000
SO HEALAESEY FORRAL, S . W0 | Jewse 1o
A SRR AN [F] 2] SR04 SR 7 A — g [R5 i, T 8-55 400 24218 1 500
DA IE A0 s S T, B 10-72 tooo | 25232 1500
14-118 1 000
N HE \Q P Lt 2 N7
WINRRA G . P5, BRKEATR, WS Hi ———
TN, HRIER L,s (56) EARER, JHFPAgE RS 25 Tab. 5 Table of horizontal factors
gl BAE P S U A8 2 TR) 1) Ot 22 16 R VF ) 45 A 254 T K AR

Tl R AASE AL XM AP SRR

SEIG, EOEAEREN] 4-21 FRATIEG, WK 3 P,

1 20 0.5 0.01
HEHmZERNMISEA G, HLEAARIME——4, § 28 8-3 06015
M4k 227E 245 5-33 8-55 TREATSEE, #3311 45 % 4 80 0.8 02
3 6, Hrh—FR ORI 5 100 09 03
50 000
45000 L ™+ TGA —e— KIGA — = — KAIGA AR
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35000 |
30 000 |
§ 25000 F
20 000 F
15 000
10 000 F
5000 - . 7
03715 421 535 855 10-72 14118 16136 18-156 20~180 24-218 15-232
ESUE RS

B3 3k, IGA. KIGA #l KAIGA fif (135 e 43 A1 ]
Fig. 3 Mean distribution of Greedy algorithm, IGA, KIGA and KAIGA solutions

®6 ZHMEEIRK
Tab. 6 Parameter identification experiment

. . IGA KIGA
WA REE OUMR RSEER — TRy~
1 1(20) 1(0.5) 1(0.01) 0.002 1 — — 0.002 1 — —
2 1(20) 2(0.6) 2(0.05) 0 0.016 6 — 0 0.0180 —
3 1(20) 3(0.7) 3(0.10) 0.002 1 — — 0.009 6 — —
4 1(20) 4(0.8) 4(0.20) 0.002 1 — — 0.002 1 — —
5 1(20) 5(0.9) 5(0.30) 0.004 8 — — 0.004 8 — —
6 2(40) 1(0.5) 2(0.05) 0 0.003 6 — 0 0 0
7 2(40) 2(0.6) 3(0.10) 0.002 1 — — 0 0.014 4 —
8 2(40) 3(0.7) 4(0.20) 0.002 1 — — 0 0.013 3 —
9 2(40) 4(0.8) 5(0.30) 0.002 1 — — 0.004 8 — —
10 2(40) 5(0.9) 1(0.01) 0 0.0029 — 0 0 0.001 2
11 3(60) 1(0.5) 3(0.10) 0 0 0.0279 0 0.002 5 —
12 3(60) 2(0.6) 4(0.20) 0 0.003 6 — 0.002 1 — —
13 3(60) 3(0.7) 5(0.30) 0 0.013 7 — 0 0 0.045 3
14 3(60) 4(0.8) 1(0.010) 0 0.0108 — 0.009 6 — —
15 3(60) 5(0.9) 2(0.05) 0 0.002 5 — 0.004 8 — —
16 4(80) 1(0.5) 4(0.20) 0 0 0 0 0.002 5 —
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N T IGA KIGA
WES AR SR ARER 491 533 8-55 491 5.33 8-55
17 4(80) 2(0.6) 5(0.30) 0 0.0133 — 0 0 0.001 6
18 4(80) 3(0.7) 1(0.01) 0.002 1 — — 0 0 0.042 1
19 4(80) 4(0.8) 2(0.05) 0 0.003 6 — 0 0.144 0 —
20 4(80) 5(0.9) 3(0.10) 0 0.0130 — 0.002 1 — —
21 5(100) 1(0.5) 5(0.30) 0 0.002 5 — 0 0.002 5 —
22 5(100) 2(0.6) 1(0.01) 0 0.002 5 — 0.002 1 — —
23 5(100) 3(0.7) 2(0.05) 0.0021 — — 0.004 8 — —
24 5(100) 4(0.8) 3(0.10) 0 0.003 0 0.0150 0 0 0.0150
25 5(100) 5(0.9) 4(0.2) 0 0.002 5 0.0177 0 0 0.0177

x 6013, 7EIGA ), BILSHAGH: Fh
TR 80: ZEXMEHN 0.5 ZRMER 0.2,
7 KIGA "', LS HAG N FIEERESN 40;
TXMEZN 0.5; BN 0.05. H1T KAIGA
S SORE RN AR S MR A G IV (1, UMl A8 S
7E 0.5~0.9 Z i), ZFHEZAE 0.01~0.3 Z [0, HIE
A S R RS XOME R L AR e W TR 6 ) e K e /N K
5, EAEEG] 5-33 T RIAS ] FI R AR R #
HEAT 75256, WK 3 Fios. WiEk 7 s, i KAIGA
(AP RERLEL 5 SR 60,

RT KAIGA FHRERIBO LE SR
Tab. 7 Comparison experiment of KAIGA population size

T RERI L i 72 i RER L T2z
20 0.0155 80 0.010 8
40 0.002 5 100 0.010 8
60 0
3.3 SR
331 4RI

(1) BMEXSEE

AAEXT 4 PEAE AN GG ) B E A
THERAEHT T 400, Wk 8 . o, szgtdal:
ZAF R 4 PRIt e AREL R IR S
AR T D SR et o 1 3 A R 3SR o3 AT
Bl Hi 8 AT 3 mI%N, S 3 Mk AtE— A%
Bl_- A T o AR L, KT 3 B, £
GAFIINBLR /NS ZE AN K, RLRiAG SRR,
AN T AR KIGA Fl KAIGA Sk BT
IGA, {HINIANT AIENAZ R A2 XA KAIGA 5
KIGA BATHERZE5, BEWIHITREBAD e —

SE VRO, T SN AR e AC ORI AL A
WA o, ek E, 3 MEELER—A
ZAF) N RIS TR) 22 AN, AR A AR 2 AR
WCSIRARKAN ], Fr AR 2B RIASAZ I, AR I
AT PTG, P AR a2

(2) Rt

PD(the percentage deviation, {7 [ 43 bR
TSRS, % 3 MEYE A, B, C
FERl—Z ) FIZAT n R4S ZIA# 53 34 {Ear, Enos ..,
Eants {Esi, Ego, ..., Egn}s {Eci, Eco, ..., Ecn}o 0
030 AME T I LA o WIAR R 3 T 1) I 22 53 A1

ﬁj\%IJj]: a={PDA1, PDAz, veey PDAn}, b:{PDgl,
PDg,, ..., PDgy}s c¢={PDc, PDcy, ..., PDcy}, HiH

PDi=(Ej-0)/ 6, Eyi AL 5 1 I TV {E, PDy
BN VIS | OB T B R L R 22
h TR R RR RS, X 3 R L)
FEAE 0.05 [R5 & PEZKF N BT RRART 3 o AR n
WEHR 10 Ko K9Gt T 3 MEVEAESNEOT
2 8ME . B 45 MR IE W T+ 2R
KIGA i T8k~ For KIGA 95 T80k,
‘=" RN KIGA SixHEEA BEEZE R . AP
WEVEZESRIN, AR 22 S (B AN AT HL A
HI2€ 9 WA, fEZBIEBU/ME, IGA. KIGA Fl
KAIGA ¥ PD fHC W EEZE S, (HBEAE S04
K AN FIRAE AL KIGA (1) PD i 5% #1E T IGA,
M HIGENAR 5 A8 XE# 1) KAIGA 5 KIGA
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Tab. 8 Mean value of results of the four algorithms

S TG RIS IGA KIGA KAIGA

W5 A WEN A A RS RAHRE% A TEEs RIS/ % AR T ETEs AR /%
3-15 1194  0.020 1153  37.96 3.43 1153 35.99 3.43 1156  36.82 3.18
421 1965 0.023 1881 4038 427 1879  37.59 438 1881  36.76 427
533 3776  0.032 2794 4448 26.00 2784  41.80 26.27 2794 4137 26.01
855 5794 0.057 4474 61.05 2278 4389  61.26 24.25 4438  61.86 23.40
10-72 9248  0.061 5984 200.56 3529 5776 204.20 37.54 5742 20223 37.91
14-118 20 114 0.101 10945 744.07 4559 10326 726.36 48.66 10411 731.48 48.24
16-136 23972 0.125 13203 1106.57 4492 12154 1103.61 4930 12333 1097.80 48.55
18-156 27901  0.145 16863 1913.62 39.56 15047 1 868.02 46.07 15245 1873.35 45.36
20-180 34230  0.185 18067 4 130.65 4722 16776 4148.71 50.99 17012 4136.39 50.30
24-218 43039 0.210 23136 7614.23 4624 20989 7003.30 5123 20953 7125.86 51.32
25-232 45007  0.235 25589 8268.88 43.14 22785 7839.08 4937 22703 8112.18 49.56

VE: DU BB R A HEAR R T o0 R S 0~ 2 DA EL A1

%9 RFEBBER 3 FhETEE 2408 YA AR I 4.
Tab.9 Mean deviations of the three algorithms at different scales i1 4 7y 4, E %1@] f& /J\ Hﬂ’ , KIGA ﬁ{i E/ g} ﬁE
Zbifis  KIGA 1GA KAIGA AR 5 (ELBEAE S BRI, AT A
13 00000 (=)0.0000  (=)0.0024 HATH G 19 KIGA R MLtk SR AR AR, LA
421 00013  (9)0.0000  (=)0.0013 }
5-33 00022  ()0.0056  ()0.0059 AL T 1GA
8-55 0.0160  (+)0.0519 (2)0.027 4 3.3.3 KIGA 1 KAIGA X}t
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24218 00138  (+)0.1175 (%)0.012 1 HIEL S A4, 2R =B, TS 22,
25-232 0.0155 (+)0.1405 ()0.0119 KAIGA 5 KIGA FA T8, (H B 2 IS [
332 IGA F1 KIGA Xt i BER, RSB 5-33 AZEHI 8-55 H, KIGA IS

AL IGA A KIGA 2 FhEVEAE AN 01 F I LB T KAI‘GA’ %7%1§”jmﬁ% 10-72, BEL
WG AT A0 0T, AR BEAT 10 %, o WA T RIERS SXBAH KAIGA 1)

JER G ROV, AR AR by PRI RALT KIGA.
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