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Genetic algorithm with fitness approximate mechanism

ZHAO Ning, ZHAO Yongzhi, FU Chenxt

(Shanxi Engineering Laboratory for Transmissions and Controls, Northwestern Polytechnical University, Xi” an 710072, China)

Abstract: The evaluation of the fitness is computationally very expensive for some optimization problems; therefore a genetic algorithm named

FAGA with fitness approximate mechanisms is introduced. In order to effectively control the accuracy and frequency of the fitness approximation, a

fitness approximate model based on the concept of fidelity was established. The fitness of a particular individual in the population was obtained as

weighted averages of other individuals within a certain area, the size of the area was limited by the fitness sharing radius, the weights of different

individuals were determined by the non-dimensional Euclidean distances between individuals and the particular one, and whether to use the real

fitness functions or not was decided by the fidelity thresholds. Besides, mechanisms of the loss of fidelity was adopted to reduce the approximate

errors from spread and accumulation, and mechanisms of removing redundancy individuals in order to reduce the computing consumption was used

at the same time. Three benchmark functions were used to test the convergence and effectiveness of FAGA. The test results show that FAGA

achieves satisfactory the optimal solution among the three test functions, and more than 60% of the computation can be reduced at the same time.
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Tab.1 Convergence test results of the algorithm
Opt. Best Mean
N 3 3+0.889¢ -10 3 +1.520e-10
S 0.968371572 0.968 371547 0.968 3715 86
fi 0.998003839 0.998 003 838 1.248 796 691
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Tab.2 Effectiveness test results of the algorithm

Max. Num Eval. Num Percentage
N 20 000 7167.5 35.838%
S 20 000 7560.5 37.803%
f 20 000 7212.05 36.060%

ML ATRUE Y FAGA LT B S, L £,
f5 EAERHRAT TR B A, B T KRS,
S5 $REN T L E R A S A

H135% 2 Al A1, FAGA B33k Al AR OR /b K52
TN A TR, FAGA M LL T S8 it 15 53

5T = A0 ek K S ek > T 64, 162%
62. 197% Fll 63. 940% (4138 I {E F- 44 35 WKLo
R , i I (E eR B TR AR T AR B 1 0
TR FAGA Bk ] DL 48 KR4 2/3 it 5
I Ta]

WSS O S ) 45 SRR B8 9T A TR ) o
JEE 1A A M ) 235 2RAG 06 1 T A 2R X 0
PR PRI O KUE SR 45 R R W], FAGA
A A T R A AR S A3 (L U 2 A 2K
14, B RE DRAIE T I 45 2R A0 v B2, SLRBE 1 3 1y b e
DEIESRIRIIE S IR i s

SETES E ML SRR, FAGA RBUINA
R (RIS IRAT —LE 240 45 (] AU E AR TR AT -

1) Bk RS AN U 5

2) KESBAUSERAANT 5

3) ffer kAR R RA A A R, R
el LS AR A PR K

Zit

BRI (R TSR B I O Al )R, AR ST 45
T b EAE I (E TN AL Y 38 AL ik FAGA,
DASER B A 3 5 0 A QR 52 3 B A P 353, A
iR AR . FAGA A& T —Fh kT 1]
e BEARE & O 225 7 T A 2 A2 TR RS 1 5l

4



3 ]

R A AT (B AL B g A S - 121 -

A PEIN ERA S BOTR Z [B) B S s 8l . 24
00 EE AR, RE R ad ot 1 Sl WA A T 35 ok
AERTII AR, AT i (58 FoU300 s 2 42 1o

FIH 3 ASFEAME R EIN FAGA BEATICSLIE AL
ACERII, A 2R AR FAGA X T 3 NIl
PR REAR A0 B I e AL Ak , O ELAT RE DD 60%
AL A ELSEIE W (TSR 45 stk A
AR 4 25 S AT M FAGA J&—Fh IE A | m 5%
AR BEDL LSS , o A0 5 Tl 5 BEAE Y
e O (L FOUTUIASR 5 8 408 A O Sk F0U 00 VA Al 12 A ) I
A R P T AR

22 3R ( References)

(1] PhEF]. mmPUR RSB ORI Sk M. b
B MU s A, 2012.
SUN  Chaoli.
systems design[ M]. Beijing: China Machine Press, 2012.
(in Chinese)

[2] Shan S Q, Wang G G. Survey of modeling and optimization

Particle swarm optimization for mechanical

strategies to  solve  high-dimensional  problems  with
computationally-expensive black-box functions[ J]. Structual
and Multidisciplinary Optimization, 2010, 41(2) ; 219 —241.

[3] Jin Y C. A comprehensive survey of fitness approximation in
evolution computation[ J]. Soft Computing, 2005, 9(1): 3 -
12.

[4] Wang G G, Shan S. Review of metamodeling techniques in

support of engineering design optimization [ J . Journal of

(&% 71 )
2% 3R ( References)

[1] Barbour N, Schmidt G. Inertial sensor technology trends[ J].
IEEE Sensor Journal , 2001, 1(4) ; 332 —339.

[2] #R¥:. MEMS AR BB AR D]. R AEHF
iR, 2005.
YANG Junbo. Research on the key technology of MEMS
vacuum packaging [ D ]. Wuhan; HuaZhong University of
Science and Technology, 2005. (in Chinese)

(3] FRMEE, iR — BB i OB ke 8 B R E0 3y
L), A FHR 2011, 48(6) : 391 -394,
XU Shujing, GAO Zhenning. A new test method for the quality

of MEMS gyroscope [ J ].
Technology,2011, 48(6) : 391 =394. (in Chinese)

[4] Zhang M, Llaser N, Mathias H.
architecture ~ for ~ MEMS
measurement[ C]//Proceedings of 15th IEEE International

factor Micronanoelectronic

Improvement of the

resonator  quality  factor

Conference on Electronics, Circuits and Systems, 2008 ; 255 —
258.
[5] Zhang M, Llaser N, Mathias H,

et al. High precision

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

(6]

(7]

(8]

Mechanical Design, 2006, 129(4) : 370 —380.

FNP, B LW 38R S 3 N g R s
BRLM . PG - V4 22 S R 2 A, 2002.

WANG Xiaoping, CAO Liming. Genetic algorithm-theory,
application and software [ M']. Xi’ an;
University Press, 2002. (in Chinese)

Paenke I, Branke J, Jin Y C. Efficient search for robust

Xi’ an Jiaotong

solutions by means of evolutionary algorithms and fitness
approximation [ J ]. IEEE Transaction
Computation, 2006, 10(4) . 405 —420.
Li M. An improved kriging-assisted multi-objective genetic
algorithm[ J]. Journal of Mechanical Design, 2011, 133(7) .
1-11.

Jin Y C, Olhofer M, Sendhoff B. A framework for evolutionary
IEEE
Transactions on Evolutionary Computation, 2002, 6 (5): 481
-494.

Malak R J, Predis C J J. Using support vector machines to

on Evolutionary

optimization with approximate fitness functions [ J].

formalize the valid input domain of predictive models in systems
design problems[ J]. Journal of Mechanical Design, 2010, 132
(10): 1 -14.
Smith R E, Dike B A, Stegmann S A. Fitness inheritance in
genetic algorithm[ C]// Proceedings of the 1995 ACM
Symposium on Applied Computing, 1995 : 345 —350.

Sastry K, Goldberg D E, Pelikan M. Don’ t evaluate,
inherit[ C]// Proceedings
Computation Conference, 2001 551 —558.

Kim H S, Cho S B. An efficient genetic algorithms with less

of genetic and Evolutionary

fitness evaluation by clustering[ C]// Proceedings of IEEE
Congress on Evolutionary Computation, 2001,2; 887 —894.

measurement of quality factor for MEMS resonators [J].
Procedia Chemistry, 2009,1( 1) :827 —-830.

B, ARICHE, XIEAE, 5. U R R R IR A
BRRBFTET]. VE 22 52Tl R 2274, 2002, 36(4) : 377
-380.

HAN Jiangiang, ZHU Changchun, LIU Junhua, et al. Quality
factor of thermally excited micromechanical cantilever
resonators[ J ]. Journal of Xi’ an JiaoTong University, 2002,
36(4): 377 -380. (in Chinese)

Atavin V G, Kuranov V V, Khudyakov Y V. Determination of
the errors of resonance frequency and quality factor
measurements[ J ]. Measurement Techniques,2003, 46 (3) .
249 -253.

FRIN, B, R RGN BRI PR 5 A 2 Pl
Mk L] EB R AR 44k, 2011, 19(5): 607
-610.

WANG Ancheng, LUO Bing, WU Meiping. Online and quick
determination  for

resonance frequency of silicon micro-

gyroscope [J]. Journal of Chinese Inertial

Technology,2011, 19(5) : 607 —610. (in Chinese)

machined



