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One Method for Search of Maximum Value
in Multimodal Function

Yuzuru KuBoTA

Abstract

Recently, the requirements of optimization in the synthesis and the system have become stronger, and
the optimization problems have become more important. This report proposes one method for search of
the maximum value in the multimodal object function. This describes the search algorithm and the
effectiveness of this method is examined by some example functions.

Better results were obtained by this methed than by other mothods.
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Tbb, FHEINLEBN I B 105 Ymax BB L, MUZLE Yo TH 2 X 5 A2
KOEELETH D, BRISNZHBT Ymax, Yo' &2 1BIZE T2 8, EERICL D
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i— 1 %& C. L:i“j'j_é Amax L:BLT%)@*E"& X

(a) f(x)=sin(37rx)+0.1x (b) f(x)=sin(57xx)+0.1x
Ymax=1.0833 x°=0.8344 ymax=1.0900 x°=0.9004
N GC: 2.0 4.0 8.0 N Ce 2.0 4.0 8.0

0.7500000  0.7500000  0.7500000 3 | 0.5000000  0.5000000  0.5000000

0.2500000  0.2500000  0.2500000 5 | 0.5000000  0.7500000  0.7500000

0.8750000  0.8750000  0.8750000 7 | 0.5000000  0.2500000  0.5000000

0.1250000  0.1250000  0.1250000 9 | 0.5000000  0.5000000  0.8750000
11 | 0.7500000  0.7500000  0.7500000 11 | 0.5000000  0.1250000  0.1250000
13 | 0.8125000  0.8125000  0.6250000 13 | 0.5000000  0.5000000  0.6250000
15 | 0.8750000  0.8750000  0.5000000 15 | 0.7500000  0.8750000  0.7500000
17 | 0.1875000  0.8750000  0.8750000 17 | 0.8750000  0.1250000  0.8750000
19 | 0.8437500  0.6250000  0.1250000 19 | 0.8750000  0.9375000  0.1250000
21 | 0.1250000  0.8437500  0.7500000 21 | 0.9062500  0.9062500  0.9375000
23 | 0.8281250  0.7500000  0.9375000 23 | 0.8962500  0.5000000  0.5625000
25 | 0.8750000  0.2500000  0.6875000 25 | 0.9375000  0.6250000  0.8125000
27 | 0.1562500  0.1562500  0.8437500 27 | 0.8984375  0.8750000  0.9062500
29 | 0.8359375  0.1875000  0.8125000 29 | 0.8750000  0.0937500  0.5000000
31 | 0.8281250  0.8281250  0.1562500 31 | 0.8984375  0.7500000  0.8750000
33 | 0.8437500  0.9375000  0.1875000 33 | 0.8906250  0.1250000  0.0937500
35 | 0.8203125  0.8125000  0.1250000 35 | 0.8945313  0.5625000  0.5312500
37 | 0.3359375  0.1250000  0.9062500 37 | 0.9003906  0.4687500  0.9375000
39 | 0.8515625  0.3359375  0.3750000 39 | 0.8984375  0.9375000  0.3750000
41 | 0,8281250  0.8437500  0.8281250 41 | 0.8964844  0.8984375  0.9062500
43 | 0.8242188  0.8203125  0.0937500 43 | 0.9013672  0.9218750  0.8906250
45 | 0.8339844  0.7968750  0.8125000 45 | 0.8994141  0.8906250  0.9218750
47 | 0.8320313  0.1718750  0.2500000 47 | 0.8983375  0.4843750  0.8437500
49 | 0.8300781  0.1562500  0.1718750 49 | 0.8974609  0.9023438  0.4843750
51 | 0.8281250  0.0625000  0.8750000 51 | 0.9003906  0.8984375  0.0937500
53 | 0.8417969  0.8359375  0.1875000 53 | 0.8999023  0.8750000  0.7500000
55 | 0.8339844  0.8398438  0.8359375 55 | 0.9013672  0.0937500  0.2500000
57 | 0.8349069  0.8593750  0.8281250 57 | 0.8989258  0.1093750  0.8984375
59 | 0.8359375  0.8242188  0.2031250 59 | 0.8945313  0.9003906  0.1562500

ED Ymin BB SN FHB D E» T b D, FRH2" B EEING, LoTInE &
BOBEHEL TWDBIEIChY), ZITRONVTEERT LI I 2, Thobb, BhsE
FHLTDELT2h, B2 L EDLAII LB 5 RS TTL 5, EBREITII,
2" C=4TH2HNDT, n=7, 9NL %, =2 TIIERBBI L % >7RTH2, #>TD
REZEE LT, HESNDIBEHENMBET 2L, XRDLEHIC . 2EDLHEDZ LD,

N
q>3% (10
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(c) f(x)=sin(77x)+0.1x

SHEBIB DR AMERE O —F ik

(d) f(x)=sin(97x)+0.1x

Ymax=1.0928 x°=0.9287 Ymax=1.0944 x°=0.9445
N G 2.0 4.0 8.0 N G 2.0 4.0 8.0
3 1 0.7500000  0.7500000  0.7500000 3 | 0.5000000  0.5000000  0.5000000
5 | 0.6250000  0.2500000  0.2500000 5 | 0.7500000  0.7500000  0.7500000
7 | 0.6250000  0.5000000  0.5000000 7 | 0.2500000  0.2500000  0.2500000
9 | 0.2500000  0.3750000  0.3750000 9 | 0.7500000  0.7500000  0.7500000
11 | 0.3750000  0.8750000  0.8750000 11 | 0.5000000  0.2500000  0.2500000
13 | 0.3750000  0.1250000  0.1250000 13 | 0.2500000  0.5000000  0.6250000
15 | 0.6565250  0.9375000  0.7500000 15 | 0.5000000  0.8750000  0.9375000
17 | 0.6406250  0.1250000  0.0625000 17 | 0.5000000  0.9375000  0.5000000
19 | 0.3437500  0.6250000  0.6250000 19 | 0.5000000  0.1250000  0.0625000
21 | 0.6250000  0.3750000  0.3750000 21 | 0.5000000  0.0625000  0.7500000
23 | 0.3593750  0.9375000  0.6875000 23 | 0.5000000  0.9375000  0.2500000
25 | 0.6484375  0.6562500  0.1250000 25 | 0.5039063  0.7187500  0.6875000
27 | 0.6454313  0.7500000  0.9375000 27 | 0.5019531  0.2500000  0.9375000
29 | 0.6406250  0.3437500  0.6562500 29 | 0.4980469  0.5000000  0.7187500
31 | 0.6425781  0.6250000  0.3437500 31 | 0.5009766  0.2812500  0.5000000
33 | 0.6445313  0.2500000  0.0625000 33 | 0.4995117  0.0625000  0.2812500
35 | 0.6406250  0.3750000  0.6250000 35 | 0.5004883  0.9375000  0.0625000
37 | 0.6425781  0.6406250  0.3750000 37 | 0.4995117  0.7187500  0.5625000
39 | 0.6435547  0.6875000  0.4375000 39 | 0.4995117  0.6875000  0.9687500
41 | 0.6445313  0.3593750  0.9218750 41 | 0.5002441  0.5000000  0.1250000
43 | 0.6406250  0.9218750  0.9375000 43 | 0.5000000  0.9453125  0.9375000
45 | 0.6430664  0.3125000  0.6406250 45 | 0.5004883  0.2812500  0.0312500
47 | 0.6425781  0.9375000  0.3593750 47 | 0.5007324  0.3125000  0.9531250
49 | 0.6420898  0.9296875  0.6562500 49 | 0.5007324  0.9453125  0.5000000
51 | 0.6386719  0.0937500  0.0781250 51 | 0.4985352  0.7187500  0.2500000
53 | 0.6445313  0.6406250  0.3437500 53 | 0.5001121  0.9414063  0.7343750
55 | 0.6430664  0.6484375  0.6250000 55 | 0.5000000  0.7343750  0.5312500
57 | 0.6433105  0.9218750  0.9296875 57 | 0.4998779  0.9492188  0.0625000
59 | 0.6435547  0.9277344  0.9062500 59 | 0.4997559  0.9453125  0.9453125
S5, EBHELT
—5x (x—0.5) 0<x=<0.5
f(x)= —100 (x—0.625) (x—0.75) 0.625=x=0.75 (11)
0 else
—5x (x—0.5) 0=x=0.5
f(x)= —100 (x—0.635) (x—0.76) 0.635<Xx=0.76 12)

0

else
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OMP

®-3 an KX H-4 (12 K

) & @QDBEBENHE K — 3, W— 4D EHIRT, BIaRT &, BOKRLIFEL T,
EWIIRAEA0.01 72 RS EL > TWwaE 2T Tho, TNLICH L Te=4 2 L CTHER
AT NEFEIRDENETNDOTHTH S, NIFEREBTH S, Lok~ <, K—3
EBWTRLFIRIEFEL ( 84EIINREN D 55, x=20.5 TOEB TR X 1.7 BKE
DINTYmn=0THY, ZOEBETHAIEZE E5260T, FRLZ LS ICERBICKS
T3, KICK— 4 Tid, B LB THRED T Z D53 DOBIFIED Ynin T\ 726, Tkl
BELZBIL TS, INLDERIBEDHRNIEL W EE2RL TS,

5. BIFEIC & 2 B MHEOKRET

A. 1RTOHHIE
FIE L.
f(x)=0.85exp {—50 (x—0.2)%}+0.95exp {—40 (x—0.48)%}
+exp {—70 (x—0.81)%} 13

0=x=<1
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x-observing point

37 OMP N x-observing point

H-5 #lE1 H—-6 fFIE?2

PBIzE 2.
f(x)=0.9exp {—46 (x—0.15)2}+exp {—120 (x—0.41)2}
+0.89exp {—85 (x—0.6)%}+0.98exp {—70 (x—0.85)2} 14)

0=x=<1

=4 LT, BEMRERLIZODPHE—5, R—6Thb,

B. 2RTOHE
BlE 3.
f(x, x2)= 25exp {—20 (x,—0.3)2—18(x.—0.7)%}+23
exp {—17(x;—0.65)2—19(x.—0.25)2} (15
0=x,=1 0=<x,<1
BlE 4.
f(xy, x2)= 18exp {—15 (x,—0.5)2—20 (x,—0.7)2+19
exp {—22 (x,—0.27)°—20 (x.—0.25)%}+17
exp {—20 (x;—0.75)*—16 (x:—0.3)%} (16)

0=x:=1 0=x,=1
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I — xl — 1 0.0 ' xll 1.0
1
®—7 BIE3 R—8 fiE4
flE 5.
f(x1, x2)= 15exp {—20(x,—0.3)?—22(x.—0.3)%} +17
exp {—19(x,—0.75)°—15(x>—0.25)*+14
exp {—23(x1—0.25)°—18(x.—0.75)°+16
exp {—20(x,—0.7)2—20(x.—0.8)2} an
0=x=1 0=x,=1
IR 6.
f(x;, x2)=  {1—-100(x,—0.15) (x,—0.35) (x,—0.5)

(x:—0.95)} {1—100(x2—0.1) (x2—0.3) (x2—0.6)
(x2—0.95) } 19
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0.0 1 0.0 X, 1.0

XM—-9 #HIES X—-10 #iE6
0=x:=1 0<x,=1
BIE3~6%c=16 L LT, KI—7, M-8, M—9, K—10Iic % DB & ERKIRE =
LTHh5,
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R—2 PIE1~ 6 nEfl & ERIE

Test fun. Ex.1 Ex.2 Ex.3 Ex. 4 Ex.5 Ex.6
X 0.8064 0.4111 0.3007 0.2758 0.7416 0.8066

Searched
data X, 0.6992 0.2543 0.2524 0.8222
f 1.0125 1.0817 25.0619 19.3210 17.3035 4.8007
True X, 0.808 0.411 0.301 0.2750 0.742 0.807
data X, 0.699 0.2540 0.253 0.822
f 1.01257 1.0817 25.062 19.321 17.303 4.800

R—3 PIEICHT 2 AREL 7> 7y aik

L D eig
Test fun. Ex.1|Ex.2 |Ex.3 |Ex.4 |Ex.5|Ex.6
This method 37 32 | 110 | 126 | 121 | 113

Random search 42 72 | 590 | 906 | 764 | 305
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