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Adaptive Range Particle Swarm Optimization to Find Multiple Optima
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The main objective called as the population-based optimization techniques is to find a global minimum.
However, it is sometimes preferable to find multiple optima in the engineering design. The Adaptive
Range Particle Swarm Optimization (ARPSO) to find multiple optima is proposed in this paper. The
active search domain range of the ARPSO is only one, however, many active search domain ranges to
find multiple optima are generated in the proposed approach. At first, the many active search domain
ranges are generated by the paired particles, and the procedure of the ARPSO is applied. Then, the
paired particles find local or global minimum separetely. Many active search domain ranges are some-
times integrated through the search process. The detail procedure to integrate the active search domain
ranges is also explained in this paper. It is possible to find multiple optima with high accuracy by the
proposed approach. The validity of proposed method is examined through numerical examples.
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Fig.1(b) Two search points locate in the non-convex space
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Fig.2 The active search domain of i-th design variable
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Fig.5 Behavior and contour of objective function
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WIZ, TRTOEKRRMEOLEEMOFAT DO —> D5
L LT, k=30 £ CORRFLEDOELERADIEE
X7, K8IZaRT. WMHICH DO, AR
BREWDEE LI ZOBRRBRHEEZEL WD, M
BIZBWT, 7 0—71C80 5 H e EREROE
YR ZEDFE)NT, RBVEDIZHRAIT/NESL 2o TE
D, ZhiE, KTV —TREEEO R iR A Bt
LHESICHTWHRZ LERTHETHS. £, A
Bh7RPRRBEIRA R & L2 @ T ClE, SiRFHAROEYE
WEDOEBEIZCH T, MMWBRETTWDEZ ERbh
5. — 5T, K6 Le &k 9T, B figo fF1E &
DIEHLDONTNDTED, T XTOERR R OEERZD
YL, HLH—EMICHOR L TRY, BERDSZHEME
biﬁ“éﬁéﬂfb\é’}:bi‘bﬁ% Thbb, ZalAkE
BRAEECTIEICLEENDIRR RO &4
LAY, AL CHRE L2 TETIRFEIRICER SR T
WDHZERDND.

5.2 RUFI—VRBBB~OERB KinL Tt
BT DHHEERLIORT Ry F—TMBE~EHL
o, REATEEOEITTRTIO L L, HREREKE
k. =500 % L7-.

TRTOFMEAHFEFNRBNT, ERADOEE20L30
LT, ZNZEN1I0EORATZTY, BEMIZHS
Mol RO & K2 hHRAIRT. FRIZBW
T, [Best] , Worst] IZZnZ4, 10EORITH T
Bohltik K, KNOREMROBERL TED,
lAverage| 1345 b AVTomBEMDOFE AR L T D
INLOREND, BHOKEMBPEFELNLTWNWD Z &
Domnd. vk, HFohihklEfRicBg L Tix, PSON
RIS DR & TR\ T2, RO B M S R T

Table 2 Result of 2n minma function

Number of agent Number of Optima
Best 10
20 Worst 8
Average 9
Best 14
30 Worst 9
Average 12

Table 3 Result of griewank function

Number of agent Number of Optima
Best 8
20 Worst 4
Average 6
Best 10
30 Worst 5
Average 7

Table 4 Result of rastrigin function

Number of agent Number of Optima
Best 8
20 Worst 4
Average 7
Best 12
30 Worst 5
Average 9

Table 1 Test functions

No. Name Objective function Side constraints
ndv . 5
1 2" minima f(x)zZ(x[ —16x; +5x,) -10<x <10
i=1
ndy ndv
2 Griewank (x)—l+m2x —Hcos( j -10<x<10
ndv
3 | Rastrigin f(x)=7(x} =10cos(27x,)+10) —5.12<x<5.12
i=1
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5.3 EESR/MLHEE~0ERA

HiE Y O EHER/MEBRGHE B X

T h(=x), L(=x), bE=x),

SCHR (16) DT F W

5. BEHEEIEE9 (b)

h(=x,) THH, T

st

NTHBGER TH D, HEHHEITIKRDO X DI
fbxins.
L
A b h
=4 5P
-------------------- ---Q->x tr —> j<— :[h
1
A<~

Y (a) Cantilever beam

Fig.9 Minimum weight design of cantilever bean

(b) Cross section

f(x)=(2xx, +x,x,)L — min (27)
Pcosé PLsiné g
X)= + -10°<0
& (x) 2X,X; + X, X, (28)
0,(x) = 3PcosO x,(2x, +x4)z —xg (%, —x,)

2 x@2x+x) —x(xn-x,)
~6.00x107 <0 (29)
g,(x)=PL’sin0/3EI-0.015<0 (30)
2.(x)=Pcos@—’EI/4L <0 (31)
0.10<x, £1.00 (32)
0.10<x, <1.50 (33)

ThHY,

A% 7 13

[ =

7 =

x(2x +x, )3

10.0 < x, <100

0.10<x, <15.0
7272 L P=T0kN], L=150[cm], 0=r/4, E=200[GPa]
F - IFWFH 1 0 DI —

_xi (o, =

X,)

X (2x, + )64)3

12

3
—x, (% —

x,)

6(2x, +x,)

(34)
(35)

WE—A2 b EWr

(36)

(37)

ThH2 bbb, KRIKAREE x, & B BEEE
=(1.00,0.5218,50.4437,15.0)" [cm]

Ths.
Z OREIZ

T 5 LGtk
[B% %500 ¢ L,

7=,

KT

SEAT AT HE BE I N U A R 0D e 38 i 23 AEAE
p;qurF'% MTHD. BEREE30, mARER
LO[EDFRATZAT > 7.
53 (28) ~(31) 1%, CHK(2) D FiEE W,
T4 B L“Ci’&’ﬂ‘:.

f(x,)=16307.20[cm’]

F’%ﬂiﬂﬁ@iﬁlo 7=bDEEEIIT.
#5100,
EREsnTEY,

(ZRRAUVIE

FHZ ERTEER,

7 R

BT,

F7-%6 L0,

Table 5 Objective and constraints at some optimal solutions

i 3 Cor L7 BUiE EH LB
, R i fiF & R 0 SR PIT ) e 3 iR A LD
B ZIERIWC R LR T~ —
HHEBOE N E S
IFRIE R Z oA 2 M TEhniiTbdh -

@&
(39)

GESES et
~NFv
fERO—FlERKITRT. F
IBWTHELNTREMROF T, kb HD

R I B fo B A & A8 0D YR 3 D SRy T ) e o
TANTORITICE
WT, MEORWEREMIEEGONTND Z 2D
Mo,

5.4 Af&ﬂ)#ﬁ FRE A

L% E

M| ) | w0 | we) | e | e | e | e gux) obj.
1 1.00000 | 0.52181 | 50.44377] 15.00000 { 0.00000 -0.00012 -1.06915 -14452173.29 16307.20
2 0.50514 [ 0.53938 {100.00000 | 15.00000 | 0.00000 -4.18957 -1.04308 -13605493.43 16367.95
3 1.00000 | 0.81605 | 49.73285[ 15.00000 [ -0.10797 [ -2134.76246 -1.06888 -14433833.94 16755.96
4 1.00000 1.50000 | 48.09136 | 15.00000 [ 0.00000 | -3860.84467 -1.06829 -14394305.61 17802.41
Table 6 The results through 10 trials and best solution
Tral [Norte x| v | w0) | x| g | et | ) | s | obi
1 2 1.00000 | 0.52181 [50.44377 [ 15.00000 | 0.00000 | 0.00000 | -1.06915 | -14452173.29 | 16307.20
2 4 1.00000 | 0.52181 [50.44377 [ 15.00000 | 0.00000 | -0.00012 | -1.06915 | -14452173.29 | 16307.20
3 5 1.00000 | 0.52181 [50.44377 [ 15.00000 | 0.00000 | -0.00042 | -1.06915 | -14452173.29 | 16307.20
4 4 1.00000 | 0.52181 [50.44377 [ 15.00000 | -0.00003 | -0.00054 | -1.06915 | -14452173.32 | 16307.20
5 2 1.00000 | 0.52181 [50.44377 [ 15.00000 | -0.00029 | -0.00904 | -1.06915 | -14452173.65 | 16307.20
6 4 1.00000 | 0.52181 [50.44377 [ 15.00000 | 0.00000 | -0.01305 | -1.06915 | -14452173.22 | 16307.20
7 5 1.00000 | 0.52181 [50.44378 [ 15.00000 | -0.00249 | -0.00042 | -1.06915 | -14452176.90 [ 16307.21
8 5 1.00000 | 0.52181 [50.44378 [ 15.00000 | -0.00267 | -0.00378 | -1.06915 | -14452177.15 [ 16307.21
9 3 1.00000 | 0.52181 [50.44378 [ 15.00000 | -0.00196 | -0.01687 | -1.06915 | -14452175.84 [ 16307.21
10 5 1.00000 | 0.52191 |50.44446 [ 15.00000 | -0.17985 | -1.11548 | -1.06916 | -14452428.37 | 16307.63
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