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A constrained optimization problem for minimizing an objective function under given constraints, especially a
nonlinear optimization problem, appears frequently in a real problem. Recently, particle swarm optimization method has
been developed for solving the optimization problems and several optimization algorithms in the particle swarm
optimization method have been proposed for the constrained optimization problems. In this study, new algorithm is
proposed for solving the constrained optimization problems, in which the Lagrangian function is introduced and the values
for the Lagrange multipliers are set at 1.0 for active constraints and 0.0 for inactive constraints. In the minimization
process, the term of constrains in the Lagrangian function is exclusively minimized in non-feasible region and the whole
of the function is minimized in near feasible region. The effectiveness and robustness of the proposed algorithm is
illustrated by comparing the results for several constrained optimization problems obtained by the aPSO and aGA.
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AREREI DG BT, 77 7 ¥ a2 BRORKRMTICET 2HO L 5 K/ME L, FEATAREEBOE < 1TV T
X7 77 oV a BB EERER/MEL TS, HEFNZBWT, BRHL O Y TRENTW B HIFISM
BEACRBEICATFEZEA L, aPSO BE DY aGA IC K DR L L, R LT VT Y XL X
Ve AN MEEZRLTWD. S 6I, FIHIE S Sl ff 55 O fil 2 AnT BBV A B R i b 21T - T2 356 D
fEDIFFNEIZ OV T H R EIT> TV 5.

2. BIFEREIEEPSO)

Bif-#EfE ik (PSO) T, Bif(=—Y =¥ MO N 72T OREZEET bAEE X = (X, ) Xjy o, Xy)E
EROEH. i BHOZ—Y 2y ME n HOREEE x; = (%, o0 X)) ZATLHHO LT 5. EiE{kizBN
T, x5 13 i FEOZ—Y = O s BIOHRBROF THREO BHIBEEIE pbest; %5 2 HUREEH~T ML,
xg 1T s FIOHROT X TORAFREOF CTHREO BRIBEEIE gbest &5 2 DREEHANT Ve 5. 972
bb,

x; = arg Tznoqilnmtf(xf) (i=1,..,N), pbest; = T=I£1]i_r.1.,tf(x‘{)

x; = arg l_p}ian(x}‘), gbest = ilrllinN pbest;
+DFEBICBFZ=—Y = FOBEREE Y, WATHEZOLND.

vitt = wol + o (x) — x5) + e (xp — xf), (i=1,...,N) (1)

7272 L, widiBME 2 (inertia weight), 1y, nIZXME[0, 1|O—kEELETHS. ¢, clTHCORKBAES LW
T N—T Dl BALEAS~OWBRICK T H2EHAFIT 2RI L TWD.
(s+1D HACBT2o—=Y2r b BIIRAUCLVIThNRS.

Xt =xf+vi*, (i=1,..,N) )

PSO IZHBWVT, w (EMEA) IIM~OLOREZFIET 2 EBER AT A =X ThHD. w BREWVGFEIETHL
WSR2 ZRR T D, T b KIMIIER 24T SR 388 < 72 0, /NS WA ITIXBUE ONLE O &0 58I %
T 5, TROLRITEREZIT OMEANRL 25, w ZHEUNCHET S 2 L T, KBAOEE & JRaTeIiER
DINTG A DH 2 ENTED. PIMNITIRAR 2 2 RIS R D 72D KIER 2 < L, BEORW
fRZG DT DIZRBIRFTRE LR 5. T2060IciE w 2 KREEY, KEIZHDSETHH
ERREIN TV,

3. HHEH A RECHRE

ABFFETIL, FRUSRTHIF S RELREEZ G5 & 5.

Find X = (xq, ..., x)" which minimize f(X) 3)
subject to
giX)<0,j=1,..,q )
h(X) =0, j=q+1,..,m (5)
L<x<u,i=1,..,n (6)

IS, fX) IXEEE, g;X) 1F q HOARESHIK, X)) 1E n-q) EOFESHKITHY, f, g
hi TR 2 WITIERIE O EEER CH D, £z, || BE® w ZTNTh, REEHK x; O FHRMER
JOERETH 5.

4. 0PSO 2 & B &1L P

K(3)-(6) Cad i bEEfE< HikE LTIRHGIZEVIE SN TS aPSOPOBEEIZ DWW TLLFIZik
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~ND.

o FIFNETIE, HEZ EORERE L TWA0ERIT H72O, filfmEE uX) 28T 5. HK
B u(X) XFATAREREIR O YLAITIE 1.0, FEAT A FREEIRIC I W T, EXORREICL Y 0 LU E 1 Ko%Kk
Ex 52 2 EETHD.

{ua)=Lif g:(X) <0, hi(X) =0 for all i,j @
0 < u(X) <1, otherwise

B2 1E 3.0 RGE LRI 5 B HR0%E, BRIICITO X 57 g, by (BT 5 KAMBIE OB

JEERBICEMTE D, 7220, by, b(> OITE N REHTH S,

gt 0 = 19X

I 1-— if 0<g;(X)<b; €))
0, l otherwise
|7y (X .
- , f |hi(X)| < b;
g (X) = by i @l<h )
0, otherwise
Z OEIFIOREE D SRR ORMIEE n(X) 1%, SHHMEEEZEE L CEOR/MEET 5.
min & p(X) = n}‘ijn{llgi(x);llhj(x)} (10)

PSO (28T D i BEOUEIL, BIEUE & 6l 2O/ (f, w) OHFEE EIZBWT, R EE? o MLk
DOBEAITHBIBEEE D K/ NER 25 U, T LIS OBA L HIK T 2 B O K/ 2 e+ 5 il 217 9 .
ZOhEE a LUV EFRL TV, BlZIE, ==Y = b xq, xp B SEKEE £, f, HIFE
A wy, pp ET 5L, BHEOKNBEMRTH D < ITkHET D BEHUE & HlFR 2 E O (f, w) MO KRB
ThdHa VK <, (0<a<l) FUTFOLIIZRD

fl SfZ' if U,y = a
(fo 1) S (foltz) & fi<f, ifp=pu 11

Uy > Uy,  otherwise

SR O K9 W FEAT AT REREI 2N B (2 PR O R G, AT AT REREIR D38 RN IR 72 720, il 2 E D
EWEEZR S OAMNITITIEDNOBEZ SN E R U CTERRBEE R > T LE 9 2 & THBYBEEUE O Fwi{ b 73 K 3
278, ZHREBT A0, a LbZ2A2)THIEIT 5 Z L 2E L TWD. 77205, PIHE a0) %
W7 v — 7 DFIK G L E OFE & e RIEO R & U, S KRKAEEH S O3 LIRITFIZ 1 & 72 5 AR
Bos D2 R/AUCKESHIFE LTS, 2218, N iZF=—Y = FOETHS.

1—(1—a(0))<1—%> ,0<s<;

1 1w
a(0) = 5<n;gxy(xi> = u(xi)>. a(s) = (12)

1 >S
’ S—Z

5. SUS VY EBBR/MEICK SRETL

ARFZETIE, XE)-(6) TrRIERELHEEZ S FiEE LTI 77 vV alkE /ML 2 5 EEREL T
W5a. Q)-(6)DEHEALIIEICKTT 57 7T P aBEIILULTO L 912k 5b.

q m
LA = fO0+) g+ ) ik = FE)+ 00 (13)
j=1

j=q+1
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TS, 4 BEY wy 1F, AHEGHIKBS L OESHICHET 27 77 oV a Rl TH Y, FADHEETR
7.

R OEBEND, 7770V alBEERICOWTR/ME, 777 0V aF IOV TRKET A LI
X0 BEEDNRD DD, AFFEOFTIETIET 7T 0P 2 TR OB B NEE 2720, T%%ﬁ%%#’%
T57 0TV 2 FEOMIL, ﬂ%lf’bk{ﬁt%{%/%bfwéiﬂ/\b 1300, JifiE L TOWRWEAIZIL 1.0 2%

7o Fie, FEEHIFEMHEICEAL L, EKLTWDAHEEITE, FFICEY 1.0 £/20X -u»ﬁ%bfwé%é
213 0.0 23X E L7z,
SMERANTT VT 0V 2 BBERER/ME LTZ5GE, HRISEEN R SRR WEANEL L DT,
%ﬁTT%aﬁ@ﬁA X7 770280 f,(X) OHhEREMET LI L L L, FEATARREE S L <ITE
DITEIT OW‘J& T7 7oV a ek fX)+f,X)} ZR/MELTWS. T72bb,

if z/lj 9;,(X) <& and z uih(X)<e  minimize f(X) + f,(X) (14)
j=1 Jj=q+1
q
if ZA]- gj(X) > ¢& or z wjhi(X) > e, minimize f,(X) (15)
j=1 j=q+1

2T, &, & FIARFEFHIKIEMIR X OE SRRSO ETTREERZ T 27200 EETH Y, 4
THBRIZ YT HNTA=FTHD. fr(X) 1ZHADETH Y, FATREEIROE A1 0.0 L7205, K4
FeClE, & OPIHMEIZ 03 &L, KKV LA 1/3 LLEOREKTIE 0.1, 2/3 L EOEETIX 0.001 &4
fESHETWD. & OFHUEIX 10.0 & L, KGR LEEO 1/3 UL EORHTIE 5.0, 2/3 LA EOBRELTIE 2.0
EBRERHPAE KE L LT D.

PSO (28T 2 BFDOWRIEIX, TRTOT—V = PRFETRAREROGEE, f(x) 2R/NITDH=
—Vx b ox) BERL, =—V =z MCETARAREREL & E1T AT REREOT < F 7213347 AT REREI S IRAE S
DA, {f(x) + f(x)} ZHR/NCTH=—Y T b xf BT 5. éEu,¢AT®i~71/bﬂ
FATARERR OB AL, f,() FEERDIED f(r) 2R/MNCTHT—V = b x) 2BIRTH. 221,
X XiZFADT—V 2 FORELEERT ML THD.

6. EtREBIIZ & S AEHMEDKRE

ARG TITIRR L= FEOHMEZ BT 572012, BRIES DGR 2THOONTWD TRy 6 77—
A D EHEALRBIZHEH L aPS0? B8 LY aGAYO & Dk # 1T > 7. B b OAFEIC L 5 oPSO TiE, =—v
= MU 70 8, o R#ER LEET 5000 [, BRI o, ¢ 1E2.0, BEEES w OFEIEZ 1.0 & Lk
EEZ 02 FTEILEE TV D, aGA DOFERIISTHR 2)8 L Ok 6)I2FESVW TV D, RIFFETIE, =—Y =
VN EUE 70 8, FeRHRR LIl A 1500 (8], EAGREL ¢, ¢, 1320, EHEEA w 1£0.4,06 D2 /7 21D
WTHETZIT - 7. £72, PSO IZBWTIL, ¥l \—HﬁLﬂﬁJﬁ&‘@E&Eﬁ%%Hﬁ@J&U Lz , EHEMEE
REKMESEDLZENTEDHEEZZONDTD, RIFFETIE, 1500 Bl Kk B BRI Lt?&%%?{bt
i 2 W)ME 70 M O HFIZHL Y JATe Z & & 1 [FfT 5 f:%é\(Number of reset=0), 3 [A14T - 7= 34 (Number of reset=3),
5 [E4T o 72 85A (Number of reset=5)33 &2 OY 10 [B](Number of reset=10){T > /=355 O i fif O i H 17> T\ 5.

6.1 CASE1 D581k

CASEl TiE, 13 fHDOWREZEE, 9 EOHKIGML L OSEHD ETIREIFK 2B I8 U 728 ek -E % B
DS, ZOMBEICK L TATE, oPSO BLW aGA OZNZENOFiEE 100 [FERITL, 50 oik/)
fiEi(best), “FHJfE(average), B KNMHE(worst), fi7=(deviation), ARTIEIZ I Y 100 [FIOFRITOH TR S DI
7= 1814 (Number of tlmes)%‘: Tablel IR ’9’"

minimize f;(x) = Sle - SZx —le



il S A & SR ALRE LS 2 BT RERELEE O TN 2 M EOKRET

subject to
2001 +23) + x99 + x4 <10, 2(xq + x3) + x99 + X2 <10, 2(x, + x3) + x4 + x4, < 10,
—8x; +x10<0, =8x, +x1;, <0, —8x3+x1, <0, —2x4, — x5+ %10 <0, —2x5 —x7, +x,;, <0
—2Xg — X9 + X153 <0,
0<x<1(=1,..9), 0<x <100 (i =10,11,12), 0<S %3 <1

Table 1 Comparisons of optimum solutions by the proposed method, aPSO and aGA

CASE1
proposed method
method Number of | Number of | Number of | Number of | Number of aPSO aGA
reset?=0 | reset” = reset’=3 | reset” =5 |reset’=10
iteration? 1500 3000 6000 9000 16500 5000 5000
best -15.005 -15.005 -15.005 -15.005 -15.005 -15.000 -15.000
average -14.580 -14.799 -14.905 -14.905 -14.985 4 -15.000 -15.000
w=0.4 worst -9.805 -12.457 -13.004 -13.005 -13.005 a2 -15.000 -15.000
deviation 0.964 0.622 0.438 0.438 0.200 0.000 0.000
Number of times” 82 90 95 95 99
best -15.004 -15.005 -15.005 -15.005 -15.005
average -14.952 -14.983 -15.004 -15.004 -15.004
w=0.6 worst -12.433 -13.003 -14.999 -15.002 -15.003
deviation 0.323 0.200 0.001 0.001 0.000
Number of times® 98 99 100 100 100

1) Number of reset times of initial values

2) Number of iteration of minimization process

3) Number of times the optimum solution is obtained in 100 trials
4) w is initially set at 1.0 and is gradually reduced to 0.2

aPSO & aGA 1Z 5000 [EIOMEKEIFIZ LV, 100 [EOFATT X THREREMIZINER L, WAZ 0.0 &72-T
W5, R LTEFEIZBWT, w=04 &L, FIHMEIZK LT 1500 [BOH O L 1T - 7255 (Number of
reset=0)|Z1%, 100 [EIOFATH 82 [EIA M~ DEZEEFL & 72> T D, w=0.6 DEEIE 98 BIDO IR &
o TS, ZOZEITEY, w=0.6 & LIZHAN XV EEEOBE VNG LN TV D, FIHME S o fif DT
BEOfRZ B AT I %< 72 D IZ 5N T, FlfR~OBZEREIHM L TRV, MOEEEREML T»
%. aPSO B L aGA DLk EEEL 5000 [BlZxt LT, RFIEICEY 3 BlIEEMFILEOM 20 AATZSE
(Number of reset=3)D I B [A1%Z A% 6000 [A] & 587N 1000 [5]_E[B] % BE OfEOREEE 2 e+ 5 &, w=0.6 D
4 @ best, average, worst, deviation [TV THLOIEE aPSO BEL N aGA & —FH L TEHY, KFIETw=06 & L
72561 aPSOB LY aGA & [FIERICSERITREMDF DAL TN D.

6.2 CASE2 D5 /L&

CASE2 T, 8{HDOUEZEE, 6 HOFIFISMR L ORLEHO ETRGEIMAZEZE L, BAEEIL 8 MnZE
BOHRTIMEMOBDOBEE L 72> T DRk e i b EZ B0 2 9. Z OB T 2 AR FE, aPSOk &
W aGA DZENETNOFEE 100 [BIERTT L7 FE RO il % Table2 12757

minimize f,(X) = x; + x, + x5
subject to
1—0.0025(x, +x5) =0, 1 —0.0025(x5 +x; —x,) =0, 1 —0.01(xg —x5) =0
x5 — 833.33252x, — 100, + 83333.333 = 0, x,x, — 1250%5 — x,%, + 1250x, > 0
X3xg — 1250000 — x3x5 + 2500x5 = 0
100 < x; < 10000, 1000 < x; < 10000 (i=2,3), 10 <x; <1000 (i =4,...,8)

FEZ L7- HIEIZE W T, Number of reset=0, w=0.4 OA121F, 100 [FORITHFHTH 3 B D L frim 712 2
L, w=0.6 DEAED 3 BIOBEREEL L o> TWD . PIHMELC i g O3 EF Ofif 2 B0 iATe R N <
5l EEfEAS~BEIET ZEEIIEINT 2 5 00 10 BIWIEMEIZEY A A 7255 (Number of reset=10) T X X, #x
WRE~ORERBIT w=0.4 DA 10 [\, w=0.6 DA 15 BlE D nEEE 72> TWnb. aPSO 35 L T aGA
W% LT BIEIEDS 1000 [F12% < 72 % Number of reset=3 @ w=0.6 DIFE L aPSO Z Hils4 5 &, best 1T—F L
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TUW%. average [Z aPSO 7% 7430.288 |Zkf L TARTEIL 7277.325 L/NSVMEZ R L TEY, RFEIT VR
(BRI ITVVERN S BTV D, 51T, deviation T, aPSO 728 231.0 (25 L CARTIET 146.238 L/ &
VMEZ R LTEY, KRFEIXES DX DD WEE LTEMNEHTn S, —7, aGA @ average 1% 7514.233,
deviation X 661.926 X WD EHEL Y LEVMEEZRLTEY, ROLEBEEICZ LWRER->TND.

Table 2 Comparisons of optimum solutions by the proposed method, «PSO and aGA

CASE2
proposed method
method Number of | Number of | Number of | Number of | Number of aPSO aGA
reset’ =0 | reset’ = reset’=3 | reset”=5 |reset’=10
iteration? 1500 3000 6000 9000 16500 5000 5000
best 7049.573 7049.573 7048.178 7048.178 7048.178 7049.412 7053.951
average 7388.491 7308.264 7251.023 7217.571 7187.571 4 7430.288 7514.233
w=0.4 worst 8294.098 7704.132 7471.889 7471.889 7458.529 Wl L 8411.988 10855.844
deviation 212.632 149.040 129.790 118.476 102.265 231.000 661.926
Number of times® 3 3 5 9 10
best 7067.721 7055.342 7048.295 7048.295 7048.170
average 7443.835 7332.271 7277.325 7243.421 7206.594
w=0.6 worst 8644.483 7777.517 7539.589 7477.516 7451.073
deviation 278.153 173.974 146.238 127.625 114.839
Number of times® 3 6 10 13 15

1) Number of reset times of initial values
2) Number of iteration of minimization process
3) Number of times the optimumssolution is obtained in 100 trials

4) w is initially set at 1.0 and is gradually reduced to 0.2

6.3 CASE3 D& # LEE
CASE3 TliE, 7HOREZEL, 4 OGRS L OSEEO ETIRENZ B E L 7= IR i LR E %

BO#5. ZoMBECxT2ARKFE, aPSO B LY aGA OZNZNOTFiE%A 100 [FIFAT L7k R o g%
Table3 (27”7,
minimize f3(x) = (x; — 10)2 4+ 5(x, — 12)? + x5 + 3(x, — 11)? + 10x& + 7x2 + x¥ — 4x¢x, — 10x4 — 8%,
subject to

127 — 2x} —3x3 — x3 — 4x% — 5x5 =0, 282 — 7x; —3x, — 10x5 — x4, + x5 =0

196 — 23x; — x5 — 6x2 + 8x, > 0, —4x? — x% + 3x;x, — 2x% — 5x¢ + 11x, = 0

~10<x<10 (i=1,..7)

Table 3 Comparisons of optimum solutions by the proposed method, aPSO and aGA

CASE3
proposed method
method Number of | Number of | Number of | Number of | Number of aPSO aGA
reset’ =0 | reset’ = reset’=3 | reset” =5 |reset’=10
iteration? 1500 3000 6000 9000 16500 5000 5000
best 680.629 680.629 680.629 680.629 680.629 680.631 680.646
average 680.633 680.631 680.630 680.630 680.629 4 680.641 680.687
w=0.4 worst 680.643 680.636 680.633 680.632 680.630 Wl L 680.667 680.773
deviation 0.003 0.002 0.001 0.000 0.000 0.007 0.024
Number oftimes3) 100 100 100 100 100
best 680.629 680.629 680.629 680.629 680.629
average 680.633 680.631 680.630 680.630 680.629
w=0.6 worst 680.644 680.635 680.633 680.631 680.631
deviation 0.003 0.002 0.001 0.000 0.000
Number of times> 100 100 100 100 100

1) Number of reset times of initial values
2) Number of iteration of minimization process
3) Number of times the optimum solution is obtained in 100 trials

4) w is initially set at 1.0 and is gradually reduced to 0.2

ZORETIE, Table3 KVBHLRTEL, BELEHE, aPSO BL WY aGA 1X[F— D& EMENE S
T,
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6.4 CASE4 OB LS

CASE4 TiE, 10 O EZLEE, 8 HOHIFISIER L OB LD ETFIRHIK 25 B L= s i E %
o5, ZoMBEICHT HARFEE, aPSO BL aGA DFNEFNDOFiEL 100 [T LI-fE RO g
Tabled |27

minimize f,(X) = x% + x3 + x;x, — 14x; — 16x, + (x3 — 10)2 + 4(x, — 5)% + (x5 — 3)? + 2(xc — 1)? + 5x2
+ 7(x8 - 11)2 + Z(xg - 10)2 + (xlo - 7)2 + 4‘5

subject to
105 — 4x; — 5x, + 3x; —9xg = 0, —10x; + 8x, + 17x;, — 2x5 = 0
8x; — 2x, — 5Xg + 2x19 + 12 >0, —3(x; — 2)%2 —4(x,; —3)? — 2x2 4+ 7x, + 120 > 0
—5x2 —8x, — (x3 — 6)% + 2x, + 40 = 0, —x? — 2(x, — 2)% + 2x;x, — 14x5 + 6x5 = 0
—0.5(x; —8)2 —2(x, —4)? = 3x2 + x, +30 =0, 3x; — 6%, — 12(xg — 8)%2 + 7x;, = 0
-10<x;, <10 (i=1,..,10)
Table 4 Comparisons of optimum solutions by the proposed method, aPSO and aGA
CASE4
proposed method
method Number of | Number of | Number of | Number of | Number of aPSO 0oGA
reset” =0 | reset = reset”=3 | reset” =5 |reset’ =10
iteration? 1500 3000 6000 9000 16500 5000 5000
best 24.333 24.319 24.308 24.308 24.305 24.311 24.401
average 24.950 24.785 24.686 24.611 24.508 o 25.173 24.542
w=0.4 worst 27.107 25.694 25.529 25.450 25.006 Ealal 27.787 24.844
deviation 0.604 0.375 0.307 0.244 0.156 0.690 0.090
Number of times™ 62 74 89 94 9
best 24.327 24.317 24.311 24.308 24.306
average 24.922 24.738 24.607 24.543 24.456
w=0.6 worst 26.756 26.031 25.412 25.257 24.841
deviation 0.520 0.349 0.243 0.210 0.134
Number of times® 63 34 93 100 100

1) Number of reset times of initial values

2) Number of iteration of minimization process

3) Number of times the optimum solution is obtained in 100 trials
4) w is initially set at 1.0 and is gradually reduced to 0.2

BE LT FECZBONT,w=04 OFE L w=06 DFEDOEL L HRIBEEOEEIEOEWERELNTND.
*7-, ZORMBEICBWTIL, oGA DR BIEEMEOBEWEEZE TWDER, MOFELOEIFTIZFEAERI ED
FELEWVEEEZRLTND EEXD.

6.5 CASES OB @b

CASE5 TIiE, 10 fEHOEZEE, S EHOHIFKISM B LUK o L FIRHIK 258 L= I b E %
B>, ZoMECET H5ERFE, aPSO BLY aGA DXFNENDFiEEL 100 [FERIT L2 R o s
Table5 (2”77

minimize f5(x) = x5 + (x; —5)% + 3(x3 — 9)? — 12x5 + 2x3 + 4x2 + (xg — 5)% — 6x% + 3(x; — 2)x2 — X9X1g
+ 4x3 4 5x1x3 — 31X, + 2XgX;
subject to
—3(x; —2)2 —4(x, — 3)% — 2x2 + 7xy — 2x5xgXg + 120 > 0,
—5x2 —8x, — (x3 — 6)% 4+ 2x, + 40 = 0, —xZ — 2(x, — 2)2 + 2x;x, — 14x5 — 6X5x5 = 0,
—0.5(x; —8)% —2(x; —4)? — 3x2 + x5xg + 30> 0
3x; — 6x, — 12(xg — 8)2 + 7x19 = 0, 4x; + 5%, — 3x, + 9xg < 105
10x; —8x, — 17x; + 2xg < 0, —8x; + 2x, + 5x9 — 2x19 < 12
5<% <10 (i=1,..,10)
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Number of reset=3, w=0.6 D & aPSO # i3 5 &, average |38 L= FiEA ol lZ iV MEZ R LTk
D, deviation HIEE L7 HEII NS WVEEZRLTNADZ LY, R LIZTFEN LV EEEO®m WL R L
TW5. aGA 1T aPSO KLY average, deviation [ZRKE < > TEY, HOMOEFMENS > TWDHRIR L 2o
TW5.

Table 5 Comparisons of optimum solutions by the proposed method, aPSO and aGA

1) Number of reset times of initial values

2) Number of iteration of minimization process

3) Number of times the optimumsolution is obtained in 100 trials

4) w is initially set at 1.0 and is gradually reduced to 0.2

6.6 CASE6 D& bR

CASE5
proposed method
method Number of | Number of | Number of | Number of | Number of aPSO aGA
reset’=0 | reset” = reset’=3 | reset”=5 |reset’=10
iteration” 1500 3000 6000 9000 16500 5000 5000
best -216.772 -216.795 -216.795 -216.795 -216.797 -216.656 -216.654
average -145.521 -160.319 -169.635 -176.407 -196.355 4 -201.911 -187.319
w=0.4 worst 9.240 7.534 6.148 5.017 4.743 Ealal 9.344 7.217
deviation 99.344 91.758 85.469 79.884 56.125 46.565 64.434
Number of times®” 59 70 75 78 87
best -216.788 -216.788 -216.788 -216.788 -216.788
average -192.628 -206.545 -209.452 -209.684 -211.954
w=0.6 worst 139.643 4.788 4.788 4.247 -91.328
deviation 67.400 39.614 32.316 31.824 23.347
Number of times” 57 86 95 95 96

CASE6 TiZ, 5{HDIREER, 3 HD% SRS Z OB EED ETIRGIK Z ZE L7 IERE o R

EZ I D .

% Table6 (27577,

minimize f;(x) = e*1¥2¥3Xa%s

ZOMBEICKTT AATFEE, aPSO 35 LN aGA DFIFEOFIEE 100 FEIT L7 fER o i

subject to
x2+x2 4+ x2 +x2+x2 =10, x3x3 — 5x,%5 =0, x3 + x5 =-1
—23<x,<23 (i=12), -32<x,<32 (i=345)
Table 6 Comparisons of optimum solutions by the proposed method, aPSO and aGA
CASE6
proposed method
method Number of | Number of | Number of | Number of | Number of aPSO oGA
reset’=0 | reset’=1 | reset”=3 | reset”=5 |reset’=10
iteration® 1500 3000 6000 9000 16500 5000 5000
best 0.05396 0.05396 0.05395 0.05395 0.05395 0.05395 0.05396
average 0.30740 0.25868 0.21916 0.19984 0.15445 " 0.05437 0.19049
w=0.4 worst 1.03552 1.03510 1.02593 1.00050 1.00050 a2 0.05641 1.00802
deviation 0.31537 0.28682 0.26604 0.25039 0.22503 0.00051 0.21249
Number of times® 54 60 67 70 80
best 0.05396 0.05389 0.05389 0.05300 0.05300
average 0.27214 0.23462 0.17145 0.14154 0.11744
w=0.6 worst 1.04050 1.03500 1.00501 1.00501 1.00040
deviation 0.29850 0.27855 0.23262 0.20724 0.19187
Number of times” 59 65 76 82 88

1) Number of reset times of initial values

2) Number of iteration of minimization process

3) Number of times the optimum solution is obtained in 100 trials

4) w is initially set at 1.0 and is gradually reduced to 0.2

ZORBEIZEBWTIE, aPSO OLGER R BIEFEEOEWHENRE LN TWND. o
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1) AREFEOIFIECHENT, EBHESZ w Z 04 BILO00.6 & 2L S THEZ I LZRER, 0.6 DFEN LY
BEMEOEWNER G DT,

2) ABFZEOIFIECHNT, WIHEICKBAEEZ 1A, 30, 5EB IO 10 BIFOAAL, BRI E SN S8
B OREROLE T, MIEOBCAA RS EZBINSED Z LIk, MEICKBM~BIES D RHE
BMEE2Z ENTE, KB, VFE, ROEff~OBENEE KX A LS ENTESZ LA
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3) EMHEAwE 0.6 &L, WEEEMIFERE &2 R FEOYIIMEE 3 BIBGAA 724 (6000 B ER)
L, aPSO D TFE(5000 FIELR)E DL TIX, HMEORED CASEl 1ZEL L G RBREICRIFTHY,
CASE2~5 [T X TARFIED TN X W EHEMEO B WEENSG L T-. CASE6 DEBHlKIRMEOSLAITIT,
oPSO DFEIZBIT HNRTA—EDF a—=V TPRIFICEEELTEBY, KRFEELY BRFEEZHE TN S.
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