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Numerical Optimization Via ALM Method

. 4 g8

Numerical Optimization< Computer Ha—
rdware 8] We] Fdo AT F53) og
stz e, g, A4, AFaEd, Ay
ol FopllA FFHPA, drHEd A5
4 52 AT dACled =7= de HeH
I 3},

2aAAE o)H T FA mEkA, B &
£7<%] Optimization Programel wsix &
Astna @t ALgE HFHHN guze,
ALMCAugmented Lagrange Multiplier)
He e84 THxAC] e FTAE 7
Z70] gl EAZ ¥3 ¥, Self -Scaling
BFGS(Broydon-Flecher—Goldfarb—Shanno )
g H4gsitt BFGS2 ZF Descent kel
9] Step ZHe°l&, Sequential Search2 Uni—
modal PointE &4, Golden Section™M
2.2 Refine§ % ¥, Cubic Approximation

& A8 A 7o,
2 HENS ynalE

£ AT A8 FN5 Iu B WA

A ZES Fg. 13 2dh, fuslge A4

=i =l =X o bl o **
Min Su Kim, Jae Won Lee

£ Constrained Multi-Variable Problem &
ALM, Unconstrained Multi-Variable Pro-
blem+ BFGS=E &3 Unconstrained One
Variable Problem< Line Search 2 ¥t}

2.1 ALM(Augmented Lagrange Multiplier)
Method

ALMYW & 94H3 2l Penalty Function %
WA, Penalty Factor® co & 002
HTA71A Bol= Feasible Regionl &
W& 317] oj&el - Stable ¥t3, Lagrange
Multiplier & Update® wl vlth $=3go] 7}

SELF SCALING BFGS DESCENT VECTOR NORMALIZE.
RESTARTING-
STEP LENGTH #¥
LINE SEARCH

| SEQUENTIAL SEARCH |

| GOLDEN SECTION REFINE |

| “cuBic aprrROXIMATION |

Fig.1 21X & 2dDne|Fe 8%

+ HRAFEAH - AedTs, 474
o A 9AFAP Zled T, HAQTH
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¥}, Optimum Solution®l4 Lagrange
Multiplier 7} 0.0°] obd T&3de] Active
g, Equality F&Z7<] e A= 7
32 B ‘

durEgl A3 EAE e d 22 ¥y
2 F4s5HA.

Minimize : F (x)
Subject to: Hi(x) =00 =1 - m
GLHZ00 j=1 - n|Q)

A8 2L 75770 U F4F Lagra

nge Multiplier ¢} Penalty Factor& =84
A thga gol FEHzel glE
Function, A= W& §r}

Pseudo

Minimize : ACx, g, 4, 1)

=F@+ 5, (mH; @ +r-H; (D **2)

+J_>'élu,-¢,-+r-¢,.**2} (2)

o714,
~r :Penalty Factor.
& Lagrange Multiplier for Equality

Constraints.

4; : Lagrange Multiplier for Inequality
Constraints. _

¢i: MAX (G;(x), —2;/(2+7))

o},

4)(2)¢] Pseudo Function, A= Unconstrai-
ned Problem®] 2.2 Self Scaling BFGSE
g8l Z3, Lagrange Multiplier = t}-&
7 o] UpdateE &t}

ptt = pf 2% H (D)
=2+ 2% % g (3)

oA7)M, ke ALMY whE3 5o)v)

#2712 Lagrange Multiplier &) te] ¥
A7 glow FEL o HAod dwuh BAN
Lagrange Multiplier ¢ #t°] W £3= Unsta-
bledld ¥ & E3te $71 A7 W, &
s F(x)9 el A szt gojof s,
Hi(2)=00 G;(x)=00& 25 FHAAK

se R7ldel $uade geth FE2A

< osxd e

IF {LABS(4**'—p# ) .LE. Tol 1] .AND.
(ABS(3;#**—2;#) .LE. Tol 1]} then;
CONVERGE!
Else
IF {(ABS(H;(x)) .LE. Tol 2] .AND.
(G;j().LE. Tol 3].AND.
CABS(F**'—F*¥).LE. Tol 4* ABS
(F*)1} then;
CONVERGE !
Else Goto Next Step;

4)

«J7]A, Toll, Tol 2, Tol 3, Told+ 0.0¢] 7}
7hE w$ FFE greldh
2.2 Self~Scaling BFGS(Broydon-Fletcher—
Goldfarb—Shanno) Method

BFGS+< Quasi-Newton Method®] dF.o.
=4 Global Convergence 7} 243%™, DFP
(Davidon—Fletcher~Powell ) 20} Line Sear-
ch @t A&xo] 2 T73k32, Restarting
o g7t F& e YA JY3.?

BFGSY «¢n#&2 4% 29, Pseudo
Function, 4](2)¢] gto] Zridle W (Des-
cent Direction)& Newton Method®l el
=R K =

e =—H' g . ' (5)

7], H,+ Hessian® Inverse Matrix,
&< Gradient Vectorelth, dAHTE, 4
6)2] Wreke mebr, A E Step Length(a)
& Line Search& F&iA 7% 3 t}&3
o] Update®t},

Hu=g+a*d, : (6)

old, H; & AH T3= el Y7 AE
o, 2AM o2 B3 Wyl wEA, B~

FGS o} DFPZ F2@th BFGSe] H, <A}
He v gon, wf e H=1
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(Identity Matrix) & 744 gt}

t t
LEEENE T )

EHL:Q_&—-

o714, P=Fpn—Fn y= A — AF,
r=Hyy o=p+y, t=y rolch

BFGS9] £H =1L ||/l .LE. Tolc oA,
Line Search7} #7349 318 Talx Rahw
Y3 Ao P Tolex 0.09) 7M7-E i
< H2 Fhelth,

2.3 Line Search

Line Searchi= Sequential Search® 7§k
29l Unimodal Point 3 T34 Golden Sec~
tion® 2 Refine ¢ @ ¥, Gubic =
Approximation&hil, ©] A58l Minimum
z:7 Golden Section®l ¢ ¥ Minimum &3
HAgE gz 9P

3 IZI2OEo| JHEr

E 232 Main Driver & Optimization
Library2 T4 vk Object, Subject
= 53gre 75859 FUNCTION®|
OPTMAINL LibraryWl 2] EE Subroutine
£ Control3t+= MAIN Routineo|t}. INI-
TIALE 7138 A8l Routine°l3, ALM
2 Augmenfed' Lagrange Multiplier Routine
o] 21, BFGS+ Self -Scaling BFGS Routine
o] 11, Search= Line Search Routine ©]t},
Lagrange += Lagrange multiplier & X738
AAFsta, Scaleon2 T5429] Scaling Fa-
ctor Z A& 3, Subjc 5 YFet F45
o] E%FE A4HElm, GraMe BFGSE
213 Pseudo Function, A2 E34+8 &t}

B w93 A AME3E Subroutine S
715% AHREA.
1. OPTMAIN : #4l¢] Fejo] & %
Z, & d3ElFol A AMEst=  Stop
Criterion®} Qutput Option & Md
e},

I Optimization Main Driver]

Object, Subject | *1.
OPTMAIN

[ ) 1 :
[INITIAL HALM HBFGS { SEARCH]

OBJM

SCALCON
SUBJ _

GR.

OUTPUTI1. 2

ik

*1L& AHgA7L el okt st
Fig.2 STRUCTURE OF PROGRAM

2. INITIAL : 713 & A3 g},  Useres
Ad Key-indtAW, AFE =788 7
g 4 g2 %9, Random SearchE
A3z, dAHET Bound atTF
Key-in®had gt}

3 ALM : ALM®] Main Routine

4. LAGRANGE : Lagrange Multiplier £
27138 24 %

5 SBCALCON : Constraints ©] Scaling Fa-
ctor & 2R gL

6. QUTPUT! : ALMS] A4 &S &9
Lid=g ‘

7. BFGS : BFGS9] Main Routine

8 OBJM : Unconstrained Problem®] %
2 g2 A5, ALMS| Pseudo
Function -2 AlAHETh

9 GRAM : Unconstrained Problem?] &
&) Gradient}, ALMe] Pseudo
Function®} Gradient& 7 4tsict,

10. QUTPUT 2 : BFGS<] A4k W &£ &9
gt :

11. SEARCH: Line Search® -8 3t}

AHE-A}7) o) s ofgh ?‘5}% Object ¢ Sub—

ject2] Format¥ =2 7o A= AP-
PENDIX A& F3iA e} Brm gr},
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4. NUMERICAL TEST

zzadd 27 22 TestZAE HE
A TS golErh, FHE A
Tol 1=1.0E-5, Tol2=10E-3 Tol 3=10E-
5 Tol4=10E~-5 Tol5=10E-58 3}z,
Line Searchel*] Golden Section®]
¥ LO0E-32= %ol
[« 1) Rosen—Suzuki Problem®*
®< Local Minimum & E#E3lm U=
A2 gel= &g 2o
Minimize : F(x) =x12+x224+2-x32 +x4*—
S5.x1—5x2—21+234+7+24
Subject to :
Gl =(x1*+x22 4+ x3*+ 24 +x1—x2 —
x3—x4)/8.0—1.0=0.0
G2(x)=(x1*+2-x2°+x3*+2-x4*—x1—
x4)/10.0—1.0=0.0
=(2x12+x2°4+x32+2x1—x2—
x3)/5.0—10=0.0
Z2g80] 2714¢ (0.0.0 0) o= &N T
% HAghe (0.363 108 2.07. —0.651)¢) 1,
F=-—44923 254, (3J4 2182 (0.0,
0,002 & 9 Optimum Point (0. 1. 2, D),
F=—44¥o 349 @€ 785 F 8
3= ALM=3 BFGS=7 LINE=211 ¢jg},
ol 7] LINE<® Line Search&<l &<Al4t &
€ 2|vu]di],
(4 2] Miele et al. Problem *?
T30l Equality2% 74 & 97] w
=, 4oz Y] 7o)
Minimize : F(x) =(x1—1)*+(x1—x2)*+
(x3—1)%+(x4—1)4+(x5—1)°
Subject to :
HI(®) =x1? 22+sin(x4—x5)—24/2=0.0
H2()=x24+x3*x4*—8—/72=0.0
Z2J80] 75 HAgL F=0.24149°] 11,
AAHg-2 (117 118 1.38 151, 0.611)¢]
o E9J°ﬂf~194 HHghe F=024149°t}, ¥
HLE = ALM=4, BFGS=41, LINE=
51101'3]'.

Refine

Sl

¢3
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(]3] Luus, R Problem”

< Local Maximum Point& 7F<x 3]
= A =E gdE g3 Bwrh
FQ) =x12+x2"+x3 + (23~
%4)?

Subject to:

G1(x)=16—4(x1—1/2)? —2(x2—0.2)*
—x3—01.x1-x2—0.2+x2-x3
=00

G2(x)=2x12+x22~2x32—220.0

G3(x)=x2+x4=0.0

—23=2x=227 ¢=1-,4

Zz3dM = Random Search®& ©]-83(4]
27132 (18702 2.6166. —1.3938, 2.1283)
2 7ok HAge (1.4022, 23833 -1.9510,
2.700)e] 2, ojul F=330841]c}, (71
A1e] Optimal Solution-& F=11.68°]%1t},

=zgelA & ol Hws) A8 @Y
4 = glen, (7949 Optimum Solut—
ion? Global Maximum gtol € < gl&x ¢
+ vk, F EFAFE ALM=6. BFGS=30,
LINE=691°]™ Actived TH=d2 (Gl
(2.9279E-6) 3 G2(8.7198E-6)°]v},
(=]#14] Optimal Design of a through ci-

rculation system for drying cata—
lyst pellets®

Through circulation system®| production
rate® H W2 3 Fluid velocity, «13
Bed depth, x2& T3} 42 Formulat-
ion TAHANA HAHSTL] WeightZ3 R A
3 tEAQ Casec]t,

Minimize : F(2)=0.0064-x1(exp(—0.184-

x1-x2)~10)

Subject to:

G1(x)=(3000+x1) x1* x2/1 2E+13-—
1L.0=x0.0

C2(x)=exp(0.184 x 19 52)/4.1—
1.0=00

A Aol StabilityE Fol7] HMA 44
H$E ScalingdHAb. x1=21*10000.0
Minimize : F(x)=64.0 x1-(exp(—1.840 x1

Maximize :
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x2)—10)
Subject to :
Gl(£)=(0.3+x1) x1% x2/12.0—10
< 0.0

G2(x) =exp (2.9162 219 x2)/4.1—
1.0<C0.0

27132 (30, 0252 e o, JFHg
(31770, 0.3421)0] 31, F=—15371¢|c}, &
HrE g == ALM=4, BFGS=30, LINE=H47
o]}, ‘

(1A 5] Optimal Design of Vibration
Absorbers'?

Main System® Amplitude® Hi2 3}
= Absorber®) (. ¢ Ad AFFE O, E T
e FAlolth p, List O d¥om Fo
A},

Minimize : F(z) =%/ (f/ k2
~ Subject to : G1(@)=*/%, —RZ0.0

0L.0=Q, <O
0 0=, =L
o714,

X _1 2 292 2
?fgnz/(g, —Q*)?+4.Q0,)

.—&=%J9,‘+4(Czng,)*

flh
w,-:k,-/m,- ’ 1':1, 2

C; .
Ve

Q=w/w,, Q,=ws/an, p=m/m

A= - — QP Q. (1+p)— 48,02 Q,
+0F 1 H4Q Q7 (L +LQM(1+
#)—Ca _—C»Q,'Jz

Aol EAloly Z7)Fel B3 w7t 7] o
o, B = 784+ Random Search s o]
|fA TG, B =zae ZAoe o<t
#3, (10)2] Optimum Solution®] Bl3A,
AE 7] BE9 ol 30% H4E minimum
o] AT, Unxl= Fd3 gro] P
Fh

ol gL QAES FHA Yol 2R E
Al Al Aghek e Wi AL o
F Asdch AT 24 Formulation =<l
A AAME zt9) Order Xol7 48 A$=
8L Ak &g Optimum PointE +
3hA] Bed), B =239 Numerical Test &
% F7) A= APPENDIX Bo| %3}
A

5. 4 &

2 ATolA st =2 I & Test Pro—
blem & FA4 £&AYL & = AUk &
Tk £A42] FormulationlA dAM 4 Order
o] Zel7b & 7= A &E Optimum Point
g 7354 2 A, Optimumd| 7178 3t
d $E& Wt wed, duHoem kA
o] la& ¢ & Utk

2 d7ollA Agst =2 3Pl Structure
Analysis ¢} Dynamic Analysis T2 78E 3
&3l Shape Optimization, Vehicle Dyna—
mic System Optimization® Weight Redu-
ction T T} Foke] HAAFI s)HF
o},

R=50, p=02 {1 =02

Q 0.2 06 1.0 1.4 18
) Q, 0.1938 0.5661 0.9920 1. 460 1.872
A .
_2 3 Ca 0.09353 0.07574 0.1009 0.09755 0.09824
X /(R | 077822 0.7778 0.71666 0.28034 0.14189
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APPENDIX A: X2 2o| AISwH D}
algf of

(AA 1]8) EAE =2ad ALl 9
&M= Table 13 22 Format2= Z4gs)

ofgt #hc}, Al&zk= Table 1. BOX R &
Agret TEHETE et o Fog

AE BOXE Ag R sz @AM A}
%c,}t Standard FormatolBZ WA A =
kg,

Ab&-A}= Table 1 7 22 Source Code &
2] F ol Table 22] Batch File2 28 4]17)
W "}, oluf] AHE-2}= Table 29 W& I
B g1+ A4 Fortran Compiler $ Lib-
rary®] ©| &3 Directory Path& FA3l o}
ok gt} H el Table 18] W&ol A3
File®] o5& “TESTl. FOR”# &34 4
AL AR

Active Path : >HRUN TEST1

Table 22] Batch Program< IBM PCE
g Aoz, E d794 AF3sh= Routine
< Main Routine ©2 DRIVER. OBJ, Nu-
merical Optimization Library = IDOL.
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PROBLEN 1: ACSEN = SUZURI PROALEM.
This is puraly a mathamatical ansal- for taating
eptinization algorithe
(Rosen J. B, snd 5. Suzikd, Commun, ACM 8,111 1985).

FUBCTION ORIECT(x)
IMPLICTT DOUBLE PRECISTON (A-N,0-Z)
PARAMETER (MI )

nanaonn

acnn0a

Wlmu(\)lx \) X

(2
Sxx(2)~ u-x(:)ﬂuu)

End

SURRDUTING Rubject(x)

IMPLICIT COUNLE PRECTIION (A-M,0-Z)
PARAMETER (Imaxx50)

OIMENITON x(Imax)

t Hinn ebdbeid " n
i " ” " " " 1)
H n 11 " (1] n "
' H " ” " L] "
H ] " ” n "
H s HHn e T

INTERACTIVE DESIGN QPTINIZATION LIBRARY
VERSION 1.0
CAD/CAE RESEARCH SECTION
TECHANICAL CENTER

DAEW) MOTOR Co. Ltd,
(032) 530 - 2437

€ ————————a—mewn=n Using Ceeam Blccl
m‘luﬂl‘m(m) Q3 {Imax), Pulll(llll) Q¢ Tmax) ,W(Imax),
r.icale, Nusbar, Neg, Hneq

[
[ WI(1) ¢ Equality Subject Fumction. [
c G3{3) : Insquality Rubject Function, [
[
GJ(l)=(x(l)n(l)u(:)lu(z)oxﬂ)-:(l)u(l)-xu)*l(I)-
£(2)42(3)=2(4))/8.0+1.0

GJ(?)-(:U Yex(1)e2mr(2)ux(2)ex ()0 (I )s2sn4)x (L)~
x({1)=x({4))/10.

0-1.0
cmh(m(nuu)u(z)-x(z)ug:)-x(sgo:-x(|)-u(z)-x(:))/ﬁ H-1.0 |

Raturn
&nd
Table1. Format Statement of OBJECT,
SUBJECT

ECHO OFF
s
0 0
zaw . MAKE EXECUTION FILX FOR HARD BISK. '
oo » INTERACTIYE DESIGN OPTINIZATION LIRRARY =
50 » VERSION 1.0 .
0 '
ECHO

cLs

ECHO

FcHo L4 L4
ECHO L] LINK IS COMPLETED AND UW 1 .
) ] » »
ECHO

KCHO

cLs

31,18

oL

ECHO

o0 - -
KHO * WUMERICAL OPTINIZATION ° .
jir ] . 13 COMPLETED 1 L]
KHO * L]
o

Table2. Structure of HRUN. BAT (HRUN. CMD).

LIBe)t}. Table 22] DRIVER. OBJ2} ID-
OL. LIB+ IBM PS/22] FORTRAN/2& ¥
& Version©|H, . AH% Operating System 7
Fortran Compiler<]

Table 29] Batch File-2 213 A17]"H Table
37 #Z2 o] HeEC o AR b
w42 CommandE webd 33 71 H
ok

Table 321 OUTPUT Option®l4 OQutput
£ Screenl %Elﬁ}xl 23 Output File
BEA #A) ole £¥HE Screen ¥ =9
< 34 CPU Tlmeei &4e] ¥l IDOLE

5ol wepd AT

wa GO TO NEIT ATEP 1 TYFR (RETURE) ssssvl __

Py

CONFIGURATION OF THE PROBLEM

1. NUMBERS OF VARIABLE
2. NUMBERS OF EQUALITY CONSTRAINT
3. NUMBERS OF INEQUALITY CONSTRAINT

4. GOTO NEXT STEP =zzza=zs)

[-R-N-]

[T T - 4

zsr=s=== SELECT the NUMBER azzx) 1

CONFIGURATION OF THE PROBLEM
1. NUMBERS OF VARIARLE =
2. NUNBERS OF EQUALITY CONSTRAINT =
3. NUMBERS OF INEQUALITY CONSTRAINT =

4. GOTO NEXT STEP x======)

4
0
0

Wparmrenmr e e aa e —-

saz=gamers SELECT the NUMBER

z=z==== INPUT the Value

saas _3__

=== 3

CONFIGURATION OF THE PROBLEM

NUMBERS OF YARIABLE =
NUMBERS OF EQUALITY CONSTRAINT =
NUMBERS OF INEQUALITY CONSTRAINT =

3 T
)

4. GOTO NEXT STEP ======x)

4
0
3

SELECT the NUMBER az==y 4

CONVERGENCE CRITERION for ALNM.

1.LAGRANGE MULTIPLIER = 1.000E-05
2.EQUALITY CONSTRAINT = 1.000E-05
3.INEQUALITY CONSTRAINT =. 1.000E-0%
- 4,0BJECT FUNCTION . #__1,000E-035

5. GOTO NEXT STEP

a===z=x SELECT NUMBER ===a==zx) §

P L L T T -0
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CONVERGENCE CRITERION for BFGS.

1.NORM of GRADIENT = 1.000E-0§
2.LINE SEARCH RESTART = 1.000E-04

3. GOTO NEXT STEP

zz=zzms SELECT NUMBER ma=z=a=a=x) 3_

CONVERGENCE (RITERION for SEARCH.
L.MAXIMUK ITERATE = 30

3. GOTO NEXT STEP

L - —

2.GOLDEN SECTION REFINE = 1.000E-03

PERALTY FACTOR OPTION

COMMENT : Initial value of Penalty factor
is caleulated by Progras.
Meximuz value i3 msultiple of
Initisal value.

EXAMPLE :

Puax » PO * 10.0°

1,Fixed Puax = 1.0005+11
2.Fixed PO (] 1.000E+00

3.8o Change, Goto NEXT

- e

'==S‘ 8ELECT THE NUNBER =x=zzxz=) §

==zz===2 SELECT NUMBER zxz=====r) 3_

QUTPUT OPTION
ON : SCREEN
OFF : QUPUT FILE

1.CONSTRAINED QPT. = ON
2.UNCONSTRAINED OFT. = ON
3.LINE SEARCH = ON

4. GOTO NEXT STEP

L Y P A -4

smre==c=x SELECT the NUMBER ==a=) _l__

OUTPUT SELECTION

PRINT OUT OPTIMAL SOLUTION, ONLY.
PRINT THE CALCULATE PROCESS, ALL.
PR

e em -
L3 B e

INT THE ITERATE NUMBER,ONLY (SCREEN),

===gzs== SELECT the NUMBER =a==) L

OUTPUT OPTION

ON : SCREER

OFF : OUPUT FILE
1.CONSTRAINED OPT. = QFF
2.UNCONSTRAINED OPT. = ON
3.LINE SEARCH = ON

4. GOTO NEXT STEP

smzssssx SELECT the NUMBER ==z==)

OUTPUT OPTION
ON : SCREEN
OFF : OUPUT FILE

1.CONSTRAINED OPT. = OFF
2.UNCONSTRAINED OPT. = OFF
3.LINE SEARCH = OFF

4. GOTO NEXT STEP

zzzzz=z2 SELECT the NUMBER =zza) A

INITIAL GUESSING VALUE OFTION

1. USER DEFINE.
2. RANDOM SEARCH.

NOTE : If You have not Good Initial Guessing
Values, then Select ™ 2 7,

zz=sassaass SELECT THE RUMBER s=xxzzz) L

===z INPUT the INITIAL DESIGN VARIABLE X{ 1) ==z> 0
=xas INPUT the INITIAL DESIGN VARIABLE X( 2) mazy 0

wxzn INPUT the INITIAL DESIGN VARIABLE I( 3) ==a) 0
=xza INPFUT the INITIAL DESIGN VARIABLE X{ 4) oxwy 0

€I233333333333333239PLLCCLLLLCLLLLCLCLCCLCLCd

[ . [
(4] FIND the OPTIMAL BOLUTION 1 <
© ) ©
<> % QBJECT VALUE = -4.4924E+01 O
© ) ) <
<} Do You Want to do final Optimlization 7 <
[$) ©

COIXIINIINIIINIIIIIDLCCLELLLLLLLCLLEECECLCY
zzazas SELECT (Y/N) zascssssxzzax) p ’

Table3. Example of PROGRAM Execution

Output File2] o|go] A v}, Constra—
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APPENDIX B: Additional Numerical Test

l.  Simple Beam Design ®

[6]9] Test Problemo = (6]o]Ae] 7
B 2w HgaE A3 FL Optinr
um solution®] T31&t}

Minimize : F(x)=0.0624 (x1+x2+x3+

xd+x5)
Subjeet to E
Gl(x)=61/x1+437/x24+19/x3+7/x4+
1/x5—1.0=0.0
x=z00 i=1L-+5

27182 (555552 Re o, A-%
2 (6.0159 5.3092, 4.4944, 3.5016, 2.1536)°)
o]y, F=1339960]c}, & WEIT= ALM
=4, BFGS=21l, LINE=469¢]™, Actived
 TEzAL G1(—-4.0158E-T) 0]},

2. Two Bar Truss Design®

24 13 Zdeo] [6]2] Test Problemeld,
(6o Me] 7|2 == 2lgs & 2
T FY3 Optimum solution®] 3| &}

Minimize : F(x)==x1y 1+ %2

Subject to @ .

G1(x)=0.124C1+x22) -(8/x1+1/x1 x2)

—1.0<0.0
G2(x)=0.124C14x22)+(8/x1—1/x1x2)
—1.0<0.0 '
02=5x1 <40
0L1=x2=16
CE7ES (5 0D ¥E d, AAHge
(14116, 0.37707)e]x, F=1508652|} &
BE R = ALM=4 BFGS=12 LINE=3M4
o]y, Active ¥ T&Z12 GI(26372E-9)
o]},
3. Bracken and Mc Cormick Problem®
SUMT IVE 93t Test Problemo =, <
" o 2 Optimization Programe] Ao 3 =}

Minimize : F(x)=x124+x2?+50—4x1—
2x2
Subject to :
HI(®)=2x2—%1—10=0.0
Gl=1/4x12+x22—1.0= 0.0
00<xi =12 _
27182 (20, 2002 ¢ o, HIFge
(0.82288, 0.91144)°] 3, F=1.393460°]t}, &
wHE g 4= ALM=5 BFGS=12, LINE =
27309 Active ¥t FHZx1-2 HI(—9986E
-8)3% G1(3.1027E-8) o]t}
4. Welded Beam Design®
dukA © F Optimization Programe] “di
HB7Hs HAsA Wol AHEEE ®AR, Local
Minimum Point7} B3 4877} v 7}
&k
Minimize : F(x)=110471 x1% -x2+
0.04811 x3 x4(14+x2)
Subject to :
G1(x)=(D1+D2+D3/DA)* (15/34)**2
~1.0=<0.0
G2(x)=1.0—x4* x32/16.8 =< 0.0
G3(x)=10—x4/x1 =<0.0
G4(x)=10—x3-x4(1—0.02823 x3)/
0.09267 =< 0.0
G5(x)=1.0—x3%+x4/8.7808 =< 0.0
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0125 =<Cx1 =<10.0
0l =<x/=<100 7=2 34
o714,

D1=10/C2.0* x1* x2* x2) _

D2=3.0%(284x2) /(x1*x1* x2*(x2*
x24+3%(x14+23)**2))

D3=45%(28+x2)¥*2* (x2* x24+(x1+
x3)**2)

Da=x1*x1*x2* x2(x2** 24 3*(x1 +
x3)#*2)ﬂ=2
2713 (L7422 #L o, Az
(0.23756, 6.4567, 8.3025, 0.24429)0] 51, F=
2.398340|t}, - F WHEHeE ALM=4 BFGS
=64, LINE=1212°]% Actived &1L
G1(4.0796E-8) 3 G4(7.6056E-8) o]t}



