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Abstract

There are many optimal design packages, but they are big ones and they have only
a few kinds of optimal algorithm coded with Fortran and it is sometimes necessary for
“user to write down some codes into their packages. So it is hard for user to learn how
to use and customize them. More over, there are no commercial home-made software
for optimum design. So, in this paper, several famous optimum algorithms are coded and
modulized with C++ which is known as a suitable computer language in order to build
up more algorithms into one computer software. All algorithms developed with C++ here
were tested for comparison with optimization tool box of MATLAB and are superior to

MATLAB.
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Table 1. Summary of some optimization

packages.
Software Source(Developer) Capabilities
Common nonlinear
UNCMIN Koontz et al. (1985) .
optimization
i Minimizing smooth
NPSOL Gill et al. (1986) objective function
Murtagh and Saunders Linear programming
MINOS 1987 problem
Linear and nonlinear
IDESIGN Arora and Tseng (1987) programming
problem
Quadratic
OSL IBM (1990) programming
problem
Unconstrained
TENMIN | Schnabel and Chow (1991) optimization,
quadratic_problem
Large-scale
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Fig.3 Step transitions for the Nelder-Mead

algorithm
Fgo] HH oFr] L F3e] vk AFEAY
FAAE AEd2x e M 49 dHe=s
A9] 1965l ExEH o]TE HTVA FAH)

9) AEd~ Uy

Nelder-Mead?] A Z & A(simplex) H3¥[10]1&
Spendley, Hext, Himsworth [11]1¢] ¢32#&& &+
Aste] A ubd ot

Nelder-Mead®] A& #2 HH2 AE92 §3
H(vertex)ES] TS 271E Hmso 7HF

2 FFEge JHAE EAAHE U HEY T3
o 2 uhd(reflection)A| Z1t}. ojw) S+ EL =7
o] wlad| wiet Fig3[12]9 Ze] RevtAs o,
E4 F5 59 AZEx 978 AT
32 AFEA Y HAsd

1) FE5492 49

Box[13l= 74 HHE FAlol g Nelder-
Meadd] AEd92 WS T4 FHg A
gat=s FHGYcH o WHE .
(complex method)o]&}t g},

AREe] HA A%kzZA(bound constraint)E =

=
s 27170 FAAW k2nt+l749 B
T ZE aR%YY 7% =9, & FES2E A
B

X;;i=x z('l)‘f'f’i,j(x W_x ),

i=1,2,...,n, i=1,2,...,k

AZNA v e 0% 1Abol9] wdolH,  x P}
(O 2% x9 AA AGzAIY Boxs ¥

X i
£49 k2A 228 %A oW A%xd

o fuiEe HAHE UHA AE9 7EEy
ALFo R FAhAAT

Nelder2} Mead®] AZTHEx why e ZF HX 0|
Ao g Husy A I g es MAe
EARE 2 FARA A AEY VEEH F
del AgdgelA wAd, &4 2 F4& 59 FA
& AAAT Boxd FEA2 PP YA v
e2AT BdS Axdt) BoxE a8 #OEA

2) & B

w4 g4 (random search) - b 9
BEA WEEe] AR Adxds wFste 29
dA 948 TAAA MEARE AHEA H
e AT oA wEFAe e o5k
HA4de AE=rt 2ZAAL ¢ FAYL A
A Hadg Fedes 3 HEA I AHE

= O] <
Holx gkrh W& sEEHol ARt ol A o

ol A9AA FHadol EAsE 99L& e
AbgEARTHI4L 9 2 doo] FolAW A3
¢ 23 2798 =29 o 223U TR

Agd % gk
4. M3t 2D2E BEe MAXZ

41 Azel 7=
2 dA7e4 HHs &
g2 AF}EE 4L =
dojol C++2 FHEUT
Aol Fa ~(class)ZH
HAz duEY 2 FAENY dudEe
Z12FHQ FAANESE X %A
O|AEL WE PP At Hige
3k

=z
°
I
og
i
10

Fig.4 The structure of modules

- 119 -



YnYFEY RER o|Foi4 Y} Figdt BE
9 AsES] FHE EBEH Aol '
ATANA Foleez wEod HAHF Q

B
o

=
SHoHA dy AMEHE €uIES
o ZE EZEd fiste 384U %
F 38 REg= 97 " Ed ¥ 2%

E
og¢ e REY AL R F4E $ol3
2=
T

Vector Z#|2=9} Matrix
g st VectordAt# Matrix@4hg {54
AHEE £ A S 7 HE 2 dEdat
< AA FEH BrIPeE AEFHAA £ QA
skt

Ex: Fat

1) Vector &8
e (5y 2 HEe] 72 AiE

&ta ¢t

to

3

2) Matrix E# &
g 8% 9 FE /E A, 93
4, AXPE Jarlsg =2gstm 9rh

43 Ag Ui € #XgnEE EE

RE HAHs <uzlE5E LinearAlgebra @
Ap&wke Numeric- Algorithm 28 A&
o} LinearAlgebra Z# =9} NumericAlgorithm
go g @ AFE AET 5 U

it o

1) LinearAlgebra Z &

HAg guFe Mg AN BEEAN g5
9] gradient, 9 hessian, ¥E ] norm, FH Y
norm, ¥ EE A 4 715g ATdo

2) NumericAlgorithm &2

FX37 g¢unggyd T AF L F
s X¥siy oy 38 #Azd &
W dadge " douHE
A3 gt

44 HA G SnYE EF
Vector F# £ Matrix Sd2¢ AL A}

=3
Zzbe] A3 dazlg Fdaw 718 A
153 % #5ES AR Bagle] ¢
o TET A dArt. ZE HAHI &3
Aot stebuE 2R

Lo

l"

o

o %

By

L
oo
Q

B

1

1) Equallnterval &=

57+7 =AW (equal interval search)®] REEo|

=

2) GoldenSection &2
332 8% (golden section seach)d] EEo]t}.
3) Pnterpolation &3}~
olxt gt B 7Zb¥(quadratic interpolation)<]
REolt}

4) SteepestDescent &

2 47331 %] (steepest  descent method) 9] HE o]
t}. SteepestDescent €82 ¥ o]& BFGSMethod
2R AgaHAge FFELHE AL
gov EAf Y AANEE FAAEH[NTS A

&arsarh

5) ConjugateGradient &2
FARAA = (conjugate gradient method)e] =

olth.

b

6) NewtonMethod &
48 Fe9 F(modified Newton’s method)

9] BEolr}

7) DFPMethod &2
DFP Wyle] REo|t},
8) BFGSMethod &3
BFGS #ge 2Eolth

9) Simplex Z &

Nelder-Mead®] A& @i o] REo|r),
10) Complex =
Box¢] F&492 e EEolth
I Vaotar cluss I | Matrix class l
t_l___f
I » LinsarAlgebra class H ‘NumericAlgorithm dln;l"\ Equalinterval clase

GoldenSaction class

Pintarpelation cfasa

StespesiDescent class

ConlugateGradient class

NewtonMsthod chiss

DFPMathod class

BFGSMsthad class

Simpiex class

Compiex class

RandomSsarch class
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Table 2. MINPACK test function from NETLIB

Test Function
1 Helical Valley Function
2 Big Exp6 Function
3 Gaussian Function
4 Powell Badly Scaled Function
5 Box 3-Dimensional Function
6 Variably Dimensioned Function
7 Watson Function
8 Penalty 1 Function
9 Penalty 2 Function
10 Brown Badly Scaled Function
11 Brown and Dennis Function
12 Gulf Research and Development Function
13 Trigonometric Function
14 Extended Rosenbrock Function
15 Extended Powell Singular Function
16 Beale Function
17 Wood Function
18 Chebyquad Function
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Table 3. Result of steepest descent method

Test Function MATLAB OL-NOPCT
1 9.06709716e-07 2.99181342e-13
2 1.44912298e-04 2.15832850e-04
3 1.16177934e-08 1.12793754e-08
4 1.87000038e400 1,87054705e+00
5 1.38115071e-04 3.20504621e-11
6 1.67990973e-11 2.58467858e~21
7 6.11142837e-05 2.73086481e~05
8 3.08338533e~06 3.12973840e-05
£l 8,24811493e-07 B.06639047e-07
10 5.68539425e+04 2.4998963%e+11
11 B.58222016e+04 B.58222016e+04
12 1.54665741e-03 5.11504774e-03
13 2.96760244e-07 5.908332675e~14
14 3.22811786e-05 1.29688839%e-08
15 2.83121554e-Q5 1.54328892e-06
16 1,71516124e-08 1.37234480e-12
17 7.79925792e-06 5.06219943e-13
18 7.28204494e-14 4.44687223e-24
Table 4. Result of DFP method
Test Function MATLAB OL-NOPC
1 5.22126597e~-10 3.62948327e-14
2 5.64875976e-03 5.65564994e-03
3 1.16226280e-08 1,12793294e-08
1 9.99809710e-01 1.87054516e+00
5 7.12589912e-09 7.54725264e-14
6 1.20511318e-10 9,51136708e-21
1 4.09986232e-05 2.35223074e-06
8 9.08259483e~06 8.35778675e—-06
9 8.24268405e-07 8.06639004e-07
10 1.94364930e-05 2.49998046e+11
11 8.58222016e+04 B.58222025e+04
12 1.3094892%e-02 B.45117885e-19
13 6.43588741le-11 1.21360880e~19
14 2.59579578e-05 3.42637947e~-16
15 7.7263568%e-07 3.54192757e-14
16 7.13506767e-11 6.19930754e-20
17 6.54764534e+00 1.26220081e~-19
18 4.83379686e-15 1.37093416e-24

Table 5. Result of BFGS method

Test Function

MATLAB

OL~NOPC

1 1.75798693e-08 1.44833003e~22
2 5,65558307e-03 5.65564994e-03
3 1.16226234e-08 1.12793294e-08
4 9,95887561e-01 1.87054990e+00
5 B.52684B56e-10 7.45488877e~-14
[ 1.00874628e-10 9.51136708e-21
7 4.04064431e-05 2.35063612e-06
8 9.08259483e-06 8.35778080e-06
9 8.14362151e-07 8.06639004e-07
10 2.33263150e-05 2.49998046e+11
11 8.58222016e+04 8.58222017e+04 ~
12 1.256877426e-02 1.28501432e-18
13 1.03787351e~08 1.09406943e-19
14 1.77855913e-04 5,76890831le-16
15 1.47521216e-06 2.7988B662e-14
16 1.81402152e-10 6.23998181e-20
17 4,77808480e-08 1.28032714e~19
18 4.8337968%e-15 1.37093416e-24
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Table 6. Result of simplex search method

Test Function MATLAB OL~NOPC
1 3.26234198e-09 7.94571070e-10
2 5.65564993e-03 1.17243855e-05
3 1.18891931e-08 1.13621306e-08
4 9.99787225e-01 9.99787225e-01
5 7.55887408e-02 1.5679671le-10
6 4.04407787e-09 6.85023120e-09
7 7.72447168e-02 1.75084762e-05
8 8.35778B087e-06 8.35778084e~06
9 8.07873770e-07 8.07924166e-07
10 2.00355540e-09 2.80582747e-04
11 8.58222016e+04 8.58222018e+04
12 1.89387430e-13 9.45386164e-03
13 9.58563722e-10 4.53409368e-10
14 1.43161965e+01 2.50802265e+00
15 1.39058605e-06 5.53429385e-15
16 1.39263183e-10 2.70891568e-09
17 1.94483362e-09 1.11473500e-08
i8 1.95993693e~09 2.51682443e-09
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