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Abhstract

The optimization of many engineering design problems requires a nonlinear programming

algorithm that is robust and efficient. A general-purpose nonlinear optimization program IDOL
(Interactive Design Optimization Library) is developed based on the Augmented Lagrange
Mulitiplier (ALM) method. The ideas of selecting a good initial design point, using resonable
initial values for Lagrange multipliers, constraints scaling, descent vector restarting, and dynamic
stopping criterion are employed for computational enhancement to the ALM method. A descent
vector is determined by using the Broydon-Fletcher-Goldfarb-Shanno (BFGS) method. For line
search, the Incremental-Search method is first used to find bounds on the solution, then the bounds
are reduced by the Golden Section method, and finally a cubic polynomial approximation techani-
que is applied to locate the next design point. Seven typical test problems are solved to show IDOL

efficient and robust.
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Table 1 Initial choice of lagrange multiplier

Condition Lagrange multiplier
VF-VH:<0.0 A= 1.0
VF-VH:>0.0 A=-1.0
Gi( X9 <0.0 wi= 0.0
VEF-VG;>0.0 w= 0.0
VF-VG;<0.0 w= 1.0
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Table 2 Summary of results for problem 1

Program | Algorithm Final cost
CONMIN | Feasible direction 56.15
OPTDYN | Feasible direction 56.001
LINRM |Recursive quadratic| 56.00
programming
GRP-UI | Gradient projection 56.00
SUMT | Exterior penalty 56.00
IDOL Augmented lagrange| 56.00
multiplier

(4] 2) WELDED BEAM DESIGN®
M3 2o A4 HoAE st mro] 4l
45 A AdAZAL HmRe Aigox,

x=(h, 1,t,b]T
Fig. 3 Welded beam
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AAE A% TEEAL BEEN, B T334,
e 2AF, e AAA AdAHsY 27 Aol
ot AAMS+£ Fig 3o =418 &4 Aol (h),
LR34 (D), B Fol(p), B F()olth. A
4 Z#e Table 33+ 7+,

Table 3 Summary of results for problem 2

IDOL BIAS®
Initial F=15.8154 F=15.8154
value h = 1.0000 h = 1.0000
[ = 7.000 [ = 7.0000
t = 4.0000 t = 4.0000
= 2.0000 b= 2.0000
Optimum | F= 2.3809 F= 2.3811
value k= 0.2443 h = 0.2444
! = 6.2181 [ = 6.2187
t = 8.2916 t = 8.2915
b= 0.2443 b = 0.2444
Iterated |ALM = 5 MOM= 6
number | BFGS =49 DFP =76

BIAS®+= MOM (Method of Multiplier) & DFP
(Davidon-Fletcher-Powell) 2 = &3} w3l vl o]

dFolch, Table 39 Aoiwlme BIASe Az
(R EA9)9 pp.247~249)5 ol &3t ok

Table 3¢ Aol & 4 & wle} o] IDOL
o] BIASHT A& ¥ S4ule] & Addz
833t eth

(el 4] 3) THROUGH CIRCULATION DRIVER

DESIGN®

ol4 4314 (through circulation system) o] A8
A ¥ S AHZ 3 fAlSE, X3 sls 7o)
(bed depth), Xp& F3l= FTAZ TAY T4
AAM 49 =27] zpelrt 4ldta, 7HEh4 (pseudo
function) &) Hessian &3¢ % =22 A (distorison)

Table 4 Summary of results for problem 3

Reference (8) Scaling Non-scaling
F |—1.5370E+02{—1.5371E+02|—1.5371E+02
Xi| 3.1766E+04| 3.1766E+00| 3.1766E+04
Xz | 3.4200E+00| 3.4207E+00| 3.4207E+00
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(random search) & o|-&§c}, A7+ Table
5o 23, A% Ml 4w 47 0.29 = IDOL
oA T SHT4 Haghe 0.778190| 2 AA
H4E (G, U9 AAs8E 247 0.1938, 0.09352
2 AnFd (13)9 A543k 2.3172 5 <F 30%

>)‘_ mlo 0N
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7 FA .
e
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Fig. 4 Vibration absorber

Table 5 Summary of results for problem 4

L

2 0.2 0.6 1.0 1.4 1.8

27 10.1938 |0.5661 [0.9920 |1.460 |1.872

& (0.09352{0.07574(0.1009 [0.09755| 0.9824

F [0.77819(0.7778 |0.71666 |0.28038|0.14189

R=5.0, p=0.2, &=0.2

colAd - HFE

(¢} 4] 5) TENSION-COMPRESSION SPRING
DESIGN®®

Fig. 5ol =Ag uiel 2 HAAZ, A3,
A x| A& (surge frequency), <73} AAHFY
4 Heo] wE FEz70] v BIR/ITBHE =
glo] Agg Haslsle 22y 77 A4 (n),
293¢ AA (D)3} golo](wire)] AH(d)E T
= Aotk 27|HE #=3, D=2, d=1% Y
o w, & zZzaals IDOLe HAs vwlae
Table 63 7t}

f n
"
D -— L.
v Hop
] P N
J

Al

Fig. 5 Tension/compression spring

Table 6 Summary of results for problem 5

Program Optimum value F(n, D, d)
CONMIN Failed
OPTDYN|  0.01543(2.959, 0.7488, 0.0644)
LINRM 0.01543(2.945, 0.7502, 0.0645)
GRP-UI Failed
SUMT 0.01470(13.36, 0.3455, 0.0526)
IDOL 0.01267(11.29, 0.3569, 0.0517)

Table 614 & 4 9+ uts} o] IDOLe] =
2 A8 m2ade vldte $43 AAE FUch
(o4 6) THREE BAR TRUSS DESIGN®%
Fig. 63} Ze] Ao MEMEGCGIZEH (14)9
p.175)Fel, HA=x, $+4, {45+, 3=z 3

ot e e

Fig. 6 Three bar truss design
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2, AAdS A HAd5d 53 30 o F
AL Hadse dd4dE Pl FAoltt w4
Ag (E)E 1.0x10°5 2=(p)+ 0.libs/in, a3}
68 LY 5000psi, ;8 HLEHL 20,000
psi, Sxot oyel & AHA &L 0.005in0|=t, kA
E (A, A, A Y 271AE(10,55) % AAYE

2 zzadza IDOLe HAs) wme Table?
2} o},

Table 7 Summary of results for problem 6

Program Optimum value W{n, D, d)
CONMIN 21.047(8.981, 2.289, 4.283)
OPTDYN 20.542(8.914, 1.934, 4.245)
LINRM 20.542(8.910, 1.930, 4.251)
GRP-UI 20.542(8.911, 1.931, 4.249)
SUMT 20.525(8.902, 1.930, 4.248)
IDOL 20.543(8.910, 1.929, 4.251)

Table 79} ZA}el4] IDOLo] ti& =z zaalE
b $53tAY Bl ARE FULE A 5 3
o},

(A 7) Shell (Colville) Primal §-#}¢Y

Hock, W.9} Schittkowski, K.(1980) &] u] Al &
=22 ae2)9 3= (Nonlinear Programing Codes) &
A% A% AAF iz Yoz A=z ze
a/dneEe HoHs Aske wol A=y #
2EdAF 4 2714(0.1, 0.1, 0.1, 0.1, 0.1,)

¢ IDOLo| H§sted 73 Azt Tablesst 2
22

Table 8 Summary of results for problem 7

Reference (21) IDOL

F —32.35 —32.35

Xi 0.3 0.30001

X; 0.3335 0.33347

X; 0.4 0.40001

X, 0.4283 0.42830

Xs 0.2240 0.22395

Table 8¢ Z el IDOLe] #zmid (21
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Table A1 Interation history for problem 1

INTERACTIVE DESIGN OPTIMIZATION LIBRARY
VERSION 1.5
OPTIMIZATION HISTORY

NIA NIB NF OBJECT VALUE VIOLATED/ACTIVE LAGRANGE
CONSTRAINT MULTIPLIER

0 0 0 1.00000E+ 02 IN THE FEASIBLE REGION NA
1 7 71 5.47978E+01 Gi(1)= 4.98262E—02 9.26285E+00
Gj(3)= 8.53875E—02 8.10054E+00
2 13 102 5.59864E+01 Gj (1) = —5.90492E—04 8.16511E+00
Gi(3)= 1.84771E—03 9.85343E+00
3 21 159 5.59999E+01 Gj (1) =—8.79870E—06 8.00154E+00
: Gj(3)= 1.53030E—05 9.99861E+00
4 22 162 5.60000E+01 Gj(1) = —1.74615E—-05 7.29843E+00
: Gj(3)= 7.45085E—07 1.00226E+01

NIA : No. of iteration for ALM
NIB : No. of iteration for BFGS
NF : No. of calls for function evaluation

Table A2 Iteration history for problem 2

INTERACTIVE DESIGN OPTIMIZATION LIBRARY
VERSION 1.5
OPTIMIZATION HISTORY

NIA NIB NF OBJECT VALUE VIOLATED/ACTIVE LAGRANGE
CONSTRAINT MULTIPLIER
0 0 0 1.58155E+01 IN THE FEASIBLE REGION NA
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1 24 169 2.00757E+00 Gi(1)= 6.20498E—03 T 6.49702E—01
Gi(2)= 3.86013E—02 9.27505E~01
Gi(3)= 1.41247E—02 8.17699E—01
Gi{4)= 6.74318E—01 4.69994E—0.
; Gj(11)= 3.62049E—03 1.17167E—01
2 38 262 2.38474E+00 Gi(1)= 1.99890E—03 i 6.85904E—01
i Gj(3)=—7.88922E—03 i 6.15614E—01
'5 Gj(4)= 9.15733E—03 i 3.88910E—01
3 47 313 1 2.38097E+00 Gi(1)= 1.81063E—05 | 6.80184E—01
: Gj(2)=—1.90646E—05 : 2.06972E—01
: Gj(3)=—7.63392E—05 : 5.96059E—01
: Gj(4)= 9.22999E—07 i 3.89255E—01
4 48 315 2.38097E+00 Gi(1)= 1.81063E—05 6.13179E-01
i Gj(2)=—1.90646E—05 i 2.43337E~01
; Gj(3)=~17.63392E—05 ! 5.487T44E—01
; Gj(4)= 9.22999E—07 i 7.13478E-01
5 1 49 317 2.38097E+00 Gj(1)=—6.48129E—05 0.00000E—01
! Gj(2)=—2.60374E—05 i 0.00000E—01
: i Gi(3)=—4.20675E~05 0.00000E—01
: , , Gj{4)=—1.99370E—05 4.,29598E—01
NIA : No. of iteration for ALM
NIB : No. of iteration for BFGS
NF : No. of calls for function evaluation
Table A3-1 Iteration history for ploblem 3(Scaling)
INTERACTIVE DESIGN OPTIMIZATION LIBRARY
VERSION 1.5
OPTIMIZATION HISTORY
NIA NIB | NF | OBJECT VALUE VIOLATED/ACTIVE LAGRANGE
: '; CONSTRAINT MULTIPLIER
0 0§ 0 i —1.22326E+02 IN THE FEASIBLE REGION | NA
1 5 29 —1.66632E+02 Gi(l)= 2.29894E—01 ! 5.17300E+01
Gj(2)= 3.40075E—02 7.14872E+00
2 11 63 —1.53899E +02 Gi(l)= 3.09669E—03 5.86980E+01
Gi(2)= 3.57172E—04 7.89953E 400
3 16 98 —1.53715E+02 Gi(1) =—2.49181E—05 5.81373E+01
Gj (2) = —409650E—05 7.03840E+00
4 17 100 —1.53715E+02 Gj(l)= 5.01457E—06 6.54597E+01
Gj(2)= 2.37636E—07 1.56191E+01
5 18 102 —1.53715E+02 Gi(1) = —2.54048E—05 3.03372E+01
Gj (2) = —4.05556E— 05 0.00000E—01

NIA : No. of iteration for ALM
NIB : No. of iteration for BFGS
NF : No. of calls for function evaluation
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Table A3-2 Iteration history for problem 3(Non-Scaling)

INTERACTIVE DESIGN OPTIMIZATION LIBRARY

VERSION 15
OPTIMIZATION HISTORY
NIA | NIB | NF OBJECT VALUE VIOLATED/ACTIVE LAGRANGE
’ ‘ CONSTRAINT MULTIPLIER
0 0 0 —1,22326E+02 IN THE FEASIBLE REGION NA
1 2 8 —1.51843E+02 Gi(2)= 1.66141E—01 3.44449E+01
2 7 49 —1.55037E+02 Gi(1)= 2.43136E—-02 5.55043E+01
3 125 631 —1.53722E+02 Gi(1)= 1.46263E—04 5.88432E+01
, : : Gj(2) =—1.15812E— 04 7.88256E+00
4§ o129 | 62 ~1.53716E+02 | Gj(1)= 2.75503E—06 5.94722E+01
; ; ; ; Gj(2) =—3.64289E—05 3.30004E—01
NIA : No. of Iteration for ALM
NIB : No. of iteration for BFGS
NF : No. of calls for function evaluation
Table A4 Iteration history for problem 4
INTERACTIVE DESIGN OPTIMIZATION LIBRARY
VERSION 15
OPTIMIZATION HISTORY
NIA | NIB | NF OBJECT VALUE VIOLATED/ACTIVE LAGRANGE
i i CONSTRAINT MULTIPLIER
0 0 i 0 9.62471E—01 IN THE FEASIBLE REGION NA
1 1 3 9.56686E—01 | IN THE FEASIBLE REGION NA
2 9 | 50 7.68255E—01 | Gj(1)= 5.18646E—02 1.89658E—01
3 6 94 7.78191E—01 | Gj (1) =—9.83856E—05 1.86060E—01
4 17 9 |  7.78191E—01 Gj(1) =—1.00279E—04 1.49390E—01
NIA : No. of iteration for ALM
NIB : No. of iteration for BFGS
NF : No. of calls for function evaluation
Table A5 Iteration history for problem 5
INTERACTIVE DESIGN OPTIMIZATION LIBRARY
VERSION 15
OPTIMIZATION HISTORY
NIA | NIB | NF OBJECT VALUE VIOLATED/ACTIVE LAGRANGE
i ; i CONSTRAINT MULTIPLIER
o 0 i 0 1.00000E+01 | Gj(1)= 9.99666E—01 0.00000E—01
j : g Gi(4)= 1.00000E+00 0.00000E—01
IO (I U 3.88280E—02 | Gj(2)= 7.72412E—06 0.00000E—01
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2t 15 1 214 1.30961E—02 Gj(1)= 9.03749E—02 i 1.29002E—02
' | ‘ : Gj(2)= 4.54373E—02 i 2.41664E—02
3§ 44 | 364 | 1.26913E—02 | Gj(1) = ~1.49158E—03 L 1.07549E—02
' = ; Gi(2)= 1.41682E—04 P 2.44131E-02
4 0 47 | 312 1 1.26787E—02 | Gi(1)= 7.81004E—07 © o 1.07661E—02
' : s | Gi@2)= 6.12985E—~07 | 2.44238E—02

NIA : No. of iteration for ALM
NIB : No. of iteration for BFGS
NF : No. of calls for function evaluation

Table A6 Iteration history for problem 6

INTERACTIVE DESIGN OPTIMIZATION LIBRARY

VERSION 15
OPTIMIZATION HISTORY

NIA | NIB { NF | OBJECT VALUE ! VIOLATED/ACTIVE {  LAGRANGE
' ' : CONSTRAINT | MULTIPLIER

© © 0 | 0 | 2623E+00  IN THE FEASIBLE REGION | NA
1 | 5 | 84 | 1.7m86E+01 | Gi(l)= 1.89739E—01 | 9.32801E+00
: : 3 L Gi1d= LIMNE-01 | 6.93056E+00
2 | 12 | 8 | 2.0450E+01 |  Gi(10)= 5.14146E—03 | 1.18557E+01
: : ; Gj(13)= 2.70401E—03 [ 8.52669E+00
5 | 16 | 127 | 2.044E+01 |  Gi(10)= 2.45501E—05 | 1.19764E+01
i ; : ; Gj(13)= 8.08398E—06 ! 8.57440E+00
4 | 18 | 134 | 2.05438E+01 |  Gj(10)=—2.45534E—07 L 1.19643E+01
: ' | Gj(13)= 8.64372E—08 | 8.57951E+00

NIA : No. of iteration for ALM
NIB : No. of iteration for BFGS
NF : No. of calls for function evaluation

Table A7 Iteration history for problem 7

INTERACTIVE DESIGN OPTIMIZATION LIBRARY

VERSION 15
OPTIMIZATION HISTORY

NIA | NIB | NF | OBJECT VALUE ! VIOLATED/ACTIVE i LAGRANGE
: : -: " CONSTRAINT {  MULTIPLIER

0 i 0 i 0 | —1.02700E+01 | Gi(9)=7.00000E—01 ' 0.00000E—01
: '. : : Gj(10) = 5.00000E—01 i 0.00000E—01

1 7 1 39 | —4.05384E+01 | Gi(3)= 1.59095E—01 i 1.00123E+00
: ; : ; Gj(5)= 2.67826E—01 g 1.12223E+01

i , : ; Gj(6)= 4.44518E—01 i 1.00864E+01

2 i 17§ 93 | —3.24833B401 | Gi(3)= 4.91898E—03 i 1.28654E+00
' ' ’ ' Gj(5)= 2.64894E—03 i 1.22453E+01
Gi(6)= 8.08800E—03 b LATTT9E+0L

Gi(9)= 6.94364E—04 i 4.37830E-01
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3 i 23 1 139 | —3.234%0E+01 | Gj(3)= 1.19598E—05 i 1.29348E+00
' ' ’ ’ Gj(5)=—2.22507E—07 | 1.22444E+01
Gj(6)= 2.93290E—05 | 1.18392E+01

Gj(9)= 1.28974E—05 i 5.19154E—01

NIA : No. of iteration for ALM
NIB : No. of iteration for BFGS
NF : No. of calls for function evaluation



