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Abstract: In the robust optimization field, the robustness of the objective function emphasizes an insensitive design. In
general, the robustness of the objective function can be achieved by reducing the change of the objective function with
respect to the variation of the design variables and parameters. However, in conventional methods, when an insensitive
design is emphasized, the performance of the objective function can be deteriorated. Besides, if the numbers of the
design variables are increased, the numerical cost is quite high in robust optimization for nonlinear programming
problems. In this research, the robustness index for the objective function and a process of robust optimization are
proposed. Moreover, a method using the supremum of linearized functions is also proposed to reduce the computational
cost. Mathematical examples are solved for the verification of the proposed method and the results are compared with
those from the conventional methods. The proposed approach improves the performance of the objective function and
its efficiency.
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Fig. 1 Flowchart for robust optimization using the supremum functions of the objective function
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Table 2 Optimum sensitivity according to the optimum
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Table 3 Characteristics of the linearized function and
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Table 4 Results of example 1
Initial Det. Weslfﬂlted A A
value Opt. method f f L
® b,) (80 [(5514 | (5291 | (5514 | (5514
1e 9.0) | 4.864) | 5248) | 4.864) | 4.864)
77.0 1.000 77.0 77.0
Obj. fo. 77.0 — — — -
49.936 | 0773 | 50.736 | 50.378
Ly 77.0 | 49.936 | 50.155 | 49.936 | 49.936
o; 0.634 | 0595 | 0567 | 0595 | 0.595
Sup £(b) - 50.736 | 50.955 | 50.736 | 50.378
Iteration - 10 15 13 10
No.of |/
fumstion - 46 177 358 78
call [g - 36 39 46 36
Sen. f
Call - - - 13 10
Table 5 Results of example 2
Initial Det. W?fr}rllted } }
L
value Opt. method
(b, b,) (3.0 | (4832 | (2027 | (4870 | (4.832
1 3.5) | 3.643) | 3.422) | 3.660) | 3.643)
7.146 7.146 | 7.146
Obj.fn. | 7.146 | — 13)(5)(9’8—’ - -
2.008 : 2429 | 2265
Hy 7.146 | 2.008 | 8.531 2012 | 2.008
oy 0.570 | 0.194 | 0.001 0.195 | 0.194
Sup £(b) - 2.447 8.608 2429 | 2265
Iteration - 6 12 8 6
No. of |/
B} 2
function 21 150 197 7
call |g& - 19 26 28 19
Sen. |f
Call ) ) ) 8 6

75tk 7t Aol A9 A w=0.5 2 A

ettt AHUAE N B ofds 2k

Find b, b,
tominimize  f(b)=b, sin(b,) + b, cos(b,) +10
. blb,
subject to g, (b)=1-——-<0
10 (15)
gb)=1-—X <
(b7 +8b, +7)
(b, +b, =5)°
b)=—(—F"—"-"—
g, (b)=—( 30
2
+ (b =6, 220" 6.3)<0
60

00<b<7.0 (i=12)
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5.3 7|1{457| oAl (Ref. 18)

o AL 7 el AAWME, WHE BAREe)
1 he) MAE ARzae 2 BAolth 7oz
%7) Nadle] BE4S feAon HARE daw
BAGGE Jo] HEv]e] Ane AdEAdEe 7%
%78 PAsE 7olet Fol A RojEE A7
AFrASS oular., AAuwse] AP
Ab, =0012 2 A3t A5, 7FEA el A ] 7HEA
w=052 Felarh. AAE 98 FAse o

23 2t

Find b
to minimize £ (b)=0.7854bb; (3.3333b; +14.9334b,
—43.0934) - 1.508b,(b; +b7)

+74T7(b} +b3) +0.7854(b,b} + bb?)

subject to gj.(b)gO, =111
bt <b<b?
where
27 397.5
b)=—=1—_1, g,(b) = -1,
g,(b) b1b22b3 g.(b) blbzzb32
1.935; 1.934;
b)= 41, b) = 5,
Y Y.
J(745b, (b,b,))* +16.9E°
b) = —1100,
gs(b) O.Ibz
J(745b, /(b,b,))" +157.5E°
b) = : -850,
ga( ) 0.1b73
h bl
g;(b)=b,b, =40, g,(b)=5-—", gy(b)=—"-12,
bZ bz
1.5 +1.9 1.16, +1.9
b)=————-1, g,(b)=——"—— -1,
g1 (b) b g,(b) B (16)

b° =[3.5,0.7,17,7.3,7.72,3.35,5.29,
b" =[2.6,0.7,17,7.3,7.3,2.9,5.0]',
bY =[3.6,0.8,28,8.3,8.3,3.9,5.5] (i=1,---,7)
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IAHHAEAE RelF. g4
7] AA w8 = et40] 7
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Table 6 =
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P
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Table 6 Results of example 3

Initial Det. Weslf;ted }' jAf
L
value Opt. method
b, 3.60 3.50 3.50 3.50 3.50
b, 0.70 0.70 0.70 0.70 0.70
b, 20.00 17.00 17.00 17.00 17.00
b, 7.30 7.30 7.30 7.30 7.30
by 7.30 7.72 7.71 7.72 7.72
b 3.40 3.35 3.35 3.35 3.35
b, 5.30 5.29 5.29 5.29 5.29
3620.4 0 3620.4 3620.4
Obj. fn. | 36204 - pyan I -
2994.34 - 3065.00 | 3066.45
Hy 36204 | 299434 | 299429 | 299434 | 299434
o, 76.303 55.12 55.12 55.12 55.12
Sup f(b) - 3065.00 | 3064.96 | 3065.00 | 3066.45
Iteration - 14 20 14 14
No. 1./ - 173 1824 1720 600
of
functi
on |& - 173 228 173 173
call
Sen. |f
Call : 14 14
EAspE 5% JHE RY o YEys 54
ojth. o]¢} L FEAdAME AEdTE o &g
BAHAAEAAY Ay 7EY HHE S EA
HA & AR YA = FHeIT g 5 F
175 &g agA vl oM E V&S] WY
ojy AJstgtE o83t WHRY AystE g
5 ol &3 AAHAAANE ] M s &
et ¢ Aok At AesteE ol &3 A
HA A ] ol AetsteE o &gk A
o] Az} £AY AAR Fsn BEA Sl
RO $5% Ao nelv}
6. 2 B
1Ee) HAFAL RN B AL
gusls] 93 A AANFY seg e W
Bl BHFee] Wash EAE AAF FTskel
BA8s sty skl A, Al sk A
7F HAEgdGe] Aol S48 AN 7 e
5ol glon, g A g gelA FAaHAHAE
TP w F2% vLo] BT olFE A
FREA g 2 AAPOR AH o
gth B o=RdAE ol dasud BHga
FHRFE 0T FAAGAAPEL A
b Alekd A5E B3 FAANEAS FPS
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