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Development of an Efficient Line Search Method by Using
the Sequential Polynomial Approximation
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Abstract

For the line search of a multi-variable optimization, an efficient algorithm is presented. The
algorithm sequentially employs several polynomial approximations such as 2-point quadratic
interpolation, 3-point cubic interpolation/extrapolation and 4-point cubic interpolation/extrapola-
tion. The order of polynomial function is automatically increased for improving the accuracy of
approximation. The method of approximation {(interpolation or extrapolation) is automatically
switched by checking the slope information of the sample points. Also, for selecting the initial step
length along the descent vector, a new approach is presented. The performance of the proposed
method is examined by solving typical test problems such as mathematical problems, mechanical

design problems and dynamic response problems.
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F4
K0 } *IfF4 > FO, then
Step 1 i\\ '1 a rough bound is defined.
0 A
o 1.2
« Apply 2-point quadratic approximation
£ B4 to find F!
~ 1 gl
Step 2 NYI/E o If F—EliisexandFl<F°
! 5 31 L —pdy then a! is the optimum step.
* ¢ * Otherwise, goto step 3.
- « Apply 3-point cubic approximation

oIf H <ei and R< P

Step 3
ey then, o2 is the optimurm step.
Otherwise, sort data go to step 4.
« Apply 4-point cubic approximation
oIf 33< 2 then,
o2 is the optimum step.
Step 4

Otherwise,

Min (F°, F!, F2, F?) is the optimum
value and the corresponding

« is the optimum step (a*).

Fig. 1 Line search in case that the rough bound is defined at the initial step
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Step 1 |

o If F4 < FO, then
increase the step length
+Fl €« Panda! <ot
Increase the step length
o new o = o0 +1.61803( ol -00)

« Apply the 3-point cubic interpolation

(gotostep3inFig. 1)

Step 2

*If61>0, then, F2 <« F* and o <ot
go to step 3

* If01<H) then,

« 2 <Ftand 02 <ot

« increase step length

o If F*> F2 or 87> 8> 63 then,
~gotostep 4

Step 3 :

\j

* 2 <Fando? <o
« Apply the 3-point cubic extrarpolation

o If F*> F2 . then go to step 4

* IfF4<F2 | then converged.

Step 4
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« Apply the 4-point cubic interpolation
o If 53¢ o then,

o2 is the optimum step.

Otherwise,

Min (FO, Fl, F2, B ) is the optimum
value and the corresponding

. . *
o.is the optimum step (ot ).

Fig. 2 Line search in case that the rough bound is not defined at the initial step
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Table 1 Pseudo code for the selection of an initial step length

Step 0 Determine and normalize the descent direction, d,
Step 1 If [a#-1 Then, ai=¢ Go to Step 4
Step 2 a,~=minimum of { <0 .5-dF° ) [VF}, ||d,,l|}
k-1 *
= (2
Step 3 al=maximum of {a/, J:l; _‘{2 . e}
Step 4 Perform line search
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Table 2 Limitation of the maximum step length for line search

IF d.(i)>0 Then,
Step 1 Qmax=Minimum of {————M k)(ff‘”‘(l) ) } 1,---N
IF di(i)>0 Then,
Step 2 Omin=Minimum of {———~(Xm‘“(lz - X(l))} =1, N
Step 3 amax=Minimum of {@nax, @mn}
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Table 3 Comparison of the performance of the two line search methods
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_::T—F Rc?s;n-Suzuki Welded beam Coil spring Gear reducer B
Previous | Proposed | Previous | Proposed | Previous | Proposed | Previous | Proposed

b, —0.000 0.000 0.2439 0.2443 11.289 11.249 3.500 3.500
b. N 1.001 1.001 6.2312 6.2169 0.357 0.357 0.700 0.700
bs . 2.000 1.999 8.2936 8.2924 0.0517 0.0517 17.000 17.000
b, —0.998 —1.000 0.2443 0.2443 7.300 7.300
bs 7] 7.727 7.725
be 3.353 3.351——
b, 5.287 5.296
F* ‘[—?6.000 56.000 2.3824 2.3809 0.01268 0.01268 2996.05 3001.04
NG 14 17 24 25 24 24 15*’_J 29
NF 97 47 _L 193 79 191 79 110 70

previous : 4-point cubic approximation with a golden section refinement
preposed : Sequential polynomial approximation

Table 4 Comparison of the effi
constraints treatement

ciency of the side

Conventional Proposed
b, 3.499 3.500
b, 0.699 0.700
bs 16.998 17.000
b, 7.461 7.300
bs 7.714 7.725
be 3.350 3.351
by jj_ 5288 | 5296
F* 29956 3001.04
NG L 73 29
NF J‘_‘ 204 ] 70
<+ B34, AREH We $54 FEzA \
v, b AAHSoI o
minimize :
F(b)=bF+ b5+2b5+bi—5b—5b,
— 2153+ 7bs+100 (1)
subject to:
Gi(b) =0.125 (b} + b3+ B3+ bi+ by

—batbs—
0.1(bf+2b%
— -
=0.2(258+ b3
— b

Ga(b) =

Gs(b)
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Table 5 Comparison of the performances of the two line search methods for dynamic response problems

Impact absorber Dynamic absorber Vehicle model
Previous Proposed Previous Proposed Previous Proposed

b, 0.5961 0.5978 1.3276 1.3491 50.00 50.00
b, 0.5984 0.5975 0.0306 0.0198 200.02 200.03
b 280.69 279.73
b, 48.86 47.87
bs 77.04 7711
bs 80.00 80.00
b;

F* 0.5984 0.5976 2.35618 2.3679 255.25 255.28
NG 23 32 27 12 24 24
NF 167 136 153 38 131 72

Previous : 4-point cubic approximation with a golden section refinement
Preposed : Sequential polynomial approximation

Fig. 5 Welded beam design
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