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Abstract

The sensitivity of parameters in direct search algorithm with quadratic interpolation

model is examined by numerical experiments. These parameters are related to the initial

radius, the step acceptance and the update of the trust region. According to numerical

experiments, it is shown that the numerical efficiency of the direct search algorithm is very

sensitive to the initial radius, and is insensitive to the parameters related to the step ac-

ceptance and the update of the trust region. Numerical tests show that initial interpolation

radius should be equal to initial trust region radius. Recommended ranges of values for initial

radius and the values of other parameters are exhibited on the basis of extensive numerical

tests, which is beneficial to the implementation of the algorithm and engineering application.

* 2007 4 5 � 8 QnL.
1) 
<FKy^+\ (10471062); L�\+;aj7! (FKy^+\ BK2006184) C>E-.



268 w-7�	7�-w| 2008 4
Keywords: Unconstrained optimization, direct search algorithm, quadratic interpola-

tion model, trust region, sensitivity of parameter

2000 Mathematics Subject Classification: 90C30, 65K05

1. "���N��4sK6�p>T2�+� [1] 4�8, Powell K;��KBYK~"+�V, ;ni�1$i���VHlmÆ�p-b{P~"nj. �(	
�P)R}�njKd{N��4s. !i4sP*�{Bi�I>\EW{i|)P�a|,��v, J��I>\EWPi|��0/H"w)P, �ni^RpA��N���gZ$$v, \��H�HPlc"., OK7i"\EW. ��N��P{B�mÆTs0zG [2,3] R.

1994 3, Powell [4] KN��4sv{K)R}�nj4�BYp>T�t~", �{>TeÆ',eDg�a,��v��t�v. ��>T', 1��Tlz,��vP Hessem#N2, 	ow�j�RP�@1k�YsH�)P+�. ��, Powell [5] �N��P~?0#{eÆg=',�v�a|,��v, }8�Y.�t~"+�P�j. Conn, Toint [6]-
[8] RMi��!i{B,�1�T
{wnjYs�i_,6�JPZ6+���uq,P�[M~"+�. 2]ne��e(=�SH (R [6-10]) 
�{g=',)@',)P�a,��vJ��N��~?0BY.�t~"+�.:J, !�)R}�njPI�:��	\�P)P���, �i|8f?�t��iN��4s. fN��4s+RP�$Kj��;4$vP\�. !J$v
�)PP6e',�g, N��6e�g, lc".PRpA�o1�gZ$$vR. b�
{N��4sPi	ÆaPnjn�!J$v\�P?�`i [11, 12]. Hb�
{N��4sP)R}�nj%��$v\�P`i. �(P=f,Pki��v,lcb�N��~?7*�g=',)PP)R}��j4$v\�_R`i, 9 (O�rPW�.�(PU 2 U[X*�',)PP)R}��j�?vP$v. U 3 U}8v,lc44�$vPE,, U 4 U?�jPI�V�nv,WÆ_R�s0. K�- }8�iJW��$vP\�C@.

2. o$b]X.~�`+t	
�dx�R7P.�t~"+�
min
x∈Rn

f(x), (1);4 f(x) $ Rn → R P
Z�v, H ∇f(x) � ∇2f(x)  1�)R6�(O, f@6��v,P�N�PC.)R}��j	{Pg=',)P$
mk(xk + s) = f(xk) + gT s +

1

2
sT Hs, (2);4 g ∈ Rn, H $i| n Tb0m#, F� s �h?I>\EK7i\EWP&k, @

xk + s ∈ Bk = {x ∈ Rn| ‖x−xk| ≤ ∆k}, ∆k > 0$I>N���g. t$ ∇f(x) � ∇2f(x)  



4 : �� S: h>(-*Q*S~��kQ%wt1 2691�)R6�(O, g � H ���v',Pnj(O, 2b',W0� Y = {y1, y2, · · · , yp}4PW, dO
m(yi) = f(yi), i = 1, 2, · · · , p. (3)��)P$g=P, t<0� Y 2Wf��

p =
1

2
(n + 1)(n + 2) (4)|',W. Hi,� n > 1`,^^� p|',W�Hn3 (3)� 1Æ&g=',�vi^@�.$�IÆg=',)P@�%Vf',W�H3�k^T [13]. b�0� Y ,� {φi(x)}p

i=1$}^ n Æg=>T{@PiI*. T',WP�v,�H
δ(Y ) = det











φ1(y1) · · · φp(yp)
...

...

φ1(yp) · · · φp(yp)











6= 0, (5)�0',W0 Y $3�k^P. 3�k^TzÆ&g=)PYP@�T�#iT. I |δ(Y )|Pv,�HP`�, +�'�1$�HP, t<- 3 |δ(Y )| Pv,bz1PC, �01�dO |δ(Y )| EOPC,P',W0 Y $3�5sP [8]. �3�5sPA�70� Y 4P	�Wq� xk t /� 2∆k, f@{ Bk 4PNpiW�& Y Pi|W` |δ(Y )|  '�C 2�. ZN��4ZU$v�H7�*��H
0 ≤ η1 ≤ η2 < 1, 0 < γ1 < 1 ≤ γ2. (6);�- }8�N��~?7*�g=',)PP)R}��j.
c 1. *�g=',)PP)R}��j" 1. [6e"] }^6eW xs 1;�v, f(xs), \�i|
� xs P6e',W0 Y . 9;',�g$ ρbeg. � x0 ∈ Y @�H f(x0) = min

yi∈Y
f(yi). \EN��6e�g ∆0 ��j60P}3� ρend > 0. � k = 0." 2. [J�)P] 
{ Y 4PWJ�g=',)P." 3. [/H"g=',)P] 6� sk, dO xk + sk ∈ Bk @dOg=)P5s7N." 4. [U%',W0] 6� f(xk + sk) �

rk =
f(xk) − f(xk + sk)

mk(xk) − mk(xk + sk)
. (7)RÆ rk ≥ η1, � xk +sk �=K Y 4G, �fPA�7GY Y 4P+iW�RÆ rk < η1,@ Y � Bk 4i3� 5sP, �� Bk 4U%',W0 Y ." 5. [U%N���g] RÆI>PN���g ∆k ≤ ρend @ Y � Bk 4i3�5sP, ��0\E, r8 xk. u��

∆k+1 =















γ1‖sk‖ rk < η1,@Y�Bk43�5s;

∆k η1 ≤ rk < η2;

max{γ2‖sk‖, ∆k} rk ≥ η2.

(8)



270 w-7�	7�-w| 2008 4" 6. [U%I>\EW]� k = k + 1, \� xk+1 dO f(xk+1) � Y 4KH, ?" 2.9	:', I)PP7N��H�q Cauchy �H
mk(xk) − mk(xk + sk) ≥ κred[mk(xk) − mk(xc

k)], (9);4 κred ∈ (0, 1) `, �N��~?7P�jp�HlmÆT. �H�q Cauchy �H2$"
3 45s7NPfB.(= [11,12] O8PW�i�N��~?7P�jI�j��$v ∆0, η1, η2,γ1�γ2. �N��~?7P5dj4$v\E��$ ∆0 = µ‖∇f(x0)‖, µ ∈ (0, 1), η1, η2, γ1�γ2 �H (6).�{P$v\$

∆0 = 0.1‖∇f(x0)‖, η1 = 0.25, η2 = 0.75, γ1 = 0.5, γ2 = 2. (10)Hb�N��~?7*�g=',)PP)R}��j, ,>%��OKi|�P$v�A.

Powell [10] #{P$v$
∆0 = 0.1, η1 = 0.1, η2 = 0.7, γ1 = 0.5, γ2 = 1.25. (11)H!J$vP�IT�%OK&b.R�\�!J$v, �j 1 PI�b!J$vPj�3aR�K��4�v,lc�OKB�. <�, - %Bc η1 = 0 `�j 1 iu 8;p%-60.

3. �.� `�q;�
�v,lc4P�j 1 I�Pa�, lc�vo1$v\�. o8VfYsPiR����j 1 PI�. t$>Z�v,P6�r{�z, 	o�v,P6�=vv$=f/�. x��j 1 PI�� v�jP+R`@@�"\E`fbN��D+�BY, 	o
CPU `@�\E=vgiP$8fP/�. �\��!U|/��, ��j 1 U 4 "4\�

∆k ≤ ρend = 10−5 (12)N$�jmÆP�A. RÆ�j�6��v,=v)\E=v/� 5000 %��AK�jmÆP�A, �O$�ji6�^�P.�j 1 P6�v�a$ O(n4) [10], �Pk�B��|v /� 20 |P.�t~"+�.�Xe 16�JvPb:+�4, +���|vi	� e�<�, �v,lc4Vfx*$vP �E,m", t< mEPePlc+�. $ (= [11] 4lc+�Pv�- \�� 20 |�Alc+�, � P(0���|vG� 1 (;4+� 7 � 8 EE [15], ;�PtEE [16]). !J+��.�t~"+�4ip�E�TP.;��
�v,lcP$v\�. o8x�PiN��6e�g. �N��~?7P5dj [17] 4i	\�N��6e�g$ ∆0 = µ‖∇f(x0)‖, µ ∈ (0, 1). Gould [11] RM�&lN��5d�j`E µ = 0.1. Jf��j 1 4 ∇f(x) .j)R(O. �n)R}��jPmÆTs0' gk $ ∇f(xk) Pa|, i|EJPBjiE ∆0 = µ‖g0‖. Hie�iJ6"P6�- i;b �lc�v ‖g0‖ �"�C, �PRa 0, �P/� 109. t<Vf8Mx���.



4 : �� S: h>(-*Q*S~��kQ%wt1 271S 1 ����
No. Name Dim. No. Name Dim.

1 Rosenbrock 14 2 Wood 12

3 Powell singular 16 4 Cragg and Levy 16

5 Broyden tridiagonal 18 6 Broyden banded 17

7 Cubic 12 8 Trigonometric 18

9 Brown 2 16 10 Penalty 1 18

11 Penalty 3 12 12 Seven diagonal Broyden tridiagonal 16

13 Brown 1 16 14 Banded trigonometric 18

15 Sparse Nazareth trigonometric 18 16 Another trigonometric 18

17 Toint trigonometric 15 18 Augmented Lagrangian 16

19 Boundary value 15 20 Variational 18<�, 6e',�g ρbeg gii|8f$v. �j 1 
{�v,J�)P,J��N��~?0BYD+�. R',m"PC, �)Pa|�vPIÆi	P+, u�a|IÆi	'P�. �)P�a,��vPIÆj��',�g. t$)PJ��6e',�g(0, N��6e�gv�6e',�g?I. $Bc=G, - \�N��6e�g ∆0 �6e',�g ρbeg P��m"i 0.5 ∼ 1.5.7"Pv,WÆ�&, /� 0.5 ∼ 1.5 Pm"P�j 1 PWÆ�+, fN��6e�g�6e',�g?�`�j 1 PWÆK�. t<- ��"Plc4E6e',�g ∆0 �$v ∆0 ?�, �� (0,6] Pm"0\EP �bc,R7
∆0 = {0.01, 0.04, 0.1, 0.4, 0.7, 1.0, 2.0, 4.0, 5.0, 6.0}.b�&kRpA��N���gZ$P$v η1, η2, γ1, γ2, - $ (= [11] � [10] \E

(η1, η2) ∈ Sη1
, (γ1, γ2) ∈ Sr, ;4

Sη = {(η1, η2)|η1 ∈ {0, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45}, η2 ∈ {0.5, 0.6, 0.7, 0.8, 0.9}},

Sγ = {(γ1, γ2)|γ1 ∈ {0.25, 0.33, 0.5, 0.66, 0.75}, γ2 ∈ {1.25, 1.5, 2.0, 2.5, 3.0, 3.5, 5}}.!elcP$v (∆0, η1, η2, γ1, γ2) � 15750 I. b��i|�A+�- 
{ 15750 I �$v	OKP)R}��j�6�. t< 20 |�A+�� 305000 =6�bc. �BcN��6e�gv�6e',�gP�4`, - _R���P 305000 =6�bc. �=��_R� 61 �=6�bc. - #{yda, { Fortran77�L3Y� AMD1.61G Hz, 480M0@P|MX/V_R	�6�.

4. �.vmi�
4.1 /R*r^j�� �-���jP�A, - \�P�jmÆ`P�v,6�=v, \E=v� CPU`@N$=f/�. v,lc�&!U|/�i!??�P. i	z��v,6�=v�e`, \E=vg�e, ?vP CPU `@gk�.. 6�WÆ:hb�j 1 fb7t�v,



272 w-7�	7�-w| 2008 46�=vs��7t CPU `@, 7t\E=va|$>T�4. � 1 �� 2 }8� ρbeg =

∆0 = 0.7 `!7bv�4, ;�P �N��6e�g��|PW�. t<$CG=G, �7"P�Pbc4^�7t�v,6�=vN$���j�$P/�.

� 1 �w-7�>w	 CPU Q	5

� 2 8u�w-7�>w	8u]F>wQ	5
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4.2 Y�V,Pw%�z'Y�Pw;�- 
�6e',�g�N��6e�gP�4. - \�6e',�g ρbeg s�$ 0.1 � 0.4, N��6e�g ∆0 s�$ ρbeg P 0.5, 0.8, 1, 1.2, 1.5 �, $v (η1, η2) ∈ Sη,

(γ1, γ2) ∈ Sγ . v,lcPWÆG� 2, ;4 Average �h?vP ρbeg � ∆0 `E	� � 4|$vP�j 1 Y	�lc+�P7t�v,6�=v.S 2 Z�W-Qx&�{(Z�Qx_k�
ρbeg = 0.1 ρbeg = 0.4

∆0 Average ∆0 Average

0.05 1316.03 0.20 1444.46

0.08 1308.75 0.32 1386.70

0.1 1283.75 0.40 1394.48

0.12 1308.75 0.48 1381.77

0.15 1286.16 0.60 1399.14- i;, RÆ ∆0 s�$ ρbeg P 0.1, 0.2 ) 2 �`, �Jlc+�P�v,6�=v/�� 5000. �� 2zG, N��6e�g�6e',�g?R`IÆP�.t<$�DWlc=v, ��"Pv,lc4- Gi�6e',�g�N��6e�g?R.

4.3 �z'Y�Pw^e�g�- 8s��^N��6e�g, L;
$vE�	�lc,, 6�PWÆG� 3. Best	bvP 4 |$v0$K;$v, �hb��i|N��6e�g`{! 4 |$vP�j 1Y 20 |+�7t�v,6�=v (ANF) KW. Worst 	bvP 4 |$v0$K+$v, �hb��i|N��6e�g`{! 4 |$vP�j 1 Y 20 |+�7t�v,6�=v
(ANF) Ke. Average 	bvP,�hb��i|N��6e�g`E	� � 4 |$vP�j 1 Y	�+�P7t�v,6�=v. all �h γ1 ) γ2 �E Sγ 4	�P,, UUR
≤ 0.35 �h η1 E� Sη 4	� ≤ 0.35 P,, ;
�|�hgpq?�.IN��6e�gE$ 6.0 `, Y+� 13 � 18 P6��v,P=vt/� 5000, t<� 3 %�8<`P6�WÆ. ?� 3 zow8IN��6e�g �`, K;$v, K+$vo1	�$vP7t�v,6�=v?+PW, KC?+ K 10%. IN��6e�gH�
0.04 )C� 5.0 `, 7t�v,6�=v�"PC. IN��6e�g� 0.1 M�`, �v,6�=vPW;� 0.01`, �v,6�=vKe. ,[!i;GP�tz1iI',W04��sHPm"`, �1�v,VPa|?�T, |δ(Y )| P,gPH, ?fD+��$$�HP.IN��6e�gC� 1.0 `, �v,P7t6�=v<I�C, !�&I6eN���',�gPC`, g=',)Pa|,��vPIÆ<I�+, ne 1�P��a,��vP�". IN��6e�g�CK 6 `, �j 1 b�J+�^�. t<- zoO$�j 1 P�v,P6�=v2�jI��C3aVj��N��6e�gP\E.�� 3 4- i;N��6e�gP\E� [0.04,0.4](@�v,7t6�=vPW. $�I^P�PC@, - b [0.04, 0.4] _i"6 E 18 | �P,, ;
$vE ∆0 = 0.1 b



274 w-7�	7�-w| 2008 4vPK;$v, 2 η1 = 0.35, η2 = 0.6, γ1 = 0.75, γ2 = 1.25, OKWÆG� 4.S 3 �{(Z�Qxan�-p�\�_#�
∆0 Best Worst Average

η1 η2 γ1 γ2 ANF η1 η2 γ1 γ2 ANF

0.01 0.1 0.5 0.33 all 1879.25 0.4 ≥ 0.7 ≥ 0.5 all 1899.85 1884.02

0.04 0.15 0.7 0.75 all 1379.85 0.15 0.5 0.33 all 1429.00 1399.81

0.1 ≤ 0.35 0.6 0.75 all 1253.10 0.25 0.9 0.5 all 1323.10 1283.83

0.4 0.4 0.6 0.75 all 1363.65 0.15 0.5 0.75 all 1494.40 1394.48

0.7 0.2 0.8 0.5 all 1311.15 0.15 0.5 0.66 all 1450.40 1370.53

1.0 0.4 0.5 0.66 all 1429.85 0 0.6 0.5 all 1579.85 1486.06

2.0 0 0.5 all all 1344.65 0.4 0.6 ≥ 0.33 all 1513.90 1392.02

4.0 0.35 0.6 all all 1439.50 0 0.9 all all 1495.75 1418.08

5.0 0.3 0.6 all all 1415.20 0 0.7 all all 1539.10 1450.30S 4 �f��{(Z�Qxp�ul
∆0 ANF ∆0 ANF ∆0 ANF

0.04 1392.55 0.18 1318.50 0.30 1384.75

0.06 1315.60 0.20 1308.00 0.32 1300.20

0.08 1290.65 0.22 1314.20 0.34 1394.65

0.12 1324.70 0.24 1443.85 0.36 1380.30

0.14 1320.30 0.26 1386.65 0.38 1413.35

0.16 1403.35 0.28 1365.30 0.40 1429.50?� 4 PWÆzG, N��6e�g\�� [0.06, 0.22] (@P�.

4.4 �ÆT�^g� S 5 ∆0 = 0.1 � γ2 a CPU _#�
η1 η2 η1 γ2 CPU ANF AI

0 0.5 0.25 all 31.062∼31.734 1263.55 1079.60

0.1 0.5 0.33 all 31.75∼32.235 1263.85 1092.25

0.15 0.6 0.5 all 32.609∼33.813 1316.55 1121.90

0.2 0.7 0.75 all 33.594∼33.906 1267.00 1070.70

0.45 0.9 0.66 all 34.590∼34.734 1298.45 1113.30?� 3 4- ne'M, $v η1, η2, γ1, γ2 P�"b7t�v,6�=vPyCPH. ;�- EN��6e�g ∆0 = 0.1, _i"x) 4 |$v�"b7t\E=v�6�`@PyC, 6�WÆG� 5, ;4 AI E�7t\E=v, CPU �h6�`@, o#$G&. 6�W



4 : �� S: h>(-*Q*S~��kQ%wt1 275Æ�&$v γ2 b7t�v,6�=v�7t\E=v3���yC, 1b CPU `@=K!HPyC.2�]�PU|$vPyC,��7t�v,6�=vKWi$ 1253.10,Kei$ 1323.10,;KC+,H� 6%. t<- zoO$�j 1 b&kRpA��N���gZ$$v $x. � P�E,$ η1 = 0.2, η2 = 0.7, γ1 = 0.75, γ2 = 1.25.�J η1 = 0 `���V 1Æ&�j 1 i^mÆK*^W, Hlc�&E η1 = 0 `�j 1 blc+�P1mÆ, !�(= [11] bN��5djPbcWÆi?�P.

5. v��}- \��g_|.�tK~"4p�E�TP+�, b*�g=',)PP)R}��jP_R� 60 �=oVPv,lc. WÆ�&, \EN��6e�g�6e',�g?R$�, �j 1 PI���C3aVj��N��6e�g, �EPN��6e�g\�C@$ [0.06, 0.22]. �j 1 PI�b;�N��$v $x, !J$vP�E,$ η1 = 0.2, η2 =

0.7, γ1 = 0.75, γ2 = 1.25. <�, bc�&, Powell [10] P$v\� (11) gi��P.U y � �
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