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Á�üÑ

FFF : [0, 1] þü¸¼ê��N

½Â

Á�üÑ PPP: 1¬�Á�: x1(PPP)

� f ∈ FFF Ã'; 1 n (n > 2) �Á

�: xn düÑ PPP, c n− 1 �Á�

:9ÙÁ�(Jû½µ xn =

xn(PPP;x1, . . . , xn−1;f(x1), . . . ,f(xn−1)).
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Á�üÑµ©ê{ Fn

Fibonacci ê�µF0 = F1 = 1,

Fn = Fn−1 + Fn−2.

�½ n > 1. ©ê{ FFFn:

x1(FFFn)=Fn/Fn+1,

x2(FFFn)=1−Fn/Fn+1=Fn−1/Fn+1

1 n (n > 3) �Á�: xn ´1
n− 1 gÁ�3e�Ð:'u¥:�
é¡:.
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F1 = 1, F2 = 2, 3, 5, 8, F6 = 13

000 131313888

1⃝1⃝1⃝

000 555

2⃝2⃝2⃝
888

1⃝1⃝1⃝
131313

000 333

3⃝3⃝3⃝
555

2⃝2⃝2⃝
888

1⃝1⃝1⃝

000 222

4⃝4⃝4⃝
333

3⃝3⃝3⃝
555

2⃝2⃝2⃝

000 111

5⃝5⃝5⃝
222

4⃝4⃝4⃝
333

3⃝3⃝3⃝

000 111

5⃝5⃝5⃝
222

4⃝4⃝4⃝
n = 5, δ = 1

13
n = 5, δ = 1

13n = 5, δ = 1
13

1

�7{ (�®���Æ) �`|¢¯K 2016c11�15F 9 / 39



n Ú(Á�)°Ý

¸�: cf : f 3 cf ?��

üÑ PPP � n Ú���:

cf(PPP, n) ∈ {x1, . . . , xn}:
f(cf(PPP, n))

= max{f(xi) : i=1, . . . , n}.
üÑ PPP � n Ú°Ý: 4�4�z�n
δ(PPP, n) = supf∈FFF |cf(PPP, n)− cf |
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½n (Jack Carl Kiefer, 1953 [4 �+4 1])

©ê{ FFFn ´ n Ú�`üÑ:

δ(FFFn, n)= inf
PPP
δ(PPP, n)

= inf
PPP

sup
f∈FFF

|cf(PPP, n)− cf |

=
1

Fn+1

.

ω = lim
n→∞

Fn

Fn+1

=

√
5− 1

2
.
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é¡üÑµ�7©�{ WWW , x1(WWW )=ω

Fn

Fn+1

=
1

1 + Fn−1/Fn
=

1

1 +
1

1 +
1

. . .

ω =
1

1 + ω
. ω =

√
5− 1

2
≈ 0.618.
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Jack Carl Kiefer,1924–1981 Master’s thesis

�`Á��O Fellow of NAS,1975
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uÛ�(Hua,Loo-Geng) 1910–1985. `À{

WWW �`, FFFn ´ÙCq.

¿�ã%C: {Fn/Fn+1}n>1 �¤ ω

��Z%C.

½Â

¡PPP �5£NÁüÑ,Xl1 3Úm

©, z�ÚÑ3�{«mþSüÁ:.
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uÛ�(Hua,Loo-Geng) 1910–1985. `À{

½n (uÛ�, 1971, 1981)

éuz�5£NÁüÑPPP,� n� 1

�,k δ(PPP, n) > δ(WWW , n) = ωn. �

ó�, �7©�{´5£NÁüÑ¥

3Ã¡�?��`üÑ.

ö\%(1973, 1974):
5£NÁüÑ→ ��üÑ.
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Ø½gê^�e�`À{

Kiefer: n Ú�`; u: Ã¡�?�`.

Ñýk½
¢�gê. �·^u¤k

gê,�“4�4�z”�n,IÏ¦¦

sup
n>1

sup
f∈FFF

|cf − cf(PPP, n)|

= sup
n>1

δ(PPP, n)

�����üÑ PPP.
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Ø½gê^�e�`À{

�éØ�

δ(PPP, n)−δ(FFFn, n)

δ(FFFn, n)
=Fn+1δ(PPP, n)−1,

δ(PPP) = sup
n>1

Fn+1δ(PPP, n).

—¡�üÑ PPP �°Ý
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Ø½gê^�e�`À{

½Â

¡ PPP �é¡üÑ, Xl1 2 Úm©,

§�é¡5KSüÁ:.

½n (�, 1977)

éuz�é¡üÑ PPP,k δ(PPP)>δ(WWW ).

�ó�, �7©�{´é¡üÑ¥Ø

½gê^�e���`üÑ.
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Ø½gê^�e�`À{

½Â

¡ PPP �é¡üÑ, Xl1 2 Úm©,

§�é¡5KSüÁ:.

½n (�, 1977)

éuz�é¡üÑ PPP,k δ(PPP)>δ(WWW ).

�ó�, �7©�{´é¡üÑ¥Ø

½gê^�e���`üÑ.
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êÊ MH370. 2014 c 3 � 25 F´�ã

&Ò
: ç^f, é�Å=¦��.
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êÊ MH370. 2014 c 5 � 2 F´�ã
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êÊ MH370. 26Ié�, zÚ(1)õÁ:

zÚ(1) 2i (i>1)�Á:. �½ i>1.

½Â

¡ PPP �Ä�üÑ, X31 j Ú, #Á

:Úþg3e5�Ð:ò¢�«m©

��Ý� αj Ú�Ý� βj üü�m

�Ãã.
αjαjαj βjβjβj αjαjαj βjβjβj αjαjαj

1
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½Â (�½i)

Ä�üÑ EEE (i)
n (�½n):

α1 =
2(i+ 1)n−1 − 1

2(i+ 1)n − 1
,

β1 =
1

2(i+ 1)n − 1
.

Ä�üÑ EEE (i): αj = βj ∀j þ©

�7{ (�®���Æ) �`|¢¯K 2016c11�15F 27 / 39



n Ú°Ý:

δ(PPP, n) = supf∈FFF |cf − cf(PPP, n)|
δ(EEE (i)

n , n)=[2(i+1)n−1]−1=:E(i)
n

−1

δ(EEE (i), n) = [(2i+ 1)(i+ 1)n−1]−1

zÚ 2 i �Á:§Ø½Úê�°Ý:

δ(PPP) = supn>1E
(i)
n δ(PPP, n)

�n→∞ �, EEE (i)
n òz.

d�Ø�3Ã¡�?��`üÑ.
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Ø½Úê^�e�`À{

½n [�, 1977] (i > 2)

� i > 2 �§z1 2i: EEE (i) �`.

� i=1 �, (ØØÓ. ~Xz1 2�,

α1 =
3

7
, β1 =

1

7
�þ©
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½n [�, 1977] (i > 2)

� i > 2 �§z1 2i: EEE (i) �`.

� i=1 �, (ØØÓ. ~Xz1 2�,

α1 =
3

7
, β1 =

1

7
�þ©
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2Â©ê{�2Â�7©�{ ÑþIi

2Â Fibonacci ê�: F0 = F1 = 1,

Fn = i(Fn−1 + Fn−2)

2Â©ê{: z1 2i− 1 �Á:

α1 = Fn/Fn+1, β1 = Fn−1/Fn+1

2Â�7©�{:α1=ω(i), β1=ω(i)
2,

ω(i)=lim
n

Fn

Fn+1

=

√
i(i+4)−i

2i
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Ø½Úê^�e�`À{

½n [C. & Huang, D.H., 1995] (i > 1)

z1 2i−1:Ä�üÑa¥��`ö�

α1=

{
1

i

[
i+1

2

]
+χ(i)ω

}
ω, β1=

1

i
−α1

χ(i) = 0 Ûê i; = 1 óê i
Ø� i=1,ùØÓu2Â�7©�{
WWW (i): α1(WWW

(i))=ω, ω=ω(i)

β1(WWW
(i)) = 1− α1(W

(i)) = ω2.
�7{ (�®���Æ) �`|¢¯K 2016c11�15F 31 / 39



?�Ú�K

õÏ��/

�Å�/µ�55y

�Å�/µ²L�`z�êÆ�.

�!f[uµ5�ÅL§�Ø6

§4.3: �`Ê�(å�Ö)¯K

�Å�/µ8<�

�7{ (�®���Æ) �`|¢¯K 2016c11�15F 32 / 39



?�ÚÖÔ

�(1977).

ØØ½g(1)^�eüÏ�`À¯

K��`üÑ

B���Æ�Æ� 13Ï, 117-134

�(1979).

ÁØ“7L�éìÁ��`À{”

�®��Æ� 14Ï, 1-6.
�7{ (�®���Æ) �`|¢¯K 2016c11�15F 33 / 39



C. and Huang, D.H. (1995).

On the optimality in general sense for

odd-block search

Acta Math. Appl. Sin. 11:4, 389-404.

Kiefer, J. (1953).

Sequential minimax search for a

maximum

Proc. Amer. Math. Soc. 4, 502-506
�7{ (�®���Æ) �`|¢¯K 2016c11�15F 34 / 39



ö\%(1973).

Ø�7©�{��`5

êÆ�¢��@£ 2, 34-41

ö\%(1974).

Ø1êØ�½�¹e��`À¯K��`üÑ

¥I�Æ 2, 131–147

àg�[uÛ�] (1971).

`À{²{

�ÆÑ��, �®
�7{ (�®���Æ) �`|¢¯K 2016c11�15F 35 / 39



uÛ�(1981).

`ÀÆ

�ÆÑ��, �®

Wilde, D.J. and Beightler, C.S. (1967)

Foundations of Optimization

Prentice-Hall, Inc.

¥È�µ̀ À{Ä:. 9�§È§

�ÆÑ��, 1978
�7{ (�®���Æ) �`|¢¯K 2016c11�15F 36 / 39



Kolda, T.G., Lewis, R.M., Torczon, V.

(2003)

Optimization by Direct Search: New

Perspectives on Some Classical and

Modern Methods

SIAM REVIEW Vol. 45, No. 3,

385õ482

�7{ (�®���Æ) �`|¢¯K 2016c11�15F 37 / 39



Conn, A.R., Scheinberg, K., Vicente,

L.N. (2009)

Introduction to derivative-free

optimization

SIAM

�7{ (�®���Æ) �`|¢¯K 2016c11�15F 38 / 39



���[�

48

�7{ (�®���Æ) �`|¢¯K 2016c11�15F 39 / 39




