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Abstract Operations Research (OR) is an interdisciplinary subject emerged in the
1930s. It mainly studies how to make optimal or satisfactory solutions through mathe-
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Y`#%� 4 i& ��a�g�*jg/%C�0;*D�`
�^1%�`Ty�Nip/�p�s(Y+x�[�`
3`�%sb<(�uH`*}MfG`ot(��f_�r`�
p/���z “s<&9 ”`d(*�/�eJ`{`�a�g	�<�/LN,+/ÆBN?K[�Wi��N|e4u`5l/�W�/�*jg/%C(Y�w~`\��
�	Wt`5l|W�/�0;	N,�N|�*s<s�9.��W�/��D�5��z�/L.[�y�N,7#ot`
N,	X�`�%F�%�G�(Yp/%KH#w~�/L2��[`5l
IO9%(Ys9`#�m
X�,5r{K 15 ix?�.8d(d
X�8uKNtx?�R�`gtz�`}F*�r5l�%KsQ(YNt5l
X�xHK?�x?
YtgyS�`Q~5lR9}`	�O�2|3%h:oK`�5l�p/`��:�4[[ki~8(YV�
4WF�t�'z<���zbeF�oN��<�F%�*F℄�/�(YV���y`Gi��
*jg/%C*D�^_KU=�N|%�8�
`t;_.p/X?i��0;`/�{�%�`d(d7`(Y_[KU=�N|%�& �N�w�F`�<
[.4[���
(k�4�T
/o����s
& �s9L^�`.9P_���:�	-?i5l
e{`& �s9L 8Ke{`%�
	iKe{`(��N_p8.9
<e{`+�+/{?i5l
nAl#�W`:E�
5.2.6 [8<7!

20 �� 50 FJ[ 70 FJ�& �4�d`�<`QA�{
�. 70 FJ[ 90 FJ#[K-}!f [1] �^�& �s9LtA���6i& �.�?�{W�[`
“?l� ” 9i
.�XV��S#{5fG`�<�X�.*n�{�R`5l�
“?*� ” `
<�	_& �<���*YG�/w^�`�Q��SGK��.y�` 20 ��℄���FJ
Crr, 9%�<�#`0��
IXgt`?l-����`Nm*��=\Mt
IV�(C�
.y�`s�����rr�A��QA*s�
�k��*~ �
_[K�6x	N`^�p

._K3%`nYsT*N|sT�RP�Crr, `�:.�
& �`geE.W*��VYwp?$��4w��UG
u	.0�<;|0�gt`h-�& �s9Lkt(Y*_iyXz1}*��
hz)y�.9
nA�4�S#& �e�oJ`9i
?`���*V�`�zC���hW![& �`�<
;nA�G& �`g�N,�[Ni3T
�y�& �<�R`?is?�
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%& �`�<7##y`y\�{�?	& �p`���W�/`{w	Ni��tD.4�`K:
[YX��O��[*(Y& �`5l�A(Y5a�."_ [12] `d(d
k�68�K0�`�<R,
kY68�K�/��
_=o*sA}M
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A1 �hM�_ d-MN ��n` d- gkf��z��n9}2dA`xu5l^?
Y. Hiriart-

Urruty[1] k#`/_�4B*kG 14 ixu5ly#Nk?p P � Rd y`?i��n
 δP (x, y) U P yGitm x * y ^�`h.
u>1 x* y `WtbUyK0`2pf��n P `U_�Wttm^�`h.
δP (x, y) `2Gf	z n > d > 2, � ∆(d, n) % Rd yWtX%t n i� (d− 1 '`K<) `��n P `U`2Gf��n` d-gkf��	EN d > 2, t ∆(d, 2d) = d.Pkf. d 6 5 H�Z"��8` [2], R	z d > 5 B:���+oD d-gkfp�`?tkfH�"7Z"�e�8` [3]. d-gkfM*^;n0�t���`=Q
[4], YM� Hirsch kf`?ig7

Hirsch kf��	E, n > d > 2, t ∆(d, n) 6 n − d.~f Rd yO-�8(n [0,1]d, 6�Y:t ∆(d, 2d) > d. <� Hirsch kf�8_Hut d-gkf�8
Hirsch kf� 1957F Hirsch .l Dantzig `?9�yk#�`Pkf`k#�%K	_��FyO4�`}MK)�tp%`/: [1]. �z Hirsch kf* d- gkf`eT>i�� [5].O3��

[1] Hiriart-Urruty J B. Potpourri of conjectures and open questions in nonlinear analysis and

optimization [J]. SIAM Review, 2007, 49: 255-273.

[2] Klee V, Walkup D W. The d-step conjecture for polytopes of dimension d < 6 [J]. Acta

Mathematica, 1967, 133: 53-78.

[3] Holt F, Klee V. Counterexamples to the strong d-step conjecture [J]. Discrete Comput Geom,

1998, 19: 34-46.

[4] Lagrias J C, Prabhu N, Reeds J A. The d-step conjecture and Gaussian elimination [J]. Discrete

Comput Geom, 1997, 18: 53-82.

[5] Ziegler G M. Lectures on polytopes [M]. New York: Springer-Verlag, 1995.

A2 ;�h~i\�sZ^L_�$���luGi n × n 	ÆbS A * B, �IZ" [1] IUGm�
`�
1) max{〈Ax, x〉, 〈Bx, x〉} > 0 	 Rn yWt` x 6= 0 |�8

(_ > 	 Rn yWt x |�8);

2) B. µ1 > 0, µ2 > 0, µ1 + µ2 = 1, 	_ µ1A + µ2B Xu (_*Xu).P9��Æ — [/ [2−3], 
z�#` S-[/:Lpz.*u�Fy`�&_i
IF�![KkG`~� [4]. Hiriart-Urruty[2] k#`/_�4B*kG` 14ixu5ly`2:?i_�~fN,
��[/�
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(Cm) max{〈A1x, x〉, 〈A2x, x〉, · · · , 〈Amx, x〉} > 0 	 Rn yWt` x 6= 0 |�8 (_ >	 Rn yWt x |�8).
hi A1, A2, · · · , Am U#��d,5l. m = 2 _� — [/	z m > 2, A1, A2, · · · , Am `�/.XuY:��4t�
ReH8 [3].uR"0 q(x) = max{〈A1x, x〉, A2x, x〉, · · · , 〈Amx, x〉, 5t� (Cm) _�8) q(x). x = 0 +D[2pz�5l`Au_�N,# q(x) `�42k�t�
hi

A1, A2, · · · , AmU#�Ni5l`p?$��_�~f�N f = max{f1(x), f2(x), · · · ,

fm(x)} `/�D"0`�4IC%�*�R�℄M"�kGkp5l`�;IC%�IpM��IF�/�DkG�4��`5l [5−6].O3��
[1] Yuan Y. On a subproblem of trust region algorithm for constrained optimization [J]. Math

Programming, 1990, 47: 53-63.

[2] Hiriart-Urruty J B. Potpourri of conjectures and open questions in nonlinear analysis and

optimization [J]. SIAM Review, 2007, 49: 255-273.

[3] Martinez-Legaz J E, Seeger A. Yuan’s alternative theorem and the maximization of the mini-

mum eigenvalue function [J]. Optimization Theory and Applications, 1994, 82: 159-167.
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[5] Rockafellar R T, Wets R J B. Variational Analysis [M]. Berlin: Springer, 1998.
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A3 ��_ Lax N . 2006 F��0��GYd
 Arkadi Nemirovski[1] 9Kl% “Advances in Convex

Optimization: Conic Programming”` 1 p�5a.Ni5ay
Xh#�kG9%?,2gJU�`��F5l
z��G%*u�F (�Æ% “21 ��`_��F”) [_i�G`?m�):#�?}~8`�U4,��3�H℄��y2gtF%gT`?,�Y`uR%�N��;i�
p(x) : Rn → R ,lu(k h �4,` (u�+ p(h) > 0 �	E x �z t `i�
p(x + th) kt�m
8�`i� p(x) ;Æ%4,i�), 6�n. Kp,h := {x ∈ Rn :

p(x + th) 6= 0, ∀t ∈ R+} Æ%4,� [2−3], [��z λ `i� p(λh − x) Æ% x `gTi�
	_`mÆ%gTm8�4,� Kp,h x�U% {x ∈ Rn : λmin(x) > 0}, �G0 cl (Kp,h) = {x : λmin(x) > 0}, �y λmin(x) U x 2p`gTm [4].4,�B.0 �Q “	Æ� ⊂ �;� ⊂ 4,�”(“⊂” %'g0 ). 6�'℄`/M� Rn
+ ��4� (Lorentz �) �*XubS� Sn×n

+ 4W	_`4,i� p(x) *gu(k h(h �Ae$?	%�
1) x1x2 · · ·xn, (1, · · · , 1, 1)T ∈ Rn;

2) x2
n − (x2

1 + x2
2 + · · · + x2

n−1), (0, · · · , 0, 1)T ∈ Rn;

3) det(x), O-bS I ∈ Sn×n.
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Chua[5] z 2003FZ"K�;��*u�`5�{}
<�./od1ZK�;�kG5l�I�G%*u�F):6�
4,�A?i*u�U>�u�?B. Sm×m`"
� N , 	_ Sm×m
++ ∩ N � Kp,h {}�

Peter Lax[6] z 1958F�Vk# n = 3�	P5l`kf
u “Laxkf”
[ 2003Fnp Lewis[7] Z�WI
85lxÆ% “
�` Lax kf”.O3��
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Soria J, Varona J L, Verdera J, Eds., Proceedings of International Congress of Mathemati-
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Publishing House, 2007, 413-444.

[2] Güler O. Hyperbolic polynomials and interior point methods for convex programming [J]. Math
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[3] Tunçel L. Polyhedral and Semidefinite Programming Methods in Combinatorial Optimization
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[4] Renegar J. Hyperbolic programs and their derivative relaxation [J]. Found Compt Math, 2005,

6(1): 59-79.

[5] Chua C B. Relating homogeneous cones and positive definite cones via T -algebras [J]. SIAM

Journal on Optimization, 2003, 14: 500-506.

[6] Lax P D. Differential equations, difference equations and matrix theory [J]. Communications
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[7] Lewis A S, Parrilo P A, Ramana M V. The Lax conjecture is true [J]. Proc Amer Math Soc,
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A4 DFP TUgn_pC(
DFP (��p Davidon[1]. 1959Fk#
:p Fletcher * Powell[2]z 1963FW/*�X`):kG5l`k?iDN��pz DFP (�e}M"0`�\bS
{�gt�I (�_�) `�?�u
Y`k#l/_�kGV�I�Kf$�`Fg
[	_DN���%/_�kG(�y0�/o2%8N`?,(�
;�2��&_i`kG(�^? L.Trefethen F%DN��`k#�d��0f4BV� 13 iNns9^?3�xF2%`DN��� BFGS (�
 Powell[3] . 1976 Fu1�hZ"Kp.

Wolfe FV` BFGS (�	��D"0`�?�
 Byrd, Nocedal * Yuan[4] . 1987 F#89�
�[KI DFP (�* BFGS (�%�m`Wi Broyden �, (DFP (�&�). C%j
 “	���D"0
p. Wolfe- FV` DFP (��?�?” `5lnC��+o Nocedal[5] � Fletcher[6] . 20 �� 90 FJ"|#P5lN%8�/kGy`k?ixu5l
DFP (�`dA<f�}MFV(k dk = −Hk∇f(xk), �y Hk Æ%DN�bS
.,(k dk 9-}FV_[.�`g� αk :
}M}`sJm xk+1 = xk + αkdk.N� Hk �3T"0 f(x) �\bS`E
N_�-~`N�(� DFP (�e}M"0`�℄bS
�8) Hk �+DN�t� (xÆe_�Q�) Hkyk−1 = sk−1, �y

sk−1 = xk − xk−1, yk−1 = ∇f(xk) −∇f(xk−1). gnh
 DFP (�pNUsJx�~w
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Hk:

Hk = Hk−1 −
Hk−1yk−1y

T
k−1Hk−1

yT
k−1Hk−1yk−1

+
sk−1s

T
k−1

sT
k−1yk−1

.

DFP (��?�xu5l�~f DFP (�
�yg� αk p Wolfe FV_[
u�+NUGit��
f(xk + αdk) 6 f(xk) + c1αdT

k ∇f(xk),

dT
k ∇f(xk + αdk) > c2d

T
k ∇f(xk),�y c1 6 c2 � (0, 1) y`Gi�0	p3T"0 f(x) %���D"0 (8� f(x) gt$?kpm x∗). 	EN`"�m x1 IpEN`	ÆXubS H1, p DFP (�`mN�?�?[ x∗?Ni5l`:�^?.z Powell +/ BFGS (�`z�.N23:6i	?tg"%�Ni5lHtF< [7], R[.{�
.5l`	g:oM�46�O3��

[1] Davidon W C. Variable metric methods for minimization [R]. Argonne National Lab Report
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[2] Fletcher R, Powell M J D. A rapidly convergent descent method for minimization [J]. Comput
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A5 Z$WA����N�21z 1686Fk#K2p.<�n5l
[.8)w,nUk	Æ�:oKP5l:�
IF�t(Yh# [1] 
B./Uk`�nDN�`Uk%�~wpp`.<?$��`2p.<�n5l`/o�uIpY�`tsCInCG�?iNts?�`xu5l
Y. Hiriart-Urruty k#`/_�4B*kG 14 ixu5ly#Nk\ [2].g^^`
�w,ng?�����A	�.-\nyI5I&z�![2p`.<�1. 1686 F
N�_k#KN5?i5l�g^^ (g%*U R > 0 `�℄�^`d^ L > 0 lu) `
�w,ng?�����A	�.-\ny (\n>/g�lu) I5I&z�![2p`.<�



3 | z�'!��=)Z6b 41N�V�E~fKU�n (u"0 r| → u(r) `�jA6n�����`w,n), [	pKP5l`>/<Q2|5l�9%NU?'P45l�
(P)

min J(u) :=

∫ R

0

r(1 + |
◦

u (r)|2)−1dr

u(0) = L, u(R) = 0;
◦

u (r) 6 0, r ∈ [0, R].N�l#`2kw,n#CNMh.*it?iNngNC
:o5l (P) `?iT��U�=2k�r`(� [3].G00��F%N�`2p.<w,n5lHN:oKN�	pw,ngtUk	Æ�u�
8�N8:�
2It(Yh# [3],B./Uk`�nDN�`Uk%�~wpp`.<N?�[
FKPol}`(Y [4−7]. ~L�I.�A http://www.lama.

univ-savoie.fr/dH[�.�`q~1\�<0�+�
?$`P45lgtNU���
(P′) min J(u) :=

∫

B(0,R)

(1 + |∇u(x)|2)−1dx, u ∈ C,�y C := {u(x) ∈ W
1,∞
loc |0 6 u(x) 6 L, u(x) ��'PH x `�"0 }.

u(x) `��t�+��
�IY#?iD�	p
P	p� K5l (P′) :`B.�N�~f`%�	_z{?iP45l
R�/n7Tp%
Crad := {u(x) ∈ dC|u(x) Uk	Æ}.N�W,
}`����

inf
u∈C

J(u) < inf
u∈Crad

J(u).N�)9?Ut�Pol2}`(Ys9Ipf+:o`5l
6�6�_�[?}�
`0�%Q�
- P45l (P′) 8�B.: (&K?t/�g"`%�
�2k:�+℄`).

- P45l (P′) t8': (5l (P′) `:�/Uk	Æ`
�#�A���Y_[X?i:).

-(z�`) 0f(�eA:5l (P′)(W`w,n`��.0fd�?i3:+/`�/).C�kv
5l (P′) `2k:�It�Nn�`1��`w,n��d
	zkp,�
eB."n	_5l (P′) .�d`2kw,n�'g�`�gWh
.^;,ht^`h(
Y�
n3�
z�g"(�_[`0fu�8kzI�E,kf`2k�� [5]. )^
5l (P′) :`/o�uIpY�`tsCInCG�?it:o`Nts?�`5l
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A6 nu℄D[((�(��_Zh"kh!yn�_��F`?$��zk�;�<G?yk#
[�izkGs�r��: b?Ipw~�[^:_��F��&_izkiV�T�`_��F�IU,%�
max cTx

s.t. Ax 6 b, x > 0.�	W5l�
min bTy

s.t. ATy > c, y > 0.�y c * x � m 'kH
 A % n × m 'bS
 b * y % n 'kH
 x * y �otPH5l`#Q%� L uR%#QP5lW`}Mf%A/��?$%�U
k~f A, b * c y`0e|%W0 (_t/0) `%�
8�Æi0e`�����FrU`�� (%�0e`	0Hv), � L `VzWt0e��`)*6�Æ-?M�`��K)�% O(f(n, m, L)) �hB.�0 C > 0(�5l`0e8�), 	_8M�.E,%�U. O(f(n, m, L)) O-��?)A_[P5l`2k:_L8FP5l8:V f(n, m, L) %i�"0`�9
58M��Æ%i���M�V?iM�A.
O(f(n, m)) g?):_��F
��yÆ?g|%n O(g(n, m, L)) �`0e`A5&M
�� f * g r%i�"0
6�NiM�_�Æ%�i���M� [1−2].
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