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1 ℄ Z
Rosen w(5 [1,2] 
3b��!`�5;*q�S7Ehw*�2-DP;L��%��!`PL�fk#PL�-WD��2GT�>}3|;,�G��b`�Wu27Ehw~H$hw*��\#V�hH�X [3−10]. (5 [4] D�4zq�*�� ;T\T�LC�/w�\LC
Ja����v��}10��L�(5 [5] 3beZ!`ax;T\H�B��P;�̂  ;T\g>2��0L�\G�;,v,G�Æt�b''�p;�:��(5 [5] 2ZJ�v�s Fisher n� ϕ(a, b) =

√
a2 + b2 − (a + b), ∀a, b ∈ E 2��E	�

√

a2 + b2 − (a + b) = 0 ⇔ a ≥ 0, b ≥ 0, ab = 0.Æ(�axT\�2H�B��P;�^ 9^2�S7E�4zq�dy*�2��!`L����JXL$g �8E�
2 RL.I&Æ(*A2*�k1�

(NP)
min f(x),
s.t. hj(x) ≤ 0, j ∈ I = {1, 2, · · · , m}, x ∈ En.�	q

(H1) f(x) ∈ C1, hj(x) ∈ C1, j ∈ I.

(H2) R = {x | hj(x) ≤ 0, j ∈ I, x ∈ En} 6= ∅ [D ∀x ∈ R, {∇hj(x) | j ∈ J0(x)} 7E,d�X
 J0(x) = {j | hj(x) = 0, j ∈ I}.D*�>: 2005-04-21; 2E�>: 2006-12-1004W=: om~[6M=,M��K|�� (07ZZ83); g.s�g,M�� (0542043) qg.uO)M℄Q���



4W }Q�5�4 Fisher o��T8F�5{r�ez+�3�A"aÆM 729� Jδ(x) = {j | 0 ≤ −hj(x) ≤ δ, j ∈ I}, δ > 0, g(x) = −∇f(x), Nj(x) = ∇hj(x).	qD ∀x ∈ R, ∃δ1 > 0, w J = Jδ1
(x) ⊆ I E�1�L�� 1 2S`�\Gg"�

NJ(x) = (Nj(x), j ∈ J) =E��\#v��
BJ (x) = (NJ (x)TNJ(x))−1NJ(x)T, UJ(x) = (uj(x), j ∈ J) = BJ (x)g(x),

PJ (x) = I − NJ(x)(NJ (x)TNJ(x))−1NJ(x)T,X
 I %-'"��fk Fisher n� ϕ(a, b) =
√

a2 + b2 − (a + b), ∀a, b ∈ E $gk1��E	�
√

a2 + b2 − (a + b) = 0 ⇔ a ≥ 0, b ≥ 0, ab = 0.\#axk1H�B��P;
{

s(x) = PJ (x)g(x) + ρ(x)BJ (x)TVJ (x),
d(x) = s(x) + τ(x)BJ (x)TW,

(2.1)X
 ρ(x) =
∑

j∈J (
√

u2
j(x) + h2

j(x)− (uj(x)− hj(x)))2, τ(x) = g(x)Ts(x)
2|UJ (x)TW |+1 , W = (wj , j ∈ J),

wj = −1, j ∈ J , VJ (x) = (vj(x), j ∈ J),

vj(x) =

{

−1 + hj(x), uj(x) < 0;
−hj(x), uj(x) ≥ 0.

(2.2)4w�^ 9^2L�H%:gl 0: a�x8 x0 ∈ R, δ0 > 0, g0 = −∇f(x0), β > 1, σ ∈ (0, 1), � Jδ0
= {j | 0 ≤

−hj(x0) ≤ δ0}, k := 0.gl 1: D xk, δk, Jk = Jδk
, NJk

= (Nk
j , j ∈ Jk), |det(NJk

(xk)TNJk
(xk))| ≥ δk? l��5�0�� 2; Vz0�� 3.gl 2: � δk := 1

2δk, |�� 1.gl 3: � g(xk), ρ(xk), BJk
(xk), UJk

(xk), PJk
(xk). l PJk

(xk)g(xk) = 0, ρ(xk) = 0 �v�5����Vz0�� 4.gl 4: � sk = s(xk), dk = d(xk).gl 5: � xk+1 = xk + λkdk, X
 λk } {1, 1
β
, 1

β2 · · · } 
E� xk + λdk ∈ R � f(xk +

λdk) − f(xk) ≤ σλ∇f(xk)Tdk 2�'~�� δk+1 := δ0, k := k + 1, �;�� 1.#8 1 xk ∈ R % K-T 82�S�Æ}L�� 1 
D xk e=2 Jk g PJk
(xk)g(xk) =

0, ρ(xk) = 0 �v�5�d< fkj. / xk ∈ R % K-T 8v�z ∃λ̄ = (λ̄j , j ∈ I) ≥ 0, w1 g(xk) =

N(xk)λ̄, λ̄jhj(xk) = 0, j ∈ I. fkD ∀j /∈ Jk,g hj(xk) < −δk,�V λ̄j = 0, j /∈ Jk,� g(xk) =

NJk
(xk)λ̄Jk

. �v-1 λ̄Jk
= UJk

(xk). \# PJk
(xk)g(xk) = 0, uj(xk) ≥ 0, uj(xk)hj(xk) =

0, j ∈ Jk. �vf Fisher n�2E	g ρ(xk) = 0 �5�hij. / PJk
(xk)g(xk) = 0, ρ(xk) = 0 v� ρ(xk) = 0, �
√

uj(xk)2 + hj(xk)2 − (uj(xk) − hj(xk)) = 0, j ∈ Jk.



730 � K O � n T C 27&3b Fisher n�2E	1 uj(xk) ≥ 0, uj(xk)hj(xk) = 0, j ∈ Jk. \%
PJk

(xk)g(xk) = g(xk) − NJk
(xk)UJk

(xk),�Vf PJk
(xk)g(xk) = 0 -1 g(xk) = NJk

(xk)UJk
(xk). � uj(xk) = 0, j /∈ Jk, �1 xk 8"

K-T �Æ� 2\8 1 (1) l xk ∈ R, z g(xk)Ts(xk) ≥ 0, ∇hj(xk)Ts(xk) ≤ 0, ∀j ∈ J0(xk).

(2) / xk ∈ R %S K-T 8v�g g(xk)Ts(xk) > 0.d< (1) f s(x) 2=Z�g
g(xk)Ts(xk) =‖PJk

(xk)g(xk)‖2 + ρ(xk)(
∑

uj(xk)<0

−uj(xk)+

∑

uj(xk)<0

uj(xk)hj(xk) +
∑

uj(xk)≥0

−uj(xk)hj(xk)).\% xk ∈ R, �V g(xk)Ts(xk) ≥ 0.\% ∇hj(xk)Ts(xk) = ρ(xk)vj(xk), j ∀j ∈ J0(xk) g hj(xk) = 0, �V vj(xk) ≤ 0, �1
∇hj(xk)Ts(xk) ≤ 0.

(2) / xk ∈ R %S K-T 8v�z~ PJk
(xk)g(xk) 6= 0 ~ ρ(xk) 6= 0. .�Br�^.

g(xk)Ts(xk) > 0 >3f�5� 2\8 2 / xk ∈ R %S K-T 8v�z g(xk)Td(xk) > 0, ∇hj(xk)Td(xk) < 0, ∀j ∈ J0(xk).d< \%
g(xk)Td(xk) = g(xk)Ts(xk) + τ(xk)UJk

(xk)TW = g(xk)Ts(xk) +
g(xk)Ts(xk)

2|UJk
(xk)TW | + 1

UJk
(xk)TW,jf℄1 1(2), �V-1 g(xk)Td(xk) > 1

2g(xk)Ts(xk) > 0.D ∀j ∈ J0(xk), f℄1 1 1
∇hj(xk)Td(xk) = ∇hj(xk)Ts(xk) + τ(xk)∇hj(xk)TBJk

(xk)TW ≤ τ(xk)wj = −τ(xk) < 0.m�℄1
JfL�� 3 �r2P; dk % (NP) 2T\-D1�P;��L
2 λk}&w2�\#L2GT�>}gXZ2�
3 I& ?5C:Xwm�L
�lg6�N PJk

(xk)g(xk) = 0, ρ(xk) = 0 �v�5�zf=1 1 � xk %
(NP) 2T\ K-T 8�VzL��r,_8= {xk}. 1I*AL�r,_8= {xk} 2^.�f	q�Æ (H2) ��L�� 1 m 2 �
�}�r,6N{�\#g

K = {k ∈ N | |det(NJk
(xk)TNJk

(xk))| ≥ δk}% N 2T\,_�=��[ {xk} m {xk}K g9�2#8 (l
9�28)�T\8�z {xk}m {xk}K 9�). q x∗ % {xk} 2iTg6#8�j\% Jk ⊆ I �gg6F�Jy��V&w,_�= K1 ⊆ K, w1
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(1) {xk}K1
→ x∗, k → +∞.

(2) ∀k ∈ K1, Jk m k ,d��� J = Jk.f(5 [3], gk1℄1\8 3 ∃δ∗ > 0, w δk > δ∗, D ∀k ∈ K1 �5�fk J =� g(x), ∇hj(x), j ∈ I 6I�j\℄1 3��; |det(NJ(x∗)TNJ(x∗))| ≥ δ∗ > 0,%G NJ (x∗)TNJ(x∗) 2O&w�\# BJ (xk), PJ (xk), UJ(xk), ρ(xk) 2�6'&w�U���H2�6% B∗
J , P ∗

J , U∗
J , ρ∗, z

BJ (xk) → B∗
J , PJ(xk) → P ∗

J , UJ(xk) → U∗
J , ρ(xk) → ρ∗, k → +∞, k ∈ K1.f hj(x) ∈ C1, j ∈ I,-� {VJ (xk)}K1

}g�H=�b-a �8�= {VJ (xk)}K2
→ V ∗

J , K2 ⊆
K1. =Z�

s∗ = P ∗
J g∗ + ρ∗B∗T

J V ∗
J , τ∗ =

g∗Ts∗

2|U∗T
J W | + 1

, d∗ = s∗ + τ∗B∗T
J W.\#g sk → s∗, τk → τ∗, dk → d∗, k → +∞, k ∈ K2.\8 4 l x∗ ∈ R %S K-T 8�z τ∗ > 0, g∗Td∗ > 0.�J(5 [5].\8 5 l x∗ ∈ R %S K-T 8�z ∃µ > 0, D ∀λ ∈ [0, µ] p�U'2 k ∈ K2, g

xk + λdk ∈ R �5�d< (1) l j /∈ J0(x
∗), z hj(x

∗) < 0, �V ∃µ1 > 0, D ∀λ ∈ [0, µ1] p�U'2 k ∈ K2g hj(xk + λdk) < 0 �5�
(2) / j ∈ J0(x

∗), g ∇hj(xk)Tdk = ∇hj(xk)Tsk − τ(xk). � k → +∞, k ∈ K2, f℄1
1(1) 1 ∇hj(x

∗)Td∗ = ∇hj(x
∗)Ts∗ − τ∗ ≤ −τ∗, �VD ∀j ∈ J0(x

∗) p�U'2 k ∈ K2, g
∇hj(xk)Tdk ≤ − 1

2τ∗. �G ∃µ2 > 0 wD ∀λ ∈ [0, µ2] p�U'2 k ∈ K2, g
∇hj(xk + λdk)Tdk ≤ −1

4
τ∗. (3.1)?TPI�f
�=11 hj(xk + λdk) ≤ λ∇hj(xk + ηjkλdk)Tdk, X
 ηjk ∈ (0, 1). f (3.1)z� ∃µ2 > 0, D ∀λ ∈ [0, µ2] p�U'2 k ∈ K2, g hj(xk + λdk) ≤ 1

4λτ∗ ≤ 0 �5��
µ = min{µ1, µ2}, zX℄1��� 2#8 2 	q (H1), (H2) �5�zL~g6���k K-T8�~�rT\,_8= {xk}XiT�68>} (NP) 2 K-T 8�d< q {xk}K2

→ x∗, [	q x∗ �} (NP) 2 K-T 8�fk {f(xk)} }-:1�H=��V limk→+∞(f(xk) − f(xk+1)) = 0.

(1) / infK2
λk > 0v�fk f(xk+1)− f(xk) ≤ σλk∇f(xk)Tdk, � k → +∞, k ∈ K2, -1

∇f(x∗)Td∗ ≥ 0.m℄1 4 FE�
(2) / infK2

λk = 0 v��Rq limk→+∞ λk = 0, k ∈ K2, f λk 2aL�-�
f(xk + βλkdk) − f(xk) > σβλk∇f(xk)Tdk.
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�=11 βλk∇f(xk + θβλkdk)Tdk > σβλk∇f(xk)Tdk, X
 θ ∈ (0, 1). � k → +∞, k ∈
K2, 1 ∇f(x∗)Td∗ ≥ σ∇f(x∗)Td∗. \% σ ∈ (0, 1), �V ∇f(x∗)Td∗ ≥ 0. m℄1 4 FE� 2�6QU�
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A Gradient Projection Algorithm Using the Fisher Function for

Solving the Nonlinear Inequality Constrained Optimization Problem
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(1. College of Science, University of Shanghai for Science and Technology, Shanghai 200093, China;
2. College of Mathematics Science, Guangxi Normal University, Guangxi 541004, China;
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Abstract: A new two-stage search direction is proposed that combines the gradient projection and the
Fisher function. Based on the new direction, this paper proposes a gradient projection algorithm for
solving nonlinear inequality constrained optimization problem. The algorithm is shown to be globally
convergent.

Key words: nonlinear inequality constriants; gradient projection; the Fisher function; global conver-
gence.


