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Nonmonotone Line Search Technique for QP-free Infeasible Method
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Abstract: In this paper, a new QP-free infeasible method with nonmonotone line search tech-
niqueis and the Fischer-Burmeister NCP function is proposed for minimizing a smooth function
subject to smooth inequality constraints. This iterative method is based on the solution of
nonsmooth equations which are obtained by the multiplier function and the Fischer-Burmeister
NCP function for the KKT first-order optimality conditions. We use nonmonotone line search
techniqueis on line searches. This method is implementable and globally convergent. We also
prove that the method has superlinear convergence rate under some mild conditions.

Key Words: nonmonotone; QP-free method, convergence; nonlinear complementarity func-
tion.

�Ä��5�å`z¯K (NLP):

min f(x), x ∈ Rn, s.t. G(x) ≤ 0, (1)

Ù¥ f : Rn → R Ú G(x) = (g1(x), g2(x), · · · , gm(x))T : Rn → Rm ´ Lipchitz ëY��¼ê.
©O^ D = {x ∈ Rn|G(x) < 0} Ú D̄ = cl(D) 5L« NLP ¯K�î��18Ú�18. NLP
¯K� Lagrange ¦f¼ê�

L(x, λ) = f(x) + λTG(x), (2)

Ù¥ λ = (λ1, λ2, · · · , λm)T ∈ Rm ´¦f�þ. ��Bå�,k�^ (x, λ)L«��þ (xT , λT )T .
Karush-Kuhn-Tucker (KKT) : (x̄, λ̄) ∈ Rn ×Rm ´�÷v NLP ¯K����`7�^

�:
∇xL(x̄, λ̄) = 0, G(x̄) ≤ 0, λ̄ ≥ 0, λ̄igi(x̄) = 0, 1 ≤ i ≤ m, (3)

�:. XJ�3 λ̄ ¦� (x̄, λ̄) ÷v (3) ª,�¡ x̄ � KKT :. Ïé NLP ¯K� KKT :�du
¦) (3) ¥�·Ü��5pÖ¯K (NCP). 3 NCP ¼ê�Ä:þ, ©z ([1–7]) JÑ
) NLP
¯K�äk�ÛÂñ5Ú3·�^�eäk��5Âñ5� QP-free �{.
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,��¡, �S�:�C��d��b�«�, �U���~á�Ú�½öç¸y�, ü$Â
ñ�Ý. �
�Ñ±þ":, �æ^�üN�|¢Eâ.
�©JÑ�«#��k Fischer-Burmeister ��5pÖ¯K (NCP) ¼ê��üN QP-free

��1��{. �â`z¯K��� KKT ^�, |^¦fÚ NCP ¼ê, ���1w�§, �©
�Ñ)ù��1w�§�S��{. AO/, ½Â
��d�¼ê, ¿¦Ù3z�ÚS�¥Øä
eü. ù��{´�¢y�¿äk�ÛÂñ5. �y²3·��b�e, d�{´��5Âñ�.
½½½ÂÂÂ 1 NCP ééé XJ a ≥ 0, b ≥ 0, ab = 0, K¡êé (a, b) ∈ R2 ´�� NCP é.
½½½ÂÂÂ 2 NCP ¼¼¼êêê XJ φ(a, b) = 0 ��=� (a, b) ´�� NCP é, K¡ φ : R2 → R ´�

� NCP ¼ê.
�Í¶�ü� NCP ¼ê´ min ¼êÚ Fischer-Burmeister NCP ¼ê. Ù¥ Fischer-

Burmeister ¼êäk�~{ü�(�

ψ(a, b) =
√
a2 + b2 − a− b. (4)

¼ê ψ Ø
3�:�	??ëY��, �´§3�:?´r�1w�. �Ò´`, XJ a 6= 0
½ö b 6= 0, K ψ 3: (a, b) ∈ R2 ëY��, �

∇ψ(a, b) =
(

a√
a2 + b2

− 1,
b√

a2 + b2
− 1
)

; (5)

XJ a = 0, b = 0, K ψ 3 (0, 0) �2Â Jacobi Ý
�

∂ψ(0, 0) = {η − 1, θ − 1|η2 + θ2 = 1}. (6)

�E�duKKT:^���1w�§ Φ(x,Λ) = 0. - Φ(x,Λ) = (∇x1L(x,Λ), · · · ,∇xn
L(x,Λ),

φ1(x,Λ), · · ·, φm(x,Λ))T = (∇xL(x,Λ),Φ1(x,Λ)), Ù¥ φi(x,Λ) = ψ((−gi(x)), λi), 1 ≤ i ≤ m.
½½½ÂÂÂ 3 F-¼¼¼êêê XJéu?�S� {Ti ∈ [0,+∞)}

lim
i→+∞

ω(Ti) = 0 K lim
i→+∞

Ti = 0. (7)

¡¼ê ω : [0,+∞) → [0,∞) ´r½¼ê({¡F-¼ê).
½½½ÂÂÂ 4 ���|||¢¢¢������üüüNNNF-555KKK � M ´���K�ê. éz� k, - m(k) ÷v

m(0) = 0, 0 ≤ m(k) ≤ min[m(k − 1) + 1,M ], k ≥ 1. (8)

- tk ≥ 0 kþ.�÷v

f(xk + tkdk) ≤ max
0≤j≤m(k)

[f(xk−j)]− ω(Tk). (9)

Ù¥ ω ´��r½¼ê.
�©SüXe: 1�!JÑ
�«��1� QP-free �{. 31n!¥y²�{��15. 1

o!y²�{��ÛÂñ5, �3·�b�eäk��5Âñ5. 1Ê!�Ñ
{��o(Úê
�¢�.

1 ���{{{

½Â�I8 I0 Ú I1Xe:

I1(x, µ) = {i|(gi(x), µi) 6= (0, 0)}; I0(x, µ) = {i|(gi(x), µi) = (0, 0)}. (10)

XJ j ∈ I0,- (ξj(x, µ), ηj(x, µ)) = (1−
√

2
2 ,−1+

√
2

2 )¶ÄK,- (ξj(x, µ), ηj(x, µ)) = ∇ψ(−a, b)|a=gj(x),b=µj
.

w,k ξj(x, µ) ≥ 0, ηj(x, µ)) ≤ 0 �

ξj(x, µ) =

 gj(x)√
(gj(x))2 + µ2

j

+ 1

 , ηj(x, µ) =

 µj√
(gj(x))2 + µ2

j

− 1

 . (11)

- ξk
j = ξj(xk, µk), ηk

j = ηj(xk, µk),

Vk =
(

Vk
11 Vk

12

Vk
21 Vk

22

)
=
(

Hk + ĉk1In ∇Gk

diag(ξk)(∇Gk)T diag(ηk − ck)

)
, (12)



Ù¥ In ´ n �ü Ý
, ĉk1 = m1min{1, ‖Φk‖ν}, m1 > 0. � ηk
j = 0 �, ckj = cmin{1, ‖Φk‖ν},

c > 0; � ηk
j 6= 0 �, ckj = 0. diag(ξk) Ú diag(ηk − ck) ©OL«1 j �é���� ξj(xk, µk) Ú

ηj(xk, µk)− ckj �é�Ý
.
���{{{ 1.
ÚÚÚ½½½ 0. ÐÐÐ©©©zzz. �ÑÐ©: x0 ∈ D, 0 < m1 < 1, m2 > 1, τ ∈ (0, 1), ν > 1, ν̄ > 1,

µ̄ > 0, 1 > θ > θ1 > 0, θ2 ∈ (0, 1), c > 0. - µ0 = 0, P 0 = 0, S0 = S(x0, µ0) = f(x0) +
m2(‖Φ1(x0, µ0)‖2 + P 0). �ÑÐ©�½Ý
 H0, - k = 0.
ÚÚÚ½½½ 1. OOO���|||¢¢¢������. ÏL)e¡�5�§|(13)¼� dk0 Ú λk0.

Vk

(
d
λ

)
=
(
−∇fk

0

)
. (13)

ÏL)e¡�5�§|(14)¼� dk1 Ú λk1:

Vk

(
d
λ

)
=
(
−∇Lk

−Φk
1

)
. (14)

ÚÚÚ½½½ 2. ���|||¢¢¢. XJe¡�Ø�ª¤á.

Sk − [f(xk + dk1) +m2(‖Φ1(xk + dk1, µk + λk1)‖2 + γk)]
≥ −min{1, ‖Φk‖ν}θ1(dk0)T∇fk + θ2m2‖Φk

1‖2,
(15)

Ù¥γk = min{P k, ‖Φ(xk + dk1, µk + λk1)‖1/2}, k ≥ 1, K-
(
dk, λk

)
=
(
dk1, λk1

)
, =Ú½ 3.

ÄK, e dk0 = 0 K- bk = 0, ρk = 1; e dk0 6= 0 K½Â bk = (1− ρk) �

ρk =

 1 XJ(dk1)T∇fk ≤ θ(dk0)T∇fk,

(1− θ) (dk0
)T∇fk

(dk0−dk1
)T∇fk

ÄK;
(16)

F-5K �|¢. � η ∈ [0, 1], M ≥ 1 ´����ê, ½Â m(k) = min[k + 1,M ], ÀJ

ηkr ≥ η, r = 0, 1, 2, · · · ,m(k)− 1 Ú
m(k)−1∑

r=0

ηkr = 1

- (
dk

λk

)
= bktk

(
dk0

λk0

)
+ ρk(tk)2

(
dk1

λk1

)
�

S(xk + dk, µk + λk) = f(xk + dk)
+ m2(‖Φ1(xk + dk, µk + λk)‖2 + min{P k, ‖Φ(xk + dk, µk + λk)‖1/2}, (17)

Ïé tk = τ j , j ´÷veª(18)����K�ê,

S(xk + dk, µk + λk) ≤ max{S(xk, µk),
m(k)−1∑

j=0

ηkrS(xk−j , µk−j)} − ω(Tk) (18)

Ù¥ ω ´��r½¼ê�

Tk = −tk min{1, ‖Φk‖ν}θ1bk(dk0)T∇fk + θ2m2(tk)2ρk‖Φk
1‖2.

ÚÚÚ½½½ 3. ���###. - xk+1 = xk + dk. XJ ‖µk + λk‖ ≤ µ̄, K µk+1 = µk + λk; ÄK µk+1
i = µ̄,

µ̄ = ν̄µ̄. - P 1 = f0 + m2‖Φ0
1‖1/2 − f1 −m2‖Φ1

1‖1/2, éu k ≥ 1, P k+1 = min{P k, ‖Φ(xk +
dk, µk + λk)‖1/2}. Sk+1 = f(xk+1) +m2(‖Φk+1

1 ‖2 + P k+1)}. XJ xk+1 ´�� KKT :, �{
Ê�; ÄK�# Hk ¿����é¡�½Ý
 Hk+1. - k = k + 1 ¿=Ú1.
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�!b½:
A1 Y²8 {x|f(x) ≤ f(x0)} k., �é¿©�� k, ‖µk + bkλk0 + ρkλk1‖ < µ̄.
A2 f Ú gi ´�g Lipschitz ëY���, �é¤k y, z ∈ Rn+m,

‖∇L(y)−∇L(z)‖ ≤ m3‖y− z‖, ‖Φ(y)− Φ(z)‖ ≤ m3‖y− z‖,

Ù¥ m3 > 0 ´ Lipschitz ~ê.
A3 Hk ´�½���3���ê m4 ¦�éu¤k� d ∈ Rn Ú¤k� k k 0 < dT Hkd ≤

m4‖d‖2.
´ye¡Ún¤á(ë�[5]).
ÚÚÚnnn 1 XJ Φk 6= 0, K Vk ´�ÛÉ�.
Ún 1 `² (13) ½ (14) ok��).
ÚÚÚnnn 2 é?¿ 0 < t ≤ 1, �3�� m5 > 0 ¦�,

‖Φ1(xk + tdk0, µk + tλk0)‖2 − ‖Φk
1‖2 ≤ m5t

2.

y²: � Φk
1 = 0 �

‖Φ1(xk + tdk0, µk + tλk0)‖2 = ‖Φ1(xk + tdk0, µk + tλk0)− Φk
1‖2 ≤ t2m2

3‖(d
k0, λk0)‖2,

Ù¥ m3 ´ Lipschitz ~ê. Úné Φk
1 = 0 ¤á.

éu Φk
1 6= 0 ¤á. ´ye¡ªf¤á(ë� [4] Ún 3).

‖Φ1(xk + tdk0, µk + tλk0)‖2
≤ (‖Φ1(xk + tdk0, µk + tλk0)− Φk

1 − t(diag(ξ̄k0)(∇Gk)T dk0 + diag(η̄k0)λk0)‖
+‖Φk

1 + t(diag(ξ̄k0)(∇Gk)T dk0 + diag(η̄k0)λk0)‖)2 = ‖Φk
1‖2 +O(t2).

Ún�y.

� (
dkt

λkt

)
= tbk

(
dk0

λk0

)
+ t2ρk

(
dk1

λk1

)
.

ÚÚÚnnn 3 XJ Φk
1 6= 0, bk = 0 Ké?¿ ε > 0 �3 �� t̄ > 0 ÷v, é?¿ 0 < t ≤ t̄,

‖Φk
1‖2 − ‖Φ1(xk + dkt, µk + λkt)‖2 ≥ (2− ε)t2‖Φk

1‖2.

XJ Φk
1 = 0 � bk 6= 0, ½öXJ Φk

1 6= 0 � bk 6= 0, K�3�� m6 > 0 ÷v, é?¿
0 < t ≤ 1,

‖Φk
1‖2 − ‖Φ1(xk + dkt, µk + λkt)‖2 ≥ −m6t

2.

XJ Φk
1 = 0 � bk = 0, K�3�� m6 > 0 ÷v, é?¿0 < t ≤ 1,

‖Φk
1‖2 − ‖Φ1(xk + dkt, µk + λkt)‖2 ≥ −m6t

4.

y²: XJ Φk
1 6= 0 � bk = 0 K ρk = 1, (dkt, λkt) = t2(dk1, λk1). (14)ª`²

diag(ξk)(∇Gk)T dk1 + diag(ηk − ck)λk1 = −Φk
1 . (19)

éu¤k i, ´�(ë�[5])

φi(xk + t2dk1, µk + t2λk1)− φk
i − t2(ξ̄k1

i (∇gk
i )T dk1 + (η̄k1

i )λk1
i ) = o(t2). (20)

Ï�� cki 6= 0 �, ηk
i = 0, φk

i = 0, ¤± (Φk
1)T (diag(ξ̄k1)(∇Gk)T , diag(η̄k1)) = (Φk

1)T

(diag(ξk)(∇Gk)T , diag(ηk − ck)). �é?¿ ε > 0, �3�� t̄ > 0 ¦�, éu?¿ 0 < t ≤ t̄,



‖Φk
1‖2 − ‖Φ1(xk + t2dk1, µk + t2λk1)‖2 ≥ (2− ε)t2‖Φk

1‖2.
Ïd,Ún�1�Ü©�y.
XJ Φk

1 = 0 � bk 6= 0, K

‖Φ1(xk + dkt, µk + λkt)‖2 = ‖Φ1(xk + dkt, µk + λkt)− Φk
1‖2 ≤ (m3)2‖(dkt, λkt)‖2.

Únéu Φk
1 = 0 ¤á.

XJ Φk
1 6= 0 � bk 6= 0, KdÚn 2 �

‖Φk
1‖2 − ‖Φ1(xk + tbkdk0, µk + tbkλk0)‖2 = O(t2)

l (dkt, λkt)− (tbkdk0, tbkλk0) = t2ρk(dk1, λk1) ¥�

‖Φk
1‖2 − ‖Φ1(xk + dkt, µk + λkt)‖2 = O(t2).

u´, Ún�1�Ü©�y.
ù�Ún�1n�(Ø�d3Ún 2 �y²L§¥©O^ k1 Ú t2 �O k0 Ú t ��.

´y±eÚn 4-5 (�©z [5]).
ÚÚÚnnn 4 XJ dk0 6= 0, K

(dk0)T (Hk + ĉk1In)dk0 ≤ −(dk0)T∇fk

�éu¤k 0< t < 1,
(dkt)T∇fk ≤ [(t− t2)bk + t2θk](dk0)T∇fk.

ÚÚÚnnn 5 dk0 = 0 ��=� ∇fk = 0. XJ dk0 = 0 K λk0 = 0.
lÚn 5 �ÑXJ dk0 = 0, Φk

1 = 0 K xk ´���1:� (xk, 0) ´�� KKT :. Ø��
�5, b½ù��{Ø3?� k ª�, =éu¤k� k, (dk0,Φk

1) 6= (0, 0) .
ÚÚÚnnn 6 XJ dk0 6= 0 ½ö Φk

1 6= 0 K�3�� t̄ > 0 ¦�, éu?¿� t = tk ∈ (0, t̄), (18) ¤
á.

y²: w,,éu?¿� t, P k −min{P k, ‖Φ(xk + dkt, µk + λkt)‖1/2} ≥ 0. ©n«�¹y²ù�
Ún.
���¹¹¹ 1. XJ dk0 6= 0 � bk 6= 0 , df Ú gi �ëY��5±9Ún 4, k

fk − f(xk + dkt) ≥ −[(t− t2)bk + t2θk](dk0)T∇fk + o(t).

Ún 2 Ú 3 `²�3�� m7, éu?¿� 0 < t ≤ 1 ÷v,

‖Φk
1‖2 − ‖Φ1(xk + dkt, µk + λkt)‖2 ≥ −m7t

2.

dÚn 4 Úb� A3, � −(dk0)T∇fk ≥ (dk0)T Hkdk0 ≥ 0. Únéuù«�¹¤á.
���¹¹¹ 2. XJ dk0 6= 0, bk = 0, d bk �½Â, k ρk = 1, (dk1)T∇fk ≤ θ(dk0)T∇fk �

fk − f(xk + t2dk1) ≥ −t2θ(dk0)T∇fk + o(t2).

XJ Φk
1 = 0 KdÚn 3 �, éu?¿� 0 < t ≤ 1,

‖Φ1(xk + t2ρkdk1, µk + t2ρkλk1)‖2 ≤ m6t
4.

XJ Φk
1 6= 0 KdÚn 3 �, �½?¿� ε > 0 �3�� t̄ > 0 ¦�, éu?¿� 0 < t ≤ t̄,

‖Φk
1‖2 − ‖Φ1(xk + t2dk1, µk + t2λk1)‖2 ≥ (2− ε)t2‖Φk

1‖2.

¤±, Únéuù«�¹¤á.
���¹¹¹ 3. XJ dk0 = 0 KdÚn 5 k λk0 = 0 Ú ∇fk = 0. q bk = 0 Ú ρk = 1. dù�Ún

�b�, �� Φk
1 6= 0. qdÚn 3 �é?¿� ε > 0 �3�� t̄ > 0 ¦�, éu?¿� 0 < t ≤ t̄,

‖Φk
1‖2 − ‖Φ1(xk + t2dk1, µk + t2λk1)‖2 ≥ (2− ε)t2‖Φk

1‖2.

�d f �ëY��5, k
fk − f(xk + t2ρkdk1) = o(t2). (21)

¤±, Únéuù«�¹�¤á. Ún�y.

Ún 1-6 ¿©y²
�{ 1 ´�±¢y�.
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�!Ó�b� A1-A3 ¤á. l x0 ∈ D Ú µ0 = 0 �Ñ Φ0
1 = 0 Ú Φ0 = (∇f0, 0). l Sk üN

eü, � fk ≤ Sk ≤ S1 = S0 = f0. b� A1 ¿�X {(xk, µk)} ´k.�.
ÚÚÚnnn 7 XJ (x∗, µ∗) ´ {(xk, µk)} ���à:, Sk − Sk+1 > 0, K�3Ã¡�I8 K, g,

ê K, t > 0 Ú�ê δ > 0, ¦�éu?¿� k(i) > K Ú k(i) ∈ K, k

Sk(i) − Sk(i)(t) > δ/2 > 0. (22)

Ù¥éu,� 0 < t̄ ≤ t ≤ t̄1 ≤ 1,

Sk(i)(t) = f(xk + dk)
+ m2(‖Φ1(xk + dk, µk + λk)‖2 + min{P k, ‖Φ(xk + dk, µk + λk)‖1/2}). (23)

y²: Ø�b½ bk(i)(xk(i), µk(i)) → b∗(x∗, µ∗), ρk(i)(dk(i)0, λk(i)0) → ρ∗(d∗0, λ∗0), (dk(i)1, λk(i)1) →
(d∗1, λ∗1), Sk(i) → S∗, Hk(i) → H∗, ĉk(i)

1 → ĉ∗1 Ú ck(i) → c∗.
- Φ∗ = Φ(x∗, µ∗). XJ Φ∗ = 0, K (x∗, µ∗) ´¯K (NLP) ��� KKT :. XJ Φ∗ 6= 0,

Φ∗1 = 0, d∗0 = 0, K x∗ ´���1:. 3Ún 5 ¥^ ∗ 5�O k0 , l cmin{1, ‖Φ∗‖ν} 6= 0 �
íÑ ∇f∗ = 0, � (x∗, 0) ´¯K(NLP)���KKT:. XJ Φ∗1 6= 0 ½ dk0 6= 0, dÚn 2-6 �y
²±9 f Ú gi �ëY��5, ��3�~ê t̄, t̄1, θ̄1, θ̄2, 0 < t̄ ≤ t ≤ t̄1 ≤ 1, t̄ < τ t̄1, θ1 < θ̄1 ≤ 1
Ú θ2 < θ̄2 < 1, ¦�

S∗ − [f(x∗ + tb∗d∗0 + t2ρ∗d∗1) +m2(‖Φ1(x∗ + tb∗d∗0 + t2ρ∗d∗1, µ∗ + t2ρ∗λ∗1)‖2

+min{P k, ‖Φ(x∗ + tb∗d∗0 + t2ρ∗d∗1, µ∗ + t2ρ∗λ∗1)‖1/2})]
≥ −min{1, ‖Φ∗‖ν}θ̄1t(d∗0)T∇f∗ +m2θ̄2t

2ρ∗‖Φ∗1‖2. (24)

l (24) íÑ�3�� δ > 0 ÷v

S∗ − [f(x∗ + tb∗d∗0 + t2ρ∗d∗1)
+m2(‖Φ1(x∗ + tb∗d∗0 + t2ρ∗d∗1, µ∗ + t2ρ∗λ∗1)‖2

+min{P k, ‖Φ(x∗ + tb∗d∗0 + t2ρ∗d∗1, µ∗ + t2ρ∗λ∗1)‖1/2})] ≥ δ > 0. (25)

f Ú gi �ëY��5`²éu t ∈ (0, 1), Φ(xk(i) + dk(i)t, µk(i) + λk(i)t) ��Âñu Φ(x∗ +
d∗t, µ∗ + λ∗t). ¤±, �3�� K ¦�, éu¤k� k(i) > K Ú 0 < t̄ ≤ t ≤ t̄1 ≤ 1,

Sk(i) − Sk(i)(t) > δ/2 > 0. (26)

Ún�y.

aqu©z [8] ¥½n 2 �y², k
ÚÚÚnnn 8 éu¤k k

S(x0)− S(xk+1) ≥
m(k)−1∑

r=0

ω(Tk)

lÚn 8 �íÑ ω(Tk) → 0 Ú

−tk min{1, ‖Φk‖ν}θ1bk(dk0)T∇fk + θ2m2(tk)2ρk‖Φk
1‖2 → 0.

l±þÚn 7-8 �Ñ ‖Φk
1‖2 → 0, Φ∗ = 0 Ú dk0 → 0. w,±e½n¤á.

½½½nnn 1 XJ (x∗, µ∗) ´ {(xk, µk)} ���à:, K x∗ ´¯K (NLP) ��� KKT :.
3b� A1-A4 �Ä:þÖ¿±e4�b�:
A4 {∇gi(x∗)} ´�5Õá�, Ù¥ i ∈ I = {i|gi(x∗) = 0}, x∗ ´{xk}���à:�´¯K

(NLP) ��� KKT :.
A5 S� {Hk} ÷v

‖(Hk −∇2
xxL(xk, µk))dk1‖
‖dk1‖

→ 0.



A6 î�pÖ^�3z�� KKT : (x∗, µ∗) ¤á.
A7 f Ú gi ´ng Lipschitz ëY���.
aqÚn 1, ´ye¡Ún.
ÚÚÚnnn 9 b� A1-A7 ¤á. K {‖(Vk)−1‖} ´k.�. d	, XJ V∗ ´ {Vk} ���à:Ý


, K V∗ ´�ÛÉ�.
ÚÚÚnnn 10b� A1-A7¤á�éu¤k kk Φk 6= 0,K lim

k→∞
‖Φ(xk+dk1, µk+λk1)‖/‖Φk‖ = 0.

y²: d�y{b��3��m8 > 0Ú�� {(xk, µk)}�fS� {(xk(i), µk(i))}, (xk(i), µk(i)) →
(x∗, µ∗), ÷v

lim
k→∞

‖Φ(xk(i) + dk(i)1, µk(i) + λk(i)1)‖/‖Φk(i)‖ = m8 > 0. (27)

-

V̄k(i) =

(
V̄k(i)

11 V̄k(i)
12

V̄k(i)
21 V̄k(i)

22

)
=
(
∇2

xxL
k(i) ∇Gk(i)

diag(ξk(i))(∇Gk(i))T diag(ηk(i))

)
.

db� A6 �, éu¿©�� k, ∇Φk(i) �3� V̄k(i) = ∇Φk(i). k

‖V̄k(i)(dk(i)1, λk(i)1)−Vk(i)(dk(i)1, λk(i)1)‖ = o(‖dk(i)1 ‖), (28)

l Φ ���5íÑ

lim
k→∞

[‖Φ(xk(i) +dk(i)1, µk(i) +λk(i)1)−Φk(i)− V̄k(i)(dk(i)1, λk(i)1)‖]/‖(dk(i)1, λk(i)1)‖ = 0. (29)

(29) Ú (28) `²

‖Φ(xk(i) + dk(i)1, µk(i) + λk(i)1)‖ = o(‖Φk(i)‖). (30)

(27) Ú (30) gñ, �Ún�y.

´ye¡Ún(ë�[4])
ÚÚÚnnn 11 b½ A1-A7 ¤á, Ké¿©�� k, (dk, λk) = (dk1, λk1).
dÚn 8-11 �Ñ±e½n:
½½½nnn 2b½ A1-A7¤á. ��1�{ 1�)¤��S� {(xk, λk)}� (x∗, λ∗)´ {(xk, λk)}

���à:, K (x∗, λ∗) ´ ¯K (NLP) ��� KKT :, � (xk, λk) ��5Âñu (x∗, λ∗).

4 êêê���¢¢¢���.

�!éu¦)�å`z¯K��{ 1 �Ñ�
ê�(J, �1�[!£ãXe.
1. ª�OK. Ï� Φ(x, µ) = 0 ��=� (x, µ) ´�� KKT :, ª�OK� ‖Φk‖ ≤ 10−5.
2. �# Hk. Hk d BFGS �{�#(ë�[6]).
3. ëê��Xe: ω(t)=t. m1 = 0.1, m2 = 10, β = ν̄ = 1.5, ν = 2, τ = 0.5, α = 0.2,

α1 = α2 = 0.1 ±9 µ̄ = 10000.

�{

©z [9] ¥¯K�Òè S��gê O�8I¼ê�Ú�å�gê

29 8 13

30 8 10

33 10 23

35 7 12

37 17 46

43 12 25

44 17 39

76 10 42

100 15 37

113 22 58

LLL 1

L 1 ¥�ê�(Jw«ù�{´�~k�� .
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