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1 wr� F : Rn → Rn �FY82A���<*.�_�hMJ x ∈ Rn �>
x ≥ 0, F (x) ≥ 0, xT F (x) = 0. (1.1)��<*�?S||��uzK�\%|zA��iz~a-|�Je!{,�|i)�$�A5�<*�z^�5�<*��-5�<*�".E^<*BB�<* (1.1)B�~DYA\n�Z)

Φ(x) = 0, Φ : Rn −→ Rn,

Φ(x) = (φ(x1, F1(x)), φ(x2 , F2(x)), · · · , φ(xn, Fn(x)))T ,
(1.2)A

φ(a, b) = 0 ⇐⇒ a, b ≥ 0, ab = 0.�8 2010 b 8 � 24 x�;�2011 b 9 � 29 x�;Vb�
∗ s�.u7℄�) (61072144, 61179040, 71001015, 71101033) +'K℄�
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φ(a, b) =

√

a2 + b2 − (a + b). (1.3)|~QZWp' (1.2), z\n�dOW [1], `9�n�W [2] |n�AdOW [3−5]. �PZW���<�QA(lE���n�dOW| [6,7]. h=n�dOW.�p'XM<*
H(z) = H(µ, x) =

(

µ

Φ(µ, x)

)

= 0, µ > 0 (1.4)MVh µ l%��> µ q~ 0. AA Φ(µ, x) � Φ Ahn�+�l9 µ → 0 ��
Φ(µ, x) → Φ. µ -%'4n�#��Fv H(z) = 0 B�~ µ = 0 l x � (1.1) Ahd'�3+�� [8] | [9] ��pn Fischer-Burmeister z�><La-�$���Jn
φp : R2 → R 4

φp(a, b) = p
√

|a|p + |b|p − (a + b). (1.5)A p � (1, +∞) |wlkJA���{U� 3.1[8] �� φp �h2 NCP- z����9�>Xg- φp(a, b) An�+� φp(µ, a, b), �0p (1.4) <zDAR	�
Hp(z) = Hp(µ, x) =

(

k(µ)

Φp(µ, x)

)

= 0, µ > 0. (1.6)A [Φp(µ, x)]i = φp(µ, xi, Fi(x)), z� k(µ) AU����Y*S#S�>X'-Lh2\8Hn�dOWp' (1.6), '-A�WAt0|0!�HU�hJA+�D><L�[��9%jzD��D 2 !℄�'-LhP������D 3 !℄�'-LhQAn�z��℄�L"AU���D 4 !℄�g-LQAZW�'-�WAt0|0!�HU℄��D 5 !℄|D 6 !℄*S#S�D 7 !℄g-�3��D 8 !℄*SLN%���d9
��!|AMJK�MMJ� T �
)�� Rn
+ | Rn

++ ℄��
 Rn�A\_�|��� O(t) �
�> lim
t↓0

sup |O(t)|
t < ∞ (DAwhz��M82z�

F : Rn → Rm, >X� F ′(x) 4 F �E x A`9��R ∇F (x) 4`9�A)���
F : Rn → Rm �0! Lipschitz FY� ∂F (x) �
 F �E x /A Clarke pn`9�1��
2 y6{^?v 2.1 (1) 1� M ∈ Rn �'4 P0 1�zv"A!|&-	K�\_A�=1��4 P0.
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(2) z� F : Rn → Rn �'4 P0 z�zvMwl x, y ∈ Rn l x 6= y, 3��� i0�>

xi0 6= yi0 , (xi0 − yi0)[Fi0 (x) − Fi0(y)] ≥ 0.?v 2.2 z� F : Rn → Rn �'4 R0 z�zvMT0
‖xk‖ → ∞, lim

k→∞
inf

mini xk
i

‖xk‖ ≥ 0, lim
k→∞

inf
mini Fi(x

k)

‖xk‖ ≥ 0AwlXM {xk}, 3��� j �>
{xk

j } −→ ∞ | {Fj(x
k)} −→ ∞.{Jn 2.1 |J? 2.1.24[10], whFY82A P0 z�A`9��4 P0 1��?v 2.3 F : Rn → Rm�0! LipschitzFY�zvMwlA d → 0| V ∈ ∂F (x+d),

F (x + d) − F (x) − V d = o(‖d‖),

F � x /'4�n�	zvMwlA d → 0 | V ∈ ∂F (x + d),

F (x + d) − F (x) − V d = O(‖d‖2),

F � x /'4j�n��
3 o<HLJaN[p}��9�>Xg- φp(a, b) An�+�z�zD�

φp(µ, a, b) = p
√

|a|p + |b|p + |µ|p − (a + b). (3.1)AA µ �hn�#��Mwl µ 6= 0, φp(µ, a, b) �n�Al%L4
(∇(a,b)φp(µ, a, b))T =

(

|a|p−1sgn(a)

(|a|p + |b|p + |µ|p)1− 1
p

− 1,
|b|p−1sgn(b)

(|a|p + |b|p + |µ|p)1− 1
p

− 1

)TA sgn (·) � sign z��DYA%S~yk�[�q~ 3.1 M!|A (a, b) ∈ R2 |!|A µ1, µ2, z� φp(µ, a, b) T0�B	
|φp(µ1, a, b) − φp(µ2, a, b)| ≤ |µ1 − µ2|;$�A�M!|A (a, b) ∈ R2 |!|A µ, >X|

|φp(µ, a, b) − φp(a, b)| ≤ |µ|.
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Φp(µ, x) =







φp(µ, x1, F1(x))
...

φp(µ, xn, Fn(x))






.{U� 3.1, yk><DYA0S�iX 3.1 M!|A x ∈ Rn |!|A µ1, µ2, z� Φp(µ, x) T0�B	

‖Φp(µ1, x) − Φp(µ2, x)‖ ≤ n|µ1 − µ2|;$�A�M!|A x ∈ Rn |!|A µ, >X|
‖Φp(µ, x) − Φp(x)‖ ≤ n|µ|.q~ 3.2 φp(µ, a, b) Jn4 (3.1) l p � (1, +∞) �wlkJA���	

i) φp(µ, a, b) �/A�
ii) φp(µ, a, b) � Lipschitz FY�9 1 < p < 2 �� L1 =

√
3 + 3(1/p−1/2), 9 p ≥ 2�� L2 =

√
3 + 1.

iii) φp(µ, a, b) � R3 |�j�n�A�� i) | ii) A�[=�~ [8] �U� 3.1 A d) | e), �>X�Raw)��
h = (h1, h2, h3)

T , Mwl ξ ∈ ∂φ(h1, h2, h3) | h → 0, p4 φp(µ, a, b) � R3 \ (0, 0, 0)|�n�A�>X�Wd�[
ξT h − φ′

p((0, 0, 0); (h1, h2, h3)) = O(‖h‖2).{ i), >X� φp(µ, a, b) � R3 |��n�A�%} [10] AU� 5.1.2, |
φ′

p((0, 0, 0); (h1, h2, h3)) = φp(h1, h2, h3).p4 h 6= 0, !j
ξ =

( |h1|p−1sgn (h1)

(|h2|p + |h3|p + |h1|p)1−
1
p

,
|h2|p−1sgn (h2)

(|h2|p + |h3|p + |h1|p)1−
1
p

−1,
|h3|p−1sgn (h3)

(|h2|p + |h3|p + |h1|p)1−
1
p

−1
)

.p0�
ξT h − φ′

p((0, 0, 0); (h1, h2, h3)) = φp(h1, h2, h3) − φp(h1, h2, h3) = 0.DYAq?</~ [8] Aq? 3.1.xU 3.1 � φp : R2 → R Jn4 (1.5), A p > 1. zv {(ak, bk)} ⊆ R2 �|
(ak → ∞lbk → ∞) � (ak → −∞�bk → −∞), 	| |φp(a

k, bk)| → ∞ M k → ∞.xU 3.2 � φp : R3 → R Jn4 (3.1), A p > 1. zv {(ak, bk)} ⊆ R2 �|
(ak → ∞lbk → ∞) � (ak → −∞�bk → −∞), 	| |φp(µ, ak, bk)| → ∞ M k → ∞.� {U� 3.1, |φp(µ, ak, bk) − φp(a

k, bk)| ≤ |µ|. %}q? 3.1, �_><%S�
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4 A� z := (µ, x) ∈ R+ × Rn l

Hp(z) = Hp(µ, x) =

(

k(µ)

Φp(µ, x)

)

. (4.1)A [Φp(µ, x)]i = φp(µ, xi, Fi(x)). zv k(µ) T0DYA�� 1, 	 Hp(z) = 0 B�~
µ = 0 l x � (1.1) Ahd'�O℄ 1 k : R+ → R T0DYA+��

i) k �FY82A�
ii) k(µ) = 0 ⇔ µ = 0.

iii) k(µ) ≥ 0.

iv) 9 µ > 0 �� k′(µ) > 0.

v) 9 µ → ∞ �� k(µ) → ∞.

vi) 9 µ > 0 �� k(µ)
k′(µ) ≤ µ.

vii) 3��� a > 0, b ≥ 0, �> k′(µ) ≤ ak(µ) + b.{�� 1, k><DYAJ?�?U 4.1 zv k1(µ) | k2(µ) T0�� 1, 	 ω1k1(µ) +ω2k2(µ) | k1(k2(µ)) fT0�� 1, A ω1, ω2 > 0.?U 4.2 DYAz�T0�� 1.

1) k(µ) = cnµn +cn−1µ
n−1 +cn−2µ

n−2 + · · ·+c2µ
2 +c1µ, n ≥ 1.A 0 < c1 ≤ b, 0 <

c2 ≤ ac1

2 , 0 < c3 ≤ ac2

3 , · · · , 0 < cn−1 ≤ acn−2

n−1 , 0 < cn ≤ acn−1

n .

2) k(µ) = cµ − 1, c > 1, a ≥ ln c, b ≥ a.

3) k(µ) = µn ln(1 + µ), n ≥ 1, a ≥ n + 1
2 ln 2 , b ≥ n ln 2 + 1.

4) k(µ) = (µ + 1)n ln(1 + µ), n ≥ 1, a ≥ n + 1
2 ln 2 , b ≥ 2n−1n ln 2 + 2n−1.

5) k(µ) = µn(cµ − 1), n ≥ 1, c > 1, a ≥ n + c ln c
c−1 , b ≥ n(c − 1) + c ln c.

6) k(µ) = (µ + 1)n(cµ − 1), n ≥ 1, c > 1, a ≥ n + c ln c
c−1 , b ≥ n2n−1(c − 1) + 2nc ln c.� yk�[ 1) | 2) T0�� 1, �l 3) fT0�� 1 A i), ii), iii), iv) | v). p0�>X�W�[ 3) T0�� 1 A vi) | vii) 8�p4

k(µ) = µn ln(1 + µ) ≤ nµn ln(1 + µ) ≤
[

nµn−1 ln(1 + µ) +
µn

1 + µ

]

µ = k′(µ)µ,

k(µ)

k′(µ)
≤ µ,�[ 3) T0�� 1 A vi).4L�[ 3) fT0�� 1 A vii), >X6QI!n;�
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a) µ ≥ 1. p4
nµn−1 ln(1 + µ) ≤ nµn ln(1 + µ) (4.2)l

µn

1 + µ
≤ µn

2
≤ µn ln(1 + µ)

2 ln 2
, (4.3)>

k′(µ) =nµn−1 ln(1 + µ) +
µn

1 + µ
≤
(

n +
1

2 ln 2

)

µn ln(1 + µ)

≤ak(µ) ≤ ak(µ) + b. (4.4)

b) 0 ≤ µ < 1. k>
k′(µ) = nµn−1 ln(1 + µ) +

µn

1 + µ
< n ln 2 + 1 ≤ b + ak(µ).{ a) | b), > k′(µ) ≤ ak(µ) + b. �x 3) T0�� 1 A vii).

4), 5) | 6) A�[=�~ 3). ���(l
[Φp(z)]′x = [Φp(µ, x)]′x = A(z) + B(z)F ′(x).A A(z) = diag (Aii(z)), B(z) = diag (Bii(z)),

Aii(z) =
|xi|p−1sgn (xi)

(|xi|p + |Fi(x)|p + |µ|p)1− 1
p

− 1, Bii(z) =
|Fi(x)|p−1sgn (Fi(x))

(|xi|p + |Fi(x)|p + |µ|p)1− 1
p

− 1.FvA�9 µ 6= 0 �� Aii(z) < 0, Bii(z) < 0. zv F ′(z) � P0 1��{ [10] Aq?
5.3.12, >X� [Φp(z)]′x �\goA�q~ 4.1 �� F �FY82A P0 z��	M!|A z ∈ R++ ×Rn, Hp �FY82A�Mwl z ∈ R++ × Rn, H ′

p(z) �\goA�Mwl z = (µ, x) ∈ R × Rn, Jn θ(z) = ‖Hp(z)‖2 = k(µ)2 + Ψ(z), A Ψ(z) =

‖Φp(µ, x)‖2.dC 1

(s.0) Zr δ, σ ∈ (0, 1), 0 < τ < 1| µ > 0.Zr γ ∈ (0, 1)�> (a+b)γµ < 1.O β(z−1) =

γ, µ0 = µ, x0 ∈ Rn. O z0 = (µ0, x0), z = (µ, 0), M ≥ 1, C0 = θ(z0), m(0) = 0, l
k := 0.

(s.1) zv ‖H(zk)‖ = 0, ,�^	�
β(zk) = min

{

γ, γθ(zk), β(zk−1)
}

. (4.5)

(s.2) ��dOZM ∆zk := (∆µk, ∆xk) ∈ Rn+1 h3D	
Hp(z

k) + H ′
p(z

k)∆zk = k′(µk)β(zk)z. (4.6)
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(s.3) � λk � 1, δ, δ2, · · · ��>D	(DA35�

θ(zk + λk∆zk) ≤ {1 − 2σ[1 − (a + b)γµ]λk}Ck. (4.7)

(s.4) O zk+1 = zk + λk∆zk.

(s.5) O m(k + 1) = min{m(k) + 1, M}, Ck+1 = τ ·m(k+1)Ck+θ(zk+1)
τ ·m(k+1)+1 .

(s.6) O k = k + 1. ) s.1.dCbY 1 Ck h*"dA5z�"8j�> θ(zk) �\8HA� Ck A8HU8�J? 5.1.

5 `VpFm>XG�6Q�W 1 At0�HU���i�>X�Ed4DY���P�����WA 1 A#S�z<�O℄ 2 F : Rn → Rn �FY82 P0 + R0 z��xU 5.1 {�� 1 | 2 (D�Mwl z := (µ, x) ∈ R++ × Rn, Jn�e�
L(z0) := {z ∈ R++ × Rn : θ(z) ≤ θ(z0)},A z0 ��W 1 A+�E�	�} L(z0) �|(A�� >X-wX�W<�[dq?���|�zvq?A%S�Æ�	3�XM

{zk = (µk, xk) ∈ R++ × Rn, �>
θ(zk) ≤ θ(z0), ‖zk‖ −→ ∞.>X6QI!n;�

i) zv µk → ∞MVhd k,{�� 1,>X| k(µk) → ∞, θ(zk) = k(µk)2+Ψ(zk) →
∞. ��8`A�

ii) 	~ i) A℄��3� 0 < µ1 ≤ µ2, �> µ1 ≤ µk ≤ µ2, p0 ‖xk‖ → ∞. %}q? 3.2 |�� 2, >X><A%v| θ(zk) ≤ θ(z0) �h��{ i) | ii), %S(D�?U 5.1 zv�� 1 | 2 (D��W 1 �|JnA�� Fv�{ (4.5), β(z) ≤ γθ(z)1/2. p0�|
k(µ + λ∆µ)2 =k(µ)2 + 2λk(µ)k′(µ)∆µ + o(λ)

=(1 − 2λ)k(µ)2 + 2λk′(µ)k(µ)β(z)µ + o(λ)

≤(1 − 2λ)k(µ)2 + 2λ[ak(µ) + b]k(µ)β(z)µ + o(λ)

≤(1 − 2λ)k(µ)2 + 2λak(µ)2β(z)µ + 2λbk(µ)β(z)µ + o(λ)

≤(1 − 2λ)k(µ)2 + 2λaγµθ(z) + 2λbγµθ(z) + o(λ). (5.1)
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Ψ(z + λ∆z) = Ψ(z) + λ∇Ψ(z)T ∆z + o(λ) = (1 − 2λ)Ψ(z) + o(λ). (5.2)%} (5.1), >X|
θ(z + λ∆z)

≤(1 − 2λ)θ(z) + 2(a + b)λγµθ(z) + o(λ)

=
{

1 − 2[1 − (a + b)γµ]λ
}

θ(z) + o(λ)

=
{

1 − 2σ[1 − (a + b)γµ]λ
}

θ(z) − 2(1 − σ)[1 − (a + b)γµ]λθ(z) + o(λ). (5.3)p4 σ ∈ (0, 1) l (a + b)γµ < 1, 	
2(1 − σ)[1 − (a + b)γµ]λθ(z) > 0. (5.4)9 θ(z) > 0. { (5.3) | (5.4), >X8>

θ(z + λ∆z) ≤ {1 − 2σ[1 − (a + b)γµ]λ}θ(z). (5.5)9 k = 0 ��
θ(z0 + λ0∆z0) ≤{1 − 2σ[1 − (a + b)γµ]λ0}θ(z0)

={1 − 2σ[1 − (a + b)γµ]λ0}C0. (5.6)G��
θ(zk + λk∆zk) ≤ {1 − 2σ[1 − (a + b)γµ]λk}Ck. (5.7)�x θ(zk+1) ≤ Ck, 01�

Ck+1 =
τ · m(k + 1)Ck + θ(zk+1)

τ · m(k + 1) + 1
≥ θ(zk+1), Ck+1 ≤ Ck.%} (5.5), >X|

θ(zk+1 + λk+1∆zk+1) ≤ {1 − 2σ[1 − (a + b)γµ]λk+1}Ck+1.|YAq?�[ Ck �8HD�A�xU 5.2 zv�� 1 | 2 (Dl {zk} �{�W 1 $��zv µk > 0, µk ≥ β(zk)µ,	 µk+1 > 0, µk+1 ≥ β(zk+1)µ.� p4 µk > 0, β(zk) > 0. Mwl λ ∈ (0, 1], >X|
µk + λ∆µk = µk + λ

[

β(zk)µ − k(µk)

k′(µk)

]

≥ (1 − λ)µk + λβ(zk)µ > 0. (5.8)



46 r w � [ [  364p4 β(zk+1) ≤ β(zk), 2R>
µk+1 − β(zk+1)µ =µk + λk∆µk − β(zk+1)µ

≥(1 − λk)µk + λkβ(zk)µ − β(zk+1)µ

≥(1 − λk)β(zk)µ + λkβ(zk)µ − β(zk+1)µ

≥0. (5.9)?U 5.2 zv�� 1 | 2 (Dl {zk} �{�W 1 $��	 {zk} AVhd2EK� (1.1) A'�� 4L�[d%S�� z∗ � zk A2E�{�W 1 |q? 5.1, | {zk} ⊆ L(z0).p0�3� {zkl} ⊆ {zk}, �>
zkl → z∗, β(zkl) → β∗, µkl → µ∗, Ckl

→ C∗.�� z∗ �� (1.1) A'�>X6QDYAn;�
i) �� inf λkl

≥ ρ > 0. {J? 5.1 A�[�| 0 ≤ Ckl+1
≤ Ckl+1−1 ≤ C0. %} (4.7),|

Ckl+1
≤ Ckl+1−1

...

≤Ckl+1

=
τ · m(kl + 1)Ckl

+ θ(zkl+1)

τ · m(kl + 1) + 1

≤Ckl
− 2σ[1 − (a + b)γµ]λkl

τ · m(kl + 1) + 1
Ckl

≤Ckl
− 2σ[1 − (a + b)γµ]ρ

τ · m(kl + 1) + 1
Ckl

. (5.10)p4 {Ckl
} �|(A�>X8>

∞
∑

l=0

2σ[1 − (a + b)γµ]ρ

τ · m(kl + 1) + 1
Ckl

< ∞.!j
lim
l→∞

Ckl

τ · m(kl + 1) + 1
=

C∗

τM + 1
= 0.2J? 5.1 A�[�|

θ(zkl+1) ≤ Ckl+1−1 ≤ · · · ≤ Ckl
. (5.11)M (5.11) AI�.�r�H�|

θ(z∗) ≤ 0, (5.12)
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ii) �� inf λk = 0, 	3� {zkp} ⊆ {zkl}, �>

lim
kp→∞

λkp
= 0.�!n;D� λkp

=
λkp

δ �T0I� (4.7) M*℄5A kp, i.e.

θ(zkp + λkp
∆zkp) ≥{1 − 2σ[1 − (a + b)γµ]λkp

}Ckp

≥{1 − 2σ[1 − (a + b)γµ]λkp
}θ(zkp). (5.13)p0

θ(zkp + λkp
∆zkp) − θ(zkp)

λkp

≥ −2σ[1 − (a + b)γµ]θ(zkp). (5.14){q? 5.2, | µ∗ ≥ β∗µ > 0. �h3 Ψ(z) � z∗ �FY82A�M (5.14 AI�.�r�H�|
−2σ[1 − (a + b)γµ]θ(z∗) ≤2k(µ∗)k′(µ∗)∆µ∗ − 2Ψ(z∗)

≤2k(µ∗)[k′(µ∗)β(z∗)µ − k(µ∗)] − 2Ψ(z∗)

≤− 2[1 − (a + b)γµ]θ(z∗).�[ σ ≥ 1, | σ ∈ (0, 1) UP�"D<>X#S�W 1 A&IU|S1�HU�#!$� Hp A�n�|j�n��0!�HU℄��Al��{U� 3.2, �_><DYAU��q~ 5.1 { (4.1) JnAv~ Hp : R+ × Rn ��n�A�01�zv F ′ �0!
Lipschitz FY�av~�j�n�A�?U 5.3 zv�� 1 | 2 (D� z∗ �{�W 1 $�A?HXM {zk} A2E�l
V ∈ ∂Hp(z

∗) �\goA�	XM {zk} �&IU�H�01�zv F ′ � x∗ A$3�0! Lipschitz FY�	�H�L�S1A�� �[=�~J? 6.5.10 (� [10]).

6 a|_s��d��Æ��>X"zLzDA#��
p = 1.5, δ = 0.5, σ = 0.00005, τ = 0.3, µ = 0.1, γ = min(0.9, 1/(a + b)µ − 0.00001),A a | b h3 k(µ) AZr*SH��zvDYA+�|hdT0. ��W�

‖Hp(z
k)‖ ≤ 10−12 � k ≥ kmax = 100.
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<*A5�	 x0
i 6�A�+�E x0 AD i d℄J	 θ1(x

t) 6�A� θ1(·) �3�AI6E xt /Az��� θ1(x) = ‖H2(0, x)‖2.lg 1[12] � f(x) = Mx + q, A
M =
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7 1 ;) 1 ���$u�V 1 SMND

k(µ) n x0

i
θ1(xt) Iter CPU θ1(xt) Iter CPU

eµ
− 1 200 200 3.207e-13 85 11.203 4.930e-03 101 13.813

µ2 + 2µ 150 i 4.206e-13 85 5.281 4.801e-03 101 6.578
1.5µ

− 1 100 100 9.590e-17 7 0.172 4.487e-03 101 2.563
150 150 4.205e-13 85 5.516 5.049e-03 101 6.484

30µ
− 1 250 i 4.535e-13 78 17.547 4.997e-03 101 26.500

µ ln(1 + µ) 50 0 2.023e-19 30 0.188 3.231e-17 70 0.422
50 1 3.134e-20 13 0.078 5.944e-20 17 0.109
50 i 1.460e-18 13 0.063 4.955e-03 101 0.609
50 50 1.138e-18 13 0.078 4.338e-03 101 0.641
300 300 6.445e-13 77 31.281 4.528e-03 101 42.578

eµ
− 1 + µ 400 400 7.647e-13 77 89.563 4.781e-03 101 105.016

1

2
µ3 + µ2 + 2µ 150 150 4.187e-13 85 5.203 5.049e-03 101 6.4227 2 ;) 2 ���$u�V 1 SMND

k(µ) n x0

i
θ1(xt) Iter CPU θ1(xt) Iter CPU

2µ
− 1 500 0 1.395e-15 29 56.750 6.087e-16 49 111.922

500 1 2.393e-16 18 33.516 2.286e-17 47 100.688

500 500 1.048e-22 20 36.828 8.339e-19 62 141.063

500 i 2.635e-16 20 35.516 1.313e-13 41 96.844

µ2 + 2µ 100 i 5.435e-20 14 0.297 3.822e-20 21 0.469

100 1 2.742e-15 12 0.234 1.022e-14 22 0.469

100 100 4.853e-18 13 0.266 2.604e-19 13 0.297
1

2
µ2 + µ 50 i 8.819e-16 65 0.281 4.338e-03 101 0.609

50 50 8.819e-16 65 0.297 4.338e-03 101 0.594

µ(2µ
− 1) 200 0 5.131e-18 18 2.234 1.783e-13 24 3.531

200 1 2.119e-18 14 1.688 6.898e-16 23 2.719

200 i 5.479e-17 15 1.766 2.748e-18 34 4.703

200 200 2.463e-18 15 2.016 1.385e-17 26 3.391

(µ + 1) ln(µ + 1) 50 1 1.175e-13 12 0.047 4.416e-23 15 0.063

50 i 4.082e-17 11 0.047 4.563e-14 18 0.078
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<*�
M =

(

P + D1 P + D2

−I 0

)

, q = −
(

c − e

0

)

.A e ∈ Rn/2, P = AT A, A ∈ Rn/2×n/2 l 0 < aij < 1. D1 | D2 K�M �l
0 ≤ (D1)ij , (D2)ij ≤ 3.lg 3[13] NCP(F) q\4 n, A F : Rn → Rn Jn4

F2i−1 = 10(x2i − x2
2i−1), F2i = x2i−1(1 − x2i−1), 1 ≤ i ≤ n/2.7 3 ;) 3 ���$u�V 1 SMND

k(µ) n x0

i
θ1(xt) Iter CPU θ1(xt) Iter CPU

3µ
− 1 300 i 1.866e-13 23 2.453 2.093e-13 23 2.547

µ2 + 2µ 150 1 1.850e-24 5 0.047 2.177e-13 7 0.063

30µ
− 1 250 1 2.175e-23 5 0.250 4.739e-18 6 0.328

eµ
− 1 + µ 400 0 2.264e-13 21 5.313 1.982e-13 28 6.906

1

2
µ3 + µ2 + 2µ 150 1 1.873e-24 5 0.047 2.177e-13 5 0.056

400 i 5.047e-13 23 5.767 1.029e-13 22 5.781

(µ + 1) ln(µ + 1) 300 1 1.717e-22 6 0.609 1.595e-22 8 0.723lg 4[13] NCP(F) q\4 n, A F : Rn → Rn Jn4
F2i−1 = ex2i−1 + x2i−1 − 2, F2i = ex2i − 2x2i − 2x2

2i, 1 ≤ i ≤ n/2.7 4 ;) 4 ���$u�V 1 SMND

k(µ) n x0

i
θ1(xt) Iter CPU θ1(xt) Iter CPU

eµ
− 1 200 0 1.298e-15 9 0.266 8.022e-15 11 0.328

1.5µ
− 1 100 i 1.484e-08 101 0.313 1.054e+01 101 0.453

30µ
− 1 250 0 5.441e-16 8 0.438 2.083e-18 12 0.672

1

2
µ2 + µ 150 0 2.562e-13 8 0.078 6.233e-15 11 0.125

eµ
− 1 + µ 400 0 6.808e-18 10 2.297 7.106e-18 12 2.922

3µ
− 1 300 0 3.237e-16 11 1.109 3.047e-18 12 1.250lg 5[10] � f(x) = Mx + q, A

Mii = 4(i − 1) + 1, i = 1, · · · , n,

Mij = Mii + 1, i = 1, · · · , n − 1, j = i + 1, · · · , n,

Mij = Mjj + 1, j = 1, · · · , n − 1, i = j + 1, · · · , n,

q = (−1,−1,−1, · · · ,−1)T .
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k(µ) n x0

i
θ1(xt) Iter CPU θ1(xt) Iter CPU

3µ
− 1 300 1 1.946e-16 9 3.563 1.264e-22 18 7.234

eµ
− 1 200 1 2.500e-16 9 1.219 1.037e-14 17 2.359

30µ
− 1 250 1 1.420e-13 9 2.156 1.292e-24 18 4.391

1.5µ
− 1 100 i 1.112e-16 10 0.219 2.460e-16 10 0.234

µ2 + 2µ 150 1 2.225e-16 9 0.578 8.914e-20 16 1.063
1

2
µ2 + µ 50 1 5.820e-16 9 0.047 1.967e-17 14 0.078

eµ
− 1 + µ 400 1 3.106e-16 9 10.453 9.182e-20 19 21.984

1

2
µ3 + µ2 + 2µ 150 1 2.102e-16 9 0.563 8.914e-20 16 1.141

150 1 2.986e-16 9 0.594 8.914e-20 16 1.094

150 150 4.668e-15 10 0.594 1.124e-24 11 0.625

100 1 9.584e-16 9 0.219 3.029e-13 15 0.359

100 100 1.405e-16 10 0.250 2.460e-15 10 0.203

200 200 9.833e-13 10 1.266 3.411e-24 11 1.266

150 150 5.190e-15 10 0.609 1.124e-24 11 0.641

(µ + 1) ln(µ + 1) 300 1 2.676e-16 9 3.875 1.264e-22 18 8.0162|YA��%v�>XTG�zvM�.A<*Zr9A k(µ), �W 1 55A�}L�S��|I61��
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Abstract In this paper, based on the generalized Fischer-Burmeister function, we propose

non-monotone smoothing Newton method for solving the complementarity problem. Global

and local convergence of our method are established under reasonable conditions. The

preliminary numerical results are also reported.
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