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1 
�v}TsE{�� nVf��A x ∈ Rn, v`
x ≥ 0, Mx + q ≥ 0, xT (Mx + q) = 0, (1)	SM ∈ Rn×n, q ∈ Rn,nV (1)[((f LCP (M, q). /2{�� nV��Ax.$>nV�H%�7[R�nVF
WnVS1[�_E'-�{�� nVAE�R�q&Bz'�A!ElM�"!\^�E� nVE�AM℄F<Ak�CE�_V5�{�� nVE_t�M℄�JBAk)`ZB�M℄&'ay�_t'-4[BayE�J,�}=fE [1−14],	S_)^M℄��U℄��I℄FM℄E�J,�,efk��{�� nVZ�f
��a.�b-
���U℄FM℄�A{�� nV��HBA�_'-�Z��Aa℄E��F~3[�� �D�{�� nVZ�f�s4	F-Ea.nV�EXBA� nVEA��Z��.SFischer-Burmeister�D [1,15]�j 2017 � 4 ; 10 �8��2018 � 1 ; 10 �8��mp�

∗ �)^�U��C (11671220) Æ!N)^�U��C (ZR2016AM29).



404 % * � � � � 41PBA�_E'-� Fischer-Burmeister �DEM f φ(a, b) =
√

a2 + b2 − a − b, a, b ∈ R.b- Fischer-Burmeister�D�AnV (1) F-2 φFB(x) = 0, 	S φFB : Rn → Rn M f
φFB(x) =







φ(x1, (Mx + q)1)
...

φ(xn, (Mx + q)n)






./ [16] I φFB(x) �G�y"3}=�PE�!��1�E0# xT (Mx + q) EM�

[17,18] N1b-� E Fischer-Burmeister �D�w��wn�E'M� nV��Æv1kv6^M℄��kEO�J�f�Xh Fischer-Burmeister �DE"?DM'M�I��2� Fischer-Burmeister�D�� [16–18]E�2"&'w� E� Z��D φn : Rn → R2n,

φn(x) =

(

λφp(xi, (Mx + q)i), i = 1, · · · , n
(1 − λ)φ+(xi, (Mx + q)i), i = 1, · · · , n

)

, (2)	S φp = ‖(a, b)‖p − (a + b) = p
√

|a|p + |b|p − (a + b), λ ∈ (0, 1), p ∈ (1, +∞), φ+(a, b) =

a+b+, a+ = max{0, a}, A�AnV (1), Z�f�A φn(x) = 0. o`��A�2�
φn(x) = 0 E
��a.nV3�^,eV�E.�nV [19−31], 4^nVE�J�M℄&'�_tesFtsayPBAk)`EZB�	S Levenberg-Marquardta℄/2	4-^
�_�'M>y/;BA�_E'-��x1��EDMlM� [25,26].\.�fXh
��nV'MEi=��T
��nVE��FG'M�BA�_E'-�b-��.�M℄T
��.�nV&'k�W1�E���SR^M℄FM℄�� [27–29]. �kEO�JYf�T� Fischer-Burmeister �DZ�nV (1), v1
�� Levenberg-Marquardt �M℄�\.Tsb-����DFG (2), b-���
Levenberg-Marquardt�M℄�A�OWE�DM f�

(I) M (2) E-M�Df
Ψ(x) =

1

2
‖φn(x)‖2. (3)

(II) M (2) E���Df
φn(x, µ) =

(

λφµ
p (xi, (Mx + q)i), i = 1, · · · , n,

(1 − λ)φµ
+(xi, (Mx + q)i), i = 1, · · · , n

)

, (4)	S φµ
p (a, b) = (|a|p + |b|p + µ)

1
p − (a + b), φ

µ
+(a, b) =

a+
√

a2+µ

2 · b+
√

b2+µ

2 , �2 (4) E-M�DM f
Ψ̃(x, µ) =

1

2
‖φn(x, µ)‖2. (5)�kE>y�v�H 2 #ev1}}E6�I/�	S�Z����D�����D�"M℄S$"ESR'M�H 3#e>�Z�Ea.4���E.�nV�v1�A{�� nVEiU Levenberg-Marquardt�M℄�eskM℄E9h��H 4 #eb�
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��mUC Levenberg-Marquardt �K[ 405>�M℄�OWMdSE'-��}kM℄E1���b�>�M℄es�v1k�kE_>�
2 Æq�d���#ev14M℄_tes}}E6�I/�OWW1 [16–18,20,30].� G : Rn → Rm fL#`�t\�D� G′(x) f G E�W�ME�A�D G � x3E B- 5beM f

∂BG(x) =
{

V ∈ Rm×n| ∃{xk} ⊆ DG : {xk} → x, G′(xk) → V
}

,	S DG 3WbI!��D G E Clarke � �W�M f
∂G(x) = conv {V ∈ Rm×n| ∃{xk} ⊆ DG : {xk} → x, G′(xk) → V }.�D G � x 3E C- 5beM f

∂CG(x)T = ∂G1(x) × · · · × ∂Gm(x).�T ∀h ∈ Rn,  y
lim

V ∈∂G(x+th′),h′→h,t→0+
V h′6��A+ G � x 33����k� 2.1 �ME M ∈ Rn×n v`

(a) M E��X℄2
j�A+ M 3 P0 ME�
(b) M E��X℄2fG�A+ M 3 P ME�k� 2.2 � G′(x∗)αα 

"��Æ G′(x∗)ββ − G′(x∗)βαG′(x∗)−1

ααG′(x∗)αβ 3 P ME�A+ x∗ 3nV (1) E R- GAA�	S α = {i|x∗
i > 0, Gi(x

∗) = 0}, β = {i|x∗
i =

0, Gi(x
∗) = 0}.k� 2.3 � Ψ : Rn → Rn 3L#`�t\�D� Ψ̃ : Rn × R+ → R, � Ψ̃(·, µ) �

Rn "T ∀µ > 0 3f�WbE�AT ∀x ∈ Rn, 1
lim
µ→0

Ψ̃(x, µ) = Ψ(x),e�A+ Ψ̃ 3 Ψ E���D�o`��T ∀xk ∈ Rn 1
lim

xk→x,µ→0
∇Ψ̃(xk, µ) ∈ ∂Ψ(x),A+ Ψ v`SR�Q��{� 2.1 φP �I (a, b) 3E� SRM f

∂φ(a, b) = (ga, gb) =







(sgn (a)|a|p−1

‖(a, b)‖p−1
p

− 1,
sgn (b)|b|p−1

‖(a, b)‖p−1
p

− 1
)

, (a, b) 6= (0, 0),

(ς − 1, ζ − 1), (a, b) = (0, 0),



406 % * � � � � 41P	S ‖(ς, ζ)‖p ≤ 1. φ+ �I (a, b) 3E� SRM f
∂φ+(a, b) = {(b+∂a+, a+∂b+)},	S

∂z+ =















1, z > 0

[0, 1], z = 0

0, z < 0.{� 2.2 φµ
p �I (a, b) 3E� SRM f

∂µ
p φ(a, b) =(gµ

a , g
µ
b )

=







( sgn (a)|a|p−1

(|a|p + |b|p + µ)
p−1

p

− 1,
sgn (b)|b|p−1

(|a|p + |b|p + µ)
p−1

p

− 1
)

, (a, b) 6= (0, 0)

(ς − 1, ζ − 1), (a, b) = (0, 0),	S ‖(ς, ζ)‖p ≤ 1. φ
µ
+ �I (a, b) 3E� SRM f

∂φ
µ
+(a, b) =

{(b +
√

b2 + µ

4

(

1 +
a

√

a2 + µ

)

,
a +

√

a2 + µ

4

(

1 +
a

√

b2 + µ

))}

.{� 2.3[30] & G 3L#`�t\�D�Æ� x 33����E�� G � x E��m5�a�W?�A
lim

h→0, H∈∂G(H+h)

‖G(x + h) − G(x) − Hh‖
‖h‖2

< ∞.{� 2.4 & x∗ 3 (4)E R-GAA�A�� V ∈ ∂φn(x)

"�Æ6� α > 0, β > 0,0BT2O1 x∗ ∈ Rn, |x − x∗| ≤ α, H ∈ ∂φn(x), 1
‖(HT H)−1‖ ≤ β.

3 Levenberg-Marquardt��l�#ev1�AnV (1)E
�� Levenberg-Marquardt�M℄���� Levenberg-

Marquardt �M℄��Æ��ÆEY3vv19h�es�:w�v1
�� Levenberg-Marquardt�M℄�9h�es�	S-M�DM f
min Ψ(x) =

1

2
‖φn(x)‖2.�n 3.1 
�� Levenberg-Marquardt�M℄ (NLM).g 0 p β ∈ (0, 1), σ ∈

(

0, 1
2

)

, ε ≥ 0, x0 ∈ Rn, k = 0.g 1 � ‖∇Ψ(xk)‖ ≤ ε. AM℄TO�gAZ" 2.
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��mUC Levenberg-Marquardt �K[ 407g 2 �� Hk ∈ ∂Cφn(xk), νk = ‖∇Ψ(xk)‖ > 0, �A dk v`
(HT

k Hk + νkI)d = −∇Ψ(xk). (6)g 3 'M tk = max {βl | l = 0, 1, 2, · · ·} v`
Ψ(xk + tkdk) ≤ Ψ(xk) + σtk∇Ψ(xk)T dk.p xk+1 = xk + tkdk, Z" 1.�y 3.1 M℄ 3.1 W	�( / νk = ‖∇Ψ(xk)‖ > 0, W�B1a. (6) 1A�#"W 2 W	��"W 3 S�

Ψ(xk + tkdk) � xk 3E�: Taylor B2f
Ψ(xk + tkdk) = Ψ(xk) + tk∇Ψ(xk)T dk + o(tk),5"2:�"W 3 B

Ψ(xk) + tk∇Ψ(xk)T dk ≤ Ψ(xk) + σtk∇Ψ(xk)T dk,/ σ ∈
(

0, 1
2

)

, tk = max
{

βl | l = 0, 1, 2, · · ·
}

, B
∇Ψ(xk)T dk ≤ 0,# dk 3v6a��O�"W 3 3W	E�$_,e�H��ky 3.1 /M℄ 3.1 '(EÆl xk E��NIP3 Ψ ElMI�( ,& ∇Ψ(x∗) 6= 0,pÆl {xk}9hA x∗,�Æ℄l {xk}K 9hA x∗,/ {Ψ(xk)}E;Jv6�� {Ψ(xk)}K 9hA Ψ(x∗), B {Ψ(xk)} 9hA Ψ(x∗), A

lim
k→∞

Ψ(xk+1) − Ψ(xk) = 0./M℄ 3.1 � dk 3v6a��WI
Ψ(xk+1) − Ψ(xk) ≤ σtk∇Ψ(xk)T dk ≤ 0./"?!F2�B

tk∇Ψ(xk)T dk −→ 0. (7)/ (6), WI
tk∇Ψ(xk)T dk = −tk∇Ψ(xk)T (HT

k Hk + νkI)−1∇Ψ(xk). (8)/ C- 5beE"�f��I�Æl {Hk}K 1B�oxBA {Hk}K → H∗, 	S H∗ ∈
∂Cφ(x∗). / ∇Ψ(x)Ef��WB {∇Ψ(xk)}K → ∇Ψ(x∗). [�"?Qt�BHT

k Hk +νkI� K "9hAT+GMME H∗T H∗ + ν∗I. / (7) � (8), WI
{tk}K → 0.



408 % * � � � � 41Pp lk 3d�v` tk = βlk END�	S k ∈ N , A βlk−1 !v`M℄ 3.1 SE{HI�#4�T ∀ k ∈ K, 1
Ψ(xk + βlk−1dk) − Ψ(xk)

βlk−1
> σ∇Ψ(xk)T dk. (9)/ (6) B {dk}K → d∗, 	S d∗ v` (H∗T H∗ + ν∗I)d = −∇Ψ(x∗). / {dk}K → d∗,

{xk}K → x∗, {tk}K → 0 � (9), B
∇Ψ(x∗)T d∗ ≥ σ∇Ψ(x∗)T d∗./2 σ ∈

(

0, 1
2

)

, O� ∇Ψ(x∗)T d∗ ≥ 0, o�ay�/
∇Ψ(x∗)T d∗ = −∇Ψ(x∗)T (H∗T H∗ + ν∗I)−1∇Ψ(x∗) < 0.wV�{,&!,e�O� x∗ 3 Ψ ElMI�H���vv1M℄ 3.1 9hJREes>��ky 3.2 & {xk} 3/M℄ 3.1 '(EÆl�� x∗ 3 {xk} ENI��Æ3 R- GAA�Avy>t,e

(a) � {νk} 1B�A {xk} 9hA x∗.

(b) � νk → 0, A9hJRf Q *{��( 4M_H}4 [30] SEM℄9hM_H}^G��4!>v1OWEH}�.�H��� 3.1 R- GAA4 x∗ 1}��vv1��� Levenberg-Marquardt�M℄�	S��-M�DM f
min Ψ̃(x, µ) =

1

2
‖φn(x, µ)‖2.�n 3.2 ��� Levenberg-Marquardt�M℄ (SLM).g 0 p α, β ∈ (0, 1), σ ∈

(

0, 1
2

)

, µ ∈ (0, 1), γ > 0, ε ≥ 0, x0 ∈ Rn, k = 0.g 1 � ‖∇xΨ̃(xk, µk)‖ ≤ ε, AM℄TO�gAZ" 2.g 2 �� Hk ∈ ∂xφn(xk, µk), νk = ‖∇xΨ̃(xk, µk)‖ > 0, �A dk v`
(HT

k Hk + νkI)d = −∇xΨ̃(xk, µk).g 3 'M tk = max {βl | l = 0, 1, 2, · · ·} v`
Ψ̃(xk + tkdk, µk) ≤ Ψ̃(xk, µk) + σtk∇xΨ̃(xk, µk)T dk.p xk+1 = xk + tkdk.g 4 � ‖∇xΨ̃(xk, µk)‖ ≥ γµk, A µk+1 = µk; gA µk+1 = αµk, Z" 1.ky 3.3 � Ψ v`SR�Q��A/M℄ 3.2 '(ÆlE��NIP3 Clarke lMI�
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��mUC Levenberg-Marquardt �K[ 409( M K = {k | µk+1 = σµk}, � K 1y�A6�FD k̄, T ∀ k > k̄ 1
||∇xΨ̃(xk+1, µk)|| ≥ γµk. (10)( µk := µ̄, /2 Ψ̃(·, µ̄) f���D�[�M℄ 3.2 �A min Ψ̃(x, µ̄), A

lim inf
k→∞

||∇xΨ̃(xk+1, µ̄)|| = 0."24 (10) wV�A K py��Æ lim
k→∞

µk = 0. / K S1p�Ws7I�,& K =

{k0, k1, · · ·}, 	S k0 < k1 < · · ·, B
lim

i→∞
||∇xΨ̃(xki+1, µki

)|| ≤ γ lim
i→∞

µki
= 0.p x̄ 3 {xki+1} ENI�/SR�Q�WB 0 ∈ ∂Ψ(x̄), #4 x̄ 3 ClarkelMI�H��

4 ��~��#e>�kS��EMd�v1M℄ 3.1�M℄ 3.2EDM>��	S�Zk FB� �D4 min �DE�Y�OWEDM>��� 1–12 Sv1�\.v1= φn(x) -
FB �D�# [30] SM℄�" min �DM .OvE Levenberg-Marquardt�M℄E}}DM�9� φFB E-M�DM f

Ψ(x) =
1

2
‖φFB(x)‖2,

φmin E-M�DM f
Ψ(x) =

1

2
‖φmin(x)‖2,	S

φFB(a, b) = ‖(a, b)‖ − (a + b), φmin(a, b) =
a + b

2
− |a + b|

2
.O1'M.Æ:u�MATLAB R 2013a�Iv<	��M℄ 3.1S$D β = 0.5, σ = 0.3,�M℄ 3.2 S$D α = 0.5, β = 0.5, σ = 0.3, γ = 0.5. ZO�Af ‖∇Ψ(xk)‖ ≤ 10−6 �C kmax = 10000.�DM>��rS� DIM f%6nVEgD� SP f/1I x0, IN fK:5D�

FV f Ψ(x) = 1
2‖φ(x)‖2 EM� TI f'M..�;hfz�vyv1}}E%6nV�%6nV\82 [32–34].z 4.1 (Murty Problem) MEf P ME�M f

M =



















1 2 2 · · · 2

0 1 2 · · · 2

0 0 1 · · · 2
...

...
...

. . .
...

0 0 0 · · · 1



















, q =









−1
...

−1









.



410 % * � � � � 41PlnVEAf x∗ = (1, 0, 1, 0)T , lnV� [32,33]S�%6���%6S��� x0 =

(1, · · · , 1)T 
f/1I� µ0 = 0.0001, λ = 0.999. M℄ 3.1 �M℄ 3.2 %6lnVEDM>�1� 1, \.M℄ 3.1 �M℄ 3.2 %6k- φFB � φmin Z�lnV�e�M f
M1(FB), M1(min), M2(FB), M2(min), DM>�1� 2 �� 3.e 1 L\ 3.1 
L\ 3.2 ��
 4.1 DBL=�L\ 3.1 L\ 3.2

DIM p FV IN TI FV IN TI

200 2 2.8205e − 19 21 2.2069 4.8852e − 12 29 1.3712

200 3 2.8425e − 19 21 1.1164 9.7702e − 12 28 1.6767

200 4 2.7589e − 19 21 1.4402 9.7691e − 12 28 1.9034

200 5 2.7440e − 19 21 1.2005 9.7684e − 12 28 1.8926

200 6 2.7404e − 19 21 1.1992 1.9538e − 11 27 1.8166

400 2 2.6984e − 15 27 3.9127 9.7707e − 12 36 6.7482

400 3 2.4396e − 15 27 6.2740 9.7690e − 12 36 9.1647

400 4 2.3694e − 15 27 6.6079 1.9539e − 11 35 10.0002

400 5 2.3520e − 15 27 6.5420 1.9537e − 11 35 10.0519

400 6 2.3460e − 15 27 6.6943 1.9536e − 11 35 9.9637

600 2 2.5154e − 16 32 11.0390 7.3269e − 12 42 18.6055

600 3 2.1754e − 16 32 15.6973 1.4654e − 11 41 24.0588

600 4 2.0961e − 16 32 18.6261 1.4653e − 11 41 26.9884

600 5 2.0747e − 16 32 17.9435 2.9307e − 11 40 26.3410

600 6 2.0666e − 16 32 18.0390 2.9305e − 11 40 26.4140

800 2 1.0464e − 14 36 23.5568 9.7694e − 12 46 38.3408

800 3 9.0546e − 15 36 32.4932 1.9539e − 11 45 48.8387

800 4 8.7107e − 15 36 37.6202 1.9537e − 11 45 54.1456

800 5 8.6193e − 15 36 37.1755 1.9536e − 11 45 53.8584

800 6 8.5820e − 15 36 37.1800 3.9075e − 11 44 52.7430

1000 2 5.0089e − 18 40 42.2822 1.2212e − 11 49 64.5230

1000 3 4.2573e − 18 40 61.9488 1.2210e − 11 50 85.7825

1000 4 4.0177e − 18 40 66.4500 2.4422e − 11 49 93.8128

1000 5 3.9626e − 18 40 66.3485 2.4420e − 11 49 95.6661

1000 6 3.9374e − 18 40 65.6294 2.4419e − 11 49 93.6879

1500 2 2.2423e − 19 48 156.9537 1.8319e − 11 58 185.4212

1500 3 2.1029e − 19 48 168.3035 1.8316e − 11 58 238.1634

1500 4 1.8208e − 19 48 191.8120 3.6635e − 11 57 258.2551

1500 5 1.8034e − 19 48 198.8395 3.6632e − 11 57 259.4027

1500 6 1.7824e − 19 48 189.7050 3.6630e − 11 57 258.8596
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M =

























4 − 1

−1 4 − 1

− 1 4 − 1

. . .
. . .

− 1

− 1 4

























, q =















−1

−1
...

−1















.

e 2 < φn(x) , FB 
BL�-L\ 3.1 
L\ 3.2 ��
 4.1 DBL=�
M1(FB) M2(FB)

DIM FV IN TI FV IN TI

200 5.2075e − 20 21 0.6607 2.3215e − 27 29 1.2191

400 1.8827e − 17 27 3.8511 4.8977e − 27 36 6.8085

600 2.8670e − 21 32 11.0143 4.8939e − 28 41 18.1882

800 3.2034e − 22 36 23.0111 6.9767e − 28 45 36.6511

1000 1.5568e − 16 39 40.4639 9.5235e − 28 49 64.2524

1500 1.5600e − 13 46 119.3515 1.9193e − 27 56 179.9073e 3 < φn(x) , min 
BL�-L\ 3.1 
L\ 3.2 ��
 4.1 DBL=�
M1(min) M2(min)

DIM FV IN TI FV IN TI

200 5.4112e − 20 21 0.2613 1.8920e − 30 28 0.5955

400 1.8272e − 17 27 1.6844 1.6301e − 29 35 3.5198

600 2.7451e − 21 32 4.9580 4.5914e − 30 40 9.5530

800 3.0451e − 22 36 11.1501 1.1531e − 29 44 19.8052

1000 1.4839e − 16 39 20.3113 1.6556e − 29 48 35.5948

1500 1.4939e − 13 46 62.2097 1.6969e − 28 55 101.3127�%6S��� x0 = (1, 1, · · · , 1)T 
f/1I� µ0 = 0.001, λ = 0.999. M℄ 3.1 �M℄ 3.2 %6lnVEDM>�1� 4, \.M℄ 3.1 �M℄ 3.2 %6k- φFB � φminZ�lnV�e�M f M1(FB), M1(min), M2(FB), M2(min), DM>�1� 5 �� 6.



412 % * � � � � 41Pe 4 L\ 3.1 
L\ 3.2 ��
 4.2 DBL=�L\ 3.1 L\ 3.2

DIM p FV IN TI FV IN TI

200 2 2.0893e − 23 13 0.1787 3.0331e − 13 23 0.7253

200 3 5.6207e − 19 13 0.1817 3.0336e − 13 24 0.5640

200 4 1.5654e − 17 13 0.2496 1.5168e − 13 25 0.6341

200 5 1.6882e − 16 13 0.2388 7.5849e − 14 26 0.6202

200 6 1.1323e − 15 13 0.1882 3.7930e − 14 27 0.4439

400 2 1.9419e − 19 16 1.4237 6.0862e − 13 27 2.3794

400 3 5.5011e − 16 16 1.4013 3.0430e − 13 28 2.5227

400 4 7.7188e − 15 16 1.3765 1.5216e − 13 29 2.6195

400 5 4.1181e − 14 16 1.3241 1.5220e − 13 29 2.7242

400 6 1.4050e − 26 17 1.4429 7.6108e − 14 30 2.5814

600 2 2.4122e − 14 18 5.4143 4.5691e − 13 30 8.6113

600 3 2.2340e − 23 19 5.6752 4.5696e − 13 30 8.9487

600 4 1.1778e − 21 19 5.7393 2.2848e − 13 31 9.0588

600 5 1.3441e − 20 19 5.7765 1.1425e − 13 32 9.1475

600 6 5.8397e − 20 19 5.7125 1.1429e − 13 32 9.3419

800 2 5.4146e − 14 20 13.7725 6.0954e − 13 32 24.9305

800 3 6.8958e − 23 21 14.2349 6.0961e − 13 32 29.8777

800 4 2.8842e − 21 21 14.6059 3.0481e − 13 33 26.6657

800 5 2.7763e − 20 21 14.5268 1.5241e − 13 34 26.1250

800 6 1.4098e − 19 21 14.4775 7.6214e − 14 36 27.2295

1000 2 3.0474e − 16 22 27.0634 7.6218e − 13 34 54.1095

1000 3 1.1855e − 26 23 29.1588 3.8108e − 13 35 56.0605

1000 4 8.4941e − 25 23 27.8897 3.8114e − 13 35 56.7077

1000 5 8.0953e − 24 23 29.7485 1.9058e − 13 36 57.4689

1000 6 3.6017e − 23 23 29.1614 9.5299e − 14 37 59.8069

2000 2 1.8144e − 17 29 256.9818 7.6261e − 13 42 618.8961

2000 3 1.1703e − 14 29 237.0736 7.6266e − 13 42 669.1412

2000 4 1.1099e − 13 29 239.5567 3.8134e − 13 43 662.5792

2000 5 7.8650e − 26 30 283.2265 3.8141e − 13 43 686.4987

2000 6 4.1695e − 25 30 288.2317 1.9072e − 13 44 669.4368

4000 2 7.9970e − 23 39 315.7601 1.5257e − 12 51 924.9305

4000 3 3.1971e − 19 39 321.6985 7.6285e − 13 53 926.6657

4000 4 5.6959e − 18 39 417.2567 7.6293e − 13 53 927.2297

4000 5 2.7199e − 17 39 409.5567 3.8148e − 13 54 956.9877

4000 6 7.5917e − 17 39 481.2319 1.9075e − 13 55 959.8069

6000 2 1.6713e − 18 46 614.7725 2.2888e − 12 59 1326.1567

6000 3 1.2286e − 15 46 627.0975 1.1444e − 12 60 1457.4689

6000 4 1.2209e − 14 46 729.1588 1.1445e − 12 60 1409.3419

6000 5 4.1705e − 14 46 729.1614 5.7228e − 13 61 1524.9305

6000 6 9.1771e − 14 46 783.2265 2.8616e − 13 62 1557.0605
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BL�-L\ 3.1 
L\ 3.2 ��
 4.2 DBL=�
M1(FB) M2(FB)

DIM FV IN TI FV IN TI

200 2.0933e − 23 13 0.1766 1.4902e − 27 26 0.5126

400 1.9456e − 19 16 1.3400 1.4616e − 28 30 2.3479

600 2.4169e − 14 18 5.4152 2.0501e − 28 33 8.7948

800 5.4252e − 14 20 13.5833 5.8967e − 28 35 24.7136

1000 3.0533e − 16 22 26.4100 3.2773e − 28 36 56.6716

2000 1.8179e − 17 29 257.0063 1.1058e − 28 44 612.9539

4000 8.0130e − 23 39 405.6675 2.2146e − 28 54 959.8069

6000 1.6745e − 18 46 729.1588 1.0847e − 30 62 1457.4667e 6 < φn(x) , min 
BL�-L\ 3.1 
L\ 3.2 ��
 4.2 DBL=�
M1(min) M2(min)

DIM FV IN TI FV IN TI

200 2.1482e − 23 21 0.0961 1.2202e − 27 25 0.2084

400 1.2351e − 16 27 0.7527 1.0833e − 28 29 1.5342

600 3.5358e − 18 32 2.8388 1.6022e − 28 32 5.7635

800 2.0446e − 20 36 8.5427 2.1145e − 28 34 18.7948

1000 1.4382e − 22 39 17.6531 2.6364e − 28 35 41.8222

2000 2.5586e − 29 46 183.8978 5.4716e − 30 43 516.9205

4000 2.2155e − 39 39 315.7656 8.7826e − 30 53 924.9305

6000 1.0566e − 46 46 614.7765 1.0593e − 30 61 1326.1250z 4.3[34] MEf M ME�M f
M =

























1

n
0 0 · · · 0

0
2

n
0 · · · 0

0 0
3

n
· · · 0

...
...

...
. . .

...

0 0 0 · · · 1

























, q =









−1
...

−1









.

DsnVEAf x∗ =
(

n, n
2 , · · · , 1

)T
. �%6S��� x0 = (1, · · · , 1)T 
f/1I��M℄ 3.1 S λ = 0.999, �M℄ 3.2 S µ = 0.0001, λ = 1, M℄ 3.1 �M℄ 3.2 %6lnVEDM>�1� 7, \.M℄ 3.1 �M℄ 3.2 %6k- φFB � φmin Z�lnV�e�M f M1(FB), M1(min), M2(FB), M2(min), DM>�1� 8 �� 9.



414 % * � � � � 41Pe 7 L\ 3.1 
L\ 3.2 ��
 4.3 DBL=�L\ 3.1 L\ 3.2

DIM p FV IN TI FV IN TI

100 2 2.7667e − 10 170 0.7479 4.3115e − 26 175 1.0005

100 4 9.9947e − 10 176 0.8874 2.9089e − 30 180 1.1655

100 6 2.0360e − 10 178 0.0293 1.2055e − 29 181 1.1656

100 8 2.7826e − 11 179 0.9715 1.0287e − 28 181 1.2039

200 2 4.6321e − 10 346 3.9557 5.3444e − 27 350 4.3674

200 4 4.9548e − 09 358 4.0317 2.8643e − 19 360 4.7731

200 6 8.9756e − 09 361 4.5572 4.2552e − 28 364 5.7487

200 8 9.7249e − 11 363 4.0472 7.5438e − 16 364 5.1952

400 2 1.6130e − 08 705 32.3751 9.4117e − 25 708 35.7996

400 4 1.8296e − 09 729 34.0647 3.3431e − 19 731 37.8682

400 6 3.9876e − 09 734 35.1084 4.7551e − 12 735 39.2656

400 8 6.0199e − 09 736 35.8506 6.0283e − 09 736 38.4199

600 2 8.8205e − 08 1069 120.2289 1.5255e − 27 1073 132.6535

600 4 2.5178e − 08 1103 124.7588 3.5519e − 10 1104 134.6483

600 6 1.4365e − 08 1110 124.4162 1.4383e − 08 1110 136.4583

600 8 1.0674e − 07 1112 126.9356 5.0434e − 09 1113 134.6283

800 2 1.8041e − 07 1436 324.9427 1.4778e − 13 1439 332.8270

800 4 1.2769e − 07 1479 331.9708 1.0606e − 08 1480 341.7942

800 6 2.1178e − 07 1487 338.1886 5.7100e − 10 1489 350.3428

800 8 3.1901e − 07 1490 351.2959 4.8621e − 08 1491 345.6880

1000 2 2.6684e − 07 1805 668.4844 1.2177e − 11 1808 670.0066

1000 3 1.3020e − 07 1857 663.7329 3.2264e − 10 1859 700.0671

1000 4 3.1645e − 07 1866 652.8328 3.1696e − 07 1866 711.1702

1000 6 2.2335e − 07 1870 666.1581 3.5940e − 08 1871 674.3368e 8 < φn(x) , FB 
BL�-L\ 3.1 
L\ 3.2 ��
 4.3 DBL=�
M1(FB) M2(FB)

DIM FV IN TI FV IN TI

100 2.7723e − 23 170 0.8313 4.3142e − 26 175 1.0004

200 4.6414e − 19 364 4.1886 5.4454e − 27 350 4.3674

400 1.6162e − 14 705 35.3220 8.6514e − 25 708 35.7995

600 8.8381e − 14 1069 125.4957 1.5255e − 27 1073 132.6535

800 1.8078e − 16 1436 338.9718 1.4778e − 13 1439 332.8270

1000 2.6737e − 17 1805 688.7058 1.2177e − 11 1808 670.0062
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BL�-L\ 3.1 
L\ 3.2 ��
 4.3 DBL=�
M1(min) M2(min)

DIM FV IN TI FV IN TI

100 1.3600e − 12 181 0.4769 3.6232e − 29 184 0.5743

200 1.3976e − 08 365 2.3473 1.4942e − 28 369 2.9496

400 2.4367e − 08 740 21.3814 7.4674e − 15 742 24.0315

600 3.6699e − 08 1118 84.7122 3.1914e − 13 1120 85.2512

800 1.7758e − 07 1497 223.8941 3.0517e − 10 1499 233.8619

1000 4.6822e − 07 1877 483.5934 1.8882e − 10 1880 485.9840e 10 L\ 3.1 
L\ 3.2 ��
 4.4 DBL=�L\ 3.1 L\ 3.2

DIM p FV IN TI FV IN TI

200 2 2.1382e − 15 76 2.8556 4.7838e − 05 10000 897.5539

200 4 1.2430e − 15 76 4.9076 5.1697e − 05 10000 1220.9461

200 6 1.3659e − 13 76 4.8904 6.6490e − 07 115 9.4934

200 8 1.0581e − 15 77 4.9480 9.0482e − 07 126 10.0207

400 2 9.9057e − 13 97 15.7483 3.0056e − 04 173 37.7212

400 4 8.6044e − 14 98 25.5918 5.8040e − 07 156 49.5305

400 6 4.9444e − 15 100 26.0584 5.1359e − 07 179 56.8116

400 8 2.8667e − 14 100 26.0811 1.5798e − 06 163 51.6370

600 2 3.8241e − 15 113 47.9949 3.3268e − 07 224 111.2044

600 4 1.1779e − 12 114 67.8284 7.1666e − 07 237 168.3005

600 6 1.7452e − 13 114 67.7657 3.0980e − 06 247 178.8923

600 8 1.3703e − 12 114 67.5797 4.7937e − 06 229 162.2432

800 2 6.6580e − 15 129 89.9689 3.3886e − 07 322 292.5678

800 4 2.0040e − 15 128 141.0305 8.5292e − 07 357 453.7316

800 6 1.3517e − 14 127 137.3359 3.9088e − 06 265 340.1316

800 8 5.1967e − 13 129 138.0284 2.9298e − 06 292 372.3228

1000 2 8.2192e − 13 136 151.5408 3.4503e − 07 387 554.5820

1000 4 5.7628e − 14 138 236.1426 2.1394e − 06 263 530.5368

1000 6 1.3346e − 13 138 237.9123 2.2366e − 06 320 642.3367

1000 8 1.3408e − 13 139 236.9402 1.6872e − 06 337 683.2777

2000 2 2.0139e − 13 169 903.0661 7.1039e − 07 580 3783.1636

2000 4 2.8693e − 13 171 1305.6566 3.7597e − 06 899 7951.4485

2000 6 3.1491e − 13 173 1325.5262 9.2723e − 06 1101 6791.2894

2000 8 7.2737e − 13 178 1366.1629 1.5098e − 05 1011 6071.3644



416 % * � � � � 41Pz 4.4 (Fathi Problem) ME M fGMME�M f
[M ]ii = 4(i − 1) + 1, i = 1, · · · , n;

[M ]ij = [M ]ii + 1, i = 1, · · · , n − 1, j = i + 1, · · · , n;

[M ]ij = [M ]jj + 1, j = 1, · · · , n − 1, i = j + 1, · · · , n;

q = (−1,−1, · · · ,−1)T .DsnVEAf x∗ = (1, 0, · · · , 0)T , lnV� [33,34] S�%6���%6S���
x0 = (1, 1, · · · , 1)T 
f/1I� µ0 = 0.00001, λ = 0.5. M℄ 3.1 �M℄ 3.2 %6lnVEDM>�1� 10, \.M℄ 3.1 �M℄ 3.2 %6k- φFB � φmin Z�lnV�e�M f M1(FB), M1(min), M2(FB), M2(min), DM>�1� 11 �� 12.e 11 < φn(x) , FB 
BL�-L\ 3.1 
L\ 3.2 ��
 4.4 DBL=�

M1(FB) M2(FB)

DIM FV IN TI FV IN TI

200 4.0173e − 16 27 1.3923 4.7885e − 04 10000 500.1634

400 4.4164e − 15 38 5.6161 3.0592e − 04 10000 1889.7653

600 1.6996e − 13 40 11.8816 2.0360e − 04 10000 4356.5727

800 2.8576e − 13 48 30.6562 1.5447e − 04 10000 7803.0862

1000 1.0157e − 09 50 42.2213 1.2400e − 04 10000 11820.3365

2000 1.9628e − 09 64 275.6994 1.0407e − 04 10000 10058.1653e 12 < φn(x) , min 
BL�-L\ 3.1 
L\ 3.2 ��
 4.4 DBL=�
M1(min) M2(min)

DIM FV IN TI FV IN TI

200 1.1571e − 10 26 1.6738 5.7669e − 04 10000 321.5739

400 2.4637e − 11 35 4.0005 2.9491e − 04 10000 1229.1188

600 4.7081e − 11 37 5.1185 1.8073e − 04 10000 2783.8688

800 4.0444e − 11 45 11.6807 1.5446e − 04 10000 5324.6480

1000 2.5117e − 11 48 18.0385 1.2405e − 04 10000 7881.8423

2000 1.1954e − 11 62 112.5448 1.7046e − 04 10000 9821.8673� 4.1 � (2) S� FB �D3 φn(x) E�UR=�2�# λ = 1, p = 2.

5 �t
Levenberg-Marquardt M℄W�1�EXh�U℄���U℄F�U^M℄S�D�W�ME
"9\EDM'M!lMEnV��Æ Levenberg-MarquardtM℄W�1�E�A8�~EDM.�nV��^'��H%~_V�Fay1�_E'-��kS>�T4^.�nV�Jx
EEB�ox�2� � �D φn, T1kiU�A
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Abstract In this paper, we consider the method for solving linear complementarity prob-

lems. By a kind of generalized complementarity function, we transform the linear com-

plementarity problems into the nonlinear equations and use the Levenberg-Marquardt type

methods to solve it. Under mild conditions, we give the convergence analysis of the given

methods. Finally, the numerical results indicate the efficiency of the given methods.
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