
P 4 � S A �
2019, 40(1):43–54

DOI: 10.16205/j.cnki.cama.2019.0005G2WZ/�PJ&R
E`1d)C∗stq1 pro1I\ sRY��,	��e, 
*C(A�bNP�hJ=�', �R D-*�~PJFA!J,A�bN�y� �!��e. k|
 Monte Carlo \X, 29��*nsw, ?=n�sAa.BU�e. jD:Ai.�, 
*n�P:0jA(`i., A�_Fna.BU�eA�P:��JGAGj,. sv, jsR?_4T"
PIuAY�	��,�e, 7Fn:0jA(;i..-5# Y��,	��e, �bN�y� �!�, 
 Monte Carlo \X
MR (2000) mL,< 90C15, 90C33lM*,< O175.29OV�k� AOg�. 1000-8314(2019)01-0043-12

1 8AjI>L1 f : Rn → Rn �^Zp� S ⊆ Rn, CH�Æ_�B<�d (+#{ VIP),#� VI(f, S), ��9 x ∈ S, ;>
(y − x)Tf(x) > 0, ∀ y ∈ S (1.1)$g. a�D, 9 S {^Zp� Rn

+ := {x ∈ Rn | x > 0} 8, Æ_�B<X$$*�(<:

x > 0, f(x) > 0, xTf(x) = 0. (1.2)qGB\�CH����d (+#{ CP).q#�d�vZJNW�l�R��&z�, *3jfK�C R��m=3!BB,�,� [1]. XÆbw�'GVm, /S�mV3�CHWW�"D�rv�O�q[, 	* Newton W�SOR W�oKW�^�+ Jacobi [WBB, �,� [2–3].�\�y, �9?;�S�S�dÆ2�� IHV, �Eq#� IHV1Æ;�P�7
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44 P 4 � S A � 40 N+�Fi+8z. X�, Ma[7]B%Uu3S^�+$K�X�℄1Æ_�B<�d, 1�n��8z?)rv. �L��1�_LBQX�Æ_�B<�wk�)Æ}O��x,�X��d��{>h�x��� ��d, 
[WQ�|_��OLMS�/+, 8i9�S"+[}/i41��. T� U%WBQw^_��S"�[W, 8�QOL^!~f. {-, � [8] b)m%��x��W, ���QQ|��[W�� U%��[Wi�OA, eN℄{�p��, rQ3S^�+$K�X�℄1Æ_�B<�d, 0g%��x��� ��d. lSrWX�Æ_�B<�X����d����),X,�
[4–13] ���U��.i���, &I M : Ω → Rn×n � q : Ω → Rn ijI�8�Z) Ω �h1�X�,�{5�*�X��+���d�9, ��9 x ∈ Rn, ;>

F (x, ω) := M(ω)x+ q(ω) > 0, x > 0, xTF (x, ω) = 0, a.e. ω ∈ Ω (1.3)$g, �� (Ω,F , ρ) {evZ), Ω ⊆ Rm, � a.e. {jIev�N���,,�[$. i���, {mb��[
;N, # S := Rn
+.>�℄R, QWX��-�S8+, �d (1.3) ���9. H-, 6E
�d�H:S�B0g4{�b� I+�&, ?T5�X����d��O9.{-, �{eN D-)Æ}O��xQ^�d?)mgI<, 0gm�aM�x��� ��d. Yamashita B%[14]IE� D-)Æ}O*�:

gαβ(x, ω) := gα(x, ω)− gβ(x, ω), ∀x ∈ Rn, ω ∈ Ω, (1.4)�� 0 < α < β {!O, gγ (γ = α, β) : Rn ×Ω → R �Q Fukushima i� [15–16] IE�wk�)Æ}O
gγ(x, ω) : = max

y∈S

{
(x− y)TF (x, ω)−

γ

2
‖x− y‖2

}

= (x−Hγ(x, ω))
TF (x, ω)−

γ

2
‖x−Hγ(x, ω)‖

2, (1.5)�� Hγ(x, ω) := ProjS(x− γ−1F (x, ω)) � ProjS {L1<p� S /�oKW�.�D< S �> Rn
+, pTS

(ProjS(x− γ−1F (x, ω)))i = max{0, (x− γ−1F (x, ω))i}.WBQ&D� i = 1, · · · , n, S
(x−Hγ(x, ω))i = min{xi, (γ

−1F (x, ω))i}, (1.6)���� i �>�l�E i h_l. iqd, �{})QW&D� x ∈ Rn, gγ(x, ·) i Ω /X�, �Q&D� x ∈ Rn � ω ∈ Ω, gγ(x, ω) > 0.kL� [1], Q\S� ω ∈ Ω, + F (·, ω) h1, kX� D-)Æ}O gαβ(·, ω) h1, �MS*�+�:

(a) QW&D� x ∈ Rn, LS gαβ(x, ω) > 0 $g;

(b) QW&D� gαβ(x, ω) = 0, 9�>9 x B�d (1.3) �9;

(c) +}O F (·, ω) Bh1Xz�, �y}O gαβ(·, ω) <i Rn /Bh1Xz�, ��S
∇xgαβ(x, ω) = ∇xF (x, ω)(Hβ(x, ω)−Hα(x, ω))

+ α(Hα(x, ω)− x)− β(Hβ(x, ω)− x). (1.7)kL�/�9, X�}O gαβ 9�Z7}O. *-, �d (1.3) B'W�9*��aMO�
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min θ(x) := E[gαβ(x, ω)] =

∫

Ω

gαβ(x, ω)ρ(ω)dω, (1.8)qd E(·) �>rWX�Æl ω ∈ Ω ��x, ρ : Ω → [0,+∞) �>h1�|N}O, �x� ∫

Ω

ρ(ω)dω = 1. (1.9)�{�D<i�S���)�m/S�9X�O��d��x��[W, f*� [5–

6] BB, q#[WLX{5fNW�d (1.3). Y�S[W�
, �6b)��aMO�gI<�&MSk1OA: (1) �/�x��W1^�d��{3aM�O��d, T�6[W1�d (1.3) ��{�aMO��d; (2) �6[W4z�/[WMSl��	A"z, �JfR�.> 1.1 jI x ∈ R, ω ∈ Ω = {−1, 1}, α = 1, β = 2α, M(ω) = q(ω) = ω, �
F (x, ω) = ωx + ω. &3 ρ { Ω /�Re|N}O. QW�d (1.3), �{>.:Uu
x ∈ R+. Q Φ (Φ(x, ω)) := min{x, F (x, ω)} (�,� [5]) , gα � gαβ �IE, Q&D�
x ∈ R+, S

Φ(x, 1) = min{x, x+ 1} = x,

Φ(x,−1) = min{x,−x− 1} = −x− 1,

gα(x, 1) = (x−Hα(x, 1)
TF (x, 1)−

1

2
‖x−Hα(x, 1)‖

2

= min{x, x+ 1}(x+ 1)−
1

2
‖min{x, x+ 1}‖2

=
1

2
x2 + x.lb, X>

gα(x,−1) =
1

2
(x+ 1)2,

gβ(x, 1) =





x, 0 6 x 6 1,

1

4
(x + 1)2, x > 1,

gβ(x,−1) =
1

4
(x+ 1)2,?T

gαβ(x, 1) =





1

2
x2, 0 6 x 6 1,

1

4
(x2 + 2x− 1), x > 1,

gαβ(x,−1) =
1

4
(x+ 1)2.H-

θ1(x) = E[‖Φ(x, ω)‖]2 = x2 + x+
1

2
,
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θ2(x) = E[gα(x, ω)] =

1

2

(
x2 + 2x+

1

2

)
,

θ3(x) = E[gαβ(x, ω)] =





1

8
(3x2 + 2x+ 1), 0 6 x 6 1,

1

4
(x2 + 2x), x > 1.�", �{t�<QW\S� x ∈ R+, S θ1(x) > θ2(x) > θ3(x) > 0, qD}Æ

min
x∈R+

θ3(x) 4z min
x∈R+

θ1(x), min
x∈R+

θ2(x) l5AWp, TQ\S� x ∈ R+, x
∗ B�d (1.3)�99�>9 θi(x

∗) = 0 (i = 1, 2, 3), p��b)�[Wl	A� |.i���, �{?>�&3
E[(‖M(ω)‖+ ‖q(ω)‖)2] < +∞. (1.10)Q Cauchy-Schwarz �B<, S

E[(‖M(ω)‖+ ‖q(ω)‖)] 6
√
E[(‖M(ω)‖+ ‖q(ω)‖)2] < +∞. (1.11)�{Q�n�6X�)�Æ*�: E 2 6<0�1n6\.\�y:�Ib; E 3 6`wm�aMO�gI<�& (1.8) �u
+�Q���S;+, �?>�6Em`-AT�d�O9�Fi+�; rQ>^3S!�OHt�X��+���d, �{iE 4 6�j)mQ��S;�':h-; iE 5 6�, �{Q�n�m>#�8.

2 b�jBi�6�, �{Q>#��e
�b��)�rR�, �<0m>#�:Ib.(^ 2.1 Ht M #z{ R0 Ht, *z�x�
x > 0, Mx > 0, xTMx = 0 =⇒ x = 0.(^ 2.2 QWjI�}O θ(x), �Q���IE{: Lθ := {x ∈ Rn | θ(x) 6 c}, ��!O c x� c > 0.	 Monte Carlo [WJNWO|�_, �,� [17–18]. i���, QWwvO k, �{IE

θk(x) :=
1

Nk

∑

ωi∈Ωk

gαβ(x, ω
i)ρ(ωi),�� Ωk := {ωi, i = 1, · · · , Nk}{Q	Monte Carlo[W><�8�t�|, �x� Ωk ⊂ Ω�9 k → ∞ 8, Nk → ∞. 5�℄, �{Uu�d (1.8) �`-AT

min θk(x) (2.1)QWqI� k ∈ N, xk #z{�d (2.1) ��IF, *z�x�
∇θk(xk) = 0. (2.2)l8D, x∗ #z{�d (1.8) ��IF, *z�x�
∇θ(x∗) = 0. (2.3)�i�{<0>#�:Ib.



1 � 	4� 
57 Y��,	��eA�bNP�hJ= 47_= 2.1 jI β > α > 0, QW\S� x ∈ Rn � ω ∈ Ω, ���B<$g
‖Hα(x, ω)−Hβ(x, ω)‖ 6 (α−1 − β−1)‖F (x, ω)‖. (2.4)i QW&D�!O β > α > 0, QoKL1i^Zp����^\o+�, S

‖Hα(x, ω)−Hβ(x, ω)‖ = ‖ProjS(x− α−1F (x, ω))− ProjS(x− β−1F (x, ω))‖

6 ‖(x− α−1F (x, ω))− (x− β−1F (x, ω))‖

= (α−1 − β−1)‖F (x, ω)‖, ∀x ∈ Rn, ω ∈ Ω.Ib>x._= 2.2 (, [5, Ib 2.1]) *z/i ω ∈ Ω, ;> M(ω) { R0 Ht, k/i��f
B(ω, δ) := {ω | ‖ω − ω‖ 6 δ}, �� δ > 0, ;Q&D� ω ∈ B := B(ω, δ) ∩ Ω, M(ω) { R0Ht._= 2.3 jI β > α > 0, QW\S� x ∈ Rn � ω ∈ Ω, ���B<$g:

β − α

2
‖x−Hβ(x, ω)‖

2
6 gαβ(x, ω) 6

β − α

2
‖x−Hα(x, ω)‖

2. (2.5)i Q� [1] �Ib 10.3.2 y�O�B<$g. �xUO�B<$g.Q D-)Æ}OIE, Q&D x ∈ Rn � ω ∈ Ω, S
gαβ(x, ω) = gα(x, ω)− gβ(x, ω)

= max
y∈S

{
(x− y)TF (x, ω)−

α

2
‖x− y‖2

}

−max
y∈S

{
(x− y)TF (x, ω)−

β

2
‖x− y‖2

}

6 (x−Hα(x, ω))
TF (x, ω)−

α

2
‖x−Hα(x, ω)‖

2

−
[
(x−Hα(x, ω))

TF (x, ω)−
β

2
‖x−Hα(x, ω)‖

2
]

=
β − α

2
‖x−Hα(x, ω)‖

2.Ib>x._= 2.4 [17−18] + φ : Ω → R i Ω /BX��, kS
lim
k→∞

1

Nk

∑

ωi∈Ωk

φ(ωi)ρ(ωi) = E[φ(ω)].

3 7'$e[4D?[+S�i, �{r��d (1.8), H��{j)}O θ �Xz+�.(= 3.1 }O gαβ � θ LBXz}O, lMfD, QW&D� x ∈ Rn, S
∇θ(x) = E[∇xgαβ(x, ω)]. (3.1)i F rW x h1Xz, Q (1.7) <, S

∇xgαβ(x, ω) = ∇xF (x, ω)(Hβ(x, ω)−Hα(x, ω)) + α(Hα(x, ω)− x)− β(Hβ(x, ω)− x).



48 P 4 � S A � 40 NQW&D� γ > 0, Q (1.6) <, S
‖x−Hγ(x, ω)‖ 6 ‖x‖+ γ−1‖F (x, ω)‖, (3.2)Q (3.2) <�Ib 2.1, QW&DqI� x ∈ Rn, S

‖∇xgαβ(x, ω)‖ 6 ‖∇xF (x, ω)‖ ‖Hβ(x, ω)−Hα(x, ω)‖

+ α‖Hα(x, ω)− x‖+ β‖Hβ(x, ω)− x‖ (3.3)

6 (α−1 − β−1)‖∇xF (x, ω)‖ ‖F (x, ω)‖+ 2‖F (x, ω)‖+ (α+ β)‖x‖

6 (α−1 − β−1)‖M(ω)‖ (‖M(ω)‖ ‖x‖+ ‖q(ω)‖) + 2(‖M(ω)‖ ‖x‖+ ‖q(ω)‖)

+ (α+ β)‖x‖

6 (α−1 − β−1)(‖x‖+ 1)(‖M(ω)‖+ ‖q(ω)‖)2

+ 2(‖x‖+ 1)(‖M(ω)‖+ ‖q(ω)‖) (3.4)

+ (α+ β)‖x‖. (3.5)Q (1.9)–(1.11) <��� [19] ��Ib 16.8, }O θ Xz, � (3.1) <$g.5�℄, �{b)Q��S;�>h'_h-.(= 3.2 &3/i ω ∈ Ω, ;> ρ(ω) > 0 � M(ω) { R0 Ht, kQ&D� c > 0,Q�� Lθ(c) S;.i Q ρ �h1+�Ib 2.2, /i>��f B(ω, δ) �>!O ρ0 > 0, �� δ > 0,;>QW&D� ω ∈ B := B(ω, δ) ∩ Ω, M(ω) { R0 Ht� ρ(ω) > ρ0. �iUu>0o
{xk} ⊂ Rn, Q M(·), q(·) �� gαβ(x, ·) �h1+, QWzh k, R/i ωk ∈ B, ;>

gαβ(x
k, ωk) = min

ω∈B

gαβ(x
k, ω).QIb 2.3, S

θ(xk) >

∫

B

gαβ(x
k, ω)ρ(ω)dω

> gαβ(x
k, ωk)ρ0

∫

B

dω

>
Cρ0(β − α)

2
‖xk −Hβ(x

k, ωk)‖2,�� C =
∫
B
dω > 0. �~.x9 ‖xk‖ → +∞ 8, ‖xk − Hβ(x

k, ωk)‖ → +∞. #>QWzh i = 1, · · · , n, S (xk − Hβ(x
k, ωk))i = min{xk

i , β
−1(M(ωk)xk + q(ωk))i}. �&3

‖xk‖ → +∞, ��T), +/i�h i, ;> xk
i → −∞ � (M(ωk)xk + q(ωk))i → −∞, kS |(xk −Hβ(x

k, ωk))i| → +∞, .T ‖xk −Hβ(x
k, ωk)‖ → +∞, 8w$g. WB, �{�~UuQW&D� i, {xk

i } � {(M(ωk)xk + q(ωk))i} R{�S;��[. N ‖xk‖ +�0o��zh℄V, ����, ><
(M(ω̂)v̂)i > 0, v̂i > 0, i = 1, · · · , n,�� ω̂� v̂_�{ {ωk}� { xk

‖xk‖
}�KF,�D< ω̂ ∈ B�� ‖v̂‖ = 1.QWM(ω̂){ R0Ht� v̂ 6= 0,k�/i�h i,;> (M(ω̂)v̂)i > 0� v̂i > 0.qD}Æ (M(ωk)xk+q(ωk))i →

+∞ � xk
i → +∞, H- ‖xk −Hβ(x

k, ωk)‖ → +∞, Ib>x.
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57 Y��,	��eA�bNP�hJ= 49n 3.1 Ib 3.2 D}Æ�d (1.8) ��O9�^Z�S;, q;>5�℄�6EMSDE.5�℄, �{Uu`-AT�d (2.1). H�, j{C9�}OÆ
 ω = u(ω̃), �{�i Ω /��_��<7~� [0, 1]m ⊆ Rm /℄, �i7~�/�>8�t�| {ω̃, i =

1, · · · , N), k}O θ(x) X$$
θ(x) =

∫

Ω

gαβ(x, ω)ρ(ω)dω

=

∫

[0,1]m
gαβ(x, u(ω̃))ρ(u(ω̃))u

′

(ω̃)dω̃

=

∫

[0,1]m
gαβ(x, u(ω̃))ρ̃(ω̃)dω̃,�� ρ̃(ω̃) = ρ(u(ω̃))u

′

(ω̃). {m+�#�, i������[�, i����{&3 Ω =

[0, 1]m, �N ω 5g ω̃.�_�N S∗ � S∗
k ℄�>�d (1.8) ��d (2.1)��O9�, �{H�℄6E θk ���.(= 3.3 QW&DjI� x ∈ Rn, $g θ(x) = lim

k→∞
θk(x).i QW&D� x ∈ Rn, QW gγ(x, ·) (γ = α, β) � ρ(·) Ri Ω /X�, � gαβ(x, ·) =

gα(x, ·) − gβ(x, ·), p gαβ(x, ·) Ci Ω /X�, .TQIb 2.4 x>/<$g.(= 3.4 &3/i ω ∈ Ω, ;> ρ(ω) > 0 � M(ω) { R0 Ht, k/ivO k0 > 0,;>Qzh k > k0, QW&D� c > 0, Q�� Lθk(c) S;. �Qz>h�o1� k, �O9� S∗
k ^Z�S;.i QIb 2.2, /i�o1� k0 > 0 ��� B(ω, δ) := {ω | ‖ω − ω‖}, �� δ > 0,;>QW\S� k > k0, B(ω, δ) ∩ ΩK ^Z�Q&D� ω ∈ B(ω, δ) ∩ ΩK , M(ω) B R0 Ht. WB, fNx�Ib 3.2 l8�[WXx�
Ib, �g
L.��IbR�m98�x��Pl18, �d (2.1) ��O9FiW�d (1.3) ��O9�.(= 3.5 &3/i ω ∈ Ω, ;> ρ(ω) > 0 � M(ω) { R0 Ht. QWzh k, 3

xk ∈ S∗
k , k0o {xk} �z>hKFRFiW S∗.i 3 x∗ { {xk}�KF, �7>�+, &3 {xk}�4FiW x∗,�x lim

k→∞
θk(xk) =

θ(x∗). Qz_�|Ib, QW&D� ω ∈ Ω � k, S
|gαβ(x

k, ω)− gαβ(x
∗, ω)| = |∇xgαβ(y

k, ω)T(xk − x∗)|

6 ‖∇xgαβ(y
k, ω)‖ ‖xk − x∗‖, (3.6)�� yk i xk Y x∗ z), �" lim

k→∞
yk = x∗. WB

|θk(xk)− θk(x∗)| =
∣∣∣ 1

Nk

∑

ωi∈Ωk

gαβ(x
k, ωi)ρ(ωi)−

1

Nk

∑

ωi∈Ωk

gαβ(x
∗, ωi)ρ(ωi)

∣∣∣

6
1

Nk

∑

ωi∈Ωk

|gαβ(x
k, ωi)− gαβ(x

∗, ωi)|ρ(ωi)
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6 ‖xk − x∗‖

1

Nk

∑

ωi∈Ωk

‖∇xgαβ(y
k, ωi)‖ρ(ωi)

6 (α−1 − β−1)(‖yk‖+ 1)‖xk − x∗‖
1

Nk

∑

ωi∈Ωk

(‖M(ωi)‖+ ‖q(ωi)‖)2ρ(ωi)

+ 2(‖yk‖+ 1)‖xk − x∗‖
1

Nk

∑

ωi∈Ωk

(‖M(ωi)‖+ ‖q(ωi)‖)ρ(ωi)

+ (α+ β)‖yk‖ ‖xk − x∗‖
1

Nk

∑

ωi∈Ωk

ρ(ωi),��EUh�B<_W (3.6) <, E,h�B<_W (3.3) <. t k → +∞, Q (1.9)–(1.11)<��Ib 2.4 X>/L�B<UO�Wp, p
lim
k→∞

|θk(xk)− θk(x∗)| = 0.T
|θk(xk)− θ(x∗)| 6 |θk(xk)− θk(x∗)|+ |θk(x∗)− θ(x∗)|,QIb 3.3, S

lim
k→∞

θk(xk) = θ(x∗).QWQWzh k, xk ∈ S∗
k , �Q&D� x ∈ Rn, S

θk(xk) 6 θk(x).t k → +∞, S θ(x∗) 6 θ(x), ∀x ∈ Rn, qD}Æ x∗ ∈ S∗, Ib>x.Ib 3.5 6Em�d (2.1) ��O9�Fi+, "T, iMf!W{&�, wwl)B><�IF, 5�℄, �{℄6E�d (2.1) �IF�Fi+.(= 3.6 Qzh k, 3 xk {�d (2.1) ��IF, x∗ {0o {xk} �KF, k x∗ {�d (1.8) ��IF.i �7>�+, &30o {xk} Fi< x∗, H�x� lim
k→∞

∇θk(xk) = ∇θ(x∗). QoKL1i^Zp�/�^\o+, S
1

Nk

∑

ωi∈Ωk

ρ(ωi)‖Hγ(x
k, ωi)−Hγ(x

∗, ωi)‖

6
1

Nk

∑

ωi∈Ωk

ρ(ωi)‖(xk − γ−1F (xk, ωi))− (x∗ − γ−1F (x∗, ωi))‖

6
1

Nk

∑

ωi∈Ωk

ρ(ωi)(1 + γ−1‖M(ωi)‖)‖xk − x∗‖

k→+∞
−−−−−→ 0, (3.7)��!O γ > 0. ?>�
1

Nk

∑

ωi∈Ωk

ρ(ωi)‖∇xF (xk, ωi)Hγ(x
k, ωi)−∇xF (x∗, ωi)Hγ(x

∗, ωi)‖

6
1

Nk

∑

ωi∈Ωk

ρ(ωi)‖M(ωi‖ ‖Hγ(x
k, ωi)−Hγ(x

∗, ωi)‖
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k→+∞
−−−−−→ 0. (3.8)Q (1.7) <, (3.7)–(3.8) <, S

‖∇θk(xk)−∇θk(x∗)‖ =
1

Nk

∑

ωi∈Ωk

ρ(ωi)(∇xgαβ(x
k, ωi)−∇xgαβ(x

∗, ωi))

6
1

Nk

∑

ωi∈Ωk

ρ(ωi)‖∇xF (xk, ωi)Hβ(x
k, ωi)−∇xF (x∗, ωi)Hβ(x

∗, ωi)‖

+
1

Nk

∑

ωi∈Ωk

ρ(ωi)‖∇xF (xk, ωi)Hα(x
k, ωi)−∇xF (x∗, ωi)Hα(x

∗, ωi)‖

+
α

Nk

∑

ωi∈Ωk

ρ(ωi)‖Hα(x
k, ωi)−Hα(x

∗, ωi)‖

+
β

Nk

∑

ωi∈Ωk

ρ(ωi)‖Hβ(x
k, ωi)−Hβ(x

∗, ωi)‖

+ (α+ β)‖xk − x∗‖

k→+∞
−−−−−→ 0.QIb 2.4 �Ib 3.1 y lim

k→+∞
∇θk(x∗) = θ(x∗). H-

‖∇θk(xk)−∇θ(x∗)‖ 6 ‖∇θk(xk)−∇θk(x∗)‖+ ‖∇θk(x∗)−∇θ(x∗)‖
k→+∞
−−−−−→ 0.Q (2.2) <kO���, >< (2.3) <. � x∗ {�d (1.8) ��IF.

4 ℄;%a"TF9h'H30 X[QKi�6�, �{&I M(ω) ≡ M �� q(ω) ≡ Tω + q, �� M ∈ Rn×n, T ∈ Rn×m �
q ∈ Rn {jI!�l.��IbR�mi q(ω) { ω ��+}O�h-�, Ib 3.2 ��h-{Q��S;�':h-.(= 4.1 &3 M(ω) ≡ M, q(ω) { ω ��+}O. *z M {^ R0 Ht, k/i!O c > 0, ;>Q�� Lθ(c) B�;�.i QW M {^ R0 Ht, p/i x 6= 0, x�

x > 0, Mx > 0, xTMx = 0,qD}ÆQzh i, :y xi = 0, :y (Mx)i = 0. WB
min{xi, α

−1(Mx+ q(ω))i} =





0, xi = 0, (Mx+ q(ω))i > 0,

α−1(Mx+ q(ω))i, xi = 0, (Mx+ q(ω))i 6 0,

xi, (Mx)i = 0, α−1qi(ω) > xi,

α−1qi(ω), (Mx)i = 0, α−1qi(ω) 6 xi.QW Mx > 0, p9 (Mx+ q(ω))i 6 0 8, S |(Mx+ q(ω))i| 6 |qi(ω)|. �D<
|(x−Hα(x, ω))i| = |min{xi, α

−1(Mx+ q(ω))i}| 6 α−1|qi(ω)|.
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θ(x) =

∫

Ω

gαβ(x, ω)ρ(ω)dω

6
β − α

2

∫

Ω

‖x−Hα(x, ω)‖
2ρ(ω)dω

6
β − α

2α

∫

Ω

‖q(ω)‖2ρ(ω)dω =: γ.Q (1.10) <Xy, γ < ∞. V q(ω) { ω ��+}O, pQ&D� λ > 0, /L`wQ λx l8$g, � θ(λx) 6 γ, qD}Æ Lθ(γ) �;, Ib>x.�i, �{Q`-AT�d�Q��S;�':h-?)_�.(= 4.2 &3 M(ω) ≡ M, q(ω) { ω ��+}O, � q(ω) ≡ Tω + q, �� T ∈

Rn×m, q ∈ Rn, kS:

(i) *z M { R0 Ht, kQ&D� T � q, `-AT�d��O9� S∗
k ^Z�S;. Qzh k 3 xk ∈ S∗

k , k0o {xk} �KFB�d (1.8) ��O9 ;

(ii) *z M {^ R0 Ht, k/i T � q, ;>Q\S� k, `-AT�d�O9�
S∗
k �;.i �d (i) X{5QIb 3.4 �Ib 3.5 rw>). �x�d (ii), 3 x 6= 0 x�

x > 0, Mx > 0, xTMx = 0,�2� T � q, ;>�<$g:

xi = 0 =⇒ qi(ω) > 0, ∀ ω ∈ Ω,

xi > 0 =⇒ qi(ω) ≡ 0, ∀ ω ∈ Ω,kQIb 2.3 X>
gαβ(λx, ω) 6

β − α

2
‖λx−Hα(λx, ω)‖

2 =
β − α

2
‖min{λx, α−1(λMx + q(ω))}‖2 = 0Q\S� ω ∈ Ω � λ > 0 $g, p θk(λx) = 0, �Q\S� λ > 0, λx ∈ S∗

k $g, qD}ÆQ\S� k, S∗
k �;, Ib>x.

5 �fY6i�n�, �{QX��+���db)m�aMO�gI<�&, �Q�+�?)m6E_�. j{	 Monte Carlo [W, �{><m�aM�x��� ��d�`-AT�d, �`wm�O9�/i+�Fi+. ru, rQ>^3S!�OHt�X��+���d, �{b)m�O9�S;�':h-. i�n�, j�fN� Euclid YOX�rv{l>��QQ#wIHt\IE�YO. i�16E�, Q D-)Æ}OI)��aMO�gI<�&�aJNWl>��Æ_�B<, �%qB>hSDS�6EYd,B6lSMptO. ! � : � N � U
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Abstract In this paper, the authors present an unconstrained optimization reformula-

tion (UERM problem) for the stochastic linear complementary problem (SLCP), which is to

minimize an expected residual defined by D-gap function. By the quasi-Monte Carlo method,

the authors generate observations and obtain the discrete approximations of the UERM

problem. Under some moderate assumptions, the authors establish a sufficient condition for

the existence of solutions to the UERM problem and its discrete approximations. Further-

more, the authors analyze the convergence of optimal solutions and the limiting behaviour

of stationary points of the approximation problems. For a class of SLCPs with a fixed coef-

ficient matrix, a necessary and sufficient condition for the boundedness of the solution sets

is discussed as well.

Keywords Stochastic linear complementary problem, UERM problem, Quasi-

Monte Carlo method
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