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§1. Ú ó

Ý]|ÜÀJ¯K´y�²L7KÆ+��Ø%¯K��, g1952cMarkowitzJÑ

þ� –��Ý]|Ü�.±5, Ý]|Ü`z�.9Ù¦)�{Ò��
�I²LÆ[�

'5ÚïÄ [1]. 3Markowitz�þ� –��]�|ÜÀJ�.¥, ��£ã
7K]��Â

ÃÇ lÙþ��§Ý, �¿vk½þ��N7K]��U���. Ïd, Æö�q�U

JÑ�
Ù¦�|ÜÝ]�.9Ù�{, ¿�ïÄ
3ØÓÝ]�¸¥�Ý]|Ü`z�

., 'XKÅ�/!�¦Ød!4à¯�!ÏÀ)ä�� [2, 3]. ÄuMarkowitz�þ� –�

��.´3��&E^�eïá�Ý]|Üûü�., b½�^¼ê´�g¼ê�/ª

�|Ü�ÂÃ¥��©Ù�cJe, {ü/¦^þ�Ú��5é7K]�|Ü?1 Ð

üS, ,3¢S¥, ]��ÂÃÇ¿ØÑläN�©Ù [4], Ïd, FishburnJÑ^�ÅÓ

`(Stochastic Dominance, SD)nØ5U?MarkowitznØþ�":, élÑG���ÅC

þ�ºx Ð�Ñ
�@únzNX, �5�A^��ÅCþ�©Ù����|Ü [5]. 3

¢S�²L+nó�¥, �ÅÓ`nØ�A^u�xüÑ'�©Û!è�Ý]�8µ�!

²EÅ���1µd!Ä7µ?©Û��*²LÌN�Ý]ûüÚºx+n�ó�¥ [6, 7].

∗I[g,�ÆÄ7�c�8(1OÒ: 11301445)!�H��Ee<âOy�8(1OÒ: 2015RS4029)Ú�H�ÊÏp

��U�8(1OÒ: 0929/2904044)]Ï.

�©2014c4�15FÂ�, 2016c8�22FÂ�?Uv.
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|^�ÅÓ`�{é®kÝ]?1üü'�, üØK�Ó`�Ý], �Ý]|ÜÀJÚº

x+nJø
k��óä.

2006c, {I`z;[DentchevaÚRuszczyński3©z[8]¥JÑ
�k���ÅÓ`

�å�|Ü`z�., í�¿y²
ùa#�êÆ�.��`5^�ÚéónØ, ¿ÏL

Ú\tµCþ�����ê�6u��ê��55y�.. DrapkinÚSchultzJÑ
�

«¦)�k���ÅÓ`�å�Ý]|Ü`z�.��²¡�{, ¿�Ñ�A�ê��

~ [9]. Meskarian�3©z[10]¥JÑ
���ÅÓ`�å�`z�.��ÅCq�{Ú

Y²¼ê�{, ¿òÙ$^����ÅÓ`�|ÜÝ]¯K¥. �°�XÚ/�ã
�

k���ÅÓ`�å�|Ü`z�.9Ù3²L+��2�A^, ¿�JÑ
¦)�.

�°(v¼ê{, ¿�Y²¼ê{9�²¡{?1
é', ÏLê�©Û�y�°(v

¼ê{�k�5 [11]. �CGollmer�JÑ
�k�ÅÓ`�å���ã�Å5y�. [12].

DentchevaÚMartinez�Ñ
¦)�k���ÅÓ`�å�ü�ã¯K�©)�{, ¿ò

T�.A^u��øAó¯K [13]. éuõ�ã�Ý]¯K, HaskellÚJainïÄ
Äuê�

�ÅL§�Ä��ÅÓ``z¯K [14]. DentchevaÚRuszczyńskiJÑ����ÅÓ`�|

Ü`z�.ØI�éÝ]ö��^¼ê±9ºx]�ÂÃ�©Ù�?Ûb�, Ò�±(�

ºx��Ý]ö¤��ÀJÑ¬�ÅÓ`u��ÄO�, l�±5;pºxÝ]. du

���ÅÓ`^�HÜ
ºx��ûüö�I¦, ¤±Nõ�ºx+n�'�¢S¯KÑ

�±ïáå�����ÅÓ`�å�`z�. [15, 16]. 3�©¥·�ò�Ä�«��´¤

^����ÅÓ`�å�Ý]|Ü�., ¿�ÄÙê��{. 3y¢�7K½|¥, <s

[!Q7!�´¤��«¤^��3, òK�XÝ]öéÝ]Å¬ÚÝ]|Ü�ÀJ. X

JÝ]|Ü�.�Àù
Ï�, @o���Ý]|Ü�Çc÷ò¬�¢S�Ý]|Ü�Ç

c÷�3é���É, Ø|uÝ]ö?1Ünk��Ý] [17]. �©ïá��.Ú�{äk

o�`:: (a)^���ÅÓ`5Ýþºx, �±3Ï"ÂÃ©Ù����¹e(�Ý]ö

�ÂÃ¬pu?Û��ÄO�; (b)3Ý]|Ü¥�Ä�´¤^�ÎÜ¢S�¹; (c)^�

�²þ��{O�Ï"ÂÃ, �±l¢Sêâ¥ÀJ��, ¿��ýÏd�ÑlëY©Ù

�, �±;�ÑyÃ¡õ�Ø�ª�å; (d)^1wzv¼ê�{5¦�.�Cq), Ø¬

O\Cþ��ê, �.��êØ¬�6u��:��ê, ¿�¤��.´��à`z¯K,

l�±¼����Û�`).

�©(�Xe: 1�!�Ñ�k�´¤^����ÅÓ`Ý]|Ü�.9��²þC

q�.. 1n!JÑ¦)�k�´¤^����ÅÓ`�1wzv¼ê�{. 1o!�Ñ

Ý]|Ü¯K�ê�Á�9(J©Û. 1Ê!�Ñ
�©�(Ø.

§2. �k�´¤^����ÅÓ`Ý]|Ü�.

2.1 �.��ï

b�Ý]öÏÐò]7Ý]un�ØÓ�]�, Ø#Nñ�, oÝ]�1�ü , 1k�
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]��Ý]'~�xk, �÷v

n∑
k=1

xk = 1, xk > 0. (1)

�
ïÄ��B, ·�kÚ\���ÅÓ`�½Â [3].

½Â 1 b½g(x, ξ)´��]ëY¼ê, Ù¥x´ûü�þ, ξ´�ÅCþ, XJ

F (g(x, ξ); η) 6 F (g(y, ξ); η), ∀ η ∈ R,

Ù¥F (g(x, ξ); η)ÚF (g(y, ξ); η)©O´g(x, ξ)Úg(y, ξ)�\È©Ù¼ê, K¡g(x, ξ)���

ÅÓ`g(y, ξ), P�g(x, ξ) �(1) g(y, ξ). Ón, e∫ η

−∞
F (g(x, ξ); θ)dθ 6

∫ η

−∞
F (g(y, ξ); θ)dθ, ∀ η ∈ R,

K¡g(x, ξ)���ÅÓ`g(y, ξ), P�g(x, ξ) �(2) g(y, ξ).

DentchevaÚRuszczyński3©z[8]¥JÑ����ÅÓ`�å�Ý]|Ü`z�.�

max E[g(x, p)]

s.t. g(x, p) �(2) g(y, p), x ∈ X, (2)

Ù¥g : Rn × Rn → R´ëY¼ê, E[g(x, p)]´Ï"ÂÃ, XL«Ý]ûü�þx|¤�8

Ü, x ∈ X ⊆ Rn, y ∈ X��ýk(½�þ, p�ÂÃÇ�þ, ´���Å�þ.

d©z[8]��, �.(2)¥����ÅÓ`�å�C/�

E[(η − g(x, p))+] 6 E[(η − g(y, p))+], ∀ η ∈ R, (3)

ª¥

(η − g(x, p))+ = max(η − g(x, p), 0).

du�.(2)Ø÷vSlater�å¬5, ØU��Ù�`)�7�^�, Ïd, ���ÄX

etµ�.:

min −E[g(x, p)]

s.t.

G(x, η) 6 0, ∀ η ∈ [a, b],

x ∈ X.
(4)

�.(4)´�Ã���Å5y�., ª¥[a, b]´Rþ���4«m. dë�©z[3]��, XJ

XÑl��k.©Ù, @o3«m[a, b]þ, �.(3)Ú(4)´�d�.
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Ún 2 [8] eë�ÂÃg(y, p)ÑllÑk�©Ù, Ù�U��zj (j = 1, 2, . . . ,m), K

��Ó`�å

E[(η − g(x, p))+] 6 E[(η − g(y, p))+]

�du

E[(zj − g(x, p))+] 6 E[(zj − g(y, p))+], j = 1, 2, . . . ,m.

Ïd, �.(4)�±=z�

min −E[g(x, p)]

s.t.

G(x, zj) = E[(zj − g(x, p))+]− E[(zj − g(y, p))+] 6 0,

zj ∈ [a, b], j = 1, 2, . . . ,m, x ∈ X.
(5)

3�©¥, ·��â¢S�¹�Ä�k�´¤^����ÅÓ`Ý]|Ü�., �´

¤^¼ê�

c(x) =
n∑
k=1

ck(xk) =
n∑
k=1

rk|xk − x0k|,

Ù¥ck(xk)L«]�k¤I�B�¤^, rk�1k«ºx]��ü �´¤^, x0k (k = 1, 2,

. . . , n)´Ý]ö3ÏÐ¤Pk�1k«]��°�.

·�b½Ý]|Ü�ÂÃ¼ê´�5�, \\�´¤^�Ý]ÂÃ��5�'�~�

¤|G��´¤^, ÏdÂÃ¼ê�L«�

g(x, p) = xTp− c(x),

Ù¥xL«Ý]��þ, pL«]�ÂÃÇ�þ.

du�´¤^S)u]�, oÝ]���å�u)�½�Cz, #��å�

n∑
k=1

xk + c(x) = 1.

Ïd�Ä�´¤^����ÅÓ`|Ü`z�.Xe:

min −E
[
xTp−

n∑
k=1

rk|xk − x0k|
]

s.t.



G(x, zj) = E
[(
zj −

(
xTp−

n∑
k=1

rk|xk − x0k|
))

+

]
− E

[(
zj −

(
yTp−

n∑
k=1

rk|yk − x0k|
))

+

]
6 0,

n∑
k=1

xk +
n∑
k=1

rk|xk − x0k| = 1, xk > 0,

zj ∈ [a, b], j = 1, 2, . . . ,m, k = 1, 2, . . . , n.

(6)
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2.2 ��²þCq�.

�Ä��.(6)¥¹k�ÅCþp, b½�ÅCþpÑllÑk�©Ù, �p�©ÙØ(½

�, �.(6)éJ¦). ©z[10, 11]�Ä
^��²þ��{?n�.¥��ÅCþ, �ï


�k���ÅÓ`�å���²þCq�., ¿y²
�.äk�Û�`). Ïd, ·�

^aq��{5�ï¹k�´¤^��k���ÅÓ`�å���²þCq�..

�p1, p2, . . . , pm´p�ÕáÓ©Ù��, K�.(6)���²þCq�.L«�

min − 1

m

m∑
i=1

[
xTpi −

n∑
k=1

rk|xk − x0k|
]

s.t.



Gm(x, zj) =
1

m

m∑
i=1

{[(
zj −

(
xTpi −

n∑
k=1

rk|xk − x0k|
))

+

]
−
[(
zj −

(
yTpi −

n∑
k=1

rk|yk − x0k|
))

+

]}
6 0,

n∑
k=1

xk +
n∑
k=1

rk|xk − x0k| = 1, xk > 0,

zj ∈ [a, b], j = 1, 2, . . . ,m, k = 1, 2, . . . , n, i = 1, 2, . . . ,m.

(7)

du�.(7)¥¹k�1w�\¼êÚýé�¼ê, ^���`z�{éJ¦)ùa¯

K, ¤±�éýé�¼ê, ·��e¡�C�, -

uk = |xk − x0k|, k = 1, 2, . . . , n, (8)

@ouk÷vuk > xk − x0k, uk > x0k − xk, k = 1, 2, . . . , n.

éu�1w�\¼ê, ·��Ú\��9ÏCþsji = S(zj , p
i)�Lzj��´¤^¼ê

���, �.(7)=z�

min − 1

m

m∑
i=1

[
xTpi −

n∑
k=1

rkuk

]

s.t.



(
xTpi −

n∑
k=1

rkuk

)
+ sji > zj ,

1

m

m∑
i=1

sji 6
1

m

m∑
i=1

[(
zj −

(
yTpi −

n∑
k=1

rk|yk − x0k|
))

+

]
,

n∑
k=1

xk +
n∑
k=1

rkuk = 1, uk > xk − x0k, uk > x0k − xk, xk > 0,

sji > 0, zj ∈ [a, b], j = 1, 2, . . . ,m, k = 1, 2, . . . , n, i = 1, 2, . . . ,m.

(9)

Ù¥x = (x1, . . . , xk, . . . , xn), pi = (pi1, . . . , p
i
k, . . . , p

i
n), sjiL«zj�

(
xTp−

n∑
k=1

rk|xk−x0k|
)
�

��. ���êm(½�, �.(9)���(½5��55y�.(LP), Ù�ê´2n + m2

(m���ê).
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§3. 1wzv¼ê�{

3.1 1wz�{

ÏLDÚ��55y�{����.(9)��êî�6u��ê. Ïd, ·��Ä^

�«1wzEâ?n���ÅÓ`�å¥��1w¼ê. éu�1w¯K, PengÚLinJÑ


�«1w%C¼ê [18], T1w¼ê´���, ¿�U
�±��.�ÛÂñ5. Tong�

^1wz¼ê5%CCVaR`z�.¥��1w¼ê [19], ò�1w�ÄuCVaR�Ý]|

Ü`z�.=z�´u¦)�1wz�.. 3�©¥, ·�ò�E�«1wz�{, ÙÄ�

g�5u©z[18].

P���ÅÓ`�å

Gm(x, zj) =
1

m

m∑
i=1

{[(
zj −

(
xTpi −

n∑
k=1

rkuk

))
+

]
−
[(
zj −

(
yTpi −

n∑
k=1

rk|yk − x0k|
))

+

]}
.

-t > 0�1wëê, ½Â
f1(x, zj) = zj −

(
xTpi −

n∑
k=1

rkuk

)
,

f2(x, zj) = 0.f(x, zj) = max{f1(x, zj), f2(x, zj)},

fs(t, x, zj) = t ln(1 + exp(f1(x, zj)/t)).

Gm(t, x, zj) =
1

m

m∑
i=1

[fs(t, x, zj)]−
1

m

m∑
i=1

[(
zj −

(
yTpi −

n∑
k=1

rk|yk − x0k|
))

+

]
,

Ù¥fs(t, x, zj), Gm(t, x, zj)©O�f(x, zj), Gm(x, zj)�1w¼ê. ÏL©z[9]¥�Ún7

·����e¡�(Ø.

½n 3 éu∀ t > 0, Gm(t, x, zj)ke¡�5�:

(i) Gm(t, x, zj)�'ut�4O¼ê, =é∀ t1 > t2 > 0, k

Gm(t1, x, zj) > Gm(t2, x, zj),

�

0 6 Gm(t, x, zj)−Gm(x, zj) 6 t ln 2.

(ii) b½ÂÃ¼êg(·, p)´��]�ëY¼ê, KGm(x, zj)´à¼ê, Gm(t, x, zj)�±

Gm(x, zj)�à5.
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(iii) é∀ t > 0, Gm(t, x, zj)´ëY���, Gm(t, x, zj)����©�

∇xGm(t, x, zj) = − 1

m

m∑
i=1

e

(
zj−
(
xTpi−

n∑
k=1

rkuk

))/
t

1 + e

(
zj−
(
xTpi−

n∑
k=1

rkuk

))/
t
·
(
pi −

n∑
k=1

|rk|
)
.

(iv) é?¿(½�x ∈ Rn, k

‖∇(x)Gm(t, x, zj)− ∂Gm(x, zj)‖ = o(t).

y²: d©z[9]¥�Ún7��5�(i)!(iii)Ú(iv)w,¤á. e¡�Ñ5�(ii)�y

². d¼êGm(t, x, zj)�fs(t, x, zj)�Ú¼ê. efs(t, x, zj)�à¼ê, Kdà¼ê��\5

�Gm(t, x, zj)��à¼ê. Ïd�Iy²fs(t, x, zj)�à¼ê. d�´¤^¼ê
n∑
k=1

rk|xk −

x0k|�à¼ê, KÂÃ¼êg(x, pi)´]¼ê, kf1(x, zj) = zj −
(
xTpi −

n∑
k=1

rkuk
)
�à¼ê.

qdf2(x, zj) = 0Ú©z[9]¥�Ún7�5�(2), ��

∇2fs(t, x, zj) = a1(t, x, zj)∇2f1(x, zj) +
1

t
a1(t, x, zj)∇f1(x, zj)f1(x, zj)T

− 1

t
(a1(t, x, zj)∇f1(x, zj)) · (a1(t, x, zj)∇f1(x, zj))T,

Ù¥

a1(t, x, zj) = ef1(x,zj)/t
/ m∑
j=1

ef1(x,zj)/t.

é∀ d ∈ Rn, df1(x, zj)�à59a1(t, x, zj) ∈ [0, 1], �

dT∇2fs(t, x, zj)d = a1(t, x, zj)d
T∇2f1(x, zj)d

+
1

t
a1(t, x, zj)(1− a1(t, x, zj)) · (dT∇f1(x, zj))2 > 0,

Ïdfs(t, x, zj)�à¼ê. Ïd, ½n3¥�(ii)¤á. �

d½n3��, 1w¼êfs(t, x, zj), Gm(t, x, zj)Ñ´à¼ê, ¿��1wÏft → 0+

�, 1w¼êäkéÐ�Cq�J, Ïd·��±�E±e1w�.5¦�.(7)�):

min − 1

m

m∑
i=1

[
xTpi −

n∑
k=1

rkuk

]

s.t.



Gm(t, x, zj) 6 0,
n∑
k=1

xk +
n∑
k=1

rkuk = 1, zj ∈ [a, b],

uk > xk − x0k, uk > x0k − xk, xk > 0,

j = 1, 2, . . . ,m, k = 1, 2, . . . , n, i = 1, 2, . . . ,m,

(10)
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Ù¥

Gm(t, x, zj) =
1

m

m∑
i=1

[
t ln
(

1 + exp
((
zj −

(
xTpi −

n∑
k=1

rkuk

))/
t
))]

− 1

m

m∑
i=1

[(
zj −

(
yTpi −

n∑
k=1

rk|yk − x0k|
))

+

]
.

�.(10)´1w���5à5y�., �.��ê´2n (n�]�ê).

3.2 v¼ê�{

éu��(½���, �.(10)´���kk��å���55y�.. ,, �.�

�åê�6u��ê, ���êO��, �.��åê¬�ÌÝO\. Ïd, ·�3�!¥

�Ä^�«°(v¼ê�{ò�.(8)¥��å^�V\�8I¼ê¥, �.�C�

min ϕ(x, λm) = − 1

m

m∑
i=1

(
xTpi −

n∑
k=1

rkuk

)
+ λm

1

m

m∑
i=1

max(Gm(x, zj), 0),

s.t.


uk > xk − x0k, uk > x0k − xk,
n∑
k=1

xk +
n∑
k=1

rkuk = 1, xk > 0,

zj ∈ [a, b], j = 1, 2, . . . ,m, k = 1, 2, . . . , n, i = 1, 2, . . . ,m,

(11)

Ù¥

Gm(x, zj) =
1

m

m∑
i=1

{[(
zj −

(
xTpi −

n∑
k=1

rkuk

))
+

]
−
[(
zj −

(
yTpi −

n∑
k=1

rk|yk − x0k|
))

+

]}
,

λm > 0´�mk'�vëê.

�.(11)´3ÂÃ¼ê��5¼ê�^�e����k�´¤^����ÅÓ`Ý]

|Üv¼ê�.. ��´¼ê�à¼ê�, d©z[5]�, �.(11)��.(7)´�d�.

e¡(Ü1wz�{Úv¼ê, �Ñ��´¤^�Äu���ÅÓ`�1wz��²

þCqv¼ê�.:

min ϕ(t, x, λm) = − 1

m

m∑
i=1

(
xTpi −

n∑
k=1

rkuk

)
+ λm

1

m

m∑
i=1

t ln(1 + exp(Gm(t, x, zj)/t)),

s.t.



n∑
k=1

xk +
n∑
k=1

rkuk = 1,

uk > xk − x0k, uk > x0k − xk, xk > 0,

zj ∈ [a, b], j = 1, 2, . . . ,m, k = 1, 2, . . . , n, i = 1, 2, . . . ,m.

(12)
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Ù¥

Gm(t, x, zj) =
1

m

m∑
i=1

[
t ln
(

1 + exp
((
zj −

(
xTpi −

n∑
k=1

rkuk

))/
t
))]

− 1

m

m∑
i=1

[(
zj −

(
yTpi −

n∑
k=1

rk|yk − x0k|
))

+

]
.

λm > 0´���êmk'�vëê, t´1wëê. aqu©z[11]¥'u1wzv¼ê5

��y², ·��±��1w¼êϕ(t, x, λm)äk±e5�.

½n 4 éu∀ t > 0, ϕ(t, x, λm)ke¡�5�:

(i) ϕ(t, x, λm)�'ut�4O¼ê, =é∀ t1 > t2 > 0, k

ϕ(t1, x, λ
m) > ϕ(t2, x, λ

m).

(ii) dÂÃ¼ê
(
xTpi −

n∑
k=1

rkuk
)
�à5, �Gm(t, x, zj)´à¼ê, ϕ(t, x, λm)�±Gm(t,

x, zj)�à5.

(iii) é∀ t > 0, ϕ(t, x, λm)´ëY���, ϕ(t, x, λm)����©�

∇xϕ(t, x, λm) = − 1

m

m∑
i=1

(pi − |rk|) +
1

m

m∑
i=1

exp(Gm(t, x, zj)/t)

1 + exp(Gm(t, x, zj)/t)
· ∇xGm(t, x, zj).

(iv) é?¿(½�x ∈ Rn, k

‖∇(x)ϕ(t, x, λm)− ∂ϕ(x, λm)‖ = o(t),

Ù¥‖ · ‖L«îª�ê.

d½n4��, �.(12)´1w���5à5y�., Ù�ê´2n (n�]�ê).

Ïd, éu�.(6)�¦), ·�k^��²þCq�{ò�.(6)=z���lÑ�

Cq�.(7), ,�©O�ÑDÚ��55y�{Ú�«1wzv¼ê�{. �55y�

{´/Ï9ÏCþò��´¤^����ÅÓ`��1wCq�.(7)=z�1w��5

5y�.(9), T�.´��Cþ�ê�2n + m2 (m´��ê)��55y¯K. éu�5

���55y¯K, 8ckéõû�^��±^5¦). 3�©¥·�òN^Matlab¥

�linprog¦)ì5?1¦). 1wzv¼ê�{k^°(v¼ê{ò�.(7)¥����

ÅÓ`�å\�8I¼ê¥, 2ÏL�«1wzEâ5?n�.(7)¥��1w�\¼ê

Úv¼ê, ò�.(7)=z��������55y�.(12), �.(12)��ê�2n, ¿��

.(12)´��à5y�., Ù¤�)��¯K��Û�`). éuT¯K�¦), ·�N

^Matlab¥�fmincon¦)ì5?1¦).
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§4. ê�Á�

3�!¥, �
�y�.Ú�{�k�5, ·�^1wzv¼ê�{¦)
��´¤

^ÚØ��´¤^����ÅÓ`Ý]|Ü�., ÏLé'ü«�.5ÿÁ��´¤^�

Ý]|Ü�.�k�5Ú1wzv¼ê�{�O�5U.

4.1 À�êâ

3��!¥, À����¦?1|ÜÝ], ©O���°�(600690)!´W«�(0007

13)!À�Ê�(600115)!�gDè(600111)!ËuÕ1(600000)!¥ð8ì(600252)!u

UIS(600011)!ôÜÔ�(600362)!FÀYY(000401)!°���(600267), 3I�Sê

â¥Â8g2003c1�1F�2012c12�31FS���¦�±ÂÃÇ, ���5 000�*ÿ

�, |^EXCEL^�?nêâ, ©O�����¦±ÂÃÇ�Ï"Ú��, XL1¤«.

L1 ÂÃÇ�Ï"Ú��

�¦ 600690 000713 600115 600111 600000 600252 600011 600362 000401 600267

Ï" 0.0051 0.0040 0.0030 0.0100 0.0049 0.0072 0.0028 0.0073 0.0052 0.0050

�� 0.0031 0.0042 0.0050 0.0060 0.0036 0.0061 0.0027 0.0065 0.0046 0.0030

P�55y�.�LP�., 1wzv¼ê�.�SPP�.. b½�¦ÂÃÇÑl��

©Ù. |^�AkÛ�[{ [20], À�ØÓ���Nþ, �)z��¦�ÂÃÇ��, ·�À

Jë�ÂÃÇg(y, pi)¥�Ý]�y∗ = [1/n, 1/n, . . . , 1/n], Kë�ÂÃ�L«�

zi := g(y∗, pi) =
1

n

n∑
k=1

rki, i = 1, 2, . . . ,m,

Ù¥n = 10, m���ê, rkiL«1k�]�3i�Ï�ÂÃÇ.

4.2 ê�(J

1. �½��ê500, 1wëêt = 0.001, vëêλm = 1 000, �´¤^'~�Ü��

0.01, ©O¦)��´¤^��.(9)Ú(12)��A�Ø�Ä�´¤^��., O�(JX

L2¤«. dL2���, ��´¤^�.'Ø��´¤^�.�Ï"ÂÃ�, L2¥�cn

«�.ò�Ü©]����Ï"ÂÃ����gDèÚ¥ð8ì, ��´¤^�SPP�

.ò]�����õ��¦¥,lü$
ºx, ��
�$�Ï"ÂÃ, ÎÜpºxpÂ

Ã�Ý]5Æ, `²
Äu���ÅÓ`�1wv¼ê�.�k�5.

2. �Ä��´¤^�LP�.(9)ÚSPP�.(12), �½��ê500, vëêλm = 1 000,

1wëêt = 10−5�, ÏL�½ØÓ��´¤^'~, ¦)��.(JXã1¤«. lã1�

�, �X�´¤^�O�, �k�´¤^�LP�.ÚSPP�.�Ï"ÂÃÑkØÓ§Ý�

ü$, L²ØÓ��´¤^¬éÝ]ûü�)K�.
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L2 LP�SPP�.�O�(J

�. x Ï"ÂÃ

Ø��´¤^�LP�. (0, 0, 0, 0.7744, 0, 0.2165, 0, 0.0091, 0, 0) 0.0095

Ø��´¤^�SPP�. (0, 0, 0, 0.9592, 0, 0.0348, 0, 0.006, 0, 0) 0.0089

��´¤^�LP�. (0, 0, 0, 0.6620, 0, 0.2554, 0, 0.0642, 0, 0) 0.0075

��´¤^�SPP�. (0, 0.0586, 0.0809, 0.1435, 0, 0, 0.4344, 0, 0, 0.2608) 0.0067

ã1 ØÓ�´¤^�LP�.ÚSPP�.�Ï"ÂÃ

3. �Ä��´¤^�SPP�.(12)ÚØ��´¤^�SPP�., �½��ê500, vë

êλm = 1 000, �´¤^'~�½�0.01, À�ØÓ�1wzëêt�, ¦)ü«SPP�.�

(JXã2¤«. dã2��ü«�.��`8I�Ä�Øu)Cz, L²1wzv¼ê�

.éëêt´Ø(¯�. ?�ÚL², �tªu0+�, Äu���ÅÓ`���.�SPP�.

�d.

ã2 ØÓ1wëêe�SPP�.�Ï"ÂÃ

4. �½1wëêt = 0.001, vëêλm = 1 000, �´¤^'~�Ü�½�0.01, ÏLÀ

�ØÓ���ê, ©O¦)LPÚSPP�., ÚO�.¤I��CPU�m, XL3Úã3¤«.
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lL3Úã3��, �X��ê�O�, LP�.¤^�m�5��; SPP�.A�vkC

z. L3Úã3`²Äu���ÅÓ`�1wv¼ê�.'�55y�.k�Ð�ê�O�

5U.

L3 ØÓ�.�O��m

��ê Ø��´¤^� Ø��´¤^� ��´¤^� ��´¤^�

LP�.(CPU/s) SPP�.(CPU/s) LP�.(CPU/s) SPP�.(CPU/s)

50 11.8117 13.7213 14.1773 15.8880

100 12.8998 19.3855 20.7081 21.5449

500 83.7159 30.6964 110.0999 49.7771

1 000 165.4725 41.9712 370.8060 65.3784

1 500 380.8060 46.1642 523.1650 82.6439

3 000 649.6488 88.8847 1 148.7403 171.0107

ã3 LP�.�SPP�.�CPU�m

§5. ( Ø

�©�ï
�k�´¤^����ÅÓ`Ý]|Ü`z�.. T�.ØI�éÝ]ö

��^¼êÚºx]�ÂÃ�©Ù�?Ûb�, Ò�±(�ºx��Ý]ö¤��ÀJÑ

¬�ÅÓ`u��ÄO�, l�±5;pºxÝ], ¿��.ò�´¤^��Ä?5, �

\ÎÜÝ]|Üºx���¢S�¹. �é`z�.�¦), ·�k^��²þ�Cq�

{ò�k�ÅCþ�Ï"ÂÃ¼êlÑz, ¦�¯K=z�����kk��å���5

5y¯K, ,��O��°(v¼ê5?nk��å^�, ^�«1wzEâ?n�.¥

�1w�\¼êÚv¼ê. ê�(JL²: Äu�55y�{����.��êî�6

u��ê, ���êé��, �.�¦)k�½�(J. ^1wzv¼ê�{���.�
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�êØ�6u��, ¿�T�.U��`z¯K��Û�`). ÏL'�1wv¼ê�{

Ú�55y�{�ê�(J, ·�uy1wv¼ê�{äk�Ð�O�5U, ¿�ü«�

{ÑUk�¦)Ý]|Ü`z�., U�Ý]ö�Ð/5;ºxJøë�Úûü�â. Ï

Lé'�k�´¤^ÚØ��´¤^����ÅÓ`�.�ê�(J, ·�uy�¦��

´¤^é�.��`)k�½�K�, �k�´¤^�ºx���.U�Ð��Ý]öJ

øûüë�.

ë � © z

[1] Markowitz H. Portfolio selection [J]. J. Finance, 1952, 7(1): 77–91.

[2] �Æ, o®�, Qÿ. �ÅÅÄÇ½|�3�¦Ød���`Ý]üÑ [J]. A^VÇÚO, 2013, 29(3):

261–274.

[3] ~Ó, JU¬. KÅ�/e�^Ý]|ÜÀJ��`�� [J]. A^VÇÚO, 2012, 28(5): 457–470.

[4] Bawa V S, Lindenberg E B. Capital market equilibrium in a mean-lower partial moment framework [J].

J. Financ. Econ., 1977, 5(2): 189–200©

[5] Fishburn P C. Mean-risk analysis with risk associated with below target returns [J]. Amer. Econ.

Rev., 1977, 67(2): 116–126.

[6] Ü!, ±�, ¤�ì. Äu�ÅÓ`OK�Ý]|Ü�xüÑ'�©Û [J]. ÚO�ûü, 2014, 2014(24):

55–57.

[7] oh. ÄuVÇ�¼êÚ�ÅÓ`OK�m�ªÄ7µ? [J]. ¥I+n�Æ, 2013, 21(1): 23–30.
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Portfolio Model of Risk Management with Second Order

Stochastic Dominant Constraints and Transaction Costs

YANG Liu SHEN FeiFei

(School of Mathematics and Computational Science, Xiangtan University, Xiangtan, 411105, China)

Abstract: In this paper, we introduced a transaction costs function and established a portfolio model

of risk management with second stochastic dominance constraints. This model does not need to make any

assumptions about the utility function of the investors and the distribution of the risk assets income, and

it can ensure that the choices of the risk-averse investor can be randomly better than a reference value,

so it can avoid the high risk investment. We provide a smoothing penalty sample average approximation

method for solving this optimization problem. We prove that the smoothing penalty problem is equivalent

to the original problem. Numerical results prove that the model and the method are efficient.

Keywords: second order stochastic dominance; transaction costs; smoothing method; portfolio opti-

mization; sample average approximation
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