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"OwW|t xO}t=v �CUmW `@=D� ,=Lq]Y= w Ovm|t |R=@ =Q OQmrta
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"OW=@ |]NQ}e 'Q=Pox}=tQU *C}@ wr]t *hOy *̀ @=D CQwYx@ =} |]N

u=wvax@ c |a]kQ}e ?}=Q[ w xO=O u=wvax@ t w x '4 |x]@=Q QO
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xOW l}miD |r=tDL= |=[i VwQ =@ x}=tQU X}YND
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"OvwW|t Q=QmD G w ? pL=Qt �O

|rY= hOy `@=D |R=Uxv}W}@ 'xDi=} j}@]D wrQ=mCvwt QO
Q]N ZQat QO x}=tQU |va} � t ��prob(cTx � t) � 1� �	
xHOw@ C}OwOLt "OwW|t ^iL � xOW xO=O lU} Q |=Q@ (VaR)

|k=@ CU= xOt; 3 pOt QO xm Qw]u=ty |ivtQ}e |=yC}OwOLt w
'OUQ|t Q_v x@ CNU q=@ hOy `@=D |@=} RQ= pw= x=ov QO "Ov=t|t
R= w} Q=vU Qy |=Q@ z = cTx `@=D 'xOW xO=O x Qy |=Q@ xm |r=L QO
=yw} Q=vU xty |=Q@ z Q}O=kt "OwW|t x@U=Lt |iO=YD xOR=@ MQv Q=OQ@
VaR Q=Okt |@ QHD |atHD `} RwD `@=D R= xO=iDU= =@ w xOW |Qw;OQo
QO prctile `@=D =t p=Ft |=Q@ "OwW|t xOR u}tND xOW xO=O � |=Q@
u}= x@ Q_v "s}=xOQm xO=iDU= Qw_vt u}= |=Q@ =Q MATLAB rQ=Ri=sQv
'CU= xOW xDiQo Q_v QO nQR@ z |x@U=Lt |=Q@ =yw} Q=vU O=OaD xm
=Hv; R= "CU= j}kO |i=m |xR=Ov=x@ |@ QHD |atHD `} RwD `@=D u}=Q@=v@
xi=[= =@ =Q |rY= |R=Uxv}y@ |xr�Ut O=a@= xDi=} j}@]D wrQ=mCvwt xm
|R} Qxt=vQ@ Q}_v� w} Q=vU Q@ |vD@t |=yVwQ hqNQ@ =yw} Q=vU uOW
'Ovm|tv nQR@ �|]QW Q]N ZQat QO x}=tQU VwQ w |iO=YD |]N

"CU= Q=OQwNQ@ |rw@k p@=k |}=Q=m R=
O=a@= xm CU= u}= xDi=} j}@]D wrQ=m Cvwt |rY= C} Rt u}=Q@=v@
xOR=@ `@=D u=wD|t w Ovm|t ^iL =Q |rY= |xr�Ut w =yC}OwOLt
VwQ u}=ha[ \=kv "OQm |R=UxO=}B pOt u}= QO =Q |]NQ}e w |]N
u=tR V}=Ri= Ea=@ |R=Ux}@W Q}O=kt O=} R O=OaD "1 %R= CU= CQ=@a
T=UL =yw} Q=vU O=OaD x@ G}=Dv "2 &OwW|t �CPU� xv=}=Q QoWR=OQB
|a} RwD =@ =Q xOR=@ |=yMQv =} s=yU Ct}k |N} Q=D C=aq]= "3 &CU=
QO x@=Wt |=yVwQ s=tD |=Q@ ,=@} QkD ZQi u}=� OQ}o|t Q_v QO =DU}=

"�OwW|t xDiQo Q_v

|OQ@ Q=m |=yp=Ft
|m} 'CiQo Oy=wN Q=Qk |UQQ@ OQwt |OOa p=Ft wO CtUk u}= QO
Cw=iDt syU 100 |Qo}O w CU= Civ CavY R= Cw=iDt syU 20
|r=tDL= |=[i VwQ *G}=Dv p=Ft wO Qy QO "CU= Cw=iDt `}=vY R=
Q]N ZQat QO x}=tQU VwQ =@ xDi=} j}@]D wrQ=mCvwt w xOW l}miD

%OQ}o|t Q=Qk xU}=kt OQwt �CVaR� |]QW

|v=U;x@ x]kv u}= '�3 pOt Ovv=ty�CU=|]NCUmW `@=D|Dkw
"�? xt}t[� OwW|t x@U=Lt �5 |x]@=Q� |R=Uxv}y@ x@ R=}v uwO@ w
CUmW `@=D |rm Cr=L pL |=Q@ |WwQ |x�=Q= =t hOy xm =Hv; R= =t=
=@ 3 |R=Uxv}y@ |xr�Ut "s} Q=O|t xov =Q 5 |x]@=Q 'CU= |]NQ}e

%CU= |U} wvR=@ p@=k 5 |x]@=Q |Q}oQ=mx@ x@ xHwD
max
x

t

Subject to :

��(x; t jc ) � ��1(1� �)
nX
j=1

xj = 1

x � 0: (6)

|r=L QO u}= w 'OQ=O CrqO p=tQv �CDF� |atHD |r=oJ `@=D Q@ �

W w u}ov=}t c u=tt wO \UwD pm xOR=@ MQv |iO=YD Q}eDt xm CU=
C}at=H "CU= xOW xOR u}tND 'xOR=@ |=yMQv Tv=} Q=wwm T} QD=t
xDU@=w w uQ=kDt=v Qw]x@ xm |iO=YD |=yQ}eDt |=Q@ VwQ u}= OQ@ Q=m
,=OOHt "CU= xOW |UQQ@ G |xt}t[ QO |�RH Qw]x@ Ov=xOW `} RwD
R= 5 |x]@=Q |Q}oQ=mx@ =@ =Q � u}tND |xr�Ut xm s} wW|t Qw;O=}
xm u}= x@ Q_v "s}=xOQm =OH 6 pOt QO x}=tQU X}YND |R=Uxv}y@
?} QkD p=tQv|atHD `} RwD =@ =Q |Q=Pox}=tQU pm xOR=@ MQv|atHD `} RwD
r = ��1(1� �) Qo = w "CU= ?OLt |R=Uxv}y@ 6 pOt 's}=xOR

"�O xt}t[� Ov=pO=at 6 w 2 |=ypOt x=ov;
VwQ R= 5 pOt QO xOW K} QWD VwQ xm s} wW|t Qw; O=} p=L Qy x@
'|R=Up=tQv |Q}oQ=mx@ =@ =yv; xm =QJ CU= Cw=iDt [19]Ov}r w QiwR=y
=t =Hv}= QO "OvO=O p=kDv= p=tQv |=yQ}eDt |=[i x@ =Q CUmW `@=D

[21]"s} Q=Ov =Q p=kDv= |xv} Ry
�hr= %R= CU= CQ=@a xOW l}miD |r=tDL= |=[i VwQ |=}=Rt
|UQQ@ |}=v=wD �? &p=tQvQ}e w xDU@=w xOR=@ |=yMQv |UQQ@ |}=v=wD
=yw} Q=vU |Q}oQ=mx@ R= |Q}owrH �G &|]NQ}e u=} R =} CUmW `@=wD

"C=@U=Lt u=tR uOw@ `} QU �O &|R=Uxv}y@ |xrLQt QO

x}=tQU X}YND |=Q@ xDi=} j}@]D wrQ=mCvwt
|a]kQ}e C}OwOLt uDiQ QD=Qi p=tDL= u}tND |=Q@ wrQ=m Cvwt VwQ
|xr�Ut pL |=Q@ =Q VwQ u}= =t w OwW|t xOQ@ Q=mx@ 3 pOt QO
VwQ "s} Q@|t Q=mx@ '�VaR� Q]N ZQat QO |x}=tQU |R=Uxv}W}@

%CU= Q} R pL=Qt pt=W xDi=} j}@]D wrQ=mCvwt
|Q}oQ=mx@ |=Q@ u; |xQ}NP w c|iO=YD Q=OQ@ |=Q@ =yw} Q=vU O}rwD �hr=

&|R=Uxv}y@ |xrLQt QO

sQ=yJ w |U |xQ=tW � h} QW ! 4
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sq=@twvwB |t=U=Q=twm w |i}U T=@a 'xO=R|ivLs=}B

"�|Oq}t 2003 � 2002 |=yp=U |=Q@ xv=RwQ Ct}k Q}O=kt |=Q@ Civ CavY syU 20 '�10 lU} Q� Civ CavY QO x}=tQU X}YND G}=Dv "1 pwOH
Q]N ZQat QO x}=tQU |r=tDL= |=[i |r=tDL= |=[i wrQ=m Cvwt |orwJ C=Q}}eD ?} Q[ u}ov=}t

�xDU@=w� |]QW �pkDUt� xOW l}miD �xDU@=w� xOW l}miD �xDU@=w� xDi=} j}@]D ���
0 1120 0 0383 0 0457 0 0193 1 3 4 5 1 0013
0 0000 0 0818 0 0000 0 0289 0 8 3 0 0 9982
0 4019 0 1301 0 3313 0 2399 0 7 2 5 0 9981
0 0000 0 0063 0 0000 0 0005 0 5 5 6 0 9891
0 0000 0 0844 0 0715 0 0471 0 7 2 8 0 9977
0 0000 0 0014 0 0000 0 0207 0 7 8 3 0 9934
0 0000 0 0798 0 1196 0 0623 1 0 3 0 0 9986
0 0000 0 0132 0 0000 0 0000 0 9 7 0 0 9958
0 0000 0 0866 0 1966 0 2958 0 8 2 5 0 9962
0 0000 0 0000 0 0000 0 0000 0 6 13 6 0 9668
0 0000 0 0366 0 0202 0 0000 0 8 3 4 0 9947
0 0000 0 0113 0 0000 0 0266 0 5 6 1 0 9972
0 0000 0 0243 0 0061 0 0000 0 4 4 9 0 9920
0 0000 0 0103 0 0000 0 0000 1 0 9 0 0 9976
0 0000 0 0604 0 0000 0 1438 0 5 3 1 0 9954
0 3426 0 0768 0 0190 0 0059 1 1 3 7 1 0015
0 0255 0 0745 0 0056 0 0015 0 9 3 2 0 9995
0 0000 0 0488 0 0035 0 0152 0 9 3 6 0 9966
0 1179 0 0752 0 1810 0 0565 0 9 3 2 0 9927
0 0000 0 0599 0 0000 0 0358 1 1 3 3 0 9976
0 9705 0 9713 0 9738 0 9741 Q]N ZQat QO x}=tQU

|}x}W=L `} RwD uOw@ p=tQvQ}e ,=YNWt |orwJ ?} Q[ "CU= xOW
?}=Q[ �50 R= V}@ =t u}vJty "OyO|t u=Wv =Q xOR=@ |=yMQv
OwHw |xOvyOu=Wv xm s}OQm x@U=Lt 0 4 w 0 2 u}@ =Q |oDU@ty
|r=tDL= |=[i |=yVwQ R= xOt; CUOx@ |=y?=wH "CU= |oDU@=w
"CU= xOW x�=Q= 1 pwOH QO xDi=} j}@]D wrQ=mCvwt w xOW l}miD
Q=Okt 400 R= =Q W w c Q}O=kt xOW l}miD |r=tDL= |=[i VwQ
xDiQo Q=mx@ |R=Uxv}y@ |xrLQt QO w xOQm x@U=Lt xOW |R=Ux}@W
|@=} RQ= |xrLQt |=Q@ Qo}O |iO=YD |xvwtv 600 u}vJty "CU=
x}=tQU |R=Uxv}W}@ |xv}y@ ?=wH Qou=Wv sQ=yJ uwDU "Ov=xDiQ Q=mx@
VwQ R= xO=iDU= =@ w �10 lU} Q CLD �VaR� Q]N ZQat QO
"CU= u} QDnQR@ VaR VwQ u}= QO "CU= xDi=} j}@]D wrQ=m Cvwt
x@ xm CU= xOW l}miD |r=tDL= |=[i VwQ ?=wH sHvB uwDU
V}=tR; |=y?=wH "CU= l}ORv xDi=} j}@]D wrQ=m Cvwt VwQ ?=wH

�Civ CavY R= syU 20� 1 p=Ft
Civ CavY R= syU 20 |xv=RwQ |=yCt}k Yahoo.com C}=U R=
jraDt =yCt}k xm =Hv; R= "OW G=QNDU= 2003 =D 2002 |=yp=U |=Q@
xOR=@ TBU "OvW=@ xDU@=w xm OwQ|t Q=_Dv= 'OvDUy |v=Um} CavY x@
xOR=@ |=yMQv uOw@ p=tQv uwtR; "OW x@U=Lt xQwO Qy |=Q@ syU Qy
QwDUO R= xO=iDU= =@ '�syU Qy xOR=@ MQv p=tQv `} RwD�H0 ZQi |=Q@
u=wvax@ =t=o `} RwD "OwW|t OQ MATLAB r Q=Ri=sQv R= Lillietest

Qw_vtx@ �hr= xt}t[� 6qwB=m lv=Qi w syU Qy xOR=@ |}x}W=L `} RwD
|x]U=wx@ |iO=YD Q}O=kt "CU= xOW ?=NDv= =yv; s-=wD `} RwD VR=Q@
[23]"CU= xOW |R=Ux}@W xOR=@ |=yMQv w} Q=vU u=wvax@ s-=wD `} RwD
CU= u}ov=}t x@ Q=}at h=QLv= C@Uv xm � C=Q}}eD ?} Q[ 'u}ov=}t
sOa xm � |orwJ ?} Q[ w �OyO|t u=Wv =Q C}a]k sOa C@Uv w
xO=O u=Wv 1 pwOH QO syU 20 R= l} Qy |=Q@ �OyO|t u=Wv =Q uQ=kD

5 ! sQ=yJ w |U |xQ=tW � h} QW
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xOW l}miD |r=tDL= |=[i VwQ =@ x}=tQU X}YND

=@ syU 100 w hrDNt CavY 5 |=Q@ x}=tQU X}YND G}=Dv "2 pwOH
"�10 lU} Q

ZQat QO x}=tQU |r=tDL= |=[i wrQ=m Cvwt
|]QW Q]N xOW l}miD xDi=} j}@]D

0 9902 0 9907 0 9902 QO x}=tQU
Q]N ZQat

50 53 69 s=yU O=OaD
xDi=} X}YND

Ov=CQ=@a `}=vY �"CU= xOW xDiQo Q=mx@ p=Ft u}= QO xOW ?=NDv=
w &|} wQ=O O=wt &|} wQ=O &|a}@] R=o w s=N Civ &Civ G=QNDU= %R=
"OwW|t R}v |Oqwi |=yOQwv w uy; ?wP pt=W xm |Oqwi C=O}rwD
j}@]D wrQ=m Cvwt w xOW l}miD |r=tDL= |=[i VwQ |=y?=wH

"CU= xOW xO=O u=Wv 2 pwOH QO xDi=}
l}miD |r=tDL= |=[i VwQ R= pY=L |=y?=wH p=Ft u}= QO
"CU= xv}y@ =yVwQ Qo}O R= pY=L |=y?=wH =@ xU}=kt QO xOW
Ovv=ty "OyO|t u=Wv =Q xDi=}X}YND s=yU O=OaD pwOH Q]U u} QN;
|xDmv "CU= s=yU u=}t |w=Ut X}YND x}rw= ?=wH p@k p=Ft
|r=tDL= |=[i VwQ pL |=Q@ xOW hQY u=tR xm u}= xHwD ?r=H
Q=Ri=sQv R= xO=iDU= =@ |]QW Q]N ZQat QO |x}=tQU w xOW l}miD
xk}kO l} R= QDsm 'Apple G5 xv=}=Q |Q}oQ=mx@ =@ w MATLAB r
|v=tR syU 100 |=Q@ xDi=} j}@]D wrQ=m Cvwt VwQ QO "CU= xOw@

"CU= xO}t=Hv= pw] x@ xk}kO 3 R= QDsm

|Q}oxH}Dv
w uQ=kDt=v CQwYx@ xOR=@ |=yMQv xm |]}=QW QO x}=tQU X}YND
Q=DWwv u}= QO "CU= |ak=w |=}vO syt p�=Ut R= Ov=xDi=} `} RwD xDU@=w
pL |rm Q=}U@ \}=QW CLD =Q xr�Ut xm |}=Q=m |R=Uxv}y@ VwQ
QO x}=tQU hOy `@=D |R=Uxv}y@ p=Ft |=Q@ "CU= xOW x�=Q= 'Ovm|t
QO x}=tQU |R=Uxv}y@ 'xOW xO=O lU} Q |=Q@ �VaR� Q]N ZQat
QO |]NQ}e u=} R `@=D |R=Uxv}y@ =} '�CVaR� |]QW Q]N ZQat
|O=yvW}B pOt Ot=}B u} QDsyt "Ov=xO=iDU= p@=k |R=UpOt VwQ u}=
|R=Uxv}y@ VwQ "CU= uQ=kDtQ}e w xDU@=w xOR=@ |=yMQv uDiQo Q_v QO
u}vJty "CU= ?OLt |R=Uxv}y@ |xr�Ut Q=DWwv u}= QO xOW x�=Q=
=}� w} Q=vU Q@ |vD@t |R=Uxv}y@ =@ xU}=kt QO |D=@U=Lt ^=Lr R=
Q@xv} Ry �VaR� Q]N ZQat QO x}=tQU |xr�Ut pL QO �|R=Ux}@W

"OvDU}v

|@ QHD |atHD `} RwD `@=D |xU}=kt w x}=tQU pm xOR=@ |r=oJ `@=D "3 pmW
"p=tQv w

|=[i VwQ |xr}Uwx@ xOR=@ |=yMQv uOw@ pkDUt ZQi =@ xm Qo}O
"CU= xOW x�=Q= sWW uwDU QO w xDiQo CQwY xOW l}miD |r=tDL=
|=[i VwQ QO x}=tQU X}YND |oOvm =QB 'pqkDU= ZQi Crax@
'Ov=xOW ZQi pkDUt =yxO=O xm |Dr=L QO 'xOW l}miD |r=tDL=
QO x}=tQU VwQ ?=wH "Ov=xDU@=w =yxO=O xm CU= |Dr=L R= QDW}@
Q=Okt "CU= xOt; sDiy uwDU QO �CVaR� |]QW Q]N ZQat
`} RwD =t= CU= =y?=wH Qo}O =@ xU}=kt p@=k VwQ u}= QO VaR

|]N |R} Qxt=vQ@ QO x}=B ?=wH C}Y=N xm OQ=O |QDOwOLt |x}=tQU
|O=} R QiY O=OaD |]N |R} Qxt=vQ@ QO �xWwo � x}=B |=y?=wH "CU=

"OvQ=O
p=tDL= |r=oJ `@=D 'xOR=@ |=yMQv uOw@ p=tQvQ}e C=@F= Qw_vt x@
Qw]u=ty "CU= xOW xO=O V}=tv 3 pmW QO x}=tQU pm xOR=@ |@ QHD
l}miD |r=tDL= |=[i VwQ QO VaR u}tND 'xOt; pmW u}= QO xm
�Q=wty \N� p=tQv |atHD `} RwD `@=D j} Q] R= �6 |x]@=Q� xOW
�Gwat \N� |@ QHD |atHD `} RwD R= |@ wN u}tND xm OQ}o|t CQwY
Q=Qk EL@ OQwt G |xt}t[ QO =Q u}tND u}= QDW}@ |=yOt=}B "CU=

"s}=xO=O
�Cw=iDt `}=vY R= syU 100� 2 p=Ft

MQv xm CavY Qy R= syU 20 'CavY 5 R= syU 100 xOR=@ MQv
(CRSP) |r=tW |=m} Qt;QO s=yU |=yCt}k C=aq]=lv=@ R= =yu;

sQ=yJ w |U |xQ=tW � h} QW ! 6
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sq=@twvwB |t=U=Q=twm w |i}U T=@a 'xO=R|ivLs=}B

%OwW|t |iQat Q} R CQwYx@ QDt=Q=B
C(u; v) = �1

�
ln
�
1 +

(e�� u � 1)(e�� v � 1)
e�� � 1

�
(3 � hr=)

|qwB=m '|}x}W=L |=y`} RwD w � |oDU@=w QDt=Q=B uDW=O =@ u; QO xm
'|R=Ux}@W QO OQ@ Q=m |=Q@ =Q s-=wD |xDU@ty |iO=YD Q}eDt lv=Qi
w �1 u}@ |oDU@ty |xRwL pm Ov=wD|t lv=Qi |qwB=m "Ovm|t O}rwD

[23w18]"OyO VWwB =Q 1
xOW xO=O t w x T=U=Q@ xv}y@ � |x@U=Lt %? |xt}t[

|x]@=Q 'OW=@ xDi=} `} RwD s-=wD p=tQv CQwYx@ c xOR=@ |=yMQv Q=OQ@|Dkw
� |R=Uxv}tm w g(c jx ; t) = 0 CUmW `@=D |=Q@ u} Sv=Qo q `@=D

%CU= u}vJ 5 |x]@=Q R=
L(c; �) = [(c� c)TW�1(c� c)1=2 + �g(cjx; t)

(1 � ?)

%O};|t CUO x@ Q} R CqO=at sDU}U pL j} Q] R= 8um =U |x]kv
rL = ��1W�1(c� c) + �G = 0 (2 � ?)

@L
@�

= g(c jx ; t) = 0 (3 � ?)

uOQm ?DQt =@ "OQ=O CrqO g(c jx ; t) Cv=}O=Qo Q@ G xm |Qw]x@
%s} Q=O �2 � ?� CQ=@a |xQ=@ wO

(c� c) = ��� W G (4 � ?)

x@ Q} R CQwYx@ � u} Sv=Qo q ?} Q[ '�4 � ?� |x]@=Q w � h} QaD R=
%O};|t CUO

� = (GTWG)�1l2 (5 � ?)

R= �4 � ?� |x]@=Q QO � Q=Okt uOQm u} Ro}=H =@ � pk=OL Q=Okt
%O};|t CUO x@ u}vJ �5 � ?� |x]@=Q

��(x j c) =
(c� c�)TG
(GTWG)1l2 (6 � ?)

%s} Q=O w G = x |]N Cr=L QO xm
��(x j c) =

(c� c�)Tx
(xTWx)1l2 = � t� cTx

(xTWx)1l2 (7 � ?)

w u}ov=}t R= Ov=CQ=@a ?}DQD x@ (xTWx)1l2 w cTx xm |Qw]x@
|x]@=QCU=QCtU CQ=@a "cTx|Q=Pox}=tQU pm xOR=@ Q=}at h=QLv=
xOR=@ MQv pO=at t xm |r=L QO 'CU= 9AQ=W hwQat MQv �7 � ?�

[25]"CU= lU} Q uwO@

s�=t[
w xDU@=w |=yQ=DN=U |R=UpOt |=Q@ qwB=m %hr= xt}t[

s-=wD `} RwD |R=UpOt
Q=DN=U |R=UpOt '|}x}W=L |=y`} RwD Q@ xwqa 'p�=Ut R= |Q=}U@ QO
O@U |R=Uxv}y@ QO ',qFt "CU= |t=Rr= |iO=YD |=yQ}eDt |xDU@=w
C@Ft Qw]x@?re= '`}=vY |xOwOLt QO s=yUCWoR=@ |=yMQv 's=yU
[3]"Ov=p=tQvQ}e |iO=YD |=yQ}eDt u}= R= |Q=}U@ 'u}vJty "Ov=xDU@=w
p=tQv Qw]x@ w OQ=O OwHw|iO=YD|=yQ}eDtu}@|]N|oDU@=w xm|Dkw
|Q}oxR=Ov= |=Q@ 7uwUQ}|B |oDU@ty ?} Q[ ,qwtat 'Ov=xDi=} `} RwD

"OwW|t xOQ@ Q=mx@ |oDU@=w COW
`} RwD |R=UpOt |=Q@ w CU= Q=t; QO Q}N= |=yOQ@ Q=m R= qwB=m
Ovv=wD|t =yQ}eDt R= s=OmQy [24]"OwW|t xOQ@ Q=mx@ s-=wD |xQ}eDtOvJ
OvW=@ xDW=O |iO=YD |=yQ}eDt Qo}O R= |Dw=iDt |}x}W=L |=y`} RwD
|=yQ}eDt u=}t xDU@=w |=yQ=DN=U qwB=m "OvW=@ R}v p=tQvQ}e |DL w
|}x}W=L |=y`} RwD x@ =Q s-=wD `} RwD w Ovm|t |R=UpOt =Q |iO=YD
|xDU@=w |=yQ=DN=U |R=UpOt |=Q@ qwB=m "Ovm|t x} RHD |Dw=iDt
u}}=B Q}O=kt OQ=wt |[a@ QO ,qFt 'OQ}o|t Q=Qk xO=iDU= OQwt |]NQ}e

[4]"OvQDxDU@sy 'u=WQ]=vDt |}q=@ Q}O=kt x@ C@Uv 's=yU Ct}k
s=yUCt}k |atH xDUO uDiQ u}}=B xmCU= pwtat s=yU Q=R=@ QO
u}= x@ =yCt}k uDiQ q=@ xm |r=L QO ODi=|t j=iD= |}q=@ COW =@

"CU}v COW
"O} Q}o@ Q_v QO =Q y w x |iO=YD Q}eDt wO =Hv}= QO 'CrwyU |=Q@
|xr�Ut QO xOW h} QaD x Q}eDt R= |Dw=iDt Q}@aD 'x |iO=YD Q}eDt
|=y`} RwD w H(x; y) s-=wD `} RwD "OQ=O Q=DWwv uDt QO |R=Uxv}y@
h} QaD u}vJ qwB=m 'O} Q}o@ Q_v QO =Q G(y) w F (x) |}x}W=L

[23w18]%OwW|t

C(u; v) = H(F�1(u); G�1(v)) (1 � hr=)

|}x}W=L `@=wD j} Q] R= u=wD|t =Q C(u; v) |qwB=m Qo}O hQ] R=
%OQm h} QaD R}v u}vJ

H(x; y) = C(F (x); G(y)); (2 � hr=)

G(y) w F (x) |}x}W=L `} RwD `@=wD =@ xQ}eDtOvJ CDF '`} RwD u}=
=Hv}= QO xm '|}x}W=L |=y`} RwD ẁv x@ qwB=m xm s}vm|t O}m -=D "CU=
|O=} R Q=}U@ |=y?=NDv= "OQ=Ov |oDU@=w 'OvDUy u; v |=yu=twoQ;
[18]lv=Qi|qwB=m =t =Hv}= QO p=Ft|=Q@ "CU= Q=}DN= QO qwB=m `} RwD |=Q@
l} j} Q] R= u; |oDU@=w w OQ=O |QDxO=U pmW xm s} Q@|t Q=mx@ =Q
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xOW l}miD |r=tDL= |=[i VwQ =@ x}=tQU X}YND

|atHD |=y`} RwD |=Q@|orwJ w C=Q}}eD?} Q[ |=yxQ=t;|v=w=Qi "5 pmW
�VaR� Q]N ZQat QO x}=tQU |=y=]N u}tND QO xOR=@ |=yMQv R= |Q=}DN=

"CU= xOW xO=O V}=tv 4 � pmW QO

?} Q[ xm |atHD `} RwD `@=wD R= |a}Uw xvt=O |=Q@ =y=]N u}= "CU=
"Ov=lJwm ,=D@Uv Ov=xOt; 5 pmW QO =yv; |orwJ ?} Q[ w h=QLv=
QDnQR@ |ak=w Q=Okt |va}� Ov=C@Ft =y=]N Cq=L QDW}@ QO xwqax@
u}tND '|R=Uxv}y@ |xrLQt QO xm |vat u}O@ �CU= |v}tND Q=Okt R=
|Dkw u}=Q@=v@ "CU= xv=Q=mx_i=Lt �VaR� Q]N ZQat QO |x}=tQU
u}tND ,qta 'OvW=@ Q=}DN= QO Tv=} Q=w w u}ov=}t R= |@ wN |=yu}tND
p@=k p=tQv |atHD `} RwD |Q}oQ=mx@ =@ �VaR� Q]N ZQat QO x}=tQU

"CU= pw@k
|xr�Ut QO |]N CUmW `@=D =@ xm |Dr=L |=Q@ \}=QW u}=
seQ|ra "CU= QDxO=U ?D=Qtx@ 's}DUy xH=wt x}=tQU X}YND
|Dkw '|R=Uxv}y@ |xrLQt QO xOt; CUO x@ ?=wH u}tND |=y=]N
j@=]t =Q OwN |QDQ@ Kw[wx@ OvQ}o|t Q=Qk|@=} RQ= |xrLQt QO =y?=wH

"OvyO|t u=Wv 2 w 1 |=ypwOH
xOW l}miD |r=tDL= |=[i |R=Uxv}y@ ?OLD %O xt}t[

%s}yO|t Q=Qk �6� QO ��(xjc) |=Q@ =Q �7 � ?� |x]@=Q
cTx� t

(xTWx)1l2 � F�1(1� �) (1 � O)

%s} Q=O �1 � O� |x]@=Q |U} wvR=@ =@
cTx� F�1(1� �)(xTWx)1l2 � t (2 � O)
,qwtat �lU} Q |xvt=O =Q} R CU= C@Ft F�1(1��) Ctqa =t=
swO xHQO �2 � O� C}OwOLt Cr=L u}= QO "CU= �0 w 0 5� Q@=Q@

[29]"CU= ?OLt xr�Ut w CU= |]wQNt

|xr}Uwx@ pm xOR=@ |atHD |r=oJ `@=D u}tND %G xt}t[
p=tQv `} RwD

|r=oJ `@=D u}tND |=Q@ =Q p=tQv |atHD |r=oJ `@=D 6 |x]@=Q QO
|x}[k Q@ O=kDa= '|rm Qw]x@ "s} Q@|t Q=mx@ x}=tQU pm xOR=@ |atHD
CUQO |]}=QW QO u}= =t= "CU= |OQ@ Q=m u}vJ Qox}HwD |RmQt OL
x@ "OvW=@ xDi=} `} RwD s-=wD p=tQv CQwYx@ x}rw= xOR=@ |=yMQv xm CU=
R}v |}x}W=L |=y`} RwD p=tQvQ}e Cr=L |=Q@ |RmQt OL x}[k p=L Qy
10pkDUt w `} RwD sy |}x}W=L |=y`} RwD Qo = =yvD w Qo = OQ=O OQ@ Q=m
|=y`} RwD xm|ak=w |=}vO OQ=wt QDW}@ QO s}v=wD|t xvwoJu}=Q@=v@ "OvW=@
|OQ@ Q=m u}vJ Ov=xDU@=w w p=tQvQ}e 'Ovv=tyQ}e xOR=@ |=yMQv|}x}W=L

#s}vm x}HwD =Q
R= |OL =D pta w x} Q_v xm OyO|t MQ |t=ovy `k=w QO Qt= u}=
|=y`} RwD %s}=xO=O Q=Qk xar=]t OQwt =Q |W}=tR; =t "OvQ=O h=QLv= sy
R= xOW pY=L p=tQv |atHD `} RwD =@ =Q |Dw=iDt |Q=}DN= |atHD
TBU "s}=xOQm xU}=kt |Q=}DN= |atHD |=y`} RwD Tv=} Q=w w u}ov=}t
`} RwD wO u}= |=Q@ =Q �VaR� Q]N ZQat QO |x}=tQU u}tND |=]N
"s}vm|t x@U=Lt �10 w �5 lU} Q Cw=iDt Q=Okt wO w |atHD
|atHD `} RwD =@ xOW pOt Cw=iDt |atHD `} RwD 1600 |=Q@ C=W}=tR;

"CU= xOt; CUO x@ [26]|t=w=U=Q=t wm
sq=@twvwB \UwD |r=tDL= |L=Q] QO xDi=} xaUwD `} RwD `@=D
|v=w=Qi Q=Owtv 4 pmW QO [28w27]"CU= xOW xDiQo Q=mx@ Vv=Q=mtyw

"CU= xOW xO=O V}=tv xOW O=} lU} Q Q=Okt wO |=Q@ =y=]N
|=Q@ �VaR� Q]N ZQat QO x}=tQU u}tND |=]N 'Q=_Dv= j@=]t
0 07 OwOL ,=@} QkD �5 lU} Q |=Q@ w 0 05 |oQR@x@ �10 lU} Q

�VaR� Q]NZQat QO x}=tQU|x@U=Lt QO|v}tND |=]N|v=w=Qi "4 pmW
"�10 w �5 lU} Q |=Q@
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sq=@twvwB |t=U=Q=twm w |i}U T=@a 'xO=R|ivLs=}B

CWwv=B
1. Value-at-Risk (VaR)
2. Conditional Value at Risk (CVaR)
3. copula
4. robust investment
5. interior point algorithm
6. frank's copula
7. Pearson's correlation coe�cient
8. stationary point
9. sharpe ratio
10. iid)�independent and identically distributed `@=vt
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