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Q_v QO C}@ wr]t `@=D u=wva x@ ;n(x) Ovv=t |Qakt `@=D Qo = [15]'u; O} w}O Q_v j@]
u}=Q@=v@ "O};|t CUO x@ �;"n(x)

;0n(x)
C@Uv R= |R} Qos=y@= ?} Q[ x=ou; 'OwW xDiQo

%R= CU= CQ=@a Q}PB Q]N Q=Pox}=tQU |R} Qo s=y@= ?} Q[

v = �V "(s)
V 0(s)

�(v"(s):e��:v(s) + (��):(v
0
(s))2:(e��:v(s)))

v0(s)e��:v(s)

= �:v
0
(s)� v"(s)

v0(s)
(10)

`@=D u=wva x@ 'OwW|t |iQat Q}PB Q]N Q=Pox}=tQU OwU `@=D u=wva x@ xm v(s)Qo =
CUO x@ CQB - wQ= ?} Q[ =@ j@=]t 'OwW xDiQo Q_v QO Q=Pox}=tQU |]N C}@ wr]t

&CU= KQ] QO u} Qi;Q=m CmQ=Wt OYQO |xOvyOu=Wv
&Ovm|t XNWt =Q u} Qi;Q=m VqD K]U xm CU= |Oa@l} |Q}eDt %e

s:t:e 2 [0; e]
Q}PB Q]N Q=Pox}=tQU '|D=aq]= uQ=kD sOa \}=QW QO |ak=w |Q=Pox}=tQU QO
R= |}=yxv=Wv Ov=wD|t \ki w Ovm xOy=Wt Ov=wD|tv =Q (e) u} Qi;Q=m |=yC}r=ai

&Ovm xOy=Wt =Q xOt;CUOx@ OwU w =y|HwQN Ovv=t w= VqD K]U
xm CU= f(�) w F (�) |r=oJ `@=D w `} RwD `@=D =@ xDUw}B |iO=YD Q}eDt l} %�

"OwW|t xDiQo Q_v QO u} Qi;Q=m |}=v=wD u=wva x@
OwN jwOvY QO OwHwt |=yKQ] QO u=Q=Pox}=tQU 'Q}PB Q]N |Q=Pox}=tQU QO
|=yxQwO |Q=RoQ@ =@ '|Q=Pox}=tQU Q@xwqa xm |vat u}O@ &Ovvm|t p=ai |Q=Pox}=tQU
CiQW}B Ea=@ w OvyO|t V}=Ri= =Q u=v} Qi;Q=m Vv=O '|D} Q}Ot |=yltm w |WRwt;
|x�=Q= =@ u=Q=Pox}=tQU 'Q}PB Q]N |Q=Pox}=tQU QO "OvwW|t u=v; |}=v=wD K]U
u} Qi;Q=m |=y|}=v=wD V}=Ri= Ea=@ 'u} Qi;Q=m VRwt; R}v w |D} Q}Ot |=yltm
u}t-=D |=yVwQ Q}=U =@ Q}PB Q]N |Q=Pox}=tQU |=yR}=tD R= |m} Qt= u}= w OvwW|t
VRwt; w |Q}oO=} R= |a@=D CQwYx@ 'u} Qi;Q=m |}=v=wD K]U wQu}= R= &CU= |r=t

%Cio u=wD|t TB "OwW|t xO=O u=Wv �(T ) CQwYx@ w xDiQo Q_v QO
�0 � �(T ) � �1 (2)

xDiQo Q_v QO u} Qi;Q=m |}=v=wD |}=yv K]U �1 w u} Qi;Q=m |}=v=wD |x}rw= K]U �0 xm
%OwW|t pOt Q} R CQwYx@ u} Qi;Q=m |}=v=wD wQu}= R= "OwW|t

�(T ) = �0 + T (�1 � �0); 0 � T � 1 (3)

Ot;QO u=ty `k=w QO xm OwW|t h} QaD �(�; e) CQwYx@ |a@=D T=U= u}= Q@
%CU= Q} R CQwYx@ u; |]N `@=D w CU= Q}PB Q]N Q=Pox}=tQU |xOy=Wtp@=k

�(e; �) = e+ �(T ) + " (4)

%CU= |iO=YD |=]N " u; QO xm
" � N(0; �2); @�

@e
> 0; @�

@�
> 0

xR=Ov= Qy 'xOW x�=Q= `@=D x@ xHwD =@ "CU= p=tQv `} RwD |=Q=O w pOt |iO=YD <RH "
V}=Ri= R}v Q}PB Q]N Q=Pox}=tQU Ot;QO K]U 'O@=} V}=Ri= u} Qi;Q=m VqD K]U
Q=Pox}=tQU |xOy=Wt p@=k Ot;QO =@ u} Qi;Q=m |}=v=wD K]U u}vJsy w Ovm|t =O}B

"OQ=O s}kDUt \=@DQ= Q}PB Q]N
R= l} Qy |=Q@ Q}PB Q]N Q=Pox}=tQU w u} Qi;Q=m u}@ O=OQ=Qk O=kav= Qo}O hQ] R=
CQwYx@ xm u} Qi;Q=m |xv} Ry `@=D 'pOt u}= QO "OQ=O Q@ QO R}v =Q |}=yxv} Ry =yu;
xm =vat u}= x@ &CUw= |}=v=wD w VqD K]U R= |a@=D 'OwW|t xO=O V}=tv C(�; e)

OQ=O Q@ QO w= |=Q@ |QDW}@ |xv} Ry ,=trUt 'OW=@ QDq=@ u} Qi;Q=m VqD K]U xR=Ov= Qy
|QDtm |xv} Ry O=OQ=Qk O=kav= 'OW=@ Q=OQwNQ@ |QDW}@ |}=v=wD R= xJQy p@=kt QO w

%R= CU= CQ=@a u; `@=D xm CW=O Oy=wN Q@ QO w= |=Q@

C(�; e) = be2

�
(5)

h} QaD C1(e; r; T ) CQwYx@ sy Q}PB Q]N Q=Pox}=tQU |=Q@ xv} Ry `@=D u; p@=kt QO
Q=Pox}=tQU \UwD KQ] CQ=_v w C} Q}Ot |=yxv} Ry pt=W `k=w QO xm CU= xOW
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"""u
Q=kD

sOa
\}=Q

WQ
Oxv

}y@
|W

R}ov
=O=

OQ=Qk
|L

=Q]s:t:

IR : �(�) + �(�)(e+ �0 + T (�1 � �0))

�c(�; e)� �2u
� � (�)2

2 � m
IC : max

e
�(�) + �(�)(e+ �0 + T (�1 � �0))

�c(�; e)� �2u
�(�)2

2 (19)

u} Qi;Q=m lU} Q uwO@ \}=QW QO CwQF u=R}t xm CU= u}= Qou=}@ pw= C}OwOLt
Ovm ?Um Ov=wD|t O=OQ=Qk VQ}PB sOa CQwY QO xm OW=@ |DwQF R= QDtm O}=@v
xQ=W= u} Qi;Q=m s=y@= uwO@ \}=QW QO CwQF |R=Uxv}W}@ x@ R}v swO C}OwOLt "(m)

"OQ=O

pOt pL w |U=vWVwQ "4
VwQ R= xO=iDU= C}OwOLt =@ xQ}eDtOvJ |]NQ}e p�=Ut pL |=yVwQ R= |m}
xm OwW|t xO=iDU= |r�=Ut |=Q@ VwQ u}= "CU= 17Qm =D - uy=m - VwQ=m
|=Q@ Sv=Qo q ?}=Q[ VwQ Ovv=t VwQ u}= QO "Ov=|w=Ut=v =yu; |=yC}OwOLt
|xv}W}@ w xv}tm uDi=} |=Q@ TBU w OwW|t =v@ Q=O}=B |x]kv l} 'p=ai \}=QW
?=wH =} Q=O}=B |x]kv xm u; R= Oa@ "OwW|t xDiQo Q_v QO QwmPt VwQ \}=QW 'jr]t
=D OQ}o|t Q=Qk xO=iDU= OQwt Qm =D - uy=m - VwQ=m \}=QW 'OW XNWt O}Ov=m

[16]"OwW Ci=} jr]t |xv}y@
CQwYx@ hOy `@=D xm CW=O CkO O}=@ =OD@= 'VwQ u}= R= xO=iDU= |=Q@
=@ TBU "OvW=@ xOW xDWwv (�) CQwYx@ =yC}OwOLt s=tD w OW=@ |R=Uxv}W}@
�i hrDNt |=yCr=L uDiQo Q_v QO =@ 'O};|t xt=O= QO xm KKT \}=QW uDWwv

"OwW|t XNWt |a[wt |xv}y@ ?=wH
rf(x) =

mP
i=1

�1rgi(x) "1
�igi(x) = 0 "2
gi(x) � 0 "3
�i � 0 "4

C}OwOLt pL w |R=UxO=U x@ =OD@= Qm =D - uy=m - VwQ=m \}=QW R= xO=iDU= |=Q@
%OwW|t xDN=OQB pOt swO

max
�;�;e

��(�) + (1� �(�))(e+ �0 + T (�1 � �0))

�
�
e2

r
+ 'T

�
� �2v

(1� �(�))2

2
s:t:

IR : �(�) + �(�)(e+ �0 + T (�1 � �0))

� be2

�0 + T (�1 � �0)
� �2u

�(�)2

2 � m
IC : �(�) = @C(�; e)

@e

=) e = �(�0 + T (�1 � �0)
2b (20)

%O};|t
�v"(s)
v0(s)

= �v (11)

?} Q[ TB "CU= Q}PB Q]N Q=Pox}=tQU |R} QolU} Q ?} Q[ hQat �v xm
%=@ CU= Q@=Q@ Q}PB Q]N Q=Pox}=tQU |R} Qos=y@=

v = �:v
0
(s) + �v (12)

%O};|t CUO x@ Q} R CQwY x@ u} Qi;Q=m |R} Qos=y@= ?} Q[ ?}DQD u}ty x@
u = �:u

0
(s)� u"(s)

u0(s)
= �:u

0
(s) + �u (13)

%u; QO xm
&u} Qi;Q=m |R} Qos=y@= ?} Q[ %u

OwW|t u}}aD u} Qi;Q=m Qy VQov w |OQi |=y|oS} w T=U= Q@ xm CU= |@} Q[ %�
&�CU= Cw=iDt u} Qi;Q=m Qy |=Q@�

%OwW|t h} QaD Q} R CQwYx@ xm CU= u} Qi;Q=m OwU `@=D %us
us = S(�; �)� C(�; e) (14)

"CU= u} Qi;Q=m |R} QolU} Q ?} Q[ �u w
%OwW|t h} QaD Q} R CQwY x@ O=OQ=Qk hQ] wO |rwB Ot;QO C}=yv QO

%Q}PB Q]N Q=Pox}=tQU |rwB Ot;QO
mv = (1� �(�))(e+ �(T ) + ")� �(�)� c1(e; r; T ) (15)

%u} Qi;Q=m |rwB Ot;QO
mu = �(�) + �(�)(e+ �(T ) + ")� c(�; e) (16)

Q} R CQwYx@ hQ] wO |=Q@ �|R} Qos=y@=� s=y@= uwO@ \}=QW QO CwQF ?}DQD u}O@
%OwW|t h} QaD

%Q}PB Q]N Q=Pox}=tQU
E[mv]� �2v

(1� �(�))2

2
= ��(�) + (1� �(�))(e+ �0 + T (�1 � �0))

�
�
e2

r
+ 'T

�
� �2v

(1� �(�))2

2 (17)

%u} Qi;Q=m
E[mu]� �2u

�(�)2

2
= �(�) + �(�)(e+ �0 + T (�1 � �0))

�c(�; e)� �2u
�(�)2

2 (18)

s=y@= uwO@ \}=QW QO CwQF |R=Uxv}W}@ hOy =@ |}=yv |R=Uxv}y@ `@=D u}=Q@=v@
%OwW|t x�=Q= Q} R sQi x@ C}OwOLt wO =@ Q}PB Q]N Q=Pox}=tQU

max
�;�;e

��(�) + (1� �(�))(e+ �0 + T (�1 � �0))

�
�
e2

r
+ 'T

�
� �2v

(1� �(�))2

2
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1/
2|

xQ=t
W'

35
�1

|xQ
wO'

�13
98

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt ��(�) = m+ be2

�0 + T (�1 � �0)
�

v(e+ �0 + T (�1 � �0)
(u + v)

+ u:2
v:�2

2(u + v)2 (24)

R}v �i � 0 w gi(x) � 0 Q@ |v@t Qm =D - uy=m - VwQ=m sQ=yJ w swU \wQW
%CWwv u=wD|t |R} Qos=y@= ?}=Q[ |=Q@ 'Ot; CUO x@ xm Qw]u=ty "OvQ=QkQ@

v = (�:v
0
(s) + �v)

u = (�:u0(s) + �u)

%R= Ov=CQ=@a xv}y@ ?}=Q[ u}=Q@=v@
e� = (�0 + T (�1 � �0)):(�:v

0
(s) + �v)

2b((�:v0(s) + �v) + (�:u0(s) + �u))
(25)

��(�) = (�:v
0
(s) + �v)

(�:v0(s) + �v) + (�:u0(s) + �u)
(26)

��(�) = m+ be2

�0 + T (�1 � �0)

� (�:v
0
(s) + �v)(e+ �0 + T (�1 � �0))

((�:u0(s) + �u) + (�:v0(s) + �v))

+ (�:u
0
(s) + �u):(�:v

0
(s) + �v)2:�2

2((�:u0(s) + �u) + (�:v0(s) + �v))2 (27)

=yxDi=} "5
|xar=]t l} |UQQ@ x@ |r@k VN@ QO xOW O=yvW}B pOt p}rLD |=Q@ VN@ u}= QO
\UwD xm |}xv=Qw;wv KQ] xm OwW|t ZQi xar=]t u}= QO "CU= xOW xDN=OQB |OOa
QO "OQ=O R=}v |rwB OL=w k |xR=Ov= x@ |}x}rw= |x}=tQU x@ 'CU= xOW xOQw; u} Qi;Q=m
"CU= (r) xSwQB QO w= CmQ=Wt OYQO |xOvvmu}}aD 'u} Qi;Q=m |xOQw; u=R}t =Hu}=
�0 � N(�; �2) %xm |}xvwo x@ &Ovm|t |wQ}B p=tQv `} RwD R= u} Qi;Q=m |}=v=wD u=R}t
w |WRwt; |=yxQwO |Q=RoQ@ =@ u} Qi;Q=m |}=v=wD K]U "E(�0) = � xH}Dv QO xm
K]U l} u} Qi;Q=m |}=v=wD |=Q@ xD@r= xm CU= Q}PB Q}}eD Q=Pox}=tQU p=ai C} Q}Ot
u}= QO "CU= O=Qi= |}=v=wD uOw@ OwOLt |xOvyOu=Wv xm OwW|t xDiQo Q_v QO |}=yv
|x}rw=|}=v=wD Q@=Q@ 1 5 u=R}t x@ '(�1) O=Qi=|}=v=wDhkU xmCU= xOW ZQi xar=]t
OQi |}=v=wD '|O=yvW}B pOt j@] "(�1 = 1=5�0; E(�1) = 1=5�) CU=yu;
`@=D "� = �0 + T (�1 � �0) %=@ CU= Q@=Q@ (T ) |WRwt; |=yxQwO |=QH= =@
Qou=}@ e xm O};|t CUO x@ C(�; e) = be2

� |x]@=Q R= u} Qi;Q=m VqD |xv} Ry
CQwYx@ Q}PB Q]N Q=Pox}=tQU |xv} Ry `@=D u}vJty w CU= u} Qi;Q=m VqD K]U
u} Qi;Q=m "CU= xOW ZQi ' = 2 xm OwW|t h} QaD C1(e; r; T ) = e2

r +'T

"Ovm?Um xQ}NP |x}=tQU u=wva x@ =Qm dr@t Ov=wD|t KQ] VQ}PB sOa CQwY QO
�(�; e) = e+�+ " pwtQi =@ |]N CQwYx@ |Q=Pox}=tQU CmQW |HwQN `@=D
|R} Qos=y@= ?}=Q[ 'xOW x�=Q= pOt QO "" � N(0; 22) xm CU= xOW |iQat

"Ov=xOW xOQw; u w v =@ ?}DQD x@ u} Qi;Q=m w Q}PB Q]N Q=Pox}=tQU
"OwW|t xDN=OQBhrDNt Cq=L w\}=QW QO |O=yvW}B pOt |UQQ@ x@ xt=O= QO

%u} Qi;Q=m CmQ=Wt OYQO - hr=
xDN=OQB pOt |xv}y@ Q}O=kt QO u} Qi;Q=m CmQ=Wt OYQO Q}F-=D |UQQ@ x@ s=o u}rw= QO
QO CmQ=Wt OYQO |=Q@ 0 7 w 0 6 '0 5 '0 4 Q}O=kt Qw_vt u}= |=Q@ "CU= xOW

"CU= xOW x�=Q= 1 pwOH QO xv}y@ Q}O=kt Q@ u; Q}F-=D w xOW xDiQo Q_v

%pOt OQ=Ov=DU= sQi
max
�;�;e

��(�) + (1� �(�))(e+ �0 + T (�1 � �0))

�
�
e2

r
+ 'T

�
� �2v

(1� �(�))2

2
s:t:

g1 : m� �(�)� �(�)(e+ �0 + T (�1 � �0))

+ be2

�0 + T (�1 � �0)
+ �2u

�(�)2

2 � 0 (21)

Qm =D - uy=m - VwQ=m pw= \QW x@ =v@

rf(x) =
nX
i=1

�irgi(x)

%O};|t CUO x@
(@f
@�

; @f
@�

) = �1(
@g1
@�

; @g1
@�

)

%TB"
@f
@�
@f
@�

#
=

"�1
�(e+ �0 + T (�1 � �0)) + (1� �(�)):�2:v

#
"
@g1
@�
@g1
@�

#"�1
�(e+ �0 + T (�1 � �0)) + �2u�(�)

#
%OwW|t Q} R CqO=at p}mWD x@ QHvt \QW u}=

8>>>><>>>>:
�1 = �1(�1)

�(e+ �0 + T (�1 � �0)) + (1� �(�)):�2:v

= ��1(e+ �0 + T (�1 � �0)) + �2u�(�)

%xH}Dv QO8<:�1 = 1
��(�) = v

v+u

(22)

%OwW|t xH}Dv 20 |x]@=Q x@ =v@
e� = (�0 + T (�1 � �0)):v

2b(v + u)
(23)

Qm =D - uy=m - VwQ=m swO \QW x@ =v@
�igi(x) = 0

%O};|t CUO x@
�1(m� �(�)� �(�)(e+ �0 + T (�1 � �0))

+ be2

�0 + T (�1 � �0)
+ �2u

�(�)2

2 ) = 0
%xH}Dv QO
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"""u
Q=kD

sOa
\}=Q

WQ
Oxv

}y@
|W

R}ov
=O=

OQ=Qk
|L

=Q]

"�0 = 5 \}=QW QO xv}y@ Q}O=kt Q@ T Q}eDt Q}F-=D "3 pwOH
b = 2; ' = 2 �0 = 5; �1 = 7=5

v = 0=2; u = 0=3; r = 0=5;m = 6
f� e� ��(�) ��(�)

�1 34 0 5 0 4 3 996 T = 0
�1 2713 0 625 0 4 3 471 T = 0=5
�1 2603 0 6875 0 4 3 2085 T = 0=75
�1 2650 0 75 0 4 2 9460 T = 1

"�0 = 10 \}=QW QO xv}y@ Q}O=kt Q@ T Q}eDt Q}F-=D "4 pwOH
b = 2; ' = 2 �0 = 10; �1 = 15

v = 0=2; u = 0=3; r = 0=5;m = 6
f� e� ��(�) ��(�)

2 56 1 0 4 1 896 T = 0
3 135 1 25 0 4 0 8460 T = 0=5
3 3287 1 375 0 4 0 3210 T = 0=75
3 46 1 5 0 4 �0 2040 T = 1

"�0 = 15 \}=QW QO xv}y@ Q}O=kt Q@ T Q}eDt Q}F-=D "5 pwOH
b = 2; ' = 2 �0 = 15; �1 = 22=5
v = 0=2; u = 0=3; r = 0=5;m = 6

f� e� ��(�) ��(�)
5 46 1 5 0 4 �0 204 T = 0

5 9787 1 875 0 4 �1 779 T = 0=5
6 0272 2 0625 0 4 �2 5665 T = 0=75
5 935 2 25 0 4 �3 254 T = 1

"r = 0=4 \}=QW QO xv}y@ Q}O=kt Q@ T Q}eDt Q}F-=D "6 pwOH
b = 2; ' = 2 �0 = 10; �1 = 15

v = 0=2; u = 0=3; r = 0=4;m = 6
f� e� ��(�) ��(�)

2 06 1 0 4 1 896 T = 0
2 3537 1 25 0 4 0 8460 T = 0=5
2 3834 1 375 0 4 0 3210 T = 0=75
2 3350 1 5 0 4 �0 2040 T = 1

R= Qo}O |m} 'u} Qi;Q=m CmQ=Wt hrDNt Cq=L QO VRwt; Q}eDt Q}F-=D |UQQ@
u; x@ CtUk u}= QO xm CU= |WR}ov= O=OQ=Qk pOt |UQQ@ QO ?=PH |=yw} Q=vU

"CU= xOW xDN=OQB
�(�) Q=Okt '|O=yvW}B pOt QO xm OyO|t u=Wv 7 w 6 |=ypwOH G}=Dv
CmQ=Wt QDq=@ K]U QO w CU= xOt; CUO x@ u} Qi;Q=m CmQ=Wt OYQO R= pkDUt

"Ovm|t Q=Pox}=tQU ?}Yv =Q |QDW}@ OwU |WRwt; |=yxQwO |Q=RoQ@ 'u} Qi;Q=m
u} Qi;Q=m |xQ}NP |x}=tQU - E

VQ}PB sOa CQwY QO u} Qi;Q=m |O}=a 'pOt Q@ Q=PoQ}F-=D |=yQ}eDt R= Qo}O |m}

"xv}y@ Q}O=kt Q@ u} Qi;Q=m CmQ=Wt OYQO Q}F-=D "1 pwOH
b = 2; ' = 2 �0 = 10; �1 = 15

v = 0=2; u = 0=3; T = 0=5;m = 6
f� e� ��(�) ��(�)

2 3537 1 25 0 4 0 846 r = 0=4
3 1350 1 25 0 4 0 846 r = 0=5
3 6558 1 25 0 4 0 846 r = 0=6
4 0279 1 25 0 4 0 846 r = 0=7

"xv}y@ Q}O=kt Q@ u} Qi;Q=m |}=v=wD Q}F-=D "2 pwOH
b = 2; ' = 2 T = 0=5

v = 0=2; u = 0=3; r = 0=5;m = 6
f� e� ��(�) ��(�)

�1 2713 0 625 0 4 3 4710 �0 = 5
�1 = 7=5

3 1350 1 25 0 4 0 8460 �0 = 10
�1 = 15

5 9787 1 8750 0 4 �1 7790 �0 = 15
�1 = 22=5

|}=yv OwU Q=Okt |wQ Q@ (r) u} Qi;Q=m CmQ=Wt OYQO xm OvyO|t u=Wv G}=Dv
"O@=}|t V}=Ri= |w OwU pt=a u}= V}=Ri= =@ xm |}xvwox@ &OQ=Po|t QF= Q=Pox}=tQU
Q}PB Q]N Q=Pox}=tQU CQ=_v |=yxv} Ry Vy=m x@ \w@ Qt u=wD|t =Q V}=Ri= u}=
QO u} Qi;Q=m CmQ=Wt OYQO V}=Ri= R= ' e2

r + 'T |x]@=Q x@ xHwD =@ xm CUv=O
"OwW|t xH}Dv KQ]

u} Qi;Q=m |}=v=wD - ?
G}=Dv "CU= xOW xDiQo Q_v QO 15 w 10 '5 K]U xU u} Qi;Q=m |x}rw= |}=v=wD |=Q@
'u} Qi;Q=m |}=v=wD V}=Ri= xm OyO|t u=Wv 2 pwOH 'O}vm|t xOy=Wt 2 pwOH QO =Q
&OyO|t Q=Qk Q}F-=D CLD =Q hOy `@=D |}=yv Q=Okt u}vJty w e w �(�) |=yQ}eDt
�(�) Vy=m Ea=@ 'u} Qi;Q=m |x}rw= |}=v=wD V}=Ri= '|O=yvW}B pOt QO xm |}xvwox@
'|}=v=wD V}=Ri= u}= u}vJsy "OwW|t w= |xv}y@ VqD K]U V}=Ri= p@=kt QO w

"OQ=O |B QO R}v =Q Q=Pox}=tQU |}=yv OwU V}=Ri=
Q}PB Q]N Q=Pox}=tQU \UwD u} Qi;Q=m VRwt; w p=ai C} Q}Ot - A

'u} Qi;Q=m |}=v=wD hrDNt Kw]U QO (T ) VRwt; Q}eDt Q}F-=D |UQQ@ x@ CtUk u}= QO
"OwW|t xDN=OQB pOt |wQ Q@

p=ta= =@ xm CU= u; R= |m =L 5 w 4 '3 |=ypwOH R= xOt; CUO x@ G}=Dv
Vy=m �(�) 'Q}PB Q]N Q=Pox}=tQU\UwD |WRwt; |=yxQwO |Q=RoQ@ w p=aiC} Q}Ot
'OyO|t V}=Ri= =Q u} Qi;Q=m |}=v=wD =yxQwO u}= |Q=RoQ@ xm |}=Hu; R= "Ovm|t =O}B
u}vJty "O@=}|t V}=Ri= u} Qi;Q=m VqD |xv}y@ K]U 'OW u=}@ sy,q@k xmQw]u=ty
OwU V}=Ri= Oy=W 'Q=Pox}=tQU \UwD =yxQwO u}= |Q=RoQ@ |=Q@ xv} Qy hQY OwHw =@
|Q=RoQ@ =@ 'OW=@ QDq=@ u} Qi;Q=m |}=v=wD |x}rw= K]U xJQy "Ow@ s}y=wN |w |}=yv
Qw]x@ "OQ}o|t Q=Qk |QDq=@ Q=Okt QO |w VqD |xv}y@ K]U '|WRwt; |=yxQwO

"Ovm|t Q=Pox}=tQU O}=a =Q |QDW}@ |}=yv OwU 'QDq=@ VqD K]U u}= p@=kDt
Q}PB Q]N Q=Pox}=tQU \UwD w= VRwt; w u} Qi;Q=m CmQ=Wt OYQO - C
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Ovyt uOw@ QDR} Qos=y@= \}=QW QO xv}y@ Q}O=kt Q@ |R} Qos=y@= ?}=Q[ Q}F-=D "9 pwOH

"u} Qi;Q=m
b = 2; ' = 2 �0 = 10; �1 = 15

r = 0=5;m = 6; T = 0=5
f� e� ��(�) ��(�)

2 3441 1 4205 0 4545 0 0945 v = 0=2
u = 0=24

3 1350 1 25 0 4 0 8460 v = 0=2
u = 0=3

3 9313 1 041 0 333 1 7486 v = 0=2
u = 0=4

?}=Q[ |Q@=Q@ \}=QW QO xv}y@ Q}O=kt Q@ |R} Qos=y@= ?}=Q[ Q}F-=D "10 pwOH
"hQ]wO |R} Qos=y@=

b = 2; ' = 2 �0 = 10; �1 = 15
r = 0=5;m = 6; T = 0=5

f� e� ��(�) ��(�)

1 5891 1 5625 0 5 �0 5406 v = 0=2
u = 0=2

uOw@ QDR} Qos=y@= \}=QW QO xv}y@ Q}O=kt Q@ |R} Qos=y@= ?}=Q[ Q}F-=D "11 pwOH
"Q}PB Q]N Q=Pox}=tQU

b = 2; ' = 2 �0 = 10; �1 = 15
r = 0=5;m = 6; T = 0=5

f� e� ��(�) ��(�)

0 7105 1 7045 0 5455 �1 1640 v = 0=24
u = 0=2

�0 4588 1 8750 0 6 �1 9185 v = 0=3
u = 0=2

�2 0583 2 0833 0 6667 �2 85 v = 0=4
u = 0=2

'`k=w QO &O@=}|t Vy=m OwW|t Q=Pox}=tQU O}=a xm |OwU 'O@=} V}=Qi=
�
v
u

�
"Ovm|t x@r=]t =Q |QDW}@ OwU QDW}@ s=y@= VQ}PB =@ u} Qi;Q=m

|Q}oxH}Dv w EL@ "6
QO Q=PoQF= Q}eDt wO u=wva x@ =Q u} Qi;Q=m VqD w |}=v=wD K]U [11]�2011� wS w wR
u} Qi;Q=m w Q}PB Q]N Q=Pox}=tQU 'O=OQ=Qk |L=Q] s=ovy QO "OvDiQo Q_v QO O=OQ=Qk
X}YND ?}=Q[ x@ wQu}= R= w OvOW xDiQo Q_v QO u=WOwN Q_vt R= xv=o =OH Qw]x@
Q=Pox}=tQU O=OQ=Qk QO xOW h} QaD Ot;QO X}YND "OvDi=} CUO |Dw=iDt Ot;QO
Q@ xH}Dv QO w CiQo Oy=wN Q=Qk u} Qi;Q=m VqD Q}F-=D CLD s}kDUt Qw]x@ Q}PB Q]N

"OQ=Po|t Q}F-=D Q=Pox}=tQU |}=yv Ot;QO
G}=Dv x@ O=vDU= u}vJsy w xv}y@ |=y?=wH |UQQ@ =@ wQV}B |xar=]t QO
VqD K]U 'u} Qi;Q=m |}=v=wD K]UV}=Ri= xm OWXNWt w} Q=vU p}rLD R= pY=L

"r = 0=6 \}=QW QO xv}y@ Q}O=kt Q@ T Q}eDt Q}F-=D "7 pwOH
b = 2; ' = 2 �0 = 10; �1 = 15

v = 0=2; u = 0=3; r = 0=6;m = 6
f� e� ��(�) ��(�)

2 8933 1 0 4 1 896 T = 0
3 6558 1 25 0 4 0 8460 T = 0=5
3 9590 1 375 0 4 0 3210 T = 0=75
4 21 1 5 0 4 �0 2040 T = 1

"xv}y@ Q}O=kt Q@ m Q}eDt Q}F-=D "8 pwOH
b = 2; ' = 2 �0 = 10; �1 = 15

v = 0=2; u = 0=3; r = 0=5; T = 0=5
f� e� ��(�) ��(�)

5 135 1 25 0 4 �1 1 54 m = 4
3 135 1 25 0 4 0 846 m = 6
1 135 1 25 0 4 2 846 m = 8

�0 8659 1 25 0 4 4 846 m = 10

'Q}eDt u}= |=Q@ "CU= xOW xO}O xv}y@ Q}O=kt Q@ u; QF= xt=O= QO xm CU= (m) O=OQ=Qk
"CU= xOW xDiQo Q_v QO 10 w 8 '5 '2 Q}O=kt

xJ Qy OyO|t u=Wv xm Ovm|t |UQQ@ =Q pOt Q@ xQ}NP |x}=tQU Q}F-=D 8 pwOH
'OW=@ QDq=@ Ovm ?Um Ov=wD|t O=OQ=Qk VQ}PB sOa CQwY QO u} Qi;Q=m xm |er@t
Qt= u}= xm Ovm|t ?r] O=OQ=Qk Oka |=Q@ =Q |QDq=@ C@=F Q=Okt xSwQB QO Qw[L |=Q@
|x}=tQU u}= xm CU= xHwD u=}=W u}vJty "OyO|t Vy=m =Q Q=Pox}=tQU |}=yv OwU

"OQ=Ov |Q}F-=D u} Qi;Q=m VqD |xv}y@ K]U |wQ Q@ 'xQ}NP
hQ]wO |R} Qos=y@= ?}=Q[ - G

=t= &CU= Q}PB Q]N Q=Pox}=tQU R= QDR} Qos=y@= u} Qi;Q=m xm OwW|t ZQi |rm Qw]x@
QO CU= umtt 'CU= \@DQt OQi Qy |=y|oS} w w VQov x@ |R} Qos=y@= xm|}=Hu; R=
?}=Q[ hrDNt Cq=L CtUk u}= QO TB "OW=@ `k=w hqN ZQi u}= |Q}oQ_v

%R= Ov=CQ=@a xm OwW|t |UQQ@ |R} Qos=y@=
'OW=@ Q}PB Q]N Q=Pox}=tQU R= QDR} Qos=y@= 'u} Qi;Q=m ��

'OvW=@ R} Qos=y@= u=R}t l} x@ wO Qy Q}PB Q]N Q=Pox}=tQU w u} Qi;Q=m ��
"OW=@ u} Qi;Q=m R= QDR} Qos=y@= 'Q}PB Q]N Q=Pox}=tQU ��

OW XNWt 11 w 10 '9 |=ypwOH R= |R} Qos=y@= hrDNt Cq=L |UQQ@ =@
xJv=vJ "CU= �(�) xv}y@ Q=Okt Q@ QF-wt pt=a =yvD '|R} Qos=y@= ?}=Q[ Q}}eD xm
\UwD xOW ?Um OwU 'x@=Wt \}=QW QO 'OW=@ Q=Pox}=tQU R= QDR} Qos=y@= u} Qi;Q=m
OwU 'OW=@ QDnQR@
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�
|R} Qos=y@= C@Uv xJQy w OQ=O |QDq=@ Q=Okt Q=Pox}=tQU

QHvt OwUV}=Ri= x@ s=y@= VQ}PB Qo}O CQ=@ax@ &OwW|t Q=Pox}=tQU?}Yv |QDW}@
|xv}y@ Q=Okt w �(�) |xv}y@ Q=Okt C@Uv u}= V}=Ri= =@ Qo}O |} wU R= "OwW|t
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R= |m =L ẁ[wt u}= "O@=}|t V}=Ri= Q=Pox}=tQU OwU 's=y@= QDW}@ xJ Qy VQ}PB
&Ovvm|t OwN O}=a =Q |QDW}@ OwU s=y@= QDW}@ xJQy VQ}PB =@ hQ]wO xm CU= u;
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"Ovvm|t x@r=]t =Q |QDW}@
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1. risk
2. ambiguity
3. Knight
4. Deakins and Freel
5. Morris et al.
6. Jensen
7. Bolton and Dewatripont
8. Sahlman
9. Amit et al.
10. Zou & Zhou
11. Ellsberg
12. Hogarth and Kunreuther
13. Klibano� et al.
14. Ahn
15. Arrow-Pratt
16. �nal money income
17. KKT
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