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hQYvt O} QN R= Qiv � �  wO pwYLt OL=w l} V}=Ri= QF= QO u}vJty
V}=Ri= QF= QO OwW|t ZQi =Hv}= QO xDmv u}= x@ xHwD =@ 'u}=Q@=v@ &OvwW|t
|rY= pwYLt pwYLt O} QN R= Qiv 2(� � ) |rY= pwYLt OL=w l}

"OvwW|t hQYvt
u}Wv=H CqwYLt |x}=B |=y=[=kD ẁtHt Q@=Q@|rY= pwYLt |x}=B |=[=kD "8
Q_v QO =[=kD `@=D pm |=Q@ ZQi u}=� CU= (�1 +�2) |rY= pwYLt ptmt
|q=m l} ptmt u}Wv=H pwYLt wO |=Q@ xm |DQwY QO "�CU= xOWv xDiQo
�3 uDiQo Q_v QO =@ =Q xr�Ut u=wD|t |DL=Q x@ OW=@v jO=Y ZQi u}= |rY=

"O=O VQDUo '�1 + �2 |=H x@
"OwW|t ZQi R}J=v CqwYLt O}rwD |=yxv} Ry "9

xr�Ut |Ov@pwtQi "3
CQwYx@ pwYLt xU |=[=kD `@=D 'xOW x�=Q= C=}[Qi w xr�Ut h} QaD x@ xHwD =@

%CU= xOW xDiQo Q_v QO Q} R
D0 = (�1 + �2)� 2(� � )p0 � (� � )p1 � (� � )p2 (1)

D1 = �1 � �(p0 + p1) + p2 (2)

D2 = �2 � �(p0 + p2) + p1 (3)

%OQm xYqN Q} R CQwYx@ u=wD|t xm
D0 = (�1 + �2)� (� � )(2p0 + p1 + p2) (4)

Di = �i � �(p0 + pi) + p3�i i = 1; 2 (5)

%R= Ov=CQ=@a xOvvmO}rwD xU OwU `@=wD u}vJty
�0 = ((�1 + �2)� (� � )(2p0 + p1 + p2)) p0 (6)

�i = (�i � �(p0 + pi) + p3�i)pi i = 1; 2 (7)
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"""O
wHw

=@u
}Wv=

Hp
wYL

twO
|Q=

PoC
t}k=@ |rY= pwYLt Ct}k u}@ Q} R \@=wQ 'xr=kt u}= QO xOW KQ]t |xr�Ut |=Q@

%CU= Q=QkQ@ ptmt |=yq=m R= l} Qy |rO=aD |=yCt}k
pNi � p0 p0 <

2��i + �3�i
6�2 + � � 2 i = 1; 2 (21)

%C=@F=
pY=L jwi xH}Dv '|R=UxO=U w pNi � P0 |x]@=Q QO 9 |x]@=Q |Q=Po|=H =@

�"OwW|t
"1 p}rLD

pwYLtCt}k xm|DQwY QO xmCU= u}= OQmCW=OQ@ u=wD|t 2 x}[k R= xm|}xDmv
Ct}k '�OW=@ lJwm |i=m |xR=Ov= x@ |va} OW=@ 2��i+�3�i

6�2+��2 Q=Okt R= QDtm |rY=
w OwW|t |rY= pwYLt Ct}k R= QDW}@ 'pO=aD |x]kv QO u; ptmt pwYLt
'OW=@ 2��i+�3�i

6�2+��2 Q=Okt R= QDW}@ |rY= pwYLt Ct}k xm |DQwY QO TmaQ@
"OwW|t |rY= pwYLt Ct}k R= QDtm 'pO=aD |x]kv QO u; ptmt pwYLt Ct}k
'|rY= pwYLt Ct}k V}=Ri= =@ =}; xm CU= u}= OwW|t KQ]t =Hu}= QO xm |r=-wU
#V}=Ri= =} Ov@=}|tVy=m|rY= pwYLt ptmt u}Wv=H |=yq=m|rO=aD |=yCt}k
|UQQ@ 2�5 VN@ QO ẁ[wt u}= #Ovvm|t |Q}}eD xJ |rO=aD |=yOwU w =[=kD

"OwW|t
u}Wv=H CqwYLt |rO=aD |=yCt}k u}@ |x]@=Q "3 x}[k

R= l} Qy |rO=aD |=yCt}k u}@ Q} R \@=wQ 'xr=kt u}= QO xOW KQ]t |xr�Ut |=Q@
%CU= Q=QkQ@ ptmt |=yq=m

pNi � pN3�i �i � �3�i i = 1; 2 (22)

%C=@F=
�"2 x}[k C=@F= x@=Wt

"2 p}rLD
'u; ptmt pwYLt xm |}xOvvmO}rwD xm OQm CW=OQ@ xvwo u}= u=wD|t 3 |x}[k R=
CQ=@a x@ "Ovm|t `[w OwN pwYLt |=Q@ |QDq=@ Ct}k 'OQ=O |QDoQR@ Q=R=@ |x}=B
s}_vD QO |QDW}@ pQDvm QDoQR@ Q=R=@ |x}=B =@ ptmt pwYLt |xOvvmO}rwD 'Qo}O
=yCt}k OW=@ QDlJwm Q=R=@ |x}=B xJQy x}[k u}= j@=]t u}=Q@=v@ "OQ=O =yCt}k

"Ov@=}|t Vy=m
|rO=aD |=y=[=kD u}@ |x]@=Q "4 x}[k

pO=aD |x]kv QO =[=kD `@=wD u}@ Q} R \@=wQ 'xr=kt u}= QO xOW KQ]t |xr�Ut |=Q@
%CU= Q=QkQ@

DN0 � DN
i i = 1; 2 (23)

DN
i � DN3�i �i � �3�i i = 1; 2 (24)

%C=@F=
�"CU= CU=QQU jwi |xH}Dv 14 w 13 \@=wQ R= xO=iDU= =@

"3 p}rLD
x@ pk=OL |rY= pwYLt |=[=kD xm CU= K[=w 'xr�Ut C=}[Qi x@ xHwD =@
CU=QQU 23 |x]@=Q u}=Q@=v@ "CU= ptmt CqwYLt R= l} Qy |=[=kD |xR=Ov=
|x}=B xm |rwYLt xm CU= u}= OwW|t \=@vDU= 24 |x]@=Q R= xm |}xDmv "CU=
Q=R=@ |x}=B 'u}=Q@=v@ "OQ=O sy |QDW}@ |=[=kD 'pO=aD |x]kv QO OQ=O |QDoQR@ Q=R=@

"OwW|t |QDtm |=[=kD x@ QHvt QDlJwm

DN
i = �(2��i + �3�i � �(2� + )p0)

4�2 � 2 i = 1; 2 (14)

�N0 = ((�1 + �2)� � 2(� � )2p0)p0)
2� �  (15)

�Ni = �(2��i + �3�i � �(2� + )p0)2

(2 � 4�2)2 i = 1; 2
(16)

uOw@ |vOW \QW "1 xDmv
\QW 'Qo}O CQ=@a x@ =} =[=kD uOw@ C@Ft ZQi CU= sRq '2 ZQi x@ xHwD =@
KQ]t C=}[Qi � Ctqa R= Qw_vt� u}=Q@=v@ "OwW |UQQ@ =y?=wH uOw@ |vOW

%�CU= 2�2 VN@ QO xOW
DN0 > 0! (�1 + �2)� � 2(� � )2p0

2� � 
> 0!�(�>) (�1 + �2) >

2(� � )2p0
�

(17)

DN
i > 0! �(2��i + �3�i � �(2� + )p0)

4�2 � 2

> 0!�(�>) 2��i + �3�i > �(2� + )p0 i = 1; 2
(18)

=yv; u=wD|t xm OvDUy Qo}Om} pO=at 18 w 17 \@=wQ CU= XNWt xm Qw]u=ty
%OQm |U} wvR=@ Q} R CQwY x@ =Q

p0 <
�(�1 + �2)
2(� � )2 (19)

p0 <
2��i + �3�i
�(2� + )

i = 1; 2 (20)

QO GQOvt uOw@ |vOW \}=QW VywSB u}= QO xOW KQ]t |xr�Ut |=Q@ 'u}=Q@=v@
&OvW=@ Q@Dat |rO=aD \=kv =D OW=@ Q=QkQ@ xr�Ut |=yQDt=Q=B u}@ O}=@ 20 w 19 \@=wQ
"OwW |UQQ@ |RQt \}=QW CU= |i=m w OwW|t xO=U xr�Ut 'CQwY u}=Q}e QO

|=yOwU w =y=[=kD '=yCt}k x@ \w@ Qt \@=wQ p}rLD "5
|rO=aD

`@=wD u}vJty w =y=[=kD w|rO=aD |=yCt}k x@ \w@ Qt\@=wQ|UQQ@ x@VN@ u}= QO
pwYLt Ct}k QF= 'u}vJty &�1�5 VN@� s} R=OQB|t Vv pO=aD |x]kv QO OwU
|UQQ@ 2�5 VN@ QO ptmt u}Wv=H |=yq=m |rO=aD |=yCt}k |wQ Q@ |rY=
QO |rY= pwYLt |xOvvmO}rwD OwU w =[=kD Q@ |rY= pwYLt Ct}k QF= "OwW|t

"OwW|t xOQw; 3�5 VN@

|x]kv QO u=oOvvmO}rwD OwU w =y=[=kD '=yCt}k u}@ |x]@=Q "1"5
pO=aD

|rO=aD |=yCt}k =@ |rY= pwYLt Ct}k |x]@=Q OQwt QO '9 |x]@=Q |UQQ@ =@
|=yq=m |rO=aD |=yCt}k u}@ |x]@=Q u}vJty w u; ptmt |=yq=m R= l} Qy

"OQm G=DvDU= =Q Q} R |=}=[k u=wD|t ptmt
|rY= pwYLt =@ u}Wv=H |=yq=m|rO=aD |=yCt}k u}@ |x]@=Q "2 x}[k
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1|

xQ=t
W'

34
�1

|xQ
wO'

�13
97

u=DU
tR�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt P0 ?UL Q@ wO xHQO `@=D l} x]@=Q u}= AJ CtU CU= XNWt xm Qw]u=ty

swO xHQO `@=D (� = b2�4ac) |=DrO u}vJty &CU=|ivt P 20 ?} Q[ xmCU=
% (�1 < �2 ! 4�3�21 < 16�3�1�2) =Q} R CU= C@Ft xrO=at=v AJ CtU

� = b2 � 4ac =

�

0BB@ �(�4�2 + 36� + 2)�21+
2�(8�2 + 2� + 172)�1�2+
(4�3 + 8�2 + �2 + 83)�22

1CCA
(�4�2 + 2)2 > 0

QwmPt |x]@=Q "CU= xrO=at=v u}= ?=wH 'u; |xW} Q wO u}@ ?=wH |=[i 'u}=Q@=v@
|xrO=at |=yxW} Q |x@U=Lt R= TB) u; pw= |xW} Q xm CU= xW} Q wO |=Q=O

%R= CU= CQ=@a �|R=UxO=U w swO xHQO

1
2
�
�((8�2 � 2)�1 + (4�2 + 2� � 2)�2)
(2� + )(5�3 � 10�2 + 8�2 � 23) �

r
A
B

�
C@=F x}[k u}=Q@=v@ &OwW|t 2��1+�2

2�2+� |vOW \QW R= QDnQR@ u; swO |xW} Q w
�"OwW|t

OW=@ p0 > 2��i+�3�i
6�2+��2 xm |DQwY QO OW xQ=W= xU p}rLD QO xmQw]u=ty

ptmt CqwYLt R=l} Qy OwU R= QDnQR@ |rY= pwYLt |xOvvmO}rwD |rO=aD OwU
'OW=@ Q=QkQ@ 5 |x}[k QO GQOvt \}=QW xJu=vJ 'CQwY u}= Q}e QO w OwW|t
ptmt CqwYLt R= l} Qy OwU R= QDoQR@ |rY= pwYLt |xOvvmO}rwD |rO=aD OwU

"OwW|t
ptmt CqwYLt |rO=aD |=yOwU u}@ |x]@=Q "6 x}[k

pO=aD |x]kv QO OwU `@=wD u}@ Q} R \@=wQ 'xr=kt u}= QO xOW KQ]t |xr�Ut |=Q@
%CU= Q=QkQ@

�Ni � �N3�i �i � �3�i i = 1; 2 (26)

%C=@F=
�"CU= CU=QQU xH}Dv u}= 16 \@=wQ R= xO=iDU= =@

"4 p}rLD
OQ=O |QDnQR@ Q=R=@ |x}=B xm |rtmt pwYLt OW xQ=W= 3 p}rLD QO xm Qw]u=ty

"OQ=O |QDW}@ |rO=aD OwU

`@=wD w =[=kD Q=Okt '=yCt}k |wQ Q@ |rY= pwYLt Ct}k QF= "2"5
u}Wv=H CqwYLt OwU

Vy=m Ea=@ |rY= pwYLt Ct}k V}=Ri='1 |x}[k QO 9 |x]@=Q x@ xHwD =@
14 |x]@=Q j@] Qo}O hQ] R= "OwW|t wO w l} u=oOvvmO}rwD CqwYLt Ct}k
"OwW|t wO w l} CqwYLt |=[=kD Vy=m Ea=@ |rY= pwYLt Ct}k V}=Ri=
%(i = 1; 2) xOvvmO}rwD Qy |=Q@ 20 |x]@=Q j@] xm |}=Hu; R= 'u}vJty
|rY= pwYLt Ct}k Qo = Qo}O CQ=@a x@� 2��i + �3�i < �(2�+ )p0
V}=Ri= '�16� |x]@=Q x@ xHwD =@ CiQo xH}Dv u=wD|t �OW=@ nQR@ |i=m |xR=Ov= x@
Vy=m "OwW|t wO w l} u=oOvvmO}rwD OwU Vy=m Ea=@ |rY= pwYLt Ct}k
|k]vt =[=kD Vy=m u}vJty w |rO=aD Ct}k Vy=m R= |W=v u=oOvvmO}rwD OwU

"CU=

xm |DQwY QO xm OwW|t CW=OQ@ 4 w 2 |=}=[k ẁtHt R= 'u}vJty
OwU �p0 > 2��i+�3�i

6�2+��2 Qo = QDj}kO CQ=@a x@� OW=@ nQR@ x}=B pwYLt Ct}k
ptmt CqwYLt u=oOvvmO}rwD R= l} Qy R= QDW}@ |rY= pwYLt |xOvvmO}rwD
u}}=B |i=m |xR=Ov= x@ |rY= pwYLt Ct}k Qo = CQwY u}=Q}e QO =t= &OwW|t
Q=y_= u=wD|tv QwmPt |x}[k wO R= xO=iDU= =@ (p0 < 2��i+�3�i

6�2+��2 ) OW=@
|x]@=Q l} uOQw; CUO x@ |rm Qw] x@ xm OyO|t u=Wv =y|UQQ@ "OQm |Q_v
w |rY= pwYLt |xOvvmO}rwD OQwt QO |rO=aD \=kv OwU \@=wQ u}@ K} QY
|xOvvmO}rwD OwU `@=D u=wD|t Cr=L l} QO =t= "CU}v umtt u=oOvvmO}rwD Q}=U
xOW xQ=W= u; x@ 5 |x}[k QO xm OQm xU}=kt ptmt pwYLt =@ =Q |rY= pwYLt

"CU=
u=oOvvmO}rwD u}@ R= xm OwW|t CW=OQ@ 5 w 4 |=}=[k ẁtHt R= 'u}vJty
|rO=aD OwU OQ=O |QDnQR@ Q=R=@ |x}=B xm |}xOvvmO}rwD 'u}Wv=H ptmt CqwYLt
sy w �4 x}[k� OQ=O |QDq=@ |rO=aD Ct}k sy xOvvmO}rwD u; =Q} R &OQ=O R}v |QDW}@
|rO=aD |=yOwU x@ \w@ Qt \@=wQ R= xO=iDU= =@ xH}Dv u}= "�5 x}[k� QDW}@ |=[=kD

"CU= xOW xOQw; 6 x}[k QO xm CU=YL= p@=k R}v
ptmt pwYLt w |rY= pwYLt |rO=aD |=yOwU u}@ |x]@=Q "5 x}[k

X=N \}=QW QO
pO=aD |x]kv QO OwU `@=wD u}@ Q} R \@=wQ 'xr=kt u}= QO xOW KQ]t |xr�Ut |=Q@

%CU= Q=QkQ@
�N0 � �Ni if�1 < �2&&

1
2
�
�((8�2 � 2)�1 + (4�2 + 2� � 2)�2)
(2� + )(5�3 � 10�2 + 8�2 � 23) �

r
A
B

�
< p0 <

2��1 + �2
2�2 + �

1 = 1; 2 (25)

%u; QO xm

A = �(�2� + )2(�(�4�2 + 36� + 2)�21

+2�(8�2 + 2� + 172)�1�2

+(4�3 + 8�2 + �2 + 83)�22)

B = (2� + )2(5�3 � 10�2 + 8�2 � 23)2

"CU= �20� |x]@=Q QO GQOvt |vOW \QW u=ty 2��1+�2
2�2+� w

%C=@F=
%�N0 � �Ni |x]@=Q QO �16� w �15� \@=wQ |Q=Po|=H =@

((�1 + �2)� � 2(� � )2p0))p0
2� � 

� �(2��i + �3�i � �(2� + )p0)2

(2 � 4�2)2

! p20(�2(� � )2

2� �  � �3(2� + )2

(�4�2 + 2)2 )

+p0(
4�3(2� + )�1
(�4�2 + 2)2 + 2�2(2� + )�2

(�4�2 + 2)2

+�(�1 + �2)
2� �  )� 4�3�21

(�4�2 + 2)2

� 4�2�1�2
(�4�2 + 2)2 � �2�22

(�4�2 + 2)2 � 0
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wHw

=@u
}Wv=

Hp
wYL

twO
|Q=

PoC
t}k

"|OOa p=Ft l} |=Q@ =[=kD `@=D "1 pmW

"|OOa p=Ft l} |=Q@ OwU `@=D "2 pmW
"|OOa p=Ft l} pL |xH}Dv "1 pwOH

Q}O=kt =yQ}eDt Q}O=kt =yQ}eDt

p0 < 26=36 |vOW \}=QW

12 76 P1

p0 < 43=60=36 �20 w 19 \@=wQ�

3 45 P2

P0 < 24=22=36

444 32 D0
251 18 D1
69 13 D2
8886 5 �0
3256 0 �1
239 01 �2

"OyO|t MQ |rwB OL=w 28 OwOL Ct}k QO |rY= pwYLt |xOvvmO}rwD OwU QDW}@
|r}N Ct}k xm CU= |}=H |rY= pwYLt |xOvvmO}rwD OwU u} QDtm u}vJty
q=@ Ct}k w |}x}W=L OwU uDiQ u}@ R= Ea=@ sm Ct}k "OW=@ O=} R |r}N =} sm
ptmt |=yq=m |Qw;OwU Q=DiQ 'pmW u}= j@=]t "OwW|t =[=kD uDiQ u}@ R= Ea=@
=@ xm |vat u}O@ &CU= ptmt pwYLt |xOvvmO}rwD |Qw;OwU Q=DiQ hqNQ@ ,=@} QkD
CqwYLt u=oOvvmO}rwD OwU =[=kD V}=Ri= p}rO x@ |rY= pwYLt Ct}k Vy=m
u=oOvvmO}rwD OwU |rY= pwYLt Ct}k V}=Ri= =@ 'u}=Q@=v@ &O@=}|t V}=Ri= ptmt
OL x@ |rY= pwYLt Ct}k uO}UQ =D OvwQ u}= &O@=}|t Vy=m ptmt CqwYLt

"OQ=O xt=O= �uOw@ |vOW \}=QW� OwN |q=@
&OyO|t u=Wv u=oOvvmO}rwD OwU Q@ =Q  w � syt QDt=Q=B wO QF= 5 =D 3 |=ypmW
u=Wv =ypmW u}= "CU= xOW xOQw;hrDNt |=y=tv =@ =ypmW 'QDy@ |UQQ@ Qw_vt x@
 V}=Ri= =t= &OwW|t xOvvmO}rwD xU Qy OwU Vy=m x@ QHvt � V}=Ri= xm OvyO|t
CU= |v=} QDWt O=OaD � xm |}=Hu; R= "OwW|t u=oOvvmO}rwD OwU V}=Ri= Ea=@

|rO=aD OwU w =[=kD Q=Okt |wQ Q@ |rY= pwYLt Ct}k QF= "3"5
|rY= pwYLt |xOvvmO}rwD

pwYLt |=[=kD Vy=m Ea=@ |rY= pwYLt Ct}k V}=Ri= '9 |x]@=Q x@ xHwD =@
Q_v Q=y_= u=wD|tv 15 |x]@=Q x@ xHwD =@ '=t= "OwW|t pO=aD |x]kv QO |rY=
|xOvvmO}rwD OwU `@=D |wQ Q@ |rY= pwYLt Ct}k V}=Ri= QF= OQwt QO |a} QU

%s} Q=O |rY= pwYLt OwU `@=D pw= jDWt s=Hv= =@ "OQm |rY= pwYLt

@p0�N0 = �(�1 + �2)� 4p0(� � )2

2� � 8<:> 0 p0 < �(�1+�2)
4��)2

� 0 p0 � �(�1+�2)
4(��)2

(27)

QDj}kO CQ=@a x@� OW=@ u}}=B |i=m |xR=Ov= x@ |rY= pwYLt Ct}k Qo = 'u}=Q@=v@
|xOvvmO}rwD OwU V}=Ri= Ea=@ |rY= pwYLt Ct}k V}=Ri= �p0 < �(�1+�2)

4(��)2

V}=Ri= �p0 � �(�1+�2)
4(��)2 |va}� CQwYu}= Q}e QO w OwW|t |rY= pwYLt

\}=QW� OwW|t x]w@ Qt |xOvvmO}rwD OwU Vy=m x@ QHvt |rY= pwYLt Ct}k
"�OvW=@ Q=QkQ@ O}=@ xQ=wty |vOW

|OOa G}=Dv "6
OwU `@=wD u}vJty w =y=[=kD w |rO=aD |=yCt}k x@ \w@ Qt \@=wQ VN@ u}= QO
p=Ft Qw_vt u}= |=Q@ "OQ}o|t Q=Qk EL@ OQwt |OOa Qw]x@ Vv pO=aD |x]kv QO

%O} Q}o@ Q_v QO =Q Q} R
�1 = 900; �2 = 500; � = 20;  = 3
xOt; 1 pwOH QO Vv pO=aD VN@ QO GQOvt \@=wQ =@ |OOa p=Ft u}= pL |xH}Dv

"CU=
|OOa p=Ft u}= x@ \w@ Qt u=oOvvmO}rwD R= l} Qy OwU w =[=kD `@=wD Q=Owtv
\w@ Qt CU= |ivt =[=kD xm Q=Owtv R= |]=kv "CU= xOt; 2 w 1 |=ypmW QO
w CU= �=yCt}k OL R= V}@ V}=Ri=� xr�Ut uOw@ |vOW \}=QW C}=aQ sOa x@
Ct}k V}=Ri= =@ CU= XNWt 1 pmW R= xm Qw]u=ty "OQ=O |W}=tv |x@vH ,=iQY
u=Wv pmW u}= u}vJty "O@=}|t Vy=m pwYLt xU Qy |=[=kD |rY= pwYLt
Qo}O pwYLt wO R= l} Qy |=[=kD R= QDW}@ |rY= pwYLt |=[=kD xm OyO|t
pwYLt R= QDW}@ �OQ=O |QDnQR@ Q=R=@ |x}=B xm |rwYLt� l} pwYLt |=[=kD w
CQ=@a x@ &OQ=O Ck@=]t 1 pmW =@ 1 pwOH QO GQOvt |vOW \}=QW "CU= wO
=Q swO ptmt pwYLt |=[=kD |rY= pwYLt Ct}k OL R= V}@ V}=Ri= Qo}O
|xOvvmO}rwD OwU |vOW |=[i QO xm OQm CW=OQ@ u=wD|t 2 pmW R= "Ovm|t |ivt
V}=Ri=nvy; =t=CU= Qo}O |xOvvmO}rwD wO R=l} Qy OwU R= QDW}@ |rY= pwYLt
Vy=m |rY= pwYLt Ct}k V}=Ri= =@ |rY= pwYLt |xOvvmO}rwD |rO=aD OwU
|ivt QF= |rY= pwYLt Ct}k V}=Ri= xm OyO|t u=Wv pmW u}= u}vJty "O@=}|t
,=iQY =yp}rLD xm OwW CkO "OQ=O ptmt CqwYLt u=oOvvmO}rwD |rO=aD OwU Q@
QO OwU w =[=kD `@=wD Q=DiQ |xt=O= w OQ}o|t Q=Qk EL@ OQwt |vOW |=[i |=Q@
|=yx@vH R= |m} "OQ=O |W}=tv |x@vH ,=iQY =ypmW QO |vOW |=[i R= GQ=N
CUO x@ OQ=O OwHw 2 pmW QO xJv; j@=]t C}U=UL p}rLD Q=Owtv R= xO=iDU=
QwmPt pmW x@ xHwD =@ "CU= |rY= pwYLt |xOvvmO}rwD |=Q@ OwU u} QDW}@ uOQw;
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"CU= |k]vt w |y}O@ Q=DiQ u}= 'Ovvm|t

|Q}oxH}Dv "7
'OvDUy|rY= pwYLtl} ptmt xm u}Wv=H pwYLt wO |Q=PoCt}k xr=kt u}= QO
xwqa w OW xOQw; OwU w =[=kD `@=wD '=yCt}k |rO=aD \=kv "CiQo Q=Qk |UQQ@ OQwt
l} QDt=Q=B CQwY x@ |}=yp}rLD |rO=aD |=yOwU w =y=[=kD '=y Ct}k |xU}=kt Q@
pL R= xOt;CUO x@ G}=Dv R= |NQ@ "OW s=Hv= xr�Ut syt |=yQDt=Q=B R= |NQ@ |wQ Q@
pwYLtCt}k 'OW=@lJwm|rY= pwYLtCt}k xm|DQwY QO %R= Ov=CQ=@a pOt
"TmaQ@ w OwW|t |rY= pwYLt Ct}k R= QDW}@ pO=aD |x]kv QO u; ptmt
OwN pwYLt Ct}k 'OQ=O |QDnQR@ Q=R=@ |x}=B 'u; ptmt pwYLt xm |}xOvvmO}rwD
'pO=aD |x]kv QO OQ=O |QDnQR@ Q=R=@ |x}=B xm |rwYLt "Ovm|t s}_vD QDW}@ =Q
OwU OW=@ nQR@ x}=B pwYLt Ct}k xm |DQwY QO "OQ=O sy |QDW}@ |=[=kD
ptmt CqwYLt u=oOvvmO}rwD R= l} Qy R= QDW}@ |rY= pwYLt |xOvvmO}rwD
u=oOvvmO}rwD OwU Vy=m Ea=@ |rY= pwYLt Ct}k V}=Ri= u}vJty "OwW|t
ptmt |=yq=m O=OaD V}=Ri= =@ Ov=wD|t xOv}; QO xr�Ut u}= "OwW|t wO w l}
Q_v QO =@ u}t-=D |xQ}HvR l} x@ u; Q=DN=U s}taD =} |rY= pwYLt ẁv l} |=Q@
Cr=L QO xr�Ut u}vJty "O@=} xaUwD u=oOvvmO}rwD Q@xwqa =yVwQi xOQN uDiQo
uOw@ R@U ẁ[wt xr�Ut u}= x@ u}vJty �[30�27]`H=Qt p=Ft |=Q@� OwW |UQQ@ =} wB
x=Qty x@ |Q=PoCt}k Ov=wD|t |D; |=yQ=m xrtH R= "OwW xi=[= Ov=wD|t R}v =yq=m
uDiQo Q_v QO u}vJty w OwU `@=wD QO =yxv} Ry Q}=U uDiQo Q_v QO "OW=@ C=e}r@D
"OwW KQ]t |D; |=yQ=m |=Q@ O=yvW}B u=wva x@ Ov=wD|t R}v |]NQ}e |=[=kD `@=wD

"l} x=ov '|OOa p=Ft l} |=Q@ OwU `@=D "3 pmW

"�� QF=� wO x=ov '|OOa p=Ft l} |=Q@ OwU `@=D "4 pmW

"� QF=� xU x=ov '|OOa p=Ft l} |=Q@ OwU `@=D "5 pmW

=yCWwv=B
1. pricing
2. marketing plan
3. microeconomics
4. �nancial modeling
5. game theory
6. agent
7. player
8. utility
9. pay-o�
10. maximum
11. nash equilibrium
12. substitute
13. complementary
14. price sensitive demand
15. transshipment prices
16. self-price elasticity
17. cross-price elasticity
18. best response
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