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{B88BIs�� �Y�R� �8}$�${sj Ps{�R� ��R�s�{Y��R Ys%� ��t��sj$9�I �Y�  js{,T7{YBj�RT����Bt:R

8BI�j �B 8B�� ��t��sj ZtI��jk$t� I�$%$t� Ikts8${R� $t{jZI$t� jB�tB�8sj }�B{�RR�R b$�Y I�T

���8$t$�${ %Bjs�$j$�k� jB�tB�8sj }�B{�RR�R b$�Y R�B{YsR�${ %Bjs�$j$�k� stI 8$-�I `Z8} I$&ZR$Bt

}�B{�RR�R� 3B� {B8}��Y�tR$%� I$R{ZRR$BtR BP 8BI�jR stI RZ�%�kR BP j$���s�Z��R b� ��P�� ��sIT

��R �B �BZ wd���D stI VtI��R�t stI VtI��sR�t w1(((D� qY�R� sZ�YB�R s��Z�I Ps%B�sAjk PB�

`Z8}TI$&ZR$Bt 8BI�j stI RYBb�I �Y� {s}s{$�k BP �Y� 8BI�j �B ��{Bt{$j� b$�Y �Y� �8}$�${sj

��RZj�R�

FZ8}TI$&ZR$Bt B}�$Bt }�${$t� 8BI�j bsR }$Bt����I Ak ����Bt wd��ED� 7$t{� 8s�,��

I�$%�t Ak AB�Y `Z8} stI I$&ZR$Bt $R Ikts8${sjjk $t{B8}j���� B}�$Bt }�${$t� �Y�B�$�R� �-}j${T

$�jk B� $8}j${$�jk� b��� I�%�jB}�I ZtI�� �Y� �JZ$j$A�$Z8 P�s8�bB�,� =tI�� �Y� �JZ$j$A�$Z8

P�s8�bB�,� R}�{$h{sjjk� �Y� ]s}$�sj VRR�� _�${$t� �BI�j w]V_�D� st B}�$Bt }�${� I�}�tIR

Bt �Y� {B���js�$Bt A��b��t �Y� ZtI��jk$t� sRR�� stI �Y� 8s�,�� }B��PBj$B� $t sII$�$Bt �B B�Y��

Ps{�B�R� 7�%��sj b�jjT,tBbt }�${$t� �Y�B�$�R PB� `Z8}TI$&ZR$Bt }�B{�RR�R� $t{jZI$t� Ws$, stI

N�� wd��dD�  s��R wd��dD� G$j8B�� wd���D stI 8B�� ��{�t�jk VtI��R�t stI VtI�sR�t w1(((D

b��� I�%�jB}�I }s��${Zjs�jk PB� B}�$BtR Bt 7m_x(( $tI�-� bY${Y $R {BtR$I���I �Y� $tI�- PB�

8s�,�� }B��PBj$B� i�{�t�jk GZ w1((1D YsR �-��tI�I �Y� �Y�B�k BP  s��R wd��dD �B B}�$BtR Bt

$tI$%$IZsj R�B{,R� W�%���Y�j�RR� }�${$t� R�B{, B}�$BtR ZR$t� ]V_� $R {BtR$I���I �BB {B8T

}j${s��I PB� }�s{�${sj ZR� stI 8sk tB� t�{�RRs�$jk A� sI%st�s��BZR� yt �Y$R }s}��� b� �s,�

st sj���ts�$%� s}}�Bs{Y� ts8�jk� Z�$j$�k $tI$&���t{� }�${$t� PB� B}�$BtR Bt sRR�� I�$%�t Ak

`Z8}TI$&ZR$Bt }�B{�RR�

=�$j$�k $tI$&���t{� }�${$t� bsR h�R� $t��BIZ{�I Ak <BI��R stI W�ZA����� wd�M�D stI

�-��tI�I Ak *s%$R ��� sj� wd��;D $t �Y� {Bt��-� BP B}�$Bt }�${$t� b$�Y ��stRs{�$Bt {BR�R�

3�$���jj$ w1(((sD R�ZI$�I �Y� ��t��sj }�B}���$�R BP Z�$j$�k $tI$&���t{� }�${�R� iBZ�� stI

�s�BZ$ w1(((D {BtR$I���I �R}�{$sjjk �Y� Z�$j$�k $tI$&���t{� }�${$t� $t st $t{B8}j��� 8s�,��

�



I�$%�t Ak I$&ZR$Bt� qY� {Z���t� }s}�� {s��$�R �Y� Z�$j$�k }�${$t� B%�� �B s `Z8}TI$&ZR$Bt

�{BtB8k Ak �s,$t� �Y� s}}�Bs{Y BP R�B{YsR�${ B}�$8sj {Bt��Bj� yt BZ� s}}�Bs{Y� b� sRRZ8�

�Ys� st B}�$Bt b�$��� I�j�sTY�I��R Y$R j$sA$j$�k b$�Y �Y� B}�$8sj R��s���k �Ys� 8s-$8$9�R �Y�

Z�$j$�k BP �Y� ���8$tsj b�sj�Y BP �Y� Y�I��I }B��PBj$B� qY� B}�$Bt }��8$Z8 $R I�ht�I sR

�Y� $t$�$sj {sRY �tIBb8�t� b$�Y bY${Y �Y� b�$��� {st s{Y$�%� �Y� Rs8� Z�$j$�k sR �Ys� BP s

X}Z��" B}�$8sj $t%�R�8�t�U �Y� Bt� b$�YBZ� {sRY �tIBb8�t� stI �Y� j$sA$j$�k� ��sRZ��I Ak

Z�$j$�k� �Y� }��8$Z8 BP st B}�$Bt {st A� ���s�I�I sR �Y� X{BR� BP Y�I�$t�"� 3�B8 }�s{�${sj

}B$t� BP %$�b Z�$j$�k $tI$&���t{� }�${$t� YsR �bB sI%st�s��RU $� IB�R tB� ��P�� �B �Y� 8s�,��

}B��PBj$B� stI $� ��t��s��R B}�$8sj Y�I�$t� R��s���k �B���Y�� b$�Y st B}�$Bt }�${��

yt �Y$R }s}�� b� Btjk {BtR$I�� �Y� �-}Bt�t�$sj Z�$j$�k PZt{�$Bt� yt }�$t{$}j�� B�Y��

Z�$j$�k PZt{�$BtR {st sjRB A� ZR�I� <Bb�%��� sR $� b$jj A�{B8� s}}s��t� js��� �Ys�� �-{�}�

PB� �-}Bt�t�$sj Z�$j$�k� B}�$Bt }��8$Z8R b$jj I�}�tI Bt �Y� $t$�$sj b�sj�Y BP �Y� b�$���� �Y$R

bBZjI %$Bjs�� �Y� }�${� Zt$%��Rsj$�k� G$�Y �Y� IZsj$�k A��b��t �-}Bt��s$j Z�$j$�k stI ��js�$%�

�t��B}k BA�s$t�I ��{�t�jk A� *�jAs�t ��� sj� w1(((D� b� `ZR�$Pk �Y� tBtTs�A$��s��sA$j$�k BP

�Y� }�${��  k j���$t� �Y� �$R, s%��R$Bt ��tI �B 9��B� b� I�ht� stI �Y�t {Ys�s{���$9� �Y� X�$R,

t�Z��sj 8�sRZ��" PB� s `Z8}TI$&ZR$Bt }�B{�RR� y� �Z�tR BZ� �Ys� �Y� �$R, t�Z��sj 8�sRZ�� $R

`ZR� �Y� 8$t$8sj �t��B}k 8s��$t�sj� 8�sRZ��� bY${Y YsR A��t R�ZI$�I Ak �$ksYs�s wd��ED�

3�$���jj$ w1(((AD� stI *�jAs�t ��� sj� w1(((D $t %s�$BZR {Bt��-�R� 7Z{Y I��$%�I }�B{�RR }jskR

st $8}B��st� {�t��sj �Bj� $t B}�$Bt }�${$t�� sR b� RYBb �Ys� �$R, s%��R$Bt Btjk ��t��s��R

R}��sI P�B8 �Y� }�${� BA�s$t�I Ak X�$R, t�Z��sj %sjZs�$Bt"� 3B� �Y� }Z�}BR� BP }�s{�${sj

$8}j�8�t�s�$Bt� b� Ys%� sjRB �-��tI BZ� �Y�B�k $t {Bt�$tZBZR �$8� �B I$R{���� �$8�� bY���

Y�I�$t� {st Btjk �s,� }js{� $t I$R{���� 8B8�t�R� WZ8��${sj R�ZI$�R RYBb �Ys� BZ� 8BI�j

��t��s��R �s�Y�� ts�Z�sjjk X{�sRYTBT}YBA$s" stI B�Y�� P�s�Z��R $t �Y� 8s�,�� }�${� BP B}�$BtR�

qY$R }s}�� b$jj A� B��st$9�I sR PBjjBbR� yt � 1 b� b$jj $t��BIZ{� Z�$j$�k }�${$t� 8��YBIT
BjB�k $t s ��t��sj R���$t�� _�B}���$�R BP Z�$j$�k $tI$&���t{� }�${� s�� I$R{ZRR�I� yt � n� PB�
�Y� `Z8}TI$&ZR$Bt }�B{�RR�R� b� I��$%� �Y� <s8$j�BtTFs{BA$T �jj8st w<F D �k}� �B%��t$t�

�JZs�$Bt PB� �Y� Z�$j$�k $tI$&���t{� }�${�R� �B��B%��� b� �$%� s I��s$j {Ys�s{���$9s�$Bt BP

�Y� �$R, t�Z��sj$9�I `Z8}TI$&ZR$Bt }�B{�RR� yt � ;� b� I�%�jB} �Y� �Y�B�k BP Z�$j$�k }�${$t�
$t I$R{���� �$8�� s}}�B-$8s�� �Y� {Bt�$tZBZRT�$8� `Z8}TI$&ZR$Bt }�B{�RR Ak s 8Zj�$TtB8$sj

I$R{���� �stIB8 bsj,� stI {BtR��Z{� s tZ8��${sj R{Y�8� bY${Y {Bt%����R �B �Y� <F �JZsT

�$Bt� � x {Bt�s$tR tZ8��${sj ��RZj�R bY��� b� b$jj �-s8$t� YBb B}�$Bt }�${�R %s�k $t ��R}BtR�
�B �Y� {Yst��R $t �Y� 8s`B� 8BI�j }s�s8����R� yt����R�$t�jk� b� b$jj b$�t�RR �Ys� s %Bjs�$jT

$�k R8$j� R$8}jk {B���R}BtIR �B 9��B 8�st `Z8} R$9�� bY$j� %Bjs�$j$�k R,�b {B���R}BtIR �B s
�



t��s�$%� 8�st `Z8} R$9�� G� �-��tI �Y� Z�$j$�k }�${$t� �B V8��${st B}�$BtR $t � E� 3$tsjjk
$t � � b� {Bt{jZI� �Y� }s}���

1� `�C}���'�R CP Z�'j'�k 'tI'PP���t{� }�'{�R

yt �Y$R R�{�$Bt� b� b$jj �R�sAj$RY JZst�$�s�$%�jk s }��{$R� j$t, A��b��t �$R, s��$�ZI� stI

B}�$Bt }�${�R� 3B� {js�$�k� b� b$jj bB�, b$�Y �Y� PB�bs�I }�${�R wPB� I�j$%��k s� st B}�$Bt:R

8s�Z�$�kD BP sjj $t%Bj%$t� sRR��R� yt PB�8sj$R8� �Y$R $R �JZ$%sj�t� �B �s,$t� �$R,TP��� $t����R�

�s�� � ) ( stI �Y� I$R{BZt� Ps{�B� # # d� VR b� RYsjj R��� I$&���t� �$R, s��$�ZI� b$jj j�sI �B
I$&���t� Y�I�$t� R��s���$�R� bY${Y �tRZ�� }�B}�� �$R, �-}BRZ��� stI {BtR�JZ�t�jk� I$&���t�

B}�$Bt }��8$Z8R �B htst{� �Y� Y�I�$t� R��s���$�R�

N�� w�,> ,> � , h D A� s {B8}j��� }�BAsA$j$�k R}s{� RZ{Y �Ys� w> � D � � � $R ��t��s��I Ak
$tI�}�tI�t�  �Bbt$st I$&ZR$Bt stI `Z8} }�B{�RR�R �B A� R}�{$h�I js���� G� {BtR$I�� �Y�

}�${$t� BP s eZ�B}�st B}�$Bt P�B8 �Y� %$�b}B$t� BP st B}�$Bt R�jj��� VP��� ��{�$%$t� �Y�

}��8$Z8� �Y� R�jj�� YsR �B Y�I�� �B ��IZ{� Y$R �$R, �-}BRZ��� qk}${sjjk� �Y� �t�$�� $t%�R�8�t�

B}��s�$Bt �B �Y� R�jj�� {BtR$R�R BP �Y��� R��}RU

d� R�jj$t� �Y� B}�$Bt s� �$8� ( PB� �Y� PZ�Z�� }�${� 8 wPB� I�j$%��k s� x D�

1� }sk$t� BZ� �B �Y� AZk�� �Y� }skB& ~ wC� D s� �$8� x �
n� s{{Z8Zjs�$t� �Y� }�Bh�R stI jBRR�R s�$R$t� P�B8 �Y� R�jPThtst{$t� Y�I�$t� R��s���k \� � i
b$�Y �Y� ZtI��jk$t� sRR���

WB�� �Ys� s R��s���k $R s tBtTst�${$}s�$%� R�B{YsR�${ }�B{�RR� qY� ���8$tsj }�Bh� B� jBRR BP

�Y� $t%�R�8�t� ��sj$9�I s� �$8� x $R

P� ) 8 � ~ wC� D L
� 	


 � � QC � 3
yP �Y� R�jj�� bsR �$R, t�Z��sj� Y� bBZjI {YBBR� s R��s���k �B 8s-$8$9� �Y� �-}�{��I %sjZ� BP

�Y� ���8$tsj b�sj�Y� yt ��sj$�k� YBb�%��� sjj ��sRBtsAj� R�jj��R s�� �$R, s%��R�� stI Y� b$jj

$tR��sI PBjjBb �Y� R��s���k �Ys� 8s-$8$9�R �Y� �-}�{��I Z�$j$�k BP �Y� ���8$tsj b�sj�YU

RZ}
 � � o � >JwP� DH,

bY��� Jw?D $R st 8BtB�Bt${sjjk $t{��sR$t� stI {Bt{s%� PZt{�$Bt� $���� $� YsR �Y� }�B}���$�R

J � w?D k ( stI J � � w?D c (� yP s R�jj�� {Ys���R s }��8$Z8 8 �Ys� htst{�R s IB8$ts�$t� R��s���k

RZ{Y �Ys�P� � ( b$�Y }�BAsA$j$�k d� �Y� }�${� {BZjI A� �BB Y$�Y �B Ys%� s �s,��� yt }�s{�${�
R�jj��R sjbskR A�s� RB8� �$R, BP jBRR� stI �Y� ���8$tsj b�sj�Y BP �Y� Y�I��I }B��PBj$B {st A�

AB�Y }BR$�$%� stI t��s�$%�� G$�Y �Y$R ZtI��R�stI$t� $t 8$tI� b� {YBBR�� s8Bt� �Y� }B}Zjs��



{YB${�R BP Z�$j$�k PZt{�$BtR� �Y� �-}Bt�t�$sj PZt{�$Bt sR J U

Jw?D ) �� � � �
, 
 k (3 wdD

WB�� �Ys� AB�Y jB� stI }Bb�� Z�$j$�k PZt{�$Bt �s,� Btjk }BR$�$%� s��Z8�t�R� yt wdD� }s�s8����


 $R �Y� 8�sRZ�� BP �$R, s%��R$Bt�  $���� 
 {B���R}BtIR �B Y$�Y�� I����� BP �$R, s%��R$Bt�

yt }s��${Zjs�� 
 ) L $tI${s��R sARBjZ�� �$R, s%��R$Bt bY$j� 
 ) ( {B���R}BtIR �B �$R,

t�Z��sj$�k�

qB �Y� R�jj��� Bt{� �Y� B}�$Bt $R RBjI� Y� b$jj PBjjBb s Y�I�$t� R��s���k� ts8�jk� \� � i
RYs��R BP �Y� ZtI��jk$t� sRR��� RB sR �B 8s-$8$9� �Y� �-}�{��I Z�$j$�kU

Ow8, ~� D # RZ}� � � � o 	
>JwP 
 DH ) RZ}� � � � o 	 


��?� � �
w8 L � �� � � QC � � ~ wC� DD � � 3
qY� Ps$� }�${� BP �Y� B}�$Bt� 8� $R I�ht�I $8}j${$�jk Ak �Y� }�$t{$}j� BP Z�$j$�k $tI$&���t{�

w*s%$R ��� sj� d��nDU

RZ}� � � � o � � ��?� � �
w8 L � �� � � QC � � ~ wC� DD  ! ) RZ}" # $ % o & ' ��?� ( �
 ) *+ � , QC ,  ! 3
qY� sAB%� �JZs�$Bt 8�stR �Ys� �Y� Y�I��� b$jj tB� 8$tI b�$�$t� �Y� B}�$Bt PB� �Y� }��8$Z8

�Ys� sjjBbR Y$8 �B s{Y$�%� �Y� Rs8� �-}�{��I Z�$j$�k sR �Ys� BP b�$�$t� tB B}�$Bt� *Z� �B �Y�

I�R$�sAj� R�}s�sA$j$�k BP �Y� �-}Bt�t�$sj PZt{�$Bt� b� Ys%� �Y� PBjjBb$t� �-}j${$� �-}��RR$Bt

PB� �Y� B}�$Bt %sjZ�

8 )
d



jt $tP" # $ % o & ' �?� ( �
w ) *+ � , QC , � ~* D  ! � d



jt $tP" # $ % o & ' �?� ( �
 ) *+ � , QC ,  !

)
d



jt $tP" -. / 0 o 1 2 �?� 3 4 56 K� 7 QC 7 L 
~8 D 9 : � d



jt $tP; <= > ? o @ A �?� B C 8D K� 7 QC 7 9 : w1D

yt ��t��sj� PB� s �$%�t ZtI��jk$t� }�${� }�B{�RR BP C 7 � �Y� �bB ���8R $t w1D {st s� j�sR� A�
�%sjZs��I Ak tZ8��${sj 8��YBIR� qY� \ K� 7 i $t �$�Y�� ���8 BP w1D $R {sjj�I B}�$8sj {Bt��Bj�

bY${Y ��js��R �B B}�$8sj $t%�R�8�t� R��s���k Ak

� 7 ) � K� 7 b
3 wnD

�s-$8$9$t� �Y� �-}�{��I Z�$j$�k BP �-}Bt�t�$sj PZt{�$Bt YsR st $t����R�$t� IZsj }�BAT

j�8� i�{�t�jk *�jAs�t ��� sj� w1(((D BA�s$t�I

RZ}E F G H o I J ��?� K �
>8 L L MN � O QC O � ~M H P Q )� �?� K 
 RZ}R S T U V W >o X >~Y H� 8 � d



Iw</h DH Z ,

w;D

PB� �s�Y�� ��t��sj R�B{YsR�${ }�B{�RR�R� <���� C [ $R s jB{sjjk ABZtI�I R�8$8s�k�$t�sj�� � \ $R
��R��${��I RZ{Y �Ys� ] ^_ w
� ` DQC ` $R ABZtI�I� h a b c R�stIR PB� �Y� R�� BP 8s��$t�sj� 8�sRZ��Rd



bY${Y s�� sARBjZ��jk {Bt�$tZBZR stI jB{sjjk �JZ$%sj�t� �B h � stI Iw</h D $R �Y� ��js�$%�
�t��B}k BP < b$�Y ��R}�{� �B h � I�ht�I Ak

Iw</h D U) �� � o � � � �� � jt � �� � � $P <U h,

L B�Y��b$R��

3�B8 �Y� IZsj$�k b� BA�s$t st sj���ts�$%� $t���}���s�$Bt BP �-}�{��I Z�$j$�k 8s-$8$9s�$BtU

8s,$t� B}�$8sj $t%�R�8�t� wb$�Y st B}�t RYB��TB}�$Bt }BR$�$BtD $R �JZ$%sj�t� �B htI$t� �Y�

�JZ$%sj�t� 8s��$t�sj� 8�sRZ�� �Ys� 8s-$8$9�R �Y� �-}�{��I %sjZ� BP �Y� B}�$Bt ZtI�� st

�t��B}${ }�tsj�k ���8� WB�� �Ys� w;D {st A� }�B%�I b$�Y N���tI�� ��stRPB�8s�$Bt wiB{,T

sP�jjs�� d��(D� qY� IZsj$�k PB� �Y� R}�{$sj {sR� 8 ) ~	 ) ( bsR BA�s$t�I �s�j$�� Ak p�stI$�R
stI iY�$tj[stI�� wd���D stI 3�$���jj$ w1(((sD�

3�B8 �Y� IZsj$�k b� BA�s$t st sj���ts�$%� �-}��RR$Bt BP Z�$j$�k $tI$&���t{� }�${�

8 ) RZ}
 � � 
 � � � o � >~� H� d



Iw</h D� � RZ}� � � � � � � � d
Iw</h D � 3 wxD

WB�� �Ys� iBZ�� stI �s�BZ$ w1(((D YsI BA�s$t�I �Y� sAB%� �-}��RR$Bt BP B}�$Bt }�${� PB�

��B8���${  �Bbt$st ZtI��jk$t� }�B{�RR ZR$t� �Y� $I�sR BP Ikts8${ }�B��s88$t�� e-}��RR$Bt

wxD {s��$�R s ���s� sI%st�s��U $� {st R��%� �B `ZR�$Pk �Y� tBTs�A$��s�� {BtI$�$Bt PB� Z�$j$�k

$tI$&���t{� }�${� wej �s�BZ$ stI +Z�t�9 wd��dD� ]%$�st$?{ stI �s�s�9sR wd��nDD

8$t� � � � �  o �
>~ H � 8 � 8s-! " # $ % & o !

>~ H3

3B� js��� ��P���t{� b� I�tB�� Ak < ' �Y� 8$t$8sj �t��B}k 8s��$t�sj� 8�sRZ�� w�e��D RZ{Y
�Ys�

Iw< ' /h D ) $tP! " # $ % & Iw</h D3
7$8$js� �B iBZ�� stI �s�BZ$ w1(((D� b� �R�sAj$RY �Y� PBjjBb$t� �bB }�B}BR$�$BtR Bt �Y�

}�B}���$�R BP Z�$j$�k $tI$&���t{� }�${�R stI �Y� zsjZ�Ts�Ti$R, wzsiD 8�sRZ�� BP �Y� Y�I��I

}B��PBj$B�

_�B}BR$�$Bt 1�d� N�� 8w
, ~ D R�stIR PB� �Y� }�${� PB� s {Bt�$t��t� {js$8 ~ ZtI�� �$R,

s%��R$Bt 
� 8w
, ~ D YsR �Y� PBjjBb$t� }�B}���$�R�

d� 8w
 ( , ~ D � 8w
 ) , ~ D PB� 
 * � 
 ) � (�

1� 8w
, ~ * D � 8w
, ~ ) D PB� ~ * � ~ ) �

n� ]Bt%�-$�kU PB�  ; w(, dD�

8w
,  ~ + L wd�  D~ , D �  8w
, ~ + D L wd�  D8w
, ~ , D3-



`�CCPU qY� h�R� stI �Y� R�{BtI {Bt{jZR$BtR s�� BA%$BZR� G� b$jj Btjk }�B{��I �B

}�B%� n� N�� \ K� �� i stI \ K� �� i A� �Y� B}�$8sj {Bt��BjR PB� ~ � stI ~ � � ��R}�{�$%�jk�  k �Y�
<[BjI��:R $t�JZsj$�k�

$tP� �� � � o � 	
�?� 
 � �
 K� � QC � L 
 ~ � L 
wd�  D~ � � �

�o
� 	

�?� 
 � �
 w K� �� L wd�  D K�
�� DQC � L 
 ~ � L 
wd�  D~ � � �

)o
� 	

�?� 
  w � �
 K� �� QC � L 
~ � D L wd�  Dw � �
 K�
�� QC � L 
~ � D � �

� 
 o � 	
�?� 
 � �
 K� �� QC � L 
~ � � � � � N � o � � �?� � � �� K� �� QC � L 
~ � � � � � � �

) $tP� � ! " � o � � �?� � � �� K� � QC � L 
~ � � � � � N $tP� � ! " � o � � �?� � � �� K� � QC � L 
~ � � � � � � � 3
qY� I�R$��I $t�JZsj$�k �Y�t PBjjBbR P�B8 �Y� }�${� I�ht$�$Bt w1D

=tj$,� �Y� I�j�s Y�I�� $t �Y�  js{,T7{YBj�RT����Bt:R 8BI�j� �Y� B}�$8sj $t%�R�8�t�

R��s���k I�ht�I $t wnD $R tB� PB� �j$8$ts�$t� Zt{���s$t�k� tB 8s���� �Y� 8s�,�� $R {B8}j���

B� tB�� G� {st I��$%� st Z}}�� ABZtI PB� �Y� zsi�

_�B}BR$�$Bt 1�1� 3B� s �$R, s%��R$Bt }s�s8���� 
� b� I�tB�� �Y� B}�$8sj ��sI$t� stI Z�$jT

$�k $tI$&���t{� }�${� PB� s {Bt�$t��t� {js$8 ~# Ak � $ % & stI 8 & � ��R}�{�$%�jk� �Y�t PB� stk

}��8$Z8 8 b� Ys%�

h w8 L ' () � $ % &* QC * � ~( � �>D � � + , - . / 0 1 0 2 3 4 5 6 7 8 9 : ; 3
GY�t 8 ) 8 < �

h w8 < L = >? � @ A <B QC B � ~> � �>D � � C < D C E F G H I J K 3
`�CCPU =R$t� R�JZ�t�$sjjk �Y� ]Y�AkRY�%:R $t�JZsj$�k stI �Y� I�ht$�$Bt BP Z�$j$�k

$tI$&���t{� }�${� stI IZsj$�k� b� Ys%�

h w8 L = >? � @ A <B QC B � ~> � �>D ) h w� C < F L M N OP Q R S TU V W X Y Z [ \ � � ] ^ D
� � _ ] ^ o ` a � _ ] b c d e [f g h i j h _ Z [ \ k
) � _ ] b ^ d c _ c l \

o ` a � _ ] b c l d e [f g h i j h _ Z [ \ k
) � _ ] b ^ d c _ c l \

$tPm g h n o ` a � e [f g h i j h k
) � _ ] b ^ d c _ c l \

� o b p f q ` \
3r



qY� }�B}BR$�$Bt $R �YZR }�B%�I

3B� �Y� Z�$j$�k $tI$&���t{� }��8$Z8 8 � � s jBb�� ABZtI �B� PB� �-s8}j�� �Y� �x0 zsi

$R

�> � >jtw(3(xD LIw< � /h DHb
3
qY� 8s��$t�sj� 8�sRZ��R �Ys� s{Y$�%� �Y� �bB RZ}��8Z8R $t �JZs�$BtR wxD {st A�

�-}��RR�I $t ���8R BP B}�$8sj {Bt��BjR� N�� \ K� �� i A� �Y� B}�$8sj {Bt��Bj RZ{Y �Ys�
O

� � �
wC � , 0D ) $tP� �� 	 
 o

�� >�?�\

 �

� K� � QC � iH

) o
�� >�?�\


 �
� K� �� QC � iH,

�Y�t �Y� isIBtTW$,BIk8 I��$%s�$%� BP �Y� �JZ$%sj�t� 8s��$t�sj� 8�sRZ�� < � $R �$%�t Ak
w3�$���jj$� 1(((sD

Q< �
Qh

)
�?�\ � �� K� �� QC � Di

O � � � wC � , (D 3 wED

e-��tI$t� �Y� s��Z8�t�R BP 3�$���jj$ b� {st BA�s$t �Y� isIBtTW$,BIk8 I��$%s�$%� PB� �Y�

�JZ$%sj�t� 8s��$t�sj� 8�sRZ�� {B���R}BtI$t� �B O � � �
wC � , 0DU

Q< �
Qh

)
�?�\ � �� K� � � �� QC � L 
~� Di

O � � � wC � , (D ,

bY��� K� � � �� $R �Y� B}�$8sj {Bt��Bj RZ{Y �Ys�

O � � �
wC � , 0D ) $tP� �� 	 
 o

�� >�?�\

 �

� K� � QC � L 
~� DiH

) o
�� >�?�\


 �
� K� � � �� QC � L 
~� DiH3

qY� �-}��RR$Bt {st A� 8sI� 8B�� �-}j${$� $t ���8 BP K� � � �� PB� {Bt{���� sRR�� }�${� }�B{�RR�R�

n� `�'{'t� c'�Y FZ9}TI'PPZR'Ct }�C{�RR 't {Ct�'tZCZR �'9�

yt �Y$R R�{�$Bt b� {BtR$I�� B}�$Bt }�${$t� $t �Y� $t{B8}j��� 8s�,�� ��}��R�t��I Ak�

R}�{$h{sjjk� s `Z8}TI$&ZR$Bt }�B{�RR

QC

C
)  � Q0L � � Q. � L wV � dDQ] � w�D

PB� �Y� ZtI��jk$t� sRR��� <���� . � $R s R�stIs�I G$�t�� }�B{�RR ZtI�� �Y� BA`�{�$%� 8�sRZ��
h � ] � $R �Y� _B$RRBt }�B{�RR b$�Y s��$%sj $t��tR$�k 	� V � d $R �Y� �stIB8 `Z8} R$9��  � stI
� � s�� I����8$t$R�${ PZt{�$BtR BP �$8�� yt �Y$R }s}�� b� sRRZ8� �Y� $tI�}�tI�t{� A��b��t
�Y� G$�t�� }�B{�RR stI �Y� _B$RRBt }�B{�RR� qY� }��{�t�s�� `Z8} R$9� V � d {st �s,� stk
I$R��$AZ�$BtR stI �Y� ZRZsj Bt�R b$jj A� $t��BIZ{�I js���� 



3B� st B}�$Bt b$�Y }skB& ~� s� �$8� x � �Y� Z�$j$�k $tI$&���t{� }�${� $R I�ht�I $t w1D�

bY��� $� ��JZ$��R �Y� �%sjZs�$Bt BP �bB 8$t$8$9�I �-}�{��I Z�$j$�k PZt{�$BtR

O
� � �
wC � , 0D ) $tP� �� � 	 o 
� >�?�\ � �� K� � QC � iH,

O
� 
 �
wC � , 0D ) $tP� �� � 	 o 
� >�?�\ � �� K� � QC � L 
~� iH3

3B� �Y� `Z8}TI$&ZR$Bt }�B{�RR� b� {st I��$%� <s8$j�BtTFs{BA$T �jj8st j$,� �JZs�$BtR PB�

O
� � �
wC, 0D, q ) (, d�

_�B}BR$�$Bt n�d� VRRZ8� �Ys� O � � � wC, 0D ; g � ZtI�� �Y� `Z8}TI$&ZR$Bt I�$%$t� Ikts8${R�

q ) (, d� �Y�t �Y�k Rs�$RPk

$tP� �� � � �� �
O � � �� L  ! d

1
� " C " # (

(C
L K� $ { % & L  C ' (

(C
L K� ( { % )* O + , -

L	 . o / >�-}\ K� 0 CwV � dDiO 1 2 3 wCV, 0D� O 1 2 3 wC, 0DH 4 ) (, wMD

b$�Y �Y� ���8$tsj {BtI$�$BtR

O 5 6 7 wC, x D ) d, stI O 5 8 7 wC, x D ) � 9 : ; 5 < 7 3 w�D

qB }�B%� �Y� sAB%� }�B}BR$�$Bt b� t��I �Y� PBjjBb$t� �Y�B��8 BP {Yst�� BP 8�sRZ��

PB� �Y� `Z8}TI$&ZR$Bt }�B{�RR wR��  `[B�, ��� sj�� d���D�

qY�B��8 n�d wp$�RBtB%D� N�� � A� s tBtTst�${$}s�$%� }�B{�RR stI 	wV D A� s R��${�jk }BR$�$%�

8�sRZ�sAj� PZt{�$Bt RZ{Y �Ys� PB� ht$�� 0= >? ,� @ , A QX c , o B >/	wV D/H c 3

*�ht� s }�B{�RR U C Ak

QU C ) U C D w� E Q.E L w	wV D� dDQ] E � 	 E o F >	wV D� dHQ0D , U G ) d,
B�� �JZ$%sj�t�jk�

jtU E ) H EG � I Q. I � d
1

H EG ,� I , J QXL H EG jt	wV DQ] I � H EG 	w0Do F >	wV D� dHQ03
qY�t U K $R st 8s��$t�sj� ZtI�� h U

o L >U K H ) d3
*�ht� s t�b 8�sRZ��

Q< K ) U K Qh K ,
�Y�t� < $R jB{sjjk �JZ$%sj�t� �B h � stI

w$D Q K.K ) Q.K � � K Q0 $R s <TG$�t�� }�B{�RR�M



w$$D N�� WwV D A� �Y� I�tR$�k PZt{�$Bt BP V � qY� _B$RRBt }�B{�RR ] � YsR s <T$t��tR$�k �$%�t

Ak

	
�
w0, QV D ) 	w0D	wV DQV3

WBb b� s�� ��sIk �B }�B%� _�B}BR$�$Bt n�d�

`�CCP CP `�C}CR'�'Ct n!eU *�ht� s 8s��$t�sj�

U � ) �?�

� � �� � � d
1
w K� � � � C � D 	 L 	 � o 
 >� �� 
 � 
 � 
 � � � � dH � Q0

LK� � � � C � Q. � L K� � C � wV � dDQ] � � ,
stI s t�b 8�sRZ�� < � U

Q< � ) U � Qh � ,
b� �Y�t Ys%�

OwC � , (D ) $tP� �� � � o � � �?� �  !� K� � QC � L 
~! " #
) $tP� �� � � o � � U � �?� �  !� $ K� �  � C � L d

1
w K� � � � C � D % L 	 � o & >� �� � ' � ( & ) * + � dH , Q0L 
~! " #

) $tP� �� � � o - � �?� �  !� $ K� �  � C � L d

1
w K� � � � C � D % L 	 � o & >� �� � ' � ( & ) * + � dH , Q0L 
~! " # 3

wd(D

qY� jsR� ���8 }BR�R s R�stIs�I B}�$8sj {Bt��Bj }�BAj�8 bYBR� %sjZ� Rs�$Rh�R s <s8$j�BtT

Fs{BA$T �jj8st �k}� �JZs�$Bt� =tI�� �Y� t�b 8�sRZ�� �Y� sRR�� }�${� }�B{�RR A�{B8�R

QC � ) w C � L K� � � %� C %� DQ0L � � C � Q K. � L C � wV � dDQ] .� , wddD

bY���

Q K. � ) Q. � � K� � � � C � Q0
$R s <TG$�t�� }�B{�RR� stI ] .� $R s _B$RRBt }�B{�RR b$�Y <T$t��tR$�k

	 . w0, QV D ) 	w0D�
�� � ' � ( & ) * +

QV3 wd1D

qY� <F �JZs�$Bt PB� �Y� B}�$8sj {Bt��Bj }�BAj�8 $R

$tP�� � / (O(0 L d

1
� %� C % ( % O

(C % L w � C L K� � � %� C % D(O
(C

Lo -& >OwCV, 0D� OwC, 0DH

L $ K� �  � C L d

1
w K� � � � CD % L 	 � o & >� �� � ' ( & ) * + � dH , O 0 ) (, wdnD

bY��� o 12 >NH 8�stR �Y� �-}�{�s�$Bt b$�Y ��R}�{� �B �Y� _B$RRBt }�B{�RR ZtI�� 8�sRZ�� <�
=R$t� wd1D b� Ys%�

o 12 >OwCV, 0D� OwC, 0DH ) 	 3 o 2 >� 45 6 7 8 2 9 : ;
wOwCV, 0D� OwC, 0DDH3 wd;D< =



_Z� wd;D As{, �B wdnD stI tB�${� RB8� {st{�jjs�$Bt b� �Y�t s��$%� s�

$tP�� � �
(O

(0
L
d

1
� �� C � ( � O

(C � L w � C L K� � � �� C � D(O
(C

L 	 � o � � � �� � � 	 � 
 � �
OwCV, 0D� OwC, 0D 


L � K� �  � C L d

1
w K� � � � CD � � O � ) (3 wdxD

i�{B8A$t$t� �Y� ���8R b� htsjjk �tI Z} b$�Y �JZs�$Bt wMD �

qY� B}�$8sj {Bt��Bj \ K� �� i YsR �B A� RBj%�I P�B8 �JZs�$Bt wMD� qY� h�R� B�I�� {BtI$�$Bt

b$�Y ��R}�{� �B K� � $R
 � L � �� C �� O � � ��

O � � � L K� � �� L
	 � o � >wV � dD� �� �  ! � " # $

O
! % $
wCV, 0DH

O
! % $ wC, 0D ) (3 wdED

V}}s��t�jk K� &� {st A� RBj%�I tZ8��${sjjk Bt{� O ! % $
stI O

! % $ Ys%� A��t BA�s$t�I� O�� PB�

q ) (� �Y� R}�{$sj {sR� {B���R}BtI$t� �B 
 ) (� K� '( {st A� BA�s$t�I b$�YBZ� �B$t� �Y�BZ�Y
�Y� RBjZ�$Bt }�B{�IZ�� PB� wMD� WB�${� �Ys� PB� 
 ) ( �JZs�$Bt wMD sI8$�R s Zt$JZ� stI

R�s��T$tI�}�tI�t� RBjZ�$Bt� $���� O ) * + wC, 0D ) O ) * + w0D� ]BtR�JZ�t�jk� �JZs�$Bt wdED ��IZ{�R �B
 ( L � ,( C K� ( L 	 ( o - >wV � dD� ./ 0 1 ) - 2 3 + H ) (3 wd�D

qY� j�P�TYstI R$I� BP wd�D $R s 8BtB�Bt${ PZt{�$Bt BP K� ( � stI �Y� Zt$JZ� RBjZ�$Bt $R $t �Y�
PB�8

C K� '( ) g * w0D3 wdMD

g * b$jj A� �$8�T$tI�}�tI�t� $P tBt� BP  , � stI 	 I�}�tIR Bt 0�
3Zt{�$Bt O ) * + w0D {st A� �-}��RR�I $t ���8R BP g * w0D� =R$t� �Y� jsR� �JZsj$�k BP wd(D stI

p$�RstB% qY�B��8 b� BA�s$t

O ) * + wC * , (D ) o 4 5 �?� 6 7 8* g * w0Dw ( Q0L � ( Q.( L wV � dDQ] ( D 9 :
) �?� 6 7 8* w ( g * w0D L d

1
� ,( g ,* w0D� 	 ( o - >d� � ; < = > ? = @ A B ? HDQ0 C wd�D

V I$��{� $8}j${s�$Bt BP wd�D $R� Ak �Y� IZsj$�k w;D�

$tPD E F G H I Iw</h D ) J KL M  > g L w0D L d

1
� N g NL w0D� 	 > o @ >d� � ; < = > ? = @ A B ? H O Q03

*Z� �B wd�D b� Btjk t��I �B RBj%� s R$t�j� B}�$8sj {Bt��Bj }�BAj�8 PB� �Y� Z�$j$�k $tI$&���t{�

}�${� w1D�

eJZs�$BtR wd�D ��R�8Aj�R �Y� {s}$�sj sRR�� }�${$t� 8BI�j w]V_�D PB� `Z8}TI$&ZR$Bt

}�B{�RR�R� qB���Y�� b$�Y wdMD �Y�k Ys%� �Y� PBjjBb$t� $8}j${s�$BtR Bt �Y� ��js�$Bt A��b��t

�$R, s%��R$Bt stI B}�$8sj $t%�R�8�t� Bt �Y� �$R,k sRR���P P



_�B}BR$�$Bt n�1� =tI�� �Y� �-}Bt�t�$sj Z�$j$�k PZt{�$Bt�

d� �Y� sjjB{s�$Bt BP b�sj�Y �B �$R,k sRR�� $R 8s$t�s$t�I �B A� s {BtR�st� B� s� 8BR� s �$8�T

I�}�tI�t� PZt{�$Bt�

1� �$%�t s R}�{$h{ sjjB{s�$Bt �B �$R,k sRR��� Rsk C � � � ) g � w0D� �Y� $8}j$�I �$R, s%��R$Bt $R

��js��I �B �Y� {Z8TI$%$I�tI �-{�RR ���Z�t Ak

 � � �
�� 
g � w0D L 	 � o � >wV � dD� � � � � � 	 
 � � � 
 


H ) (3

W�-� b� {BtR$I�� �$R, t�Z��sj %sjZs�$Bt� bY${Y $R {B���R}BtI$t� �B �Y� j$8$� 
� (�

_�B}BR$�$Bt n�n� GY�t 
� (� 8 � ��tIR �B �Y� j$8$�

8 ) o
� �
>~� H3 w1(D

=tI�� < � � �Y� sRR�� }�${� }�B{�RR A�{B8�R

QC

C
) �	 �� o � >wV � dDHQ0L �Q K. � L wV � dDQ] �� ,

bY��� Q K. � $R s < � TG$�t�� }�B{�RR� Q] �� $R �Y� < � T_B$RRBt }�B{�RR b$�Y $t��tR$�k

	 �� ) 	 � o � �
� � � � � � � � �

3

qY� {B���R}BtI$t� _*e PB� 8 $R

(8

(0
� 	 �� o �� >V � dHC (8

(C
L
d

1
�  C  (  8

(C  L 	 �� o �� >8wCV, 0D� 8wC, 0DH ) (, w1dD

b$�Y ���8$tsj {BtI$�$Bt

8wC, x D ) ~! wCD, w11D

bY$j� o �� >NH $R I�ht�I Ak

o �� >?H ) o " # ? � $ % & " ' ( )
o " >� $ % & " ' ( ) H * 3

PB� stk R�� BP }s�YR ?�

`�CCPU G$�Y �Y� }�${� PB�8Zjs wxD� b� {st �sR$jk s��Z� �Ys�

8 ) j$8+ , - 8 . � o / 0 >~1 H, w1nD

�Ys� $R� �Y� �$R,Tt�Z��sj }�${� BP st B}�$Bt $R �Y� jBb�� ABZtI BP �$R, s%��R� }�${�� G� bst� �B

RYBb t�-� �Ys� �JZsj$�k $t w1nD YBjIR� i�{sjj �Y� �-}��RR$Bt BP 8$t$8sj �JZ$%sj�t� 8s��$t�sj�2 3



8�sRZ�� wED� b� Ys%�

8 � ) d




�
jt $tP� �� � � o � � �?� � 	 
� K� � QC � L 
~
 
 � � jt $tP� �� � � o � � �?� � 	 
� K� � QC � 
 � 


� d




�
jto � � �?� � 	 
� K� �� QC � L 
~
 
 � � jto � � �?� � 	 
� K� �� QC � 
 � 


)
d



jto � �� �?� � � �� K� �� QC � �

o � � �?� � � �� K� �� QC � � � N �?�w
~� D ��
)
d



jto � � >�?� w
~� DH �� o � � >~� H sR 
� (3

qY� j$8$� $t �Y� jsR� ���8 $R s b�jjT,tBbt ��RZj�� <�t{� b� sjRB Ys%� 8 � o � � >~� H stI w1(D
PBjjBbR�

]B8A$t$t� wddD stI wd�D b� {Bt{jZI� �Ys�� ZtI�� 8�sRZ�� < � � �Y� sRR�� }�${� PBjjBbR
QC � ) C � w�	 � o  >wV � dD� ! � "  # $ %

HQ0L � � C � Q K. � L C � wV � dDQ] ��
) C � w�	 �� o � >wV � dDHQ0L � � C � Q K. � L C � wV � dDQ] ��

7$t{� B}�$Bt %sjZ� $R st 8s��$t�sj� ZtI�� < � � �Y� �JZs�$Bt PB� 8 PBjjBbR P�B8 �Y� `Z8}T

I$&ZR$Bt %��R$Bt BP y�B:R j�88s

G� ��8s�, Y��� �Ys� $t s ��{�t� }s}�� �$ksYs�s w1((dD BA�s$t�I s {Yst�� BP 8�sRZ��

P�B8 st BA`�{�$%� ��B8���${ N?�%k }�B{�RR �B $�R �e�� }�B{�RR� qY� `Z8}TI$&ZR$Bt }�B{�RR

{st A� ���s�I�I sR s R}�{$sj {sR� BP �Y� ��B8���${ N?�%k }�B{�RR� qY� stsjkR$R $t �Y$R s��${j�

�s,�R sI%st�s�� BP �Y� <F T�k}� �JZs�$Bt�

Vj�YBZ�Y �Y�B���${sjjk A�sZ�$PZj� �Y� Z�$j$�k s}}�Bs{Y IB�R tB� ��t��s�� 8�st$t�PZj

Y�I�� �s�$B PB� �$R,Tt�Z��sj %sjZs�$Bt� y� {st A� �sR$jk R��t �Ys�� $P �Y� �-}�{��I �s�� BP ���Z�t

BP C � $R }BR$�$%�� �Y�t Z�$j$�k 8s-$8$9s�$Bt b$jj ��RZj� $t st $tht$�� jBt� I�j�s }BR$�$Bt� !t
�Y� B�Y�� YstI� $P �Y� �-}�{��I �s�� BP ���Z�t BP C & $R t��s�$%�� $� b$jj j�sI �B �Y� $tht$�� RYB��
I�j�s }BR$�$Bt� qY$R $R BP {BZ�R� $8}�s{�${sj� 3B� �$R, t�Z��sj %sjZs�$Bt� b� t��I sII$�$Btsj

{�$���$s �B I�ht� �Y� Y�I�� �s�$B� yt�Z$�$%�jk� �Y� 8$t$8sj %s�$st{� Y�I�� �s�$B $R s �s�Y��

ts�Z�sj {YB${��

qY� $I�s BP 8$t$8sj %s�$st{� Y�I�� $R �B {YBBR� �Y� I�j�s RZ{Y �Ys� �Y� %s�$st{� BP �Y�

I�j�sTY�I��I B}�$Bt }B��PBj$B $R 8$t$8$9�I� ]BtR$I�� s Y�I��I }B��hB

� ' ) �~ wC, 0D L � ' C3
G� bst� �B {YBBR� s � ' �B 8$t$8$9� �Y� %s�$st{� BP Q� ' � stI �Y� stRb�� $R

� (' ) gL8 ) wQ~, QCD
~ y� * wQCD 3+ ,



3B� �Y� `Z8}TI$&ZR$Bt }�B{�RR w�D b� {st I��$%�� Ak ZR$t� y�B:R j�88s�

� �� ) 	 � o �� >wV � dDw~ wCV, 0D� ~ wC, 0DDH L �
�
C

� �� �
	� Co �� >wV � dD 	

H L �
	
C

3 w1;D

qY$R $R BA�s$t�I Ak G$j8B�� wd��MD�  k sRRZ8$t� �Ys� �Y� Y�I��I }B��PBj$B YsR st �-}�{��I

���Z�t �JZsj �B �Y� �$R,TP��� �s��� $I�t�${sj �B �Y� sRRZ8}�$Bt Ak ����Bt wd��ED� G$j8B��

{��s��I s }s��$sj I$&���t�$sj �JZs�$Bt PB� �Y� B}�$Bt %sjZ�� =tI�� 8$t$8sj %s�$st{� Y�I��

�Y� Y�I��I }B�PBj$B $R Zt{B���js��I b$�Y �Y� ZtI��jk$t�� <�t{�� bY�t �Y� ZtI��jk$t� $R �Y�

8s�,�� }B��PBj$B� �Y� Y�I��I }B��PBj$B $R Zt{B���js��I b$�Y �Y� 8s�,��� stI �Y� sRRZ8}�$Bt

$R `ZR�$h�I Ak ]V_�� qY� I$R{���� %��R$Bt BP w1;D b$jj A� }��R�t��I $t �Y� t�-� R�{�$Bt�

3B� R�stIs�I {sjj stI }Z� B}�$BtR� $t$�$sjT%sjZ� }�BAj�8 w1d�11D b$�Y �$8� I�}�tI�t�

$t��tR$�k {st A� RBj%�I $t {jBR�I PB�8� qY$R b$jj A� s ��t��sj$9s�$Bt �B �Y� ����Bt:R PB�8Zjs

w����Bt� d��ED� <��� b� bBZjI j$,� �B Y$�Yj$�Y� �Y� $8}B��st{� BP �$8�TI�}�tI�t� $t��tR$�k�

y� YsR A��t s }s����t �Ys� $8}j$�I %Bjs�$j$�k RBs�R A�PB�� }�${� R�tR$�$%� �%�t�R stI ��{�I�R

sP���bs�IR� qY�R� �%�t�R $t{jZI� �Y� sttBZt{�8�t� BP �s��TR�� 8���$t�� 8s`B� �{BtB8${

Is�s� {B�}B�s�� �s�t$t�R stI ��{� qY� 8s�,�� }�s{�$�$Bt��R s�� ZR�I �B $t{��sR� B� I�{��sR�

�Y�  js{,:R %Bjs�$j$�$�R �B s{{B88BIs�� �Y� }�${� s}}��{$s�$Bt B� I�}��{$s�$Bt BP B}�$BtR�

GY$j� $� 8sk bB�, PB� I�R{�$A$t� �Y� ���tI BP B}�$Bt }�${� %s�$s�$Bt� $� IB�R tB� Y�j} �BB

8Z{Y� stI 8skA� �%�t 8$Rj�sI$t�� PB� B}�$Bt Y�I�$t�� G� A�j$�%� �Ys� �Y� RZAR�st�$sj %s�$T

s�$Bt BP B}�$BtR: $8}j$�I %Bjs�$j$�k $R 8s$tjk s���$AZ��I �B %s�$s�$Bt BP 8s�,��:R st�${$}s�$Bt

BP `Z8} $t��tR$�k� G� s��Z� �Ys� %��k BP��t �Y� ts�Z�� BP �Y� �$R, A�BZ�Y� PB�bs�I Ak s }�${�

R�tR$�$%� �%�t� $R `Z8}� $tR��sI BP I$&ZR$Bt� e&�{�$%� Y�I�$t� R��s���k RYBZjI A� AZ$j� Z}Bt

{B���{� {Ys�s{���$9s�$Bt BP �$R,�

VtB�Y�� $8}B��st� ��sRBt PB� {BtR$I��$t� �$8�TI�}�tI�t� `Z8} $t��tR$�k $R �B {s}�Z��

R$8Zj�st�BZRjk �Y� R���} RYB��T���8 stI 8$jI jBt� ���8 R,�bR� y� R��8R �Ys� 8s�,��R ��tI

�B $�tB�� �Y� `Z8} �$R, $t �Y� Ps� PZ�Z��� G� 8sk t��I s %��k A$� `Z8} $t��tR$�k �B }�${� �Y�

�$R, BP st $88$t�t� `Z8}� O�� $P b� ZR� RZ{Y A$� $t��tR$�k s{�BRR �$8�� b� b$jj j$,�jk B%��T

}�${� jBt�T���8 B}�$BtR� qY� ZR� BP �$8�TI�}�tI�t� $t��tR$�k b$jj sjjBb ZR �B s}}�B}�$s��jk

}�${� �Y� �$R, stI �R�sAj$RY s 8B�� �&�{�$%� Y�I���

_s�sjj�j �B ����Bt:R s��Z8�t�R wd��ED� b� {st I��$%� �Y� PBjjBb$t� {jBR�ITPB�8 RBjZ�$Bt

�B }�BAj�8 w1d�11D PB� s {sjj B}�$BtU

~ wC, +D )


�
� 
 �

� � �� � � � � �
>�	 � w+D+ H �
z�

o � �� >4CwC� � � � � � � � ! " # " , + ��,� $ , (DH,
% &



bY��� + ) x � 0� �	 � w+D $R �Y� s%��s��I `Z8} $t��tR$�k B%�� �$8� }��$BI w0, x DU
�	 � w+D ) d

+

� �� 	 � wXDQX,
> � $R �Y� 8�st `Z8} R$9�

> � ) o � �� >V � dH,

stI 4CwND $R �Y�  js{,T7{YBj�R PB�8ZjsU

4CwC, + ��, � � , �D ) C]wQ � D� � 	 
 � �]wQ � D,
b$�Y

Q 
 ) jt �� L w� L �� � �
D+

�
$
+

, Q � ) Q � � �
$
+3

G� ��8s�, �Ys� $P �Y� BA`�{�$%� I$R��$AZ�$Bt BP �Y� `Z8} R$9� V $R tB�8sj� �Y�t $�R �$R,T

t�Z��sj$9�I I$R��$AZ�$Bt w{B���R}BtI$t� �B ~D $R jB�tB�8sj� yt RZ{Y {sR� �Y� �-}�{�s�$BtR

$t ����Bt:R PB�8Zjs {st A� bB�,�I BZ�� 3B� B�Y�� I$R��$AZ�$BtR� b� $t ��t��sj b$jj Ys%�

�B �%sjZs�� �Y� �-}�{�s�$BtR tZ8��${sjjk� yt Ps{�� Ak {BtR$I��$t� Z�$j$�k $tI$&���t{� }�${$t�

$t I$R{���� R���$t�� bY${Y b$jj A� I$R{ZRR�I $t �Y� t�-� R�{�$Bt� b� b$jj A� sAj� �B I�%�jB}

�^{$�t� tZ8��${sj 8��YBIR PB� w1d�11D�

3$tsjjk $t �Y$R R�{�$Bt b� A�$�4k $t��BIZ{� �Y� }B}Zjs� I$R��$AZ�$BtR PB� �Y� `Z8} R$9�

V � bY${Y $t{jZI� jB�tB�8sj `Z8}R� A$%s�$s�� `Z8}R� Ast,�Z}�{k $tIZ{$t� `Z8}R� stI IBZAj�T

�-}Bt�t�$sj `Z8}R� VR b� b$jj R�� js��� �Ys� tZ8��${sj $8}j�8�t�s�$Bt b$�Y stk `Z8}TR$9�

I$R��$AZ�$Bt $R R$8$js��

n�d�  $%s�$s�� `Z8}R� qY� A$%s�$s�� `Z8} I$R��$AZ�$Bt $R I�ht�I sR

jtwV D ) �� � # b$�Y }�BAsA$j$�k h �
�# b$�Y }�BAsA$j$�k d� h � w1xD

PB� RB8� {BtR�st� h � ; w(, dD� qY� {B���R}BtI$t� 8�st }��{�t�s�� `Z8} $R
> ) o � >V � dH ) h � � � L wd� h � D� � � � d3 w1ED

qY� # {B���R}BtIR �B� Rsk PB� �-s8}j�� s d(0 `Z8} $R

# ) jtwd L d(0D ) (3d3

qY� A$%s�$s�� `Z8} }�B{�RR b$jj A� �BBI {stI$Is�� �B }��R�t� BZ� tZ8��${sj 8��YBI�� �



n�1�  st,�Z}�{k $tIZ{�I `Z8}R� qY$R $R �Y� �-���8� {sR� BP A$%s�$s�� `Z8} I$R��$AZ�$Bt�

=}Bt `Z8} �Y� R�B{, }�${� A�{B8�R 9��B w7s8Z�jRBt� d��nD� {B���R}BtI$t� �B s tBtR�B{YsR�${

`Z8} %s�$sAj� V ) (� =tI�� �$R,Tt�Z��sj %sjZs�$Bt b� ,tBb �Ys� �Y� }�${� BP st eZ�B}�st

{sjj B}�$Bt $R �$%�t Ak �Y�  js{,T7{YBj�R PB�8Zjs b$�Y �Y� �$R,TP��� $t����R� �s�� ( ��}js{�I

Ak 	 � wi�{sjj �Ys� b� ZR� �Y� PB�bs�I }�${�D�
n�n� NB�tB�8sjjk I$R��$AZ��I `Z8}R� N�� jtV PBjjBb �Y� tB�8sj }�B{�RR b$�Y 8�st  �
stI %s�$st{� � � w����Bt� d���D� yt �Y$R {sR�� > ) o � >V � dH ) �-}w L �

�
b1DTd� qY$R $R

�Y� 8BR� }B}Zjs�jk ZR�I `Z8} I$R��$AZ�$Bt sR $� �$%�R �$R� �B �Y� {jBR�ITPB�8 PB�8Zjs PB� �Y�

B}�$Bt }�${� ZtI�� ����Bt:R wd��ED 8BI�j�

n�;� *BZAj� �-}Bt�t�$sj `Z8} }�B{�RR� yt �Y� IBZAj� �-}Bt�t�$sj `Z8} }�B{�RR w�BZ�

d���D jtV YsR I�tR$�k PZt{�$Bt

W � wrD ) d

1�
�

� � � � 	 
 � �
, ( c � c d,

bY${Y� $t R$8}j� bB�IR� 8�stR

V )


� � �L �, b$�Y }�BAsA$j$�k db1,

�� �, b$�Y }�BAsA$j$�k db1,

bY��� � $R st �-}Bt�t�$sj �stIB8 %s�$sAj� b$�Y I�tR$�k PZt{�$Bt

/w?D ) �� � � � � � � b�, ? k (,

(, ? � (3
qY� 8�st stI %s�$st{� BP � s�� � stI � � � ��R}�{�$%�jk� ]j�s�jk PB� �Y� IBZAj� �-}Bt�t�$sj
}�B{�RR b� Ys%�

> ) �� d3

qY� IBZAj�T�-}Bt�t�$sj I$R��$AZ�$Bt YsR $t����R�$t� }Rk{YBjB�${sj As{,��BZtI� y� ��4�{�R �Y�

}s����t BP $t%�R�B�R: B%����s{�$Bt �B }�${� R�tR$�$%� �%�t�R�

;� `�'{'t� 't I'R{���� �'9� v 9Zj�'TtC9'sj �stIC9 csj/

G� {st I$R{���$9� wM��D I$��{�jk stI RBj%� b$�Y tZ8��${sj 8��YBIR� <Bb�%��� %��k

BP��t RZ{Y s}}�Bs{Y PB� BA�s$t$t� RBjZ�$BtR $R t�$�Y�� �^{$�t� tB� $t�Z$�$%�� yt }�s{�${��

Y�I�$t� �s,�R }js{� $t I$R{���� �$8�� <�t{�� $� $R $t����R�$t� PB� $�R Bbt Rs,� �B R�ZIk Z�$j$�k

$tI$&���t{� }�${$t� $t I$R{���� R���$t��  k }��RR$t� $t�B �Y$R I$��{�$Bt� sR b� RYsjj R�� $t �Y�

RZAR�JZ�t� I$R{ZRR$BtR� b� b$jj A� sAj� �B I�%�jB} $t�Z$�$%� stI �BAZR� tZ8��${sj 8��YBI PB�

�Y� %sjZs�$Bt� � �



_s�sjj�j �B �Y� {Bt�$tZBZR {sR�� b� tBb {BtR$I�� �Y� b�$�$t� stI RZAR�JZ�t� Y�I�$t�

BP st B}�$Bt $t �Y� I$R{���� R���$t�� 7Z}}BR� �Ys� s R�jj�� b�$��R st B}�$Bt BP }skB& ~�
PB� }��8$Z8 8 stI PBjjBbR s Y�I�$t� R��s���k \� � i s� 8B8�t�R \0 � i� �Y�t s� �Y� B}�$Bt:R
8s�Z�$�k Y� b$jj �tI Z} b$�Y s }�Bh� B� jBRR $t �Y� s8BZt�

P� ) 8 � ~ wC � D L � � ��� � 	 �
�
wC

� 
 � � C

�
D3

<���� b� Ys%� k�� s�s$t ZR�I �Y� PB�bs�I }�${�R PB� sjj R�{Z�$�$�R� qY� R�jj�� b$�Y �-}Bt�t�$sj

�$R, s%��R$Bt b$jj R��, PB� s R��s���k �B 8s-$8$9� �Y� Z�$j$�kU

8s-� � 
 � o � >JwP� DH ) 8s-� � 
 � o � ��
��?� �� �
 �� 8 L � � ��� � � �� wC� � � � C� D� ~ wC  D !" !" #$

) � % & ' 8s-( )* + , o - ./ ��?� 01  % �2� � � K�� wC� � � � C� D L 
~ wC  D !" #$ 3
*�ht�

O 3 � 4
wC 5 , 0 5 D ) 8$t( )* 6 7 o 89 : ;< �?� => ? @ ABC D E K�C wCC F A � CC D GH IJ ,

O K A L wC E , 0 E D ) 8$tM NO 6 7 o 89 : ;< �?� => ? @ ABC D E K�C wCC F A � CC D L 
~ wC ? D GH IJ 3
qY�t �Y� Z�$j$�k $tI$&���t{� B}�$Bt }�${� $R I�ht�I Ak

8 )
d


 P jt O K A L wC Q , (D� jt O K Q L wC Q , (D R 3
qY� %sjZs�$Bt BP O K S L wC Q , 0 Q D, q ) (, d {st A� s{Y$�%�I b$�Y s Ikts8${sj }�B��s88$t� }�B{�T
IZ��� bY${Y $R R�s��I $t �Y� PBjjBb$t� _�B}BR$�$Bt�

_�B}BR$�$Bt ;�d� 3Zt{�$Bt O T U V wC W , 0 W D, q ) (, d Rs�$RPk

O T U V wC W , 0 W D ) 8$tXY Z o [\ Z >�?�w K� W wC W ] ^ � C W DDO T U V wC W ] ^ , 0 W ] ^ DH, w1�D

b$�Y

O T _ V wC ` , 0 ` D ) d, stI O T ^ V wC ` , 0 ` D ) �?�w
~ wC ` DD3 w1MDa b



`�CCPU G� Btjk t��I �B }�B%� �Y� }�B}BR$�$Bt PB� q ) d sR q ) ( $R `ZR� s R}�{$sj {sR�

RZ{Y �Ys� ~� ) (� =R$t� �Y� R�s�$R�${sj $tI�}�tI�t{� b� Ys%�
O

� � �
wC � , 0 � D ) 8$t� �� � 	 o 
� � 
�

�?� � K� � wC � � � � C � D � o 
� � � � �� �?� �� � � ��� � � � � K�
� wC� � � � C� D L 
~ wC � D  ! "# "#

) 8$t$% & o '( & �� �?� ) K� � wC � � � � C � D * 8$t+ $% , - o '( & � � �� �?� �� � � ��� � � � � K�
� wC� � � � C� D L 
~ wC � D  ! "# "#

) 8$t$% & o '( & . �?� ) K� � wC � � � � C � D * O / � 0 wC � � � , 0 � � � D 1 3
qY� }�B}BR$�$Bt $R �YZR }�B%�I

=tI�� �Y� As{,bs�I Ikts8${R BP R�B{YsR�${ {Bt��Bj� R{Y�8� w1�D YsR s R$t�j� {Bt��Bj

%s�$sAj� stI $R �sR$jk $8}j�8�t�sAj�� *$&���t�$s�$t� b$�Y ��R}�{� �B K� � b� BA�s$t �Y� h�R�T
B�I�� {BtI$�$Bt

( ) o '( & >wC � � � � C � D�?�w K� � wC � � � � C � DDO / 2 0 wC � � � , 0 � � � DH3 w1�D

qY� sAB%� �JZs�$Bt $8}j${$�jk I�ht�R K� � � bY${Y� PB� ,tBbt PZt{�$Bt OwC � � � , 0 � � � D� {st A�RBj%�I tZ8��${sjjk� yt Ps{� �Y� �$�Y� YstI R$I� BP w1�D $R s 8BtB�Bt${ PZt{�$Bt BP K� � stI �Y�
RBjZ�$Bt $R �YZR Zt$JZ�� qB R�� �Y$R b� I�tB�� �Y� �$�Y�TYstI R$I� Ak

Ww K� � D ) o '( & >wC � � � � C � D�?�w K� � wC � � � � C � DDO / 2 0 wC � � � , 0 � � � DH3
V}}s��t�jk b� Ys%�

QWw K� � D
Q K� � ) o '( & >wC � � � � C � D 3 �?�\ K� � wC � � � � C � DiO / 2 0 wC � � � , 0 � � � DH k (

PB� O / 2 0 wC � � � , 0 � � � D k (� =R$t� �Y� W�b�BtTis}YRBt 8��YBI b� {st {sj{Zjs�� K� � $t `ZR� s P�b
R��}R BP $���s�$BtR� _�B{��I$t� As{,bs�Ijk b$�Y w1�D b� b$jj �%�t�Zsjjk BA�s$t O / 2 0 wC 4 , (D, q )
(, d� 3B� js��� ��P���t{� b� I�tB�� �Y� B}�$8sj {Bt��Bj PB� O / 4 0 stI O / � 0 Ak \ K� 5� i stI \ K� 5 6 �� i�
��R}�{�$%�jk�

7$8$js� �B �Y� {Bt�$tZBZR {sR�� �Y� %sjZs�$Bt BP O / 4 0 wC � , 0 � D {st A� R$�t$h{st�jk R$8}j$T
h�I� G$�Y $tIZ{�$Bt b� {st }�B%� �Ys� O / 4 0 wC � , 0 � D $R $tI�}�tI�t� BP C � � yt RZ{Y {sR� �JZs�$Bt
w1�D ��IZ{�R �B

( ) o '( & 7 8 C � � �C � � d 9 �?� 8 K� � C � wC � � �C � � dD 9 : 3
7$t{� �Y� I$R��$AZ�$Bt BP ; & � �; & $R $tI�}�tI�t� BP C � � �Y� RBjZ�$Bt �B �Y� sAB%� �JZs�$Bt $R BP
�Y� PB�8

K� � C � ) � < ) �LzX03= >



]BtR�JZ�t�jk� b� Ys%�

O � � �
wC � , 0 � D ) o

�
>�?�w� � wC � � �

C � � dDDHO � � �
wC � � � , 0 � � � D

)
�
o

�
>�?�w� � wC � � �

C � � dDDH � 	 O � � �
wC � � 	 , 0 � � 	 D

) 3 3 3

)
�
o

�
>�?�w� � wC � � �

C � � dDDH � 
 � �
3

3B� `Z8}TI$&ZR$Bt ZtI��jk$t� }�B{�RR� R{Y�8� w1��1MD {st A� $8}j�8�t��I b$�Y s

8Zj�$TtB8$sj ����� G$�YBZ� jBRR BP ��t��sj$�k� j�� ZR PB{ZR Bt �Y� `Z8}TI$&ZR$Bt }�B{�RR b$�Y

A$%s�$s�� `Z8}TR$9� I$R��$AZ�$Bt w1x�1ED� !%�� s R8sjj �$8� $t���%sj &0� �Y� `Z8}TI$&ZR$Bt

}�B{�RR {st A� s}}�B-$8s��I Ak s Bt�T}��$BI JZsI�$TtB8$sj ����� sR $R RYBbt $t 3$�Z�� d�

bY��� O k d $R s }BR$�$%� $t����� w�B A� I����8$t�ID�

S

S

S

S

S0 p

p

p

p

-1

1

J

1

J

-J

-J

-1

5'�Z�� e qY� JZsI�$tB8$sj �����

qY� �tI$t� tBI�R ��js�� �B �Y� �BB� C � Ak
C 
 ) C � � 
 � � � �

, 7 ) �O,�d, d stI O3

yt�Z$�$%�jk� �Y� �bB A�st{Y�R $t �Y� 8$IIj� {B���R}BtI �B I$&ZR$Bt� bY$j� �Y� B�Y�� �bB

A�st{Y�R {B���R}BtI �B `Z8}� qY� BA`�{�$%� }�BAsA$j$�$�R �B ��s{Y �YBR� tBI�R� 8s�{Y$t� �B

�Y� RZA$tI${�R� s��

� � � ) 	&0wd� h � D, � � � ) wd� 	&0Dwd� � � D, � � ) wd� 	&0D� � stI � � ) 	&0h � ,
bY���� R$8$js� �B V8$t wd��;D�

h � ) wd L >D� Q
�

` � � Q � ,

� � ) p � � Q

`� Q
, p � ) � � � � � 	&0wd L >D

d� 	&0
,� �



stI

` ) dbQ ) � � � � �
,

> ) o � >V � dH ) h � � �
L wd� h � D� � �

� d3

qY� `Z8} R��} O $R �$%�t Ak

O )

�
#

`� d 	 ) �
#

� � � � �
� d 	 ,

bY��� >?H 8�stR �Y� js���R� $t����� R8sjj�� B� �JZsj �B ?�

3B� jBt��� �$8� YB�$9Bt� �Y� `Z8}TI$&ZR$Bt }�B{�RR {st A� s}}�B-$8s��I Ak s 8Zj�$T

}��$BI JZsI�$TtB8$sj ����� sR $R RYBbt $t 3$�Z�� 1� bY��� �s{Y tBI� $R $tI�-�I Ak s }s$� BP

$t�����R \7, ii�

5'�Z�� 3 qY� JZsI�$tB8$sj �����

qY� $8}j�8�t�s�$Bt BP R{Y�8� Bt �Y� 8Zj�$T}��$BI ���� $R �s�Y�� R��s$�Y� PB�bs�I�

 �jBb $R �Y� sj�B�$�Y8�

]~ Vl�C�%�X9 QC� Y�%l%�m 'ulYu�%Cv ~]

]~ `C9}Y�� ���9%vul 'ulY�R ~]

5C� 7 ) �n] � d, 3 3 3 , n] L d |C9}Y��

O 
 � �
 � � ) �?�w
~� wC 
 � � DD
�vI

]~ zulYu�� O � � �� � ~]

5C� i ) ] � d,] � 1, 3 3 3 , (
5C� 7 ) �ni � d, 3 3 3 , ni L d

6Cl'� ( ) o � � >wC � � � � � � C � � D�?�w K� � wC � � � � � � C � � DDO � � �� � � � � H QC� K� � � �� "

j'ulYu�� O  ! "# $ ) o % & >�?�w K� ' ( !# wC ) ( $ * ! � C # $ DDO  ! ") ( $ * ! H�+ ,



�vI

�vI

]~ zulYu�� O � � �� � ~]

6Cl'� � � Q�C9 ( ) o>w
� � � �� � � � dD�?�w� 	 w � � � �� � � � dDDH�

`C9}Y�� O

 	 �	 	 )

�
o>�?�w� 	 w � � � �� � � � dDHH 
 � !

]~ `C9}Y�� �X� C}�%Cv 'ulY� ~]

8 ) �� wjtO � � �� � � jtO � � �� � D3
]~ sX� �vI CQ �X� ul�C�%�X9 ~]

Vj�YBZ�Y R$8}j�� �Y� sAB%� sj�B�$�Y8 YsR �bB R��$BZR I$RsI%st�s��R� 3$�R�� �Y� tZ8A��

BP tBI�R $t{��sR� �BB PsR� bY�t b� ��IZ{� �Y� �$8�TR��} R$9� &0� {sZR$t� �Y� $8}j�8�t�s�$Bt

s {B8}Z�s�$Btsj AZ�I�t� 7�{BtI� �Y� s�$�Y8��${ b$�Y �-}Bt�t�$sj PZt{�$Bt 8sk RZ&�� P�B8

tZ8��${sj ZtI��4BbR B� B%��4BbR� 3B��Zts��jk� AB�Y }�BAj�8R {st A� h-�I�

qB s%B$I js��� tBI� tZ8A��� b� Btjk t��I �B $8}j�8�t� �Y� sj�B�$�Y8 B%�� s ��$88�I

����� sR $R RYBbt $t 3$�Z�� n� qY� ZR� BP �Y� ��$88�I ���� $R AsR�I Bt �Y� BAR��%s�$Bt �Ys��

$t ���8R BP PB�bs�I }�${�R� �Y� 8s�,�� %sjZ�R BP AB�Y I��}jk $tT�Y�T8Bt�k stI I��}jk

5'�Z�� n 7�B{, }�${� ����� qY� IB�R {B���R}BtI �B Zt,tBbtR stI

�Y� {$�{j�R {B���R}BtI �B ABZtIs�k {BtI$�$Bt�� �



BZ�TBPT�Y�T8Bt�k B}�$BtR s�� %��k {jBR� �Y�$� $t��$tR${ %sjZ�R� <�t{�� b� {st s}}jk �Y�

$t��$tR${ %sjZ�R sR ABZtIs�k {BtI$�$BtR sjBt� �Y� j$t� bY��� �Y� ���� $R ��$88�I�

GY�t bB�,$t� b$�Y �Y� ��$88�I ���� b� 8ZR� 8s,� RZ�� �Ys� ��j�%st� $tI�- IB�R tB�

�B A�kBtI �st��� 7Z}}BR� R�B{, }�${� $tI�- �st��R P�B8 �- �B - � �Y�t $t �Y� sj�B�$�Y8

sAB%� b� Btjk t��I �B $8}BR�

8$t\�- L d,�ni � di � 7 � 8$t\- � d, ni L di3

V{{B�I$t�jk� �Y� `Z8} R$9�R s�� {YBR�t RZ{Y �Ys�

O �� ) 8$t\O,- � 7i

PB� Z}bs�I `Z8}R stI

O
�� ) 8$t\O, 7�-i

PB� IBbtbs�I `Z8}R�

3B� �Y� {YB${� BP - � b� 8sk R$8}jk �s,� - ) ] � �Y� tZ8A�� BP �$8� R��}R� yt RZ{Y

{sR� �Y� {Bjj�{�$Bt BP I$R{���� sRR�� }�${�R s�� $I�t�${sj �B �YBR� BP s A$tB8$sj ���� BP �$8�

R��} ] � 3B� I��}jk $tT B� BZ�TBPT�Y� 8Bt�k B}�$BtR� $� 8sk A� Y�j}PZj �B �s,�- A$���� �Y�t

] �

qB sjj�%$s�� �Y� }�BAj�8 BP B%��4BbR B� ZtI��4BbR b� sII �bB sII$�$Btsj ���s�8�t�R

�B �Y� sj�B�$�Y8� 3$�R� b� R{sj� IBbt sjj sRR�� }�${�R Ak I$%$I$t� �Y�8 Ak �Y� R}B� sRR��

}�${� C � � ]BtR�JZ�t�jk� 8BR� s�$�Y8��${ $t �Y� sj�B�$�Y8 b$jj A� }��PB�8�I b$�Y tZ8A��R

s�BZtI d� 7�{BtI� b� {st $tR��sI bB�, �Y� XjB�" BP �Y� B�$�$tsj PZt{�$Bt

~ wC � , 0 � D ) d



jt O

� � �
wC � , 0 � D3

=tI�� ~ wC � , 0 � D R{Y�8� w1�D A�{B8�R
~ wC � , 0 � D ) d



jt

�
o 	
 � >�?�\ K� � 
 �� wC � � � � C � D L 
~ wC � � � , 0 � � � DDiH � 3

 k bB�,$t� b$�Y ~ $tR��sI BP O � � � b� {st ��IZ{� �Y� }�B}s�s�$Bt BP �BZtIB& ���B�R�
y� $R �$8� �B PB{ZR Bt �bB R}�{$sj {sR�R BP Z�$j$�k $tI$&���t{� }�${$t�� ts8�jk� �$R,T

t�Z��sj %sjZs�$Bt stI sARBjZ�� �$R,Ts%��R� %sjZs�$Bt� {B���R}BtI$t� �B 
� ( stI 
� L �
��R}�{�$%�jk� VR bsR {B88�t��I �s�j$��� �$R, s%��R$Bt {st ��stRjs�� $t�B s }�${� R}��sI B%��

�Y� �$R,Tt�Z��sj }�${�� i$R,Tt�Z��sj %sjZs�$Bt Y�t{� }jskR s {�t��sj �Bj� PB� B}�$Bt %sjZs�$Bt

stI I�R��%�R 8B�� s���t�$Bt� � �



;�d� i$R, t�Z��sj %sjZs�$Bt� qY� sj�B�$�Y8 I�R{�$A�I �s�j$�� $R tB� %sj$I PB� �$R, t�Z��sj

%sjZs�$Bt bY�t 
� (� =R$t� �Y� IZsj$�k� b� {st RYBb �Ys� �Y� B}�$Bt %sjZ� $R $tR��sI �$%�t

Ak

8 ) o � � >~� H, wn(D

bY���� $t �Y� I$R{���� R���$t�� < � $R �Y� 8$t$8sj �t��B}k 8s��$t�sj� 8�sRZ�� w�e��D
I�ht�I Ak

Q< �
Qh

)
�?�\ � � � �� 	 
 K� �� wC � � � � C � Di

o 
 >�?�\ � � � �� 	 
 K� �� wC � � � � C � DiH
)

�?�\] N � 
 w � �� � � dDi
o 
 >�?�\] N � 
 w � �� � � dDiH

)
�?�\] N � 
 � �� � i

o 
 >�?�\] N � 
 � �� � iH
3

wndD

qY� �$�Y� YstI R$I� {st A� $t���}����I sR �Y� isIBtTW$,BIk8 I��$%s�$%� PB� }s�Y }�BAsA$j$T

�$�R� e-}��RR$Bt wndD $R ZR�PZj PB� �Bt�� ]s�jB R$8Zjs�$Bt� y�R Bt�T}��$BI %��R$Bt� 8�stbY$j��

$R �Y� ,�k PB� %sjZs�$Bt b$�Y s 8Zj�$TtB8$sj ����� qs,� �Y� JZsI�$TtB8$sj ���� PB� �-s8}j��

�Y� 8$t$8sj �t��B}k 8s��$t�sj� }�BAsA$j$�$�R PB� A�st{Y$t� BZ� s�� �$%�t Ak

R � ) � � �?�\� � � � � �� � � i
o � >�?�\� � � � � �� � � iH

, 7 ) �O,�d, d, O3

qY� �$R,Tt�Z��sj %sjZ� {st A� {sj{Zjs��I Ak As{,bs�I $tIZ{�$Bt P�B8 8s�Z�$�k� qY� sj�BT

�$�Y8 $R 8Z{Y R$8}j�� �Yst �Y� }��%$BZR Bt��

]~ Vl�C�%�X9 QC� �%R/Tv�Y��ul 'ulYu�%Cv ~]

]~ `C9}Y�� �X� �j� }�CBuB%l%�%�R ~]

6Cl'� � � Q�C9 ( ) o>w � � � �� � � � dD�?�w� � w � � � �� � � � dDDH,
5C� 7 ) �O,�d, d uvI O |C9}Y�� R  ) �  �?�\� � � ! � �� � � ibo " >�?�\� � � � � �� � � iH!

]~ #u|/du�I %vIY|�%Cv ~]

5C� i ) ] � d,] � 1, 3 3 3 , (
5C� 7 ) �ni � d, 3 3 3 , ni L d

8 # $ ) R % & 8 # % & ' $ L R % ( 8 # % ( ' $ L R ( 8 # ) ( ' $ L R & 8 # ) & ' $ "

�vI

�vI

su/� 8 * * uR �X� C}�%Cv 'ulY�! + ,



]~ sX� �vI CQ �X� ul�C�%�X9 ~]

WB�� �Ys� �Y� $tIZ{�$Bt R{Y�8� ��IZ{�R �B ]B-TiBRRTiZA$tR��$t wd��ED A$tB8$sj R{Y�8�

$P 	 ) (�

i$R,Tt�Z��sj %sjZs�$Bt IB�R tB� ��tI�� �Y� Y�I�� �s�$B� 7$8$js� �B bYs� b� I$I $t

{Bt�$tZBZRT�$8� {sR�� b� {st {BtR$I�� 8$t$8sj %s�$st{� Y�I��� qY� Y�I�� �s�$B $R �$%�t Ak

� � � ) gL8 � wC � � � , 8 � � � D
~ y� � wC � � � D

)

�
� � w8 � � � � �8 � DwC � � � � �C � D�

� � wC � � � � �C � D � ,

bY��� �Y� RZ88s�$Bt $R 8sI� PB� 7 ) �O,�d, d stI O � stI �Y� As�R $tI${s�� 8�st %sjZ�R

ZtI�� �Y� BA`�{�$%� 8�sRZ��U

�C � ) � � � C � � � , stI �8 � ) � � � 8 � � � 3
qY� {B8}Z�s�$Bt $R %��k R$8}j��

;�1� VARBjZ��jk �$R,Ts%��R� %sjZs�$Bt� 3B� 
 � L �Y� R�jj�� b$jj �Bj��s�� tB �$R, BP

jBRR s� sjj� yt �Y$R j$8$� �Y� %sjZs�$Bt b$jj �s,� s %��k I$&���t� PB�8� stI $� $R �$%�t $t �Y�

PBjjBb$t� }�B}BR$�$Bt�

_�B}BR$�$Bt ;�1� 3B� 
� L � 8 	 ��tIR �B �Y� j$8$�

8 ) $tP
 � � 
 RZ}� � � � �
~ wC � D� � � ��� � �

�

�
wC

� � � � C

�
D �

7��}Tb$R�� �Y� %sjZs�$Bt �s,�R �Y� PB�8

~ wC � , 0 � D ) $tP� � RZ}� �  ! \~ wC � " # , 0 � " # D�� � wC � " # � C � Di , wn1D

stI 8 ) ~ wC $ , (D�
`�CCPU 3�B8 �Y� I�ht$�$Bt BP Z�$j$�k $tI$&���t{� }�${� b� ,tBb

�% & ) ' O ( # )
wC $ , (D * !& b ' O ( $ )

wC $ , (D * !& , wnnD

b$�Y

O ( # )
wC � , 0 � D ) 8$t+ � � , o -. � /0 �?� 12 
w� 3 4 #56 7 � �6 wC6 " # � C6 D L ~ wC 3 DD 89 :; ,

O ( $ )
wC � , 0 � D ) 8$t+ <� � , o -. � /0 �?� 12 3 4 #56 7 � K�6 wC6 " # � C6 DD 89 :; 3= >



V}}s��t�jk �Ys� $t �Y� j$8$� 
 � L � �Y� R�{BtI ���8 $t wnnD ��tIR �B d� 3B� �Y� h�R�

���8� b� JZB�� �Y� b�jjT,tBbt ��RZj�U PB� s {Bt�$tZBZR PZt{�$Bt /w?D I�ht�I Bt � 2 p � �
j$8� � � � � �

//w?D/ � Q w?D � 	

) ,/, � ) RZ}� 
 �

//w?D/,

bY���  w?D $R s 8�sRZ�� B%�� �� <�t{� b� BA�s$t�
O � � � wC � , (D � 	
 � $tP� � � � RZ}� � � � � ~ wC � D� � � ��� � � � �

wC

� � � � C

�
D  3

qY� R��}Tb$R� R{Y�8� PBjjBbR BA%$BZRjk� qY� }�BBP $R �Y�t {B8}j���I

V}}s��t�jk R{Y�8� wn1D }�BIZ{�R �Y� }��8$Z8 PB� �Y� 8$t$8sj RZ}��T��}j${s�$Bt� 7Z{Y

R{Y�8� bsR h�R� $t��BIZ{�I Ak  �$��BtTFBt�R stI W�ZA����� wd���D� WB�� �Ys�  �$��BtTFBt�R

stI W�ZA����� ZR�I �Y� RBT{sjj�I X%s�$st{�TsI`ZR��I �$8�" RZ{Y �Ys� �Y� %s�$s�$Bt sjBt� sjj

}s�YR �JZsjR �B s {BtR�st�� qY� X�$8�" b� ZR� $t wn1D $R �Y� ZRZsj {sj�tIs� �$8� stI �Y�

R{Y�8� {s��$�R 4�-$A$j$�k PB� 8B�� %Bjs�$j$�k stI `Z8}T$t��tR$�k R��Z{�Z��R� 7{Y�8� w1MD

}BR�R s j$t�s� }�B��s88$t� }�BAj�8 PB� �Y� X{Bt%�- YZjj" stI $�R $8}j�8�t�s�$Bt $R �sRk�

x� WZ9��'{R v R9'j�� R/�c� R}��sI stI �'R/ s(��R'Ct

G� I�%B�� �Y$R R�{�$Bt �B �Y� }�${$t� �-}��$8�t�R BP �Y� Z�$j$�k $tI$&���t{� B}�$Bt

%sjZs�$Bt 8BI�j I�%�jB}�I $t �Y� }��%$BZR R�{�$BtR� G� b$jj �-s8$t� �Y� 8BI�j Bt R�%��sj

sR}�{�R� 3$�R�� b� bst� �B R�� YBb �Y� B}�$Bt }�${� {Yst��R $t ��R}BtR� �B �Y� {Yst��R $t

8s`B� $t}Z� }s�s8����R� $t{jZI$t� �s�� BP ���Z�t� �$R, s%��R$Bt� `Z8} $t��tR$�k stI `Z8} R$9��

yt }s��${Zjs�� b� bst� �B R�� YBb �Y� RYs}� BP %Bjs�$j$�k R8$j� B� R,�b %s�$�R $t ��R}BtR� �B

�Y� {Yst�� $t �Y� 8�st `Z8} R$9�� stI {B8}s�� b$�Y bYs� bsR BAR��%�I $t �Y� 8s�,�� }js{��

3B� 
 ) d� s }s��${Zjs� j�%�j BP �$R, s%��R$Bt� b� b$jj {B8}s�� �Y� B}�$8sj ��sI$t� R��s���k

RZ���R��I Ak �Y� t�b 8BI�j b$�Y �Y�  js{,T7{YBj�R I�j�s {sj{Zjs��I b$�Y $8}j$�I %Bjs�$j$�$�R�

qY�BZ�Y �Y� I�%$s�$Bt BP �Y� �$R, s%��R� }�${�R P�B8 �Y� �$R, t�Z��sj }�${�� b� b$jj s{JZ$�� s

t�b ZtI��R�stI$t� BP �Y� ��js�$Bt A��b��t �Y� R}��sI stI �Y� �$R, s%��R$BtU �Y� PB�8�� $R s

8BtB�Bt${ PZt{�$Bt BP �Y� js����� y� 8sk A� st $t����R�$t� JZ�R�$Bt �B �R�sAj$RY st �-}j${$�

PZt{�$Btsj ��js�$Bt A��b��t �Y� �bB JZst�$�$�R�

G$�YBZ� jBRR BP ��t��sj$�k� b� {BtR$I�� B}�$BtR Bt s ZtI��jk$t� sRR�� bY${Y PBjjBbR �Y�

`Z8}TI$&ZR$Bt }�B{�RR b$�Y �Y� A$%s�$s�� `Z8}R� qY� h-�I }s�s8����R BP �Y� `Z8}TI$&ZR$Bt

}�B{�RR s��

T R}B� sRR�� }�${� C ! ) d�
T sttZsj$9�I ���Z�t $t �Y� sAR�t{� BP `Z8}  ) d(0�" #



T sttZsj$9�I %Bjs�$j$�k PB� I$&ZR$Bt � ) 1x0�
T `Z8} $t��tR$�k 	 ) d1�

G� b$jj �s,� %s�$BZR `Z8} R$9�R stI 8�st `Z8} R$9�R� WB�� �Ys� 	 ) d1 8�stR Bt s%��s��

Bt� `Z8} }�� 8Bt�Y� y� $R %��k A$� {B8}s��I �B �Y� `Z8} $t��tR$�$�R ZR�I $t B�Y�� R�ZI$�R

wR�� PB� �-s8}j�� VtI��R�t stI VtI��sR�t� 1(((D� G� {BtR$I�� {sjj B}�$BtR s{�BRR s �st��

BP R��$,�R k�� b$�Y s h-�I 8s�Z�$�k� yt R}�{$h{� �Y�k s��

T 8s�Z�$�k x ) d 8Bt�YR B� dbd1 k�s��
T R��$,�R �U P�B8 Mx0 �B ddx0 BP C � �

yt BZ� tZ8��${sj R{Y�8� b� �s,� �$8�TR��} R$9� &0 ) dbnEx� G� b$jj I$%$I� �Y� ��RZj�R $t�B

h%� �-s8}j�R� _j�sR� tB�� �Ys�� �B sA$I� �B 8s�,�� {Bt%�t�$Bt� b� JZB�� B}�$Bt }�${�R $t

���8R BP �Y�$�  js{,:R $8}j$�I %Bjs�$j$�$�R�

e-s8}j� dU is�� BP ���Z�t stI B}�$Bt %sjZ�� yt �Y� {B8}j��� 8s�,�� I�$%�t Ak

 �Bbt$st I$&ZR$Bt� �Y� I�$P� ���8  � IB�R tB� �t��� }�${$t�� ]Bt{�$%sAjk� $� $R tB jBt��� �Y�

{sR� $t st $t{B8}j��� 8s�,��� qY� JZ�R�$Bt �Y�t $RU YBb $8}B��st� $R �Y� I�$P� ���82 !�

YBb R�tR$�$%� $R st B}�$Bt }�${� �B �Y� I�$P� ���82 3$�Z�� ; B&��R RB8� {jZ�R �B �Y� stRb���

y� s}}�s�R �Ys� B}�$Bt %sjZ�R s�� $tR�tR$�$%� �B AZ� tB� $tI�}�tI�t� BP �Y� {Yst�� $t �Y� �s��

BP ���Z�t� V 8B�� {s��PZj stsjkR$R 8sk A� ZR�PZj� yt �Y$R {sj{Zjs�$Bt �Y� 8�st `Z8} R$9� $R

> ) �(3(x� bY${Y $R ��R}BtR$Aj� PB� �Y� R,�b�

0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2 1.25
0.38

0.39

0.4

0.41

0.42

0.43

0.44

im
pl

ie
d 

vo
la

til
ity

strike price over asset price

r=0, σ=0.25, T=1mth, k=−0.05, β=0.1, λ=12, α=1

µ=0.1 

µ=0.05 

µ=0 

5'�Z�� <! _�${� R�tR$�$%$�k �B �Y� �s�� BP ���Z�t
� �



0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2 1.25
0.3

0.32

0.34

0.36

0.38

0.4

0.42

im
pl

ie
d 

vo
la

til
ity

strike price over asset price

r=0, µ=0.1, σ=0.25, T=1mth, k=0, λ=12, α=1

β=0.1 

β=0.08 

β=0.06 

5'�Z�� x! y8}j$�I %Bj� %�R� `Z8} R$9�

e-s8}j� 1U FZ8} R$9� stI B}�$Bt %sjZ�� yt �Y$R �-s8}j� b� �-s8$t� �Y�  js{,:R

%Bjs�$j$�$�R PB� $t{��sR$t� `Z8} R$9�RU # ) E0, M0 stI d(0� bY$j� �s,$t� 8�st `Z8} R$9�

> ) (� qY� ��RZj�R s�� I$R}jsk�I $t 3$�Z�� x� 3$�Z�� x RYBbR �Ys� �Y� 8BI�j YsR �Y�

}�B}���k �Ys� �Y� B}�$Bt %sjZ� $R }�B}B��$Btsj �B �Y� st�${$}s��I `Z8} R$9�� 3B� 9��B 8�st

`Z8} R$9�R� �Y� $8}j$�I %Bjs�$j$�k {Z�%�R s}}�s� j$,� R8$j�R� qY$R $R {BtR$R��t� b$�Y }�s{�${sj

BAR��%s�$BtR�

e-s8}j� nU zBjs�$j$�k R,�bR stI X{�sRYTBT}YBA$s"� G� bBZjI j$,� �B ZR� �Y$R

�-s8}j� �B �-}js$t �Y� RBT{sjj�I X{�sRYTBT}YBA$s"U sR �Y� IBbtbs�I `Z8} �$R, 8BZt�R� �Y�

$tT�Y�T8Bt�k {sjjR B� BZ�TBPT�Y� 8Bt�k }Z�R b$jj A�{B8� 8B�� %sjZsAj� w$t ���8R BP �Y�

$8}j$�I %Bjs�$j$�kD� 3B� I$&���t� 8�st `Z8} R$9� >� b� {sj{Zjs�� �Y� B}�$Bt %sjZ�R stI �Y�t

��stRjs�� �B �Y�  js{,:R %Bjs�$j$�$�R� qY� ��RZj�R s�� RYBbt $t 3$�Z�� E� y� RYBbR �Ys�� sR

�Y� 8�st `Z8} R$9� BP IBbtbs�I `Z8} $t{��sR�R� �Y� %Bjs�$j$�k R,�b A�{B8�R R���}��� 7Z{Y

}s����t BP %s�$s�$Bt $R $t �BBI s����8�t� bYs� $R BAR��%�I $t �Y� 8s�,�� }js{��
� �



0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2 1.25
0.34

0.36

0.38

0.4

0.42

0.44

0.46

im
pl

ie
d 

vo
la

til
ity

strike price over asset price

r=0, µ =0.1, σ=0.25, T=1mth, β=0.1, λ=12, α=1

k=−0.05 

k=−0.1 

k=0 

5'�Z�� E! e-}�{��I `Z8} R$9� stI R8$j�\R,�b

e-s8}j� ;U !}�$8sj Y�I�$t� %�R� �Y�  js{,:R I�j�s Y�I�$t�� yt htst{$sj

�t�$t���$t� $� $R %��k $8}B��st� �B �R�sAj$RY s X�BBI" Y�I�� �B s �$R,k }BR$�$Bt� <�t{�� s

{B8}s�$RBt A��b��t �Y� B}�$8sj Y�I�$t� �s�$B ��{B88�t{�I Ak �Y� t�b8BI�j stI �Y� {jsRR${

 js{,:R I�j�s $R 8�st$t�PZj stI 8sk RY�I RB8� j$�Y� Bt �Y� R�s�{Y BP A����� Y�I�$t� R��s���k�

3$�Z�� � s{�Zsjjk {Bt�s$tR PBZ� {Z�%�R� sR �Y� �bB  js{,:R I�j�s {Z�%�R sj8BR� {B$t{$I�� qY�

 js{,:R I�j�s $R {sj{Zjs��I P�B8 �Y� $8}j$�I  js{,:R %Bjs�$j$�k� qY� �$R, s%��R$Bt }s�s8����

PB� Z�$j$�k $tI$&���t{� }�${$t� $R 
 ) d� qY� ��RZj�R RZ���R�R �Ys� $P �Y� ���Z�t BP �Y� R�B{, $R

Y$�Y��� �Y� Y�I��� RYBZjI �s,� A$���� Y�I�$t� �s�$B� qY$R $R 8�st$t�PZj R$t{� ZtI�� �Y� t�b

8BI�j� �Y� I�j�s $R PB� B}�$8sj $t%�R�8�t� $tR��sI BP Y�I�$t�� qY�  js{,:R I�j�s� 8�stbY$j��

$R %��k $tR�tR$�$%� �B �Y� �s�� BP sRR�� ���Z�t� VjRB� bY�t �Y��� $R tB �-{�RR BP ���Z�t B%��

�Y� �$R,TP��� �s��� �Y� I�j�s RZ���R��I Ak �Y� 8BI�j $R %��k {jBR� �B �Y�  js{,:R I�j�s� qY$R

$R tB� RZ�}�$R$t� R$t{�  js{,:R I�j�s s$8R s� �j$8$ts�$t� stk �-{�RR BP ���Z�t�
� �



0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2 1.25
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

de
lta

strike price over asset price

r=0, σ=0.25, T=1mth, k=−0.05, β=0.1, λ=12, α=1

−  Black−Schole world
−. risk aversion with µ=0
... risk aversion with µ=0.1 

5'�Z�� �! ]B8}s�$RBt BP Y�I�$t� �s�$BR

e-s8}j� xU 7}��sI B%�� �$R,Tt�Z��sj }�${� stI �$R, s%��R$Bt� yt �Y$R �-s8}j�

b� �-s8$t� YBb B}�$Bt }�${�R {Yst�� $t ��R}BtR� �B �Y� {Yst�� BP �$R, s%��R$Bt� y� $R BA%$BZR

�Ys� �Y� �$R, t�Z��sj %sjZ� $R �Y� jBb�� ABZtI PB� �Y� �$R,Ts%��R� }�${�� GY�t 
 � (� �Y�

�$R, s%��R� }�${� {Bt%����R �B �Y� �$R, t�Z��sj }�${�� GY�t 
 $t{��sR�R� �Y� �s} A��b��t

�Y� �$R,Ts%��R� }�${� stI �$R, t�Z��sj }�${� b$I�tR� 7$t{� �Y� sARBjZ��jk �$R,Ts%��R� }�${� $R

ht$��� �Y��� $R s ht$�� sRk8}�B�${ j$8$� �B �Y� $8}j$�I %Bjs�$j$�$�R PB� 
 � (� qY� $t���%sj

ABZtI�I Ak �Y� $8}j$�I %Bjs�$j$�$�R BP �$R,Tt�Z��sj }�${� stI sARBjZ�� �$R,Ts%��R� }�${� I�ht�R

�Y� �st�� BP tBtTs�A$��s��sAj� }�${�R� 3�B8 �Y$R h�Z��� b� 8sk �Y$t, �Ys� �Y� �$R, s%��R$Bt

sR s ��t��s�B� BP R}��sI B%�� �Y� �Y� �$R,Tt�Z�sj }�${� $t ���8R BP �Y� $8}j$�I %Bjs�$j$�k�
� �



0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2 1.25
0.37

0.38

0.39

0.4

0.41

0.42

0.43

0.44

im
pl

ie
d 

vo
la

til
ity

strike price over asset price

r=0, µ=0.1, σ=0.25, T=1mth, k=−0.05, β=0.1, λ=12

α=10 seller’s 

α=1 seller’s 

... α=0, risk netural
− α>0, risk aversion 

5'�Z�� M! i�js�$Bt A��b��t �$R, s%��R$Bt stI }�${�R

E� V9��'{st C}�'CtR

G� A�$�4k I$R{ZRR �Y� }�${$t� BP V8��${st B}�$BtR� G$�Y st V8��${st B}�$Bt s YBjI��

{st {YBBR� �B �-��{$R� �s�jk RB sR �B 8s-$8$9� Y$R }�Bh�� bY${Y $R �-s{�jk s�s$tR� �Y� $t����R�

BP �Y� b�$���� N�� C � ��8s$t �B A� �Y� PB�bs�I }�${� BP �Y� ZtI��jk$t� PB� I�j$%��k s� 8s�Z�$�k
x � � A� �Y� R�B}}$t� �$8� w$���� �-��{$R� �$8�D� stI ~ wC � D A� �Y� �$8�T� PB�bs�I }�${� BP �Y�
$t��$tR${ %sjZ� BP st V8��${st B}�$Bt� �Y�t �Y� Z�$j$�k $tI$&���t{� }�${�

�
�B �Y� b�$��� $R

I�ht�I Ak

RZ}� � � � $tP� o
� �
� �-} 	 �
>8 L 
 �� � 
 QC 
 � ~ wC � DH � �

) RZ}� � � � o � �
� �-} 	 �
 
 �� � 
 QC 
 � � , wn;D

� � � � � � � � � � � � � � � � � � � � � � � � � � � �  � � � � � � � � � � � � �! "



bY��� 8 $R �Y� PB�bs�I }�${� BP �Y� B}�$Bt R��t s� �$8� 0 ) (� 3�B8 �Y� sAB%� I�ht$�$Bt� b�

{st RBj%� stI BA�s$t �Y� PB�bs�I }�${� BP �Y� B}�$Bt sR

8 )
d


 � jt $tP� � � � RZ}� o � � �-} � �
> � 	
 � � QC � � ~ wC � DH � 

� jt $tP� � � � o � � �-} � �
 � 	
 � � QC � � 
 � 3

)
d


 � jt $tP� �� � � RZ}� o � � �-} � � 	
 K� � QC � L 
~ wC � D � 

� jt $tP� �� � � o � � �-} � � 	
 K� � QC � � 
 � 3

# d


 � jt O � � � wC 
 , (D� jtO � 
 � wC 
 , (D � ,
wnxD

bY���

O � � � wC � , 0D ) $tP� �� � � RZ}� o � � �-} � � 	� K� � QC � L 
~ wC � D � 
 ,
stI O � 
 � wC � , 0D $R �Y� Rs8� PZt{�$Bt sR �Ys� PB� s eZ�B}�st B}�$Bt� qY� sAB%� �-}��RR$Bt
{st A� �%sjZs��I tZ8��${sjjk� G� tBb �s,� R}�{$h{sjjk st V8��${st }Z� B}�$Bt PB� �-s8}j�

wy� $R b�jjT,tBbt �Ys� $� $R t�%�� B}�$8sj �B �-��{$R� st V8��${st {sjj B}�$Bt �s�jk $t �Y�

sAR�t{� BP I$%$I�tI� I$R���s�I �Y� ZtI��jk$t� }�B{�RRD� N�� � A� �Y� R��$,� }�${�� �Y�t �Y�

PB�bs�I }�${� BP �Y� $t��$tR${ %sjZ� wB� }skB&D BP �Y� B}�$Bt R��t s� �$8� � $R

~ wC� D ) 8s-w� � � 	 � � � � � C � , (D,
bY��� �Y� �$R,TP��� �s�� � �t���R �Y� }�${$t� }�B{�IZ�� �-}j${$�jk� N�� ZR {BtR$I�� I$R{����

�-��{$R� s� �$8�R b$�Y �s} &0� =R$t� s��Z8�t�R R$8$js� �B �YBR� PB� eZ�B}�st B}�$Bt }�${$t��

b� {st I��$%�

O � � � wC � , 0D ) 8s- � O � 
 � wC � , 0D N � � � � � � � , 8$t�� � o � � �?�w K� � wC � � � � � C � DO � � � wC � � � � , 0L &0D � � 3
wnED

yP �Y� h�R� ���8 IB8$ts��R� �Y�t b� �tI Z} b$�Y �Y� $t��$tR${ %sjZ� PB� �Y� V8��${st B}�$Bt�

$tI${s�$t� st �s�jk �-��{$R� s� �$8� 0 PB� }�${� C � � yt Ps{�� �JZs�$Bt wnED �tRZ��R �Y� tBT
s�A$��s�� {BtI$�$Bt RZ{Y �Ys� �Y� %sjZ�R BP V8��${st B}�$BtR s�� sjbskR A$���� B� �JZsj �B

�Y�$� $t��$tR${ %sjZ�R�

3$�Z�� � B&��R s {B8}s�$RBt A��b��t �Y� V8��${st stI eZ�B}�st }Z� B}�$BtR� qY�

Is�s ZR�I s�� $tI${s��I $t �Y� h�Z�� bY��� � ) (3(x� !t� {st R�� �Ys� �Y� %sjZ� {Z�%� BP

V8��${st B}�$Bt R�skR sAB%� �Y� $t��$tR${ %sjZ�� stI }sR��R R8BB�Yjk �B �Y� js���� sR sRR��

}�${� I�{��sR�R� 3$�Z�� d( I$R}jskR �Y� �s�jk �-��{$R� ABZtIs�k sR �Y� PZt{�$Bt BP �$8�T

�BT8s�Z�$�k� *Z� �B �Y� }BRR$A$j$�k BP `Z8}R� �Y� j$8$� BP �Y� �-��{$R� ABZtIs�k sR �$8��  



�B 8s�Z�$�k s}}�Bs{Y�R ( $R R��${�jk j�RR �Yst �Y� R��$,� }�${�� qY$R tZ8��${sj ��RZj� $R $t

{BtR$R��t{� b$�Y �Ys� BP V8$t wd��nD�

0.5 0.6 0.7 0.8 0.9 1 1.1
0   

0.1 

0.2 

0.3 

0.4 

0.5 

O
pt

io
n 

va
lu

e

Spot asset price 

r=0.05, µ=0.05, σ=0.25, T=6mth, k=−0.05, β=0.1, λ=12, α=1

dotted: intrinsic value      
solid: American option value 
dashed: European option value

5'�Z�� �! V8��${st }Z� B}�$Bt %sjZ� %�R� eZ�B}�st }Z� B}�$Bt %sjZ�

0.5 0.6 0.7 0.8 0.9 1 1.1
0   

0.1 

0.2 

0.3 

0.4 

0.5 

tim
e 

to
 e

xp
iry

strike price

r=0.05, µ=0.05, σ=0.25, T=6mth, k=−0.05, β=0.1, λ=12, α=1

Continuation Region 

Exercise Region 

5'�Z�� e+! es�jk �-��{$R� ABZtIs�k
� �



�� _Ct{jZR'Ct

yt �Y$R }s}�� b� Ys%� R�ZI$�I B}�$Bt }�${$t�TY�I�$t� b$�Y s `Z8}TI$&ZR$Bt }�B{�RR

sjBt� �Y� s}}�Bs{Y BP Z�$j$�k 8s-$8$9s�$Bt� !}�$Bt }�${�R s�� I�ht�I s{{B�I$t� �B �Y� }�$tT

{$}j� BP Z�$j$�k $tI$&���t{� � bY$j� Y�I�$t� $R 8sI� �Y�BZ�Y �s,$t� �Y� B}�$8sj $t%�R�8�t�

R��s���k ZtI�� �$R, s%��R$Bt� G� Ys%� 8sI� s {B8}j��� {Ys�s{���$9s�$Bt BP �Y� �$R, t�Z��sjT

$9�I `Z8}TI$&ZR$Bt }�B{�RR bY${Y }jskR �Y� {�t��sj �Bj� $t B}�$Bt }�${$t� $t �Y� $t{B8}j���

8s�,�� ��}��R�t��I Ak �Y� `Z8}TI$&ZR$Bt }�B{�RR�R� VjRB� b� Ys%� �-��tI�I �Y� ����Bt:R

B}�$Bt PB�8Zjs �B �$8�TI�}�tI�t� `Z8} $t��tR$�k� _s�sjj�j R�ZIk bsR 8sI� Bt �Y� I$R{����

R���$t� bY��� Y�I�$t� �s,�R }js{� $t I$R{���� 8B8�t�R� V }Bb��PZj stI �BAZR� R{Y�8�

bsR }�B}BR�I �B %sjZs�� B}�$BtR b$�Y s 8Zj�$TtB8$sj ����� bY${Y {st s}}�B-$8s�� s `Z8}T

I$&ZR$Bt }�B{�RR� WZ8��${sj �-s8}j�R RYBb �Ys� Z�$j$�k $tI$&���t{� }�${�R ��s{� ��sRBtsAjk

�B �Y� {Yst��R $t $t}Z� }s�s8����R� qY� JZsj$�k BP {B8}Z�s�$Btsj BZ�}Z� $R �-{�jj�t� stI

�Y� R{Y�8�R RYBb ��8s�,sAj� �BAZR�t�RR stI �^{$�t{k�

qY� $8}j�8�t�s�$Bt b$�Y 8Zj�$TtB8$sj ���� {st A� �-��tI�I �B �Bt�� ]s�jB R$8Zjs�$Bt�

3B� �$R,Tt�Z��sj %sjZs�$Bt� $t }s��${Zjs�� b� b$jj ��}�BIZ{� �Y� b�$�Y��I �Bt�� ]s�jB 8��YBI

Ak V%�jjst�Is ��� sj� wd��MD� bY��� I$&ZR$Bt $R �s,�t sR �Y� ZtI��jk$t� I�$%$t� Ikts8${R�

y� b$jj A� %��k Y�j}PZj �B htI st �^{$�t� bsk �B {sj{Zjs�� �Y� 8$t$8sj %s�$st{� Y�I�� �s�$B

b$�Y �Y� �Bt�� ]s�jB 8��YBI�

qY� $I�s BP �Y$R }s}�� {st A� �-��tI�I �B }�${� stI Y�I�$t� s }B��PBj$B BP B}�$BtR Bt

8Zj�$}j� sRR��R� 3B� �Ys� }Z�}BR� b� b$jj Ys%� �B ��}js{� �Y� �-}Bt�t�$sj Z�$j$�k PZt{�$Bt Ak

RB8� B�Y�� Z�$j$�k PZt{�$BtR bY${Y dD ��4�{� {BtR�st� �$R, s%��R$Bt stI 1D {st �s,� t��s�$%�

s��Z8�t�R� V }$�{�Tb$R� JZsI�s�${TjB� PZt{�$Bt� PB� �-s8}j�� 8sk A� s {stI$Is�� PB� RZ{Y

Z�$j$�k PZt{�$Bt� 3[Bjj8�� wd���D YsI {BtR$I���I 8s-$8$9$t� �Y� jB� Z�$j$�k PB� �Y� RYB��Psjj

BP s Y�I��I }B��PBj$B� 7�$jj� �Y��� s�� s jB� BP bB�, ��8s$t �B A� IBt� $t �Y$R s��s�

i�P���t{�R
� � � � � � � � � 	 
 	 � � 
 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  ! " � " � � � " � # $ % & ' ( ) * + , ' - . / 0 1 0 2 3 4 5 6 7 8

9 : 5 ; ; ; 4 < 6 8 = > ? @ A A B C @ D E F
G H I J K L M N O M K P Q F R K L S F J K L N M R O M K T H U U U V S W X Y Z L [ \ W O [ ] K Y N ] ^ M O O M O _ ` ] a R b [ a [ b c O X [ a M d e e f g h i g j g k l m n f o i p

l m e q r j s t r n r u e f r g u n f o f g h v w x y z x { | } ~ � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � ¡ � ¢ � � � � £ ¤ �   ¥ � ¦ � § � � ¨ � � � � © � ¡ � ª   � � « ¬ ­ ­ ® ¯ � ° � � ± ¤ ² � �

� ³ � ² � � � � � ³ ´ � � � ª ² � £ ¤ � � µ � � ¶ ³ � £ � � � · � � ² � � ± � ¸ ¸ � ² ¹ ¥ � � £ � � ±   ³ � � � ¸ � ° ³ � ¨ � � ± ¥ � ¥ � � � ¡ º » �
� ¼ ½ ¾ ¿ À Á Â Ã Ä Å Æ Å Ç È É É È Ê Å Ë Ì Á Í Î ¿ Â Ì Ï Ð Ñ Ò Ó Ô Õ Ö × Ø Ù Ú Û Ü Ú Ý Ù Ú Þ ß à á Ú Ú â Ø Þ Ú ã Ý Ú ä å æ ç æ Ü Ù Ø æ ã × ç Ö å è Ú Ù é ê ë ì í î ï ð ë ñ

ò ó î ï î ô õ ö ÷ æ ø é ù ú ÷ û ö ü ö ý þ þ ÿ � ý þ � � é
� � � � � �� 	 
 � � 
 � � 
 � � � � � � � � � � � 
 � � � � � � � � � � 	 � � � � �  
 ! � � � " � 	 
 � # $ # 	 � % # � 	 � � � # & � ' 	 � $ � � % � � ( " � 	 
 � �

' � � � # ' 	 � % � $ $ � $ 
 ) * + , - . / 0 1 2 / 3 4 1 5 / 5 2 6 7 8 9 : ; < 7 = 9 ; > 7 > ? ? @ > > A ;
B B



� � � � � � � � � 	 
 � � � 
 
 � � � � � � � � � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  � � � � � � � 
 ! " # $ % & ' " ( ) * % & % + * & '
, - . / . 0 1 - 2 3 4 5 3 6 7 8 9 6 : ; <

= 8 > ? @ A B B C D 9 E C D F G 3 H < I D J K < L F M N F @ O F @ P 5 ; ; 6 Q < K @ N A B @ I O F R @ A S A D O T A B U A D S C V R W F B F V I @ X F B G < Y Z Z [ \ ] ^ _ ` a b c
] d ` a \ e ` [ f \ g ` g e ] h i h i j k l i m i n

o p q r s t h r n u n v w x y n z n { s | | v w x } n { ~ � � w | � � � w � � � k � � n � � � � s w � � � � � w � � z | � � � � � � � x v � � � s v � � n � � � � g ` [ � �
f \ g ` g e \ ` [ � e � g � d \ e � h k h � � � l � m i n

o � q � � � v w � �� � � � �   ¡ � ¢ � £ � ¤ ¥ � ¦ § ¨ © © ª « � ¬ ­   ® ¯ � ® � ° � ¤ ¯ � ® ­ � ¤ � ± � ¯ ² ¦ ³ ¯ ¤ ´ � ° � ¦ ¤ £ � ¯ � ­   µ ° £ ¤ ¶ ° ± ¯ ° ¦ � · ¸ ¸ ¹ · º º » ¹¼ ½ ¾ ¿ À ¿ Á Â Ã Ä Ã Å Æ Ç È É Ê Ç Ë Ì Â
Í Ì Î Ï Ð Ñ Ò Ó Ô Æ Õ Â Ö Â Æ × Â Ø Â Ù Ñ Ú Ñ Ô Æ Ñ Ú Û Ü Â Ý Ñ Þ Ó ß à á ß á â ã á â Ä Ì ä ä Ã Å Â å â Þ á ß æ Ñ Ú á ß ç Ó á Ú ß Þ Ó è Ó Ú é ê Ó ç à ç Þ Ñ Ú Ô Ñ è ç Ó á Ú è á Ô ç Ô Â

ë ì í î ï ð ñ ò ó ô õ ò ö ÷ ø ù ú û ü ý þ ÿ � � � � � � � � � ý �
	 þ þ 
 � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � 
 �� � � � � � � � � � � � � � � �  � � ! � " � � # � � � � � $ � � � � � ! % � � ÿ � � � � � � & ' � ( � � � � � � 


� � � ) � � ) � � � � � � � ( � � ! � � � * 
 � � � � � + ( � % � � ) � � � � � �
	 þ � 
 & 
 , � � ( * � � � �  � $ � - . / 0 / 1 2 3 4 4 3 5 6 7 8 0 9 : ; < = > ? @ > 9 : : ; 0 @ 9 0 A = > ; < ; 0 @ ? B < ? 0 C ; 0 @ / 0 C < D 9 ; : E ; 0 ; 0 < ? : F

= D / C / : 9 > G / C E 6 H I J K L M N O P Q O R S T Q U V M W X X 2 3 5 W Y 4 F Z Z 6
[ 3 X \ ] ^? D D : / > W _ 6 9 0 A ` 6 a / . G / > C 2 3 4 4 4 5 6 b c < ; / 0 C d / A @ ; 0 @ e < ? E C f / > E . E E d ? > C B 9 D D > ; E G W = > / = > ; 0 C W _ . : g ? D A C F

h 0 ; f / > E ; C ^9 C 1 . i / > D ; 0 6
[ 3 j \ ] ^? D D : / > W _ 6 9 0 A k 6 l < d m / ; 1 / > 2 3 4 4 3 5 6 _ / A @ ; 0 @ ? B < ? 0 C ; 0 @ / 0 C < D 9 ; : E . 0 A / > ; 0 < ? : = D / C / ; 0 B ? > : 9 C ; ? 0 n o p

q r r s t u v w x y z { | } x t z q ~ | s � } t } � � � � � � � � � o � � � p � � � � � � � � � � � � � � � � � � � � � � � � � � � o � � p � � � � � � � � o � � � � � � p � � p �
� � � � � p � p � � � � � � � �

� � � �   � o � � � � � o � � � ¡ ¢ £ £ £ � ¤ � ¥ p � � � � ¦ � � o � p � � � � � � � � § � ¨ � � � ¦ � � � � � � � p � © o � � � � � p � ª � � « o � � � � � � � o p � o � � � � ¬ t ~ | ~ z u
w x y z { | } x � ­ � ¢ ® � ª ¢ ¯ ® �

� � ° �   � � � � � � � o � � � ¡ ¢ £ £ £ « ¤ � ± � � ² o p o ² � � � p � � � � § ² � � � o p � � � � ² � � � ¦ � � � p � � � � � � � ¦ � � o � p � � � « � � ² o p o p � � ² � � � � �
² � � ³ � � � � ´ | x { u µ | x t z | s ¬ t ~ | ~ z u � � £ � � � ¶ ¯ ª � ¢ �

� � ® � � � � � o � � p � � � � � � p � � � · � o � ³ � ¡ � ¯ ¸ � ¤ � � � � � o p � � � � � � p � � � � � � � � � o � o p � � � � � � � o p � � � � � � � � § � ¨ � � p � o p ¦ � ¦ �
� � � � o p � � w x y z { | } x t z ¹ º y z u } } u } | ~ v x { u t º | r r s t z | x t y ~ } � � � ¢ � � ª ¢ ° £ �

� � ¸ � � � � � � � � � � � � � p � � � » � ¦ « � � � � � ¡ � ¯ ¸ ¯ ¤ � ¼ � � o ² � � � � � � o � � � o � p � ¨ � � p � o p � � p � � � � o ² � ¦ p � � � � � � p � � � � o � p � � � � � �
¬ ½ x ½ º u } ´ | º ¾ u x } ¸ � ¢ ¢ ¢ ª ¢ ¶ ¯ �

� � ¯ � ¿ � � � � À � � � ¥ � � � � � � � � � � � � � � � � � � À ³ § � � p � � � Á ¦ ¡ � ¯ ¯ � ¤ � � � � � o p � � � � � p � � ¦ � � o � § ² � � � � � � ¨ � � ¦ � o � o � §
² � Â o ² o À � � o � p o p � p o p � � ² � � � � � ² � � ³ � � � w Ã q ´ Ä Å Æ y ~ x º y s Ç r x t µ Å ¢ ¯ � ® £ ¢ ª ® ¶ £ �

� ¢ £ � ¿ � ¦ � � � � � ¡ � ¯ ¯ ¯ ¤ � � È ¦ ² � � o É ¦ � o � p ² � � � � ¨ � � � � � o � p � � o � o p � © o � � � � � � � � � � � � � � o � � � � � � � � ³ ¦ � � o � ¨ � � � ¦ � � �
� � � � � o � o � § � ² o � � � � p � � p � � § � o � � � � � � � � � « o � o � § � Ê � � ³ o p � � � � � � � Ë � � ¦ ² « o � Ì p o � � � � o � § �

� ¢ � � � � � � � p � � � Ë � ¡ � ¯ ® ¶ ¤ � ± � � � � § � ¨ � � � o � p � � � � � o � p � � o � o p � � Í Î Ï Ï Ð Ñ Ò Ó Ô Õ Ï Ñ Ö × Ø Ñ Ô Ñ Ù Ú Ø Û Õ Ô Ü Ý Õ Ô Õ Þ ß à ß á â ã
ä ã å ä å æ ç è é

ê ë ë ì í î ï ð ñ ò ã ó é ô é õ å ö ÷ ø ù é ú û ð ü ñ ò û ï ü ý ü ò þ ÿ � î ò � � î ï � � ü ò þ � ð ñ ý � ï î ð � ï ò � � ï î � ü � ý ñ ò ð ü ò � ñ � � é � 	 
 � á � 
 	 � � � á � á �
� � � 
 � � 	 á 	 à � � � ã è ã å ë � æ å ä ä é

ê ë è ì í ü � � � � ï � ã � é õ å ö ö ø ù é ô � ò ñ ò ü ý � � � � ï ð ü ò þ � � î � î � � � ï î � ñ � ü ò ý ñ � û � î ð î � � � î ð � � ï � î ð � é � � 	 � � � � 
 � â � � � ß 	 � �
� á � � � â � ß à � â � � � 
  â � â � � â � � � ! " # $ % & & ' ( ) * + $ , - . & / & 0 & ) - . 1 2 3 2 ) 4 5 6 + + ( 2 / 7 8 3 $ + ( 6 8 9 : ; < = ; > ? ? @ A B C B D B E FG H I J K L M N O N P N Q H R S T U V T W

X F C Y Z [ \ N ] N ^ N A _ L G F ` ` a W L b H c d H O ^ [ e f gH h \ i ^ c e H J J j k l k k m n o p o q r s t u v w x q u n v w x y v u v z y o s x y o t q m n t { w v s z |
} ~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � �   � � ¡ ¢ £ � ¤ ¥ ¥ ¦ § ¨ ¨ � © � ª ¥ ¡ ¥ « � ¬ ¥ ­ ® � ¬ � ¯ « � ® ° ± « � ² � ¡ ³ ´ µ ´ ± ¶ � ´ ¡ · ´ ¡ ¶ ¸ ¥ ° � « � ¥ ¶ ± ´ « ¶ µ ´ ¬ � ´ ¹ � ¶ ¸ ¢ � · �
² ´ ¡ ¶ � ¡ ® ´ ® · « ¥ ¶ ® « ¡ · � º � » � � ¼ ½ ¾ � � � � � � � � � ¿ � À Á � � � �   ´ ¬ � Â � � � � ¨ Â � � � § �

� � � � Ã ´ ® ³ ¥ � Ã � � ¡ ¢ � � Ä � « ´ ® � ¦ � � � � © � Å « � ² � ¡ ³ Æ � � ® ¶ � ¬ � ¶ Ç ° � È � ° � É � ¶ � ´ ¡ � ¡ ¢ ¥ ¡ ¶ « ´ ± Ç � � � � Ê � Ë � � � � � � � � � � � � � �
  ´ ¬ � § � � � ´ � � � � � ¨ � � Ì � �

� � Ì � Í � ° ® ¥ ¬ · ´ ¡ � Å � Î � ¦ § ¨ Ì Â © � £ � ¶ ¸ ¥ ° � ¶ � ² · ´ µ · ± ¥ ² ® ¬ � ¶ � Æ ¥ ± « � ² ¥ � ¿ Ï Ð � º � » � � ¼ � § � � § � � � �
� � � � Ñ � ¬ ° ´ ¶ ¶ � Å � ¦ § ¨ ¨ � © � Ò ¥ « � Æ � ¶ � Æ ¥ · Ó ¶ ¸ ¥ ¶ ¸ ¥ ´ « Ç � ¡ ¢ ± « � ² ¶ � ² ¥ ´ µ Ô ¡ � ¡ ² � � ¬ ¥ ¡ ³ � ¡ ¥ ¥ « � ¡ ³ � Õ ´ ¸ ¡ Ñ � ¬ ¥ Ç Ö Í ´ ¡ · �
� � ¨ � Ñ ® � ¤ � ¦ � � � � © � Å « � ² � ¡ ³ ¶ ¸ ¥ × ® ° ± « � · � � ¡ · ¶ ´ ² � ´ ± ¶ � ´ ¡ · Ñ ´ « � � ¡ ³ ± � ± ¥ « � Ø Ä Ù Í Ú �

Û Ü


