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ì ?L� �@�ic

V2 � o � EV � o�2 � mo�mE�� mo�m�EV � 	o�2 ' �� mo�m
mo�m EV � o�2�

5�Mt|�|�|�?} �? E�2f� @?_ E�2��c �i LM|@�?

_

_|
EV � o� � �6S

#
�� mo�m
mo�m

$
EV � o�2�

��i?i�ih o 9' f� 5�TTLti |�@| � � mo�m � # : fc ��ihi # �t @hM�|h@h�*) t4@** EM�|
� i_�� A�i? _

_|
EV � o� � �6S#EV � o�2� W?|i}h@|�?} |��tc �i LM|@�?c uLh @? �?�|�@*

UL?_�|�L? oEf� 9' f t@|�tu)�?} �� mo�Ef�m � #c

f � V � oE|� � V � oEf�
� n6S#EV � oEf��|c E�2��

5�?Ui V � oE|� � mo�E|�mc �i UL?U*�_i |�@| mo�E|�m � mo�Ef�m � � � #c uLh @** | � fc @?_
�i?Ui |�@| E�2�� hi4@�?t �@*�_ uLh @** | � f� A��tc oE|� $ f @t | $ 4� 5�?Ui �i U@?
|@!i # @hM�|h@h�*) t4@**c |��t t�L�t |�@| o ' f �t }*LM@**) @t)4T|L|�U@**) @||h@U|�?}
L�|t�_i |�i ti| Lu 4i@t�hi 3ihLc mo�m ' ��

6�?@**)c UL?t�_ih ��@| �@TTi?t ��i? mo�m ' �� A�i? E�22� hi_�Uit |L V2 � o �
EV �o�2� OL�i�ihc |��t �?i^�@*�|) �t t|h�U| �?*itt o ' kEe&�e�� uLh tL4i k 5 Efc �o� �?
|�i L|�ih �@?_c �? |��t U@ti mo�m ' � �u @?_ L?*) �u k ' �c @?_ tL i^�@*�|) �L*_t �u @?_
L?*) �u ^ ' e� n o Mi*L?}t |L |�i ti| Lu �tL*@|i_ t|@|�L?@h) TL�?|tc V ' ie& m & � 2j�
6hL4 E�2f� @?_ E�2��c �i |�ihiuLhi LM|@�? |�@| _

_|
EV � o� 	 fc i UiT| L? Vc ��ihi

_

_|
EV � o� ' f� 5�?Ui V � o �t �?t|@?|@?iL�t*) _iUhi@t�?} L�|t�_i Vc �| uL**L�t |�@| mo�m �t

�?t|@?|@?iL�t*) _iUhi@t�?}c @?_ �i?Ui |�@| @ |h@�iU|Lh) ��|� �?�|�@* UL?_�|�L? o *5 Vc
M�| ��|� mo�m ' �c 4L�it �?t|@?|@?iL�t*) �?|L |�i hi}�L? mo�m 	 �c @?_ �t |�ihiuLhi
@t)4T|L|�U@**) @||h@U|i_ |L o ' f� A��t t�L�t |�@| o ' f E^ ' e�� �t }*LM@**)
@||h@U|�?} uLh @** |h@�iU|Lh�it ��|� �?�|�@* UL?_�|�L? ?L| �? |�i �?�|i ti| Lu �?t|@M*i
UL?t�4ih i^��*�Mh�@ V� �

wi44@t � @?_ # UL4T*i|i |�i ThLLu Lu �hLTLt�|�L? D� �

��



�hLLu Lu �hLTLt�|�L? SG AL t�4T*�u) ?L|@|�L?c �h�|i k ' �*E� � ��c tL k 5 Efc �o�
�L� �ti E22� |L i Thitt ^� �? |ih4t Lu Rc @?_ t�Mt|�|�|i �? E2f� @?_ E2�� |L LM|@�?

T Ex� ' RkE�� R�3E�nk�
] �

R

ER� R�E�� R�kR3E�nk�_R�

�L� ti| R ' Rn E�� R�%c @?_ q ' E�� R�*R 5 Efc4�� A�i?

T Ex� ' q
] �

f
%E�� %�kE� n q%�3E�nk�_%�

6Lh k 	 � E� 	 2�c |��t �?|i}h@* 4@) Mi i Thitti_ �? |ih4t Lu @ �)Tih}iL4i|h�U
u�?U|�L?c 28�E@c K( Sc ��c

T Ex� '
q

E� n k�E2 n k�
28�E2c � n k( � n kc�q� ' q` Ekc q�c

Etii `��||@!ih @?_ @̀|tL?c �b.Hc ��@T|ih jWV�c @?_ uLh k ' � E� ' 2�c

T Ex� ' q3�
q
�2 n E� n 2q3�� *?E� n q�

r
�

A��tc T Ex� �t @ !?L�? u�?U|�L? Lu |�L �@h�@M*it Ekc R� Ei^���@*i?|*)c E�c ^���c _i�?i_
L�ih |�i ML�?_i_ _L4@�? f 	 k � �c f 	 R � �� � |)T�U@* i @4T*i Lu @ UhLtt tiU|�L?
Lu |��t t�hu@Ui E��|� k � i_� �t t�L�? �? 6�}�hi 2� A�i �4TLh|@?| TL�?|t |L ?L|i @hi
|�@| T Ex�ER� � fc T Ex�Ef� ' T Ex�E�� ' fc ��|� T Ex��Ef� ' 4 @?_ T Ex��E�� ' ��c
@?_ T Ex�ER� �t UL?U@�i ��|� @ �?�^�i 4@ �4�4 @| 	R ' 	REk� 5 Efc ���

W| ?L� uL**L�t |�@|c �u S : T Ex�E	R�c |�i? |�ihi @hi ?L 4� i_ i^��*�Mh�@c @?_ �u
f 	 S 	 T Ex�E	R�c |�i? |�ihi @hi |�L t�U� i^��*�Mh�@� 5�?Ui |�i #�@4L?_ i^��*�Mh��4c
R ' � �t @*�@)t Thiti?|c |�i �hLTLt�|�L? �t ThL�i_� �

�hLLu Lu �hLTLt�|�L? .G 6�ht| *�?i@h�ti |�i �L�?| _)?@4�Ut E�Dc �b� @ML�| |�i }��i?
i^��*�Mh��4 E�c ^W�� |L LM|@�? |�i a@ULM�@? LTih@|Lh ���U�c hi}@h_i_ @t @ u�?U|�L? L?
U-?

Af � U- � . � U-c �@t |�i uLh4

a ' \l� '
�

'E	�� f
f 4E^W��

��
�?
�

� PE	��
�T �

� f

�
c

��ihi PEs� ' j�Es�� j� Es� ��|� j&Es�ER� ' &Rd� � 8 ER�o&3�c � � & � � � A�@| �tc
�t�?} E2�c 2e� @?_ �h�|�?} k ' �*E� � ��c 	R ' E� n k�R%Ekn R�c

PE��ER� '

%
Ekn R�

kE�� R�

&
ER� 	R��

�*tLc uhL4 E2f�c T �
� �t |�i U-��@*�i_ *�?i@h LTih@|Lh L? . }��i? M)

T �

�5 ' *�4
0<f

�

0
iT Ex n 0~�� T Ex�j ' �

] �

R

R3�PE��ER�~ER�_R�

�2



�L|i |�@| 	R � R ' RE� � R�%Ek n R� @?_ � � 	R ' kE� � R�%Ek n R�� A��tc R 	 	R 	 �
uLh � i_ R 5 Efc �� Ei^���@*i?|*)c � i_ ^� 5 Efc ����

6�ht| t�TTLti � : 2c @?_ |@!i �5 ' E05c ��c ��|� 5 5 U-?
Af� A�i?c uhL4 |�i

_i�?�|�L? Lu l� @ML�ic

E05c f� � l��5 ' 0
q
k5cPE��ln 05 ��?

�

�5
r
c @?_ Efc �� � l��5 ' �0T �

�5�

Oi?Ui �u |�ihi i �t|t 5 t�U� |�@| k5cPE��l : f @?_ T �
�5 	 fc |�i? �i U@? U�LLti 0 : f

t��U�i?|*) t4@** tL |�@| E05c f� �l��5 : f @?_ Efc �� �l��5 : f� A�i hit�*| |�i? uL**L�t
uhL4 �hLTLt�|�L? ���� W| |�ihiuLhi t��Uit |L UL?t|h�U| t�U� @ 5�

W?|i}h@|�L? M) T@h|t �t�?} ~ER� ' ~E�� ' fc }��it

k5cPE��l ' �
%

kn R

kE�� R�

& ] �

R

~ER�_R�

�L�c hiU@** |�@| R 	 	R 	 �c @?_ |�@| R ' R?� Oi?Uic uLh � i_ Rc �i 4@) U�LLti
? *@h}i i?L�}� tL |�@| R 	 R?n2 � 	R� ��LLti 5� ' f uLh � 9' ? n �c ? n 2c @?_
5?n� ' ��c 5?n2 ' �� A�i? ~ER� 	 f uLh R 	 R 	 R?n2c @?_ ~ER� ' f uLh R � R?n2�
A��tc k5cPEs�l : fc @?_

T �

�5 ' �
]

R?n2

R

R3�PE��ER�~ER�_R 	 fc

t�?Ui PE��ER� 	 f uLh R 	 R 	 	R�

6�?@**)c t�TTLti � ' 2� �) |�i @h}�4i?| Lu 5iU|�L? Dc �i !?L� |�@| �?
�

� �t

TLt�|��i _i�?�|i L? U-?
Afc @?_ �i?Ui |�@| 'E	���?

�

� �@t L?*) i�}i?�@*�it ��|� TLt�|��i

hi@* T@h|t� ��| |�i |h@Ui Lu a �t i^�@* |L |�i |h@Ui Lu 'E	���?
�

�c ���U� �t TLt�|��i�
Oi?Uic a 4�t| �@�i @| *i@t| L?i i�}i?�@*�i ��|� TLt�|��i hi@* T@h|� A��t UL4T*i|it
|�i ThLLu� �

+iuihi?Uit

�i?@ML�c +� E�bb��� R5i@hU� 4@h!i| i^��*�Mh��4c M�*@|ih@* �i|ihL}i?i�|) @?_ hiTi@|
T�hU�@titc� a� ,UL?� A�iLh)c Sfc �ef��DH�

��Lh}ihtc A�c 5@h�?c +� E�bb.� Rwi@h?�?} |�hL�}� hi�?uLhUi4i?| @?_ hiT*�U@|Lh _)�
?@4�Utc� a� ,UL?� A�iLh)c ..c ���e�

46Wkh vlwxdwlrq zh duh frqvlghulqj khuh lv dq dv|pphwulf jdph/ xqolnh lq Sursrvlwlrq 6/ zklfk zdv

irupxodwhg iru v|pphwulf jdphv1 Wkh wzr srvlwlylw| frqglwlrqv/ +y> 3, �
3�} A 3 dqg +3> 4, �
3�} A 3/

duh uhtxluhg wr krog vhsdudwho| lq wklv fdvh/ lq rughu wr suhvhuyh wkh surgxfw vwuxfwxuh/ �+!> t�
4, @

T
�
a!
�
��+t�

4
,/ ri wkh ghvwdelol}lqj SGD g|qdplfv1 Wkh surri ri wkh dssursuldwh irup ri Sursrvlwlrq

6 iru dv|pphwulf jdphv lv d vwudljkwiruzdug hoderudwlrq ri wkh surri iru v|pphwulf jdphv1

��



�h)?�L*uttL?c ,�c 54�|�c �� E�bbb�� R6h�U|�L?*itt UL44ihUiq � �L4T@h�tL? Lu
W?|ih?i| @?_ �L?�i?|�L?@* +i|@�*ihtc� �WA E5*L@?� �Lh!�?} T@Tih�

��h_i||c k�c a�__c k� E�bH��� R,^��*�Mh��4 Th�Ui _�tTiht�L?c� ,UL?L4i|h�U@c D�c
bDD�bSb�

�@tL?c A�c 6h�i_4@?c #� E2fff�� R��)ih ti@hU� @?_ Th�Ui _�tTiht�L?G @ *@MLh@|Lh)
t|�_)c� �Lh!�?} T@Tihc N?��iht�|) Lu �@*�uLh?�@c 5@?|@ �h�3�

#�@4L?_c �� E�b.��� R� 4L_i* Lu Th�Ui @_��t|4i?|c� a� ,UL?� A�iLh)c �c �DS��SH�

,hi�c W�c +L|�c ��,� E�bbH� R�hi_�U|�?} �L� TiLT*i T*@) }@4itG hi�?uLhUi4i?| *i@h?�
�?} �? i Tih�4i?|@* }@4it ��|� �?�^�ic 4� i_ t|h@|i}) i^��*�Mh�@c� �4ih� ,UL?�
+i��c HHc HeH�HH��

6h�i_4@?c #� E�bb��� R,�L*�|�L?@h) }@4it �? iUL?L4�Utc� ,UL?L4i|h�U@c Dbc S�.�
SSS�

6h�i_4@?c #�c vi**�?c a� E�bb.�� R,�L*��?} *@?_tU@Tit uLh TLT�*@|�L? }@4itc� �Lh!�
�?} T@Tihc N?��iht�|) Lu �@*�uLh?�@c 5@?|@ �h�3�

6�_i?Mih}c #�c khiTt #� E�bb��� Rwi@h?�?} 4� i_ i^��*�Mh�@c� B@4it ,UL?� �i�@��c
Dc �2f��S.�

6�_i?Mih}c #�c wi��?i #� E�bbH�� A�i A�iLh) Lu wi@h?�?} �? B@4it� �@4Mh�_}ic
��G �WA �hitt�

O@h��) ,�c ,hi� W� E2fff�� RV@h�@M*i Th�U�?}G @ U�t|L4ih *i@h?�?} TihtTiU|��ic�
�Lh!�?} T@Tihc AiU�?�L?c O@�u@�

O�?itc `�B�5� E�bHf�� RA�hii U�@h@U|ih�3@|�L?t Lu TLT�*@|�L? t|h@|i}) t|@M�*�|)c� a�
�TT*� �hLM�c �.c �����ef�

OLuM@�ihc a� E2fff�� R6hL4 �@t� @?_ �hL�? |L �@)?@h_ 54�|�G i^��*�Mh�@ _)?@4�Ut
@?_ ,55c� uLh|�UL4�?} 5i*iU|�L?�

OLuM@�ihc a�c 5�}4�?_c k� E�bbf�� R�_@T|��i _)?@4�Ut @?_ i�L*�|�L?@h) t|@M�*�|)c�
�TT� �@|�� wi||�c �c .D�.b�

OLuM@�ihc a�c 5�}4�?_ k� E�bbH�� ,�L*�|�L?@h) B@4it @?_ �LT�*@|�L? #)?@4�Ut�
�@4Mh�_}iG �@4Mh�_}i N?��iht�|) �hitt�

OLT!�?tc ,� E�bbb@�� Rwi@h?�?}c 4@|U��?} @?_ @}}hi}@|�L?c� B@4it ,UL?� �i�@��c
2Sc .b���f�

OLT!�?tc ,� E�bbbM�� R� ?L|i L? Mit| hitTL?ti _)?@4�Utc� B@4it ,UL?� �i�@��c
2bc ��H��Df�

�e



�iU�tt*ihc a�c +�i_i*c 6� E2ff��� R,�L*�|�L?@h) _)?@4�Ut L? UL?|�?�L�t t|h@|i})
tT@Uitc� ,UL?� A�iLh)c �. c �e���S2

�@_�**@c ��a� E�bbD�� R+i��t�|�?} _)?@4�U _�LTL*) ��|� UL?t�4ih t��|U��?} ULt|tc�
a� ,UL?� A�iLh)c S.c D2f�D�f�

+LMc +� E�bHD��R,^��*�Mh��4 Th�Ui _�t|h�M�|�L?tc� +i�� ,UL?� 5|�_�c D2c eH.�Dfe�

+L|�tU��*_c �� E�b.��� R�L_i*t Lu 4@h!i| Lh}@?�3@|�L? ��|� �4TihuiU| �?uLh4@|�L?G
@ t�h�i)c� a� �L*�|� ,UL?�c H�c �2H����fH�

5@*LTc 5�c 5|�}*�|3c a� E�b..��R�@h}@�?t @?_ h�T�LgtG @ 4L_i* Lu 4L?LTL*�t|�U@**)
UL4Ti|�|��i Th�Ui _�tTiht�L?c� +i�� ,UL?� 5|�_�c eec eb��D�f�

5U�*@}c k� E�bbH�� R`�) �4�|@|i @?_ �u tL �L�q� a� ,UL?� A�iLh)c .Hc ��f��DS�

5i)4L�hc +��� E2fff�� R#)?@4�Ut uLh �?�?�|i _�4i?t�L?@* }@4itc� �Lh!�?} T@Tihc
N?��iht�|) �L**i}ic wL?_L?�

5�@T*i)c w� E�bSe�� R5L4i |LT�Ut �? |�L TihtL? }@4itc� �? i_t� �� #hit�ih i| @*�c
�_�@?Uit �? B@4i A�iLh)� �h�?Ui|L?G �h�?Ui|L? N?��iht�|) �hitt�

5��*L?)c v� E�b..�� R�� i_ Th�U�?} �? L*�}LTL*)c� a� ,UL?� A�iLh)c �ec �.��HH�

V@h�@?c O�+� E�bHf�� R� 4L_i* Lu t@*itc� �4ih� ,UL?� +i�c .fc SD��SDb�

`��||@!ihc ,� A�c @̀|tL?c B��� E�b.H�� � �L�hti Lu �L_ih? �?@*)t�t� e|� ,_�|�L?�
�@4Mh�_}iG �N��

`�*_ic w�w� E�bb2�� R�L4T@h�tL? t�LTT�?} @t @ t�4�*|@?iL�t 4L�i }@4ic� ,UL?�
a�c �f2c DS2�DSb�

vL�?}c O��� E�bb�� RA�i i�L*�|�L? Lu UL?�i?|�L?tc� ,UL?L4i|h�U@c S�c D.�He�

�D


