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Lh M) E�i�}�|c �?UL4i��T@�ht� ì*u@hi U@? Mi hiThiti?|i_ @t @ �i�}�|i_ t�4 Lu
|�i i�@*�@|�L?t Lu �?_���_�@* �?UL4it�

6Lh @?) ^c o 5 ifc �c 2j @?_ � 5 z _i�?i |�i uL**L��?} �i�}�|i_ 4L4i?|t
@ML�| 3ihL

>^� G'

]
�E@�^�E%�_8 E@c %� E��

>^o G'

]
�E@�^%o_8 E@c %� E2�

6Vhh Frxowhu hw do1 +4<<5,1

�



A�i 4L4i?|t >�fc >�� �@�i @ tTiU�@* t�}?��U@?Ui uLh �i*u@hi 4i@t�hi4i?|G |�i
�ht| U@? Mi �?|ihThi|i_ @t |�i RigiU|��i TLT�*@|�L? t�3i�ce @?_ |�i tiUL?_ @t
RigiU|��i |L|@* �?UL4i�( 4i@? �?UL4i �t }��i? M) >��*>�f� A�i �i*u@hi 4i@t�hi
U@? Mi |@!i? @t @ u�?U|�L?@* _i�?i_ L? |�i tT@Ui Lu _�t|h�M�|�L? u�?U|�L?tc ` G
+ :$ ?� �iU@�ti �i @tt�4i |�@| |�i �i*u@hi 4i@t�hi �t u�**) _iUL4TLt@M*ic @?_
MiU@�ti |�i _it�hi_ �i*u@hi �?_i 4@) @*tL Mi @ u�?U|�L? Lu 4i@? �?UL4ic @?_ |�i
�4T*�U�| TLT�*@|�L? t�3ic @ |)T�U@* �i*u@hi �?_i uLh @ _�t|h�M�|�L? 8 �t �4T*�U�|*)
_i�?i_ M) @ u�?U|�L? G ?n �f2 :$ ? |��tG

` E8 � ' �E�� E��

��ihi � G' E>�fc >��c >��� �t @ �iU|Lh Lu �i�}�|i_ 4L4i?|t� W?_ii_ |�i i Thitt�L?
E�� U@? Mi |@!i? @t @? i*i4i?|@h) �i*u@hi �?_i �? �|t L�? h�}�|c }��i? @TThLTh�@|i
ThLTih|�it Lu �G L|�ih �i*u@hi �?_�Uit � t�U� @t 4i@t�hit Lu �?i^�@*�|) @?_ TL�ih|)
� U@? Mi hiThiti?|i_ �? @ uLh4 t�U� @t E���

�tt�4i |�@| |�i @||h�M�|i @ �t LMtih�@M*ic @?_ |�@| @ t@4T*i Lu ? 	 4
LMtih�@|�L?t iE@�c %�� G � ' �c 2c ���c ?j �@t Mii? _h@�? uhL4 8 ( _i?L|i |�i t@4T*i
_�t|h�M�|�L? M) 8 E?��D ��h �44i_�@|i |@t! �t |L tTiU�u) it|�4@|Lht Lu �i*u@hi
4i@t�hitc @?_ |�i t@4T*�?} �@h�@?Ui Lu |�i it|�4@|it� A�i it|�4@|it Lu |�i
4L4i?|t @ML�| 3ihL E��c E2�c @?_ Lu �i*u@hi E�� uhL4 |�i t@4T*i 8 E?� @hi }��i?
M)

6^� G'
?[
�'�

�E@��
^�E%�� Ee�

6^o G'
?[
�'�

�E@��
^%o� � ED�

	̀ G' `
�
8 E?�

�
' �E4� ES�

��ihi 4 G' E6�fc6��c 6���� A�i t@4T*i t|@|�t|�U 	̀ ��** ThL��_i @ UL?t�t|i?|
it|�4@|Lh Lu ` E8 � �u |�i t@4T*i �t h@?_L4*) _h@�?�S Nt�?} |�i _i�?�|�L?tG

7�E%� G' %�E%� E.�

'

� E%� G' �E%�2 EH�

�i 4@) @*tL t|@|i |�i uL**L��?} @t)4T|L|�U hit�*| L? |�i t@4T*�?} _�t|h�M�|�L?
Lu |�i it|�4@|i Lu |�i �i*u@hi �?_i G

7Li lqfrph0uhfhlyhuv duh krxvhkrogv dqg li wkh zhljkw rq hdfk revhuydwlrq fruuhvsrqgv wr
wkh qxpehu ri shuvrqv lq hdfk krxvhkrog/ wkhq �43 lv h{dfwo| wkh qxpehu ri shuvrqv lq wkh
srsxodwlrq1

8Irupdoo| I +q, =@ 4
q

Sq

l@4�+dl>{l, zkhuh �| lv d srlqw pdvv dw |1
9Wklv grhv qrw uhtxluh wkdw wkh vdpsoh ghvljq eh vlpsoh udqgrp vdpsolqj1 Li wkh revhuydwlrqv

duh llg dffruglqj wr I wkhq/ e| wkh Jolyhqnr0Fdqwhool wkhruhp/ wkh hpslulfdo glvwulexwlrq I +q,

whqgv wr I dv q $ 4/ dqg vr wkh lqgh{ Z +I +q,, ehfrphv Z +I , +Ylfwruld0Ihvhu 4<<<,1

e



A�iLhi4 � s
?d�E4�� �E��o � � Efc ?T � Eb�

��ihi

T G'
�

?
��
�
P��c E�f�

P G'

5
7 >2f � >2�f

>2� � >�f >2� � >2��
>2� � >��>�f >27� � >��>�� >

2
'

�
� >2��

6
8 c E���

�� G' Y�*Y� @?_ ��
�
�t �|t |h@?tTLti�

�hLLu� B��i? |�i _i�?�|�L? Lu4 @?_ |�@| 8 E?� �t h@?_L4*) _h@�? �i !?L� |�@|
@t ? $ 4 s

?d4� �o � �EfcP� E�2�

��ihi P �t |�i UL�@h�@?Ui 4@|h� ��|� |)T�U@* i*i4i?| P�� ' ? UL�E6��c 6���c
�c � ' fc �c � � Oi?Uic @TT*)�?} |�i B�4i|�L_ �i �@�i Eb�c E�f� � E+@L �b.�c TT
�H.��HH��

T �t |�i �@h�@?Ui Lu |�i �i*u@hi t|@|�t|�U 	̀ �?_ih |�i @tt�4i_ t@4T*�?}
tU�i4i� A�L hi4@h!t @hi @TThLTh�@|i �ihi� 6�ht|c |�i hit�*| U@? Mi i |i?_i_ |L
U@h_�?@*�t@|�L?t Lu |�i �i*u@hi 4i@t�hi |�@| @hi |h@?tuLh4@|�L?t Lu E�� @?_ ES�G �?
igiU| L?i 4L_��it |�i T@h|�@* _ih��@|��it �� M) |�i t*LTi Lu |�i |h@?tuLh4@|�L?�.

5iUL?_c |�i u@U| |�@| P �t @ u�?U|�L? Lu |�i 4L4i?|t �?�L*��?} 7� @?_
'

� E_ih��i_
uhL4 �� 4i@?t |�@| |�i �@*�i Lu T �? E�f� _iTi?_t L? |�i �@) �? ���U� |�i
�?_���_�@* �i�}�|t @hi ULhhi*@|i_ ��|� �?UL4i @?_ ��|� |�i �?UL4i�i�@*�@|�L?
�� � t�4�*@h TL�?| @h�tit �u �i UL?t�_ih |�i ULhhitTL?_�?} t@4T*i it|�4@|i Lu T
���U� _iTi?_t L? |�i 4L_��i_ uLh4 Lu E��� ��ihi |�i >�|ih4t @hi hiT*@Ui_ M)
|�i�h 6 UL�?|ihT@h|t uhL4 Ee�c ED�� A��t ULhhi*@|�L? Lu � ��|� % _iTi?_t �TL? @
?�4Mih Lu u�?_@4i?|@* �tt�it �?U*�_�?} t@4T*i _it�}? @?_ �?�ihi?| TLT�*@|�L?
�i|ihL}i?i�|�it ���U� L?i |h�it |L |@!i @UUL�?| Lu �? �i*u@hi 4i@t�hi4i?|�

:D vlpsoh h{dpsoh fdq eh irxqg li rqh sxwv !+{, @ orj+{, lq +7, wr |lhog wzr frpprqo|
xvhg dqg ruglqdoo| htxlydohqw lqhtxdolw| phdvxuhv1 Wkh phdq orjdulwkplf ghyldwlrq lqgh{ ri
lqhtxdolw| lv

orj

�
�44
�43

�
� �4!

�43

Dsso|lqj wkh wudqvirupdwlrq W +�, =@ 4 � 4@ h{s +�, wr wklv lqgh{ jlyhv wkh Dwnlqvrq +4<:3,
lqhtxdolw| lqgh{ zlwk lqhtxdolw| dyhuvlrq sdudphwhu 3=

4� h{s

�
�4!
�43

�
�43
�44

Fohduo| wkh �uvw ghulydwlyh ri W lv 4 � W 1 Zh �qg wkdw #3

�
iru wkh �uvw lqhtxdolw| lqgh{ lv����4

43 > �
�4
44 > �4!�

�5
43 � ��443

�
dqg vr #3

�
iru wkh vhfrqg lqhtxdolw| lqgh{ lv mxvw 4� W wlphv wklv/

l1h1 h{s
�
�4!�

�4
43

� ����444 > �43�
�5
44 > �4!�

�4
43 �

�4
44 � ��4

44

�
1

D



W? tiU|�L?t � |L S �i UL?t�_ih |�hii �4TLh|@?| U@tit |�@| _�gih �? |�i ?@|�hi
Lu |�i �i�}�|t� �*|�L�}� @** |�hii U@tit )�i*_ |�i t@4i TL�?| it|�4@|it Lu |�i
�i*u@hi �?_i �i ��** �?_ |�@| |�i) �@�i _�gihi?| t@4T*i �@h�@?Uit�
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