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Devwudfw

Dffruglqj wr wkh rssruwxqlw| hjdolwduldq hwklfv/ lqhtxdolwlhv gxh wr idfwruv
eh|rqg wkh lqglylgxdo uhvsrqvlelolw| duh lqhtxlwdeoh dqg wr eh frpshqvdwhg e|
vrflhw|> zkhuhdv lqhtxdolwlhv gxh wr shuvrqdo uhvsrqvlelolw| duh htxlwdeoh dqg
qrw wr eh frpshqvdwhg1 Lq wklv sdshu zh wu| wr h{soruh krz wklv frqfhswlrq fdq
eh wudqvodwhg lqwr d frqfuhwh sxeolf srolf|/ zkhq wkh lqglylgxdo uhvsrqvlelolw|
ohyho lv xqrevhuydeoh1 Wr frsh zlwk wklv lqirupdwlrqdo frqvwudlqw/ zh dgrsw
Urhphu*v +4<<6, vwdwlvwlfdo vroxwlrq1 Zh �uvw ghulyh qrupdwlyh fulwhuld iru
xqdpeljxrxv vrfldo udqnlqjv ri lqfrph glvwulexwlrqv1 Wkhq/ zh fkdudfwhul}h
dq rssruwxqlw| hjdolwduldq lqfrph wd{ dqg zh irupxodwh fulwhuld iru fkrrvlqj
dprqj dowhuqdwlyh wd{ v|vwhpv1

Nh|zrugv= Rssruwxqlw|/ uhvsrqvlelolw|/ hjdolwduldq/ lqfrph lqhtxdolw|/ uh0
glvwulexwlrq1

�L dp judwhixo wr Shwhu Odpehuw iru khosixo vxjjhvwlrqv dqg dgylfh1 Wkdqnv duh dovr gxh wr
sduwlflsdqwv dw wkh 4<<; Vrfldo Fkrlfh dqg Zhoiduh Frqihuhqfh/ Ydqfrxyhu/ iru khosixo txhvwlrqv dqg
revhuydwlrqv1 Ilqdqfldo vxssruw iurp wkh F1Q1U1 +Urph, lv judwhixoo| dfnqrzohgjhg1 Uhpdlqlqj
huuruv duh p| uhvsrqvlelolw|1
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4i@t�h@M�*�|) @?_ UL4T@h@M�*�|) Lu LTTLh|�?�|�it hi^��hi_c �| tii4t �?*�!i*) |L Mi

4Zh fdq uhihu/ lq sduwlfxodu/ wr Udzov +4<:4,/ Vhq +4<;3> 4<;8>4<<5,/ Gzrunlq +4<;4d> e,>Frkhq
+4<;<,/ Duqhvrq +4<;<,/ Eduu| +4<<4, > Urhphu +4<<6, = Iru d uhfrqvwuxfwlrq ri wkh sklorvrsklfdo
ghedwh rq rssruwxqlw| hjdolwduldqlvp/ vhh Urhphu +4<<9, =

5Wklv lv edvlfdoo| wkh surjudp sursrvhg e| Gzrunlq +4<;4d> e,1
6Lq wklv gluhfwlrq duh/ iru lqvwdqfh/ wkh frqwulexwlrqv e| Dohujl dqg Qlhwr +4<<;,/ Khuuhur +4<<:,/

Nudqlfk +4<<9/ 4<<:,/ Rn dqg Nudqlfk +4<<;,,1 Iru d uhfhqw vxuyh| ri wkh uhohydqw olwhudwxuh/ zlwk
dwwhqwlrq dovr wr wkh uhodwhg lvvxh ri udqnlqj rssruwxqlw| vhwv/ vhh Shudjlqh +4<<;d,= D gl�huhqw/
%lqgluhfw% dssurdfk lv dgrswhg e| Ydq gh jdhu hw do1 +4<<;, lq d sdshu h{sorulqj wkh olqn ehwzhhq
wkh phdvxuhphqw ri lqwhujhqhudwlrqdo prelolw| dqg wkh qrwlrq ri htxdolw| ri rssruwxqlw|1
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7Wkhuh lv d jurzlqj erg| ri olwhudwxuh zklfk vwxglhv uhglvwulexwlrq phfkdqlvpv lqvsluhg e| wkh
rssruwxqlw| hjdolwduldq hwklfv1 Vhh/ lq sduwlfxodu/ wkh frqwulexwlrqv e| Ervvhuw +4<<8,/ Ervvhuw dqg
Iohxuedh| +4<<9,/ Ervvhuw hw do1 +4<<9,/ Iohxuedh| +4<<7/ 4<<8d/e,/ Iohxuedh| dqg Pdqltxhw +4<<9,/
Lwxueh0Rupdhw{h +4<<9,/ Lwxueh0Rupdhw{h dqg Qlhwr +4<<8,/ Urhphu +4<<6/ 4<<9/ 4<<;,1 Iru d
uhfhqw vxuyh|/ vhh Iohxuedh| +4<<;,1

8Lq wkh olplwlqj fdvh/ wkh Frpshqvdwlrq sulqflsoh uhtxluhv %htxdo rxwfrphv iru shrsoh zkr kdyh
h{huflvhg htxdo uhvsrqvlelolw|%1 Dfwxdoo|/ wklv uhtxluhphqw/ wrjhwkhu zlwk dqrwkhu surshuw| lqvsluhg
e| wkh Uhvsrqvlelolw| sulqflsoh +uhtxlulqj dq htxdo wudqvihu iru shrsoh htxdoo| hqgrzhg lq rssru0
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@tt�4T|�L? L? |�i �?_���_�@* �?UL4i u�?U|�L? }G

�tt�4T|�L? 2

;� 5 `c } �r SJ?|�?�J�r @?_ 6J?J|J?�S �? ��

6L**L��?} �Lttih| E�bbD� @?_ �Lttih| i| @*� E�bbS�c �? L�h 4L_i* |�i _�t|h�M�|�L?
Lu ML|� � @?_ � �t ?L| @*|ihi_ M) |�i T�M*�U TL*�U) i?uLhUi_( �L�i�ihc �?UL4i �t
TihuiU|*) |h@?tuih@M*i� A��t �t ^��|i hi@tL?@M*i uLh |�i LTTLh|�?�|�itc itTiU�@**) �u L?i
|��?!t |L |�i ?@|��i |@*i?|t @t @? �4TLh|@?| i*i4i?| Lu |�i �?_���_�@* LTTLh|�?�|)
ti|� �t uLh |�i hitTL?t�M�*�|) �@h�@M*ic |�i @tt�4T|�L? UL�*_ Mi ��t|��i_ M) |��?!�?}
|�@| �| �L�*_ Mi �@h_*) @UUiT|@M*i |L �i*_ @ TihtL? u�**) hitTL?t�M*i uLh �c �ihi |��t
�@h�@M*i _iTi?_�?} L? |�i T�M*�U TL*�U)� ì ?L� �?|hL_�Ui |�L ?L|�L?tG
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5LU�@* ,�@*�@|�L? 6�?U|�L?G

`8 '
?[
�'�

^8
�

]
�

f

L� ER�%
8 ERc �� _R E�f�

��ihi L� ER� c � 5 E�c ���c ?� c @hi |�i TLtt�M*) _�gihi?| tLU�@* �i�}�|�?}t }��i? |L _�gih�
i?| |)Tit� �L� �i i Thitt |�i �?|��|�L? Mi��?_ |�i �L4Ti?t@|�L? @?_ +itTL?t�M�*�|)
Th�?U�T*it M) hit|h�U|�?} |�i U*@tt Lu |�i �i�}�| u�?U|�L?t L� ER��

A�i �ht| ThLTih|) �i �4TLtic i Thitt�L? Lu |�i ��h�?U�T*i Lu +itTL?t�M�*�|)�c
hi^��hit L�h 5,6 |L i Thitt �?UL4i �?i^�@*�|) ?i�|h@*�|) ��|��? i@U� |)Ti� 5�?Uic M)
UL?t|h�U|�L?c @** TiLT*i �? |�i t@4i |)Ti @hi i?_L�i_ ��|� |�i t@4i LTTLh|�?�|�itc
|�i ��|��? |)Ti �?UL4i �?i^�@*�|) U@? L?*) Mi _�i |L _�gihi?| _i}hiit Lu hitTL?t�M�*�|)
i ihU�ti_� A�ihiuLhic @UULh_�?} |L |�i +itTL?t�M�*�|) Th�?U�T*ic |�iti �?i^�@*�|�it @hi
i^��|@M*i @?_ ?L| |L Mi UL4Ti?t@|i_G L�h 5,6 t�L�*_ UL?ti^�i?|*) i Thitt ?i�|h@*�|)
��|� hitTiU| |L t�U� �?i^�@*�|)� 6L**L��?} v@@h� E�bHH�c |��t hi^��hi4i?| �t |h@?t*@|i_
M) @tt�}?�?} @? i^�@* �i�}�| |L i@U� �?UL4i �? |�i t@4i |)Tic ��@|i�ih �t |�i Ui?|�*i
|�i) @hi *LU@|i_G

�hLTih|) � E�+� ;R 5 dfc �o c;� 5 E�c ���c ?�c L� ER� ' q� � f�
A�i tiUL?_ ThLTih|) �t i Thitt�L? Lu |�i ��h�?U�T*i Lu �L4Ti?t@|�L?�� �?) �?�

UL4i �?i^�@*�|) ��|��? |�i }hL�T Lu TiLT*i �@��?} i ihU�ti_ |�i t@4i _i}hii Lu hitTL?�
t�M�*�|) �t �?i^��|@M*i( |�ihiuLhic |�i 5,6 t�L�*_ i Thitt �?UL4i �?i^�@*�|) @�iht�L?
��|��? t�U� }hL�T� A��t hi^��hi4i?| �t |h@?t*@|i_ M) �4TLt�?} |�@|c UL4T@h�?} |�L
�?_���_�@*t �? _�gihi?| |)Tit M�| @| |�i t@4i Ui?|�*i Lu |�i�h L�? |)Ti _�t|h�M�|�L?c
|�i 5,6 }��i ��}�ih �i�}�|c |�i *L�ih �t |�i |)Ti E|�i LTTLh|�?�|) ti|�G

�hLTih|) 2 E��� ;R 5 dfc �o c;� 5 E�c ���c ?� �� c L� ER� : L�n� ER� �
Wu �hLTih|) � �L*_tc |�i? �hLTih|) 2 U@? t�4T*) Mi i Thitti_ @tG ;� 5 E�c ���c ?� �� c q� :

q�n��

Oi?Uic |�i �i�}�|t @hi UL?t|@?| ��|��? |)Titc @?_ _iUhi@t�?} ��|� hitTiU| |L LT�
TLh|�?�|�it ��|��? |h@?U�it� wi| �t _i?L|i M)`�. |�i ti| Lu �TTLh|�?�|) ,}@*�|@h�@?
5,6t UL?t|h�U|i_ @t �? E�f� @?_ t�U� |�@| |�i L� ER� c;� 5 E�c ���c ?�c t@|�tu) ThLTih|�it
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d2Do �@||@?@�! @?_ j� E�bbf� �? h@?!�?} LTTLh|�?�|) ti|t �? |ih4t Lu uhii_L4 Lu
U�L�Ui� +iU�ihU�it ,UL?L4�^�it _i wL��@�?c DSG �H���bf�

d2So �ih@}�?i V E�bbH@� A�i #�t|h�M�|�L? @?_ +i_�t|h�M�|�L? Lu �TTLh|�?�|)c a ,UL�
?L4�U 5�h�i)t EuLh|�UL4�?}��

d2.o �ih@}�?i V E�bbHM� �i@t�h�?} @?_ �4T*i4i?|�?} i^�@*�|) Lu LTTLh|�?�|) uLh
�?UL4ic N?��iht�|) Lu vLh! #,+5 `��� bH%�2�

d2Ho +@�*t a� E�b.�� � A�iLh) Lu a�t|�Ui� �@4Mh�_}iG O@h�@h_ N?��iht�|) �hitt�

d2bo +Li4ih a�,� E�bb�� � Th@}4@|�U |�iLh) Lu hitTL?t�M�*�|) uLh |�i i}@*�|@h�@? T*@?�
?ih� ���*Lt ��M*�U �g@�ht 22c �eS��SS�

d�fo +Li4ih a�,� E�bbS� A�iLh�it Lu #�t|h�M�|��i a�t|�Ui� �@4Mh�_}iG O@h�@h_ N?��
�iht�|) �hitt�

d��o +Li4ih a, E�bbH� ,^�@*�|) Lu �TTLh|�?�|)c �@4Mh�_}ic ��G O@h�@h_ N?��iht�|)
�hitt�

d�2o 5i? ��E�bHf� ,^�@*�|) Lu ��@|q W? �U�N++W� Ei_�� A�i A@??ih wiU|�hit L?
O�4@? V@*�it� VL* �� 5@*| w@!i ��|)G N?��iht�|) Lu N|� �hitt�

d��o 5i? �� E�bHD� �L44L_�|�it @?_ �@T@M�*�|�it� �4t|ih_@4G �Lh|��OL**@?_�

d�eo 5i? �� E�bb2� W?i^�@*�|) +i�i @4�?i_� �@4Mh�_}ic �@tt�G O@h�@h_ N?��iht�|)
�hitt�

d�Do 5�TTit � E�bH.� �@ �4�3�?} uhii_L4 Lu _iU�t�L?G �? @ �L4@|�U @TThL@U�� W?
6i��i* B Ei_�c �hhL� @?_ |�i uL�?_@|�L?t Lu |�i |�iLh) Lu iUL?L4�U TL*�U)� �i�
vLh! N?��iht�|) �hitt�

d�So V@? _i }@ih #c �@h|�?i3 � @?_ 5U�L!!@ih| , E�bbH� �i@t�h�?} �?|ih}i?ih@|�L?@*
4LM�*�|) @?_ i^�@*�|) Lu LTTLh|�?�|)� kNw #iT� ,UL?L4�i #�5 bH��f

d�.o v@@h� � E�bHH� � UL?|hL�iht�@* ThLTLt@* UL?Uih?�?} �?i^�@*�|) 4i@t�hi4i?|� a
,UL? A�iLh) eeG �H���b.�

�b



D �TTi?_� 

�hLLu� Lu A�iLhi4 �

A�i hit�*| �t M@t�U@**) @ UL?ti^�i?Ui Lu |�i uL**L��?} wi44@c ���U� �i t|@|i @?_
ThL�iG

wi44@ �

?S
&'�

�&�& � f uLh @** ti|t Lu ?�4Miht i�&j t�U� |�@| �& � �&n� � fc

;& 5 E�c 2c ���c ?� c �u @?_ L?*) �u
&S
�'�

�� � f c ;& 5 E�c 2c ���c ?� �

�hLLu� Lu wi44@ ��
�TT*)�?} �Mi*<t _iUL4TLt�|�L?G

?[
&'�

�&�& '
?[

&'�

E�& � �&n��
&[
�'�

���

W| �t LM��L�t |�@|c �u
&S
�'�

�� � fc ;& 5 E�c 2c ���c ?� c |�i?
?S

&'�

�&�& � f� �t uLh |�i

?iUitt�|) T@h|c t�TTLti |�@|
?S

&'�

�&�& � f uLh @** ti|t Lu ?�4Miht i�&j t�U� |�@|

�& � �&n� � f c M�| < � 5 E�c 2c ���c ?� G
�S
�'�

�� 	 f� �L?t�_ih ��@| �@TTi?t ��i?

E�& � �&n��) fc ;& 9' � G

?[
&'�

�&�& $ E�� � ��n��

�[
�'�

�� 	 f

���U� �t |�i _it�hi_ UL?|h@_�U|�L?�
�L� �i �@?| |L �?_ @ t��U�i?| UL?_�|�L? uLh {` � fc;` 5 `�.c ��ihiG

{` ' E`8 �`C� '

]
�

f

?[
�'�

q�
�
^8� %

8 ERc �� _R� ^C� %
C ERc ��

�
_R � f�

�L?t�_ih�?} |�@|c M) ThLTih|) � @?_ 2c q� � q�n� � fc;� 5 E�c ���c ?� c uhL4 wi44@
� �i LM|@�? |�@|G

?[
�'�

q�
�
^8� %

8 ERc ��� ^C� %
C ERc ��

�
� fc;R 5 dfc �o

/

&[
�'�

�
^8� %

8 ERc ��� ^C� %
C ERc ��

�
� fc;& 5 E�c ���c ?� c;R 5 dfc�o � E���

2f



�L?_�|�L? E��� �t ?L L|�ih |�@? ��TTLh|�?�|) Bi?ih@*�3i_ wLhi?3 _L4�?@?Ui��
�*i@h*) |��t UL?_�|�L? �4T*�it �i*u@hi _L4�?@?Ui�
�hLLu� Lu A�iLhi4 2

A�i UL?_�|�L? uLh �i*u@hi _L4�?@?Ui �t |�@| {` � fc;` 5 `�.c ���U� �L*_t �u
@?_ L?*) �u

?[
�'�

q�

�
^8�

]
�

f

%8 ERc �� _R� ^C�

]
�

f

%C ERc �� _R

�
� f

uLh @** q� t@|�tu)�?} �hLTih|�it � @?_ 2� wi| 78
� ER� '

k
^8�
U
�

f
%8 ERc �� _R� ^C�

U
�

f
%C ERc �� _R

l
c

tL |�@| {` '
S?

�'� q�7
8
� ER�� 6hL4 wi44@ � �i LM|@�? |�@|G

{` � f+,
&[
�'�

78
� ER� � fc;& 5 E�c ���c ?�

+,

&[
�'�

�
^8�

]
%8 ERc �� _R� ^C�

]
%C ERc �� _R

�
� fc;& 5 E�c ���c ?�

+,

&[
�'�

^8� >
8
� �

&[
�'�

^C� >
C
� c;& 5 E�c ���c ?�

���U� �t Bi?ih@*�3i_ wLhi?3 _L4�?@?Ui Lu |�i |)Ti�4i@?t _�t|h�M�|�L? 8> L�ih C>�

�hLLu� Lu A�iLhi4 �

6�ht|c *i| �t uLU�t L? |�i ��|��? |h@?U�i EMi|�ii? |)Tit� hi_�t|h�M�|��i igiU|�
�L?t�_ih @?) |h@?U�i A8 ERc _R� c R 5 dfc �o c @?_ *i| A83A ERc _R� Mi |�i TLt|�|@ _�t�
|h�M�|�L? @| |h@?U�i Rc LM|@�?i_ @u|ih |�i @TT*�U@|�L? Lu |�i |@ A� `i �@�i |L ThL�i
|�@|

A83A ERc _R� ? �uA8 ERc _R�/
&[
�'�

^8�
�
%8 ERc ��� ARc� E%�

�
S?

�'� ^
8
� E%8 ERc ��� ARc� E%��

�

&[
�'�

^8� %
8 ERc ��S?

�'� ^
8
� %

8 ERc ��
c;& 5 E�c ���c ?�

�u @?_ L?*) �u A t@|�t�it �� @?_ �+� �L?t�_ih�?} |�i ThL}hitt���|) Lu A ��|��? |h@?U�i
R E�4TLti_ M) @ �L4 ��� @?_ |�i @Mti?Ui Lu hih@?!�?}c |�i hit�*| �t i?t�hi_ M) |�i
a@!LMttL?�6i**4@? |�iLhi4� A��t ��** Mi |h�i @| @?) Rc R 5 dfc �o G 8A 6�u 8�

�t uLh |�i tiUL?_ U*@�4 Lu A�iLhi4 �c @}@�? |�i a@!LMttL?�6i**4@? |�iLhi4
i?t�hit |�@| |�i ��|��? |)Ti ThLTLh|�L?@*�|) hi^��hi_ M) @ �L4 �+ �t @ ?iUitt@h)
@?_ t��U�i?| UL?_�|�L? uLh 8 � �u 8 �

A c ;� 5 E�c ���c ?� �
�hLLu� Lu A�iLhi4 e

a�t| @ UL?ti^�i?Ui Lu |�iLhi4t � @?_ �� �) A�iLhi4 �c

A r@|�rs �er �� @?_ �-/ 8A ?�u 8�

2�



�) _i�?�|�L?G 8� ��u 8c @?_

8A ?�u 8 : 8� ��u 8 , 8A ?�u 8� �

A�ihiuLhiG A r@|�rs �er �� @?_ �-, 8A ?�u 8� �

�L�c UL?t�_ih�?} |�@|c M) A�iLhi4 �c ;8cC 5 [c 8 ?�u C ', 8 ?`�. Cc �i

�?@**) LM|@�? |�@|

A r@|�rs�er �� @?_ �-, 8A ?`�. 8� �

22


