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�Zh wkdqn Urehuw Dqghuvrq iru wxwhodjh dqg Nhqqhwk Duurz dqg Mrh Rvwur| iru khosixo

dujxphqwv1 Zh wkdqn vhplqdu dxglhqfhv dw FdoWhfk/ wkh Frqihuhqfh rq Flw| Irupdwlrq dw
Zdvklqjwrq Xqlyhuvlw| lq Vw1 Orxlv/ wkh Plgzhvw Pdwkhpdwlfdo Hfrqrplfv Phhwlqjv +Idoo

4<<9,/ wkh Sxeolf Fkrlfh Vrflhw| Phhwlqjv/ wkh Vdqwd Ih Lqvwlwxwh/ wkh Vwdqirug Lqvwlwxwh
iru Wkhruhwlfdo Hfrqrplfv +Vxpphu 4<<9,/ XF Ehunhoh|/ XF Vdqwd Fux} dqg XFOD dqg

wkh Xqlyhuvlw| ri Frshqkdjhq +hvshfldoo| Plnh Dnhpdqq/ Oduu| Eoxph/ Vdud Fdvwhoodqrv/

Mrkq Frqoh|/ Gdylg Frrshu/ Plnh U|doo/ Nduo Ylqg/ dqg Ihghulfr Zhlqvfkhoedxp,/ 6 uhihu0
hhv dqg wkh hglwru iru pdq| frpphqwv wkdw lpsuryhg erwk wkh frqwhqw dqg wkh h{srvlwlrq1

Zh wkdqn wkh XFOD dqg XF Ehunhoh| Dfdghplf Vhqdwh Frpplwwhhv rq Uhvhdufk/ wkh

Qdwlrqdo Vflhqfh Irxqgdwlrq dqg wkh Ixoeuljkw Irxqgdwlrq iru �qdqfldo vxssruw dqg wkh



Devwudfw

Wklv sdshu gh�qhv d jhqhudo htxloleulxp prgho zlwk h{fkdqjh dqg

foxe irupdwlrq1 Djhqwv wudgh pxowlsoh sulydwh jrrgv zlgho| lq wkh

pdunhw/ fdq ehorqj wr vhyhudo foxev/ dqg fduh derxw wkh fkdudfwhu0

lvwlfv ri wkh rwkhu phpehuv ri wkhlu foxev1 Wkh vsdfh ri djhqwv lv

d frqwlqxxp/ exw foxev duh �qlwh1 Lw lv vkrzq wkdw +l, frpshwlwlyh

htxloleuld h{lvw/ dqg +ll, wkh fruh frlqflghv zlwk wkh vhw ri htxloleulxp

vwdwhv1 Wkh fhqwudo vxewohw| lv lq prgholqj foxe phpehuvklsv dqg h{0

suhvvlqj wkh qrwlrq wkdw phpehuvkls fkrlfhv duh frqvlvwhqw dfurvv wkh

srsxodwlrq1
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XFOD dqg XF Ehunhoh| Ghsduwphqwv ri Hfrqrplfv dqg wkh Lqvwlwxwh ri Hfrqrplfv ri wkh

Xqlyhuvlw| ri Frshqkdjhq iru judflrxv krvslwdolw| +wr Jurgdo/ wr ]dph/ dqg wr Vfrwfkphu
dqg ]dph/ uhvshfwlyho|, gxulqj suhsdudwlrq ri wklv sdshu1
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ì _itUh�Mi @ U*�M |)Ti M) |�i ?�4Mih @?_ |�i U�@h@U|ih�t|�Ut Lu �|t

4i4Miht @?_ |�i @U|���|) �? ���U� |�i U*�M �t i?}@}i_� ì @**L� uLh4@|�L?
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t�4i |�@| |�i ?�4Mih Lu i |ih?@* U�@h@U|ih�t|�Ut Lu �?_���_�@*t E|�i U�@h@U�

|ih�t|�Ut |�@| 4@||ih |L L|�iht� @?_ |�i ?�4Mih Lu TL|i?|�@* |)Tit Lu U*�M

@hi �?�|ic @?_ |�@| |�i 4@ �4�4 ?�4Mih Lu U*�Mt @? �?_���_�@* U@? U�LLti

�t �?�|i� A�iti @tt�4T|�L?t }�@h@?|ii |�@| L�h U�L�Ui tT@Ui �t �?�|i _��

4i?t�L?@*c }hi@|*) t�4T*�u)�?} |�i 4L_i* @?_ |�i ThLLutQM�| |�i) @hi ?L|

5Froh dqg Suhvfrww +4<<:, surylgh d frqwlqxxp prgho lq d vslulw vlplodu wr wkh suhvhqw

sdshu/ exw wkh remhfwv ri fkrlfh lq wkdw sdshu duh orwwhulhv ryhu exqgohv ri sulydwh jrrgv

dqg foxe phpehuvklsv1 Orwwhulhv ryhufrph wkh lqglylvlelolw| sureohp e| pdnlqj fkrlfhv

glylvleoh1 Ehfdxvh zh ylhz wkh lqglylvlelolw| dv ixqgdphqwdo/ zh suhihu wr dgguhvv lw khdg0

rq1 Forvhu wr wkh suhvhqw zrun lv wkh xqsxeolvkhg sdshu ri Pdnrzvnl +4<:;,/ zkr lqwhusuhwv

foxev dv rujdql}dwlrqv iruphg e| hqwuhsuhqhxuv1
6Rxu frpsdqlrq sdshu/ Hoolfnvrq/ Jurgdo/ Vfrwfkphu dqg ]dph +4<<:e,/ wuhdwv ds0

sur{lpdwh htxloleulxp dqg dssur{lpdwh ghfhqwudol}dwlrq lq odujh �qlwh hfrqrplhv1

2



hi^��hi_ uLh UL4Ti|�|�L?� Ntiu�* i |i?t�L?t �L�*_ @**L� @? �?�?�|i ?�4Mih

Lu _�gihi?|�@|i_ Th��@|i }LL_tc @? �?�?�|i ?�4Mih Lu _�gihi?|�@|i_ i |ih?@*

U�@h@U|ih�t|�Ut @?_ @? �?�?�|i ?�4Mih Lu U*�M |)Titc @?_ @**L� @}i?|t |L

U�LLti @? �?�?�|i ?�4Mih Lu U*�M 4i4Miht��TtQM�| t�U� i |i?t�L?t ��**

hi^��hi @? �?�?�|i _�4i?t�L?@* U�L�Ui tT@Uic @?_ ML|� |�i 4L_i* @?_ |�i

ThLLut ��** ?iUitt@h�*) Mi 4�U� 4Lhi UL4T*�U@|i_�e

� !i) |L L�h @TThL@U� �t |�@| �i _i�?i @ U*�M 4i4Miht��T @t @? LTi?�?}

�? @ tTiU��U |)Ti Lu U*�Mc @�@�*@M*i |L @}i?|t ��|� @ tTiU��i_ U�@h@U|ih�t|�Uc

@?_ |hi@| U*�M 4i4Miht��Tt @?_ Th��@|i }LL_t �? T@h@**i* u@t��L? @t LM�iU|t

Lu U�L�Ui� �t �? U*@tt�U@* }i?ih@* i^��*�Mh��4 |�iLh)c ��ihi |�i _itUh�T|�L? Lu

@ Th��@|i }LL_ �?U*�_it @** |�i hi*i�@?| @tTiU|tc tL �ihi |�i _itUh�T|�L? Lu @

U*�M 4i4Miht��T �?U*�_it @** |�i hi*i�@?| @tTiU|tG ?�4Mih Lu L|�ih 4i4Mihtc

hi*i�@?| U�@h@U|ih�t|�Ut Lu |�i L|�ih 4i4Mihtc hi*i�@?| U�@h@U|ih�t|�Ut Lu |�i

4i4Mih �? ^�it|�L?c T�hTLti Lu |�i U*�Mc hitL�hUit ?iUitt@h) |L U@hh) L�|

|�@| T�hTLtic @?_ �?t|�|�|�L?@* @hh@?}i4i?|t ��|��? |�i U*�M� a�t| @t @

t4@** U�LUL*@|i M@hc @ *@h}i U�LUL*@|i M@hc @?_ @ *@h}i U�LUL*@|i M@h ��|�

@*4L?_t @hi _�gihi?| }LL_t @?_ 4@) �@�i _�gihi?| Th�Uitc tL 4i4Miht��T

�? @ t��44�?} TLL* U*�M ��|� 2f 4i4Mihtc @ t��44�?} TLL* U*�M ��|� ef

4i4Miht @?_ @ |i??�t U*�M ��|� ef 4i4Miht @hi _�gihi?| 4i4Miht��Tt @?_

4@) �@�i _�gihi?| Th�Uit� W?_ii_c �u }i?_ih 4@||iht |�i? @_4�tt�L? uLh @

ui4@*i �? @ ULi_�U@|�L?@* tU�LL* �t _�gihi?| uhL4 @_4�tt�L? uLh @ 4@*i �? |�i

t@4i tU�LL*c @?_ 4@) Mi Th�Ui_ _�gihi?|*)�

#itT�|i |�i T@h@**i* |hi@|4i?| Lu U*�M 4i4Miht��Tt @?_ Th��@|i }LL_tc

|�ihi @hi �4TLh|@?| _�gihi?Uit� 6�ht|c @?_ 4Lt| �4TLh|@?|*)c |�i ui@t�M�*�|)

UL?_�|�L? uLh |h@_�?} Lu U*�M 4i4Miht��Tt �t _�gihi?| uhL4 |�i ui@t�M�*�|)

UL?_�|�L? uLh |h@_�?} Lu Th��@|i }LL_t� 6Lh Th��@|i }LL_tc ui@t�M�*�|) 4i@?t

|�@| _i4@?_ Mi i^�@* |L t�TT*)� 6Lh U*�M 4i4Miht��Ttc ui@t�M�*�|) 4i@?t

|�@| U�L�Uit 4�t| Mi UL?t�t|i?| @UhLtt |�i TLT�*@|�L?� 6Lh i @4T*ic �u @ |��h_

Lu |�i TLT�*@|�L? @hi �L4i? 4@hh�i_ |L 4i?c |�i? @ |��h_ Lu |�i TLT�*@|�L?

4�t| Mi 4i? 4@hh�i_ |L �L4i?� A��t UL?t�t|i?U) UL?_�|�L? 4�t| �L*_ t��

4�*|@?iL�t*) uLh @** |)Tit Lu U*�Mt� 5iUL?_c |�i Th�Uit Lu U*�M 4i4Miht��Tt

7Vhh Pdv0Frohoo +4<:8, dqg Rvwur| dqg ]dph +4<<7, iru frpshwlwlyh prghov ri h{fkdqjh

hfrqrplhv zlwk lq�qlwho| pdq| gl�huhqwldwhg frpprglwlhv1

�



U@? Mi TLt�|��ic ?i}@|��i Lh 3ihL E��ihi@t Th�Uit Lu Th��@|i }LL_t 4�t| Mi

TLt�|��i�� A��t �t MiU@�ti U*�M 4i4Miht��T Th�Uit �@�i |�L UL4TL?i?|tG @

E?L?�?i}@|��i� t�@hi Lu |�i hitL�hUi |L uLh4 |�i U*�Mc @?_ @ |h@?tuih |L L|�ih

4i4Miht Lu |�i U*�Mc ���U� 4@) Mi Lu @?) t�}?� A�iti |h@?tuiht �?|ih?@*�

�3i |�i i |ih?@*�|�it Lu U*�M 4i4Miht��T( �? i^��*�Mh��4c |�i �@*�i T*@Ui_ L?

|�iti i |ih?@*�|�it ��** _iTi?_ L? |@t|it @?_ L? |�i hi*@|��i t�TT*) Lu �@h�L�t

U�@h@U|ih�t|�Ut� A��h_c U*�M 4i4Miht��T �t �?�ihi?|*) �?_���t�M*ic ��|� |�i

UL?ti^�i?Ui |�@| UL?t�4T|�L? ti|t @?_ Thiuihhi_ ti|t @hi ?L| UL?�i � ��h

UL?|�?��4 uh@4i�Lh! �@?_*it |��t _�gihi?Ui �ih) t4LL|�*)�D

��h ThLLut uL**L� *�?it |�@| @hi |)T�U@* Lu }i?ih@* i^��*�Mh��4 |�iLh)c M�|

��|� 4@?) t�M|*i|�it� A�i Ui?|h@* t�M|*i|) �t �? @UUL44L_@|�?} |�i U*�M

UL?t�t|i?U) UL?_�|�L?c ���U� �@t ?L @?@*L} �? |�i }i?ih@* i^��*�Mh��4 *�|ih�

@|�hi� �?L|�ih t�M|*i|) @h�tit �? |�i ThLLu Lu ULhi i^���@*i?Uic ��ihi |�i

tiT@h@|�L? |�iLhi4 ThL_�Uit |�i _iUi?|h@*�3�?} Th�Ui( |��t Th�Ui �@t ML|�

Th��@|i }LL_ @?_ U*�M 4i4Miht��T UL4TL?i?|tc @?_ �i 4�t| Mi t�hi |�@|

|�i Th��@|i }LL_ UL4TL?i?|t @hi ?L| �_i?|�U@**) 3ihL� � |��h_ t�M|*i|) @h�tit

�? |�i ThLLu Lu i �t|i?Ui Lu i^��*�Mh��4c MiU@�ti |�i ?@|�hi Lu U*�M 4i4Mih�

t��T Th�Uit E���U� 4@) Mi TLt�|��ic ?i}@|��i Lh 3ihL� 4i@?t |�@| |�ihi �t ?L

LM��L�t UL4T@U| tT@Ui Lu Th�Uit �? ���U� |L @TT*) @ � i_ TL�?| @h}�4i?|�

6L**L��?} |��t W?|hL_�U|�L?c 5iU|�L? 2 ThL��_it 4L|��@|�?} i @4T*it� A�i

uLh4@* 4L_i* �t _itUh�Mi_ �? 5iU|�L? �� 5iU|�L? e _�tU�ttit �i*u@hi |�iLhi4t

@?_ |�i ULhi� 5iU|�L? D @__hittit |�i i^���@*i?Ui Lu |�i ULhi @?_ |�i ti| Lu

i^��*�Mh��4 t|@|it @?_ 5iU|�L? S @__hittit |�i i �t|i?Ui Lu i^��*�Mh��4� A�i

|i | L�|*�?it |�i ThLLut( _i|@�*t @hi �? 5iU|�L? .�

2 , @4T*it

A��t 5iU|�L? Thiti?|t |�hii i @4T*it �**�t|h@|�?} �@h�L�t @tTiU|t Lu L�h uh@4i�

�Lh!� A�i �ht| i @4T*i �tit @ t�4T*i ti||�?} t�4�*@h |L ��U�@?@? E�bSD�

8Wkh frqyh{li|lqj h�hfw ri wkh frqwlqxxp zdv �uvw qrwhg e| Dxpdqq +4<97,> vhh Pdv0

Frohoo +4<::, iru d prgho zlwk lqglylvleoh sulydwh jrrgv1

e



|L ��}�*�}�| |�hii �4TLh|@?| ui@|�hit Lu L�h @TThL@U�G �� U*�Mt @hi �?�?�|it�

�4@* �? UL4T@h�tL? |L tLU�i|) @t @ ��L*i M�|c MiU@�ti t�3i �t T@h| Lu |�i

_itUh�T|�L? Lu @ U*�M |)Tic �| �t 4i@?�?}u�* |L |@*! @ML�| |�i LT|�4@* t�3i Lu @

U*�M( 2� U*�Mt Lu @?) T@h|�U�*@h |)Ti U@? Mi hiT*�U@|i_ ��|� UL?t|@?| hi|�h?t

|L tU@*i E��i�c |L uLh4 |�L U*�Mt Lu @ T@h|�U�*@h |)Ti hi^��hit ��t| |��Ui @t

4@?) �?_���_�@*t @?_ |��Ui |�i �?T�|t Lu UL44L_�|�it @t |L uLh4 @ t�?}*i

U*�M�( �� UL?}it|�L? Lh @ �?�|i ML�?_ L? U*�M t�3i �t Uh�U�@*G ��|�L�| t�U�

@tt�4T|�L?tc i^��*�Mh��4 4@) u@�* |L i �t|�

, @4T*i 2�� �hL�_�?} �L?t�_ih @? iUL?L4) ��|� @ UL?|�?��4 Lu UL?�

t�4iht �?�uLh4*) _�t|h�M�|i_ L? dfc �fo� A�ihi �t @ t�?}*i Th��@|i }LL_( |�i

i?_L�4i?| Lu UL?t�4ih & �t e& ' &� W? @__�|�L? |L |�i Th��@|i }LL_c UL?�

t�4iht �@�i |�i LT|�L? Lu UL?t|h�U|�?} @?_ �t�?} @ t��44�?} TLL*c i�|�ih

@*L?i Lh �? @ U*�M� ���*_�?} @ TLL* hi^��hit S �?�|t Lu |�i Th��@|i }LL_� �

UL?t�4ih ��L UL?t�4it % �?�|t Lu |�i Th��@|i }LL_ _ih��it �|�*�|) �E%( f� ' %

�u �t�?} ?L TLL* @?_ �E%(?� ' e%*? �u Mi*L?}�?} |L @ t��44�?} TLL* U*�M

��|� ? 4i4Miht� �L L?i Mi*L?}t |L 4Lhi |�@? L?i U*�M�

�Lh4@*�3i |�i Th�Ui Lu |�i Th��@|i }LL_ |L �c tL UL?t�4ih & �@t �i@*|�

&� �iU@�ti L?*) |�i t�3i Lu U*�Mt E@?_ ?L| |�i�h UL4TLt�|�L?� 4@||iht |L

UL?t�4ihtc TLL* ULt|t ��** Mi t�@hi_ i^�@**) ��|��? i@U� U*�Mc tL |�i Th�Ui Lu

@ 4i4Miht��T �? @ U*�M Lu t�3i ? �t @? i^�@* t�@hi Lu |�i ULt| Lu ThL_�U|�L?G

^? ' S*?� ��LLt�?} ?L TLL* ��** )�i*_ UL?t�4ih & |�i �|�*�|) &( t�@h�?} @

TLL* �? @ U*�M ��|� ? 4i4Miht ��** )�i*_ �|�*�|)

�E& � ^?(?� '
e

?

�
& � S

?

�

W? i^��*�Mh��4c UL?t�4iht t|h@|�u) M) �i@*|�G |�i �i@*|��it| UL?t�4ihtc |�Lti

��|� �i@*|� �? Ebc �foc �@�i @ TLL* Lu |�i�h L�?( UL?t�4iht ��|� �i@*|� �?

ESc bo t�@hi @ TLL* ��|� L?i L|�ih UL?t�4ih( |�i TLLhit| UL?t�4ihtc ��|�

�i@*|� �? dfc Soc UL?t�4i |�i Th��@|i }LL_ M�| _L ?L| i?�L) |�i �ti Lu @ TLL*�

�*�Mt Lu t�3i }hi@|ih |�@? 2 _L ?L| uLh4 �? i^��*�Mh��4�

�L|i �L� @�iht�L? |L UhL�_�?} ThL��_it @? igiU|��i *�4�| L? U*�M t�3i(

�? |�i @Mti?Ui Lu @?) @�iht�L? |L UhL�_�?}c *@h}ih @?_ *@h}ih U*�Mt 4�}�| Mi

D



_it�h@M*i @?_ i^��*�Mh��4 4�}�| ?L| i �t|� 5�TTLtic uLh �?t|@?Uic |�@| |�i

�|�*�|) _ih��i_ uhL4 4i4Miht��T �? @ U*�M Lu t�3i ? �ihi �E%(?� ' e% Eh@|�ih

|�@? �E%(?� ' e%*?� @?_ U*�Mt UL�*_ Mi Lu @?) t�3i� 5��44�?} TLL*t �L�*_

|�i? Mi T�hi T�M*�U }LL_tc ?L i^��*�Mh��4 �L�*_ i �t|c @?_ @ UL4Ti|�|��i

|�iLh) Lu |�i�h ThL��t�L? �L�*_ Mi �?@TThLTh�@|i� �

��h tiUL?_ i @4T*i �**�t|h@|it |�i �4TLh|@?Ui Lu ��i��?} @?_ Th�U�?}

U*�M 4i4Miht��Tt uLh �?_���_�@*t ��|� _�gihi?| U�@h@U|ih�t|�Ut @t _�gihi?|

UL44L_�|�it� A�i i @4T*i �t 4L|��@|i_ M) �hhL�<t E�b.2� UL44i?|@h) L?

�iU!ih<t E�bD.� _�tU�tt�L? Lu 4@h!i| Th�Uit @?_ ti}hi}@|�L?� A�i i @4T*i

@�h4t �hhL�<t �?t�}�| |�@|c �? |�i @Mti?Ui Lu Th�Ui _�tUh�4�?@|�L?c ThL�|

4@ �4�3@|�L? *i@_t |L ti}hi}@|�L?c M�| �| t�}}it|t @?L|�ih TLtt�M�*�|) @t �i**G

�?|i}h@|�L? ��|� Th�Ui _�tUh�4�?@|�L?�

, @4T*i 2�2 5i}hi}@|�L? �L?t�_ih @? iUL?L4) ��|� @ UL?|�?��4 Lu UL?�

t�4iht �?�uLh4*) _�t|h�M�|i_ L? dfc �o� �L?t�4iht �? dfc ��� @hi M*�ic UL?�

t�4iht �? d��c �o @hi }hii?� A�ihi �t @ t�?}*i Th��@|i }LL_( i@U� UL?t�4ih �@t

i?_L�4i?| 2� W? @__�|�L? |L |�i Th��@|i }LL_c UL?t�4iht �@�i |�i LT|�L?

Lu UL?t|h�U|�?} @?_ �t�?} @ _�T*i @T@h|4i?|� ���*_�?} @ _�T*i hi^��hit 2

�?�|t Lu |�i Th��@|i }LL_� �? �?_���_�@* ��L UL?t�4it % �?�|t Lu |�i Th��@|i

}LL_ @?_ ?L �L�t�?} _ih��it �|�*�|)

��E%( f� ' �CE%( f� ' %

���*i @? �?_���_�@* ��L UL?t�4it % �?�|t Lu |�i Th��@|i }LL_ @?_ @ _�T*i 

@T@h|4i?| _ih��it �|�*�|) @UULh_�?} |L ��t L�? U�@h@U|ih�t|�U @?_ |�@| Lu |�i

LUU�T@?| Lu |�i L|�ih �@*u Lu |�i _�T*i G

��E%(��� ' e% ��E%(�C� ' S%

�CE%(CC� ' S% �CE%(�C� ' e%
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ì t@) |�@| @ 4i4Miht��T �iU|Lh 7> 5 +} �t UL?t�t|i?| �u uLh i�ih) U*�M

|)Ti EZc �� 5 �*�Mtc |�ihi �t @ hi@* ?�4Mih kEZc �� t�U� |�@|

7>E/c Zc �� ' kEZc ��ZE/�

uLh i@U� / 5 l� EA�i ULi�U�i?| kEZc �� 4@) Mi �?|ihThi|i_ @t |�i R?�4Mih�

Lu U*�Mt Lu |)Ti EZc �� @UUL�?|i_ uLh �? 7>�� � U�L�Ui u�?U|�L? > G � $ w�t|t

�t UL?t�t|i?| uLh � �u |�i ULhhitTL?_�?} @}}hi}@|i 4i4Miht��T �iU|Lh 7> 'U
� >@_bE@� 5 +} �t UL?t�t|i?|� EA�i @}}hi}@|i 4i4Miht��T �iU|Lh 7> UL�?|t

|�i R?�4Mih� Lu 4i4Miht��Tt �? i@U� U*�M |)Ti U�Lti? M) �?_���_�@*t �? �

;Wklv phdvxudelolw| uhtxluhphqw lv htxlydohqw wr wkh xvxdo uhtxluhphqw rq phdvxudelolw|

ri suhihuhqfhv1

��



Lu i@U� U�@h@U|ih�t|�U� �L?t�t|i?U) �t |�i hi^��hi4i?| |�@| |�iti ?�4Miht

@hi �? |�i t@4i ThLTLh|�L? @t �? |�i U*�M |)Tit |�i4ti*�it�� h̀�|i

�L?t ' i7> 5 +} G 7> �t UL?t�t|i?| j

�L?t �t @ t�MtT@Ui Lu +}� �iU@�ti �?_���_�@*t U�LLti ?L?�?i}@|��i ?�4�

Miht Lu U*�M 4i4Miht��Ttc ui@t�M*i U*�M U�L�Uit �?_�Ui @}}hi}@|i 4i4Miht��T

�iU|Lht �? |�i TLt�|��i T@h| �L?tn � �L?t�

A�i t|@|i E%c >� �t ui@t�M*i uLh |�i 4i@t�h@M*i t�Mti| � � � �u �| t@|�t�it

|�i uL**L��?} hi^��hi4i?|tG

E�� W?_���_�@* 6i@t�M�*�|) E%@c >@� 5 f@ uLh i@U� @ 5 �

E��� �@|ih�@* �@*@?Ui

]
�
%@ _bE@� n

]
�

[
E/cZc��M}

�

mZm �?TEZc ��>@E/c Zc �� _bE@� '
]
�
e@ _bE@�

E���� �L?t�t|i?U)
U
� >@ _bE@� �t UL?t�t|i?|�

A�i t|@|i E%c >� �t ui@t�M*i �u �| �t ui@t�M*i uLh |�i ti| � �|ti*u�

� t|@|i Lu |�i iUL?L4) ��** }i?ih@**) �@�i R4@?)� U*�Mt Lu i@U� U*�M

|)Ti� �iU@�ti 4i4Miht Lu @ U*�M U@hi L?*) @ML�| |�i i |ih?@* U�@h@U|ih�t�

|�Ut Lu L|�ih 4i4Mihtc @?_ ?L| @ML�| |�i�h �_i?|�|�itc �| �t ?L| ?iUitt@h) |L

_�t|�?}��t� _�gihi?| U*�Mt Lu |�i t@4i U*�M |)Ti�

��S �@hi|L �T|�4@*�|) @?_ |�i �Lhi
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e A�i ì*u@hi A�iLhi4t @?_ |�i �Lhi

6Lh i U�@?}i iUL?L4�itc |�i �ht| �i*u@hi |�iLhi4 @ttih|t |�@| i^��*�Mh��4

t|@|it @hi �@hi|L LT|�4@*� A�i ULhhitTL?_�?} hit�*| �t i@t�*) it|@M*�t�i_ uLh

U*�M iUL?L4�it�

A�iLhi4 e�� ,�ih) U*�M i^��*�Mh��4 t|@|i Lu @ U*�M iUL?L4) Mi*L?}t |L |�i

�i@! ULhi @?_c �? T@h|�U�*@hc �t �i@!*) �@hi|L LT|�4@*� Wu i?_L�4i?|t @hi

_it�h@M*ic i�ih) U*�M i^��*�Mh��4 t|@|i Mi*L?}t |L |�i t|hL?} ULhi @?_c �? T@h�

|�U�*@hc �t t|hL?}*) �@hi|L LT|�4@*�

�hLLu wi| H Mi @ U*�M iUL?L4) @?_ *i| E%c >� Mi @? i^��*�Mh��4 t|@|ic

t�TTLh|i_ M) |�i Th�Uit R 5 +�
n q ifjc ^ 5 +}� Wu E%c >� �t ?L| �? |�i �i@!

ULhic |�ihi �t @ t�Mti| � � � Lu TLt�|��i 4i@t�hi @?_ @ t|@|i E+c D� |�@| �t

ui@t�M*i uLh � @?_ Thiuihhi_ |L E%c >� M) i�ih) 4i4Mih Lu �� 6i@t�M�*�|) Lu

E+c D� uLh |�i UL@*�|�L? � i?|@�*t |�i 4@|ih�@* M@*@?Ui UL?_�|�L?G

]
�
+@ _bE@� n

]
�

[
E/cZc��M}

�

mZm �?TEZc �� D@E/c Zc �� _bE@� '
]
�
e@ _bE@�

2f



@?_ |�i M�_}i| M@*@?Ui UL?_�|�L? uLh i@U� U*�M |)Ti EZc ��G

[
/Ml

ZE/�^E/c Zc �� ' R � �?TEZc ��

�L4M�?�?} |�iti ��|� |�i UL?t�t|i?U) UL?_�|�L?c �i UL?U*�_i |�@|

]
�
ERc ^� � E+@c D@� _bE@� '

]
�
R � e@ _bE@�

Oi?Ui |�ihi �t @ ti| �� � � �@��?} TLt�|��i 4i@t�hi uLh ���U�

ERc ^� � E+Kc DK� � R � eK
uLh i�ih) K 5 ��� 5�?Ui E+c D� �t �?@?�4L�t*) Thiuihhi_ |L E%c >� M) 4i4Miht

Lu �c |��t UL?|h@_�U|t |�i i^��*�Mh��4 ?@|�hi Lu E%c >�� ì UL?U*�_i |�@|

E%c >� �t �? |�i �i@! ULhic @t _it�hi_� A�@| E%c >� �t �i@!*) �@hi|L LT|�4@*

uL**L�t �44i_�@|i*) M) |@!�?} � ' � �? |�i @h}�4i?| @ML�i� Wu i?_L�4i?|t

@hi _it�h@M*ic |�i �i@! @?_ t|hL?} ULhit UL�?U�_i @?_ |�i ti|t Lu �i@! @?_

t|hL?} �@hi|L ti|t UL�?U�_ic tL |�i ThLLu �t UL4T*i|i�

6Lh i U�@?}i iUL?L4�itc |�i tiUL?_ �i*u@hi |�iLhi4 @ttih|t |�@| i�ih)

�@hi|L LT|�4@* @**LU@|�L? U@? Mi t�TTLh|i_ @t @? i^��*�Mh��4 UL?_�|�L?@*

L? @ t��|@M*i hi@**LU@|�L? Lu i?_L�4i?|t� 5�hTh�t�?}*)c |�i tiUL?_ �i*u@hi

|�iLhi4 u@�*t �? U*�M iUL?L4�it( uLh i @4T*it �i hiuih |�i hi@_ih |L L�h

�Lh!�?} T@Tih��f

D �Lhi%,^��*�Mh��4 ,^���@*i?Ui

W? |��t tiU|�L? �i it|@M*�t� |�@| ?L?�@|L4�U U*�M iUL?L4�it T@tt @ u@4�*�@h

|it| Lu TihuiU| UL4Ti|�|�L?G A�i ULhi UL�?U�_it ��|� i^��*�Mh��4 t|@|it�

43Iru h{fkdqjh hfrqrplhv zlwk d �qlwh qxpehu ri djhqwv/ wkh vhfrqg zhoiduh wkhruhp

ghshqgv rq frqyh{lw| ri frqvxpswlrq vhwv dqg suhihuhqfhv�uhtxluhphqwv wkdw idlo lq foxe

hfrqrplhv ehfdxvh foxe phpehuvklsv duh lqglylvleoh1 Krzhyhu/ iru h{fkdqjh hfrqrplhv

zlwk d frqwlqxxp ri djhqwv/ wkh vhfrqg zhoiduh wkhruhp grhv qrw uhtxluh frqyh{lw| ri

frqvxpswlrq vhwv ru suhihuhqfhv1

2�



A�iLhi4 D�� wi| H Mi @ ?L?�@|L4�U U*�M iUL?L4) �? ���U� i?_L�4i?|t

@hi _it�h@M*i @?_ �?�uLh4*) ML�?_i_ @ML�i� A�i? i�ih) ULhi t|@|i U@? Mi

t�TTLh|i_ @t @ U*�M ^�@t��i^��*�Mh��4 @?_ i�ih) ULhi t|@|i |�@| �t U*�M *�?!i_

U@? Mi t�TTLh|i_ @t @ U*�M i^��*�Mh��4� W? T@h|�U�*@hc �u H �t U*�M �hhi_�U�M*ic

|�i? |�i ULhi UL�?U�_it ��|� |�i ti| Lu U*�M i^��*�Mh��4 t|@|it�

A�i ThLLu �? 5iU|�L? . T@h@**i*t |�i V�?_ E�bSe� @?_ 5U�4i�_*ih E�bSb�

ThLLut Lu ��4@??<t ULhi i^���@*i?Ui |�iLhi4 uLh i U�@?}i iUL?L4�itG �L?�

t|h�U| @ Thiuihhi_ ?i| |h@_i ULhhitTL?_i?Ui @?_ @? @}}hi}@|i ?i| Thiuihhi_

ti|c @?_ @TT*) |�i w)@T�?L� UL?�i �|) |�iLhi4 |L t�L� |�@| |�i @}}hi}@|i

?i| Thiuihhi_ ti| �t UL?�i � Nti |�i ULhi ThLTih|) |L t�L� |�@| |�i @}}hi}@|i

?i| Thiuihhi_ ti| �t _�t�L�?| uhL4 @ UL?i |�@| hiThiti?|t ui@t�M*i ?i| |h@_it

uLh @** UL@*�|�L?t� 6�?_ @ Th�Ui |�@| tiT@h@|it |�i @}}hi}@|i ?i| Thiuihhi_

ti| uhL4 |��t UL?i @?_ t�L� |�@| |��t �t @ ^�@t��i^��*�Mh��4 Th�Ui� Nti U*�M

*�?!i_?itt |L UL?U*�_i |�@| |�i ^�@t��i^��*�Mh��4 �t @? i^��*�Mh��4�

A�i @h}�4i?| UL?|@�?t |�L t�hTh�tit |�@| @hi ?L| Thiti?| �? |�i i U�@?}i

U@ti� A�i �ht| �t |�@| �i hi^��hi i?_L�4i?|t |L Mi ML�?_i_� �t |�i uL*�

*L��?} i @4T*i _i4L?t|h@|itc |��t �t ?L| 4ihi*) @? @h|�u@U| Lu |�i ThLLu�

Wu i?_L�4i?|t @hi �?ML�?_i_c |�i ULhi 4@) ?L| UL�?U�_i ��|� |�i ti| Lu

i^��*�Mh��4 t|@|it @?_ i^��*�Mh��4 4@) ?L| i �t|�

, @4T*i D�2 A�ihi �t @ t�?}*i UL?t�4T|�L? }LL_c |�L i |ih?@* U�@h@U|ih�

�t|�Ut �c8 E4@*ic ui4@*i�c @?_ @ t�?}*i U*�M |)Ti S UL?t�t|�?} Lu L?i @}i?|

Lu i@U� U�@h@U|ih�t|�U E��i�c 4L?L}@4L�t 4@hh�@}i� @?_ hi^��h�?} ?L �?T�|t�

�}i?|t U@? U�LLti @| 4Lt| L?i 4i4Miht��T� �}i?|t �? |�i �?|ih�@*t dfc �*2�

@?_ d�*2c �o @hi hitTiU|��i*) 4@*it @?_ ui4@*it� �@*it *L�i 4@hh�@}i @?_

ui4@*it �@|i �|G

�@E%c f� ' % uLh @** @ 5 dfc �o

�@E%c BE�cS�� ' 2% uLh @** @ 5 dfc �*2� E4@*it�

�@E%c BE8cS�� ' �� e3% uLh @** @ 5 d�*2c �o Eui4@*it�

��ihi BE/cS� �t @ *�t| ��|� @ t�?}*i 4i4Miht��T E/c S�� ,?_L�4i?|t @hi �I
@
�

W| �t i@t�*) U�iU!i_ |�@| |�i �?�|�@* t|@|i �t |�i �?�^�i i*i4i?| Lu |�i ULhi

22



M�| �t ?L| @? i^��*�Mh��4G A�ihi �t ?L �TTih ML�?_ L? |�i @4L�?| 4i?

�L�*_ T@) |L i?|ih @ 4@hh�@}ic MiU@�ti 4@*it @hi ��**�?} |L }��i �T �@*u |�i�h

i?_L�4i?| |L i?|ih @ 4@hh�@}ic @?_ 4@*i i?_L�4i?|t @hi �?ML�?_i_� ��|

?L ui4@*i �t ��**�?} |L i?|ih @ 4@hh�@}i @| @?) Th�Ui� �

A�i L|�ih t�hTh�ti �t |�@| �| ��** ?L| Mi }LL_ i?L�}� |L �?_ Th�Uit ERc ^�

|�@| tiT@h@|i |�i @}}hi}@|i ?i| Thiuihhi_ ti| uhL4 |�i UL?i hiThiti?|�?}

ui@t�M*i ?i| |h@_it( �i 4�t| @*tL Mi t�hi |�@| R 9' f� AL @U��i�i |��t �i

��** tiT@h@|i |�i @}}hi}@|i ?i| Thiuihhi_ ti| uhL4 @ UL?i |�@| �t *@h}ih |�@?

|�i UL?i hiThiti?|�?} ui@t�M*i ?i| |h@_it� AL t�L� |�@| |�i @}}hi}@|i ?i|

Thiuihhi_ ti| �t _�t�L�?| uhL4 |��t UL?ic �i ��** ?ii_ |L t�L� |�@| �u E+c D� �t

@ t|@|ic � � � �t @ UL@*�|�L?c @?_ D �t R?i@h*)� UL?t�t|i?| uLh �c |�i? |�ihi

�t @ *@h}i t�Mti| �� � � t�U� |�@| D �t Ei @U|*)� UL?t�t|i?| uLh ��� A��t �_i@

�t uLh4@*�3i_ �? wi44@ .���

S , �t|i?Ui Lu ,^��*�Mh��4

A�iLhi4 S�� wi| H Mi @ ?L?�@|L4�U U*�M iUL?L4)� Wu i?_L�4i?|t @hi _i�

t�h@M*i @?_ �?�uLh4*) ML�?_i_ @ML�ic |�i? @ U*�M ^�@t��i^��*�Mh��4 i �t|t� Wu

�? @__�|�L? H �t U*�M �hhi_�U�M*ic |�i? @ U*�M i^��*�Mh��4 i �t|t�

A�i t|h�U|�hi Lu |�i @h}�4i?| ��** Mi u@4�*�@hG UL?t|h�U| @? i Uitt _i�

4@?_ ULhhitTL?_i?Uic �ti @ � i_ TL�?| |�iLhi4 |L �?_ @ 3ihLc @?_ t�L�

|�@| |��t 3ihL �t @? i^��*�Mh��4� OL�i�ihc |�ihi @hi 4@?) t�M|*i|�itG

� A�i M@*@?Ui UL?_�|�L? uLh Th��@|i }LL_t �t |�@| |�i i Uitt _i4@?_ uLh

Th��@|i }LL_t �t fc M�| |�i M@*@?Ui UL?_�|�L? uLh U*�M 4i4Miht��Tt �t

|�@| |�i _i4@?_ uLh U*�M 4i4Miht��Tt �t �? �L?t�

� W? i^��*�Mh��4c Th�Uit uLh Th��@|i }LL_t 4�t| Mi TLt�|��ic M�| Th�Uit

uLh U*�M 4i4Miht��T Th�Uit 4@) Mi TLt�|��ic ?i}@|��i Lh f� Oi?Ui |�i

hi*i�@?| tT@Ui Lu @** Th�Uit �t ?L| @ ThLTih UL?ic @?_ |�i �t�@* uLh4t Lu

|�i i Uitt _i4@?_ *i44@ ��** ?L| @TT*)�

2�



� �h��@|i }LL_ Th�Uit U@? Mi ?Lh4@*�3i_ |L t�4 |L �c M�| U*�M 4i4Mih�

t��T Th�Uit @_4�| ?L LM��L�t ?Lh4@*�3@|�L? Lh ML�?_�
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ì U*@�4 |�@| ~ _ �W ' >�
5�TTLti |�@| ~ _ �W 9' >( �i UL?t|h�U| @ M*LU!�?} UL@*�|�L?� ��LLti

E%Wc >W� 5 ~ _�W� �) _i�?�|�L?c |�ihi �t @ 4i@t�h@M*i ti*iU|�L? @ :$ E+@c D@�

uhL4 |�i ULhhitTL?_i?Ui [ t�U� |�@|

E%Wc >W� '
]
�

E+@c D@� _bE@�

wi| � ' i@ 5 � G E+@c D@� 5 �E@�j Mi |�i ti| Lu @}i?|t uLh ��L4 E+@c D@� �t

�? |�i�h ?i| Thiuihhi_ ti|� �L|i |�@| bE�� : f @?_

E%Wc >W� '
]
�

E+@c D@� _bE@� E2�
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�t @ ULhi t|@|i� ì UL?U*�_i |�@| ~ _ �W ' >c @t @ttih|i_�
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bE.�� ' f( @*4Lt| @** @}i?|t U�LLti �? |�i�h M�_}i| ti|t�

AL U�iU! |�i ^�@t��LT|�4�3@|�L? UL?_�|�L?tc *i| .� Mi |�i ti| Lu @}i?|t ��L

@hi ?L| ^�@t��LT|�4�3�?} �? |�i�h M�_}i| ti|t� wi| M � +?

n Mi @?) UL�?|@M*i

_i?ti t�Mti|� �) _i�?�|�L?c @ 5 .� �u @?_ L?*) �u |�ihi �t @ U�L�Ui �iU|Lh

E+@c D@� 5 f@ ' +?

n � w�t|t@ ���U� �t t|h�U|*) Thiuihhi_ |L E%@c >@� @?_ ULt|t

t|h�U|*) *itt |�@? @<t i?_L�4i?|( i^���@*i?|*) EMiU@�ti M �t _i?ti�c @ 5 .�

�u @?_ L?*) �u |�ihi �t @ U�L�Ui �iU|Lh E+@c D@� 5 f@ ' M � w�t|t@ ���U�

�t t|h�U|*) Thiuihhi_ |L E%@c >@� @?_ ULt|t t|h�U|*) *itt |�@? @<t i?_L�4i?|�

W| uL**L�t |�@| .� �t @ 4i@t�h@M*i ti|c @?_ |�@| |�i U�L�Uit E+@c D@� U@?

Mi U�Lti? |L _iTi?_ 4i@t�h@M*) L? @ 5 .�� 5�TTLti bE.�� : f� #i�?i

E7%c 7>� G � $ +�

n �+} M)

E7%@c 7>@� '

+
E+@ n �ED@�� e@c D@� �u @ 5 .�

Efc f� L|�ih��ti

�) UL?t|h�U|�L?c E7%c 7>� �t @ 4i@t�h@M*i ti*iU|�L? uhL4 |�i ULhhitTL?_i?Ui [

tL
U
�
E7%@c 7>@� _bE@� 5 ~� OL�i�ihc L�h UL?t|h�U|�L? }�@h@?|iit |�@|

ERc ^� �
]
�

E	%@c 	>@� _bE@� '
]
�

ERc ^� � E	%@c 	>@� _bE@� 	 f

���U� UL?|h@_�U|t |�i u@U| |�@| ERc ^� tiT@h@|it ~ uhL4 �W� ì UL?U*�_i |�@|
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