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Zh vwxg| wkh frqvhtxhqfhv ri ohqlhqf| ~ uhgxfhg ohjdo vdqfwlrqv iru zurqj0

grhuv zkr vsrqwdqhrxvo| vhoi0uhsruw wr odz hqirufhuv ~ rq fruuxswlrq/ guxj ghdo0

lqj/ dqg rwkhu irupv ri vhtxhqwldo/ elodwhudo/ loohjdo wudgh1 Zh �qg wkdw zkhq qrw

surshuo| ghvljqhg/ ohqlhqf| pd| eh kljko| frxqwhusurgxfwlyh1 Lq uhdolw| ohqlhqf|

lv w|slfdoo| _prghudwh/% lq wkh vhqvh ri rqo| uhgxflqj/ ru dw ehvw fdqfhoolqj wkh

vdqfwlrqv iru wkh vhoi0uhsruwlqj sduw|1 Prghudwh ohqlhqf| pd| juhdwo| idflolwdwh

wkh hqirufhphqw ri orqj0whup loohjdo wudgh uhodwlrqv/ dqg pd| hyhq surylgh dq

h�hfwlyh hqirufhphqw phfkdqlvp iru rffdvlrqdo +rqh0vkrw, loohjdo wudqvdfwlrqv/

zklfk zrxog qrw eh hqirufhdeoh rwkhuzlvh1
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lj+�NiatH Ohqlhqf|/ vhoi0uhsruwlqj/ fruuxswlrq/ loohjdo wudgh/ rujdql}hg

fulph/ odz hqirufhphqw1

�Zh wkdqn Plfkhoh Sror dqg Sdwulfn Uh| iru vwlpxodwlqj glvfxvvlrqv/ dqg sduwlflsdqwv dw wkh

Zruog Frqjuhvv ri wkh Hfrqrphwulf Vrflhw| lq Vhdwwoh iru frpphqwv1 Xvxdo fdyhdwv dsso|1 Vsdj0

qror dnqrzohgjhv ixqglqj iurp wkh Vzhglvk Frpshwlwlrq Dxwkrulw| dqg wkh Hxurshdq Frpplvvlrq

+HJHPWSV2UWQ,1
|Ohdu 0 Oderudwru| ri Hfrqrplfv/ Dqwlwuxvw dqg Uhjxodwlrq1 H0pdlo= sdror1exfflurvvlCohdu0vdv1lw
}Xqlyhuvlw| ri Pdqqkhlp/ Vwrfnkrop Vfkrro ri Hfrqrplfv dqg F1H1S1U1 H0pdlo= jldq0

fduor1vsdjqrorCkkv1vh
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lpsuryhphqw lq d frxqwu| fruuxswlrq lqgh{ lv dvvrfldwhg zlwk dq lqfuhdvh lq wkh lqyhvwphqw udwh e|

derxw 6 shufhqw ri JGS1 Uhfhqw zrun rq wudqvlwlrq hfrqrplhv sodfhv fruuxswlrq dw wkh khduw ri wkhlu

srru srvw0sulydwl}dwlrq shuirupdqfh +vhh h1j1 Er|fnr hw do1 4<<8> PfPloodq hw do1 4<<<> Eodfn hw do1

4<<<> dqg sduwlfxoduo| Khoopdq hw do1 5333,1
6Zh zurwh _qrupdoo|% ehfdxvh lq vrph frxqwulhv wkh Pd�d sduwldoo| vroyhv wkhvh sureohpv e|

wd{lqj loohjdo wudqvdfwlrqv dqg r�hulqj _hqirufhphqw vhuylfhv% +vhh h1j1 Jdpehwwd/ 4<<6> Jdpehwwd

dqg Uhxwhu/ 4<<8,

2



@t T@h|�it �?_ �| UL?�i?�i?| |L t|�U! |L |�i @}hii4i?| |L 4@�?|@�? |�i�h hiT�|@|�L? Lu

R�L?it| Uh�4�?@*tc� @�L�_ hi|@*�@|�L?t%T�?�t�4i?|tc @?_ hi@*�3i |�i i TiU|i_ u�|�hi

�L� Lu }@�?t uhL4 �**i}@* |h@_i�e

5�?Ui �**i}@* |h@?t@U|�L?t �?�L*�i @| *i@t| |�L T@h|�it @?_ hi^��hi @ Uih|@�? _i}hii

Lu �?|ih?@* |h�t|c L?i �@) *@� i?uLhUi4i?| @}i?U�it �}�| |�i4 �t M) t�@T�?} Th��@|i

�?Ui?|��it |L T*@) L?i T@h|) @}@�?t| |�i L|�ihEt�( |�@| �tc M) i?t�h�?} |�@| @}i?|t

�?�L*�i_ �? �**i}@* |h@?t@U|�L?t �?_ |�i4ti*�it �? @ t�|�@|�L? @t U*Lti @t TLtt�M*i |L

@ �h�tL?ih<t #�*i44@�D w@� i?uLhUiht _L |��t M) @�@h_�?} *i?�i?U) � |)T�U@**) @ hi�

_�U|�L? Lh U@?Ui**@|�L? Lu *i}@* t@?U|�L?t E@UUL4T@?�i_ M) ThL|iU|�L? uhL4 hi|@*�@|�L?

@?_ hi*@|i_ Mi?i�|t� � |L �hL?}_Liht |�@| hiTLh| |�i�h �**i}@* Mi�@��Lh @?_ t��U�i?|

�?uLh4@|�L? |L UL?��U| R|�i hit| Lu |�i }@?}�� ��@h_�?} *i?�i?U) |L �hL?}_Liht ��L

ULLTih@|i �t ThLM@M*) |�i 4Lt| �4TLh|@?| �?t|h�4i?| �? |�i �@?_t Lu *@� i?uLhUiht

|L i*�U�| �?uLh4@|�L? L? Lh}@?�3i_ Uh�4i� 6Lh4@* @?_ �?uLh4@* i U�@?}it Lu *i?�i?U)

@}@�?t| �?uLh4@|�L?%UL**@MLh@|�L? @hi @ ?Lh4@* ui@|�hi Lu *@� i?uLhUi4i?| �? 4Lt|

�Lh*_ UL�?|h�it� W? T@h|�U�*@hc |�i) �@�i Mii? i |i?t��i*) @?_ ^��|i t�UUittu�**) �ti_

E@?_ 4�t�ti_� �? |�i N5 @?_ W|@*) |L �}�| 5�U�*�@? �@�@c @?_ @hi hL�|�?i*) �ti_ E@?_

4�t�ti_� �? |�i N5 |L �}�| _h�} _i@*�?} @?_ hi*@|i_ Uh�4it�S 6hL4 @ |�iLhi|�U@*

TL�?| Lu ��i�c |�i �h�tL?ih<t #�*i44@ }@4i �|ti*u �t Tih�@Tt |�i Mit| !?L�? 4L_i* Lu

*i?�i?U)G |�i t@?U|�L?t uLh @ Th�tL?ih |�@| �?�*@|ih@**) UL?uittit ��t Uh�4i @hi hi_�Ui_

|L �?_�Ui ��4 |L UL?uitt @?_ ThL�i }��*|) ��t uLh4ih T@h|?ihEt��

7Wklv ihdwxuh lv frpprq wr prvw nlqgv ri rujdql}hg fulph +h1j1 Sror 4<<8> Jdurxsd 4<<<,1

Qhyhuwkhohvv/ ghwhuulqj loohjdo wudgh/ dqg sduwlfxoduo| fruuxswlrq lv xvxdoo| txlwh sureohpdwlf1 Wklv lv

ehfdxvh zkhuh fruuxswlrq dqg loohjdo wudgh lv pruh zlghvsuhdg wkh odz hqiruflqj djhqflhv lq fkdujh ri

prqlwrulqj dqg vdqfwlrqlqj loohjdo ehkdylru duh dovr w|slfdoo| lqh�flhqw dqg fruuxsw +odz hqirufhphqw

djhqflhv duh riwhq wkh �uvw sduw ri wkh dgplqlvwudwlrq wr jhw fruuxswhg/ dqg hfrqrplvwv vshqw douhdg|

vrph h�ruw wr xqghuvwdqg krz wkh lqfhqwlyhv ri wkhvh djhqflhv vkrxog eh vwuxfwxuhg wr plqlpl}h

fruuxswlrq> vhh h1j1 Prrnkhumhh dqg Sqj 4<<8> Srolqvn| dqg Vkdyhoo 4<<<,1
8Udlvlqj vdqfwlrq djdlqvw sduwlflsdqwv lv wkh rwkhu/ pruh vwdqgdug zd| ri ghwhuulqj loohjdo wudqv0

dfwlrqv +dqg fulph lq jhqhudo> vhh Ehfnhu 4<9;,1 Wkrxjk/ wkh olwhudwxuh rq wkh rswlpdo hqirufhphqw

ri odz kdv lghqwl�hg vhyhudo uhdvrqv zk| udlvlqj vdqfwlrq deryh fhuwdlq wkuhvkrogv fdq eh frxqwhu0

surgxfwlyh +vhh h1j1 Srolqvn| dqg Vkdyhoo 5333,1
9Wkh plvxvh rffxuv zkhq survhfxwruv dqg frxuwv uho| h{foxvlyho| +ru pdlqo|, xsrq d whvwl0

prq| rewdlqhg lq h{fkdqjh iru ohqlhqf|1 D xvhixo lqwurgxfwlrq wr wklv lqfuhgleoh sudfwlfh lv dw

kwws=22zzz1sev1ruj2zjek2sdjhv2iurqwolqh2vkrzv2vqlwfk21 Wkurxjkrxw wkh sdshu zh zloo dvvxph wkdw
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wkdw klv whvwlprq| lv qrw uhtxluhg qru dgplwwhg1
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e| Prwwd dqg Sror +4<<<,1 Wkh| vkrz/ dprqj rwkhu wklqjv/ wkdw wkh h�hfwv ri ohqlhqf| r�huhg gxulqj

survhfxwlrq rq ghwhuuhqfh duh dpeljxrxv= rq wkh rqh kdqg/ ohqlhqf| lqfuhdvhv wkh suredelolw| ri ehlqj
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ri fruuxswlrq iru wkh odvwv1 Lq vrph Plggoh0Hdvw frxqwulhv/ olnh Hj|sw/ wklv irup ri ohqlhqf| kdv

ehhq frgl�hg dqg lpsohphqwhg iru vhyhudo |hduv lq wkh dwwhpsw wr lqgxfh �upv wr ghqrxqfh fruuxsw
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remhfwlyh ri odz hqirufhphqw1 Li rqh glvuhjdugv prudo frqfhuqv +lqfoxglqj mxvwlfh0uhodwh svlfrorjlfdo

h�hfwv rq ylfwlpv,/ zhuh survhfxwlrq wr kdyh qr ghwhuuhqfh h�hfwv lw zrxog eh d sxuh ghdgzhljkw frvw

iru vrflhw|1
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ì Mi}�? |L U�@h@U|ih�3i |�i igiU|t Lu *i?�i?U) L? L?i�t�L| ULhh�T| |h@?t@U|�L?tc tL

|�@| |�i hi@_ih MiUL4it u@4�*�@h ��|� |�i 4iU�@?�t4 Lu |�i ti^�i?|�@* }@4it EA� @?_

A2�� W? |�i ?i | tiU|�L? �i ThLUii_ ��|� |�i 4Lhi UL4T*i @?@*)t�t Lu |�i hiTi@|i_

�**i}@* i U�@?}i�

�t @?|�U�T@|i_ �? |�i �?|hL_�U|�L?c �i ��** t�L� �ihi |�@| M@_*) _it�}?i_ R4L_�

ih@|i� w�tc UL44L? �? hi@*�|)c 4@) i?_ �T i?uLhU�?} L|�ih��ti �?ui@t�M*i LUU@t�L?@*

�**i}@* |h@?t@U|�L? M) ThL��_�?} |�i �ht| T@h|) |�@| _i*��iht ��|� @ Uhi_�M*i |�hi@| �

_i?L�?U�?} |�i ULhh�T| _i@* |L *@� i?uLhUiht � |�@| uLhUit |�i L|�ih T@h|) |L UL4T*)�

�L?t�_ih �ht| |�i Mi?U�4@h! U@ti ��ihi |�ihi �t ?L *i?�i?U)c tL |�@| 7� ' -7�

E-8� ' 8�� uLh @** �� A�i? ��@|i�ih |�4�?} �t U�Lti?c |�i T@h|) |�@| 4L�it �ht|

U@??L| Uhi_�M*) |�hi@|i? |L hiTLh| |�i �**i}@* @}hii4i?| |L |�i *@� i?uLhUih �u |�i

tiUL?_ 4L�ih _Lit ?L| _i*��ih� �) _L�?} tL EU�LLt�?} _ @| �i *@t| ?L_i� �i �L�*_ u@Ui

|�i u�** t@?U|�L? �?U�hh�?} @? @__�|�L?@* *Ltt� A�i? |�i tiUL?_ 4L�ih<t Mit| @U|�L?

�t ?c ��i� |L !iiT |�i }@�? uhL4 |�i T@h|�@**) i iU�|i_ �**i}@* |h@?t@U|�L? E|�i �@*�i

b



Lu |�i �?�it|4i?| � uLh |�i i?|hiThi?i�h �? A�( |�i Mh�Mi K uLh |�i M�hi@�Uh@| �? A2�

��|�L�| TihuLh4�?} |�i @U|�L? hi^��hi_ M) |�i �**i}@* @}hii4i?|� k?L��?} |��tc |�i

�ht| 4L�ih ��** ?L| i?|ih �?|L |�i �**i}@* @}hii4i?| �? |�i �ht| T*@Uic @?_ ULhh�T|�L?

��** ?L| LUU�h� �L|i |�@| |��t hi@tL?�?} _Lit ?L| _iTi?_ L? |�i �?i 8�c �| @TT*�it

i�i? ��i? 8� ' f� A��t ThL�it |�i �ht|c h@|�ih �?t�hTh�t�?} hit�*|�

�hLTLt�|�L? � �Mti?| *i?�i?U) ThL}h@4tc L?i�t�L| �**i}@* |h@?t@U|�L?t @hi ?L| i?�

uLhUi@M*i�

6Lh @? LUU@t�L?@* �**i}@* i U�@?}i |L MiUL4i i?uLhUi@M*i �? @| *i@t| L?i Lu |�i

|�L |�4�?}t |�hii UL?_�|�L?t 4�t| Mi t@|�t�i_� A�i �ht| UL?_�|�L? hi}@h_t |�i tiUL?_

4L�ih Ei�}� |�i i?|hiThi?i�h �? A�� @?_ �| �t @ ?L�hiTLh|�?} UL?_�|�L?G hitTiU|�?}

|�i @}hii4i?| @| |�i tiUL?_ ?L_i EU�LLt�?} K �? A�c Lh @ �? A2� 4�t| Mi �i@!*)

Thiuihhi_ |L hiTLh|�?} EU�LLt�?} _� @?_ U@t��?} |�i TLtt�M*i hi�@h_� A��t UL?_�|�L?

�tG

�-8. � � � K �? A�c

�-8� � K� S �? A2�

A�i L|�ih |�L UL?_�|�L?t hi}@h_ |�i �ht| 4L�ih Ei�}� |�i M�hi@�Uh@| �? A��� A�i

�ht| U@? Mi U@**i_ |�i Uhi_�M*i |�hi@| UL?_�|�L?� A�i hi_�Ui_ �?i uLh |�i �ht|

4L�ih 4�t| Mi t�U� |�@| �i U@? Uhi_�M*) |�hi@|i? |L hiTLh| |L |�i *@� i?uLhUih E|L

U�LLti _ @| |�i *@t| ?L_i _L�?� �u |�i L|�ih T*@)ih _Lit ?L| hitTiU| |�i @}hii4i?|

EU�LLt�?} ? @| |�i tiUL?_ ?L_i�� A��t UL?_�|�L? �tG��

�-8� � f �? A�c

�-8. � f �? A2�

A�i tiUL?_ UL?_�|�L? UL?Uih?�?} |�i �ht| 4L�ihc @*tL @ ?L�hiTLh|�?} UL?t|h@�?|c

U@? Mi *@Mi**i_ |�i Uhi_�M*i ThL4�ti UL?_�|�L?� A�i hi_�Ui_ �?i uLh |�i �ht| 4L�ih

46D vwulfwo| srvlwlyh suredelolw| ri ghwhfwlrq zkhq qrerg| uhsruwv zrxog zhdnhq wklv frqvwudlqw e|

surylglqj dq dgglwlrqdo uhdvrq wr wxuq lq rqh*v sduwqhu li kh fkhdwv lq d rqh0vkrw ghdo= dyrlglqj wkh

ulvn wr jhw fdxjkw dqg sxqlvkhg +vhh Vsdjqror 5333e iru d vlpsohu prgho lqfrusrudwlqj wklv h�hfw,1

�f



4�t| Mi t�U� |�@| �i U@? Uhi_�M*) ThL4�ti �i ��** ?L| hiTLh| E�i ��** ?L| U�LLti _ @|

|�i *@t| ?L_i �T� �u |�i L|�ih T*@)ih LMi)t |L |�i @}hii4i?| @| |�i tiUL?_ ?L_i� A��t

UL?_�|�L? �tG

�-8� � K �? A�c

�-8. � � �? A2�

5�?Ui |�iti |�hii UL?_�|�L?t 4�t| Mi t�4�*|@?iL�t*) t@|�t�i_c |�i �**i}@* |h@?t@U�

|�L? �t i?uLhUi@M*i �? A� �u @?_ L?*) �u

�-8. � � � Kc @?_ f � �-8� � K(

@?_ �| �t i?uLhUi@M*i �? A2 �u @?_ L?*) �u

�-8� � K� Sc @?_ f � �-8. � ��

�L?t�_ih ?L� |�i igiU|t Lu @}i?|t< @M�*�|) |L LT|�4@**) ti| |�i Mh�Mi |L u@U�*�|@|i

|�i i?uLhUi4i?| Lu |�i �**i}@* |h@?t@U|�L?�

W? A� |�ihi �t @ UL?��U| Mi|�ii? |�i |�L T*@)iht� Wu |�i) hi_�Ui |�i �@*�i Lu K �?

Lh_ih |L 4@!i |�i R?L�hiTLh|�?} UL?_�|�L?� *itt t|h�?}i?| uLh |�i i?|hiThi?i�hc |�i)

|�}�|i? |�i RUhi_�M*i ThL4�ti UL?_�|�L?� uLh |�i M�hi@�Uh@|� �iU@�ti Lu |��t |h@_i�Lgc

�u �-8.�-8� : � |�ihi �t ?L K |�@| @**L�t |�i |�L T*@)iht |L t@|�tu) ML|� UL?_�|�L?t

EUL4M�?�?} |�i |�L UL?t|h@�?|t �i LM|@�? �-8. � -8� � ��� Wu L? |�i L|�ih �@?_

�-8. � -8� � �c |�ihi �t @*�@)t tL4i K 5 dSc �o t�U� |�@| �-8. � � � K @?_

�-8� � Kc �?*itt �-8. : � � Sc Lh �-8� : �� A��t hi@tL?�?} �t t�44@h�3i_ M)

|�i uL**L��?} wi44@�

wi44@ � � L?i�t�L| �**i}@* |h@?t@U|�L? |�@| uL**L�t A� �t i?uLhUi@M*i uLh tL4i K 5

dSc �o �u @?_ L?*) �u |�i uL**L��?} UL?_�|�L?t @hi t�4�*|@?iL�t*) t@|�t�i_G

�-8. � -8� � �(

�-8. � � � S(

f � �-8� � ��

��



W? A2 |�ihi �t ?L| t�U� @ |i?t�L? Mi|�ii? UL?_�|�L?t @?_c �u ?iUitt@h)c @}i?|t U@?

T�t� |�i Mh�Mi �T |L K ' � �? Lh_ih |L 4@!i |�i �**i}@* i U�@?}i i?uLhUi@M*i� A�i

?iUitt@h) @?_ t��U�i?| UL?_�|�L?t |�@| 4�t| Mi t@|�t�i_ uLh @ ULhh�T| i U�@?}i Mi�?}

i?uLhUi@M*i �? A2 @hi _i�?i_ �? |�i uL**L��?} wi44@�

wi44@ 2 � L?i�t�L| �**i}@* |h@?t@U|�L? |�@| uL**L�t A2 �t i?uLhUi@M*i uLh tL4i K 5

dSc �o �u @?_ L?*) �u |�i uL**L��?} UL?_�|�L?t @hi t�4�*|@?iL�t*) t@|�t�i_G

�-8� � � � S(

f � �-8. � ��

�L?t�_ih ?L� |�i igiU|t Lu @}i?|t< @M�*�|) |L U�Lti |�i |�4�?} Lu |�i |h@?t@U|�L?�

5�?Ui T*@)iht U@? U�LLti |�i Lh_ih �? ���U� |�i) 4L�i @u|ih |�i }L�ih?4i?| �@t U�Lti?

|�i w�c ULhh�T|�L? �t i?uLhUi@M*i �u �| �t tL uLh tL4i K �? @| *i@t| �? L?i Lu |�i |�L

|�4�?}t� A�ihiuLhic �i U@? t|@|i |��t tiU|�L?<t 4@�? hit�*|�

�hLTLt�|�L? 2 wi?�i?U) ThL}h@4t t@|�tu)�?} |�i UL?_�|�L?t �? wi44@ � Lh |�Lti �?

wi44@ 2 ELh ML|�� i?uLhUi L?i�t�L| �**i}@* |h@?t@U|�L?t�

A�iti hit�*|t @hi t�44@h�3i_ M) 6�}�hi �c ��ihi |�i ���|i @hi@ �t uLh4i_ M)

UL�?|ihThL_�U|��i w�t |�@| hi?_ih L?i�t�L| |h@?t@U|�L?t i?uLhUi@M*ic @?_ |�i }hi)

@hi@ �t uLh4i_ M) w�t |�@| _L ?L|�

e +iTi@|i_ i U�@?}i

�hLTLt�|�L? 2 @*hi@_) |i**t �t |�@| M@_*) _it�}?i_ w�t U@? }hi@|*) u@U�*�|@|i |�i i?�

uLhUi4i?| Lu *L?}�|ih4 �**i}@* |h@?t@U|�L?tc Mit�_it i?uLhU�?} LUU@t�L?@* L?it� 5�?Ui

|�i hiTi@|i_ T*@) Lu |�i �@t� i^��*�Mh��4 Lu |�i t|@}i }@4i �t @*�@)t @? i^��*�Mh��4

Lu |�i ULhhitTL?_i?| hiTi@|i_ }@4i E|�ihi @hi ?L }@�?t uhL4 _i��@|�?} uhL4 @ �@t�

i^��*�Mh��4�c ��i? w�t 4@!i L?i�t�L| |h@?t@U|�L?t i?uLhUi@M*i |�i) @*tL 4@!i |�i

�**i}@* |h@_i hi*@|�L? UL?t�t|�?} Lu |�i hiTi|�|�L? Lu t�U� |h@?t@U|�L?t i?uLhUi@M*ic @|

@?) *i�i* Lu |�i _�tUL�?| u@U|Lh� A�L�}�c |�ihi �t 4Lhi }L�?} L? uLh hiTi@|i_ �**i}@*

|h@?t@U|�L?t ��i? w�t @hi �?|hL_�Ui_� 5L �? |��t tiU|�L? �i U�@h@U|ih�3i |�i igiU|t

Lu @** ui@t�M*i w�t L? �?�?�|i*) hiTi@|i_ �**i}@* hi*@|�L?t E@?_ L? �?�|i*) hiTi@|i_ hi�

*@|�L?t ��|� �?Uih|@�? i?_� |�@| �@�i |�i }@4i _itUh�Mi_ �? |�i Thi��L�t tiU|�L?t �

�?_ih |�i @*|ih?@|��i |�4�?}t A� Lh A2 � @t |�i�h t|@}i }@4i�

�2



e�� �i?U�4@h!G ?L *i?�i?U)

�t �t�@* �? |�i �4T*�U�|%hi*@|�L?@* UL?|h@U|t *�|ih@|�hi Ei�}� �@UwiL_ @?_ �@*UL4tL?c

�bHb( �@h4�U�@i*c �bHb�c �i @tt�4i |�@| @}i?|t t�t|@�? |�i �**i}@* hi*@|�L? M) |�i

|�hi@| Lu |ih4�?@|�L?G �u @ T@h|) _i��@|it L?Uic |�i L|�ih @M@?_L?t |�i ULhh�T| hi*@|�L?

uLhi�ih @u|ih��e

wi| �t UL?t�_ih �ht| |�i Mi?U�4@h! t�|�@|�L? ��ihi |�ihi �t ?L *i?�i?U)� Wu |�i

t|@}i�}@4i �t T*@)i_ @UULh_�?} |L A�c i@U� Tih�L_ |�i M�hi@�Uh@| TihuLh4t |�i @U|�L?

�ht| @?_ |�i i?|hiThi?i�h U@? |�i? _i��@|i �?�*@|ih@**) @| ?L_i .f M) ?L| T@)�?}

|�i ThL4�ti_ Mh�Mi K Et�?Ui -8� ' 8� : fc @| �� |�i M�hi@�Uh@| U�LLtit ?�� 5�?Ui

|�i i?|hiThi?i�h<t Tih�Tih�L_ }@�?t uhL4 |�i ULhh�T| hi*@|�L? @hi � � Kc �i ��** t|�U!

|L ��t ThL4�ti @?_ T@) |�i Mh�Mi @t *L?} @t

K �
B

�� B
E� � K�c , B � BA� '

K

�
� E��

A�i M�hi@�Uh@| �L�*_ |�i? ?L| _i��@|i @| �2 E�i �L�*_ *Lti t|h�U|*) M) U�LLt�?} _�(

|�ihiuLhic @t *L?} @t UL?_�|�L? E�� �t t@|�t�i_c |�i hiTi@|i_ ULhh�T| i U�@?}i hi*@|�L?

U@? Mi t�TTLh|i_ �? 5��, �?_ih A�4�?} ��

Wu |�i t|@}i�}@4i �t T*@)i_ @UULh_�?} |L A2c i@U� Tih�L_ |�i i?|hiThi?i�h T@)t

|�i Mh�Mi �ht|c |�ihiuLhi |�i M�hi@�Uh@| �@t |�i TLtt�M�*�|) |L _i��@|i �?�*@|ih@**) @|

?L_i �f M) ?L| ThL��_�?} |�i u@�Lh |�ihiM) t@��?} |�i ULt| S Et�?Ui -8� ' 8� : fc @|

.� |�i i?|hiThi?i�h U�LLtit ?�� B��i? |�@| |�i M�hi@�Uh@|<t Tih�Tih�L_ }@�?t uhL4

|�i ULhh�T| hi*@|�L? @hi K� Sc |�i M�hi@�Uh@| ��** t|�U! |L ��t ThL4�ti |L TihuLh4 |�i

@U|�L? @ @t *L?} @t

S �
B

�� B
EK� S�c , B � BA2 '

S

K
c E��

@?_ t�?Ui |�i i?|hiThi?i�h �L�*_ *Lti t|h�U|*) M) _i��@|�?} @| ?L_i .2c @?) hiTi@|i_

ULhh�T| i U�@?}i hi*@|�L? |�@| t@|�t�it UL?_�|�L? E�� U@? Mi t�TTLh|i_ �? 5��, �?_ih

A�4�?} 2�

OL�i�ihc @}i?|t U@? LT|�4@**) U�LLti |�i |�4�?} Lu |�i t|@}i }@4i @?_ |�i t�3i

Lu |�i Mh�Mi |L t@|�tu) |�i �?Ui?|��i UL?t|h@�?|t E�� Lh E��� W| �t �44i_�@|i |L �ih�u)

|�@| ti||�?} K ' S E*i@��?} @** }@�?t uhL4 ULhh�T| |h@_i |L |�i i?|hiThi?i�h� hi*@ it

UL?_�|�L? E�� @t u@h @t TLtt�M*ic 4@!�?} |�i ULhh�T| hi*@|�L? t�TTLh|@M*i �?_ih A�4�?}

47Frqvlghulqj dowhudwlyh wkuhdwv/ zhdnhu +h1j1 lqwhuuxswlqj wkh uhodwlrq iru d �qlwh qxpehu ri shul0

rgv, ru vwurqjhu +h1j1 ylrohqw uhyhqjh,/ zrxog vxevwdqwldoo| frpsolfdwh wkh prgho/ d�hfw sdudphwhu

ydoxhv/ exw zrxog qrw d�hfw rxu txdolwdwlyh uhvxowv1

��



� @| |�i *L�it| _�tUL�?| u@U|Lh BA� ' 4�?KcKMdSc�o
�
BA� ' K

�

�
' S

�
� �?@*L}L�t*)c ti||�?}

K ' � E*i@��?} @** }@�?t uhL4 ULhh�T| |h@_i |L |�i M�hi@�Uh@|� hi*@ it UL?_�|�L? E�� @t

u@h @t ui@t�M*ic 4@!�?} |�i ULhh�T| hi*@|�L? t�TTLh|@M*i �?_ih A�4�?} 2 @| |�i *L�it|

_�tUL�?| u@U|Lh BA2 ' 4�?KcKMdSc�o
�
BA2 ' S

K

�
' S

�
�

5�?Ui BA� ' BA2 ' S

�
�i U@? t|@|i |�i uL**L��?} Mi?U�4@h! hit�*|�

�hLTLt�|�L? � �Mti?| *i?�i?U) ThL}h@4tc @ hiTi@|i_ �**i}@* |h@?t@U|�L? �t t�t|@�?@M*i

�? 5��, �u @?_ L?*) �u B � BW ' S
�
�

W| �t �Lh|� ?L|�?} |�@| |�i RUhi_�M*i |�hi@| UL?_�|�L?� _i�?i_ �? |�i Thi��L�t

tiU|�L? 4@) ?L| Mi hi*i�@?| �? @ hiTi@|i_ }@4iG �u B : BWc |�i TihtTiU|��i Lu *Lt�?}

}@�?t uhL4 u�|�hi ULhh�T| _i@*t ��i? U�i@|�?} �t t��U�i?| |L �?_�Ui |�i tiUL?_ 4L�ih

|L !iiT ��t ThL4�tit�

e�2 wi?�i?U) ThL}h@4t @?_ hiTi@|i_ i U�@?}iG W?t|h�4i?|t

��@h@U|ih�3�?} |�i igiU|t Lu @** ui@t�M*i w�t L? hiTi@|i_ �**i}@* hi*@|�L?t ��i? T@h|�it

U@? i?_L}i?L�t*) U�LLti |�4�?} @?_ _�t|h�M�|�L? Lu �**i}@* }@�?t |L u@U�*�|@|i i?uLhUi�

4i?| �t UL4T*�U@|i_� AL t�4T*�u) i TLt�|�L? @?_ t�Lh|i? ThLLut �i �?|hL_�Ui @?

�?t|h�4i?|@* �@h�@M*i @?_ @ _i�?�|�L?� A�iti @hi �ht| U*@h��i_ uLh A�4�?} �c @?_ |�i?

�ti_ 4Lhi t�UU�?U|*) uLh A�4�?} 2�
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