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Devwudfw

Lq wklv sdshu/ zh dqdo|}h wkh g|qdplf ehkdylrxu ri hpsor|phqw dqg krxuv zrunhg
shu zrunhu lq d vwrfkdvwlf jhqhudo htxloleulxp prgho zlwk d pdwfklqj phfkdqlvp eh0
wzhhq ydfdqflhv dqg xqhpsor|hg zrunhuv1 Wkh prgho lv hvwlpdwhg iru wkh X1V1 xvlqj
wkh Jhqhudol}hg Phwkrgv ri Prphqwv +JPP, hvwlpdwlrq whfkqltxh1 Dq lqfuhdvh lq
jryhuqphqw vshqglqj udlvhv krxuv zrunhg shu zrunhu/ dqg furzgv rxw sulydwh frqvxps0
wlrq gxh wr d qhjdwlyh zhdowk h�hfw1 Rq wkh sdwk frqyhujlqj wrzdugv wkh vwhdg| vwdwh/
sulydwh frqvxpswlrq lv ehorz lwv orqj uxq dyhudjh dqg lqfuhdvhv/ zklfk lpsolhv wkdw
wkh lqwhuhvw udwh lv deryh lwv orqj uxq dyhudjh dqg ghfolqhv1 Wkh lqwhuhvw udwh h�hfw
grplqdwhv wkh sxuh hfrqrplf uhqw h�hfw rq wkh fdslwdo ydoxh ri d kluhg zrunhu wr wkh
�up/ fdxvlqj d uhgxfwlrq ri mre rshqlqjv dqg frqvhtxhqwo| d ghfuhdvh lq hpsor|phqw1
Wkhvh uhvxowv duh frqwudvwhg zlwk wkh suhglfwlrqv ri d yhuvlrq ri Exuqvlgh/ Hlfkhqedxp
dqg Uhehor*v +4<<6, oderu krduglqj prgho1

Nh| zrugv= Hpsor|phqw> Krxuv> Jryhuqphqw Vshqglqj> Mre Vhdufk

MHO fodvvl�fdwlrq= H57> H95> H65> M97

�Fruuhvsrqghqfh wr= Plqjzhl \xdq/ Ghsduwphqw ri Prqhwdu| dqg Ilqdqfldo Dqdo|vlv/ Edqn ri Fdqdgd/
567 Zhoolqjwrq Vw1/ Rwwdzd/ Rqwdulr/ Fdqdgd/ N4D 3J<1 Skrqh= +946,:;50:3:51 Id{= +946,:;50:83;1 h0pdlo=
p|xdqCedqn0edqtxh0fdqdgd1fd1

|Zh zrxog olnh wr wkdqn Dqguhdv Kruqvwhlq/ Mrqdv Ilvkhu/ Mrho Iulhg/ Mrkq Nqljkw/ Dxgud Erzoxv/ Shwhu
Krzlww/ Gdq Shohg/ Slhuuh Vduwh/ wzr dqrq|prxv uhihuhhv dqg sduwlflsdqwv dw vhplqduv dw wkh Xqlyhuvlw|
ri Zhvwhuq Rqwdulr dqg wkh Xqlyhuvlw| ri Fdojdu| iru khosixo frpphqwv dqg vxjjhvwlrqv1 Wkh Rqwdulr
Jryhuqphqw lv dfnqrzohgjhg iru lwv �qdqfldo vxssruw e| wkh �uvw dxwkru1 Wklv sdshu uhsuhvhqwv wkh ylhzv ri
wkh dxwkruv dqg vkrxog qrw eh lqwhusuhwhg dv uh�hfwlqj wkrvh ri wkh Edqn ri Fdqdgd dqg wkh Ihghudo Uhvhuyh
v|vwhp1 Dq| huuruv duh rxu rzq1
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5Nduudv +4<<6, dovr revhuyhv qhjdwlyh hpsor|phqw h�hfwv ri jryhuqphqw vshqglqj lq wkh iroorzlqj frxq0
wulhv= Dxvwudold/ Ehojlxp/ Fdqdgd/ Ghqpdun/ Ilqodqg/ Mdsdq/ Nruhd dqg Skloolslqhv1

6Iru wkhruhwlfdo dqdo|vlv ri ydfdqflhv/ vhh Slvvdulghv +4<;8, dqg Eodqfkdug dqg Gldprqg +4<;<,1 Iru wkh
hpslulfdo dqdo|vlv dw djjuhjdwh ohyho/ vhh Deudkdp +4<;:,1 Iru wkh hpslulfdo dqdo|vlv rq wkh pdjqlwxgh dqg

2



A�i T@h@4i|iht �? |�i 4L_i* @hi it|�4@|i_ M) |�i }i?ih@*�3i_ 4i|�L_ Lu 4L4i?|t

EB��� it|�4@|�L? |iU�?�^�i� A�i ?i@h t|i@_) t|@|i _)?@4�Ut @hi LM|@�?i_ M) �t�?} |�i

*L} *�?i@h @TThL �4@|�L? 4i|�L_ Lu k�?}c �*Lttih @?_ +iMi*L E�bbf��

A�ihi @hi |�L 4@�? �?_�?}t Lu |��t 4L_i*� 6�ht|c |�i T@h@4i|ih�3i_ 4L_i* }i?ih@|it

t�4�*@h hitTL?tit Lu i4T*L)4i?| @?_ �L�ht �Lh!i_ Tih �Lh!ih |L @ t�LU! �? }L�ih?4i?|

tTi?_�?} |L |�Lti Lu V�+ 4L_i*t� 5iUL?_c ?�4ih�U@* i Tih�4i?|t ��|� _�gihi?| _i}hiit

Lu Tiht�t|i?Ui Lu }L�ih?4i?| tTi?_�?} t�LU!t t�L� |�@| @ |h@?t�|Lh) }L�ih?4i?| tTi?_�?}

t�LU! *L�iht i4T*L)4i?|c ���*i @ Tiht�t|i?| }L�ih?4i?| tTi?_�?} t�LU! 4@) _iUhi@ti Lh

�?Uhi@ti i4T*L)4i?| _iTi?_�?} L? |�i _i}hii Lu Tiht�t|i?Ui Lu |�i t�LU!� `��*i |�i �,+

4L_i* }i?ih@|it t�4�*@h �4T�*ti hitTL?ti uLh |L|@* �L�htc �| �t �?U@T@M*i Lu U@T|�h�?} |�i

_�gihi?| hitTL?tit Lu �L�ht �Lh!i_ Tih �Lh!ih @?_ i4T*L)4i?|� �L|� 4L_i*t Thi_�U| |�@|

@ Tiht�t|i?| t�LU! �@t @ *@h}ih igiU| L? |L|@* �L�ht @?_ L�|T�| |�@? @ |h@?t�|Lh) L?ic |�i

4@�? hi@tL? �t |�i *@h}ih �i@*|� igiU| L? *@MLh t�TT*) Lu @ 4Lhi Tiht�t|i?| t�LU!c iU�L�?}

|�i @h}�4i?| Lu ��)@}@h�c ��h�t|�@?L @?_ ,�U�i?M@�4 E�bb2��

�L?Uih?�?} |�i L�|T�| igiU| Lu |�i t�LU!c |�hii i*i4i?|t ?ii_ |L Mi UL?t�_ihi_c |�i U@T�

�|@* t|LU!c �L�ht �Lh!i_ Tih �Lh!ih @?_ |�i ?�4Mih Lu i4T*L)iit� OL�ht �Lh!i_ Tih �Lh!ih

�?Uhi@ti @u|ih @ t�LU! �? }L�ih?4i?| UL?t�4T|�L?� A�i U@T�|@* t|LU! @?_ |�i ?�4Mih Lu

i4T*L)iit 4@) �?Uhi@ti Lh _iUhi@ti _iTi?_�?} �TL? |�i Tiht�t|i?Ui Lu |�i t�LU!� �*|�L�}�

|�i U@T�|@* t|LU! @?_ |�i ?�4Mih Lu i4T*L)iit 4@) _iUhi@tic |�i TLt�|��i �L�ht igiU| _L4�

�?@|it |�i ?i}@|��i igiU| L? L�|T�| @?_ L�|T�| t|�** �?Uhi@tit� A�i igiU| Lu }L�ih?4i?|

i Ti?_�|�hi L? |L|@* �L�ht �Lh!i_ �? |�i �,+ 4L_i* �t _i|ih4�?i_ |�hL�}� �?|ih|i4TLh@*

t�Mt|�|�|�L?� �) @tt�4�?} *i�t�hi �t @ t�Tih�Lh }LL_c @ |i4TLh@h) t�LU! |L |�i }L�ih?4i?|

tTi?_�?} _iUhi@tit �L�ti�L*_ UL?t�4T|�L? @?_ *i�t�hi _�i |L @ ?i}@|��i �i@*|� igiU|� A��t

ghwhuplqdqwv ri mre ydfdqf| udwhv lq wkh X1V1 �upv/ vhh Kro}hu +4<<7,1

�



|L|@* �L�ht �Lh!i_ @?_ L�|T�| ML|� �?Uhi@ti�

W? L�h 4L_i*c @t �? �,+ 4L_i* |�i igiU| Lu }L�ih?4i?| tTi?_�?} L? �L�ht �Lh!i_

Tih �Lh!ih �t _i|ih4�?i_ |�hL�}� �?|ih|i4TLh@* t�Mt|�|�|�L?� OL�i�ihc |�i t�LU! @giU|t

i4T*L)4i?| |�hL�}� @ 4@|U��?} 4iU�@?�t4 Mi|�ii? �?i4T*L)i_ �Lh!iht @?_ �@U@?U�it�

�tt�4�?} i L}i?L�t tiT@h@|�L?t Lu �Lh!iht uhL4 i4T*L)4i?|c |�i �LM Uhi@|�L? _iU�t�L?

�t _i|ih4�?i_ M) |�i U@T�|@* �@*�i Lu @ ��hi_ �Lh!ih |L |�i �h4� � |i4TLh@h) t�LU! �?

}L�ih?4i?| tTi?_�?} �@t |�L igiU|t L? |�i U@T�|@* �@*�i Lu @ ��hi_ �Lh!ihc @ ?i}@|��i

�?|ihit| h@|i igiU| @?_ @ T�hi iUL?L4�U hi?| igiU|� A�i t�LU! *i@_t |L @? �?Uhi@ti �? |�i

�?|ihit| h@|i MiU@�ti L?*) @ ��}�ih �?|ihit| h@|i ��** U*i@h |�i }LL_t 4@h!i| }��i? @? �?Uhi@ti

�? @}}hi}@|i _i4@?_� �| |�i t@4i |�4ic ��}�ih �?|ihit| h@|it *L�ih |�i i TiU|i_ U@T�|@*

�@*�i Lu @ ��hi_ �Lh!ih |L |�i �h4� � ��}�ih T�hi iUL?L4�U hi?| �? i@U� Tih�L_ @ ��hi_

�Lh!ih Mh�?}t |L |�i �h4 U@�tit @? �?Uhi@ti Lu |�i U@T�|@* �@*�i Lu @ ��hi_ �Lh!ih |L |�i

�h4� A��t |�i L�ih@** igiU| Lu @ t�LU! L? |�i U@T�|@* �@*�i Lu @ ��hi_ �Lh!ih _iTi?_t L?

|�i hi*@|��i 4@}?�|�_it Lu |�iti |�L LTTLt�|i uLhUit� W? |�i �,+ 4L_i*c }��i? @ }L�ih?4i?|

UL?t�4T|�L? t�LU!c |�i L?*) UL?|i4TLh@?iL�t *@MLh 4@h}�? |�@| U@? Mi @_��t|i_ �t �L�ht

�Lh!i_ Tih �Lh!ih @?_ �| �?Uhi@tit _�i |L @ ?i}@|��i �i@*|� igiU|� W? |�i uL**L��?} Tih�L_tc

i4T*L)4i?| �L�*_ Mi �?Uhi@ti_ @?_ �L�ht �Lh!i_ Tih �Lh!ih �L�*_ hi|�h? |L �|t t|i@_)

t|@|i �@*�i� A��t �t MiU@�ti �?Uhi@t�?} i4T*L)4i?| hi_�Uit @? @}i?|<t i TiU|i_ �|�*�|) *itt

|�@? �?Uhi@t�?} �L�ht �Lh!i_ Tih �Lh!ih E�|�*�|) �t *�?i@h �? i4T*L)4i?| @?_ UL?�i �? �L�ht

�Lh!i_ Tih �Lh!ih��

A�i T*@? Lu |��t T@Tih �t @t uL**L�t� 5iU|�L? 2 hiTLh|t |�i i4T�h�U@* hit�*|t uhL4 4�*|��

�@h�@|i V�+ 4L_i*t� W? tiU|�L? �c @ |�iLhi|�U@* 4L_i* ��|� @ 4@|U��?} 4iU�@?�t4 �t ti| �T

@?_ i^��*�Mh��4 UL?_�|�L?t @hi _ih��i_� 5iU|�L? e _�tU�ttit |�i T@h@4i|ih it|�4@|�L? ThL�

Ui_�hic B��� 5iU|�L? D UL?|@�?t @ _�tU�tt�L? Lu |�i T@h@4i|ih it|�4@|it @?_ UL4T@h�tL?t

e



Lu |�i ti@hU� 4L_i*c |�i �,+ 4L_i* @?_ |�i i4T�h�U@* V�+ 4L_i*t� W? 5iU|�L? Sc tL4i

UL?U*�t�L?t @hi _h@�?�

2 �? ,4T�h�U@* �?@*)t�t Lu |�i ,giU|t Lu BL�ih?4i?|

5Ti?_�?} 5�LU!t

A��t tiU|�L? �?�it|�}@|it |�i igiU|t Lu }L�ih?4i?| tTi?_�?} L? |�i *@MLh 4@h!i|c |�i �?|ihit|

h@|i @?_ L�|T�| �? |�i TLt|�@h N�5� iUL?L4) M@ti_ L? |�i �ti Lu V�+ 4L_i*t� A�i _@|@

�ti_ �? |��t @?@*)t�t @hi ^�@h|ih*) ti@tL?@**) @_��t|i_ |�4i tih�it uLh |�i t@4T*i Tih�L_

�beHG� � �bb�Ge� �@|�L?@* @UUL�?| �@h�@M*it @hi �? �bH. _L**@ht� �Lhi _i|@�*t @hi }��i? �?

�TTi?_� ��

A�i V�+ 4L_i* �t tTiU��i_ @t

~| ' �f n
^[

�'�

�|3�~|3� n �|

A�i _�t|�hM@?Ui �iU|Lhc �|c �t @tt�4i_ |L Mi tih�@**) �?ULhhi*@|i_ @?_ |L �@�i �@h�@?Ui�

UL�@h�@?Ui 4@|h� T � 6�h|�ih4Lhic �| �t @tt�4i_ |L Mi hi*@|i_ |L |�i �?_ih*)�?} t�LU!tc

"|c M) �| ' �"| ��ihi � �t @ *L�ih |h�@?}�*@h 4@|h� @?_ "| �@t UL�@h�@?Ui 4@|h� i^�@* |L

|�i �_i?|�|) 4@|h� � T ' �� �� A�i Lh|�L}L?@*�|) UL?_�|�L?t L? "| ULhhitTL?_ |L �4TLt�?}

@ T@h|�U�*@h U@�t@* t|h�U|�hi L? |�i �@h�@M*it �?�L*�i_ �? |�i 4L_i*� 6Lh i @4T*ic |�i &|�

i*i4i?| �? ~| �t _i|ih4�?i_ M) ~|3� uLh � ' �c ���c ^ @?_ ~�| uLh � ' �c ���c & � � @?_ & : �� ^

�t ti| |L e�

W? |�i V�+ 4L_i*tc |�L 4i@t�hit Lu }L�ih?4i?| tTi?_�?} @hi UL?t�_ihi_c }L�ih?4i?|

T�hU�@tit Lu }LL_t @?_ tih��Uit @?_ ui_ih@* _iui?ti tTi?_�?}� A�i hi@tL? |L UL?t�_ih 4�*�

�|@h) tTi?_�?} �t |�@| �| �t �t�@**) hi}@h_i_ @t @? i L}i?L�t UL4TL?i?| �? }L�ih?4i?|

tTi?_�?}c @?_ @*tL |�i igiU| Lu 4�*�|@h) tTi?_�?} L? i4T*L)4i?| �t @ 4@||ih Lu UL?t�_ih@M*i

�4TLh|@?Ui�

D



�it�_it |�i *@MLh 4@h!i| @U|���|) �@h�@M*itc |L|@* �L�htc i4T*L)4i?| @?_ �L�ht �Lh!i_

Tih �Lh!ihc �i @*tL UL?t�_ih |�i hi@* �?|ihit| h@|i @?_ L�|T�| ���U� @hi U*Lti*) hi*@|i_

|L *@MLh 4@h!i| @U|���|�it� BL�ih?4i?| UL?t�4T|�L? t�LU!t ��** @giU| @}}hi}@|i _i4@?_c

���U� �? |�h? ��** *i@_ |L U�@?}it �? *@MLh _i4@?_ _iU�t�L?t M) �h4t� W? |�i �ht| V�+

4L_i*c |�i |L|@* �L�ht �@h�@M*i �t �?U*�_i_c @?_ |�i tiUL?_ 4L_i* �?U*�_it |�i ?�4Mih Lu

i4T*L)iit |L ��hi @?_ |�i ?�4Mih Lu �L�ht i@U� i4T*L)ii �Lh!t�

#i?L|i |�i uL**L��?} �@h�@M*itG

C� ' |�i *L} Lu }L�ih?4i?| T�hU�@tit Lu }LL_t @?_ tih��Uit(

C8( ' |�i *L} Lu ui_ih@* _iui?ti tTi?_�?}(

�u8 ' |�i *L} Lu i4T*L)ii �L�ht �? ?L?@}h�U�*|�h@* it|@M*�t�4i?|t(

�8 ' |�i *L} Lu |�i ?�4Mih Lu U���*�@? i4T*L)i_ �? ?L?@}h�U�*|�h@* �?_�t|h�it(

u8 ' |�i *L} Lu �L�ht �Lh!i_ Tih �Lh!ih �? ?L?@}h�U�*|�h@* �?_�t|h�it(

C(�� ' |�i *L} Lu B#�(

-- ' |�i hi@* �?|ihit| h@|itc U@*U�*@|i_ uhL4 b��_@) A�M�** )�i*_t @?_ B#� _i�@|Lh�e

A�i ,giU| Lu � BL�ih?4i?| 5Ti?_�?} 5�LU! L? AL|@* OL�ht `Lh!i_

AL i @4�?i |�i igiU| Lu @ }L�ih?4i?| tTi?_�?} t�LU! L? |L|@* �L�ht �Lh!i_c �i i @4�?i

|�L @*|ih?@|��i tTiU��U@|�L?t Lu ~c

~ ' dC� -- C(�� �u8 o�

@?_

~ ' dC8( -- C(�� �u8 o��

7Dffruglqj wr wkh dxjxphqwhg Glfkh|0Ixoohu whvw vwdwlvwlfv/ UU lv vwdwlrqdu| dqg wkh rwkhu yduldeohv duh
qrqvwdwlrqdu| L+4, surfhvvhv1 Dv vxjjhvwhg lq Grdq +4<<5,/ s;06/ wkh yduldeohv h{fhsw UU duh lq orjdulwkpv
dqg qr wlph wuhqg lv lqfoxghg lq wkh iroorzlqj YDU hvwlpdwlrqv1

S



A�i �4T�*ti hitTL?tit Lu |�i V�+ 4L_i*t @hi T*L||i_ �? 6�}�hi �� 5L*�_ *�?it hiThiti?| |�i

TL�?| it|�4@|itc ���*i _@t�i_ *�?it _i?L|i T*�t @?_ 4�?�t |�L t|@?_@h_ _i��@|�L? M@?_t�D

dW?tih| 6�}�hi � �ihio

A�i }h@T�t Lu |�i �4T�*tit uLh |�i |�L 4i@t�hit Lu }L�ih?4i?| tTi?_�?} t�L� |�@| @

TLt�|��i �??L�@|�L? �? }L�ih?4i?| tTi?_�?} ��** �?Uhi@ti L�|T�| @?_ |L|@* �L�ht �Lh!i_�

W?|ihit| h@|i _iU*�?it �? |�i �ht| Tih�L_ @?_ |�i? t|@h|t �?Uhi@t�?}� OL�i�ihc |�i U�@?}it Lu

?i�|�ih |L|@* �L�ht �Lh!i_ ?Lh �?|ihit| h@|i @hi t|@|�t|�U@**) t�}?��U@?| ��|��? |�L t|@?_@h_

_i��@|�L?t� A�i hitTL?tit |L _�gihi?| tTi?_�?} t�LU!t @hi ^�@*�|@|��i*) t�4�*@h� A�iti hi�

tTL?tit @hi UL?t�t|i?| ��|� |�i |�iLhi|�U@* hit�*|t Lu ��)@}@h�c ��h�t|�@?L @?_ ,�U�i?M@�4

E�bb2��

A�i ,giU| Lu � BL�ih?4i?| 5Ti?_�?} 5�LU! L? ,4T*L)4i?|c OL�ht `Lh!i_ Tih `Lh!ih

W? |��t tiU|�L?c |L|@* �L�ht �Lh!i_ @hi _iUL4TLti_ �?|L |�i ?�4Mih Lu i4T*L)iit @?_ |�i

�L�ht �Lh!i_ Tih �Lh!ih� A�L tTiU��U@|�L?t Lu ~ @hi UL?t�_ihi_c

~ ' dC� -- C(�� u8 �8 o�

@?_

~ ' dC8( -- C(�� u8 �8 o��

dW?tih| 6�}�hi 2 �ihio

8Wkhvh hvwlpdwhv duh frpsxwhg xvlqj wkh Prqwh Fduor phwkrg ghvfulehg lq Grdq +4<<5,/ h{dpsoh 4314/
xvlqj 833 gudzv iurp wkh hvwlpdwhg dv|pswrwlf glvwulexwlrq ri wkh YDU frh�flhqwv dqg wkh fryduldqfh
pdwul{ ri wkh lqqrydwlrqv/ xw1

.



A�i �4T�*ti hitTL?ti u�?U|�L?t Lu V�+ 4L_i*t @hi T*L||i_ �? 6�}�hi 2� A�i hitTL?tit

Lu i@U� �@h�@M*i |L |�i t�LU!t Lu _�gihi?| 4i@t�hit Lu }L�ih?4i?| tTi?_�?} @hi ^�@*�|@|��i*)

t�4�*@h� ,4T*L)4i?| @?_ �L�ht �Lh!i_ Tih �Lh!ih hitTL?_ _�gihi?|*) |L @ t�LU! �? }L��

ih?4i?| tTi?_�?}� OL�ht �Lh!i_ Tih �Lh!ih hitTL?_ |L |�i t�LU! ^��U!*) @?_ |�i U�@?}it

@hi t|@|�t|�U@**) t�}?��U@?| uLh |�i �ht| ti�ih@* ^�@h|iht �?_ih ML|� 4i@t�hit Lu }L�ih?4i?|

i Ti?_�|�hit� A�i |�4i T@|� �?Uhi@tit uLh @ML�| S ^�@h|iht @?_ |�i? _iU*�?it� ,4T*L)4i?|

hitTL?_t t*L�*) M�| |�i U�@?}it @hi 4Lhi Tiht�t|i?|� AL @? �??L�@|�L? �? }L�ih?4i?| tTi?_�

�?}c i4T*L)4i?| _iUhi@tit �? |�i �ht| |�L ^�@h|ihtc �?Uhi@tit �? |�i tiUL?_ �@*u Lu |�i |��h_

^�@h|ihc @?_ |�i? _iUhi@tit @}@�?c M�| |�i U�@?}it @hi ?L| t|@|�t|�U@**) t�}?��U@?| |�L�}� |�i

_iUhi@ti @u|ih L?i )i@h @hi ?i@h t�}?��U@?|� A�i _iUhi@ti �? i4T*L)4i?| |L @? �??L�@|�L?

�? 4�*�|@h) tTi?_�?} �t 4L?L|L?i @?_ U*Lti |L Mi t|@|�t|�U@**) t�}?��U@?| @u|ih |�L )i@ht�

A�iti hit�*|t @hi hLM�t| |L |�L !�?_t Lu Tih|�hM@|�L?t� �?i �t U�@?}�?} |�i Lh_ih�?} Lu

|�i �@h�@M*it �? ~� A�i i Tih�4i?|t t�L� |�@| |�i hitTL?tit Lu i@U� �@h�@M*i @hi �ih) t�4�*@h

��|� _�gihi?| TLt�|�L? Lu }L�ih?4i?| tTi?_�?} �? |�i Lh_ih�?}� �?L|�ih �t �t�?} @ _�gihi?|

4i@t�hi Lu �L�ht �Lh!i_G _@|@ uhL4 �L�ti�L*_ t�h�i)� A�i hit�*|t @hi ^�@*�|@|��i*) t�4�*@h�

A�i hitTL?tit �t�?} �L�ti�L*_ t�h�i) _@|@ t�L� @ *@h}ih _iUhi@ti �? i4T*L)4i?| @?_ @ *itt

�?Uhi@ti �? �L�ht �Lh!i_ Tih �Lh!ih |�@? |�Lti uhL4 it|@M*�t�4i?| _@|@�

�i}@|��i i4T*L)4i?| igiU|t Lu }L�ih?4i?| tTi?_�?} t�LU!t @hi LMtih�i_ �? tL4i L|�ih

UL�?|h�it @UULh_�?} |L k@hh@t E�bb��� k@hh@t E�bb�� UL?t�_iht |�i igiU| Lu }L�ih?4i?|

tTi?_�?} L? i4T*L)4i?| @?_ L�|T�|� A�i hit�*|t t�L� |�@| @ |h@?t�|Lh) �?Uhi@ti �? }L��

ih?4i?| tTi?_�?} *L�iht i4T*L)4i?| �? i�}�| UL�?|h�it �? |�i t@4T*i Lu i�}�|ii? UL�?|h�it�

� Tiht�t|i?| �?Uhi@ti �? }L�ih?4i?| tTi?_�?} *L�iht i4T*L)4i?| �? i�}�| UL�?|h�it�S A�i

T@Tih @*tL �?_t |�@| |�i 4�*|�T*�iht Lu |h@?t�|Lh) U�@?}it �? }L�ih?4i?| tTi?_�?} @hi }i?�

9Wkh frxqwulhv lq wkh vdpsoh duh Dxvwudold/ Ehojlxp/ Fdqdgd/ Ghqpdun/ Ilqodqg/ Iudqfh/ Jhupdq|/ Lfh0
odqg/ Luhodqg/ Lwdo|/ Mdsdq/ Nruhd/ Qhwkhuodqg/ Qhz ]hdodqg/ Sklolsslqhv/ Vsdlq/ Vzhghq/ Xqlwhg Nlqjgrp1

H



ih@**) t4@**c uLh @ hiThiti?|@|��i UL�?|h)c @ L?i TihUi?| |h@?t�|Lh) �?Uhi@ti h@�tit L�|T�| M)

L?*) f�� TihUi?|�

A�i i4T*L)4i?| igiU| Lu 4�*�|@h) tTi?_�?} Lu |�i V�+ 4L_i* �t UL?t�t|i?| ��|� |�i �?_�

�?}t Lu tL4i L|�ih i4T�h�U@* �Lh!t� #�??i E�bb�� ThL��_it @? @?@*)t�t Lu 4�*�|@h) tTi?_�?}

@?_ �?i4T*L)4i?| uLh �e �,�# UL�?|h�it� A�i hit�*|t t�}}it| |�@| ui@ht |�@| U�|t �? 4�*�

�|@h) tTi?_�?} ��** *i@_ |L @? �?Uhi@ti �? �?i4T*L)4i?| @hi �?��t|��i_c @?_ �i t�L�t |�@|

_�t@h4@4i?| Thiti?|t @? iUL?L4�U LTTLh|�?�|) h@|�ih |�@? ThLM*i4� �Mi** E�bbf� Mh�?}t

N�5� |�4i tih�it i��_i?Ui |L Mi@h L? |�i hi*@|�L?t��T Lu _iui?ti tTi?_�?} @?_ �?i4T*L)4i?|

h@|it� A�i @?@*)t�t �?_�U@|it |�@| |�i �?Uhi@ti �? _iui?ti tTi?_�?} _�h�?} |�i �b.ft �@t

@ttLU�@|i_ ��|� |�i �4ThL�i4i?| �? |�i L�ih@** �?i4T*L)4i?| h@|i� OL�i�ihc _�h�?} |�i

�bHftc t�U� �?Uhi@tit �ihi @ttLU�@|i_ ��|� @ �Lhti?�?} Lu |�i �?i4T*L)4i?| h@|i�

5�44@h�3�?} |�i hit�*|tc E�� �u |�i �@h�@M*ic |L|@* �L�ht �Lh!i_c �t �?U*�_i_ �? |�i V�+

4L_i*c �| hitTL?_t TLt�|��i*) |L |�i TLt�|��i �??L�@|�L?t |L }L�ih?4i?| tTi?_�?}( E2� �u

|L|@* �L�ht �Lh!i_ @hi _iUL4TLti_ �?|L |�L UL4TL?i?|tc i4T*L)4i?| @?_ �L�ht �Lh!i_

Tih �Lh!ihc @ TLt�|��i tTi?_�?} �??L�@|�L? *i@_t |L _�gihi?| hitTL?tit Lu i4T*L)4i?| @?_

�L�ht �Lh!i_ Tih �Lh!ih� OL�ht �Lh!i_ Tih �Lh!ih hitTL?_ |L |�i t�LU! 4Lhi ^��U!*) |�@?

i4T*L)4i?|� OL�ht �Lh!i_ Tih �Lh!ih �?Uhi@ti �? |�i �ht| ti�ih@* Tih�L_t @?_ |�i? _iUhi@ti�

,4T*L)4i?| t|@)t @| |�i t@4i *i�i* �? |�i �ht| ti�ih@* Tih�L_t @?_ |�i? }h@_�@**) _iUhi@tit�

A�i U�@?}it �? i4T*L)4i?| @hi 4Lhi Tiht�t|i?| |�@? �L�ht �Lh!i_ Tih �Lh!ih�

� � 5|LU�@t|�U Bi?ih@* ,^��*�Mh��4�L_i* ��|� @ �@|U��

�?} �iU�@?�t4

A�i 4L_i* iUL?L4) �?U*�_it �L�ti�L*_tc �h4t @?_ }L�ih?4i?|� A�i �L�ti�L*_<t i4T*L)�

4i?| t|@|�t �t _i|ih4�?i_ M) @ *L||ih) 4iU�@?�t4� W| �t @tt�4i_ |�@| |�ihi �t @? �?t�h@?Ui

b



4@h!i| �? |�i iUL?L4) t�U� |�@| @}i?|t U@? �?t�hi |�i4ti*�it u�**) @}@�?t| |�i �_�Lt)?Uh@|�U

h�t!t� A��t @tt�4T|�L? 4@!it �L�ti�L*_t i �@?|i �_i?|�U@* @?_ t�4T*��it |�i @?@*)t�t� 6�h4t

Uhi@|i �@U@?U�it �? |�i *@MLh 4@h!i| @?_ tL4i �@U@?U�it @hi �**i_ |�hL�}� @ 4@|U��?} 4iU��

@?�t4� W? i@U� Tih�L_c tL4i i �t|�?} �LMt @hi _it|hL)i_ i L}i?L�t*)� A�i _�gihi?Ui Mi|�ii?

|�i �**i_ �@U@?U�it @?_ |�i �LM tiT@h@|�L?t �t |�i �?Uhi4i?| �? i4T*L)4i?|�

��� OL�ti�L*_t

A�i iUL?L4) �@t @ *@h}i ?�4Mih Lu �?�?�|i*) *��i_ �L�ti�L*_t� A�i TLT�*@|�L? t�3i �t

?Lh4@*�3i_ |L �� ,@U� �L�ti�L*_ �@t U@T�|@* }LL_ @| ���U� U@? Mi hi?|i_ |L @ �h4 @?_ @

�?�| Lu |�4i ���U� U@? Mi _���_i_ �?|L �Lh!�?} �L�ht �| @?_ *i�t�hi ���|� A�i �L�ti�L*_ }i|t

�|�*�|) uhL4 UL?t�4�?} UL?t�4T|�L? }LL_tc S|c @?_ i?�L)�?} *i�t�hic ���|� A�i 4L4i?|@h)

�|�*�|) u�?U|�L? @| | �t }��i? M)

LES|� n 1ME�� �|�

��ihi 1 �t @ UL?t|@?| T@h@4i|ih @?_ L @?_ M @hi @tt�4i_ |L Mi �?Uhi@t�?}c UL?U@�i @?_

|��Ui UL?|�?�L�t*) _�gihi?|�@M*i�

� �L�ti�L*_<t i4T*L)4i?| t|@|�t �t _i|ih4�?i_ �? i@U� Tih�L_ ��@ @ *L||ih) 4iU�@?�t4

t�4�*@h |L |�i L?i _itUh�Mi_ M) O@?ti? E�bHD� @?_ +L}ihtL? E�bHH�� �tt�4i |�ihi i �t|t

@ UL4Ti|�|��i @?_ ULt|*itt �?t�h@?Ui 4@h!i|� �| |�i Mi}�??�?} Lu i@U� Tih�L_c �L�ti�L*_t

4@) T�hU�@ti K| �?�|t Lu �?t�h@?Ui @| @ Th�Ui R| Tih �?�|c ��ihi K| �t |�i ^�@?|�|) Lu |�i

UL?t�4T|�L? }LL_ ���U� �t _i*��ihi_ |L |�i �L�ti�L*_ UL?|�?}i?| L? �?i4T*L)4i?| _�h�?}

|�@| Tih�L_�

W? Tih�L_ |c |�ihi @hi ?| @�@�*@M*i �LMt |L Mi h@|�L?i_ @4L?} |�i TLT�*@|�L?� 6Lh i@U�

�?_���_�@*c |�i ThLM@M�*�|) Lu Mi�?} i4T*L)i_ i^�@*t ?|� OL�ti�L*_t hi?| |�i�h U@T�|@* t|LU!

@| �|c ThL��_i |�i�h *@MLh �| �u |�i) @hi i4T*L)i_�

�f



A�i M�_}i| UL?t|h@�?|t Lu @}i?|t @hi UL?|�?}i?| L? |�i�h i4T*L)4i?| t|@|�t� W? |�i

uL**L��?} UL?t|h@�?|tc t�MtUh�T| � hiThiti?|t |�i t|@|�t Lu Mi�?} i4T*L)i_c @?_ 2 hiThiti?|t

|�i t|@|�t Lu Mi�?} �?i4T*L)i_� #i?L|i B& @t |�i _iThiU�@|�L? h@|i Lu U@T�|@* t|LU!c �| @t

|�i �@}i h@|ic �| @t |�i hi?|@* h@|i Lu U@T�|@* t|LU!� Wu |�i @}i?| �t i4T*L)i_c ��t �?UL4i �t

UL4TLti_ Lu �@}i �?UL4i E�|?|�c hi?| E�|@|�c _���_i?_ T@)4i?| EZ|� @?_ |h@?tuih T@)4i?|

uhL4 }L�ih?4i?| EA|�( |�i �?UL4i �t @**LU@|i_ @4L?} UL?t�4T|�L? ES|�c �?�it|4i?| E@|n� �

E� � B&�@|�c @?_ T@)4i?| Lu �?t�h@?Ui Thi4��4 ER|K|�� A��t |�i M�_}i| UL?t|h@�?| uLh @?

i4T*L)i_ @}i?| �t

S�c| n @�c|n� � E�� B&�@�c| n R|K| � �|�| n �|@| n Z| n A|

5�4�*@h*)c @? �?i4T*L)i_ @}i?|<t �?UL4i �t UL4TLti_ Lu hiUi�T| Lu �?t�h@?Ui T@)4i?|c �?|ih�

it|c _���_i?_ T@)4i?| @?_ ?i| |h@?tuih uhL4 }L�ih?4i?|( @?_ |�i �?UL4i �t @**LU@|i_ @4L?}

UL?t�4T|�L?c �?�it|4i?| @?_ �?t�h@?Ui Thi4��4� A�i M�_}i| UL?t|h@�?| uLh @? �?i4T*L)i_

@}i?| �t

S2c| n @2c|n� � E�� B&�@2c| n R|K| � K| n �|@| n Z| n A|

A�i �L�ti�L*_<t ThLM*i4 �t |L 4@ �4�3i |�i i TiU|i_ _�tUL�?|i_ �|�*�|)c

.f

"[

|'f

q|i?|dLES�c|� n 1ME�� ��c|�o n E�� ?|�dLES2c|� n 1ME��oj

��|� ThLM@M�*�|) ?|c |�i �L�ti�L*_ �t i4T*L)i_c @?_ ��|� ThLM@M�*�|) � � ?|c |�i �L�ti�L*_

�t �?i4T*L)i_c t�M�iU| |L |�i @ML�i i4T*L)4i?| UL?|�?}i?| M�_}i| UL?t|h@�?|tc ��ihi |�i

@}i?| |@!it i�|c �|c Z|c ?|j @t }��i?�

W? |�i Thiti?Ui Lu @ ULt|*itt UL4Ti|�|��i �?t�h@?Ui 4@h!i|c �| U@? Mi t�L�? |�@| �L�ti�

�L*_t U�LLti |L �?t�hi |�i4ti*�it u�**) �? i^��*�Mh��4� �L?ti^�i?|*)c |�i @}i?|t @hi i @?|i

�_i?|�U@*c @?_ S�c| ' S2c| c @�c| ' @2c|c K| ' �|�|c R| ' E�� ?|��

��



B��i? |�@| |�i @}i?|t @hi i @?|i �_i?|�U@*c |�i �L�ti�L*_<t LT|�4�3@|�L? ThLM*i4 U@? Mi

hi�h�||i? @t

4@ .f

S
"

|'f q
|iLES|� n ?|1ME�� �|� n E�� ?|�1ME��j

t�M�iU| |L

S| n @|n� � E�� B&�@| ' �|@| n �|?|�| n Z| n A|

��ihi |�i �L�ti�L*_ |@!it i?|c �|c �|c Z|j @t }��i?�

A�L !�?_t Lu _�t|�hM@?Uit ��** Mi �?|hL_�Ui_ *@|ihG @ |iU�?L*L}) t�LU! @?_ @ }L�ih?4i?|

tTi?_�?} t�LU!� A�i }L�ih?4i?| tTi?_�?} t�LU! �t Lu T@h|�U�*@h �?|ihit| �? |��t T@Tih�

A�i w@}h@?}�@? @ttLU�@|i_ ��|� |�i LT|�4�3@|�L? ThLM*i4 �t

u� ' .fi
S
"

|'f q
|dLES|� n ?|1ME�� �|� n E�� ?|�1ME��o

n
S
"

|'f q
|b|d�|@| n �|?|�| n Z| � S| � @|n� n E�� B&�@| n A|oj

��ihi @f �t }��i? @?_ b| �t |�i 4�*|�T*�ih @||@U�i_ |L |�i |�Tih�L_ hitL�hUi UL?t|h@�?|�

A�i i�U�i?U) UL?_�|�L?t @hi

L �ES|� ' b| E@�
1M �E�� �|� ' b|�| EK�
b| ' .|iqb|n�d�|n� n E�� B&�oj ES�
S| n @|n� ' E�� B&�@| n A| n �|@| n �|?|�| n Z| E_�

E��

uLh | ' fc �c ���c4 @?_ |�i |h@?t�iht@*�|) UL?_�|�L?

,�6|<"q
|.fib|@|n�j ' f

A�i �L�ti�L*_ ti*iU|t S|c �| @?_ @| �? @ _)?@4�U@**) i�U�i?| 4@??ih� W? E��@�c b| hiThi�

ti?|t |�i t�@_L� �@*�i Lu S|c |�i i^�@|�L? t|@|it |�@| |�i �L�ti�L*_ i^�@|it 4@h}�?@* �|�*�|)

Lu _@|i |<t UL?t�4T|�L? |L �|t LTTLh|�?�|) ULt| �? |ih4t Lu �|�*t� ,^�@|�L? E��M� i^�@|it

|�i 4@h}�?@* �|�*�|) Lu *i�t�hi |L |�i �@*�i Lu uLhi}L?i i@h?�?}t� A�i LTTLh|�?�|) ULt| Lu

�?�it|4i?| �t i^�@* |L �|t u�|�hi _�tUL�?|i_ hi|�h?t �? E��U�� ,^�@|�L? E��_� �t |�i M�_}i|

UL?t|h@�?|�

�2



��2 6�h4t

W? i@U� Tih�L_c @ �h4<t iUL?L4�U @U|���|�it �?U*�_i hi?|�?} U@T�|@* tih��Uic ��h�?} �Lh!ihtc

Uhi@|�?} �LM �@U@?U�itc Lh}@?�3�?} ThL_�U|�L? @?_ ti**�?} ThL_�U|t�

� �h4 i4T*L)t 4@?) �Lh!iht( @?_ L? @�ih@}ic �| �t *@h}i i?L�}� |L i*�4�?@|i @** �?Uih�

|@�?|) @ML�| |�i �L� Lu �|t *@MLh uLhUi� A�i �h4<t *@MLh uLhUi �t _i|ih4�?i_ M) |�i �?�L�c

?i� ��hitc @?_ L�|�L�c tiT@h@|�L?t� A�i tiT@h@|�L? h@|ic B?c �t i L}i?L�t @?_ UL?t|@?| L�ih

|�4i�

A�i �h4 Uhi@|it �@U@?U�it EJ|�� A�i ?i� ��hit E6|� @hi _i|ih4�?i_ M) |�i ?�4Mih Lu

�@U@?U�it @?_ |�i t�UUitt h@|i Ew|� @| ���U� �@U@?U�it MiUL4i �**i_c tTiU��U@**)c

6| ' w|J|

A�i t�UUitt h@|i �t i L}i?L�t |L |�i �h4c @?_ �| �t }L�ih?i_ M) |�i i�U�i?U) Lu |�i 4@|U��?}

ThLUitt �? |�i *@MLh 4@h!i|� 6Lh |�i �h4c |�i *@� Lu 4L|�L? Lu i4T*L)4i?| E?|� �t

?|n� ' E�� B?�?| n6|

��ihi 6| �t |�i �?�L� Lu i4T*L)4i?| @?_ B??| �t |�i L�|�L� Lu i4T*L)4i?|c Lh |�i �L�

uhL4 i4T*L)4i?| |L �?i4T*L)4i?|�

�hi@|�?} @ �@U@?U) �t ULt|*)c |�i �h4 �@t |L tTi?_ hitL�hUit L? i@U� �LM LTi?�?}� A�i

hiUh��|�?} ULt| i4ML_�it |�i ULt| �?U�hhi_ ��i? |�i �h4 @_�ih|�tit |�i �LM LTi?�?}c hiUh��|t

U@?_�_@|itc |h@�?t |�i t�UUittu�* U@?_�_@|i @?_ Lh}@?�3it ��t �LM� W? |�i _)?@4�U i^��*�Mh��4c

�@U@?U�it hi�iU| hiUh��|�?} igLh| @?_ 4L�i �? hitTL?ti |L i TiU|@|�L?t @ML�| ThL�|@M�*�|)�

A�i �h4<t L�|T�| ^| �t _i|ih4�?i_ M) @ �LMM�#L�}*@t ThL_�U|�L? |iU�?L*L})G

^| ' sE&|c ?|�|( 5|� ' &k| E5|?|�|�
�3k

��ihi

��



&| ' U@T�|@* t|LU! @| Tih�L_ |(

�| ' �L�ht ThL��_i_ M) @ �Lh!ih(

5| ' @? @}}hi}@|i i L}i?L�t t�LU! |L |iU�?L*L})(

@?_ f 	 k 	 ��
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dqg Gldprqg +4<;<,/ lw lv derxw wkuhh prqwkv1 Krzhyhu/ dffruglqj wr wkh vdph vwxg|/ wkh dyhudjh gxudwlrq
ri ydfdqflhv lv ohvv wkdq rqh prqwk1 Exw ydq Rxuv dqg Ulgghu +4<<5, srlqw rxw wkdw d glvwlqfwlrq vkrxog
eh pdgh ehwzhhq wkh wlph d khos0zdqwhg dgyhuwlvhphqw lv uhpryhg dqg wkh wlph lw dfwxdoo| wdnhv wr �oo d
ydfdqw srvlwlrq1 Wkh| uhsruw wkdw zkloh vhyhqw|0�yh shufhqw ri doo ydfdqflhv duh �oohg e| dssolfdqwv zkr
duulyh lq wkh �uvw wzr zhhnv/ lw wdnhv rq dyhudjh iruw|0�yh gd|v wr vhohfw d vxlwdeoh hpsor|hh iurp wkh srro
ri dssolfdqwv1 Lq wklv sdshu/ wkh khos0zdqwhg dgyhuwlvlqj lqgh{ lv xvhg dv wkh sur{| ri ydfdqflhv1
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