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Devwudfw=

Zh lqwurgxfh lqwhujhqhudwlrqdo wudqvihuv lqwr d jhqhudo htxloleulxp olih0f|foh prgho lq rughu

wr h{sodlq revhuyhg ohyhov ri zhdowk khwhurjhqhlw|1 Lq rxu ryhuodsslqj jhqhudwlrqv prgho/

khwhurjhqrxv djhqwv idfh xqfhuwdlq olihwlph dqg ohdyh erwk dfflghqwdo dqg yroxqwdu| eh0

txhvwv wr wkhlu fkloguhq1 Ixuwkhupruh/ djhqwv idfh vwrfkdvwlf hpsor|phqw rssruwxqlwlhv1

Wkh prgho lv fdoleudwhg zlwk uhjdug wr wkh fkdudfwhulvwlfv ri wkh XV hfrqrp|1 Rxu uhvxowv

lqglfdwh wkdw ehtxhvwv rqo| dffrxqw iru d vpdoo sursruwlrq ri revhuyhg zhdowk khwhurjhqhlw|1

Wkh lqwurgxfwlrq ri dq lqkhulwdqfh wd{ lqfuhdvhv erwk zhoiduh dv phdvxuhg e| wkh dyhudjh

ydoxh ri wkh qhzeruq dqg htxdolw| ri wkh zhdowk glvwulexwlrq1

Suholplqdu| yhuvlrqv ri wklv sdshu kdyh ehhq suhvhqwhg dw frqihuhqfh rq *Lqwhujhqhudwlrqdo

wudqvihuv/ wd{hv dqg wkh glvwulexwlrq ri zhdowk* lq Xssvdod 4<<< dqg wkh Hfrqrphwulf Vrflhw|

Hxurshdq Phhwlqj lq Vdqwldjr gh Frpsrvwhod 4<<<1 Zh zrxog olnh wr wkdqn Plfkdho

Ndjdqrylfk/ Mrkq Odlwqhu/ Mdphv Vplwk/ Iudqn Vwd�rug/ dqg Fduo Fulvwldq yrq Zhl}v�dfnhu

iru frpphqwv rq hduolhu yhuvlrqv ri wkh sdshu1 Doo uhpdlqlqj huuruv duh rxuv1
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5Lq wklv sdshu/ zkhq zh wdon derxw wkh ulfk/ zh uhihu wr wkh zhdowk0ulfk1
6Txdgulql2U��rv0Uxoo +4<<:, uhylhz uhfhqw vwxglhv ri hqgrjhqrxv zhdowk lqhtxdolw| lq prghov

ri khwhurjhqrxv djhqwv zlwk xqlqvxudeoh lglrv|qfudwlf h{rjhqrxv vkrfnv wr hduqlqjv/ lqfoxglqj dw0

whpswv wr lqfoxgh exvlqhvv rzqhuvkls/ kljkhu udwhv ri uhwxuq rq kljk dvvhw ohyhov/ dqg fkdqjhv lq

khdowk dqg pdulwdo vwdwxv/ dprqj rwkhuv1
7Kxjjhww +4<<9, dvvxphv dfflghqwdo ehtxhvwv wr eh uhglvwulexwhg lq htxdo dprxqwv wr doo olylqj

djhqwv1 Kh dovr uhsruwv uhvxowv iurp h{shulphqwv zkhuh wkh uhfhlsw ri ehtxhvwv zdv udqgrp/ exw

zkhuh wkh glvwulexwlrq iurp zklfk ehtxhvwv zhuh gudzq zdv wkh vdph iru doo djhqwv1
8Rxu sdshu lv uhodwhg wr Iohpplqj +4<:<,1 Krzhyhu/ lq klv sduwldo htxloleulxp prgho/ Iohpplqj

dvvxphv wkdw djhqwv vsuhdg frqvxpswlrq xqlirupo| ryhu wkhlu pd{lpxp h{shfwhg olihvsdq/ zkhuhdv

zh frqvlghu d plfurirxqghg jhqhudo htxloleulxp prgho zlwk dq lqwhuwhpsrudo rswlpdo doorfdwlrq ri

frqvxpswlrq1
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@UhLtt *�ui�|�4i� e� ì L?*) UL?t�_ih |h@?tuih Lu T�)t�U@* �i@*|�c M�| ?L| ��4@?

�i@*|�� wL�h) E�bH�� @?@*)3it T@hi?|@* ��4@? U@T�|@* �?�it|4i?| �? |�i�h LgtTh�?}�

A�i @**LU@|�L? Lu |h@�?�?} @?_ �i?Ui |�i i@h?�?}t Lu |�i U��*_hi? _iTi?_ L? |�i

_�t|h�M�|�L? Lu i@h?�?}t @4L?} |�i T@hi?|t� �iU!ih%AL4it E�b.b� Thiti?| @ 4L_i*

uh@4i�Lh! UL4Th�t�?} ML|� ��4@? @?_ ?L?���4@? U@T�|@* |h@?tuiht uhL4 T@hi?|t |L

U��*_hi?� D� �}i?|t @hi ?L| @**L�i_ |L MLhhL� @}@�?t| @?|�U�T@|i_ Mi^�it|t �4T*)�?}

@ Uhi_�| *�4�| & � f� 6Lh *L�ih M�?_�?} UL?t|h@�?|c & 	 fc �i@*|� �i|ihL}i?i�|) �?�

Uhi@tit @t _i4L?t|h@|i_ M) O�}}i|| E�bbS�� W? T@h|�U�*@hc |�i ThLTLh|�L? Lu @}i?|t

�L*_�?} 3ihL @?_ ?i}@|��i @tti|t �?Uhi@tit� �UUL�?|�?} uLh |�i ui@|�hit E���ED� �?

L�h 4L_i* �t *�!i*) |L hit�*| �? @? �?Uhi@ti Lu �i@*|� �?i^�@*�|) uLh @}i?|t U�@h@U|ih�

�3i_ M) *L� |L ��}� @tti| �L*_�?}tc �L�i�ihc �i @hi tUiT|�U@* @t |L ��i|�ih �| ThL�it

t�UUittu�* �? hiThL_�U�?} |�i LMtih�i_ �i@*|� UL?Ui?|h@|�L? @4L?} |�i �ih) h�U��2�

715 Lqkhulwdqfh Wd{dwlrq

A�i ^�@?|�|@|��i igiU| Lu |�i �?�ih�|@?Ui |@ h@|i �& L? @}}hi}@|i Mi^�it|t _iTi?_t

L? |�i 4@}?�|�_i Lu |�i i*@t|�U�|) ��E&E� � �&�� ��|� hitTiU| |L Mi^�it|t� 6Lh L�h

U@*�Mh@|�L? ��|� � ' 2c @}i?|t �?Uhi@ti |�i�h MiuLhi�|@ Mi^�it|t uLh ��}�ih �& Etii

|@M*i ��� �? �?Uhi@ti Lu �?�ih�|@?Ui |@ @|�L?c �L�i�ihc @**L�t uLh |�i hi_�U|�L? Lu |�i

�@}i |@ �? Lh_ih |L !iiT |�i }L�ih?4i?| M�_}i| M@*@?Ui_� �t @ UL?ti^�i?Uic ?i|

*@MLh i@h?�?}t @?_c UL?ti^�i?|*)c Ti?t�L?t �?Uhi@ti� `��*i |�i uLh4ih igiU| �?Uhi@tit

@}}hi}@|i t@��?}tc |�i *@||ih hi_�Uit t@��?}t� A�i ?i| igiU| �t ?i}@|��i uLh |@ h@|it

�& Mi*L� .fIc @?_ @}}hi}@|i �i@*|� _iU*�?it uL**L��?} @? �?�|�@* h�ti �? �?�ih�|@?Ui

|@ @|�L?� 6�h|�ih4Lhic �i@*|� �i|ihL}i?i�|) _iU*�?it uLh |�L hi@tL?t� 6�ht|c @u|ih�

|@ �?�ih�|i_ �i@*|� _iUhi@tit� �?_ tiUL?_c |�i u@U|Lh �?UL4i _�t|h�M�|�L? U�@?}it�

6Lh L�h �LMM�#L�}*@t tTiU��U@|�L? Lu |�i ThL_�U|�L? u�?U|�L?c U@T�|@* @?_ *@MLh @hi

54Dv wkh rqo| h{fhswlrq wr wkhvh prghoolqj fkrlfhv +nqrzq wr xv,/ Txdgulql +4<<<, suhvhqwv

d surplvlqj dssurdfk lq rughu wr h{sodlq wkh kljk frqfhqwudwlrq ri zhdowk dprqj wkh yhu| ulfk

djhqwv1 Kh lqwurgxfhv hqwuhsuhqhxuvkls lqwr d g|qdplf jhqhudo htxloleulxp prgho1

22



A@M*i �G ,giU|t Lu �?�ih�|@?Ui |@ @|�L?

�& g ` � �� o g
t

B�?� {S

fI ��Hf� �e�H�b f�f2e. �����I ��S2I ��fb eH�DeI fI

�fI ��.HD �e�.bS f�f2D� �2�eHI ��.fI ��fH e.�H�I nf��e.I

2fI ��.S. �e�..� f�f2De ���H�I ��H�I ��fD e.��eI nf�2beI

�fI ��.Df �e�.e. f�f2Db ����SI ��HDI ��fe eS�D2I nf�eS�I

efI ��.�D �e�.�. f�f2SS �f��SI ��beI ��f2 eS��SI nf�SDeI

DfI ��.22 �e�SH. f�f2.2 b�.eI ��bHI ��ff eD�DHI nf�HeHI

SfI ��.�� �e�SD. f�f2H2 H�bSI e�f�I 2�bb eD�2bI n��fe�I

.fI ��.�f �e�S�H f�f2bS H�fbI e�f�I 2�bb eD���I n��2b.I

HfI ��.2f �e�D.2 f�f�2f .�f.I ��bHI ��ff eD��fI n��DbHI

bfI ��.S. �e�Dfb f�f�Sb D�S2I ��..I ��fS eD��DI n2�f�fI

bDI ��Heb �e�ee. f�fe�D e���I ��e�I ���D eD�2�I n2�e2SI

T@�_ |�i t�@hit k @?_ �� k Lu �?UL4i MiuLhi |@ itc hitTiU|��i*)� �t |�i �@}i |@ �t

hi_�Ui_c |�i @u|ih�|@ *@MLh t�@hi �? ?i| �?UL4i �?Uhi@tit� 6L**L��?} @? �?Uhi@ti �?

|�i �?�ih�|@?Ui |@ h@|i |L �fIc uLh i @4T*ic |�i B�?� ULi�U�i?| u@**t uhL4 eH�DeI |L

e.�ebI� 6Lh �& ' DfIc |�i B�?� ULi�U�i?| @4L�?|t |L eD�SIc @?_ �t @TThL �4@|i*)

@t *L� @t �? |�i U@ti Lu ?L Mi^�it|t @?_ Uih|@�? *�ui|�4i� W? |��t U@tic |�i �?i^�@*�|)

hit�*|�?} uhL4 �?�ih�|i_ �i@*|� �t i*�4�?@|i_�22

A�i LT|�4@* |@ @|�L? Lu U@T�|@* �? @ tiUL?_�Mit| iUL?L4) �@t Mii? t|�_�i_ M) ��@4�

*i) E�bHS� @?_ a�__ E�bHD�� W? @ +@4ti) 4L_i* ��|� @? �?�?�|i�*��i_ hiThiti?|@|��i

�?_���_�@*c |�i) t�L� |�@| |�i LT|�4@* U@T�|@* |@ h@|i �t 3ihL �? |�i *L?} h�?� OL��

i�ihc 3ihL U@T�|@* |@ @|�L? ?ii_ ?L| Mi LT|�4@* �? @ *�ui�U)U*i 4L_i* Etii i�}� �|!�?�

tL?%5@?_4Lc �bHfc 5�44ihtc �bH�c @?_ ��ihM@U� i| @*�c �bH�� Lh �? 4L_i*t ��|�

�?UL4T*i|i 4@h!i|t ��|� MLhhL��?} UL?t|h@�?|t Etii i�}� ��)@}@h�c �bbec �bbDc @?_

55Dv douhdg| dujxhg e| Dwnlqvrq +4<:4e,/ frqvlghulqj htxlw| zh duh qrw frqfhuqhg derxw zhdowk

lqhtxdolw| dv uhvxowlqj iurp wkh gl�huhqfh lq olih0f|foh vdylqjv dw gl�huhqw djhv +lq wkh devhqfh ri

lqfrpsohwh pdunhwv dqg eruurzlqj frqvwudlqwv,/ exw udwkhu zlwk wkh zhdowk lqhtxdolw| dv uhvxowlqj

iurp lqkhulwhg ehtxhvwv1

2�



�W4hL�LhLY}*�c �bbH�� A�ihi @hi ?�4ihL�t LTTLt�?} igiU|t Lu �?�ih�|@?Ui |@ @|�L? L?

�i*u@hi �? L�h 4L_i*� 6�ht|c |�i U@T�|@* t|LU! _iUhi@tit @�@) uhL4 |�i }L*_i?�h�*i

t|i@_)�t|@|i U@T�|@* t|LU! uLh �& 	 .fI�2� 5iUL?_c |�i |@ M�h_i? �t t��u|i_ uhL4 |�i

)L�?} @}i?|t E��L @hic �u �?i4T*L)i_c Uhi_�|�UL?t|h@�?i_ _�h�?} |�i �ht| Tih�L_t Lu

*�ui� |L |�i L*_ @}i?|t @t �i �?Uhi@ti �?�ih�|@?Ui |@ @|�L? @?_ _iUhi@ti *@MLh �?UL4i

|@ @|�L?� A��h_c |�i �?Uhi@ti �? �i@*|� i^�@*�|) hit�*|t �? @? �?Uhi@ti Lu L�h �i*u@hi

4i@t�hi E22� @t |�i �@*�i u�?U|�L? T E�� �t @ UL?U@�i u�?U|�L? Lu |�i U@T�|@* t|LU!�

�?_ uL�h|�c �|�*�|) uhL4 Mi^�it|t _iU*�?it ��|� �?Uhi@t�?} �?�ih�|@?Ui |@ @|�L?� A�i

?i| igiU| L? �i*u@hi Lu @ 4@h}�?@* �?Uhi@ti Lu �& �t TLt�|��i �? L�h Mi?U�4@h! iUL?�

L4)� �u UL�htic UL4T*i|i �?�ih�|@?Ui |@ @|�L? �t ?L| LT|�4@* @t �|�*�|) uhL4 Mi^�it|

}Lit |L 4�?�t �?�?�|) @t �& @TThL@U�it �ffI� OL�i�ihc |�i LT|�4@* �?�ih�|@?Ui |@ 

h@|i �t uL�?_ |L i�i? i Uii_ bfI� 6Lh �& ' bDIc |�i *L?}�h�? U�@?}i �? �i*u@hi �t

i^���@*i?| |L @ UL?t�4T|�L? h�ti Lu 2�e�I�2e

716 Vhqvlwlylw| Dqdo|vlv

W? |��t tiU|�L?c �i i @4�?i |�i ti?t�|���|) Lu L�h hit�*|t ��|� hi}@h_ |L |�i |�L

Thiuihi?Ui T@h@4i|ihtc |�i �?|ih|i4TLh@* i*@t|�U�|) Lu t�Mt|�|�|�L? �? UL?t�4T|�L?c

�*jc @?_ |�i _�tUL�?| h@|i q� V@h)�?} |�iti |�L T@h@4i|ihtc @** L|�ih T@h@4i|iht @hi

!iT| UL?t|@?|� W? T@h|�U�*@hc �i _L ?L| @_��t| |�i T@h@4i|iht Lu |�i �|�*�|) u�?U|�L?

uhL4 Mi^�it|tc �f @?_ �� ��h hit�*|t @hi t�44@h�3i_ �? |@M*i e� W? |�i �ht| hL�c |�i

Mi?U�4@h! U@ti ��|� j ' 2 @?_ q ' f�b.D �t hiTLh|i_ uLh i@ti Lu UL4T@h�tL?� W?

56Lq rxu ehqfkpdun fdvh/ wkh fdslwdo vwrfn gl�huv iurp wkh jroghq0uxoh fdslwdo vwrfn ehfdxvh ri

lqfrpsohwh pdunhwv/ eruurzlqj frqvwudlqwv/ fdslwdo lqfrph wd{dwlrq/ dqg wkh surylvlrq ri vrfldo

vhfxulw|1
57Wkh zhoiduh jdlq lv lq jrrg dffrugdqfh zlwk rwkhu txdqwlwdwlyh vwxglhv ri rswlpdo fdslwdo wd{0

dwlrq vxfk dv Oxfdv +4<<3, dqg Odlwqhu +4<<8, zkr frpsxwh vwhdg|0vwdwh zhoiduh jdlqv iurp wkh

derolwlrq ri fdslwdo lqfrph wd{hv ri dssur{lpdwho| 809( +ri wrwdo frqvxpswlrq,1 Qrwlfh wkdw zh

rqo| frqvlghu rqh srvvleoh wd{ srolf|/ l1h1 zh nhhs wkh vhw i�> �> �uj ri jryhuqphqw srolf| sdudphwhuv

frqvwdqw1 Vhfrqg0ehvw rswlpdo wd{dwlrq fhuwdlqo| uhvxowv lq hyhq kljkhu zhoiduh jdlqv1

2e



A@M*i eG 5i?t�|���|) @?@*)t�t

Ejc q� g � �� o g
t

B�?�

E2c f�b.D� ��Hf� f�f2e. �����I ��S2I ��fb eH�DeI

E��Dcf�b.D� ��.bb f�f2Db ���fbI ��SeI ��fb eH�HHI

Eec f�b.D� ��H�� f�f2�H ����eI ��DbI ���� e.�DbI

E2c f�bb� 2�2D. f�f2b2 �e�HSI 2�f.I ��DH eS�SbI

|�i tiUL?_ @?_ |��h_ hL�c hit�*|t @hi hiTLh|i_ uLh @ U�@?}i �? |�i ULi�U�i?| Lu h�t!

@�iht�L? |@!�?} |�i �@*�it j ' ��D @?_ j ' ec hitTiU|��i*)� W? |�i *@t| hL� Lu |@M*i

ec |�i _�tUL�?| u@U|Lh �t ti| i^�@* |L q ' f�bb�

A�i igiU| Lu @? �?Uhi@ti �? jc uLh UL?t|@?| �c L? @*|h��t|�U Mi^�it|t �t LM��L�t uhL4

�?tTiU|�L? Lu |�i �L�ti�L*_<t �ht|�Lh_ih UL?_�|�L? ES�� 6Lh @ ��}�ih ULi�U�i?| Lu h�t!

@�iht�L? jc @}}hi}@|i Mi^�it|t � _iUhi@ti� A�ihi @hi LTTLt�?} igiU|t Lu @ ��}�ih j L?

t@��?}t g� �? |�i L?i �@?_c @}i?|t @hi 4Lhi h�t! @�ihti @?_ �?Uhi@ti ThiU@�|�L?@h)

t@��?}t� �? |�i L|�ih �@?_c |�i �?|ihit| h@|i �t }hi@|ih |�@? |�i |�4i _�tUL�?| h@|i

�? L�h 4L_i* @?_c UL?ti^�i?|*)c @�ih@}i UL?t�4T|�L? }hL�t L�ih |�4i� 6Lh @ t4@**ih

i*@t|�U�|) Lu �?|ih|i4TLh@* t�Mt|�|�|�L? �*jc @}i?|t @hi *itt�?} ��**�?} |L t�Mt|�|�|i

UL?t�4T|�L? �?|ih|i4TLh@**) @?_ _iUhi@ti t@��?}t� 6�h|�ih4Lhic @*|h��t|�U Mi^�it|t

_iUhi@ti� 6Lh L�h U@*�Mh@|�L?c |�i �ht| igiU| _L4�?@|it M�| |�i ?i| igiU| L? t@��?}t

@?_ |�i �?|ihit| h@|i �t h@|�ih t4@**�2D 6L**L��?} @? �?Uhi@ti �? |�i ULi�U�i?| Lu h�t!

@�iht�L?c |�i �?i^�@*�|) Lu �i@*|� _�t|h�M�|�L? _iU*�?it MiU@�ti |�i TLLhih @}i?|t

�?Uhi@ti t@��?}t �? @ ��}�ih ThLTLh|�L? |�@? h�U�ih @}i?|t�2S 6Lh j ' ec uLh i @4T*ic

58Frqwudu| wr Kxjjhww +4<<9,/ zh �qg wkdw wkh ehtxhvw0zhdowk udwlr E@N ghfuhdvhv/ zkhuhdv

djjuhjdwh vdylqjv N lqfuhdvh zlwk wkh frh�flhqw ri ulvn dyhuvlrq � +lq doo fdvhv l0lll frqvlghuhg,1 Dv

rqh srvvleoh h{sodqdwlrq/ lqfrph xqfhuwdlqw| gxulqj zrunlqj olih lq wkh prgho ri Kxjjhww +4<<9,

lv gl�huhqw iurp wkh rqh lq rxu prgho +vhh Eoxqghoo2Vwrnhu/ 4<<</ iru dq dqdo|vlv ri wkh h�hfwv ri

lqfrph ulvn dqg wlplqj rq suhfdxwlrqdu| vdylqjv,1
59Zlwk suhihuhqfh glvsod|lqj frqvwdqw uhodwlyh ulvn dyhuvlrq/ suhfdxwlrqdu| vdylqjv ydu| lqyhuvho|

2D



|�i B�?� ULi�U�i?| Lu �i@*|� _�t|h�M�|�L? @4L�?|t |L e.�SI UL4T@hi_ |L @ B�?�

ULi�U�i?| Lu eH�DI �? |�i Mi?U�4@h! U@ti ��|� j ' 2�

6Lh @ ��}�ih _�tUL�?| h@|i q ' f�bbc t@��?}t �?Uhi@ti @?_ |�i U@T�|@*�L�|T�| h@|�L

h�tit |L ��D.� 6�h|�ih4Lhic Mi^�it|t � �?Uhi@ti MiU@�ti @}i?|t _�tUL�?| @?|�U�T@|i_
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E5L�|�� ìt|ih? �L**i}i ��M*�t��?}c ��?U�??@|�c �O��

��ihM@U�c ��a�c w�a� kL|*�!Lgc @?_ a� 5!�??ihc �bH�c A�i ,�U�i?U) B@�?t uhL4

#)?@4�U A@ +iuLh4c W?|ih?@|�L?@* ,UL?L4�U +i��i� 2ec H���ff�

�iU!ihc B�5� @?_ �� AL4itc �b.bc �? ,^��*�Mh��4 A�iLh) Lu |�i #�t|h�M�|�L? Lu

W?UL4i @?_ W?|ih}i?ih@|�L?@* �LM�*�|)c aL�h?@* Lu �L*�|�U@* ,UL?L4) H.c ��D��

Hb�

�i�@?c #�w� @?_ a�,� 5|�}*�|3c �b.bc W?|ih}i?ih@|�L?@* |h@?tuiht @?_ �?i^�@*�|)c Bhii!

,UL?L4�U +i��i� �c H�2S�

�*�?_ihc ��5�c �b.Dc #�t|h�M�|�L? ,giU|t @?_ |�i �}}hi}@|i �L?t�4T|�L? 6�?U|�L?c

aL�h?@* Lu �L*�|�U@* ,UL?L4) H�c ee.�.D�

�*�?_i**c +� @?_ +��� 5|L!ihc �bbbc �L?t�4T|�L? @?_ |�i |�4�?} Lu �?UL4i h�t!c

,�hLTi@? ,UL?L4�U +i��i� e�c e.D�Df.�

��@4*i)c ����c �bHSc �T|�4@* |@ @|�L? Lu U@T�|@* �?UL4i �? }i?ih@* i^��*�Mh��4 ��|�

�?�?�|i *��itc ,UL?L4i|h�U@ Dec Sf.�22�

_i? O@@?c `�a�c �bbSc N?_iht|@?_�?} i^��*�Mh��4 4L_i*t ��|� @ t4@** @?_ @ *@h}i

?�4Mih Lu @}i?|tc ��,+ �Lh!�?} T@Tih D.b2�

#@��itc a��� @?_ ��6� 5�LhhLU!tc �bbbc A�i #�t|h�M�|�L? Lu ì@*|�c T@Tih Thiti?|i_
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Bh��?ihc O��� @?_ �� Oiihc 2fffc �T|�4@* �@|�h@|i |@ it L? U@T�|@* Q @ hii @4�?@�

|�L? Lu w�U@t< t�TT*) 4L_i*c � uLh_ ,UL?L4�U �@Tiht D2c 2Hb��fD�

O@?ti?c B�#�c �bHDc W?_���t�M*i w@MLh @?_ |�i ��t�?itt �)U*ic aL�h?@* Lu �L?i|@h)

,UL?L4�Ut �Sc �fb�2.�

O@?ti?c B�c �bb�c A�i U)U*�U@* @?_ tiU�*@h Mi�@��Lh Lu |�i *@MLh �?T�|G UL4T@h�?}

i�U�i?U) �?�|t @?_ �L�ht �Lh!i_c aL�h?@* Lu �TT*�i_ ,UL?L4i|h�Ut Hc .��Hf�

Oi?*ic �� @?_ �� +)tU@�@}ic �bHfc A�i _�t|h�M�|�L? Lu i@h?i_ �?UL4i @4L?} 4i?

@?_ �L4i?c �bDH�..c �L?|�*) w@MLh +i��i�c �Th�*c ���f�

O�MM@h_c +�B�c a� 5!�??ihc @?_ 5��� ~i*_itc �bbDc �hiU@�|�L?@h) 5@��?} @?_ 5LU�@*

W?t�h@?Uic aL�h?@* Lu �L*�|�U@* ,UL?L4) �f�c �Sf�bb�

O�}}i||c ��c �bb�c A�i h�t!�uhii h@|i �? �i|ihL}i?L�t�@}i?| �?UL4T*i|i��?t�h@?Ui

iUL?L4�itc aL�h?@* Lu ,UL?L4�U #)?@4�Ut @?_ �L?|hL* �.c bD��Sb�
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�@||ih?t �? 6h@?Ui @?_ |�i N?�|i_ 5|@|itc +i��i� Lu W?UL4i @?_ ì@*|� �.c
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iUL?L4)c aL�h?@* Lu �L*�|�U@* ,UL?L4) �fSc HS.�bS�

k)_*@?_c 6� @?_ ,��� �hitUL||c �bH2c A�4i |L M��*_ @}}hi}@|i ��U|�@|�L?tc ,UL?L�

4i|h�U@ Dfc ��eD�.f�

w@�|?ihc a�c �bb2c +@?_L4 ,@h?�?}t #�gihi?Uitc w�ui|�4i w�^��_�|) �L?t|h@�?|tc @?_

�*|h��t|�U W?|ih}i?ih@|�L?@* Ah@?tuihtc aL�h?@* Lu ,UL?L4�U A�iLh) DHc ��D�.f�

w@�|?ihc a�c �bb�c wL?}�h�? i^��*�Mh�@ ��|� MLhhL��?} UL?t|h@�?|t @?_ @*|h��t4c aL�h�

?@* Lu ,UL?L4�U #)?@4�Ut @?_ �L?|hL* �.c SD�bS�

w@�|?ihc a�c �bbDc "�@?|�|@|��i ,�@*�@|�L?t Lu ,�U�i?| A@ �L*�U�it uLh w�U@t< 5�T�

T*) 5�_i �L_i*tc � uLh_ ,UL?L4�U �@Tiht e.c e.��b2�

wL�h)c B���c �bH�c W?|ih}i?ih@|�L?@* |h@?tuiht @?_ |�i _�t|h�M�|�L? Lu i@h?�?}tc

,UL?L4i|h�U@ ebc He��S.�

w�U@tc +�,�c �bbfc 5�TT*)�5�_i ,UL?L4�UtG �? �?@*)|�U@* +i��i�c � uLh_ ,UL�

?L4�U �@Tiht e2c ��e2�

�UBh@||@?c ,�c �bbec A�i 4@UhLiUL?L4�U igiU|t Lu _�t|Lh|�L?@h) |@ @|�L?c aL�h?@*

Lu �L?i|@h) ,UL?L4�Ut DDc eb��D�e�

�i?U��!c ��w� @?_ �� #@��_c �bH�c W?UL4i #�t|h�M�|�L?c w�ui|�4i 5@��?}tc @?_

�i^�it|tc �4ih�U@? ,UL?L4�U +i��i� .�c S.2�bf�

�L_�}*�@?�c 6�c �bHHc A�i +L*i Lu W?|ih}i?ih@|�L?@* Ah@?tuiht @?_ w�ui �)U*i 5@��?}
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v@@h�c ��c �bSDc N?Uih|@�? w�ui|�4ic w�ui W?t�h@?Ui @?_ |�i A�iLh) Lu |�i �L?t�4ihc

+i��i� Lu ,UL?L4�U 5|�_�it �2c ��.�Df�

�f


