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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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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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ULhhitTL?_ |L )i@ht� ì �ti @ t�MtUh�T| r |L _i?L|i U@*i?_@h |�4i @?_ @? @h}�4i?| |

�? T@hi?|�itit |L _i?L|i @}i� A�i �ht| | � A Tih�L_t Lu |�i�h *�uic @}i?|t @hi �Lh!iht�

+i|�hi4i?| @u|ih A )i@ht �t 4@?_@|Lh)� � �L�ti�L*_ MLh? �? Tih�L_ r 4@ �4�3it ��t

�?|ih|i4TLh@* �|�*�|)G.

4@ 
SE|�

.r

AnA-[
|'�

q|3�

#%
|\

�'�

��

&
�ESrn|E|�� n �f

%
|3�\
�'�

��

&
E� � �|��EKrn|E|��

$
c E��

��ihi Srn|E|�c Krn|E|�c @?_ q _i?L|i |�i UL?t�4T|�L? Lu |�i |�)i@h L*_ �? Tih�L_ rn |c

��t Mi^�it|tc @?_ |�i _�tUL�?| u@U|Lhc hitTiU|��i*)� �� �t |�i UL?_�|�L?@* ThLM@M�*�|) Lu

t�h���@* uhL4 @}i ��� |L @}i �� , TiU|@|�L?t .r @hi |@!i? UL?_�|�L?@* L? �?uLh4@|�L?

�? Tih�L_ r� W?t|@?|@?iL�t �|�*�|) uhL4 UL?t�4T|�L? �t tTiU��i_ @t @ �,5 u�?U|�L?G

�ESE|�� '
SE|��3j � �

� � j
c E2�

��ihi j _i?L|it |�i ULi�U�i?| Lu hi*@|��i h�t! @�iht�L?� Wu |�i @}i?| _�it @| @}i |c �i

*i@�it Mi^�it|t KE|� ' E�� �&�&E|� |L ��t LgtTh�?} ThL��_�?} ��4 ��|� �|�*�|) �f�EK��

�i^�it|t @hi t�M�iU| |L @? �?�ih�|@?Ui |@ �&� &E|� @hi |�i @tti| �L*_�?}t Lu |�i |�)i@h

:Wkh dgglwlyh vhsdudelolw| ri xwlolw| iurp frqvxpswlrq dqg ehtxhvwv lv dgdswhg iurp Dwnlqvrq

+4<:4d,1

e



L*_ @}i?|� �t U@T�|@* �t |�i L?*) !�?_ Lu @tti| �? |�i iUL?L4)c �i ��** hiuih |L & @t

@tti|tc |�i U@T�|@* t|LU!c @?_ |�i �i@*|� �?|ihU�@?}i@M*)� �f �t @ 4i@t�hi Lu T@hi?|@*

@*|h��t4� A�i �|�*�|) uhL4 Mi^�it| �t @*tL tTiU��i_ @t @ �,5 u�?U|�L?G

�EKE|�� '

;?
=

KE|��3�3�

�3�
&E|� � �gE|�

f e,re
E��

6L**L��?} �*�?_ih E�b.D�c �i ti| � ' j�H W? L�h @?@*)t�tc �i _�t|�?}��t� |�hii _�gihi?|

U@titG E�� �? L�h Mi?U�4@h! U@tic @** @}i?|t _L �@�i @ Mi^�it| 4L|��ic �gE|� ' f uLh

@}it | ' ��c � � � c Sfc E��� L?*) |�i 4Lt| @=�i?| @}i?|t _L �@�i @ Mi^�it| 4L|��ic

�gE|� : fc @?_ E���� ?L Mi^�it| 4L|��ic �f ' f� ��h 4L|��@|�L? |L �?U*�_i |�i

tTiU��U@|�L? �g : f �t M@ti_ �TL? |�i i4T�h�U@* �Lh! Lu �i?U��!%#@��_ E�bH�� ��L

hi}hitt Mi^�it|t L? *�ui|�4i i@h?�?}t uLh @U|�@* _@|@ L? ML|� Mi^�it|t @?_ i@h?�?}t�

A�i) �?_ |�@| uLh *L� �?UL4i *i�i*tc |�i 4@h}�?@* ThLTi?t�|) |L Mi^�i@|� L�| Lu

i@h?�?}t �t ?L| t�}?��U@?|*) _�gihi?| uhL4 3ihL� O�h_ @?_ 5�L�i? E�b.b� i�i? �?_

|�@|c �? �b.bc �L�ti�L*_t �? |�i �TTih �fI �i@*|� �i*_ @ML�| eSI EDDI i U*�_�?}

�L�tit� Lu Mi^�i@|�@M*i �i@*|�� W? |�i |��h_ U@tic |�ihi �t ?L @*|h��t|�U Mi^�it|

4L|��i� �** Mi^�it|t @hi @UU�_i?|@*� A�i |��h_ U@ti tih�it @t @ UL4T@h�tL? U@ti

�? Lh_ih |L i�@*�@|i |�i UL?|h�M�|�L? Lu |�i Mi^�it| 4L|��i uLh |�i i T*@?@|�L? Lu

LMtih�i_ �i@*|� �i|ihL}i?i�|)�

W? @__�|�L?c �i �4TLti @ t�4T*i }i?ih@|�L?@* t|h�U|�hi �? L�h 4L_i* t�4�*@h |L w@�|?ih

;Dv srlqwhg rxw e| Eolqghu +4<:8,/ wklv dujxphqw lv lpsolhg e| uhvxowv ri \ddul +4<98,1 Vkruurfnv

+4<:<, lqyhvwljdwhv wkh flufxpvwdqfhv xqghu zklfk wkh lvrhodvwlf irup ri xwlolw| iurp ehtxhvwv iroorzv

iurp dq h{whqghg olih0f|foh prgho/ zkhuh lqglylgxdov duh frqfhuqhg zlwk wkh frqvxpswlrq vwdqgdugv

ri wkhlu ghvfhqgdqwv1

D



E�bb2c�bb���b W? T@h|�U�*@hc u@4�*�it L?*) UL?t�t| Lu L?i T@hi?| @?_ ��t U��*_��f 6L*�

*L��?} kL|*�!Lg%5�44iht E�bH��c �i @tt�4i |�@| |�i @}i }@T Mi|�ii? |�Lti *i@��?}

Mi^�it|t @?_ |�Lti hiUi���?} |�i4 i^�@*t A W ' �f )i@ht� �t @ UL?ti^�i?Uic �i U@?

_���_i |�i �L�ti�L*_t �? |�L t�Mti|tG |�i T@hi?|t ��L @hi Lu @}i | : A W @?_ ��L

*i@�i Mi^�it|t L? |�i L?i �@?_ @?_ |�i U��*_hi? ��L @hi Lu @}i | � A W L? |�i L|�ih

�@?_� A�i U��*_ �t @�@hi Lu ��t T@hi?|<t �i@*|� @?_ �i 4@ �4�3it ��t *�ui|�4i �|�*�|)

E�� UL?t�_ih�?} |�i ThLM@M�*�|) @?_ |�i @4L�?| Lu u�|�hi Mi^�it|t� 6�h|�ih4Lhic

�i @tt�4i |�@| �| ' � uLh | � A W� A��t @tt�4T|�L? �t h@|�ih �@h4*itt UL?t�_ih�?}

|�@| |�i i4T�h�U@* t�h���@* ThLM@M�*�|�it Lu |�i )L�?} @}i?|t @hi U*Lti |L L?i� �t @?

�4T*�U@|�L?c i�ih) _iUi@ti_ �L�ti�L*_ �@t @ *���?} �i�h�

#�h�?} �Lh!�?} |�4ic | � A c @}i?|t t�TT*) L?i �?�| Lu *@MLh �?i*@t|�U@**)� L̀h!�?}

@}i?|t u@Ui @ t|LU�@t|�U i4T*L)4i?| LTTLh|�?�|)� wi| 4rE|� 5 iec �j _i?L|i |�i

i4T*L)4i?| t|@|�t �? Tih�L_ r @| @}i | � A ���U� �t @tt�4i_ |L uL**L� @ �ht|�Lh_ih

�@h!L� ThLUitt ��|� �?�@h�@?| |h@?t�|�L? 4@|h� �d4E| n ��c 4E|�o ' Z��c �c � ' ec �c

��ihi Z�� ' �hLMi4E| n �� ' �m4E|� ' �j� Wu 4 ' e E4 ' ��c |�i @}i?| �t i4T*L)i_

E�?i4T*L)i_��

A�i i4T*L)i_ @}i?| E4 ' e� i@h?t *@MLh �?UL4i E� � ���7�"E|��rE|�c ��ihi � �t |�i

@}}hi}@|i �@}i Tih i�U�i?U) �?�|c �� �t |�i |@ h@|i L? �@}i �?UL4ic "E|� _i?L|it

|�i i�U�i?U) �?_i Lu |�i |�)i@h L*_ }i?ih@|�L?c @?_ 7� @hi |�i E�?_���t�M*i� �L�ht

�Lh!i_� Wu �?i4T*L)i_ E4 ' ��c |�i @}i?| hiUi��it �?i4T*L)4i?| UL4Ti?t@|�L?

lE� � ���7�"E|��rc ��ihi l �t |�i hiT*@Ui4i?| h@|�L� �u|ih hi|�hi4i?|c |�i @}i?|

hiUi��it Ti?t�L?t Rr ' wE� � ���7�7"�rc ��|� @ hiT*@Ui4i?| h@|�L w hi*@|��i |L @�ih@}i

<Frqwudu| wr wkh prgho ri Odlwqhu +4<<5/4<<6,/ olihwlph lv dvvxphg wr eh xqfhuwdlq lq rxu prgho1

Khqfh/ lq wkh devhqfh ri dqqxlw| pdunhwv/ zh kdyh erwk dfflghqwdo dqg dowuxlvwlf ehtxhvwv1 Ixu0

wkhupruh/ zh dvvxph wkh fklog dqg wkh sduhqw wr ghflgh lqghshqghqwo|1 Odlwqhu dvvxphv wkh fklog

dqg wkh sduhqw wr irup d ghflvlrq hqwlw| uhvxowlqj lq d jdlq ri dqdo|wlfdo wudfwdelolw|1

43Ixuwkhupruh/ zh qhjohfw dq| sureohpv frqfhuqlqj pdwlqj sdwwhuqv ru frqfrplwdqw lvvxhv1

S



?i| *@MLh i@h?�?}t Lu |�i i4T*L)i_ @}i?|t�

A�i t|@|i �iU|Lh %rE|� Lu |�i T@hi?|c | : A Wc �t }��i? M) ��t L�? U@T�|@* &rE|� E���U�

t�4T*) |@!it |�i �@*�i Lu 3ihL @u|ih ��t _iUi@ti� @?_ ��t i4T*L)4i?| t|@|�t 4rE|�

E���U� |@!it |�i �@*�i 4 ' o _�h�?} hi|�hi4i?|c | : A c @?_ 4 ' _ uLh |�i _iUi@ti_

T@hi?|�� A�i U��*_<t t|@|i �iU|Lh %rE|� UL4Th�tit ��t L�? U@T�|@* t|LU! &rE|�c ��t

i4T*L)4i?| t|@|�t 4rE|� @t �i** @t ��t T@hi?|@* �i@*|� &Rr E| n A W� @?_ i4T*L)4i?|

t|@|�t 4RrE|nA W�c %rE|� ' E&rE|�c 4rE|�c &
R
r E|nA W�c 4RrE|nA W�� uLh | � A W� 6�h|�ih4Lhic

*i| }rE%E|�� _i?L|i |�i _i?t�|) Lu %E|� @| |�4i rc ��|� �?�|�@* _�t|h�M�|�L? }fE�� }��i?�

A�i �Lh!�?} @}i?| u@Uit |�i M�_}i| UL?t|h@�?| �? Tih�L_ rG

&rn�E|n �� n SrE|� ' E� n orE� � �o�� &rE|� n �4r'e E�� ��� "E|�7��r n Ee�

n�4r'�lE�� ���"E|�7��r n irE|�c

��ihi �o @?_ or _i?L|i |�i |@ h@|i L? �?|ihit| �?UL4i @?_ |�i �?|ihit| h@|ic hi�

tTiU|��i*)c @?_ �4'e E�4'�� �t @? �?_i u�?U|�L? |@!�?} |�i �@*�i L?i �u |�i @}i?|

�t i4T*L)i_ E�?i4T*L)i_�� NTL? _i@|� Lu ��t T@hi?|c |�i U��*_ �?�ih�|t irE|� '

E� � �&�&
R
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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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