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�L?t�4T|�L?��@ti_ �L_i*�?} Lu wL?}�OLh�3L? +i|�h?t|

ki?| #� #@?�i*� @?_ #@��_ �� �@ht�@**��

�Mt|h@U|

��4ihL�t t|�_�it �@�i _LU�4i?|i_ |�i u@�*�hi Lu UL?t�4T|�L?�M@ti_ Th�U�?} 4L_i*t
|L i T*@�? LMtih�i_ T@||ih?t �? t|LU! @?_ ML?_ hi|�h?t� A��t u@�*�hi �@t tL4i|�4it
Mii? @||h�M�|i_ |L uh�U|�L?tc |h@?t@U|�L? ULt|t Lh _�h@M�*�|)� Wu t�U� uh�U|�L?t @hi
�4TLh|@?|c |�i) t�L�*_ Th�4@h�*) @giU| |�i ��}�ih uhi^�i?U) UL4TL?i?|t Lu @tti|
hi|�h?t� A�i *L?}�t��?}tc Lh *L�ih�uhi^�i?U) UL4L�i4i?|t t�L�*_ Mi *itt @giU|i_�
�L?ti^�i?|*) �u |h@?t@U|�L? ULt|t @hi �4TLh|@?|c |it|t Lu |�i UL?t�4T|�L? M@ti_
@tti| Th�U�?} 4L_i* ���U� UL?Ui?|h@|i L? *L�ih�uhi^�i?U) UL4TL?i?|t 4@) Mi 4Lhi
t�UUittu�*�
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|�i UL�ihi?Ui @?@*)t�t �t�?} M@?_T@tt �*|ih�?} @?@*)t�t t�4�*@h |L |�@| t�}}it|i_ M) �@ |ih
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@*|ih?@|��i 4i@t�hit Lu UL?t�4T|�L?G |L|@* @?_ ?L?�_�h@M*it @?_ tih��Uitc @?_ |�i UL4TL?i?|t

Lu |L|@* UL?t�4T|�L?G _�h@M*itc ?L?�_�h@M*itc @?_ tih��Uit� ì @*tL Thiti?| UL?t�4ih tih��Uit
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;Zh dovr ghphdq wkh vhw ri PD frh�flhqwv rxwsxw iurp wkh ILUOV surfhgxuh iru wkh f|foh dqg kljk �owhu
zhljkw vhulhv1 Vlqfh wkhvh duh �qlwh ohqjwk �owhuv/ li wkh vxp ri wkh PD frh�flhqwv lv }hur wkdq wkh �owhuv zloo
holplqdwh dq| lqwhjudwhg +L+4,, frpsrqhqw suhvhqw lq wkh gdwd1

<Ed{whu dqg Nlqj +4<<7, glvfxvv wkh uhdvrqv wkdw dq _lghdo vshfwudo vkdsh% lv qrw dfklhydeoh lq sudfwlfh1
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Wkh txduwhuo| uhdo FUVS YZ lqgh{ uhwxuqv dqg wkh uhdo qrq0gxudeoh dqg vhuylfhv frqvxpswlrq jurzwk vhulhv
+4<7:=404<<:=7,/ zhuh hdfk �owhuhg xvlqj rqh ri wkh wkuhh �owhuv/ dv ghvfulehg lq wkh wh{w1 Wkh pd{lpxp fruuhod0
wlrq frh�flhqw ehwzhhq wkh wzr �owhuhg vhulhv/ a�pd{/ lv frpsxwhg dv lq htxdwlrq +7,1 Wkh ydoxh ri a�pd{ dv zhoo
dv wkh pd{lpl}lqj ydoxh ri � duh jlyhq lq wkh Wdeoh iru hdfk �owhu1 Wkh Prqwh0Fduor ghwhuplqhg s0ydoxhv duh
jlyhq lq sduhqwkhvhv1 Wkhvh lqglfdwh wkh suredelolw| ri rewdlqlqj d qxpehu dw ohdvw dv odujh dv wkh vdpsoh ydoxh
dvvxplqj wkdw wkh uhwxuqv duh l1l1g1 qrupdo/ dqg lqghshqghqw ri frqvxpswlrq jurzwk1 Vhyhq phdvxuhv ri frq0
vxpswlrq duh xvhg= wrwdo/ dqg qrqgxudeohv soxv vhuylfhv +%QG)V%,> wkh frpsrqhqwv frqvxphu gxudeohv +%Gxu1%,/
qrq0gxudeohv +%QGxu%,/ dqg vhuylfhv +%Vhuy1%,> dqg wkhq wzr phdvxuhv zklfk h{foxgh wkh lpsolhg vhuylfh �rz
iurp rzqhu0rffxslhg krxvlqj= frqvxphu vhuylfhv +%V{K%, dqg qrqgxudeohv soxv vhuylfhv +%QGV{K%,1
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Wklv �jxuh sorwv wkh exvlqhvv0f|foh �owhuhg uhdo frqvxpswlrq jurzwk +Wrwdo, dqg �owhuhg/ wzr0txduwhu0odjjhg/
YZ uhwxuqv vhulhv1 Wkh �owhulqj phwkrg lv ghvfulehg lq wkh wh{w1 Wkh shulrg lv 4<7:=404<<7=4/ exw wkh �uvw
dqg odvw irxu |hduv duh wuxqfdwhg lq wkh �owhulqj surfhvv1 Hdfk vhulhv lv qrupdol}hg e| glylglqj e| lwv vwdqgdug
ghyldwlrq1
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Wkh irxu vrolg fxuyhv lq erwk sdqhov duh wkh Kdqvhq0Mdjdqqdwkdq erxqgv rq wkh txduwhuo| vwdqgdug
ghyldwlrq ri wkh sulflqj nhuqho/ lqihuuhg iurp wkh dvvhw uhwxuq gdwd dw wkh irxu krul}rqv= rqh txduwhu/
rqh |hdu/ wzr |hduv/ dqg wkuhh |hduv1 Lq wkh wrs sdqho/ wkh grwwhg olqhv sorw wkh phdqv2vwdqgdug
ghyldwlrqv iru wkh Deho prgho pdujlqdo udwh ri vxevwlwxwlrq/ dv jlyhq lq htxdwlrq +</ iru wkh iroorzlqj
irxu krul}rqv= rqh txduwhu +_.%,/ rqh |hdu +_-%,/ wzr |hduv +_flufoh%,/ dqg wkuhh |hduv +_{%,1 Wkh
prgho sdudphwhuv duh � @ 3=;/ � @ 3=:/ p @ ;/ � @ 41 Wkh phdqv dqg vwdqgdug ghyldwlrqv ri wkh
�wwhg uhjuhvvlrqv duh sorwwhg iru � @ 3/ 111/ 631 Lq wkh erwwrp sdqho/ wkh gdvkhg olqhv duh jhqhudwhg e|
uxqqlqj d uhjuhvvlrq ri wkh fdqglgdwh glvfrxqw idfwruv rq wkh vhw ri uhdo uhwxuqv +lq wklv fdvh wkh YZ
lqgh{ dqg wkh W0Eloo udwh,1 Frqvxpswlrq lv phdvxuhg dv h{shqglwxuhv rq frqvxphu qrqgxudeohv soxv
vhuylfhv> wkh wlph shulrg lv 4<7:=404<<;=71
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Wkh �jxuh sorwv wkh "5 vwdwlvwlf +ohiw sdqho, dqg wkh KM<: vwdwlvwlf +uljkw sdqho, lpsolhg e| wkh Deho
prgho dw wkh txduwhuo|/ dqg rqh/ wzr/ dqg wkuhh0|hdu krul}rqv iru ydoxhv ri � udqjlqj iurp 3 wr 631
Wkh krul}rqwdo grwwhg olqh lqglfdwhv wkh ydoxh ri 81<</ zklfk lv wkh 8( fulwlfdo ydoxh iru d "5 udqgrp
yduldeoh zlwk wzr ghjuhhv ri iuhhgrp1 Wkh prgho sdudphwhuv duh � @ 3=;/ � @ 3=:/ p @ ;/ � @ 41
Frqvxpswlrq lv phdvxuhg dv h{shqglwxuhv rq frqvxphu qrqgxudeohv soxv vhuylfhv> wkh wlph shulrg lv
4<7:=404<<:=71
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�L?t|@?|�?�_it Thiuihi?Uit� ì 4i@t�hi UL?t�4T|�L? @t �#:5c @?_ ti| B ' f�bc # ' f�Hc @?_6

' 2� A�i O@?ti?�a@}@??@|�@? ML�?_t T*L|t uLh @hi Thiti?|i_ �? 6�}�hi H� N?*�!i |�i �Mi* 4L_i*

_�tT*@)i_ �? 6�}�hi Sc |�i TL�?| it|�4@|it uLh |��t T@h@4i|ih�3@|�L? Lu |�i �L?t|@?|�?�_it 4L_i*

t@|�tu) |�i Oa ML�?_t L?*) @| |�i |�L�)i@h �Lh�3L?� `�i? |�i Th�U�?} !ih?i*t @hi ThL�iU|i_ L?|L

|�i tT@Ui Lu @tti| hi|�h?t E*L�ih T@?i*�c ?L?i Lu |�i TL�?| it|�4@|it t@|�tu) |�i Oa hit|h�U|�L?t�

�t ��|� |�i �Mi* 4L_i*c |�i |�L�)i@h �Lh�3L? UL4it U*Ltit| |L |�i Oa ML�?_t� OL�i�ihc |�i

O@?ti?�a@}@??@|�@? 4i@?��@h�@?Ui hit|h�U|�L?t @hi ?L| hi�iU|i_ t|@|�t|�U@**) M) |�i O@?ti?c

Oi@|L?c @?_ w�||4ih E�bbD��

6�}�hi b �t |�i @?@*L}�i uLh �L?t|@?|�?�_it Thiuihi?Uit |L �}�hi .� A�i �2 |it| @TTi@ht *itt

u@�Lh@M*i |L |�i ^�@h|ih*) �Lh�3L? |�@? ��|� �Mi* Thiuihi?UitG W? T@?i* � Lu �}�hi b |�i �2

t|@|�t|�Ut i Uii_ |�i D�bb Uh�|�U@* �@*�i uLh @** �@*�it Lu �� OL�i�ihc ML|� |�i L?i� @?_ |�L�)i@h

�Lh�3L?t _L ^��|i �i** uLh �@*�it Lu � i Uii_�?} e� �LhiL�ihc |�i 4L_��i_ Oab. t|@|�t|�Ut �?_�U@|i

|�@| |�i �2 t|@|�t|�Ut @hi t4@** MiU@�ti |�i _�t|@?Ui Mi|�ii? 6 @?_P �t �?_ii_ t�h�?!�?}� 6Lh

i @4T*ic |�i +�5 _�t|@?Ui Mi|�ii? |�i 4L_i*<t W�+5 @?_ |�i ti| Lu �@*�_ Th�U�?} !ih?i*t �t L?*)

f�f�H uLh |�i |�L�)i@h �Lh�3L? ��|� � i^�@* |L �f� �t ��|� |�i �Mi* 4L_i*c |�i �L?t|@?|�?�_it

4L_i* _Lit *itt �i** ��i? UL?t�4T|�L? �t 4i@t�hi_ M) ?L?_�h@M*it L?*)� `�i? �L�t�?} tih��Uit

@hi L4�||i_ uhL4 |�i _@|@c |�i hit�*|t @hi t�4�*@h |L |�Lti uLh �#:5�

AL t�44@h�3i |�i i��_i?Ui uhL4 |��t tiU|�L?c |�i }h@T��U@* O�a @?@*)t�tc |�i �2 t|@|�t|�Utc

@?_ |�i Oab. t|@|�t|�Ut t�}}it| |�@| |�i �Mi* 4L_i* TihuLh4t Mit| @| |�i |�L�)i@h �Lh�3L? @?_

|�i �L?t|@?|�?�_it 4L_i* _Lit u@�h*) �i** @| ML|� |�i L?i� @?_ |�L�)i@h �Lh�3L?t�

5;Zlwk wklv phdvxuh ri frqvxpswlrq/ wkh KM<: vwdwlvwlf zkhq � @ 47 lv 3136; iru wkh wzr0|hdu krul}rq dqg
31386 iru wkh wkuhh0|hdu krul}rq1

2H



6�}�hi HG O@?ti?�a@}@??@|�@? ML�?_t |it|t uLh �L?t|@?|�?�_it �hiuihi?Uitc uLh �L?�
#�h@M*i @?_ 5ih��Uit �L?t�4T|�L?

Wkh ghvfulswlrq iru �jxuh 9/ dssolhv khuh dovr/ h{fhsw wkdw wkh suhihuhqfhv khuh duh Frqvwdqwlqlghv> wkh
prgho sdudphwhuv duh � @ 3=;/ � @ 3=</ p @ 5/ � @ 4> wkh ydoxh ri � udqjhv iurp 3 wr 4;> dqg wkh
vsdflqj ehwzhhq wkh furvvhv lv � @ 51 Wklv �jxuh lv iru Qrq0Gxudeoh dqg Vhuylfhv Frqvxpswlrq1
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h@4i|iht� ì uL�?_ |�@|c MhL@_*) tTi@!�?}c |�iti 4L_i*t @TTi@hi_ |L TihuLh4 TLLh*) @| |�i

^�@h|ih*) �Lh�3L?c u@�h*) �i** @| |�i |�L�)i@h �Lh�3L?c @?_ ��|� �?|ih4i_�@|i TihuLh4@?Ui @| |�i

L?i� @?_ |�hii�)i@h �Lh�3L?t� W? |��t tiU|�L?c �i @t! �L� �i** |�iti 4L_i*t TihuLh4 ��i? |�i

T@h@4i|iht @hi U�Lti? LT|�4@**)� W? T@h|�U�*@hc uLh i@U� 4L_i* �i ��t� |L tii ��i|�ih |�ihi @hi

T@h@4i|ih UL?�}�h@|�L?t |�@| ti| |�i Oab. t|@|�t|�U |L 3ihL E�?_�U@|�?} |�@| |�i 4i@? hit�_�@*t

uhL4 |�i @tti| Th�U�?} ,�*ih i^�@|�L?t i^�@* 3ihL �? t@4T*i�� Wu @ 3ihL �@*�i Lu |��t Uh�|ih�L? �t

@U��i�i_c �i ��t� |L tii ��i|�ih |�i T@h@4i|ih |�@| @U��i�i |��t �@*�i @hi �T*@�t�M*i� �? tL4i

�?|��|��i ti?ti�2b

W? UL?_�U|�?} |��t i ihU�tic �i ?L|i |�@| |�i 4L_i* �t �?_ih�_i|ih4�?i_� ì �@�i L?*) |�L
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