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,�U�i?}hii? E�bb2�c �i*�|3 @?_ ìMihc�bbS�c Bih4@?) @?_ 6h@?Ui @TTi@h |L �@�i t�}�
?��U@?|*) UL?�ih}i_c @t i��_i?Ui_ M) |�i ��}� *i�i* Lu ULhhi*@|�L? Mi|�ii? |�i t�TT*)
@?_ _i4@?_ t�LU!t �? |�i |�L UL�?|h�it� A�i �??L�@|�L? Lu |��t T@Tih �t |L t�L� |�@|
L�h 4i@t�hi Lu �tU@* t�LU!t ���Lti igiU| L? |�i M�_}i| _i�U�| �t U*Lti |L t|@?_@h_ �?_��
U@|Lht Lu Rt|h�U|�h@* _i�U�|�� @TTi@h |L Mi �_�Lt)?Uh@|�U uLh |�i ��L*i Tih�L_c @*|�L�}�
|�i tiUL?_ �@*u Lu |�i t@4T*i ThL��_it i��_i?Ui Lu ?i}@|��i ULhhi*@|�L?� A��t *@||ih hi�
t�*| tii4t |L Mi _�i |L E�� @ _�gihi?| |�4�?} �? �tU@* i T@?t�L?t%UL?tL*�_@|�L?t @?_ E���
_�gihi?| hiTL?tit |L |�i M�t�?itt U)U*i� �L?Uih?�?} |�i �4T@U| Lu �tU@* t�LU!tc �i �?_
|�i) �@_ @ 4Lhi t�}?��U@?| igiU| L? L�|T�| �? Bih4@?) |�@? �? 6h@?Ui uLh |�i Tih�L_
�?_ih hi��i�� 6�tU@* TL*�U) t�LU!t @TTi@h |L �@�i *�||*i igiU| L? |�i L|�ih �@h�@M*it
UL?t�_ihi_�

A�i hi4@�?_ih Lu |��t T@Tih �t Lh}@?�3i_ @t uL**L�t� 5iU|�L? 2 �?|hL_�Uit @ t|)*�3i_
4L_i* Lu �tU@* TL*�U)c |�@| �t �ti_ |L �_i?|�u) |�i t|h�U|�h@* t�LU!t �? |�i V�+ 4L_i*�
5iU|�L? � _itUh�Mit |�i _@|@� A�i i4T�h�U@* hit�*|t @hi _�tU�tti_ �? 5iU|�L? e�

2 A�i 4L_i* @?_ �|t |it|@M*i �4T*�U@|�L?t

6�tU@* TL*�U) �t |h@_�|�L?@**) �?�it|�}@|i_ |�hL�}� W5%w��|)Ti 4L_i*t� Oihic @ 4Lhi
}i?ih@* 4L_i* �t Thiti?|i_c tL @t |L �?|hL_�Ui i T*�U�|*) |�i �?|ih|i4TLh@* _�4i?t�L? Lu
�tU@* TL*�U) @?_ |L i?UL4T@tt +�U@h_�@? ?i�|h@*�|) @t @ tTiU�@* U@ti� A��t 4L_i* �t �ti_
|L _ih��i |�i |�4i tih�it ThLTih|�it |�@| t�L�*_ Mi i TiU|i_ uhL4 |�i _@|@�

2�� A�i 4L_i*

A�i 4L_i* �t @ _�tUhi|i�|�4i �iht�L? Lu @? L�ih*@TT�?} }i?ih@|�L? 4L_i* Lu �*@?U�@h_E�bHD��
6Lh @? �?_���_�@* Lu @}i @ @| _@|i |c ��|� *L}@h�|�4�U �|�*�|)G

�



.|EL@c|� ' .|E
"[
�'f

B� *?ES@n�c|n��� '
"[
�'f

EB��� *?ES@n�c|n�� E��

��ihi S@n�c|n� �t |�i UL?t�4T|�L? �? Tih�L_ | n � Lu @? �?_���_�@* Lu @}i @ n �� .|E��
�t |�i i TiU|@|�L? LTih@|Lhc UL?_�|�L?@* L? �?uLh4@|�L? @| |� N?Uih|@�?|) @h�tit �? |�i
4L_i* |�hL�}� t�h���@* h�t!� Oi?Uic M�_}i| _i�U�|t 4@||ih MiU@�ti @}i?|t �@�i �?�|i
�Lh�3L?tG ��|� ThLM@M�*�|) �� UL?t�4iht t�h���i ��Tih�L_t @�i@_� W| �t @*tL @tt�4i_c
uLh UL?�i?�i?Uic |�@|c @| i@U� Tih�L_c |�ihi �t @ ThLTLh|�L? E� � ����Lu @}i?|t Lu @}i �
E � ' fc � � � c4�� ��|T�| �t tf @| | ' f @?_ t �? |�i Ru�|�hi� Tih�L_t E| ' �c � � � c4��
A@ it Af @?_ A @| | ' f @?_ | : fc hitTiU|��i*)c @hi *i��i_ L? Th��@|i @}i?|t� 6hL4 |�i
�ht| Lh_ih UL?_�|�L?t Lu �|�*�|) 4@ �4�t@|�L? �?_ih hitL�hUit UL?t|h@�?|tc �| �t TLtt�M*i
|L t�L� |�@| |�i @}}hi}@|i Tih�U@T�|@ UL?t�4T|�L? �tG

�f ' E�� B��`f ' E�� B��dEtf � Af� n
�

- � �
Et � A � n`fo E2�

W? E2�c �| �t @tt�4i_c |L t�4T*�u)c |�@| |�i �Lh*_ hi@* �?|ihit| h@|i �t UL?t|@?| uhL4 | ' f
L?�@h_ @?_ - ' � n o� A�i tiUL?_ |ih4 �? |�i t^�@hi Mh@U!i|t �t

S"
|'�E

�
-
�|Et � A ��

A�i �?�|�@* *i�i* Lu ?L? ��4@? �i@*|� �t `f� A�i hi@* �?|ihit| h@|i Mi|�ii? | ' �� @?_
| ' f �t �h�||i? o3��

�tt�4�?}c |L t�4T*�u)c |�@| T�M*�U i Ti?_�|�hit @hi 3ihLc |�i }L�ih?4i?| M�_}i|
UL?t|h@�?| �t t�U� |�@|G

"[
�'f

-3�EA� �C�� ' Af n
�

- � �
A ' E� n o3���

}
3� E��

��ihi �}
3��t |�i �?�|�@* *i�i* Lu T�M*�U _iM|�

AL i @4�?i |�i hL*i Lu }L�ih?4i?| M�_}i| _i�U�| �| �t UL?�i?�i?| |L h�? |�i uL**L��?}
i Tih�4i?| G |@ it @hi U�| M) _Af @| | ' fc @?_ �?Uhi@ti_ *@|ih |L t@|�tu) |�i }L�ih?4i?|
tL*�i?U) UL?t|h@�?| E_A ' �E- � ��_Af�� 5�?Ui @}i?|t �@�i �?�|i *�ui|�4it E� 	 ��c
|�i T�M*�U _i�U�| @| | ' f 4i@?t |h@?tuihh�?} |�i �?@?U�?} Lu |�i |@ U�| |L u�|�hi
}i?ih@|�L?t� �t @ UL?ti^�i?Uic Th��@|i �i@*|� h�tit E_`f ' �E� � � -3�

-3�
�_Af : f uLh

_Af 	 f�c �i?Ui UL?t�4T|�L? �?Uhi@tit @| | ' f�
W? |�i |�L�UL�?|h) �iht�L? Lu |�i 4L_i*c _i�i*LTi_ M) 6hi?!i* @?_ +@3�? E�bb2�c

|h@_@M*i @?_ ?L?�|h@_@M*i }LL_t E@| �L4i @?_ @MhL@_� @hi �?|hL_�Ui_ �? Lh_ih |L t|�_)
|�i igiU| Lu M�_}i| _i�U�| L? |�i hi@* i U�@?}i h@|i� � |�LhL�}� i @4�?@|�L? Lu |�i
�4T*�U@|�L?t Lu |�i LTi? iUL?L4) �iht�L? Lu |�i 4L_i* �t hitih�i_ uLh u�|�hi �Lh!� �|
|��t TL�?|c �| t��Uit |L t@) |�@|c uhL4 |�i |�iLhi|�U@* t|@?_TL�?|c �? |�i LTi? iUL?L4)

4L_i*c |�i UL4T@h@|��i t|@|�Ut i ihU�tit @*tL t�L� |�@|c ��i? � 	 �c_`f

_Af
	 fc

_` W

f

_Af
: f

@?_ _-
_Af

	 f Etii 6hi?!i* @?_ +@3�? E�bb2� uLh _i|@�*t���

4Li wkh vpdoo2phglxp vl}h ri wkh frxqwulhv frqvlghuhg lpsrvhv wr lqwurgxfh h{whuqdo yduldeohv/ lw
vkrxog krzhyhu eh dfnqrzohgjhg wkdw vxfk d fkdqqho ri wudqvplvvlrq ri vkrfnv pljkw eh ohvv uhohydqw
zlwk HPX1

e



AL t�44@h�3ic |�i 4@�? UL?U*�t�L? Lu |�i 4L_i* �t |�@| @ M�_}i| _i�U�| �?Uhi@tit
UL?t�4T|�L? @?_ |�i hi@* �?|ihit| h@|i� Wu +�U@h_�@? i^���@*i?Ui �L*_t E� ' ��c UL?�
t�4T|�L? �t �?@giU|i_� A�iti UL?U*�t�L?t @hi t|@?_@h_ �? |�i *�|ih@|�hi� A�i) @hi u�**)
UL?t�t|i?| ��|� |�i *L?} h�? �4T*�U@|�L?t Lu |�i t|LU�@t|�U h@|�L?@* i TiU|@|�L?t 4L_i*
M) �*@h�_@ @?_ B@*� E�bbD� ��L M��*_t L? �Mt|ui*_ E�bHD��

2�2 Ait|@M*i �4T*�U@|�L?t

AL 4i@t�hi |�i igiU| Lu �tU@* t�LU!t L? |�i _)?@4�Ut Lu |�i Bih4@? @?_ 6hi?U�
iUL?L4�itc @?_ |L ThL��_i |�i Mit| _itUh�T|�L? Lu |�i TL*�U)�4� E4L?i|@h) @?_ �tU@*
TL*�U)� �? |�i |�L UL�?|h�itc �| �t ?iUitt@h) |L t|�_) |�i |�4i�tih�it ThLTih|�it Lu @ hiT�
hiti?|@|��i ti| Lu 4@UhLiUL?L4�U �@h�@M*itc �?U*�_�?} |�i M�_}i| _i�U�|� A�i @TThL@U�
�t 4�*|��@h�@|i @?_ uLU�tit L? ^�@h|ih*) _@|@� � e�_�4i?t�L?@* �iU|Lh Lu �@h�@M*it f| �t
�?|hL_�Ui_c �?U*�_�?} hi@* L�|T�| }hL�|� E{ *? +|�c )i@h�|L�)i@h �?�@|�L? E*? R|*R|3e�c |�i
i TLt| hi@* t�Lh| |ih4 �?|ihit| h@|i Eo|� @?_ |�i h@|�L Lu }i?ih@* }L�ih?4i?| Th�4@h)
t�hT*�t |L ?L4�?@* L�|T�| E7|��

A�i 4L_i* �t |�ihiuLhi f| ' d{ *? +|c *? R|*R|3ec o|c 7|o� A�L tiT@h@|i V�+ 4L_i*t
@hi it|�4@|i_c L?i uLh 6h@?Ui @?_ |�i L|�ih L?i uLh Bih4@?)c }��i? |�i ?ii_ |L @�L�_
it|�4@|�?} @ |LL *@h}i V�+ t)t|i4� #)?@4�U ULhhi*@|�L? Mi|�ii? |�i t�LU!t Lu |�i |�L
4L_i*t @hic �L�i�ihc �?�it|�}@|i_�2

A�i 4@�? @tt�4T|�L?t @hi |�@| �?�@|�L? @?_ |�i hi@* �?|ihit| h@|i @hi t|@|�L?@h)
��|� |�L _�gihi?| hi}�4it @?_ |�i h@|�L Lu Th�4@h) M�_}i| t�hT*�t �t @*tL t|@|�L?@h)
Etii tiU|�L? e�� uLh i��_i?Ui �? u@�L�h Lu |�iti @tt�4T|�L?t�� A�i t)t|i4 �t |�ihiuLhi
_h��i? M) @ e�_�4i?t�L?@* �iU|Lh Lu t|h�U|�h@* t�LU!t /c �h�||i? @t / ' d/rc /_c /6c /}oc
��ihi /r �t @ t�TT*) t�LU!c /_ �t @ Th��@|i _i4@?_ t�LU!c /6 �t 4L?i) t�TT*) t�LU!
@?_ /} �t @ �tU@* TL*�U) t�LU!�

A�L �tt�it hi^��hi �L�i�ih tL4i i T*@?@|�L?tG |�i i �t|i?Ui Lu hi}�4i t��u|t @t �i**
@t |�i hL*i Lu i L}i?L�t �@h�@M*it 4i@t�h�?} |�i i |ih?@* i?��hL?4i?|� +i}@h_�?} |�i
�ht| TL�?|c �i @**L� uLh hi}�4i t��u|t �? Lh_ih |L Mi @M*i |L hi*) L? @ hi*@|��i*) *@h}i t@4�
T*i Tih�L_c }L�?} M@U! |L |�i i@h*) �b.ft� W? |�i U@ti Lu 6h@?Uic �i _�t|�?}��t� Mi|�ii?
|�L t�M�Tih�L_tG �?|�* �bH�Ge @?_ uhL4 �bHe�� L?�@h_t� A��t Mhi@!�_@|i ULhhitTL?_t |L
|�i �ht| )i@h Lu �4T*i4i?|@|�L? Lu |�i #i*Lht �*@?c ���U� 4@h!i_ @ 4@�Lh |�h?@hL�?_ �?
6hi?U� iUL?L4�U TL*�U)� 6Lh Bih4@?) �i @*tL �?|hL_�Ui |�i t@4i Mhi@!�_@|ic� T*�t @?�

5Leudklp dqg Nxpdk +4<<9, vwxg| d 80glphqvlrqdo YDU lqfoxglqj/ dprqj rwkhuv/ wkh vwuxfwxudo
gh�flw/ wkh fxuuhqw dffrxqw edodqfh dqg wkh uhdo h{fkdqjh udwh dqg frqfoxgh wkdw �vfdo gh�flw vkrfnv
dssuhfldwh wkh uhdo h{fkdqjh udwh +vhh dovr Edoo dqg Pdqnlz +4<<8,,/ fuhdwlqj d furzglqj rxw h�hfw
zklfk pd| r�vhw wkh gluhfw h�hfw rq djjuhjdwh ghpdqg1 Krzhyhu/ wkh h�hfw rq wkh uhdo h{fkdqjh udwh
wxuqv rxw wr eh zhdnhu lq Jhupdq| wkdq lq rwkhu frxqwulhv +Iudqfh lv qrw vwxglhg,1 Lq frqwudvw/ wkh
suhvhqw sdshu h{klelwv wkuhh nlqgv ri gl�huhqfhv1 Iluvw/ lq�dwlrq lv lqfoxghg/ zkloh wkh uhdo h{fkdqjh udwh
lv qrw h{solflwo| lqwurgxfhg dprqj wkh hqgrjhqrxv yduldeohv= wkh qrplqdo h{fkdqjh udwh rqo| dsshduv
dv h{rjhqrxv yduldeoh +vhh ehorz,1 Vhfrqg/ iurp d phwkrgrorjlfdo shuvshfwlyh/ wkh frqvlvwhqf| ri wkh
ixoo v|vwhp ri yduldeohv lv lqyhvwljdwhg/ lqvwhdg ri frqfhqwudwlqj rq d vxevhw ri yduldeohv1 Ilqdoo|/ iurp
wkh whfkqlfdo srlqw ri ylhz/ wkh lghqwl�fdwlrq ri vkrfnv lq wkh suhvhqw sdshu lv shuiruphg wkurxjk d
pl{wxuh ri vkruw dqg orqj whup frqvwudlqwv/ dqg qrw rqo| wkurxjk d Fkrohvnl ghfrpsrvlwlrq1

6Mxvholxv +4<<9, surylghv hpslulfdo hylghqfh wkdw wkh wudqvplvvlrq phfkdqlvp ri prqhwdu| srolf|
lq Jhupdq| lv vljql�fdqwo| gl�huhqw diwhu wkh hqg ri 4<;61 Wklv frlqflghv dovr zlwk wkh fkdqjh ri

D



L|�ih Mhi@! uLh |�i +i�?��U@|�L? Tih�L_ E�bb� L?�@h_t�� AiU�?�U@**)c _�gihi?| �?|ihUiT|t
@hi �?|hL_�Ui_� A�i 4L_i* �t @*tL UL?_�|�L?i_ M) i |ih?@* �@h�@M*itc �t�?}c uLh Bih4@?)c
|�i N5%#� i U�@?}i h@|i @?_c uLh 6h@?Uic |�i 6hi?U� 6h@?U Th�Ui Lu �4TLh|i_ L�*� A�iti
�@h�@M*it �ihi U�Lti? L? |�i M@t�t Lu |�i Thi��L�t *�|ih@|�hi ThL��_�?} i��_i?Ui |�@| |�i
�?|hL_�U|�L? Lu i |ih?@* �@h�@M*it hi_�Uit |�i tL�U@**i_ RTh�Ui�T�33*i�E5�4tc�bb2�� W| i?�
t�hit |�@| @ hit|h�U|��i 4L?i|@h) TL*�U) igiU|��i*) hi_�Uit �?�@|�L? @?_ �t ?L| @ttLU�@|i_
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<Vhh lq sduwlfxodu wkh urxwlqhv wkdw duh dydlodeoh lq wkh Udwv sdfndjh1
43Wklv qhhg qrw eh wkh fdvh dv lqglfdwhg e| Eodqfkdug dqg Txdk +4<;<,/ s1 9961 Iru rxu sduw/ wkhuh

lv rqo| rqh fdvh iru zklfk wkh srlqw hvwlpdwh lv forvhu wr wkh orzhu qhjdwlyh erxqg ri wkh vlpxodwhg
lpsxovh uhvsrqvh ixqfwlrqv wkdq wr wkh phdq ydoxh ri wkh vlpxodwlrq dw hdfk krul}rq1 Wklv lv wkh fdvh
ri wkh uhvsrqvh ri lq�dwlrq wr wkh prqh| vxsso| vkrfn= wkh srlqw hvwlpdwh ri wkh qhjdwlyh h�hfw ri d
uhvwulfwlyh prqh| vxsso| vkrfn rq lq�dwlrq lv pruh surqrxqfhg wkdq lqglfdwhg lq wkh fkduwv suhvhqwhg
ehorz1

44Qrwlfh/ krzhyhu/ wkdw errwvwudsslqj lqfoxghv/ iru hdfk gudz/ dq lqlwldo vwdjh zkhuh d qhz gdwd vhw
lv jhqhudwhg1 Vlqfh wkh wzr phwkrgv uho| rq prghov zlwk d gl�huhqw vwuxfwxuh/ wklv pd| kdyh dq h�hfw
rq wkh vkdsh ri wkh vwdqgdug ghyldwlrq edqg zkhq wkh lqlwldo vhulhv duh qrw vwdwlrqdu|/ lq sduwlfxodu
zkhq L+4, yduldeohv duh lqwurgxfhg lq ohyho1

45Wr frpsduh wkh wzr phwkrgv/ zh duh judwhixo wr I1 Vphwv iru surylglqj wkh UDWv frghv xvhg lq
Jhuodfk dqg Vphwv +4<<8,/ wkdw zh h{whqghg lq Jdxvv1 Vxsso| vkrfnv duh gluhfwo| hvwlpdwhg e| lpsrvlqj
wkh orqj uxq uhvwulfwlrqv lq wkh rxwsxw htxdwlrq1 Sulydwh ghpdqg vkrfnv duh wkhq hvwlpdwhg xvlqj wkh
dvvxpswlrq wkdw prqh| vxsso| dqg �vfdo srolf| vkrfnv kdyh qr frqwhpsrudqhrxv h�hfw rq rxwsxw1 Wkh
fdqrqlfdo vkrfn wr wkh lqwhuhvw udwh htxdwlrq lv �qdoo| dvvxphg wr eh d olqhdu frpelqdwlrq ri wkh vxsso|
dqg sulydwh ghpdqg/ dv zhoo dv wkh prqh| vxsso| vkrfnv1

46Vhh rxu frpsdqlrq sdshu +Euxqhdx dqg Gh Edqgw +4<<;,, iru pruh ghwdlov1
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49Rqh fdq dujxh wkdw Jhupdq uhxql�fdwlrq/ fkdudfwhul}hg e| wkh jhqhudolvdwlrq ri wkh Vrfldo Vhfxulw|

v|vwhp ri Zhvwhuq Jhupdq| wr wkh Hdvwhuq Odhqghu/ fdq eh vhhq dv d �vfdo vkrfn lq lwvhoi1
4:Glfnh| Ixoohu whvwv duh edvhg rq wkh qxoo k|srwkhvlv ri qrq0vwdwlrqdulw|/ zkloh NSVV xvh vwdwlrqdulw|

dv qxoo k|srwkhvlv1 Rqh vkrxog nhhs wklv lq plqg zkhq h{dplqlqj wkh uhvxowv lq wkh Dsshqgl{1
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