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Devwudfw

Zh vwxg| wkh uroh ri lqfrph xqfhuwdlqw| lq dq lqwhuwhpsrudo rswlpl}d0
wlrq prgho ri frqvxpswlrq wkdw lqfoxghv suhfdxwlrqdu| vdylqj1 Lq frqwudvw
wr suhylrxv vwxglhv/ zh irfxv rq wlph0vhulhv yduldwlrq lq lqfrph xqfhuwdlqw|1
Rxu wlph0vhulhv phdvxuh ri lqfrph xqfhuwdlqw| lv frqvwuxfwhg iurp d sdqho
gdwd vhw ri hfrqrplf vxuyh| iruhfdvwv1 Zh �qg hylghqfh ri suhfdxwlrqdu|
vdylqj lq wkdw lqfuhdvhv lq rxu phdvxuh ri lqfrph xqfhuwdlqw| duh uhodwhg
wr lqfuhdvhv lq djjuhjdwh udwhv ri vdylqj dqg jurzwk udwhv ri djjuhjdwh frq0
vxpswlrq1 Zh dovr �qg hylghqfh wkdw dqwlflsdwhg lqfrph jurzwk udwhv kdyh
pxfk ohvv h{sodqdwru| srzhu iru frqvxpswlrq jurzwk udwhv diwhu frqglwlrq0
lqj rq lqfrph xqfhuwdlqw|1 Wkh ryhudoo hylghqfh lqglfdwhv wkh suhvhqfh ri
iruzdug0orrnlqj frqvxphuv zkr judgxdoo| dgmxvw suhfdxwlrqdu| vdylqjv lq
uhvsrqvh wr fkdqjlqj lqfrph xqfhuwdlqw|1
+MHO H54/ G<4,
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4Wkh prghuq lqwhusuhwdwlrq ri shupdqhqw lqfrph/ gxh wr Kdoo +4<:;, dqg Iodylq +4<;4,/ lv
frqvlvwhqw zlwk lqwhuwhpsrudo fkrlfh prghov exw lv ohvv jhqhudo wkdq wkh ruljlqdo lqwhusuhwdwlrq
ri Iulhgpdq +4<8:,1

5Uhmhfwlrqv ri wkh vlpsohvw yhuvlrq ri wkh SLK/ zklfk suhglfwv d pduwlqjdoh surshuw| iru frq0
vxpswlrq/ duh vxppdul}hg e| wkh whupv h{fhvv vhqvlwlylw| +Iodylq +4<;4,, dqg h{fhvv vprrwkqhvv
+Ghdwrq +4<;:,,1

6Srvvleoh plvvshfl�fdwlrqv lqfoxgh wkh idloxuh wr dffrxqw iru= oltxlglw| frqvwudlqwv +Idoylq
+4<;8,/ Fdpsehoo dqg Pdqnlz +4<;<,,> xquhvwulfwhg lqirupdwlrq vhwv +Zhvw +4<;;,/ Fdpsehoo
dqg Ghdwrq +4<;<,/ Jdol +4<<4,,> �qlwh krul}rqv +Jdol +4<<3,/ Fodulgd +4<<4,,> wlph djjuhjdwlrq
eldv +Fkulvwldqr/ Hlfkhqedxp dqg Pduvkdoo +4<<4,,> gxudeoh jrrgv +Pdqnlz +4<;5,,> kdelw
irupdwlrq +Ghdwrq +4<;:,,> dqg vwrfkdvwlf uhdo lqwhuhvw udwhv +Pdqnlz +4<;4,/ Kdoo +4<;;,/
Fdpsehoo dqg Pdqnlz +4<;<,/ Kdkp +4<<8,,1

7Li wkh pdujlqdo xwlolw| ri frqvxpswlrq lv d olqhdu ixqfwlrq ri frqvxpswlrq/ wkhq dq lqglylg0
xdo*v sodq iru ixwxuh frqvxpswlrq ghshqgv rqo| rq wkh phdq ri ixwxuh lqfrph1 Wklv lv riwhq
fdswxuhg zlwk wkh skudvh fhuwdlqw| htxlydohqfh1
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8]hoghv +4<;<, dqg Fdedoohur +4<<3, vkrz wkdw suhfdxwlrqdu| vdylqj pd| h{sodlq wkh h{fhvv
vhqvlwlylw| dqg h{fhvv vprrwkqhvv ihdwxuhv ri frqvxpswlrq1 Wkh lpsruwdqfh ri suhfdxwlrqdu|
vdylqj iru jryhuqphqw srolf| lv vwxglhg lq Eduvn|/ Pdqnlz/ dqg ]hoghv +4<;9,/ Kxeedug dqg
Mxgg +4<;:,/ dqg Ihogvwhlq +4<;;,1

9Vhyhudo vwxglhv uhsruw hylghqfh wkdw vxssruwv suhfdxwlrqdu| vdylqj= Gdugdqrql +4<<4/ zlwk
X1N jurxshg gdwd iru 4<;7, �qgv wkdw frqvxpswlrq lv v|vwhpdwlfdoo| orzhu iru lqglylgxdov lq
rffxsdwlrqv wkdw kdyh juhdwhu lqfrph xqfhuwdlqw|> Jxlvr/ Mdsshool/ dqg Whuol}}hvh +4<<4/ zlwk
Lwdoldq vxuyh| gdwd, �qg wkdw frqvxpswlrq lv voljkwo| orzhu iru lqglylgxdov zlwk kljkhu lqfrph
xqfhuwdlqw|> dqg Fduuroo dqg Vdpzlfn +4<<5/ zlwk X1V1 jurxshg gdwd, �qg wkdw wkh vwrfn ri
zhdowk lv kljkhu iru lqglylgxdo jurxsv wkdw kdyh juhdwhu lqfrph xqfhuwdlqw|1 Rwkhu vwxglhv
uhsruw hylghqfh wkdw grhv qrw vxssruw suhfdxwlrqdu| vdylqj= Vnlqqhu +4<;;, �qgv wkdw vdylqj
udwhv duh orzhu iru rffxsdwlrqv zlwk kljkhu lqfrph xqfhuwdlqw|> dqg G|qdq +4<<6/ zlwk wkh X1V1
Frqvxphu H{shqglwxuh Vxuyh|, �qgv olwwoh hylghqfh ri suhfdxwlrqdu| vdylqj1
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dqdo|vlv/ wkdw kljkhu lqfrph xqfhuwdlqw| udlvhv wkh h{shfwhg frqvxpswlrq jurzwk udwh1

<Fdpsehoo dqg Pdqnlz +4<;</ 4<<3, frqvwuxfw d prgho lq zklfk wkhuh duh wzr w|shv ri
frqvxphuv= wkrvh zkr frqvxph fxuuhqw lqfrph +gxh wr oltxlglw| frqvwudlqwv,> dqg wkrvh zkr
frqvxph shupdqhqw lqfrph1 Wkh h{whqvlrq ri wkhlu prgho lqwr rxu iudphzrun lpsolhv wkdw �5 lq
+5145, uhsuhvhqwv wkh vkduh ri frqvxphuv zkr frqvxph fxuuhqw lqfrph1 Fdpsehoo dqg Pdqnlz/
zkr rplw wkh xqfhuwdlqw| whup/ uhsruw srlqw hvwlpdwhv ri �5 wkdw foxvwhu durxqg 18/ lqglfdwlqj
wkdw rqo| kdoi ri lqfrph idoov wr frqvxphuv zkr iroorz wkh SLK1 Ri frxuvh/ lpsurshuo| rplwwlqj
wkh xqfhuwdlqw| whup eldvhv wkh hvwlpdwru ri �51 Lq idfw/ li �4 A 3 lq +5145, dqg wkh xqfhuwdlqw|
whup dqg � oq\ g

w.4
duh srvlwlyho| fruuhodwhg/ wkhq rplvvlrq ri wkh xqfhuwdlqw| whup ohdgv wr dq

xszdug eldv lq wkh lqvwuxphqwdo yduldeohv hvwlpdwru ri �5/ zklfk xqghuvwdwhv wkh dghtxdf| ri
wkh SLK wr ghvfuleh frqvxpswlrq1
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4�*@|�L?c� �4ih�U@? ,UL?L4�U +i��i�c �bb�c VL*� H�c HDb�H.��

dSo �@4TMi**c aL�? v�c �#Lit 5@��?} �?|�U�T@|i #iU*�?�?} w@MLh W?UL4iq �?
�*|ih?@|��i Ait| Lu |�i �ih4@?i?| W?UL4i O)TL|�it�tc� ,UL?L4i|h�U@c �bH.c
VL*� DDc �L� Sc �2eb�.��

d.o �@4TMi**c aL�? v� @?_ #i@|L?c �?}�tc �`�) �t �L?t�4T|�L? tL 54LL|�qc�
+i��i� Lu ,UL?L4�U 5|�_�itc a�*) �bHbc VL*� DSc �D.��.e�

dHo �@4TMi**c aL�? v� @?_ �@?!��c �� Bhi}Lh)c ��L?t�4T|�L?c W?UL4i @?_
W?|ihit| +@|itG +i�?|ihThi|�?} |�i A�4i 5ih�it ,��_i?Uic� �? �*@?U�@h_c
�*���ih a� @?_ 6�tU�ihc 5|@?*i)c i_t�c ��,+ �@UhLiUL?L4�Ut �??�@* �bHbc
�@4Mh�_}iG ��W�A� �hittc �bHb�

dbo �@4TMi**c aL�? v� @?_ �@?!��c �� Bhi}Lh)c ��ih4@?i?| W?UL4ic ��hhi?|
W?UL4ic @?_ �L?t�4T|�L?c� aL�h?@* Lu ��t�?itt @?_ ,UL?L4�U 5|@|�t|�Utc
a�*) �bbfc VL*� Hc �L� �c 2SD�2.b�

2�



d�fo �@hhL**c ��h�t|LT�ih #�c �A�i ��gih�5|LU! A�iLh) Lu 5@��?}G 5L4i �@UhL�
iUL?L4�U ,��_i?Uic� �hLL!�?}t �@Tiht L? ,UL?L4�U �U|���|)c �bb2G2c S���2.�

d��o �@hhL**c ��h�t|LT�ih #� @?_ 5@4��U!c �?_hi� ��c �A�i �@|�hi @?_ �@}?��
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defo ìt|c ki??i|� #�c �A�i W?ti?t�|���|) Lu �L?t�4T|�L? |L �i�t @ML�| W?�
UL4ic� aL�h?@* Lu �L?i|@h) ,UL?L4�Utc a@?�@h) �bHHc VL*�2�c �.��e�

de�o ~i*_itc 5|iT�i? ��c ��T|�4@* �L?t�4T|�L? ��|� 5|LU�@t|�U W?UL4iG #i���
@|�L?t uhL4 �ih|@�?|) ,^���@*i?Uic� "�@h|ih*) aL�h?@* Lu ,UL?L4�Utc �bHbc
VL*� �fec 2.D�2bH�

2S




