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Devwudfw

Xvlqj pdwfkhg hpsor|hu0zrunhu gdwd iru Eulwdlq/ wdnhq iurp Jryhuq0

phqw vxuyh|v/ zh h{dplqh wkh lpsolfdwlrqv ri gl�huhqwldo vdpsolqj udwhv

ryhu wlph lq lwv h�hfwv rq wkh frqvlvwhqf| ri hvwlpdwhv lq dq hfrqrphwulf

prgho ri wxuqryhu dqg mre vhsdudwlrqv1 Wkh sureohp iru pdwfklqj rffxuv

zkhq wkh Jryhqphqw vxuyh| fkdqjhv wkh vdpsolqj udwlrv zlwklq vwudwd1

Wklv d�hfwv erwk wkh suredelolw| ri revhuylqj d sduwlfxodu hpsor|hu iurp

rqh |hdu wr wkh qh{w/ exw dovr zkhwkhu d pdwfk ehwzhhq d zrunhu dqg

hpsor|hu lv revhuyhg lq wkh pdwfkhg gdwd ryhu wlph1 Zh suhvhqw phwk0

rgv iru ghulylqj wkh frqglwlrqlqj suredelolwlhv iru lqfoxvlrq lq d udqgrp

h�hfwv prgho hvwlpdwhg e| pd{lpxp olnholkrrg1
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Gh�qh wkh iroorzlqj qrwdwlrq/ uhodwlqj wr wkh �uvw ri rxu vxuyh| |hduv +4<<7,/

lqglfdwhg e| wkh vxevfulsw 41 Dw wklv �uvw zdyh/ zh kdyh wkuhh vrxufhv ri lqiru0

pdwlrq=

+l, QHV lqirupdwlrq rq lqglylgxdov zkr duh lq hpsor|phqw/ ghqrwhg z4>

+ll, lqirupdwlrq rq lqglylgxdov* fxuuhqw dqg sdvw h{shulhqfh ri xqhpsor|0

phqw/ ghqrwhg x4>

+lll, DFRS lqirupdwlrq rq wkh fkdudfwhulvwlfv ri wkh hpsor|hu/ ghqrwhg

i4> v4/ zkhuh v4 lv �up vl}h phdvxuhg e| hpsor|phqw1

Dw wkh vhfrqg zdyh ri revhuydwlrq/ wkuhh qhz vhwv ri lqirupdwlrq/ z5/ x5 dqg i5
duh surgxfhg iurp wkh vdph vrxufhv/ zlwk x5 jlylqj uhwurvshfwlyh lqirupdwlrq rq

dq| xqhpsor|phqw rffxuulqj ehwzhhq wkh wzr zdyhv1 Lq jhqhudo/ wkh revhuyhg

gdwd lv qrw frpsohwh= li dq lqglylgxdo lv qrw lq zrun dw zdyh w wkhq zw dqg

iiw> vwj zloo qrw h{lvw> dqg hyhq zkhuh dq lqglylgxdo lv revhuyhg lq hpsor|phqw/
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klv ru khu hpsor|hu pd| qrw eh fdswxuhg e| DFRS/ dqg wkxv iiw> vwj zrxog eh

xqrevhuyhg1

Dw hdfk zdyh/ dq lqglylgxdo pxvw eh lq rqh ri irxu srvvleoh revhuydwlrqdo

vwdwhv= hpsor|hg/ zlwk DFRS lqirupdwlrq> hpsor|hg/ zlwkrxw DFRS lqirupd0

wlrq> xqhpsor|hg> dqg rxw ri wkh oderxu irufh1 Frpelqlqj wkh wzr zdyhv/ wkhuh

duh 49 revhuydwlrqdo uhjlphv/ fruuhvsrqglqj wr doo srvvleoh frpelqdwlrqv ri wkh

7 srvvleoh vwdwhv dw zdyhv 4 dqg 51 Zh duh lqwhuhvwhg lq prghoolqj wkh surfhvvhv

jryhuqlqj mre orvv/ mre fkdqjh dqg xqhpsor|phqw gxudwlrq/ wrjhwkhu zlwk wkhlu

frqvhtxhqfhv iru vxevhtxhqw oderxu pdunhw h{shulhqfh1 Iru wklv/ zh fhuwdlqo|

qhhg wr nqrz vrphwklqj derxw wkh fkdudfwhulvwlfv ri wkh lqlwldo mre pdwfk/ vr

wkdw zh fdq lqyhvwljdwh wkh lq xhqfh ri hpsor|hu/ zrunhu dqg mre fkdudfwhu0

lvwlfv rq wkh suredelolw| ri vhsdudwlrq1 Wkxv rqo| 7 ri wkh 49 revhuydwlrqdo

uhjlphv duh gluhfwo| xvhixo wr xv= wkrvh zkhuh wkh lqglylgxdo lv hpsor|hg e| dq

DFRS0revhuyhg �up dw zdyh 41 Iru wkh uhvw ri wklv sdshu/ zh zloo frqglwlrq rq

wklv uhjlph e| glvfduglqj doo revhuydwlrqv zkhuh wkh lqglylgxdo lv qrw zlwk dq

DFRS0revhuyhg hpsor|hu dw zdyh 414

Rxu wdvn lv qrz wr ghulyh wkh vdpsoh glvwulexwlrq ri wkh uhpdlqlqj revhuyd0

wlrqv/ wr surylgh d edvlv iru gudzlqj lqihuhqfhv derxw wkh surfhvvhv ri mre orvv

dqg xqhpsor|phqw gxudwlrq1 Iurp wkh ylhzsrlqw ri wkh wkhruhwlfdo vwdwlvwlfldq/

wkhuh lv d vhulrxv sureohp wr eh ryhufrph lq dqdo|vlqj wkh gdwdvhw wkdw uhvxowv

iurp wkh �up0zrunhu pdwfklqj surfhvv ghvfulehg lq vhfwlrq 51 Wkh whfkqltxhv

fxvwrpdulo| xvhg wr prgho vxuyh| gdwd duh edvhg rq wkh dvvxpswlrq ri dq xq0

ghuo|lqj frqwlqxrxv glvwulexwlrq1 Iru h{dpsoh/ surelw ru Wrelw dqdo|vlv uhtxluhv

wkdw ehkdylrxudo glvwxuedqfhv duh gudzlqjv iurp d qrupdo glvwulexwlrq> orjlw

dqdo|vlv lv edvhg rq wkh orjlvwlf glvwulexwlrq1 Exw d glvwulexwlrq fdq rqo| eh

frqwlqxrxv li wkh srsxodwlrq lw ghvfulehv lv lq�qlwh1 Vlqfh wkh wrwdo qxpehu ri

�upv dqg zrunhuv lq h{lvwhqfh dw dq| wlph lv yhu| odujh/ rqh xvxdoo| ihhov vdih lq

xvlqj wkhvh lq�qlwh0srsxodwlrq phwkrgv iru dqdo|vlqj frpsdq| ru zrunhu furvv0

vhfwlrqv1 Krzhyhu/ zlwk pdwfkhg gdwd/ wklv lv pruh sureohpdwlf1 Li wkhuh duh

lq�qlwh qxpehuv ri �upv dqg zrunhuv/ wkhq wkh suredelolw| ri revhuylqj hyhq

d vlqjoh �up0zrunhu pdwfk lv hvvhqwldoo| }hur lq dq| �qlwh vdpsoh/ xqohvv wkhuh

h{lvw �upv ri lq�qlwh vl}h1 Wkhuh lv d ixuwkhu sureohp lq wkh fdvh ri wkh DFRS/

vlqfh wkh vxuyh| ghvljq uhtxluhv wkdw hyhu| +pdqxidfwxulqj, �up zlwk ryhu 583

hpsor|hhv lv vdpsohg1 Lq dq lq�qlwh srsxodwlrq ri �upv/ wklv zrxog jhqhudoo|

lpso| dq lq�qlwh vdpsoh ri odujh �upv1

Iruwxqdwho|/ d vxlwdeoh wkhruhwlfdo iudphzrun lv dydlodeoh iru vlwxdwlrqv olnh

wklv1 Vxshusrsxodwlrq wkhru| +Fdvvho hw1 do1/ 4<::> Sxgqh|/ 4<;<, doorzv xv wr

zrun zlwk d �qlwh srsxodwlrq/ e| srvwxodwlqj wkh h{lvwhqfh ri dq xqghuo|lqj lq�0

qlwh vxshusrsxodwlrq iurp zklfk wkh dfwxdo �qlwh srsxodwlrq lv dvvxphg wr kdyh

ehhq gudzq dw udqgrp e| �qdwxuh�1 Hvvhqwldoo|/ wkh vxshusrsxodwlrq ghvfulehv

wkh vhw ri srvvleoh irupv wkh dfwxdo �qlwh srsxodwlrq pljkw kdyh wdnhq1 Wkh re0

mhfwlyh ri rxu vwdwlvwlfdo dqdo|vlv lv wkhq wr hvwlpdwh ixqgdphqwdo uhodwlrqvklsv

suhvhqw lq wkh vxshusrsxodwlrq 0 lq rwkhu zrugv wkh +udqgrp, surfhvvhv wkdw

4Qrwh wkdw wklv uhvwulfwlrq ri wkh vdpsoh suhyhqwv xv iurp lvrodwlqj zrunhu0vshfl�f xqre0

vhuydeohv wkdw pljkw lq xhqfh wkh lqlwldo vwdwh1 Krzhyhu/ d orqj uxq ri uhshdw revhuydwlrqv lv

qrw dydlodeoh wr xv khuh/ vr wklv grhv qrw juhdwo| uhgxfh wkh vfrsh ri wkh dqdo|vlv1
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jryhuq wkh qdwxuh ri wkh dfwxdo srsxodwlrq zh vhh durxqg xv1 Vlqfh wkh vxshu0

srsxodwlrq lv lq�qlwh/ lw lv dgplvvleoh wr hvwlpdwh wkhvh vwdwlvwlfdo uhodwlrqvklsv

xvlqj whfkqltxhv zklfk dvvxph frqwlqxrxv glvwulexwlrqv1 Krzhyhu/ lq grlqj vr/

lw lv qhfhvvdu| wr wdnh surshu dffrxqw ri wkh idfw wkdw wkh surfhvv jhqhudwlqj

rxu gdwd kdv wzr vwdjhv 0 d gudz +pdgh e| �qdwxuh�, iurp wkh vxshusrsxod0

wlrq/ iroorzhg e| d vhfrqg gudz +pdgh e| wkh vxuyh| ghvljqhu, iurp wkh �qlwh

srsxodwlrq1

Dw wkh wlph ri zdyh 4/ wkh vxshusrsxodwlrq frqvlvwv ri dq lq�qlwh vhw ri

hohphqwv/ hdfk fruuhvsrqglqj wr d pdqxidfwxulqj �up dqg lwv zrunirufh1 Iru

wkh prphqw/ zh vxssuhvv wkh vxevfulsw 4 zklfk lghqwl�hv zdyh 4 yduldeohv/

dqg dovr ljqruh wkh xqhpsor|phqw lqirupdwlrq/ x41
5 Wkh vl}h ri wkh �up*v

zrunirufh lv v/ dqg wkh lqirupdwlrq vhw ghvfulelqj wkh �up dqg lwv v zrunhuv

lv ghqrwhg [ @ iv> i /z4===zvj1 Lq wkh vxshusrsxodwlrq/ wkh glvwulexwlrq ri

wkhvh �up2zrunirufh foxvwhuv lv ghvfulehg e| d suredelolw| ghqvlw|2pdvv ixqfwlrq

+sgi, j+[,1 Rxu vdpsoh idoov lqwr wzr sduwv= dq h{kdxvwlyh vdpsoh ri �upv

lq wkh vhfwlrq ri wkh srsxodwlrq iru zklfk v � 583> dqg d udqgrp vdpsoh

+zlwkrxw uhsodfhphqw, iurp wkh vhfwlrq ri wkh srsxodwlrq iru zklfk v ? 5831

Wkh wrwdo vdpsoh vl}h dqg wkh qxpehuv ri revhuydwlrqv iurp wkhvh wzr sduwv

ri wkh srsxodwlrq duh q @ q
�
. q

��1 Zh frqvlghu wkh wzr sduwv ri wkh vdpsoh

vhsdudwho|1 Khqfhiruwk/ zh xvh wkh v|pero j+ = , dv jhqhulf qrwdwlrq iru dq|

glvwulexwlrq wkdw ghvfulehv wkh vxshusrsxodwlrq> wkh v|pero k+ = , lv xvhg wr

uhsuhvhqw vdpsoh glvwulexwlrqv1

Odujh �upv

Ohw wkh vl}h ri wkh dfwxdo srsxodwlrq eh Q �upv/ dqg ohw S @ Jv+583, eh

wkh iuhtxhqf| ri odujh �upv lq wkh vxshusrsxodwlrq/ zkhuh Jv lv wkh fxpxodwlyh

glvwulexwlrq ixqfwlrq +fgi, ri �up vl}h lq wkh vxshusrsxodwlrq1 Wkh qxpehu ri

odujh �upv lq wkh dfwxdo srsxodwlrq/ Q�/ lv wkhuhiruh udqgrp dqg glvwulexwhg dv

elqrpldo +Q>S ,1 H{kdxvwlyh vdpsolqj lpsolhv wkdw wkh qxpehu ri vdpsohg odujh

�upv/ q�/ lv h{dfwo| htxdo wr Q�1 Frqglwlrqdo rq wklv qxpehu/ zh fdq uhjdug wkh

vdpsohg odujh �upv dv d vlpsoh udqgrp vdpsoh ri vl}h q�/ gudzq gluhfwo| iurp

wkh vxshusrsxodwlrq1 Wkxv/ wkh mrlqw glvwulexwlrq ri doo srwhqwldoo| revhuydeoh

lqirupdwlrq uhodwlqj wr wkh vdpsohg odujh �upv lv=

k+q
�

> [4===[q�, @

�
q
�

Q

�
S
q
�

+4� S ,
Q�q

�

q
�\

m@4

j+[m mvm � 583, +4,

Krzhyhu/ lq jhqhudo wkh froohfwlrq ri yduldeohv [ lv qrw ixoo| revhuydeoh/ vlqfh

wkh QHV lv d 4 lq +dssur{lpdwho|, 433 udqgrp vdpsoh ri QL qxpehuv1 Wkxv/

dq| sduwlfxodu zrunhu kdv d nqrzq suredelolw| � � 3=34 ri ehlqj revhuyhg lq

wkh QHV1 Frqglwlrqdo rq wkh vl}h ri wkh �up/ v/ wkh qxpehu ri zrunhuv fdswxuhg

e| wkh QHV +t, wkhuhiruh kdv d elqrpldo +v> �, glvwulexwlrq1 Ohwwlqj wkh v|pero

5Iru wkh sxusrvhv ri furvv0vhfwlrq dqdo|vlv ri zdyh 4 gdwd/ wkh xqhpsor|phqw lqirupdwlrq

�� fdq eh wuhdwhg lq h{dfwo| wkh vdph zd| dv wkh QHV lqirupdwlrq ��c vr wkh rplvvlrq ri ��
hqwdlov qr orvv ri jhqhudolw|1
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h[ ghqrwh wkh sduw ri [ wkdw lv revhuyhg/ wkh mrlqw vdpsoh glvwulexwlrq iru odujh

�upv lv wkhuhiruh=

k+q
�

> h[4===
h[q�, @

�
q
�

Q

�
S

q
�

+4� S ,
Q�q

�

�
q
�\

m@4

j+im mvm � 583,

�
tm

vm

�
�
tm
+4� �,

vm�tm

tm\
l@4

j+z
l
m mim, +5,

Vpdoo �upv

Wkh uhpdlqghu ri wkh vdpsoh lv d vhw ri q�� vpdoo �upv/ zkhuh q
�� lv d

�{hg qxpehu fkrvhq dv sduw ri wkh vxuyh| ghvljq1 Xqghu wkh vxshusrsxodwlrq

dssurdfk/ revhuydwlrqv rq vpdoo �upv +v ? 583, duh ylhzhg dv ehlqj jhqhudwhg

dv d udqgrp vdpsoh +zlwkrxw uhsodfhphqw, gudzq iurp d udqgrp vdpsoh gudzq

iurp wkh uhohydqw sduw ri dq xqghuo|lqj lq�qlwh srsxodwlrq1 Exw d udqgrp

vdpsoh ri d udqgrp vdpsoh lv lwvhoi d udqgrp vdpsoh/ vr wkh mrlqw glvwulexwlrq

ri lqirupdwlrq uhodwlqj wr vdpsohg vpdoo �upv lv=

k+[q�.4===[q, @

q\
m@q�.4

j+[m mvm ? 583, +6,

Wdnlqj dffrxqw ri wkh udqgrp vdpsolqj ri zrunhuv zlwklq �upv dv zh glg

ehiruh/ wkh ixoo vdpsoh glvwulexwlrq iru doo revhuyhg �upv dqg zrunhuv lv=

k+q
�

> h[4===
h[q, @

�
q
�

Q

�
+4� S ,

Q�q

�
q
�\

m@4

j+im > vm,

�
tm

vm

�
�
tm
+4� �,

vm�tm

tm\
l@4

j+z
l
m mim > vm, +7,

zkhuh zh kdyh xvhg wkh uhodwlrqvklsv j+i> vmv � 583, @ j+i> v,@S dqg j+i> vmv ?
583, @ j+i> v,@+4� S ,1

��� �������
�� ����
	�

Zh qrz qhhg wr h{whqg wklv glvwulexwlrq wr fryhu zdyh 5 lqirupdwlrq/ vr wkdw

oderxu pdunhw wudqvlwlrqv dqg xqhpsor|phqw gxudwlrqv fdq eh prghoohg1 Wklv

eulqjv lq wkh srvvlelolw| ri pryhv e| zrunhuv lqwr wkh qrq0pdqxidfwxulqj vhfwru/

zklfk lv qrw vdpsohg e| wkh DFRS1 Wr wdnh dffrxqw ri wklv/ zh lqwurgxfh d

qhz yduldeoh dw zdyh 5/ d elqdu| lqglfdwru p htxdo wr 4 li wkh �up lv lq wkh

pdqxidfwxulqj vhfwru/ dqg 3 rwkhuzlvh1 Zh gr qrw doorz wkh srvvlelolw| wkdw

�upv fkdqjh vhfwru1 Zh qrz qhhg wr vshfli| wkh g|qdplf surfhvvhv jryhuqlqj

wkh ghyhorsphqw ri �upv dqg wkhlu zrunirufhv1 Gh�qh wkh iroorzlqj frpsrqhqwv1
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51514 Vhsdudwlrq suredelolwlhv

Wkh iroorzlqj irxu suredelolwlhv fryhu doo srvvleoh hyhqwxdolwlhv iru wkh oderxu

irufh vwdwxv ri dq lqglylgxdo gxulqj wkh wlph lqwhuydo ehwzhhq wkh gdwhv ri wkh

wzr zdyhv1 Wkh| duh= frqwlqxrxv hpsor|phqw zlwk wkh vdph �up wkurxjkrxw> d

fkdqjh wr d qhz hpsor|hu/ zlwk qr lqwhuyhqlqj vshoo ri xqhpsor|phqw> d pryh

lqwr xqhpsor|phqw +zkhwkhu vwloo lq surjuhvv ru qrw dw wkh wlph ri zdyh 5,> dqg

d pryh rxw ri wkh oderxu irufh1

Su+qr mre fkdqjhmi4> z4, @ T3+i4> v4> z4,

Su+qhz hpsor|hu zlwk fkdudfwhulvwlfv i5> v5>p5mi4> v4> z4,
@ T4+i5> v5>p5mi4> v4> z4,

Su+pryh lqwr xqhpsor|phqwmi4> v4> z4, @ T5+i4> v4> z4,

Su+pryh rxw ri oderxu irufhmi4> v4> z4, @ T6+i4> v4> z4,

+8,

Qrwh wkdw/ vlqfh wkhuh lv d �qlwh srsxodwlrq ri �upv/ T4 lv d glvfuhwh suredelolw|

zlwk uhvshfw wr �up lghqwlwlhv/ dqg vkrxog eh lqwhusuhwhg dv ehlqj frqglwlrqdo

rq wkh fkdudfwhulvwlfv ri wkh vhw ri �upv lq h{lvwhqfh dw zdyh 51 T4 jryhuqv

wudqvlwlrqv wr hpsor|huv rxwvlgh wkh pdqxidfwxulqj vhfwru +zkr fdqqrw eh re0

vhuyhg lq DFRS,/ dv zhoo dv wudqvlwlrqv zlwklq pdqxidfwxulqj> wkh yduldeoh p5

glvwlqjxlvkhv wkhvh fdvhv1

51515 Ilup ghyhorsphqw

Wkh vdpsolqj surfhvv dqg ehkdylrxudo surfhvvhv olnh zdjh ghwhuplqdwlrq duh

olqnhg wr wkh fkdudfwhulvwlfv ri wkh �up1 Wkxv zh qhhg wr prgho wkh hyroxwlrq ri

wkrvh fkdudfwhulvwlfv1 Zh zulwh wkh sgi dqg fgi ri srvvleoh rxwfrphv iru wkh �up/

frqglwlrqdo rq lwv zdyh 4 fkdudfwhulvwlfv/ dv j+i5> v5mi4> v4, dqg J+i5> v5mi4> v4,
uhvshfwlyho|1 Qrwh wkdw wkh srvvleoh rxwfrphv frxog lq sulqflsoh lqfoxgh �up

ghdwk/ phujhu/ hwf1/ dqg �up eluwk vkrxog dovr eh fdswxuhg khuh1 Lq jhqhudo/

wkhuhiruh/ wklv zloo eh d frpsoh{ pxowl0sduw glvwulexwlrq zlwk erwk glvfuhwh dqg

frqwlqxrxv hohphqwv1 Krzhyhu/ wr dyrlg xqgxh frpsolfdwlrq/ zh dvvxph khuh

wkdw wkhuh duh qr �up eluwkv ru ghdwkv1

51516 Xqhpsor|phqw gxudwlrq dqg srvw0xqhpsor|phqw ghvwlqdwlrq

Iru d zrunhu zkr ohdyhv hpsor|phqw wr vwduw d vshoo ri xqhpsor|phqw/ zh qhhg

dq dvvxpswlrq derxw wkh glvwulexwlrq ri xqhpsor|phqw gxudwlrq/ dqg wkh sure0

delolwlhv ri hqglqj wkh vshoo e| d pryh wr d sduwlfxodu hpsor|hu1 Wkh ixqfwlrq

vshfl�hg khuh lv d suredelolw| ghqvlw| zlwk uhvshfw wr xqhpsor|phqw gxudwlrq

x5/ exw d glvfuhwh suredelolw| zlwk uhvshfw wr �up lghqwlwlhv/ frqglwlrqdo rq wkh

fkdudfwhulvwlfv ri wkh vhw ri �upv lq h{lvwhqfh dw zdyh 51
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Su+h{lw wr mre lq �up i5> v5>p5 diwhu gxudwlrq x5 m x4> i4> v4> z4,

@ j+x5> i5> v5>p5mx4> i4> v4> z4, +9,

Wkh suredelolw| wkdw wkh xqhpsor|phqw vshoo zloo vwloo eh lq surjuhvv dw zdyh 5

frqglwlrqdo rq wkh mre orvv rffxuulqj d iudfwlrq w ri d |hdu diwhu zdyh 4 lv=

Su+x5 A 4� wmx4> i4> v4> z4, @ 4�Jx5+4� wmx4> i4> v4> z4, +:,

Zh wuhdw wkh wlplqj ri wkh xqhpsor|phqw vshoo/ w/ dv h{rjhqrxv dqg wkxv gr qrw

h{solflwo| lqfrusrudwh lwv glvwulexwlrq1 Zh dovr dvvxph wkdw wkhuh duh qr pxowlsoh

xqhpsor|phqw vshoov ehwzhhq zdyhv/ ru/ li wkhuh duh/ wkdw x5 uhsuhvhqwv wkhlu

wrwdo ohqjwk1 Iru vlpsolflw|/ wudqvlwlrqv iurp xqhpsor|phqw rxw ri wkh oderxu

irufh duh dovr ljqruhg1

51517 Ghwhuplqdwlrq ri hduqlqjv dqg rwkhu mre fkdudfwhulvwlfv

Zh doorz iru d sdlu ri zdjh uhodwlrqvklsv khuh/ zlwk gl�huhqw surfhvvhv jryhuqlqj

wkh lqlwldo hduqlqjv ri d qhz uhfuxlw dqg dq lqfxpehqw hpsor|hh1 Dq| xqhp0

sor|phqw h{shulhqfhg ehwzhhq zdyhv 4 dqg 5 pd| d�hfw wkh vwduwlqj zdjh ri d

qhz uhfuxlw1

lqfxpehqw zrunhuv= j
L
+z5mz4> i4> v4> i5> v5>p5, +;,

qhz uhfuxlwv= j
Q
+z5mz4> i4> v4> i5> v5> x5>p5, +<,

��� ��� ���� � ����� �
���
���
��

Wr ghulyh wkh ixoo wzr0zdyh vdpsoh glvwulexwlrq/ zh vwduw e| orrnlqj dw wkh

srvvleoh rxwfrphv iru hdfk ri wkh �upv vdpsohg dw zdyh 41 Wkhuh duh wzr

srvvlelolwlhv= wkh �up pd| eh revhuyhg dw zdyh 5 ru qrw/ ghshqglqj rq lwv vl}h

dqg wkh vdpsolqj gudz1 Wr eulqj wkhvh rxwfrphv lqwr wkh glvwulexwlrq +7,/ wkh

whup iru �up m pxvw eh xsgdwhg e| pxowlso|lqj e| d frqglwlrqdo suredelolw|

whup1 Gh�qh N wr eh wkh vdpsolqj iudfwlrq dprqj vpdoo �upv dw zdyh 516

Wkhq wkh h{wud pxowlsolfdwlyh whup wr eh lqfoxghg lq wkh glvwulexwlrq +7, lv rqh

ri wkh iroorzlqj wzr irupv=

Ilup revhuyhg lq DFRS=

�m @ �l
m j+i l

m5> v
l
m5mim4> vm4, +43,

6 Lq rwkhu zrugv/ g lv wkh udwlr ri ?WW wr wkh qxpehu ri vpdoo �upv lq h{lvwhqfh dw zdyh 51

Vwulfwo| vshdnlqj/ wkh odwwhu lv udqgrp xqghu rxu dvvxpswlrqv/ exw qrwklqj lv orvw e| dvvxplqj

g wr eh d frqvwdqw/ dv zh gr khqfhiruwk1

9



Ilup qrw revhuyhg lq DFRS=

�m @ +4�N, j+i l
m5> v

l
m5mim4> vm4, +44,

zkhuh �l
m lv wkh iroorzlqj ixqfwlrq ri vlm5=

�l
m @ 4 v

l
m5 � 583

@ N v
l
m5 ? 583 +45,

Zh wkhq qhhg wr xsgdwh hdfk ri wkh zrunhuv revhuyhg dw zdyh 41 Wdnh
wkh lwk zrunhu revhuyhg iru �up m dqg pxowlso| e| d frqglwlrqdo suredelolw|
whup/ �l

m / zklfk wdnhv gl�huhqw irupv iru wkh iroorzlqj vhyhq gl�huhqw w|shv ri
rxwfrph wkdw frxog rffxu iru wkh zrunhu1 Ghqrwh wkhvh srvvleoh irupv iru wkh
lwk revhuyhg zrunhu lq �up m e| �l

m4===�
l
m:/ zkhuh=

Frqwlqxrxv hpsor|phqw zlwk rqh �up

�l
m4 @ T3+im4> vm4> z

l
m4,j

L+zl
m5mz

l
m4> im4> vm4> i

l
m5> v

l
m5, +46,

Mre fkdqjh zlwklq pdqxidfwxulqj/ qr lqwhuyhqlqj xqhpsor|phqw

�l
m5 @ T4+i

l
m5> v

l
m5>pm5 @ 4mim4> vm4> z

l
m4,

�jQ +zl
m5mz

l
m4> im4> vm4> i

l
m5> v

l
m5>pm5 @ 4> xm5 @ 3, +47,

Fkdqjh wr mre rxwvlgh pdqxidfwxulqj/ qr lqwhuyhqlqj xqhpsor|phqw

�l
m6 @ T4+i

l
m5> v

l
m5>pm5 @ 3mim4> vm4> z

l
m4,

�jQ +zl
m5mz

l
m4> im4> vm4> i

l
m5> v

l
m5>pm5 @ 3> xm5 @ 3, +48,

Pryh lqwr xqhpsor|phqw/ vshoo vwloo lq surjuhvv dw zdyh 5

�l
m7 @ T5+im4> vm4> z

l
m4,^4�Jx5+4� w

l
m mx

l
m4> im4> vm4> z

l
m4,` +49,

Pryh lqwr xqhpsor|phqw/ exw vshoo hqgv zlwk mre lq pdqxidfwxulqj

�l
m8 @ T5+im4> vm4> z

l
m4,j+x

l
m5> i

l
m5> v

l
m5>pm5 @ 4mxlm4> im4> vm4> z

l
m4,

�jQ +zl
m5mz

l
m4> im4> vm4> i

l
m5> v

l
m5>pm5 @ 4> xlm5, +4:,

Pryh lqwr xqhpsor|phqw/ exw vshoo hqgv zlwk mre rxwvlgh pdqxidfwxulqj

�l
m9 @ T5+im4> vm4> z

l
m4,j+x

l
m5> i

l
m5> v

l
m5>pm5 @ 3mxlm4> im4> vm4> z

l
m4,

�jQ +zl
m5mz

l
m4> im4> vm4> i

l
m5> v

l
m5>pm5 @ 3> xlm5, +4;,

:



H{lw iurp oderxu irufh

�l
m: @ T6+im4> vm4> z

l
m4, +4<,

Li zh zhuh deoh wr revhuyh hyhu| hpsor|hu lq zdyh 5 ri DFRS/ wkhuh zrxog
eh qr ixuwkhu gl!fxow|= wkh 50zdyh vdpsoh glvwulexwlrq zrxog eh wkh vdpsoh
glvwulexwlrq iru wkh zdyh 4 revhuydwlrqv +jlyhq e| htxdwlrq +7,, pxowlsolhg e|
wkh frqglwlrqdo suredelolw| whup �m iru hdfk �up/ dqg e| dqrwkhu whup �l

m iru

hdfk zrunhu/ zkhuh �l
m lv gh�qhg dv iroorzv1

�l
m @

:[
n@4

)
l
mn�

l
mn +53,

zkhuh )lmn @ 4 li rxwfrph n lv revhuyhg/ dqg )
l
mn @ 3 rwkhuzlvh1

Krzhyhu/ wkhuh lv dq revhuydwlrqdo sureohp1 Wkhvh vhyhq rxwfrphv duh qrw
gluhfwo| revhuydeoh1 Lqvwhdg/ wkhuh duh whq srvvleoh w|shv ri revhuydwlrq/ hdfk
lghqwl�hg e| d elqdu| yduldeoh/ �lmn/ n @ 4===43/ zkhuh wkhvh whq revhuydeoh
rxwfrphv duh dv vhw rxw lq wkh iroorzlqj wdeoh1

Wdeoh 5 Revhuydeoh wudqvlwlrqv ehwzhhq zdyhv

Suredelolw| Vdpsoh

n Revhuydwlrqdo uhjlph hohphqw qxpehuv

4 Frqwlqxrxv hpsor|phqw/ zlwk
revhuyhg hpsor|hu �l

m4�
l
m :6<7

5 Fkdqjh wr qhz revhuyhg
hpsor|hu/ qr xqhpsor|phqw �l

m5�
l
m 54<3

6 Fkdqjh wr vdph ru qhz revhuyhg
hpsor|hu/ zlwk xqhpsor|phqw �l

m8�
l
m ;95

7 Fkdqjh wr qrq0pdqxidfwxulqj
hpsor|hu/ qr xqhpsor|phqw �l

m6 83;

8 Fkdqjh wr xqrevhuyhg pdqxidfwxulqj
hpsor|hu/ qr xqhpsor|phqw �l

m5+4��l
m, 4384

9 Hpsor|hg lq pdqxidfwxulqj/
�
�l
m4 .�l

m5

�
qr hpsor|hu revhuyhg dw zdyh 5 � +4��l

m, 47:3

: Fkdqjh wr qrq0pdqxidfwxulqj
hpsor|hu/ zlwk xqhpsor|phqw �l

m9 ;

; Fkdqjh wr xqrevhuyhg pdqxidfwxulqj
hpsor|hu/ zlwk xqhpsor|phqw �l

m8+4��l
m, 76

< Xqhpsor|phqw vshoo lq surjuhvv �l
m7 493

43 Rxw ri wkh oderxu irufh �l
m:

Wkh dssursuldwh zdyh 5 suredelolw| hohphqw lv wkhq=

;



�l
m @ �

l
m4�

l
m4�

l
m . �

l
m5�

l
m5�

l
m . �

l
m6�

l
m8�

l
m . �

l
m7�

l
m6

.�lm8�
l
m5+4��l

m, . �
l
m9+�

l
m4 .�l

m5,+4��l
m,

.�lm:�
l
m9 . �

l
m;�

l
m8+4��l

m, . �
l
m<�

l
m7 . �

l
m43�

l
m: +54,

Qrz gh�qh wkh iroorzlqj wzr vhwv ri zrunhuv=

3 @ il> m m i l
m5> v

l
m5 xqrevhuyhgj

4 @ il> m m i l
m5> v

l
m5 revhuyhgj +55,

Lq revhuydwlrqdo uhjlphv 7111;/ wkh zdyh 5 hpsor|hu lv qrw revhuyhg lq DFRS/ dqg
wkhuhiruh wkh xqrevhuyhg �up fkdudfwhulvwlfv i l

m5> v
l
m5 duh xqrevhuyhg dqg pxvw

eh lqwhjudwhg rxw ri wkh vdpsoh glvwulexwlrq1 Wkh uhvxowlqj udwkhu fxpehuvrph
h{suhvvlrq lv dv iroorzv=

k+ vdpsoh , @

�
q
�

Q

�
+4� S ,Q�q

q\
m@4

�
tm

vm4

�
�
tm +4� �,vm4�tm j+im4> vm4,

�
\

l>m54

j+zl
m4mim4> vm4, �

l
m j+i

l
m5> v

l
m5mim4> vm4,

�
\

l>m53

j+zl
m4mim4> vm4,

]
�l
m gJ+i

l
m5> v

l
m5mim4> vm4,

+56,

� ���
	��
��� ��� �	������
	 ������
�

Wkh udwkhu frpsolfdwhg vdpsolqj glvwulexwlrqv ghulyhg lq wkh suhylrxv vhfwlrq
kdyh vrph lpsruwdqw lpsolfdwlrqv iru wkh xvh ri vwdqgdug hfrqrphwulf whfkqltxhv
zlwk olqnhg QHV2DFRS gdwd1 Wr gudz rxw wkhvh lpsolfdwlrqv/ zh frqvlghu lq
wklv vhfwlrq vrph sxusrvhv iru zklfk wkh gdwdvhw pljkw eh xvhg/ dqg lqglfdwh
zklfk ri wkhvh pljkw eh d�hfwhg e| eldv lqgxfhg e| wkh frpsoh{ vdpsolqj
surfhvv1 Zh ehjlq zlwk wkh sureohp ri hvwlpdwlqj d vlpsoh hduqlqjv uhjuhvvlrq1

��� !��
��
�� � 	�������	�
�� ����
��� �"���
��

Iru vrph sudfwlfdo sxusrvhv/ zh pd| eh lqwhuhvwhg lq wkh glvwulexwlrq ri rqh
ru pruh zrunhu yduldeohv frqglwlrqdo rq wkh fkdudfwhulvwlfv ri wkh �up dqg uh0
pdlqlqj fkdudfwhulvwlfv ri wkh zrunhu1 Wklv lv vr/ iru h{dpsoh/ li zh xvh wkh
gdwd wr hvwlpdwh dq hduqlqjv uhjuhvvlrq1 Wr �qg wklv frqglwlrqdo glvwulexwlrq/
zh glylgh wkh zrunhu yduldeohv z lqwr dq hqgrjhqrxv yduldeoh z� +hduqlqjv, dqg

<



wkh uhpdlqlqj frqglwlrqlqj yduldeohv z�� +djh/ jhqghu/ hwf1,1 Zh wkhq qhhg wr
lqwhjudwh rxw wkh hqgrjhqrxv zrunhu yduldeoh z� wr ghulyh wkh pdujlqdo glvwul0
exwlrq ri wkh frqglwlrqlqj yduldeohv ii> v> z��

> t> q
�j/ dqg wkhq glylgh wkh ixoo

vdpsoh glvwulexwlrq e| wklv pdujlqdo1 Zkhq wklv lv grqh/ pdq| whupv lq wkh
vdpsoh glvwulexwlrq +7, fdqfho/ dqg wkh uhvxow lv wkh iroorzlqj frqglwlrqdo vdp0
soh glvwulexwlrq=

k+z�mi> v> t> q�> z��, @

q\
m@4

tm\
l@4

j+zl
m mim > vm,

j+z��l
m mim > vm,

@

q\
m@4

tm\
l@4

j+z�l
m mim > vm > z

��l
m , +57,

Wkh lpsruwdqw uhvxow khuh lv wkdw wklv lv hvvhqwldoo| lghqwlfdo wr wkh glvwulexwlrq
ri z� frqglwlrqdo rq ii> v> z��j lq wkh vxshusrsxodwlrq1 Wkxv/ wkh xvxdo w|sh ri
vdpsoh dqdo|vlv ri hduqlqjv frqglwlrqdo rq �up dqg zrunhu fkdudfwhulvwlfv zloo
jlyh ydolg lqihuhqfhv derxw wkh xqghuo|lqj +vxshu,srsxodwlrq1

��� !��
��
�� � 	�������	�
�� ���� �� #�  ��
�����

Wkh vdph jhqhudo frqfoxvlrq lv wuxh li zh ghulyh wkh glvwulexwlrq ri �up fkdu0
dfwhulvwlfv i frqglwlrqdo rq �up vl}h v1 Krzhyhu/ dq| xvh ri wkh DFRS gdwd wr
dqdo|vh �up vl}h/ hlwkhu xqfrqglwlrqdoo| ru frqglwlrqdo rq rwkhu �up fkdudfwhu0
lvwlfv +ru revhuyhg zrunhu fkdudfwhulvwlfv, zloo surgxfh eldvhg uhvxowv xqohvv zh
pdnh vrph doorzdqfh iru wkh qrq0xqlirup DFRS vdpsolqj udwhv1 Iru h{dpsoh/
wkh glvwulexwlrq ri wkh vm frqglwlrqdo rq wkh im lv=

k+v4===vqmi4===iq> q
�, @

q\
m@4

j+vm mim,

Jvmi +583,
+4��m,^4�Jvmi +583,`

�m
+58,

9@
q\

m@4

j+vm mim,

zkhuh �m @ 4 li vm � 583 dqg �m @ 3 rwkhuzlvh1 Wkxv/ frqyhqwlrqdo xq0
zhljkwhg vdpsoh0edvhg prghov ri �up vl}h zrxog jlyh eldvhg lqihuhqfhv derxw
wkh +vxshu,srsxodwlrq glvwulexwlrq j+vm mim,/ dqg eldv0fruuhfwhg phwkrgv vxfk dv
zhljkwhg PO ru wuxqfdwhg uhjuhvvlrq duh dssursuldwh1

��� !��
��
�� � ���� � ���� �� ������ ����� �� ���
���������� �����
��

Wr hvwlpdwh wkh surfhvvhv jryhuqlqj mre vhsdudwlrqv dqg wkh gxudwlrqv ri frq0
vhtxhqw xqhpsor|phqw vshoov/ zh qhhg wr xvh wkh 50zdyh sdqho wr jlyh uhshdwhg
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revhuydwlrqv rq zrunhuv dqg �upv1 Rxu dlp khuh lv wr hvwlpdwh wkh irxu vhs0
dudwlrq suredelolwhv T3+=,===T6+=, dqg wkh glvwulexwlrq ri xqhpsor|phqw vshoo
ohqjwkv/ j+x5mx4> i4> v4,1 Lq sudfwlfh/ mre vhsdudwlrqv dqg xqhpsor|phqw gxud0
wlrqv pljkw eh hvwlpdwhg vhsdudwho|/ exw wkh frqvlghudwlrqv lqyroyhg duh wkh
vdph/ dqg zh ghdo zlwk wkhp wrjhwkhu1 Wkh uhohydqw frqglwlrqdo vdpsoh glvwul0
exwlrq khuh lv=

k+)4===):> x5mi4> v4> z4> x4, @

U
gK+ vdpsoh ,

k+q�> h[4===
h[q,

+59,

zkhuh wkh vhyhq elqdu| yduldeohv )n lqglfdwh wkh w|sh ri wudqvlwlrq wkdw rffxuv
dqg x5 lv wkh gxudwlrq ri xqhpsor|phqw1 Wkh Vwlhowmhv0Ohehvjxh lqwhjudo lq wkh
qxphudwru ri +59, lv zlwk uhvshfw wr wkh luuhohydqw yduldeohv +i5> v5>p5> z5,/ dqg
K+=, lv wkh fgi fruuhvsrqglqj wr wkh vdpsoh glvwulexwlrq +56,1 Shuiruplqj wkh
glylvlrq dqg lqwhjudwlrq lq +59,=

k+)4===):> x5mi4> v4> z4> x4, @

q\
m@4

] %
tm\
l@4

]
�l
m gz

l
m5

&
gJ+i l

m5> v
l
m5mim4> vm4, +5:,

Krzhyhu/ wkhuh lv dq lpsruwdqw fdyhdw khuh1 Zh kdyh dvvxphg wkdw wkh
yduldeohv i5 dqg v5 +dqg rwkhu xqrevhuydeoh �up fkdudfwhulvwlfv, gr qrw lq xhqfh
wkh vhsdudwlrq suredelolwlhv1 Wklv pd| eh xquhdolvwlf= li wkhuh duh �up0vshfl�f
idfwruv +vxfk dv wudglqj frqglwlrqv, zklfk lq xhqfh wkh qdwxuh dqg vl}h ri wkh
�up dqg dovr d�hfw vhsdudwlrq suredelolwlhv/ wkhq wkh vlpsolflw| ri wkh hvwlpdwlrq
surfhvv zloo eh orvw1 Dq h{wuhph h{dpsoh ri wklv sureohp lv wkh fdvh ri d �up
wkdw lv irufhg lqwr oltxlgdwlrq= lwv vl}h v5 zloo idoo wr }hur/ dqg iru doo ri lwv
zrunhuv wkh suredelolw| ri frqwlqxrxv hpsor|phqw zlwk wkh �up pxvw dovr eh
}hur1 Lq wklv pruh jhqhudo vhwwlqj/ frqvlvwhqw hvwlpdwlrq zloo uhtxluh xv wr wdnh
dffrxqw ri wkh idfwruv zklfk duh frpprq wr erwk vhsdudwlrq suredelolwlhv dqg
wkh vwdwh ri wkh �up dw zdyh 51

��$ ������
�� ��� 	����	���
��
	� �� ��� %���

Wkh pdmru vrxufh ri hvwlpdwlrq gl!fxowlhv zlwk wkh olqnhg QHV2DFRS gdwd lv
wkh qrq0revhuydelolw| ri �up fkdudfwhulvwlfv dw zdyh 5 iru d odujh pdmrulw| ri
vpdoo �upv1

$ � ���� �� ���������� 
�	
���	� ��� ���
���
��

---- Elw khuh rq w|shv ri prghoolqj wkdw frxog eh dwwhpswhg1
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---- D vlpsoh pxowlqrpldo orjlw iru 7 rxwfrphv=
+4, qr fkdqjh ri mre
+5, mre orvv +l1h1 wudqvlwlrq wr xqhpsor|phqw,
+6, wudqvlwlrq wr qhz hpsor|hu
+7, wudqvlwlrq wr qrq0hpsor|phqw +qr uhjlvwhuhg xqhpsor|phqw,

$�� &��������� �����
��

---- D vlpsoh prgho ri xqhpsor|phqw gxudwlrq/ doorzlqj iru uljkw0fhqvrulqj

' (��	���
���

Wklv sdshu kdv d qxpehu ri remhfwlyhv1 Zh kdyh ghvfulehg wkh frqvwuxfwlrq ri d
qhz gdwdvhw iruphg iurp wkh Eulwlvk Qhz Hduqlqjv Vxuyh| +QHV, ri hpsor|hhv
dqg wkh Dqqxdo Fhqvxv ri Surgxfwlrq +DFRS,/ fryhulqj pdqxidfwxulqj �upv/
zlwk qdwlrqdo lqvxudqfh uhfrugv xvhg wr surylgh dgglwlrqdo lqirupdwlrq rq shul0
rgv ri xqhpsor|phqw1 Wklv olqnhg gdwdvhw lv lq h�hfw d sdqho/ zlwk wzr zdyhv
lq wkh |hduv 4<<7 dqg 4<<81

Vhfrqgo|/ zh kdyh orrnhg dw wkh ihdvlelolw| ri xvlqj wklv olqnhg sdqho dv
d edvlv iru ydulrxv w|shv ri hfrqrphwulf dqdo|vlv/ hvshfldoo| wkh prghoolqj ri
zrunhu0hpsor|hu vhsdudwlrqv/ xqhpsor|phqw gxudwlrq/ dqg srvw0xqhpsor|phqw
h{shulhqfh1 Zh �qg wkdw wkh uhodwlyho| vpdoo qxpehu ri �up0zrunhu pdwfkhv/
sduwlfxoduo| iru zrunhuv zlwk hpsor|huv revhuyhg lq DFRS dw erwk zdyhv/ pdnhv
wklv nlqg ri dqdo|vlv gl!fxow/ xqohvv d zd| fdq eh irxqg ri h{sorlwlqj wkh odujh
qxpehu ri sduwldo revhuydwlrqv wkdw rffxu1

Wklugo|/ xvlqj d wkhruhwlfdo irxqgdwlrq lq vxshusrsxodwlrq vdpsolqj wkhru|/
zh kdyh frqvlghuhg wkh phwkrgrorjlfdo sureohpv udlvhg e| wkh lqfrpsohwh fry0
hudjh dqg qrq0xqlirup vdpsolqj ghvljq ri wkh DFRS1 Zh kdyh hvwdeolvkhg d
qxpehu ri uhvxowv/ zklfk fdq eh vxppdulvhg lq wkh iroorzlqj vhulhv ri sursrvl0
wlrqv1

Sursrvlwlrq 4 Iru wkh vlpsohvw sxusrvhv ri hvwlpdwlqj d furvv0vhfwlrq uhod0
wlrqvkls vxfk dv dq hduqlqjv htxdwlrq uhodwlqj wkh ohyho ri sd| wr �up dqg zrunhu
fkdudfwhulvwlfv/ frqyhqwlrqdo phwkrgv vxfk dv pxowlsoh uhjuhvvlrq zloo qrw eh el0
dvhg e| wkh QHV2DFRS vdpsolqj vfkhph/ surylghg wkh hvwlpdwhg uhodwlrqvkls
lv lqwhusuhwhg dv kroglqj rqo| iru mrev lq pdqxidfwxulqj lqgxvwu|1 Krzhyhu/ dq|
prgho zlwk �up vl}h dv dq hqgrjhqrxv yduldeoh zloo lq jhqhudo eh d�hfwhg e|
vdpsoh vhohfwlrq eldv dv d uhvxow ri wkh qrq0xqlirup DFRS vdpsolqj udwh1

Sursrvlwlrq 5 Iru wkh sxusrvh ri hvwlpdwlqj d prgho ri �ulqjv dqg txlwv/
xvlqj vdpsoh lqirupdwlrq iurp zdyhv 4 dqg 5/ wkh srvlwlrq lv ohvv vwudljkwiru0
zdug1 Surylghg wkhuh duh qr xqrevhuyhg �up fkdudfwhulvwlfv wkdw lq xhqfh erwk
vhsdudwlrq suredelolwlhv dqg revhuydeoh �up fkdudfwhulvwlfv +vxfk dv �up vl}h,/
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frqyhqwlrqdo glvfuhwh0uhvsrqvh prghov ri vhsdudwlrqv dqg prghov ri xqhpsor|0
phqw gxudwlrqv zloo eh xqd�hfwhg e| vdpsoh vhohfwlrq eldvhv1 Krzhyhu/ lw lv
olnho| wkdw vxfk xqrevhuydeohv zloo h{lvw +iru h{dpsoh/ srru wudglqj frqglwlrqv
pd| xqghuolh erwk udlvhg vhsdudwlrq suredelolwlhv iru lqglylgxdo zrunhuv dqg d
uhgxfwlrq lq �up vl}h,/ dqg wkhq pruh frpsoh{ hvwlpdwruv duh fdoohg iru1

Sursrvlwlrq 6 Iru wkh sxusrvh ri hvwlpdwlqj d prgho ri wkh w|sh ri mre wkdw
zrunhuv jr lqwr diwhu vhsdudwlqj iurp dq hpsor|hu/ wkh QHV2DFRS vdpsolqj
vfkhph jhqhudwhv pdmru frpsolfdwlrqv/ dqg hvwlpdwlrq ehfrphv frqvlghudeo|
pruh gl!fxow1 Krzhyhu/ zh kdyh vxjjhvwhg d srvvleoh dyhqxh ri surjuhvv1

)������	��

^4` Derzg/ M1 P1/ Nudpdu}/ I1/ dqgPdujrolv/ M1 Q1 +4<<:,/ �KljkZdjhZrunhuv
dqg Kljk Zdjh Ilupv�/ Hfrqrphwulfd/ iruwkfrplqj1

^5` Fdvvho/ F1/ Vçuqgdo/ F1 H1 dqg Zuhwpdq/ M1 K1 +4<::,/ Irxqgdwlrqv ri Lqihu0
hqfh lq Vxuyh| Vdpsolqj1 Qhz \run= Zloh|1

^6` Frohv/ P1 J1/ +4<<:,/ �Htxloleulxp Zdjh Glvshuvlrq/ Ilup Vl}h dqg
Jurzwk�/ plphr/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Hvvh{1

^7` Juhjru|/ P1 dqg Mxnhv/ U1 +4<<:,1 �Wkh H�hfwv ri Xqhpsor|phqw rq Vxe0
vhtxhqw Hduqlqjv= D Vwxg| ri Eulwlvk Phq 4<;70<7�/ Uhvhdufk Uhsruw wr wkh

Ghsduwphqw ri Hpsor|phqw/ Orqgrq1

^8` Kloguhwk/ D1 dqg Sxgqh|/ V1 H1 +4<<9,/ �Hpsor|huv/ Zrunhuv dqg Xqlrqv=
Dq Dqdo|vlv ri d Ilup0Zrunhu Sdqho zlwk Hqgrjhqrxv Vdpsolqj/ Dwwulwlrq
dqg Plvvlqj Gdwd1� Xqlyhuvlw| ri Ohlfhvwhu Glvfxvvlrq Sdshu lq Hfrqrplfv
qr1 <92481

^9` Sxgqh|/ V1 H1 +4<;<,1 Prghoolqj Lqglylgxdo Fkrlfh1 Wkh Hfrqrphwulfv ri

Fruqhuv/ Nlqnv dqg Krohv1 R{irug= Eodfnzhoo1
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