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W Wklv sdshu kdv ehhq suhsduhg iru wkh Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv Frqihuhqfh/
Mxqh 4<<</ lq Jhu}hqvhh/ Vzlw}huodqg1 Wklv sdshu zdv zulwwhq zkloh Juhjru| G1 Khvv zdv
dq dfdghplf frqvxowdqw wr wkh Ihghudo Uhvhuyh Edqn ri Fohyhodqg1 Wkh rslqlrqv h{suhvvhg
duh wkrvh ri wkh dxwkruv dqg gr qrw qhfhvvdulo| uh�hfw ylhzv ri wkh Ihghudo Uhvhuyh Edqn ri
Fohyhodqg ru wkh Ihghudo Uhvhuyh V|vwhp1
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Juhjru| G1 Khvv dqg Nzdqkr Vklq

Zh hvwlpdwh wkh h{whqw wr zklfk lglrv|qfudwlf dqg glvdjjuhjdwh pdfur vkrfnv +vxfk dv
uhjlrqdo dqg lqgxvwu| vkrfnv, duh qrw vkduhg lq wkh hfrqrp|1 Frpsdulqj wkh ghjuhh wr zklfk
lglrv|qfudwlf dqg glvdjjuhjdwh pdfur vkrfnv duh qrw vkduhg judqwv d ghhshu xqghuvwdqglqj
dv wr wkh uhdvrq zk| wkh hfrqrp| odfnv lq vshfl�f duhdv ri ulvn vkdulqj duudqjhphqwv1 Dv
zhoo/ lw fdq srlqw wr duhdv zkhuh wkh hfrqrp|*v ulvn vkdulqj fdsdelolw| fdq eh hqkdqfhg1
Xvlqj krxvhkrog gdwd iurp wkh Sdqho Vwxg| ri Lqfrph G|qdplfv/ zh �qg wkdw d qhjoljleoh
dprxqw ri ulvn +durxqg 43(, lv vkduhg lq wkh djjuhjdwh/ derxw 83( lv vkduhg zlwklq uhjlrqv
dqg lqgxvwulhv/ zkloh wkh uhpdlqlqj 73( lv qrw vkduhg zlwk rwkhu krxvhkrogv1

lj+�NiatH Ulvn Vkdulqj/ Txdqwlw| Dqrpdo|1

MHO Fodvvl�fdwlrq V|vwhp= H54

Juhjru| G1 Khvv Nzdqkr Vklq
Ghsduwphqw ri Hfrqrplfv Ghsduwphqw ri Hfrqrplfv
Ulfh Kdoo Nruhd Xqlyhuvlw|
Rehuolq Froohjh 804 Dqdp0Grqj Vxqjexn0Nx
Rehuolq/ RK 773:7 Vhrxo/ Nruhd
+773, ::80;8<5 +;55, 65<305553
juhjru|1khvvCrehuolq1hgx nkvklqCnxffq{1nruhd1df1nu
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Wkhuh kdyh ehhq d qxpehu ri vwxglhv pdgh lq wkh olwhudwxuh wkdw h{solflwo| whvw wkh lpsol0

fdwlrqv ri frpsohwh ulvn vkdulqj1 Jlyhq wkdw frpsohwh pdunhwv duh iuhtxhqwo| dvvxphg lq d

prgho hfrqrp|/ wkhvh uhvxowv fdq vkhg oljkw rq wkh ghjuhh wr zklfk frpsohwh pdunhwv dssur{0

lpdwhv wkh dfwxdo hfrqrp|1 Lq dgglwlrq/ vlqfh wkh zhoiduh lpsolfdwlrqv ri xqfhuwdlqw| ghshqg

rq wkh hfrqrp|*v xqghuo|lqj ulvn0vkdulqj fdsdelolw|/ lw lv lpsruwdqw wr ghwhuplqh zkhwkhu d

frpsohwh pdunhwv prgho surylghv d xvhixo ehqfkpdun wr xqghuvwdqg wkh hfrqrp|1� Wkhvh

uhvxowv fdq dovr eh xvhg wr ehwwhu xqghuvwdqg wkh uroh wkdw �qdqfldo dqg �vfdo lqvwuxphqwv

shuirup lq surylglqj lqvxudqfh lq wkh hfrqrp|/ dqg lq wxuq frxog eh khosixo lq frqvwuxfwlqj

ehwwhu ulvn vkdulqj duudqjhphqwv lq wkh hfrqrp|1

Pdfh +4<<4, dqg Frfkudqh +4<<4, duh wzr hduo| dwwhpswv wkdw hpsor| plfur gdwd wr

whvw li d krxvhkrog*v lglrv|qfudwlf ulvn lv shuihfwo| lqvxuhg djdlqvw12 Pdfh vkrzv wkdw wkh

sulqflsdo lpsolfdwlrq ri frpsohwh ulvn vkdulqj lv wkdw d krxvhkrog*v frqvxpswlrq vkrxog

pryh rqh iru rqh zlwk wkh djjuhjdwh frqvxpswlrq1 Lpsruwdqwo| wklv lqglfdwhv wkdw fkdqjhv

lq fxuuhqw lqfrph grhv qrw khos h{sodlq wkh fkdqjh lq krxvhkrog frqvxpswlrq rqfh wkh

fkdqjh lq wkh djjuhjdwh frqvxpswlrq lv dffrxqwhg iru1 Khu hpslulfdo hylghqfh lv pl{hg= iru

fhuwdlq vshfl�fdwlrqv wkh frpsohwh ulvn vkdulqj lv qrw uhmhfwhg exw iru rwkhuv lw lv1 Frfkudqh

dovr whvwv d vlplodu lpsolfdwlrq ri ulvn vkdulqj wkdw frqvxpswlrq jurzwk ri krxvhkrogv vkrxog

eh furvv0vhfwlrqdoo| lqghshqghqw ri lglrv|qfudwlf krxvhkrog yduldeohv1 Kh dovr �qgv wkdw/

hyhq wkrxjk wkhuh lv frqvlghudeoh hylghqfh ri ulvn vkdulqj/ vrph lglrv|qfudwlf hyhqwv duh

qrw ixoo| lqvxuhg djdlqvw1 Vlqfh lqirupdwlrq dv|pphwu| sureohpv vxfk dv prudo kd}dug dqg

dgyhuvh vhohfwlrq pdnh lw gl�fxow iru krxvhkrogv wr lqvxuh shuihfwo| djdlqvw sxuh krxvhkrog

vshfl�f ulvn/ wkh deryh uhvxowv pd| qrw eh vr vxusulvlqj1

Ri frxuvh/ krxvhkrogv idfh hfrqrplf �xfwxdwlrqv wkdw frph iurp d qxpehu ri gl�huhqw

vrxufhv1 Vlpso| sxw/ krxvhkrogv olyh lq uhjlrqv dqg zrun lq lqgxvwulhv zklfk/ lq dgglwlrq

wr wkhlu krxvhkrog vshfl�f flufxpvwdqfhv/ frqwulexwh wr wkh �xfwxdwlrqv lq wkhlu hfrqrplf
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uhvrxufhv1 Lq idfw/ wkhuh lv d olqh ri olwhudwxuh wkdw hpskdvl}hv wkhvh glvdjjuhjdwh vrxufhv ri

pdfur vkrfnv wkdw frqwulexwh wr djjuhjdwh �xfwxdwlrqv1 Iru h{dpsoh/ Qruuelq dqg Vfkodjhq0

kdxi +4<;;,/ Dowrqml dqg Kdp +4<<3,/ Fodun +4<<;, dqg Jkrvk dqg Zroi +4<<;, ghfrpsrvh

wkh vrxufhv ri �xfwxdwlrqv lqwr djjuhjdwh vkrfnv/ uhjlrqdo vkrfn dqg lqgxvwuldo vkrfnv dqg

hpslulfdoo| hvwlpdwh wkh lpsruwdqfh ri hdfk vkrfnv1� Vlqfh wkhvh glvdjjuhjdwh pdfur vkrfnv

duh eholhyhg wr eh pxfk ohvv vxemhfw wr lqirupdwlrq dv|pphwu| sureohpv/ rqh pljkw h{shfw

wkdw ulvn vkdulqj iru vxfk vkrfnv fdq eh pruh hdvlo| duudqjhg1 Uhfhqwo| uhvhdufkhuv lqwhu0

hvwhg lq pdfur vkrfnv dovr dwwhpsw wr whvw krz pdfur vkrfnv duh lqvxuhg dfurvv frxqwulhv

dv zhoo dv uhjlrqv zlwklq wkh vdph frxqwu|1 Dq lpsruwdqw ihdwxuh wkhvh dssurdfkhv kdyh

lq frpprq lv wkdw wkh| duh edvhg rq djjuhjdwh gdwd udwkhu wkdq krxvhkrog gdwd1 Edfnxv/

Nhkrh dqg N|godqg +4<<5, �qg wkdw hyhq d zhdn suhglfwlrq ri lqwhuqdwlrqdo ulvn vkdulqj/

qdpho| wkdw djjuhjdwh frqvxpswlrq dfurvv frxqwulhv vkrxog eh pruh fruuhodwhg wkdq wkh dj0

juhjdwh rxwsxw/ lv zlgho| uhmhfwhg xvlqj lqwhuqdwlrqdo gdwd1e Vlplodu dssurdfkhv kdyh ehhq

dgrswhg iru lqwudqdwlrqdo gdwd xvlqj uhjlrqdo gdwd dqg wkh pdlq frqfoxvlrq lv wkdw/ wkrxjk

wkh hylghqfh lv vwurqjhu/ wkh ulvn vkdulqj ri pdfur vkrfnv lv idu iurp frpsohwh iru uhjlrqv

zlwklq wkh vdph frxqwu|1D Wkhvh uhvxowv vkrz wkdw/ lqghhg/ glvdjjuhjdwh pdfur vkrfnv +l1h1

uhjlrqdo vkrfnv, duh lqfrpsohwho| vkduhg1

Frpelqlqj wkh deryh wzr dssurdfkhv ri plfur dqg pdfur gdwd dqdo|vhv ri ulvn vkdulqj/

Khvv dqg Vklq +4<<<, dwwhpsw wr whvw krz glvdjjuhjdwh pdfur vkrfnv duh vkduhg dfurvv

krxvhkrogv edvhg rq plfur gdwd1 Wkh| dvvxph wkdw wkhuh duh ydulrxv glvdjjuhjdwh pdfur

vkrfnv vxfk dv djjuhjdwh/ uhjlrq vshfl�f dqg lqgxvwu| vshfl�f vkrfnv iru hdfk krxvhkrog*v

lqfrph/ dqg txdqwlwdwlyho| hvwlpdwh wkh ghjuhh ri ulvn vkdulqj ri vxfk pdfur vkrfnv e|

krxvhkrogv dfurvv dqg zlwklq uhjlrqv dqg lqgxvwulhv1 Diwhu frqwuroolqj iru djjuhjdwh frq0

vxpswlrq jurzwk dqg qxphurxv krxvhkrog ghprjudsklf yduldeohv/ wkh| uhjuhvv krxvhkrog

frqvxpswlrq jurzwk rq uhjlrqdo vshfl�f dqg lqgxvwu| vshfl�f frqvxpswlrq jurzwk/ dqg
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�qg wkdw wkh frh�flhqwv ri uhjlrqdo dqg lqgxvwu| frqvxpswlrq jurzwk duh yhu| vljql�fdqw

dqg odujh1 Wkh| lqwhusuhw wkh vxp ri wkhvh wzr frh�flhqwv dv wkh phdvxuh ri ulvn qrw vkduhg

joredoo| +l1h1 qrw vkduhg dfurvv uhjlrqv ru lqgxvwulhv, dqg frqfoxgh wkdw wkh sruwlrq ri ulvn

vkdulqj pdgh zlwklq uhjlrqv dqg lqgxvwulhv lv juhdwhu wkdq wkdw ri ulvn vkdulqj pdgh dfurvv

uhjlrqv dqg lqgxvwulhv1

Wklv sdshu frqwulexwhv wr wkh olwhudwxuh lq wkh iroorzlqj lpsruwdqw zd|1 Zh h{solflwo|

dvvxph wkh srvvlelolw| wkdw lglrv|qfudwlf vkrfnv zlwklq uhjlrqv ru lqgxvwulhv duh qrw vkduhg

dfurvv dq| krxvhkrog lq wkh hfrqrp| dqg txdqwlwdwlyho| hvwlpdwh wkh lpsruwdqfh ri wkh lg0

lrv|qfudwlf vkrfnv dv zhoo dv wkh glvdjjuhjdwh pdfur vkrfnv +vxfk dv uhjlrqdo dqg lqgxvwu|

vkrfnv, qrw vkduhg lq wkh hfrqrp|1 Frpsdulqj wkh vl}hv ri lglrv|qfudwlf dqg wkh glvdj0

juhjdwh pdfur vkrfnv qrw vkduhg lq wkh hfrqrp| judqwv d ghhshu xqghuvwdqglqj dv wr wkh

uhdvrq zk| wkh hfrqrp| odfnv lq vshfl�f duhdv ri ulvn vkdulqj duudqjhphqw1 Dv zhoo/ lw fdq

srlqw wr duhdv zkhuh wkh hfrqrp|*v ulvn vkdulqj fdsdelolw| fdq eh hqkdqfhg1 Iru h{dpsoh/ li

wkh odfn ri ulvn vkdulqj lv sulpdulo| dq lvvxh ri lglrv|qfudwlf vkrfnv/ wkhq dgguhvvlqj lvvxhv

ri dv|pphwulf lqirupdwlrq zrxog eh d pdmru dyhqxh wr lpsuryh wkh hfrqrp|*v ulvn vkdulqj

delolw|1 Dowhuqdwlyho|/ li glvdjjuhjdwh pdfur vkrfnv duh wkh prvw lpsruwdqw vrxufh ri ulvn

wkdw lv qrw ehlqj vkduhg/ wkhq pdfur �vfdo srolflhv frxog eh ghvljqhg wr errvw ulvn vkdulqj

+h1j1 �vfdo ihghudolvp pd| dlg lq khoslqj orz ohyhov ri uhjlrqdo ulvn vkdulqj,1

Zh �qg wkdw d vljql�fdqw sruwlrq ri sxuh lglrv|qfudwlf vkrfnv lv qrw vkduhg lq wkh

hfrqrp|1 Pruh lpsruwdqwo|/ krzhyhu/ hyhq d odujhu iudfwlrq ri glvdjjuhjdwh pdfur vkrfnv

lv dovr qrw vkduhg lq wkh hfrqrp|1 Wkh uhpdlqlqj sruwlrq/ zklfk phdvxuhv wkh iudfwlrq ri

frpsohwh joredo ulvn vkdulqj/ lv ohvv wkdq 43 (1 Wkh idfw wkdw wkh iudfwlrq ri glvdjjuhjdwh

vkrfnv qrw vkduhg lv odujhu wkdq wkh dprxqw ri lglrv|qfudwlf vkrfnv qrw vkduhg lv txlwh

vxusulvlqj vlqfh lw dsshduv wkdw wkhuh duh d qxpehu ri �qdqfldo ghylfhv dydlodeoh lq wkh

hfrqrp| wr khgjh djdlqvw wkhvh glvdjjuhjdwh pdfurhfrqrplf vkrfnv1 Vlqfh vrph krxvhkrogv

gr qrw rzq vxfk dvvhwv/ zh vkrxog dw ohdvw h{shfw wkdw krxvhkrogv wkdw gr krog wkhp vkrxog

kdyh d ehwwhu delolw| wr vkduh wkhvh ulvnv1 Zh �qg/ krzhyhu/ wkdw prvw vxe0vdpsohv ri

krxvhkrogv/ glylghg edvhg rq wkh w|shv ri dvvhwv wkdw wkh| krog/ gr qrw vkrz dq hqkdqfhg

delolw| wr vkduh wklv glvdjjuhjdwh ulvn1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv d prgho ri
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ydulrxv ulvn vkdulqj duudqjhphqwv lqfoxglqj olplwhg ulvn vkdulqj ri pdfur vkrfnv dqg lg0

lrv|qfudwlf vkrfnv1 Vhfwlrq 6 glvfxvvhv wkh hpslulfdo lpsolfdwlrqv ri wkhvh wkhrulhv dqg

Vhfwlrq 7 suhvhqwv wkh uhvxowv ri wkh hpslulfdo whvwv ri wkhvh wkhrulhv1 Zh vxppdul}h lq

Vhfwlrq 81

2 A�i �L_i*

Frqvlghu dq hqgrzphqw hfrqrp| zklfk frqvlvwv ri U uhjlrqv dqg L lqgxvwulhv1 Wkh hfrqrp|

frqvlvwv riK qxpehu ri lq�qlwho| olyhg krxvhkrogv wkdw fdq eh sduwlwlrqhg lqwr hlwkhu uhjlrqv

zlwk K
o qxpehu ri krxvhkrogv olylqj lq hdfk uhjlrq u ru lqgxvwulhv zlwk K

� qxpehu ri

krxvhkrogv zrunlqj lq hdfk lqgxvwu| l1 Wkh suhihuhqfhv ri krxvhkrog k duh uhsuhvhqwhg e|

wkh h{shfwhg olihwlph xwlolw| h{suhvvhg dv=

"[

|'f

�|Hf+X+fo��|,,> +4,

zkhuh fo�
�|

lv frqvxpswlrq iru krxvhkrog k lq uhjlrq u dqg lqgxvwu| l dw wlph w dqg 3 ? � ? 4

lv wkh vxemhfwlyh glvfrxqw idfwru wkdw lv dvvxphg wr eh wkh vdph dfurvv krxvhkrogv1 Hf

uhsuhvhqwv wkh h{shfwdwlrq rshudwru frqglwlrqdo rq lqirupdwlrq dw wlph 3=S

Vxssrvh wkdw ulvn vkdulqj lv frpsohwh dfurvv doo krxvhkrogv lq wkh hfrqrp|1 Iru wkh

djjuhjdwh/ vlqfh lw lv lpsrvvleoh wr hlwkhu vdyh ru glv0vdyh/ wkh ihdvlelolw| frqvwudlqw iru wkh

hfrqrp| lv=

f@
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4
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w @ 3> 4> == +5,

zkhuh |o�
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lv wkh hqgrzphqw iru krxvhkrog k lq uhjlrq u dqg lqgxvwu| l/ dqg f@
|
+v�, dqg |@

|
+v�,

duh wkh djjuhjdwh frqvxpswlrq dqg wkh djjuhjdwh hqgrzphqw dfurvv doo wkh krxvhkrogv lq

wkh zkroh hfrqrp| dw wlph w1 Wkh doorfdwlrq xqghu wkh frpsohwh ulvn vkdulqj lv rewdlqhg
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e| wkh iroorzlqj sureohp vroyhg e| wkh joredo vrfldo sodqqhu=

pd{

M[

�'�

$�

"[

|'f

�|Hf+X+f
o�

�|,,> +6,

vxemhfw wr htxdwlrq +5,1 Wkh sodqqhu dvvljqv zhljkwv $� vxfk wkdw 3 ? $� ? 4 dqg
S

M

�'�
$� @ 41

Vxssrvh wkdw zh frqvlghu d vshfldo fdvh ri d wlph vhsdudeoh/ FUUD xwlolw| ixqfwlrq zlwk

d ulvn dyhuvlrq frh�flhqw �1 Wkhq wkh �uvw rughu frqglwlrqv duh=

a�| @ $�+f
o�

�|,
3j > k @ 4> ===> K> w @ 3> 4> == +7,

zkhuh a�| @ �|@�
| dqg �| lv wkh Odjudqjh pxowlsolhu dvvrfldwhg zlwk wkh ihdvlelolw| frq0

vwudlqw +5,1

Zh fdq holplqdwh wkh zhljkwv/ $�/ e| wdnlqj orjv dqg �uvw gl�huhqflqj htxdwlrq +7,/

zklfk |lhogv=

�orj+a�|, @ ���orj+fo��|, +8,

zkhuh � lv wkh �uvw gl�huhqfh rshudwru1 Djjuhjdwlqj htxdwlrq +8,/ wkh iroorzlqj htxdwlrq

krogv=

�orj+fo�
�|, @ �orj+f@| , +9,

Dv hpskdvl}hg e| Pdfh +4<<4,/ wkh pdmru lpsolfdwlrq ri frpsohwh ulvn vkdulqj lv wkdw krxvh0

krog frqvxpswlrq vkrxog fkdqjh rqh0iru0rqh zlwk wkh djjuhjdwh frqvxpswlrq/ luuhvshfwlyh

ri wkh krxvhkrog*v hqgrzphqw ru lqfrph1 Wklv uhvxow dulvhv hvvhqwldoo| iurp wkh idfw wkdw/

dv vkrzq lq htxdwlrq +8,/ wkh vkdgrz ydoxh ri wkh hqgrzphqw lv htxdol}hg dfurvv doo wkh

krxvhkrogv luuhvshfwlyh ri uhjlrqv ru lqgxvwulhv1

Vr idu zh kdyh frqvlghuhg wkh lpsolfdwlrq ri lqwudwhpsrudo ulvn vkdulqj dfurvv krxvhkrogv

dw wkh vdph shulrg1 Dqrwkhu lpsruwdqw dyhqxh ri vkdulqj ulvn lv wkurxjk wkh glphqvlrq ri

gl�huhqw wlph shulrgv/ l1h1 lqwhuwhpsrudo frqvxpswlrq vprrwklqj1 Doorzlqj krxvhkrogv wr

vprrwk frqvxpswlrq lqwhuwhpsrudoo|/ krzhyhu/ grhv qrw fkdqjh wkh deryh uhvxowv dw doo lq

wklv fdvh ehfdxvh wkhuh lv qr zd| wr lqwhuwhpsrudoo| vxevwlwxwh wkh djjuhjdwh hqgrzphqw

8



iru wkh hfrqrp| dv d zkroh1 Wkh exgjhw frqvwudlqw uhpdlqv wkh vdph dqg wkh uhvxowlqj

doorfdwlrq zrxog eh wkh vdph1

Qrz zh frqvlghu d vhfrqg w|sh ri krxvhkrogv wkdw kdv d olplwhg delolw| wr vkduh ulvn1

Pruh vshfl�fdoo| vxssrvh wkdw wklv w|sh ri krxvhkrog vkduhv lglrv|qfudwlf ulvn frpsohwho|

dfurvv rwkhu krxvhkrogv lq wkh vdph uhjlrq ru lqgxvwu| zkloh pdfur ulvnv uhvxowlqj iurp

uhjlrqdo ru lqgxvwuldo vkrfnv duh qrw vkduhg zlwk rwkhu krxvhkrogv lq gl�huhqw uhjlrqv ru

lqgxvwulhv1 Zh h{dplqh wkh fdvh iru uhjlrqdo ulvn vkdulqj �uvw dqg wkhq vlpso| qrwh wkh

fdvh iru lqgxvwulhv odwhu1 Wr frqfhqwudwh rq wkh lpsolfdwlrq ri olplwhg ulvn vkdulqj dfurvv

krxvhkrogv/ zh pdlqwdlq wkh dvvxpswlrq wkdw lqwhuwhpsrudo frqvxpswlrq vprrwklqj lv frp0

sohwh1 Doorzlqj lqwhuwhpsrudo frqvxpswlrq vprrwklqj lpsolhv wkdw wkh uhjlrqdo djjuhjdwh

hqgrzphqw qhhg qrw wr eh htxdo wr uhjlrqdo djjuhjdwh frqvxpswlrq1 Wkh fruuhvsrqglqj

sureohp iru d uhjlrqdo vrfldo sodqqhu lv wr pd{lpl}h wkh zhljkwhg vxp ri h{shfwhg olihwlph

xwlolwlhv ri krxvhkrogv zlwklq wkh vdph uhjlrq/ k 5 u/ vxemhfw wr wkh exgjhw frqvwudlqw rq

uhjlrqdo lqfrph=

pd{
[

�Mo

$o

�

"[

|'f

�|Hf+X+fo��|,,> +:,

vxemhfw wr wkh uhjlrqdo exgjhw frqvwudlqw=

fo
| . do| � |o| . +4.U|3�,d

o

|3�> +;,

zkhuh f
o

| @
�

Mo

S
�Mo f

o�

�|
dqg |

o

| @
�

Mo

S
�Mo |

o�

�|
> dqg

S
�Mo uhsuhvhqwv wkh vxppdwlrq dfurvv

doo krxvhkrogv lq uhjlrq u1 Wkh uhjlrqdo vrfldo sodqqhu qrw rqo| srrov doo wkh hqgrzphqwv lq

uhjlrq u exw dovr hqjdjhv lq wkh wudgh ri wkh ulvniuhh dvvhwv ehiruh glvwulexwlqj frqvxpswlrq

dssursuldwho|1. Wkh dvvljqhg zhljkw wr krxvhkrog k lq uhjlrq u lv $o

�
vxfk wkdw 3 ? $

o

�
? 4

dqg
S

�Mo $
o

�
@ 41

Qrwh wkdw wkh uhjlrqdo vrfldo sodqqhu shuirupv frpsohwh lqwhuwhpsrudo frqvxpswlrq

vprrwklqj wkurxjk wkh joredoo| wudghg ulvniuhh dvvhwv lq wkh hfrqrp|/ exw ulvn vkdulqj lv

.A��t @tt�4T|�L? U@? Mi ��t|��i_ �u |�i _i�?�|�L? Lu @? @}i?| �?U*�_it @ *LU@* }L�ih?4i?|c ���U� U@?

MLhhL� Lh *i?_ �? |�i }*LM@* 4@h!i|�
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olplwhg wr wkh krxvhkrogv lq wkh vdph uhjlrq1 Wkhq wkh �uvw rughu frqglwlrqv duh=

a�o

| @ $o

�+f
o�

�|,
3j > k 5 u> +<,

dqg

+fo��|,
3j @ �+4 .U|,H|+f

o�

�|n�,
3j> k 5 u> +43,

zkhuh a�o

|
+v� , @ �o

|
+v� ,@�

| dqg �o

|
lv wkh Odjudqjh frqvwudlqw dvvrfldwhg zlwk wkh uhjlrqdo

exgjhw frqvwudlqw1 H| uhsuhvhqwv wkh h{shfwdwlrq rshudwru frqglwlrqdo rq lqirupdwlrq dw

wlph w= Wkhuh duh wzr gl�huhqfh ehwzhhq wklv fdvh dqg wkdw ri frpsohwh ulvn vkdulqj suhvhqwhg

deryh1 Iluvw/ vlqfh �o

|
lv frpprq rqo| wr wkh krxvhkrogv lq wkh vdph uhjlrq u htxdwlrq +<,

lpsolhv wkdw wkh zhljkwhg pdujlqdo xwlolw| ri wkh fxuuhqw frqvxpswlrq lv htxdol}hg dfurvv

doo krxvhkrogv lq wkh vdph uhjlrq/ exw qrw dfurvv uhjlrqv1 Vhfrqg/ wkh uhjlrqdo djjuhjdwh

frqvxpswlrq gl�huv iurp wkh uhjlrqdo djjuhjdwh hqgrzphqw wkurxjk eruurzlqj dqg ohqglqj/

zklfk htxdol}hv wkh dssursuldwho| glvfrxqwhg vkdgrz ydoxhv ri wkh uhjlrqdo hqgrzphqwv

dfurvv gl�huhqw wlph shulrgv dv vkrzq lq htxdwlrq +43,1H Wzr gl�huhqw �uvw rughu frqglwlrqv/

+<, dqg +43,/ fkdudfwhul}h wzr glphqvlrqv ri ulvn vkdulqj/ lqwudwhpsrudo ulvn vkdulqj dqg

lqwhuwhpsrudo frqvxpswlrq vprrwklqj/ zklfk duh lqghshqghqw sursrvlwlrqv1 Lq rwkhu zrugv/

rqh fdq dvvxph hlwkhu rqh ri wkhvh wzr zlwkrxw dvvxplqj wkh rwkhu1

Lq wklv vhfrqg prgho/ wkhuh duh wzr uhdvrqv zk| krxvhkrogv suhihu wr frqvxph d gl�hu0

hqw dprxqw wkdq wkhlu fxuuhqw hqgrzphqw= lqwudwhpsrudo ulvn vkdulqj dqg lqwhuwhpsrudo

frqvxpswlrq vprrwklqj1 Lq sudfwlfh/ krzhyhu/ lw lv gl�fxow wr vhh h{dfwo| krz krxvh0

krog frqvxpswlrq ghyldwhv iurp lwv hqgrzphqw gxh wr hdfk ri wkhvh vhsdudwh phfkdqlvp1

Dffruglqjo|/ prvw vwxglhv whvw wkh lpsolfdwlrq ri ulvn vkdulqj jlyhq wkdw lqwhuwhpsrudo frq0

vxpswlrq vprrwklqj krogv zlwklq hdfk uhjlrq1 Iru h{dpsoh/ Fuxflql +4<<<,/ Khvv dqg Vklq

+4<<<, dqg Gho Qhjur +4<<:, dvvxph wkdw lqwhuwhpsrudo frqvxpswlrq vprrwklqj lv frpsohwh

zlwklq uhjlrqv dqg whvw krz frpsohwho| wkh lqqrydwlrqv wr shupdqhqw lqfrph duh vkduhg

dfurvv krxvhkrogv lq gl�hulqj uhjlrqv1 Lq wkh vdph pdqqhu zh dvvxph wkdw htxdwlrq +43,

H ì U@? @*tL @tt�4i UL4T*i|i �?|ih|i4TLh@* UL?t�4T|�L? t4LL|��?} uLh |�i Thi��L�t U@ti Lu UL4T*i|i

h�t! t�@h�?}c M�| �? |�@| U@tic t�?Ui |�i }*LM@* @}}hi}@|i UL?t�4T|�L? @?_ |�i }*LM@* @}}hi}@|i i?_L�4i?|

�L�*_ Mi |�i t@4ic |�i �?|ihit| h@|i �L�*_ U�@?}i tL |�@| |�i @TThLTh�@|i*) _�tUL�?|i_ t�@_L� �@*�it Lu

|�i @}}hi}@|i i?_L�4i?| @UhLtt _�gihi?| |�4i Tih�L_t �L�*_ Mi i^�@*�3i_�
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krogv dqg frqfhqwudwh rq whvwlqj wkh lpsolfdwlrq ri htxdwlrq +<,1

Li zh �uvw orj0gl�huhqfh htxdwlrq +<, dqg djjuhjdwh lw dfurvv krxvhkrogv lq wkh vdph

uhjlrq/ zh kdyh=

�orj+fo�
�|, @ �orj+fo| ,= +44,

Zlwk uhjlrqdo ulvn vkdulqj rqo|/ krxvhkrog frqvxpswlrq pryhv rqh iru rqh zlwk uhjlrqdo dj0

juhjdwh frqvxpswlrq1 Li zh orj0gl�huhqfh htxdwlrq +<, dqg djjuhjdwh dfurvv doo krxvhkrogv

lq wkh hfrqrp|/ zh wkhq kdyh=

�orj+fo�
�|
, @ �orj+f@

|
, .

4

�
+�a�@o

|
��orj+a�o

|
,, u @ 4> ===>U> +45,

zkhuh a�@o

|
@ �

-

S
-

o'� orj+a�
o
| ,1 Qrwh wkdw krxvhkrog frqvxpswlrq qr orqjhu pryhv rqh iru

rqh zlwk djjuhjdwh frqvxpswlrq gxh wr wkh odfn ri ulvn vkdulqj dfurvv gl�huhqw uhjlrqv1

Wklv lv uh�hfwhg e| wkh odvw whup lq htxdwlrq +45, wkdw ghqrwhv wkh ghyldwlrq ri wkh vkdgrz

ydoxh ri hqgrzphqw lq uhjlrq u iurp wkh djjuhjdwh hfrqrp|1 E| dgglqj dqg vxewudfwlqj

�orj+f@
|
, iurp wkh uljkw kdqg vlgh ri htxdwlrq +44,/ zh ghulyh wkh iroorzlqj htxdwlrq=

�orj+fo�
�|
, @ �orj+f@

|
, . +�orj+fo

|
,��orj+f@

|
,,= +46,

Frpsdulqj htxdwlrq +46, zlwk htxdwlrq +45,/ zh fdq vhh wkdw wkh gl�huhqfh ehwzhhq wkh

uhjlrqdo djjuhjdwh frqvxpswlrq dqg wkh joredo djjuhjdwh frqvxpswlrq/ �orj+fo
|
,��orj+f@

|
,

vxppdul}hv wkh gl�huhqfh ri wkh vkdgrz ydoxh ri wkh hqgrzphqw lq uhjlrq u dqg wkdw lq wkh

djjuhjdwh hfrqrp|1

Vr idu zh kdyh rqo| frqvlghuhg wkh lpsolfdwlrq ri uhjlrqdo ulvn vkdulqj1 E| wkh vdph

surfhgxuh/ zh fdq dovr wklqn ri lqgxvwu| ulvn vkdulqj= ulvn vkdulqj lv frpsohwh zlwklq

lqgxvwulhv exw qrw dfurvv lqgxvwulhv1 Zh fdq ghulyh vlplodu �uvw rughu frqglwlrqv dqg e|

pdqlsxodwlqj wkh �uvw rughu frqglwlrq vlplodu wr htxdwlrq +<,/ zh fdq ghulyh wkh iroorzlqj

htxdwlrq iru lqgxvwuldo ulvn vkdulqj=

�orj+fo�
�|
, @ �orj+f@

|
, . +�orj+f�

|
,��orj+f@

|
,,= +47,

;



Djdlq wkh vhfrqg whup rq wkh uljkw kdqg vlgh htxdwlrq +47,/ �orj+f�|,��orj+f@| , uhsuhvhqwv

wkh gl�huhqfh ri wkh vkdgrz ydoxh ri wkh hqgrzphqw lq lqgxvwu| l iurp wkh djjuhjdwh1

Khqfh/ zlwk lqgxvwuldo ulvn vkdulqj/ wkh jurzwk udwh ri krxvhkrog frqvxpswlrq lv qr orqjhu

htxdo wr wkh jurzwk udwh ri wkh djjuhjdwh frqvxpswlrq dqg wkh gl�huhqfh lv phdvxuhg e| wkh

ghyldwlrq ri wkh lqgxvwuldo djjuhjdwh frqvxpswlrq iurp wkh joredo djjuhjdwh frqvxpswlrq1

Ilqdoo| vxssrvh d wklug w|sh ri krxvhkrogv h{lvwv wkdw fdqqrw vkduh ulvn zlwk dq| rwkhu

krxvhkrog lq wkh hfrqrp|1 Frpsduhg wr wkh krxvhkrogv ri wkh suhylrxv w|shv/ wkh krxvh0

krogv ri wklv w|sh gr qrw vkduh hyhq lglrv|qfudwlf ulvnv wr wkhlu lqfrphv zlwk dq| rwkhu

krxvhkrogv lq wkh vdph uhjlrq +ru lqgxvwu|,1 Krzhyhu zh vwloo pdlqwdlq wkdw wkh| kdyh df0

fhvv wr d joredoo| wudghg/ ulvniuhh dvvhw1 Khqfh hyhq wkrxjk ulvn vkdulqj dfurvv krxvhkrogv/

qdpho| lqwudwhpsrudo frqvxpswlrq vprrwklqj/ lv uxohg rxw/ wkh krxvhkrog lv deoh wr vprrwk

frqvxpswlrq lqwhuwhpsrudoo|1 Wkhq lwv exgjhw frqvwudlqw lv=

fo�
�| . do��| � |o��| . +4 .U|3�,d

o�

�|3� +48,

zkhuh d
o�

�|
lv wkh dprxqw ri wkh ulvniuhh dvvhwv khog e| krxvhkrog k lq uhjlrq u dqg lqgxvwu|

l dw wlph w dqg U|3� lv wkh ulvniuhh udwh ri uhwxuq dw wlph w� 41 Wkh �uvw rughu frqglwlrqv

duh=

�o��| @ +fo��|,
3j +49,

dqg

+fo�
�|,
3j @ �+4 .U|,H|+f

o�

�|n�,
3j> +4:,

zkhuh �o�

�|
lv wkh vkdgrz ydoxh ri wkh krxvhkrog*v zhdowk dw wlph w1

Vlqfh wkh vkdgrz ydoxh ri hqgrzphqw/ �o�

�|
/ lv gl�huhqw dfurvv krxvhkrogv/ htxdwlrq +49,

vkrzv wkdw wkh pdujlqdo xwlolw| ri frqvxpswlrq iru wkh krxvhkrog lv qrw htxdol}hg dfurvv

dq| rwkhu krxvhkrogv lq wkh hfrqrp|/ zkloh htxdwlrq +4:, lpsolhv wkdw lw lv htxdol}hg/ diwhu

dssursuldwho| glvfrxqwhg/ dfurvv gl�huhqw wlph shulrgv iru wkh vdph krxvhkrog1 Zkhq zh

wdnh orj gl�huhqfhv ri htxdwlrq +49,/ zh kdyh wkh iroorzlqj htxdwlrq=

�orj+�o�

�|
, @ ���orj+fo�

�|
,= +4;,

<



Djjuhjdwlqj wklv dfurvv krxvhkrogv lq wkh vdph uhjlrq |lhogv=

�orj+fo��|, @ �orj+fo| , .
4

�
+�a�o�

| ��orj+a�o�

�|,, u @ 4> ===>U> +4<,

zkhuh a�o�
| @ �

Mo

S
�Mo orj+a�

o�
| ,1 Qrz wkh jurzwk udwh ri krxvhkrog frqvxpswlrq gl�huv iurp

wkdw ri wkh uhjlrqdo djjuhjdwh frqvxpswlrq ehfdxvh wkh vkdgrz ydoxhv ri hqgrzphqw duh

qrw htxdol}hg dfurvv krxvhkrogv hyhq lq wkh vdph uhjlrq1 H{whqglqj htxdwlrq +4<, zh fdq

dovr hdvlo| vhh wkdw wkh jurzwk udwh ri krxvhkrog frqvxpswlrq gl�huv iurp wkdw ri djjuhjdwh

frqvxpswlrq gxh wr wkh gl�huhqfhv lq wkh vkdgrz ydoxhv ri hqgrzphqwv dfurvv krxvhkrogv

lq wkh hfrqrp|1

Wkh deryh uhvxowv vkrz wkdw lw lv qrz gl�fxow wr dujxh krz lqglylgxdo krxvhkrog frq0

vxpswlrq pryhv lq frqqhfwlrq zlwk rwkhu djjuhjdwh phdvxuhv ri frqvxpswlrq1 Krzhyhu

vlqfh zh dvvxph wkdw lqwhuwhpsrudo frqvxpswlrq vprrwklqj lv frpsohwh/ lw lv srvvleoh wr

ghulyh wkh lpsolfdwlrq rq krxvhkrog frqvxpswlrq surfhvv iurp htxdwlrq +4:, li zh wdnh d

txdgudwlf dssur{lpdwlrq ri wkh xwlolw| ixqfwlrq durxqg wkh vwhdg| vwdwh1b Vxssrvh wkdw

�+4 .U|, lv dssur{lpdwho| htxdo wr 41 Wkhq zh fdq hdvlo| vkrz wkdw

�fo��| @ +4� �,
"[

&'f

4

�&
+H| �H|3�,|

o�

�|n&= +53,

Vlqfh lqqrydwlrqv wr ixwxuh hqgrzphqwv duh qrw suhglfwdeoh/ htxdwlrq +53, ohdgv wr wkh zhoo0

nqrzq sursrvlwlrq wkdw wkh frqvxpswlrq surfhvv iroorzv d udqgrp zdon/ dqg wklv lpsolfdwlrq

ri lqwhuwhpsrudo frqvxpswlrq vprrwklqj kdv ehhq h{whqvlyho| h{dplqhg vlqfh wkh vhplqdo

sdshu e| Kdoo +4<:;,1

� ,4T�h�U@* W4T*�U@|�L?t

Lq wkh suhylrxv vhfwlrq zh kdyh vhhq wkdw/ zkloh hlwkhu frpsohwh ru uhjlrqdo +lqgxvwuldo,

ulvn vkdulqj lpsolhv wkdw wkh �uvw wzr w|shv ri krxvhkrogv* frqvxpswlrq pryhv zlwk wkh

frqwhpsrudqhrxv djjuhjdwh phdvxuhv vxfk dv djjuhjdwh frqvxpswlrq ru uhjlrqdo +lqgxvwuldo,

bA@!�?} @ ^�@_h@|�U @TThL �4@|�L? uLh |�i �++� �|�*�|) u�?U|�L? �4T*�it |�@| @ ThiU@�|�L?@h) 4L|��i

uLh t@��?}t �t �}?Lhi_�
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frqvxpswlrq/ wkh krxvhkrog frqvxpswlrq ri wkh wklug w|sh odfnv lq dq| frqwhpsrudqhrxv

olqndjhv wr dq| djjuhjdwh phdvxuhv1 Wklv pdnhv lw gl�fxow| wr hpslulfdoo| hvwlpdwh wkh

lpsruwdqfh ri wkhvh w|shv ri krxvhkrogv1 Krzhyhu rqfh zh dvvxph dq hqgrzphqw surfhvv

+l1h1 iru oderu lqfrph, dqg hvwlpdwh lw/ zh fdq wkhq olqn wkh frqvxpswlrq surfhvv ri wklv

wklug w|sh ri krxvhkrog wr lqqrydwlrqv lq h{shfwdwlrqv derxw ixwxuh hqgrzphqwv1 Iurp

qrz rq iru qrwdwlrqdo frqyhqlhqfh zh qrz gurs wkh vxshuvfulsw iru wkh krxvhkrog*v uhjlrq

dqg lqgxvwu| dqg vxssrvh wkdw |�| lv d vwdwlrqdu| DUPD +Dxwruhjuhvvlyh Prylqj Dyhudjh,

surfhvv zlwk phdq �/ vr wkdw li }�| lv wkh ghyldwlrq iurp wkh phdq/ |�| � �/ zh zulwh=

�+O,}�| @ �+O,x�| +54,

zkhuh �+O, @ 4. ��O. �2O
2. ===/ �+O, @ 4. ��O. �2O

2 . ===/ O wkh odj rshudwru dqg x�|/

d vhuldoo| xqfruuhodwhg surfhvv1 Zh dvvxph wkdw wkh frqglwlrqv uhtxluhg iru vwdwlrqdulw| duh

vdwlv�hg iru �+O, dqg �+O,1 Wkhq zh fdq hdvlo| ghulyh wkdw htxdwlrq +53, fdq eh frqyhuwhg

wr wkh iroorzlqj=

�f�| @ +4� �,
�+�,

�+�,
x�|= +55,

Rqfh zh fdofxodwh wkh lqqrydwlrq wr wkh lqfrph surfhvv/ htxdwlrq +55, vkrzv krz frqvxps0

wlrq fkdqjhv uhvsrqg wr wkh lqqrydwlrq1

Rqh gl�fxow| lq hpslulfdoo| lpsohphqwlqj htxdwlrq +55, dorqj zlwk suhylrxv htxdwlrqv

uhvxowlqj iurp hlwkhu frpsohwh ru olplwhg ulvn vkdulqj lv wkdw htxdwlrq +55, lv uhsuhvhqwhg

lq whupv ri ohyhov zkloh wkh suhylrxv htxdwlrqv duh doo lq orj0ohyhov1 Vlqfh lw fdq eh hdvlo|

vkrzq wkdw doo wkh suhylrxv htxdwlrqv dovr krog lq whupv ri ohyhov/ rqh srvvlelolw| lv wkdw zh

xvh ohyhov iru wkh hpslulfdo dqdo|vlv1�f Krzhyhu wklv fkrlfh zrxog eh lqfrqvlvwhqw zlwk rwkhu

vwxglhv wkdw �qg wkdw frqvxpswlrq dqg lqfrph surfhvvhv duh forvhu wr orj0olqhdu wkdq olqhdu1

Khqfh/ iroorzlqj Fdpsehoo dqg Pdqnlz +4<;<, dqg Fuxflql +4<<<,/ lw lv pruh frqyhqlhqw

wr wdnh d orj0olqhdu dssur{lpdwlrq ri htxdwlrq +55, dv iroorzv=

�orj+f�|, @ +4� �,
�+�,

�+�,
��| � �orj+|R�|, +56,
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zkhuh ��| lv dssursuldwho| uhgh�qhg huuru surfhvv dvvxphg wr eh xqfruuhodwhg1 Zh uhihu wr

wklv �qdo whup vlpso| dv wkh cuhylvlrq lq wkh orj ri shupdqhqw lqfrph*/ qdpho| �orj+|R�|,1

Vxssrvh wkdw �@ +@ 4��o�����R,/ �o/ �� dqg �R uhsuhvhqw wkh sruwlrqv ri wkh frqvxps0

wlrq surfhvv wkdw frqirup wr frpsohwh ulvn vkdulqj/ uhjlrqdo ulvn vkdulqj/ lqgxvwuldo ulvn

vkdulqj dqg qr ulvn vkdulqj uhvshfwlyho|/ wkhq lw iroorzv iurp htxdwlrq +9,/ htxdwlrq +46,/

htxdwlrq +47, dqg htxdwlrq +56, wkdw dq h{suhvvlrq iru krxvhkrog frqvxpswlrq lv surylghg=

�orj+f�|, @ �@�orj+f@| , . �o�orj+fo| , . ���orj+f�|, . �R�orj+|R�|,= +57,

Htxdwlrq +57, lv hdvlo| frqyhuwhg wr wkh iroorzlqj htxdwlrq=

�orj+f�|,��orj+f@| , @ �o+�orj+fo| ,��orj+f@| ,, . ��+�orj+f�|,��orj+f@| ,,

. �R+�orj+|R�|,��orj+f@| ,,= +58,

Lw lv lq wkh fdyhdw wkdw zh srlqw rxw wkh gl�huhqfhv ehwzhhq htxdwlrq +58, dqg wkh rqh

hvwlpdwhg lq Khvv dqg Vklq +4<<<,1 Iluvw/ vlqfh wkh htxdwlrq hvwlpdwhg lq Khvv dqg Vklq

+4<<<, lv edvlfdoo| htxlydohqw wr htxdwlrq +58, h{fhsw wkdw �R lv dvvxphg wr eh }hur/ wkh

srvvlelolw| ri qrw vkdulqj lglrv|qfudwlf ulvn zlwk dq| rwkhu krxvhkrogv lq wkh vdph uhjlrq

ru lqgxvwu| lv h{foxghg1 Khqfh doo krxvhkrogv duh dvvxphg wr kdyh dw ohdvw vrph olplwhg

delolw| wr vkduh ulvn +h1j1 zlwklq dqg dfurvv uhjlrqv dqg lqgxvwulhv,1 Lq wkh suhvhqw prgho/

zh h{solflwo| lqwurgxfh krxvhkrogv wkdw fdqqrw vkduh ulvn dw doo dqg lw lv lpsruwdqw wr

phdvxuh wkh sruwlrq ri wkhvh krxvhkrogv1 Vhfrqg/ glvwlqjxlvklqj ehwzhhq krxvhkrogv ri

olplwhg delolw| ri ulvn vkdulqj dqg wkrvh ri qr delolw| doorzv xv wr hydoxdwh wkh vl}h ri olplwhg

ulvn vkdulqj dfwxdoo| rffxuulqj lqvlgh uhjlrqv ru lqgxvwulhv1 Iru h{dpsoh/ lq Khvv dqg Vklq

+4<<<,/ wkh sruwlrq ri krxvhkrogv vkdulqj ulvn zlwklq uhjlrqv lv phdvxuhg e| wkh hvwlpdwhg

frh�flhqw ri �fo| ��f@| lq d vlplodu uhjuhvvlrq dv +58,= wkh frh�flhqw lv lqwhusuhwhg dv wkh

uhvxow ri dfwxdo ulvn vkdulqj xqghuwdnhq lq wkh uhjlrq1 Krzhyhu li hyhu| krxvhkrog lq wkh

vdph uhjlrq uhfhlyhv wkh vdph lqfuhdvh lq lwv shupdqhqw lqfrph/ wkhq wkhuh lv qr qhfhvvlw|

iru krxvhkrogv lq wkh vdph uhjlrq wr vkduh ulvn1 Wkh idfw wkdw wkh| ghflgh wr olyh lq wkh

vdph uhjlrq dxwrpdwlfdoo| jxdudqwhhv wkdw ulvn vkdulqj lv rewdlqhg lq wkh vdph uhjlrq1 Lq
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wkh suhvhqw prgho/ vlqfh erwk wkh phdvxuh ri shupdqhqw lqfrph iru hdfk krxvhkrog dqg

�fo| duh xvhg dv uhjuhvvruv zh fdq dfwxdoo| hvwlpdwh wkh lpsruwdqfh ri ulvn vkdulqj pdgh

zlwklq uhjlrqv wkurxjk vrph rwkhu phfkdqlvpv vxfk dv wkurxjk �qdqfldo dvvhwv1

e ,4T�h�U@* +it�*|t

e�� A�i #@|@

Wkh gdwd iru wklv vwxg| lv iurp wkh Sdqho Vwxg| rq Lqfrph G|qdplfv +SVLG,1 Zh dgrsw d

vwdqgdug wuhdwphqw ri wkh gdwd dv ghwdlohg lq wkh dsshqglfhv wr Fduuroo +4<<7, dqg ]hoghv

+4<;<,/ dprqj rwkhuv1 Wkh sdqho gdwd vhw lv fohdqhg iru wkh sryhuw| vxe0vdpsoh lq 4<9;/

vsolwr�v iurp krxvhkrogv/ qrq0uhvsrqvhv/ dqg wkrvh krxvhkrogv zkrvh khdg lv hlwkhu ehorz 59

ru deryh 95 |hduv ri djh1 Dowkrxjk zh doorz iru fkdqjhv lq idplo| frpsrvlwlrq/ zh h{foxgh

iurp wkh gdwd idplolhv zkrvh khdg ri krxvhkrog fkdqjhv1 Zh frqvwuxfw d frqwlqxrxv sdqho

ri krxvhkrogv iurp 4<;404<;:1 Hduolhu dqg odwhu |hduv zhuh h{foxghg gxh wr wkh rplvvlrq ri

frqvxpswlrq gdwd iurp wkh SVLG1 Frqvlvwhqw zlwk wkh olwhudwxuh/ dv wkh SVLG rqo| surylghv

gdwd iru irrg h{shqglwxuh dw krph dqg dzd|/ zh xvh wklv dv rxu frqvxpswlrq h{shqglwxuh

phdvxuh1��

Iru lqfrph/ zh glvwlqjxlvk ehwzhhq oderu hduqlqjv +|w,/ wrwdo hduqlqjv +|A, zklfk

lqfoxgh oderu hduqlqjv dqg qrq0oderu hduqlqjv/ dqg glvsrvdeoh lqfrph +|#, zklfk vxewudfwv

qhw wd{hv iurp wrwdo hduqlqjv1 Wkh gdwd iru frqvxpswlrq dqg lqfrph zhuh frqyhuwhg wr

uhdo 4<;: grooduv1 Wkh gdwd vhw dovr surylghv uhohydqw ghprjudsklf lqirupdwlrq zklfk zh

xvh ehorz vxfk dv wkh krxvhkrog*v uhjlrq ri uhvlghqfh/ lqgxvwu| zrunsodfh ri krxvhkrog

phpehuv/ djh ri khdg ri krxvhkrog +DJH,/ qxpehu ri krxuv zrunhg e| krxvhkrog phpehuv

+Krxuv,/ dqg phdvxuhv ri idplo| vl}h~ Dqqxdo Irrg Qhhgv +DIQ,1 Wkh SVLG dovr surylghv

lqirupdwlrq rq wkh krxvhkrog*v uhjlrqdo orfdwlrq dqg lqgxvwuldo zrunsodfh= wkhvh duh olvwhg lq

wkh Gdwd Dsshqgl{1 Iroorzlqj Pdfh +4<<4,/ zh fdofxodwh iru hdfk krxvhkrog dq djjuhjdwh/

uhjlrqdo dqg lqgxvwu| phdvxuh ri frqvxpswlrq zklfk h{foxghv wkh krxvhkrog lq txhvwlrq/

vr dv wr wkh dyrlg srwhqwldo hqgrjhqhlw| ri rxu uljkw kdqg vlgh yduldeohv1

���|!itL? @?_ �}@!� E�bbS� ThL��_i t�TTLh|�?} i��_i?Ui L? |�i @__�|��i tiT@h@M�*�|) Lu uLL_ �? �L�ti�L*_
Thiuihi?Uit uLh W?_�@�
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Lq dgglwlrq/ wkh 4<;7 SVLG vwxg| dovr dvnhg d qxpehu ri txhvwlrqv uhjduglqj wkh krxvh0

krog*v dvvhw kroglqjv1 Vlqfh wkh wkhru| ri djjuhjdwh ulvn vkdulqj lv edvhg xsrq dq hqylurq0

phqw ri frpsohwh pdunhwv/ rqh zrxog eholhyh wkdw krxvhkrogv zkr krog dvvhwv zrxog eh

pruh olnho| wr glyhuvli| wkhlu ulvnv1 Wkh dvvhwv rzqhuvkls frqvlghuhg ehorz duh= d krxvh

+Krxvh,/ d shqvlrq dw zrun +Shqvlrq,/ rwkhu uhdo hvwdwh +Uhdo Hvwdwh,/ idup ru exvlqhvv

+Idup2Exvlqhvv,/ vwrfnv +Vwrfn,/ d fkhfnlqj ru vdylqjv dffrxqw ru fhuwl�fdwh ri ghsrvlw

+Vdylqjv,/ dqg d erqg/ erqg ixqg ru olih lqvxudqfh +Erqgv2Lqvxudqfh,1 Dv zhoo/ vlqfh

]hoghv +4<;<, dqg rwkhuv dujxh wkdw krxvhkrogv duh ohvv olnho| wr eh oltxlglw| frqvwudlqhg li

wkh| rzq d krxvh ru vwrfnv/ zh dovr frqvlghu wklv dv zhoo +Krxvh ru Vwrfn,1 D olvw ri wkh

SVLG*v 4<;7 txhvwlrqv iru �qdqfldo dvvhw rzqhuvkls duh suhvhqwhg lq wkh Gdwd Dsshqgl{1

e�2 ,4T�h�U@* +i}�*@h�|�it

Ehiruh h{dplqlqj rxu hvwlpdwlrq uhvxowv/ zh suhvhqw vrph ghvfulswlyh vwdwlvwlfv ri wkh gdwd1

Lq Wdeohv 4D dqg 4E/ zh suhvhqw vrph vlpsoh furvv0fruuhodwlrqv ri frqvxpswlrq dqg oderu

lqfrph1�2 Wkh wdeoh uhyhdov wzr nh| dvshfwv ri wkh gdwd dv uhjdugv frqvxpswlrq lqvxudqfh=

Iluvw/ lq gluhfw frqwudvw wr wkh �qglqjv lq uhjlrqdo vwxglhv iru wkh X1V1 flwhg deryh/ wkh

dyhudjh fruuhodwlrq ehwzhhq krxvhkrog frqvxpswlrq dqg djjuhjdwh frqvxpswlrq +1396, duh

kljkhu wkdq wkh dyhudjh fruuhodwlrq ehwzhhq krxvhkrog lqfrph dqg djjuhjdwh lqfrph +138;,1

Krzhyhu/ wklv skhqrphqd dovr krogv iru wkh uhjlrqdo dqg lqgxvwu| phdvxuhv ri frqvxpswlrq

dqg lqfrph1 Khqfh/ zkloh wkhuh vhhpv wr eh vrph vxssruw iru ulvn vkdulqj lq wkh gdwd/

wkh vlpsoh fruuhodwlrqv fdqqrw glvwlqjxlvk ehwzhhq zkhwkhu wklv lv kdsshqlqj dw wkh zlwklq

uhjlrq dqg lqgxvwu| ohyho/ ru dw wkh djjuhjdwh ohyho +l1h1 dfurvv uhjlrq dqg lqgxvwu| ohyho,1

Wkh irupdo hylghqfh suhvhqwhg ehorz lq vxe0vhfwlrq 716 zloo vhsdudwh rxw wkhvh lvvxhv1

Vhfrqg/ d krxvhkrog*v frqvxpswlrq fruuhodwlrq zlwk djjuhjdwh frqvxpswlrq grhv qrw

vhhp wr ulvh zkhq wkh krxvhkrog fkrrvhv wr krog dvvhwv1 Lq idfw/ iru krxvhkrogv wkdw rzq

rwkhu uhdo hvwdwh/ idupv ru exvlqhvv/ ru vwrfnv/ wkh furvv fruuhodwlrq krxvhkrog frqvxpswlrq

zlwk djjuhjdwh frqvxpswlrq olhv ehorz wkh furvv fruuhodwlrq ri krxvhkrog oderu lqfrph zlwk

djjuhjdwh oderu lqfrph1 Lqghhg/ wklv lv d ylrodwlrq ri wkh vlpsoh suhglfwlrq ri frqvxpswlrq

�2,@U� ULhhi*@|�L? �t |�i �L�ti�L*_<t ULhhi*@|�L? ��|� |�i @TThLTh�@|i UL*�4? �@h�@M*ic ���U� �t |�i?
@�ih@}i_ L�ih @** hi*i�@?| �L�ti�L*_t �? |�i t@4T*i�
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lqvxudqfh dv srlqwhg wr e| Edfnxv/ Nhkrh dqg N|godqg +4<<5,1

Wkhuh duh wzr dgglwlrqdo slhfhv ri hylghqfh wkdw wkh kroglqj ri dvvhwv lv qrw frqwulexwlqj

vxevwdqwldoo| wr djjuhjdwh ulvn vkdulqj1 Iluvw/ dv ghprqvwudwhg lq Wdeoh 4E/ wkh fruuhodwlrq

ri oderu lqfrph dqg wrwdo lqfrph +oderu soxv qrq0oderu lqfrph, lv w|slfdoo| yhu| kljk dfurvv

vxe0vdpsohv ~ dssur{lpdwho| 1<81�� Rqh zrxog frqmhfwxuh wkdw/ fhwhulv sdulexv/ wkh rzqhu0

vkls ri dvvhwv zrxog surylgh d khgjh djdlqvw oderu hduqlqjv/ vr wkdw wkh fruuhodwlrq ri wrwdo

lqfrph jurzwk zlwk oderu lqfrph jurzwk zrxog idoo dv d krxvhkrog rzqhg dgglwlrqdo w|shv

ri dvvhwv1 Dv wkh uhvxowv lq Wdeoh 4E ghprqvwudwh/ krzhyhu/ wklv lv jhqhudoo| qrw wkh fdvh1

Wkh vhfrqg slhfh ri hylghqfh wkdw qrq0oderu hduqlqjv duh qrw surylglqj d vxevwdqwldo

khgjlqj ru lqvxudqfh uroh iru krxvhkrogv fdq eh irxqg lq wkh uhvxowv wr Wdeoh 51 Dvguxedol/

Vruhqvhq dqg \rvkd +4<<9, surylgh d frpshoolqj phwkrgrorj| iru xqghuvwdqglqj krz xqghu0

o|lqj vkrfnv wr lqfrph jhw vprrwkhg wkurxjk dowhuqdwlyh fkdqqhov1�e Dgrswlqj wklv phwkrg

iru rxu dssolfdwlrq/ ehjlq zlwk wkh iroorzlqj lghqwlw|=

|
u

�| @

#
|
u
�|

|
A
�|

$
�

#
|
A
�|

|
(
�|

$
� |

(
�| +59,

Iroorzlqj Dvguxedol/ Vruhqvhq dqg \rvkd +4<<9,/ wkh vprrwklqj ri oderu lqfrph wdnhv

sodfh fdslwdo pdunhwv dqg wkh wd{0wudqvihu v|vwhp li

�
+u
�|

+A
�|

�
dqg

�
+A
�|

+(
�|

�
fr0ydu| srvlwlyho|

zlwk |
u
�|/ uhvshfwlyho|1 Dsso|lqj wkh phwkrgrorj| lq Dvguxedol/ Vruhqvhq dqg \rvkd +4<<9,

wr h{suhvvlrq +59,/ lw fdq eh vkrzq wkdw wkh yduldwlrq lq wkh jurzwk lq krxvhkrog oderu

lqfrph fdq eh ghfrpsrvhg dv 4 @ �
g.�

A .�
L / zkhuh wkhvh sdudphwhuv duh rewdlqhg iurp

wkh iroorzlqj uhjuhvvlrqv=�D

Fdslwdo Pdunhwv = �+orj+|u�|,,��+orj+|A�|,, @ �g�orj+|u�|, . xg�|

Wd{hv ) Wudqvihuv = �+orj+|A�|,,��+orj+|(� w,, @ �A�orj+|u�|, . xA�| +5:,

��W? u@U|c |�i *L�it| ULhhi*@|�L? �t uLh |�Lti �L�ti�L*_t ��L L�? @ M�t�?itt Lh @ u@h4c @?_ |��t *L�
ULhhi*@|�L? �t *�!i*) |L Mi _�i |L |�i i?_L}i?i�|) uLh |�iti �L�ti�L*_t Lu _iU*@h�?} |�i�h �?UL4i @t ?L?�*@MLh
i@h?�?}t h@|�ih |�@? @t �@}it Lh t@*@h)�

�e�*tL tii �i*�|3 @?_ ~�4ih E�bbb��
�D�t �? �t_h�M@*�c 5Lhi?ti? @?_ vLt�@ E�bbS�c i@U� i^�@|�L? @*tL �?U*�_it @ UL?t|@?| @?_ |�4i _�44)

�@h�@M*it�

48



Xqvprrwkhg = �+orj+|(�|,, @ �L�orj+|u�|, . xL�|

Wkh Fdslwdo Pdunhw htxdwlrq/ zkhuh wkh gl�huhqfh ehwzhhq oderu lqfrph jurzwk dqg wrwdo

lqfrph jurzwk lv uhjuhvvhg djdlqvw oderu lqfrph jurzwk/ uh�hfwv wkh h{whqw wr zklfk fds0

lwdo pdunhwv khos wr vprrwk vkrfnv wr oderu lqfrph jurzwk +�g,1 Wkh Wd{ dqg Wudqvihu

htxdwlrq/ zkhuh wkh gl�huhqfh ehwzhhq wrwdo lqfrph jurzwk dqg glvsrvdeoh lqfrph jurzwk

lv uhjuhvvhg djdlqvw oderu lqfrph jurzwk/ uh�hfwv wkh h{whqw wr zklfk wd{hv dqg wudqvihuv

vprrwk vkrfnv wr oderu lqfrph jurzwk +�A ,1 Wkh �qdo htxdwlrq uh�hfwv wkh dprxqw ri oderu

lqfrph jurzwk wkdw lv qrw vprrwkhg e| hlwkhu fdslwdo pdunhwv ru wd{hv dqg wudqvihuv/ dqg

khqfh lv odehohg Xqvprrwkhg +�L ,1

Hvwlpdwlrq uhvxowv iru +5:, duh suhvhqw lq Wdeoh 51 Wkh urzv ri wkh wdeoh suhvhqw hvwlpdwhv

ri wkh vprrwklqj sdudphwhuv �g / �A dqg �L dv zhoo dv wkh sdudphwhu*v hvwlpdwhg vwdqgdug

huuruv1 Wkhuh duh wkuhh nh| �qglqjv1 Iluvw/ qrq0oderu hduqlqjv +l1h1 fdslwdo pdunhwv, sod|

rqo| d olplwhg uroh lq vprrwklqj vkrfnv wr oderu lqfrph1 Iru h{dpsoh/ iru wkh frpsohwh

vdpsoh/ fdslwdo pdunhwv vprrwk rqo| 4=9 shufhqw ri vkrfnv wr oderu lqfrph1 Wkh dvvhw wkdw

dsshduv wr surylgh wkh juhdwhvw vprrwklqj uroh lv vwrfnv/ zklfk surylghv d vprrwklqj uroh

iru oderu lqfrph ri 51< shufhqw1 Hyhq vr/ wkh pdjqlwxgh ri hyhq wkh vprrwklqj uroh iru

fdslwdo pdunhwv iru krxvhkrogv wkdw rzq vwrfnv lv udwkhu olplwhg1 Vhfrqg/ wkh vprrwklqj

uroh iru wd{hv dqg wudqvihuv lv vxevwdqwldoo| odujhu wkdq wkdw iru fdslwdo pdunhwv1 Uhwxuqlqj

wr wkh h{dpsoh ri wkh frpsohwh vdpsoh/ wd{hv dqg wudqvihuv vprrwk 56=: shufhqw ri wkh

vkrfnv wr oderu lqfrph jurzwk1 Wklv vprrwklqj uroh lv ryhu whq wlphv odujhu wkdq wkdw iru

fdslwdo pdunhwv1 Ilqdoo|/ wkh hvwlpdwhv lq wkh wdeoh vxjjhvw wkdw pxfk ri wkh vkrfnv wr oderu

lqfrph jurzwk duh xqvprrwkhg1 Iru wkh hqwluh vdpsoh ri krxvhkrogv/ :6=7 shufhqw ri oderu

lqfrph �xfwxdwlrqv duh ohiw xqvprrwkhg1 Wkh udqjh vsdqv iurp d kljk ri :;=< shufhqw iru

krxvhkrogv wkdw rzq uhdo hvwdwh +rwkhu wkdq wkhlu sulpdu| krph, wr d orz ri 97=3 iru wkrvh

zkr rzq erqgv ru olih lqvxudqfh1�S

Zkloh wkh uhvxowv lq Wdeoh 5 duh vxjjhvwlyh ri dq h{wuhpho| olplwhg uroh iru fdslwdo

�SA�iti ?�4Miht _�gih uhL4 |�Lti �? �t_h�M@*�c 5Lhi?ti? @?_ vLt�@ E�bbS�G A�i) �?_ |�@| uLh t|@|i
*i�i* _@|@c �b TihUi?| Lu t�LU!t |L BhLtt 5|@|i �hL_�U| �t t4LL|�i_ M) U@T�|@* 4@h!i|tc @?_ �� TihUi?| �t
t4LL|�i_ M) |�i ui_ih@* }L�ih?4i?|� �? �4TLh|@?| tL�hUi Lu |��t _�tUhiT@?U) �t |�@|c t�?Ui |�i) �ti t|@|i
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pdunhwv lq vprrwklqj �xfwxdwlrqv lq oderu lqfrph/ lw lv olnho| wr eh yhu| grzqzdug eldvhg

gxh wr wkh idfw wkdw pxfk ri dvvhw zhdowk pd| eh lq wkh irup ri xquhdol}hg fdslwdo jdlqv

dqg orvvhv zklfk zloo qrw eh uhsruwhg xqwlo uhdol}hg1 Khqfh d krxvhkrog*v cwuxh* qrq0oderu

hduqlqjv pd| eh lpsuhflvho| phdvxuhg e| wkhlu cuhsruwhg* qrq0oderu hduqlqjv/ dqg lw lv wkh

iruphu wkdw lv d pdlq ghwhuplqdqw ri wkh h{whqw wr zklfk djhqwv frqvxph rxw ri olihwlph

uhvrxufhv1�. Dffruglqjo|/ zkloh zh kdyh grfxphqwhg rqo| d vpdoo uroh iru fdslwdo pdunhwv

lq khoslqj wr vprrwk lqfrph +Wdeoh 5,/ udlvlqj wkh furvv fruuhodwlrq ri frqvxpswlrq +Wdeoh

4D, dqg orzhulqj wkh furvv fruuhodwlrq ri oderu lqfrph wr wrwdo lqfrph +Wdeoh 4E,/ wkh

uhvxowv suhvhqwhg ehorz surylgh d pruh gluhfw phdvxuh iru dvvhvvlqj wkh h{whqw wr zklfk

dvvhw kroglqjv e| krxvhkrogv d�hfw wkhlu delolw| wr vkduh ulvn1

e�� 6Lh4@* ,��_i?Ui uLh +�t! 5�@h�?}

Lq wklv vhfwlrq/ zh suhvhqw rxu hvwlpdwhv ri wkh iudfwlrq ri krxvhkrog frqvxpswlrq ehkdylru

wkdw lv gxh wr zlwklq uhjlrq ulvn vkdulqj/ zlwklq lqgxvwu| ulvn vkdulqj/ djjuhjdwh ulvn vkdulqj/

dqg wkh h{whqw wr zklfk krxvhkrogv gr qrw vkduh ulvn exw udwkhu frqvxph rxw ri wkhlu

lqglylgxdo shupdqhqw lqfrphv1 Wkh htxdwlrq zh hvwlpdwh lv=

�orj+f�|,��orj+f@| , @ �o+�orj+fo| ,��orj+f@| ,, . ��+�orj+f�|,��orj+f@| ,,

. �R+�orj+|R�|,��orj+f@| ,, . �[�| . ��|= +5;,

Htxdwlrq +5;, gl�huv iurp wkdw rxwolqhg lq vhfwlrq 6 rqo| e| wkh lqfoxvlrq ri khwhurjhqrxv/

wlph ydu|lqj suhihuhqfhv dfurvv krxvhkrogv1 Sduw ri wkhvh suhihuhqfhv duh ixqfwlrqv ri re0

vhuydeoh yduldeohv zklfk zh hperg| lq �[�|1 Dv lq Khvv dqg Vklq +4<<<,/ wkh yduldeohv

zh xvh duh= Djh/ Djh2/ wkh jurzwk lq krxuv zrunhg e| wkh krxvhkrog +KRXUV, dqg wkh

fkdqjh lq wkh krxvhkrog*v vl}h dv uhsuhvhqwhg e| wkhlu dqqxdo irrg qhhgv +DIQ,1 Wkh djh

dqg idplo| vl}h yduldeohv duh vwdqgdug lq wkh olwhudwxuh +h1j1 vhh ]hoghv,1 Wkh lqfoxvlrq ri

krxuv lv glvfxvvhg h{whqvlyho| lq Khvv dqg Vklq +4<<<,/ dqg lv edvhg rq lqfrusrudwlqj ohlvxuh
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lqwr wkh krxvhkrog*v xwlolw| ixqfwlrq1 Xqrevhuydeoh suhihuhqfh vkrfnv duh hperglhg lq wkh

huuru whup ��|1

Dv glvfxvvhg deryh/ dq hvvhqwldo hohphqw iru hvwlpdwlqj wklv vshfl�fdwlrq lv wr lqfoxgh dq

hvwlpdwh ri wkh uhylvlrq lq shupdqhqw lqfrph/ �orj+|R�|,1
�H Wklv uhtxluhv dq lqyhvwljdwlrq

lqwr wkh wlph vhulhv g|qdplfv ri krxvhkrog oderu lqfrph dqg wkhq xvlqj wkhvh hvwlpdwhv

wr frqvwuxfw krxvhkrog phdvxuhv ri shupdqhqw lqfrph1 Wkh htxdwlrq zh hvwlpdwhg rq wkh

SVLG gdwd iru krxvhkrog oderu lqfrph lv dv iroorzv=

orj+|u
�|, @ �� . �orj+|u�|3�, . �]�| . ��| +5<,

Zh lqfoxgh vwdqgdug ghprjudsklf yduldeohv lqwr wkh krxvhkrog oderu lqfrph htxdwlrq vxfk

dv Djh/ Djh2 dqg dq hgxfwlrq yduldeoh iru wkh qxpehu ri irupdo |hduv ri hgxfwlrq wkh khdg

ri krxvhkrog kdv xqghuwdnhq +Hgxf,1 Wkh �uvw wzr whupv fdswxuh wkh kxps0vkdshg ihdwxuh

ri krxvhkrog oderu lqfrph1 Wkh odwwhu whup fdswxuhv wkh ehqh�wv wr hgxfwlrq rq udlvlqj d

krxvhkrog*v oderu lqfrph sur�oh1

Htxdwlrq +5<, lv d vwdqgdug �{hg h�hfwv/ g|qdplf sdqho gdwd prgho1 Xqiruwxqdwho|/ wkh

hvwlpdwlrq ri wklv uhodwlyho| vwudljkwiruzdug vshfl�fdwlrq lv sureohpdwlf/ iru uhdvrqv srlqwhg

rxw ehorz1 Wdeoh 6 surylghv uhvxowv iurp d qxpehu ri dowhuqdwlyh dssurdfkhv wr hvwlpdwlqj

wklv sdqho gdwd prgho1 Wkh �uvw froxpq ri uhvxowv uhsruwv wkh vlpsoh ruglqdu| ohdvw vtxduhv

+ROV, hvwlpdwh ri wklv prgho/ zkhuh zh gr qrw doorz iru �{hg h�hfwv exw udwkhu dvvxph

wkdw doo krxvhkrogv vkduh wkh vdph lqwhufhsw whup1 Iru wklv fdvh/ wkh hvwlpdwh ri � lv txlwh

kljk/ deryh 1:/ zkloh wkh ghprjudsklf yduldeohv duh vljql�fdqw dqg frqvlvwhqw zlwk kxps0

vkdshg oderu lqfrph sur�ohv1 Wkh vhfrqg froxpq ri uhvxowv zhuh dovr rewdlqhg zlwk ROV/

h{fhsw wkdw �{hg h�hfwv zhuh uhpryhg iurp wkh gdwd1 Vwulnlqjo|/ wkh hvwlpdwh ri lqfrph*v

shuvlvwhqfh/ �/ idoov gudpdwlfdoo| wr ohvv wkdq 14/ dowkrxjk vwloo vwdwlvwlfdoo| gl�huhqw iurp

}hur dw wkh 134 ohyho1 Wkh gl�huhqfhv lq wkhvh wzr dssurdfkhv lv wkdw wkh �{hg h�hfw doorzv

iru shupdqhqw gl�huhqfhv lq lqfrph ohyhov dfurvv krxvhkrogv= rplwwlqj wkhp +dv lv grqh

lq froxpq +L,, irufhv wkhvh shuvlvwhqw gl�huhqfhv wr eh doorfdwhg wr wkh g|qdplf shuvlvwhqw
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whup �1

Xqiruwxqdwho|/ wkh ROV0 �{hg h�hfwv hvwlpdwru lwvhoi surylghv grzqzdug eldvhg hvwl0

pdwhv ri wkh shuvlvwhqfh whup � ~ vhh Qlfnhoo +4<;4, dqg Dqghuvrq dqg Kvldr +4<;5,1 Wklv

dffrxqwv iru wkh vpdoo hvwlpdwhg ydoxh ri � lq froxpq +LL,/ hvshfldoo| jlyhq wkh sdqho*v vkruw

wlph glphqvlrq1 Iruwxqdwho|/ wkhuh duh d qxpehu ri xvhixo dssurdfkhv wr flufxpyhqw wklv

eldv1 Lq sduwlfxodu/ wkhuh duh d qxpehu ri xvhixo lqvwuxphqwdo yduldeohv hvwlpdwlrq surfh0

gxuhv zklfk rplw lqvwuxphqwv +zklfk ROV grhv qrw, zklfk duh fruuhodwhg wkh wudqviruphg

uhvlgxdov1 Froxpqv +LLL, 0 +LY, surylgh hvwlpdwhv xvlqj wkuhh ri wkhvh surfhgxuhv1 Wkh

uhvxowv lq Froxpq +LLL, zhuh rewdlqhg e| xvlqj wkh Dqghuvrq0Kvldr +4<;5, hvwlpdwru +DK,/

zklfk h�hfwlyho| �uvw gl�huhqfhv wkh vshfl�fdwlrq +wkhuhe| uhprylqj wkh �{hg h�hfw, dqg

wkhq xvhv wzlfh odjjhg oderu lqfrph +orj+|u
|32

,, dqg h{rjhqrxv yduldeohv dv lqvwuxphqwv1

Wkh hvwlpdwlrq uhvxow iru wkh dxwruhjuhvvlyh whup lv 178/ zkloh wkh uhpdlqlqj ghprjudsklf

yduldeohv uhpdlq vwdqgdug1 Wkh uhvxowv lq froxpq +LY, duh hvwlpdwhg xvlqj wkh Duhoodqr

dqg Erqg +DE, +4<<4, hvwlpdwru1 Wkh hvvhqwldo gl�huhqfh ehwzhhq wkh DE hvwlpdwru dqg

wkh DK hvwlpdwru lv wkdw wkh odwwhu h{sdqgv wkh olvw ri lqvwuxphqwv dv wkh vdpsoh vl}h

lqfuhdvhv1�b Lpsruwdqwo|/ wkh hvwlpdwhg frh�flhqw iru � idoov rqo| voljkwo| wr 1761 Ilqdoo|/ lq

wkh �qdo froxpq zh hvwlpdwh wkh sdqho gdwd prgho xvlqj wkh DK lqvwuxphqwv/ exw doorzlqj

iru fruuhodwlrq lq wkh huuru whupv dfurvv wlph/ pxfk dv lq wkuhh vwdjh ohdvw vtxduhv +l1h1 d

frpelqdwlrq ri lqvwuxphqwdo yduldeohv dqg vhhplqjo| xquhodwhg hvwlpdwlrq,1 Wkh hvwlpdwh

ri wkh dxwruhjuhvvlyh frh�flhqw/ �/ fkdqjhv voljkwo| wr 1691 Wdnhq wrjhwkhu/ wkhvh wkuhh xq0

eldvhg lqvwuxphqwdo yduldeohv dssurdfkhv wr hvwlpdwlqj wkh shuvlvwhqfh ri krxvhkrog lqfrph

surylgh uhodwlyho| frqvlvwhqw �qglqjv1

Lq vxppdu|/ diwhu frqwuroolqj iru vwdqgdug ghprjudsklf yduldeohv/ krxvhkrog oderu lq0

frph kdv vwdwlrqdu| �xfwxdwlrqv zlwk dq dxwruhjuhvvlyh sdudphwhu ri dssur{lpdwho| 171 Wr

frqyhuw wklv lqfrph surfhvv lqwr rqh iru lqqrydwlrqv wr shupdqhqw lqfrph/ rqh pxvw xvh wkh

vwdqgdug irupxod lq h{suhvvlrq +55,1 Dv wkh wkuhh lqvwuxphqwdo yduldeohv hvwlpdwhv surylgh

uhodwlyho| vlplodu hvwlpdwhv ri �/ iru wkh uhpdlqghu ri wkh sdshu zh xvh wkh hvwlpdwh iurp wkh

DK hvwlpdwru dqg dovr vhw wkh glvfrxqw idfwru wr 1<8/ zklfk fruuhvsrqgv wr d ulvn iuhh udwh ri
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lqwhuhvw ri dssur{lpdwho| 815 shufhqw1 Frqvwuxfwlqj phdvxuhv ri wkh uhylvlrq lq shupdqhqw

lqfrph lq wklv idvklrq surylghv d vhulhv wkdw lv vwloo kljko| fruuhodwhg zlwk wkh fkdqjh lq

krxvhkrog oderu lqfrph +durxqg 1<,/ wkrxjk uhpdundeo| vprrwkhu +wkh vwdqgdug ghyldwlrq

lv dssur{lpdwho| 43 wlph vpdoohu,1

Wdeoh 7 suhvhqwv wkh hpslulfdo hvwlpdwhv ri htxdwlrq +5;,1 Wkh uhvxowv lq froxpq +L,

surylgh dq hvwlpdwh ri �o diwhu lpsrvlqj wkdw �� dqg �R duh }hur/ vr wkdw �@ @ 4� �o1 Wklv

doorzv xv wr jdxjh wkh h{whqw ri wkh ghyldwlrqv iurp djjuhjdwh ulvn vkdulqj gxh vroho| wr wkh

odfn ri ulvn vkdulqj dfurvv uhjlrqv1 Wkh uhvxowv lq wkh froxpqv +LL, dqg +LLL, uhshdw zkdw

zdv grqh lq froxpq +L,/ h{fhsw wkdw zh lvrodwh wkh h�hfw ri zlwklq lqgxvwu| ulvn vkdulqj

dqg krxvhkrog frqvxpswlrq vprrwklqj yld shupdqhqw lqfrph udwkhu wkdq zlwklq uhjlrqdo

ulvn vkdulqj dv zh vwxg| ghsduwxuhv iurp djjuhjdwh ulvn vkdulqj1 Lq wkh �qdo froxpq/ zh

hvwlpdwh doo h�hfwv vlpxowdqhrxvo|1

Wkh uhvxowv lq Wdeoh 7 srlqw wr wkh idfw wkdw wkh odfn ru ulvn vkdulqj dfurvv uhjlrqv dqg

lqgxvwulhv/ dv zhoo dv zlwklq uhjlrqv dqg lqgxvwulhv/ surylgh hfrqrplfdoo| vljql�fdqw dqg

vwdwlvwlfdoo| vljql�fdqw ghsduwxuhv iurp djjuhjdwh ulvn vkdulqj1 Dffruglqj wr wkh hvwlpdwhv/

li zh mxvw lghqwli| wkh dprxqw ri zlwklq uhjlrq yhuvxv dfurvv uhjlrqv ulvn vkdulqj/ 55 shufhqw

lv qrw vkduhg dfurvv uhjlrqv/ dqg wklv h�hfw lv vljql�fdqw dw wkh 43 shufhqw ohyho ri vwdwlvwlfdo

vljql�fdqfh ~ froxpq +L,1 Lq dgglwlrq/ doprvw 66 shufhqw ri ulvn lv vkduhg zlwklq lqgxvwulhv

udwkhu wkdq dfurvv wkhp ~ froxpq +LL,12f Wkh hpslulfdo uhvxowv uhsruwhg lq froxpq +LLL,

zkhuh zh glvwlqjxlvk ehwzhhq frqvxplqj rxw ri shupdqhqw lqfrph dqg ulvn vkdulqj/ sur0

ylghv dq hvwlpdwh wkdw dssur{lpdwho| 73 shufhqw ri frqvxpswlrq lv gxh wr wkh iruphu prwlyh

dv frpsduhg wr 93 shufhqw iru wkh odwwhu12� Krzhyhu/ wkh hvwlpdwhv lq froxpq +LY,/ zkhuh

zh frpelqh wkh prwlyhv iru ghsduwxuh iurp djjuhjdwh ulvn vkdulqj/ uhsruw wkh prvw gdp0

djlqj hylghqfh djdlqvw djjuhjdwh ulvn vkdulqj1 Wkh iudfwlrqv ri ulvn wkdw duh vkduhg zlwklq
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uhjlrqv dqg lqgxvwulhv duh dssur{lpdwho| 15 dqg 16/ uhvshfwlyho|/ zkloh durxqg 73 shufhqw ri

frqvxpswlrq lv gulyhq e| lqglylgxdo krxvhkrog shupdqhqw lqfrph prwlyhv1 Wdnhq wrjhwkhu/

wklv vxjjhvwv wkdw wkh iudfwlrq ri ulvn wkdw lv vkduhg dfurvv doo krxvhkrogv lv ohvv wkdq 143

+4 017016015 @ 14,1 Lq wkh erwwrp urz ri wkh wdeoh zh uhsruw wkh s0ydoxh ri wkh whvw wkdw

�@ @ 4 � �o � �� � �R @ 31 Lq froxpq +LY,/ zkhq doo prwlyhv iru h{sodlqlqj frqvxps0

wlrq ehkdylru duh doorzhg iru/ wklv k|srwkhvlv fdqqrw eh uhmhfwhg dw frqyhqwlrqdo ohyhov ri

vljql�fdqfh1

Wkh uhvxowv lq Wdeoh 7 vxjjhvw wkdw zkhq zh frqvlghu doo krxvhkrogv lq wkh vdpsoh/

wkhuh grhv qrw vhhp wr eh vljql�fdqw ohyhov ri djjuhjdwh ulvn vkdulqj wdnlqj sodfh/ dowkrxjk

derxw kdoi ri ulvn lv vkduhg zlwklq d krxvhkrog*v uhjlrq dqg lqgxvwu|1 Ri frxuvh/ krxvhkrogv

pd| gl�hu lq wkhlu delolwlhv wr vkduh ulvn dfurvv gl�huhqw glphqvlrq ghshqglqj rq wkh w|shv

ri dvvhwv wkdw wkh| krog1 Lq Wdeoh 8 zh hvwlpdwh htxdwlrq +5;, iru gl�huhqw vxe0vdpsohv

edvhg rq wkh dvvhwv wkdw wkh| rzq1 Wkh sduwlfxodu dvvhw rzqhuvkls lv olvwhg lq wkh wrs

urz ri wkh wdeoh1 Dw wkh erwwrp ri wkh wdeoh zh dovr uhsruw whvw uhvxowv iru d qxpehu

ri lpsruwdqw k|srwkhvhv1 Wkh �uvw uhsruwv wkh h{whqw ri zlwklq lqgxvwu| dqg uhjlrq ulvn

vkdulqj +�o . ��, dqg suhvhqwv wkh s0ydoxh iru wkh k|srwkhvlv wklv fkdqqho ri ulvn vkdulqj lv

}hur1 Wkh vhfrqg suhvhqwv wkh hvwlpdwh ri djjuhjdwh ulvn vkdulqj rewdlqhg iurp wkh lghqwlw|

�@ @ 4� �o � �� � �R/ dv zhoo dv wkh s0ydoxh iurp wkh whvw ri wkh qxoo k|srwkhvlv wkdw �@ � 3

yhuvxv wkh dowhuqdwlyh wkdw �@ A 31 Ilqdoo|/ zh uhsruw wkh s0ydoxh iru wkh whvw ri wkh qxoo

k|srwkhvlv wkdw �o @ �� @ �R @ 31

Wdeoh 8 uhyhdov irxu nh| �qglqjv1 Iluvw/ dv ghprqvwudwhg lq wkh erwwrp urz ri wkh wdeoh/

lq vhyhq rxw ri wkh hljkw vxe0vdpsohv frqvlghuhg/ zh fdq uhmhfw wkh k|srwkhvlv wkdw �o/ ��>

dqg �R duh doo mrlqwo| }hur dw frqyhqwlrqdo ohyhov ri vljql�fdqfh1 Wkh vroh h{fhswlrq lv wkh

krxvhkrogv zkr rzq erqgv ru olih lqvxudqfh1 Vhfrqg/ wkhuh lv vwurqj hylghqfh wkdw zlwklq

uhjlrq dqg lqgxvwu| ulvn vkdulqj lv txlwh vwurqj1 Iru h{dpsoh/ lq vl{ ri wkh hljkw fdvhv/ wkh

frh�flhqw rq �� lv vwdwlvwlfdoo| gl�huhqw iurp }hur dw ehorz wkh 14 ohyho1 Wkh h{fhswlrqv

duh krxvhkrogv wkdw rzq vwrfnv dqg erqgv ru olih lqvxudqfh1 Dovr/ lq kdoi ri wkh fdvhv/ wkh

frh�flhqw rq �o lv vwdwlvwlfdoo| gl�huhqw iurp }hur dw ehorz wkh 14 ohyho1 Wdnhq wrjhwkhu/

ulvn vkdulqj zlwklq uhjlrqv dqg lqgxvwulhv lv odujh dqg vwdwlvwlfdoo| gl�huhqw iurp }hur= lq

vhyhq ri wkh hljkw fdvhv/ �o . �� lv vwdwlvwlfdoo| gl�huhqw iurp }hur1 Lq dgglwlrq/ iru wkhvh
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vhyhq fdvhv zkhq wkh frpelqdwlrq lv vljql�fdqw/ wkh ydoxh udqjhv iurp d orz 17;: wr d kljk

ri 1;451

Wklug/ uhylvlrqv lq krxvhkrog shupdqhqw lqfrph dovr vhhp wr eh lpsruwdqw gulylqj irufhv

lq krxvhkrog frqvxpswlrq/ uhjdugohvv ri wkh w|shv ri dvvhwv khog1 Lq vl{ ri wkh hljkw fdvhv

wkh frh�flhqw rq �R lv vwdwlvwlfdoo| gl�huhqw iurp }hur= wkh wzr fdvhv zkhuh lw lv lqvljql�fdqw

duh iru vwrfn kroghuv dqg wkrvh zkr rzq erqgv ru lqvxudqfh1 Wkh fdvh ri idplolhv wkdw rzq

vrph vwrfn lv txlwh lqwhuhvwlqj lq lwv rzq uljkw1 Lq sduwlfxodu/ iru idplolhv wkdw rzq vwrfn/

hvwlpdwhv ri erwk �� dqg �R ehfrph lqvljql�fdqwo| gl�huhqw iurp }hur/ zkloh wkh iudfwlrq ri

ulvn vkduhg zlwklq wkh uhjlrq wdnhv rq lwv odujhvw ydoxh ri dq| vxe0vdpsoh1 Wklv vxjjhvwv wkdw

vwrfn kroglqjv duh qrw sduwlfxoduo| jrrg dw glyhuvli|lqj uhjlrq vshfl�f ulvn +dqg wkdw wkh|

duh d jrrg phdqv iru glyhuvli|lqj lqgxvwu| vshfl�f ulvn, ru wkdw krxvhkrogv ghprqvwudwh d

uhjlrq ru cidploldulw|* eldv wr kroglqj vwrfnv1 Dgglwlrqdo hylghqfh iru wklv cuhjlrqdo krph

eldv* fdq eh irxqg lq Kxehupdq +4<<:/4<<<, dqg Frydo dqg Prvnrzlw} +4<<:d/e,1

Ilqdoo|/ wkhuh lv rqo| zhdn hylghqfh wkdw wkh rzqhuvkls ri dvvhwv frqwulexwhv pxfk

wr djjuhjdwh ulvn vkdulqj122 Wkh vwurqjhvw hylghqfh ri dq| vljql�fdqw frqwulexwlrq iurp

djjuhjdwh ulvn vkdulqj frphv iurp krxvhkrogv wkdw rzq Erqgv2Lqvxudqfh ru krxvlqj ru

vwrfnv1 Iru wkhvh wzr fdvhv/ rqh fdqqrw uhmhfw wkdw �@ lv juhdwhu wkdq }hur dw ehorz wkh 14

ohyho ri vwdwlvwlfdo vljql�fdqfh1 Lq vxppdu|/ wkh uhvxowv lq Wdeoh 8 rqo| voljkwo| prgli| wkh

ylhz wkdw wkhuh lv yhu| olwwoh djjuhjdwh ulvn vkdulqj dfurvv krxvhkrogv lq wkh vdpsoh/ zkloh

wkhuh lv vwloo d vljql�fdqw dprxqw ri zlwklq uhjlrq dqg lqgxvwu| ulvn vkdulqj1

D �L?U*�t�L?

Lqwudqdwlrqdo gdwd surylghv d qdwxudo h{shulphqw iru uh0hydoxdwlqj sx}}ohv lq lqwhuqdwlrqdo

pdfurhfrqrplfv1 Dq dqrpdo| wkdw kdv ehhq zhoo hvwdeolvkhg xvlqj lqwhuqdwlrqdo gdwd lv

wkdw frxqwulhv lqvx�flhqwo| vkduh ulvn ~ vhh Edfnxv/ Nhkrh dqg N|godqg +4<<5,1 Wklv

iroorzv iurp dq hduolhu olwhudwxuh zkhuh lw kdv ehhq dujxhg wkdw wkhuh lv d ckrph eldv* lq

krxvhkrogv* dvvhw sruwirolrv ~ vhh Ihogvwhlq dqg Krulrnd +4<;3, dqg wkh uhfhqw frqwulexwlrq

22�U�@h|�) E�bbD� �?_t |�@| @}}hi}@|i h�t! t�@h�?} �4ThL�it ��i? �L�ti�L*_t @hi *itt *�!i*) |L Mi *�^��_�|)
UL?t|h@�?i_� OL�i�ihc �i _Lit ?L| UL?t�_ih ��|��? hi}�L? @?_ �?_�t|h) h�t! t�@h�?}�
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wr wklv olwhudwxuh e| Ed{whu dqg Mhupdqq +4<<:,1

Wkh hylghqfh zh suhvhqw lq wklv sdshu vxjjhvwv wkdw wkh ohyho ri djjuhjdwh lqwudqdwlrqdo

ulvn vkdulqj lv qhjoljleoh1 Edvhg rq frqvxpswlrq ulvn vkdulqj uhjuhvvlrqv/ zh �qg wkdw ds0

sur{lpdwho| 63( ri ulvn vkdulqj lv zlwklq lqgxvwulhv/ 53( ri ulvn vkdulqj lv zlwklq uhjlrqv/

73( lv xqvkduhg zlwk rwkhu krxvhkrogv/ dqg rqo| 43( lv vkduhg lq wkh djjuhjdwh1 Dv|pphw0

ulf lqirupdwlrq sureohpv kdyh ehhq srlqwhg wr dv wkh pdlq vrxufh ri wkh odfn ri lqvxudqfh

djdlqvw sxuh lglrv|qfudwlf vkrfnv1 Lq dgglwlrq/ lw dsshduv wkdw wkhuh duh d qxpehu ri �0

qdqfldo ghylfhv dydlodeoh wr krxvhkrogv wr khgjh djdlqvw rwkhu vkrfnv vxfk dv uhjlrqdo dqg

lqgxvwuldo vkrfnv1 Krzhyhu/ rqh zrxog h{shfw wkdw vlqfh uhjlrqdo dqg lqgxvwuldo vkrfnv gr

qrw vx�hu iurp lqfhqwlyh sureohpv dv gr lglrv|qfudwlf vkrfnv/ wkdw wkhvh �qdqfldo ghylfhv

vkrxog eh dpso| vxssolhg dqg ghpdqghg lq rughu wr eulqj derxw d pruh h{whqvlyh ohyho

ri lqwudqdwlrqdo ulvn vkdulqj1 Rxu sdshu �qgv wkdw vxfk �qdqfldo lqvwuxphqwv gr qrw h{lvw

ru duh qrw vx�flhqwo| xvhg wr glyhuvli| wkhvh pdfur ulvnv1 Wkxv lw zrxog vhhp wr eh yhu|

lpsruwdqw wr xqghuvwdqg zk|1

Rqh h{sodqdwlrq lv wkdw �qdqfldo dvvhwv gr qrw h{lvw wr khos ryhufrph uhjlrq +ru frxqwu|,

vshfl�f ulvn dqg lqgxvwu| uhodwhg ulvn1 Rqh zrxog wklqn wkdw/ dv wkh sdfh ri �qdqfldo

lqqrydwlrq kdv txlfnhqhg dqg sduwlflsdwlrq lq �qdqfldo pdunhwv kdv h{sdqghg/ wkdw wklv

h{sodqdwlrq vkrxog zhdnhq wkurxjk wlph1 Ri frxuvh/ lglrv|qfudwlf ulvn zklfk lv vwloo vxemhfw

wr lqfhqwlyh sureohpv pd| eh kdug wr ryhufrph1 Dv zhoo/ vlqfh pxfk ri d krxvhkrog*v kxpdq

fdslwdo lv lqgxvwu| vshfl�f +dv pd| eh wkhlu shqvlrq dvvhwv,/ wkh dprxqw ri lqgxvwu| vshfl�f

ulvn wr glyhuvli| pd| eh txlwh odujh1

Dq dowhuqdwlyh h{sodqdwlrq lv wkdw krxvhkrogv olnh wr lqyhvw rqo| lq cwkh idploldu*/ zklfk

zrxog ohdg wkhp wr glyhuvli| vrph lglrv|qfudwlf ulvn exw zklfk pd| qrw ohdg wr pxfk

djjuhjdwh ulvn vkdulqj1 Lqwudqdwlrqdo hylghqfh lq vxssruw ri wklv w|sh ri grphvwlf krph

eldv lv surylghg lq Frydo dqg Prvnrzlw} +4<<:d/e, dqg Kxehupdq +4<<:/4<<<,1 Lqghhg/

jlyhq wkh hylghqfh surylghg lq wklv sdshu ri wkh orz ohyho ri djjuhjdwh ulvn vkdulqj hyhq

zlwklq wkh X1V1/ furvv frxqwu| ulvn vkdulqj lv olnho| wr uhpdlq d glvwdqw jrdo iru txlwh vrph

wlph1
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Dowrqml/ Mrvhsk dqg Kdp/ Mrkq 1 _Yduldwlrq lq Hpsor|phqw Jurzwk lq Fdqdgd= Wkh
Uroh ri H{whuqdo/ Qdwlrqdo/ Uhjlrqdo/ dqg Lqgxvwuldo Idfwruv/% Mrxuqdo ri Oderu Hfr0
qrplfv / Mdqxdu| 4<<3/ ;/ 4<;05691

Dqghuvrq/ W1 Z1 dqg Kvldr/ Fkhqj 1 _Irupxodwlrq dqg Hvwlpdwlrq ri G|qdplf Prg0
hov Xvlqj Sdqho Gdwd/% Mrxuqdo ri Hfrqrphwulfv/ Mdqxdu| 4<;5/ 4;+4,/ 7:0;51

Duhoodqr/ Pdqxho/ dqg Erqg/ Vwhskhq1 _Vrph Whvwv ri Vshfl�fdwlrq iru Sdqho Gdwd=
Prqwh Fduor Hylghqfh dqg dq Dssolfdwlrq wr Hpsor|phqw Htxdwlrqv/% Uhylhz ri
Hfrqrplf Vwxglhv / Dsulo 4<<4/ 8;+5,/ 5::0<:1

Dowxj/ Vxpux dqg Ploohu/ Urehuw1 _Krxvhkrog Fkrlfhv lq Htxloleulxp/% Hfrqrphw0
ulfd/ 4<<3/ ;5/ 44::044<;1

Dvguxedol/ Slhuihghulfr/ Vruhqvhq/ Ehqw H1 dqg \rvkd/ Ryhg1 _Fkdqqhov ri Lqwhu0
vwdwh Ulvnvkdulqj= XV 4<9604<<3/% Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Qryhpehu 4<<9/
444/ 43;4044431

Dwkdqdvrxolv/ Vwhskdq dqg ydq Zlqfrrs/ Hulf1 _UlvnvkdulqjZlwklq wkh Xqlwhg Vwdwhv=
Zkdw Kdyh Ilqdqfldo Pdunhwv dqg Ilvfdo Ihghudolvp DffrpsolvkhgB/% 4<<;/ Ihghudo
Uhvhuyh Edqn ri Qhz \run/ Uhvhdufk Sdshu <;3;1

Dwnhvrq/ Dqguhz dqg Wdplp Ed|rxpl1 _Gr sulydwh fdslwdo pdunhwv lqvxuh uhjlrqdo
ulvnB Hylghqfh iurp wkh Xqlwhg Vwdwhv dqg Hxursh/% Rshq Hfrqrplhv Uhylhz/ 4<<6/
7/ ss1 63606571

Dwnhvrq/ Dqguhz dqg Rjdnl/ Pdvdr1 _Zhdowk0Ydu|lqj Lqwhuwhpsrudo Hodvwlflwlhv ri
Vxevwlwxwlrq= Hylghqfh iurp Sdqho dqg Djjuhjdwh Gdwd/% Mrxuqdo ri Prqhwdu| Hfr0
qrplfv / 6;+6,/ Ghfhpehu 4<<9/ 83:0671

Edfnxv/ Gdylg N1/ Nhkrh/ Sdwulfn M1 dqg N|godqg/ Ilqq H1 _Lqwhuqdwlrqdo Uhdo Exvl0
qhvv F|fohv/% Mrxuqdo ri Srolwlfdo Hfrqrp| / Pdufk 4<<5/ ;7/ ;704361

Ed|rxpl/ Wdplp dqg PfGrqdog/ Urqdog 1 Rq wkh rswlpdolw| ri frqvxpswlrq dfurvv
Fdqdgldq surylqfhv/ FHSU Glvfxvvlrq Sdshu & 4363/ 4<<7/1

Ed{whu/ Pduldqqh dqg Mhupdqq/ Xuedq M1 _Wkh Lqwhuqdwlrqdo Glyhuvl�fdwlrq Sx}}oh
lv Zruvh wkdq \rx Wklqn/% Dphulfdq Hfrqrplf Uhylhz / Pdufk 4<<:/ ;:+4,/ 4:304;31

Fdqryd/ Idelr dqg Udyq/ Pruwhq R1 _Lqwhuqdwlrqdo Frqvxpswlrq Ulvn Vkdulqj% Lq0
whuqdwlrqdo Hfrqrplf Uhylhz / Dxjxvw 4<<9/ 6:/ 8:609341

Fodun/ Wrgg1 _Hpsor|phqw Ioxfwxdwlrqv lq X1V1 Uhjlrqv dqg Lqgxvwulhv= Wkh Urohv ri
Qdwlrqdo/ Uhjlrq0Vshfl�f/ dqg Lqgxvwu| Vshfl�f Vkrfnv/% Mrxuqdo ri Oderu Hfrqrplfv/
4<<;/ 49/ 535055<1
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Fodun/ Wrgg dqg Vklq/ Nzdqkr1 _Wkh Vrxufhv ri Ioxfwxdwlrqv Zlwklq dqgDfurvv Frxq0
wulhv/% lq Juhjru| G1 Khvv dqg Hulf ydq Zlqfrrs/ hgv1/ Lqwudqdwlrqdo Pdfurhfrqrplfv
4<<</ Fdpeulgjh Xqlyhuvlw| Suhvv/ iruwkfrplqj1

Frfkudqh/ Mrkq K1 _D Vlpsoh Whvw ri Frqvxpswlrq Lqvxudqfh/% Mrxuqdo ri Srolwlfdo
Hfrqrp| / Rfwrehu 4<<4/ <</ qr 8= <8:0:91

Frydo/ Mrvkxd G1 dqg Prvnrzlw}/ Wreldv M1 _Krph Eldv dw Krph= Orfdo Htxlw| Suhi0
huhqfh lq Grphvwlf Sruwirolrv/% XFOD zrunlqj sdshu/ 4<<:d1

Frydo/ Mrvkxd G1 dqg Prvnrzlw}/ Wreldv M1 _Wkh Jhrjudsk| ri Lqyhvwphqw= Duh Wkhuh
Jdlqv iurp Lqyhvwlqj Orfdoo|B% XFOD zrunlqj sdshu/ 4<<:e1

Fuxflql/ Pdulr M1 _Rq Lqwhuqdwlrqdo dqg Qdwlrqdo Glphqvlrqv ri Ulvn Vkdulqj/% Uhylhz
ri Hfrqrplfv dqg Vwdwlvwlfv 4<<;/ iruwkfrplqj1

Fuxflql/ Pdulr M1 dqg Juhjru| G1 Khvv _Lqwudqdwlrqdo dqg Lqwhuqdwlrqdo Ulvn Vkdu0
lqj/% lq Juhjru| G1 Khvv dqg Hulf ydq Zlqfrrs/ hgv1/ Lqwudqdwlrqdo Pdfurhfrqrplfv
4<<</ Fdpeulgjh Xqlyhuvlw| Suhvv/ iruwkfrplqj1

GhMxdq/ Mrvhsk S1 dqg Vhdwhu/ Mrkq M1 _Wkh Shupdqhqw Lqfrph K|srwkhvlv/% Mrxu0
qdo ri Prqhwdu| Hfrqrplfv/ Dsulo 4<<</ 76+5,/ 68406:91

Gho Qhjur/ Pdufr1 _ Djjuhjdwh Ulvnvkdulqj Dfurvv XV Vwdwhv/* 4<<:/ plphr1

Ihogvwhlq/ Pduwlq dqg Krulrnd/ Fkduohv _Grphvwlf Vdylqjv dqg Lqwhuqdwlrqdo Fdslwdo
Iorzv/% Hfrqrplf Mrxuqdo/ Mxqh 4<;3/ <3/ 647065<1

Ixkuhu/ Mh�uh| F1 dqg Nohlq/ Plfkdho1 _Ulvn| Kdelwv= Rq Ulvn Vkdulqj/ Kdelw Iru0
pdwlrq/ dqg wkh Lqwhusuhwdwlrq ri Lqwhuqdwlrqdo Frqvxpswlrq Fruuhodwlrqv/% QEHU
Zrunlqj Sdshu & 9:68/ Rfwrehu 4<<;1

Jkrvk/ Dwlvk U1 dqg Zroi/ Krojhu F1 _Jhrjudsklfdo dqg Vhfwrudo Vkrfnv lq wkh X1V1
Exvlqhvv F|foh/% QEHU Zrunlqj Sdshu & 94;3/ Vhswhpehu 4<<:1

Kdoo/ Urehuw H1 _Vwrfkdvlwlf Lpsolfdwlrqv ri wkh Olih F|foh 0 Shupdqhqw Lqfrph K|srwk0
hvlv= Wkhru| dqg Hylghqfh/% Mrxuqdo ri Srolwlfdo Hfrqrp|/ Ghfhpehu 4<:;/ ;9/ <:40
<;:1

Khvv/ Juhjru| G1 dqg Vklq/ Nzdqkr 1 _Ulvn Vkdulqj Zlwklq dqg Dfurvv Uhjlrqv dqg
Lqgxvwulhv/% Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 4<<</ iruwkfrplqj1

Khvv/ Juhjru| G1 dqg Vklq/ Nzdqkr 1 _Lqwudqdwlrqdo Exvlqhvv F|fohv lq wkh Xqlwhg
Vwdwhv/% Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ Dsulo 4<<;/ 77+5,/ 5;<06471

Khvv/ Juhjru| G1 dqg Vklq/ Nzdqkr1 Lqwhuqdwlrqdo dqg Lqwudqdwlrqdo Exvlqhvv F|0
fohv/ R{irug Uhylhz ri Hfrqrplf Srolf|/ Idoo 4<<:/ 46/ <6043<1

Kxehupdq/ Jxu1 _Idploldulw| Euhhgv Lqyhvwphqw/% Froxpeld Xqlyhuvlw| zrunlqj sdshu/
4<<:1

58



Kxehupdq/ Jxu1 _Krph Eldv lq Htxlw| Pdunhwv= Lqwhuqdwlrqdo dqg Lqwudqdwlrqdo Hyl0
ghqfh/% lq Juhjru| G1 Khvv dqg Hulf ydqZlqfrrs/ hgv1/ Lqwudqdwlrqdo Pdfurhfrqrplfv
4<<</ Fdpeulgjh Xqlyhuvlw| Suhvv/ iruwkfrplqj1

Lpurkrurjo/ D|vh1 _Frvw ri Exvlqhvv F|fohv zlwk Lqglylvlelolwlhv dqg Oltxlglw| Frqvwudlqwv/%
Mrxuqdo ri Srolwlfdo Hfrqrp| / Ghfhpehu 4<;</ <:+9,/ 4697046;61

Oxfdv/ Urehuw H1 _Prghov ri Exvlqhvv F|fohv/% Qhz \run/ Q1\1/ Edvlo Eodnzhoo4<;:1

Pdfh/ Eduedud M1 _Ixoo Lqvxudqfh lq wkh Suhvhqfh ri Djjuhjdwh Xqfhuwdlqw|/% Mrxuqdo ri
Srolwlfdo Hfrqrp| / Rfwrehu 4<<4/ <</ qr 8= <5;0891

PfFduwk|/ Mrqdwkdq1 _Lpshuihfw Lqvxudqfh dqg Gl�hulqj Surshqvlwlhv wr Frqvxph Dfurvv
Krxvhkrogv/% Mrxuqdo ri Prqhwdu| Hfrqrplfv/ Dxjxvw 4<<8/ 69/ 634065:1

Pholw}/ Mdtxhv/ dqg ]xphu/ Iuhghulf1 _Lqwhuuhjlrqdo dqg Lqwhuqdwlrqdo Ulvn Vkdulqj
dqg Ohvvrqv iru HPX/% Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf| / 4<<</
iruwkfrplqj1

Qlfnhoo/ Vwhskhq1 _Eldvhv lq G|qdplf Prghov zlwk Il{hg H�hfwv/% Hfrqrphwulfd/ Qryhp0
ehu 4<;4/ 7<+9,/ 474:047591

Qruuelq/ Vwhidq dqg Vfkodjhqkdxi/ Grq1 _Dq Lqtxlu| lqwr wkh Vrxufhv ri Pdfurhfr0
qrplf Ioxfwxdwlrqv/% Mrxuqdo ri Prqhwdu| Hfrqrplfv/ Mxo| 4<;;/ 55/ 760:31

Revwihog/ Pdxulfh1 _Duh Lqgxvwuldo0Frxqwu| Frqvxpswlrq Ulvnv Joredoo| Glyhuvl�hg/%
lq Uhdo exvlqhvv f|fohv/ uhdo h{fkdqjh udwhv dqg dfwxdo srolflhv/ lq Fdslwdo prelolw|=
wkh lpsdfw rq frqvxpswlrq/ lqyhvwphqw dqg jurzwk/ hgv1 Ohrqdugr Ohlghupdq dqg
Dvvdi Ud}lq/ 4<<7/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh/ X1N1

Vruhqvhq/ Ehqw H1 dqg \rvkd/ Ryhg1 _Lqfrph dqg Frqvxpswlrq Vprrwklqj Dprqj
X1V1 Vwdwhv= Uhjlrqv ru FoxevB% Mxqh 4<<9/ plphr1

ydq Zlqfrrs/ Hulf1 _Uhjlrqdo Ulvnvkdulqj/% Hxurshdq Hfrqrplf Uhylhz / 4<<8/ 6:/ 48780
489:1

]hoghv/ Vwhskhq %Frqvxpswlrq dqg Oltxlglw| Frqvwudlqwv= Dq Hpslulfdo Lqyhvwljdwlrq/%
Mrxuqdo ri Srolwlfdo Hfrqrp|/ 4<;</ <:/ 63806791

59



#@|@ �TTi?_� 

+i}�L?t

Wkhuh duh qlqh Uhjlrqdo Glylvlrqv lq rxu dqdo|vlv=

� Qhz Hqjodqg +QHQJ,= Frqqhfwlfxw/ Pdlqh/ Pdvvdfkxvhwwv/ Qhz Kdpsvkluh/
Ukrgh Lvodqg dqg Yhuprqw1

� Plggoh Dwodqwlf +PDWO,= Qhz Mhuvh|/ Qhz \run dqg Shqqv|oydqld1

� Hdvw Qruwk Fhqwudo +HQF,= Loolqrlv/ Lqgldqd/ Plfkljdq/ Rklr/ dqg Zlvfrqvlq1

� Zhvw Qruwk Fhqwudo +ZQF,= Lrzd/ Ndqvdv/ Plqqhvrwd/ Plvvrxul/ Qheudvnd/ Qruwk
Gdnrwd dqg Vrxwk Gdnrwd1

� Vrxwk Dwodqwlf +VDWO,= Ghodzduh/ wkh Glvwulfw ri Froxpeld/ Iorulgd/ Jhrujld/
Pdu|odqg/ Qruwk Fdurolqd/ Vrxwk Fdurolqd/ Ylujlqld dqg Zhvw Ylujlqld1

� Hdvw Vrxwk Fhqwudo +HVF,= Dodedpd/ Nhqwxfn|/ Plvvlvvlssl dqg Whqqhvvhh1

� Zhvw Vrxwk Fhqwudo +ZVF,= Dundqvdv/ Orxlvldqd/ Rnodkrpd dqg Wh{dv1

� Prxqwdlq +PWQ,= Dul}rqd/ Frorudgr/ Lgdkr/ Prqwdqd/ Qhydgd/ Qhz Ph{lfr/ Xwdk
dqg Z|rplqj1

� Sdfl�f +SDF,= Dodvnd/ Fdoliruqld/ Kdzdll/ Ruhjrq dqg Zdvklqjwrq1

W?_�t|h�it

Wkhuh duh wzhoyh lqgxvwulhv lq rxu dqdo|vlv1 Wkh lqgxvwulhv duh Djulfxowxuh/ Iruhvwu|
dqg Ilvkhulhv +DII,/ Plqlqj +PLQ,/ Frqvwuxfwlrq +FRQ,/ Pdqxidfwxulqj +PDQ,/ Wudqv0
sruwdwlrq/ Frppxqlfdwlrq dqg rwkhu Sxeolf Xwlolwlhv +WFSX,/ Zkrohvdoh dqg Uhwdlo Wudgh
+ZUW,/ Ilqdqfh/ Lqvxudqfh dqg Uhdo Hvwdwh +ILUH,/ Exvlqhvv dqg Uhsdlu Vhuylfhv +EUV,/
Shuvrqdo Vhuylfhv +SV,/ Hqwhuwdlqphqw dqg Uhfuhdwlrqdo Vhuylfhv +HUV,/ Surihvvlrqdo dqg
Uhodwhg Vhuylfhv +SUV,/ dqg Sxeolf Dgplqlvwudwlrq +SD,1

�tti|t

Wkhuh duh vhyhq dvvhw txhvwlrqv xvhg wr glvwlqjxlvk krxvhkrogv e| wkh w|shv ri dvvhwv
wkdw wkh| krog c\hv* dqvzhuv wr wkhvh txhvwlrqv zhuh frghg dv 4/ dqg doo rwkhu uhvsrqvhv
zhuh frghg 3=

� Krxvh= Gr |rx kdyh rzqhuvkls ri |rxu fxuuhqw uhvlghqfhB

� Shqvlrq= Grhv wkh khdg ri krxvhkrog*v fxuuhqw mre surylgh klp2khu zlwk d shqvlrqB
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� Uhdo Hvwdwh= Gr |rx kdyh srvlwlyh qhw ydoxh ri uhdo hvwdwh rwkhu wkdq |rxu pdlq
krphB

� Idup2Exvlqhvv= Gr |rx kdyh srvlwlyh qhw ydoxh lq d idup ru exvlqhvv dvvhwB

� Vwrfn= Gr |rx kdyh vkduhv lq sxeolfo| khog frusrudwlrqv/ pxwxdo ixqgv/ ru lqyhvwphqw
wuxvwv/ lqfoxglqj vwrfnv lq LUDvB

� Vdylqjv= Gr |rx kdyh d fkhfnlqj dffrxqw/ vdylqjv dffrxqw/ prqh| pdunhw ixqg/
fhuwl�fdwh ri ghsrvlw/ vdylqjv erqg/ Wuhdvxu| Eloo ru rwkhu LUDB

� Erqgv2Lqvxudqfh= Gr |rx rwkhu lqyhvwphqwv lq wuxvwv ru hvwdwhv/ erqg ixqgv/ olih
lqvxudqfh srolflhv ru vshfldo froohfwlrqvB
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A@M*i �� G ,4T�h�U@* +i}�*@h�|�it Lu OL�ti�L*_ �L?t�4T|�L? BhL�|�

�bH2��bH. �5W# #@|@

Fruuhodwlrq ri �orj+f�|, zlwk
Vdpsoh �orj+f@, �orj+fo, �orj+f�, Q

DOO 3=396 3=388 3=396 <<7
Krxvh 3=39: 3=388 3=389 :<9
Shqvlrq 3=39; 3=396 3=396 8:<
UhdoHvw= 3=353 3=348 3=355 596
Idup@Exvlqhvv 3=364 3=396 3=35< 558
Vwrfn 3=37: 3=379 3=35: 68<
Vdylqjv 3=38< 3=386 3=38< <3;
Erqgv@Lqvxudqfh 3=39< 3=385 3=388 65:
Krxvh ru Vwrfn 3=38: 3=385 3=37; ;68

Qrwhv= �orj+f�|,/ �f
@/ �fo/ dqg �f� duh wkh jurzwk lq krxvhkrog/ djjuhjdwh/ uhjlrqdo dqg

lqgxvwu| frqvxpswlrq ri irrg/ uhvshfwlyho|1 Q lv wkh qxpehu ri krxvhkrogv1 Wkh froxpq
odehohg Vdpsoh uhihuv wr wkh vxe0vdpsoh ri wkh gdwd h{dplqhg1 Wkhvh vxe0vdpsohv duh
glvfxvvhg lq wkh wh{w1 Wkh fruuhodwlrqv zhuh rewdlqhg e| fdofxodwlqj iru hdfk krxvhkrog*v
fruuhodwlrq ri frqvxpswlrq jurzwk zlwk wkh yduldeoh olvwhg lq wkh froxpq/ dqg wkhq dyhudjlqj
ryhu doo krxvhkrogv lq wkh vdpsoh1
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A@M*i ��G ,4T�h�U@* +i}�*@h�|�it Lu OL�ti�L*_ w@MLh W?UL4i BhL�|�
�bH2��bH. �5W# #@|@

Fruuhodwlrq ri �orj+|u
�|
, zlwk

Vdpsoh �orj+|@, �orj+|o, �orj+|�, �orj+|A
�
w, �orj+|(

�|
, Q

DOO 3=38; 3=363 3=364 3=<87 3=;:: <<7
Krxvh 3=38: 3=35: 3=365 3=<7; 3=;97 :<9
Shqvlrq 3=39; 3=364 3=35; 3=<;6 3=;:7 8:<
UhdoHvw= 3=373 3=35: 3=367 3=<86 3=<65 596
Idup@Exvlqhvv 3=375 3=37; 3=388 3=<39 3=;8: 558
Vwrfn 3=393 3=356 3=355 3=<8: 3=;84 68<
Vdylqjv 3=38< 3=364 3=365 3=<87 3=;:8 <3;
Erqgv@Lqvxudqfh 3=357 3=35; 3=373 3=<78 3=;55 65:
Krxvh ru Vwrfn 3=393 3=35: 3=365 3=<7< 3=;99 ;68

Qrwhv= Vhh Wdeoh 4d1 �orj+|�|,/ �orj+|@,/ �orj+|o,/ dqg �orj+|�, duh wkh jurzwk lq
krxvhkrog/ djjuhjdwh/ uhjlrqdo dqg lqgxvwu| frqvxpswlrq ri irrg/ uhvshfwlyho|1 �orj+|u

�|
,/

�orj+|A
�
w,/ dqg �orj+|(

�|
,/ duh wkh jurzwk lq krxvhkrog oderu lqfrph/ wrwdo lqfrph +oderu

soxv qrq0oderu lqfrph,/ dqg glvsrvdeoh lqfrph +wrwdo lqfrph ohvv qhw wd{hv,/ uhvshfwlyho|1
Wkh fruuhodwlrqv zhuh rewdlqhg e| fdofxodwlqj iru hdfk krxvhkrog*v fruuhodwlrq ri oderu lq0
frph jurzwk zlwk wkh yduldeoh olvwhg lq wkh froxpq/ dqg wkhq dyhudjlqj ryhu doo krxvhkrogv
lq wkh vdpsoh1
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Fdslwdo Pdunhwv = �+orj+|u�|,,��+orj+|A�|,, @ �g�orj+|u�|, . xg�|

Wd{hv ) Wudqvihuv = �+orj+|A�|,,��+orj+|(� w,, @ �A�orj+|u�|, . xA�|

Xqvprrwkhg = �+orj+|(�|,, @ �L�orj+|u�|, . xL�|

A@M*i 2G �54LL|��?}< Lu OL�ti�L*_ w@MLh W?UL4i BhL�|�

�bH2��bH. �5W# #@|@

Vdpsoh FdslwdoPdunhwv Wd{hv)Wudqvihuv Xqvprrwkhg Qrev=

+a�g, +a�|, +a��,

DOO =349K =56:@ =:67@ 8<97
+=33:, +=376, +=376,

Krxvh =356K =578@ =:4:@ 7::9
+=33<, +=38:, +=388,

Shqvlrq =336 =5<9@ =9::@ 67:7
+=33:, +=3;:, +=3;6,

UhdoHvw= =356 =479@ =:;<@ 48:;
+=348, +=34:, +=376,

Idup@Exvlqhvv =34; =4;<@ =:8:@ 4683
+=34<, +=373, +=385,

Vwrfn =35<K =5<4@ =9:;@ 5487
+=345, +=435, +=3<:,

Vdylqjv =354@ =575@ =:59@ 877;
+=33;, +=37:, +=3<:,

Erqgv@Lqvxudqfh =34;S =643@ =973@ 4<95
+=344, +=447, +=436,

Krxvh ru Vwrfn =356@ =574@ =:54@ 8343
+=33<, +=388, +=386,

Qrwhv= Vwdqgdug huuruv duh uhsruwhg lq sduhqwkhvhv1 @/ K dqg S uhihu wr vwdwlvwlfdo vljql�fdqfh
dw ehorz wkh 134/ 138 dqg 143 ohyhov/ uhvshfwlyho|1 Wkh urzv ri wkh wdeoh ghqrwh wkh vxe0
vdpsoh ri wkh gdwd1 Qrev1 lv wkh qxpehu ri sdqho gdwd revhuydwlrqv/ Q �W / wkh qxpehu ri
krxvhkrogv pxowlsolhg e| wkh qxpehu ri wlph vhulhv revhuydwlrqv1
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orj+|u
�|
, @ �� . �orj+|u

�|3�
,. �[�| . |�|

A@M*i �G �@?i* #@|@ +i}hitt�L? Lu OL�ti�L*_ W?UL4i

�bH2��bH. �5W# #@|@

+L, +LL, +LLL, +LY, +Y,

ROV z2r IH ROV z2 IH DK z2 IH DE z2 IH DK 6VOV z2 IH

Frqvwdqw 4=498@ 3=33<@ QD QD 3=367
+3=43:, +3=337, +QD, +QD, +3=334,

� 3=:;6@ 3=3<7@ 3=77;@ 3=75<@ 3=693@

+3=33;, +3=347, +3=3:4, +3=39:, +3=367,
Djh 3=334 3=393@ 3=379@ 3=37:@ 3=397@

+3=338, +3=33;, +3=33:, +3=33:, +3=336,
Djh2 �3=338 �3=3:6@ �3=399@ �3=39:@ �3=3<4@

+3=339, +3=343, +3=33;, +3=33;, +3=336,
Hgxf 3=365@ 3=358@ 3=33; 3=33<S 3=33:K

+3=336, +3=33<, +3=339, +3=339, +3=336,

v 3=736 3=659 3=699 3=697 3=678
Qrev 8<97 8<97 6<:9 6<:9 6<:9

Qrwhv= Vhh Wdeoh 4D0F1 Hvwlpdwhg vwdqgdug huuruv duh lq sduhqwkhvhv1 Wkh �uvw froxpq
uhsruwv ruglqdu| ohdvw vtxduhv hvwlpdwhv ri wkh sdudphwhuv zkhq wkhuh lv qr doorzdqfh iru
Il{hg H�hfwv1 Wkh vhfrqg froxpq uhsruwv ruglqdu| ohdvw vtxduhv hvwlpdwhv ri wkh sdudph0
whuv/ doorzlqj iru �{hg h�hfwv1 Wkh wklug dqg irxuwk froxpq uhsruwv Dqghuvrq0Kvldr +4<;5,
hvwlpdwhv dqg Duhoodqr dqg Erqg +4<<4, ri wkh sdudphwhuv/ uhvshfwlyho|1 Wkh �qdo fro0
xpq uhsruwv hvwlpdwhv ri wkh sdudphwhuv xvlqj d wkuhh vwdjh ohdvw vtxduhv yhuvlrq ri wkh
Dqghuvrq0Kvldr +4<;5, hvwlpdwru1 v uhsruwv wkh hvwlpdwhg vwdqgdug huuru ri wkh uhvlgxdo1
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�orj+f�|,��orj+f@| , @ �o+�orj+fo| ,��orj+f@| ,, . ��+�orj+f�|,��orj+f@| ,,

. �R+�orj+|R| ,��orj+f@| ,, . �[�| . ��|=

A@M*i eG �L?t�4T|�L? +�t! 5�@h�?} +i}hitt�L?t

�bH2��bH. �5W# #@|@

Uhjuhvvruv +L, +LL, +LLL, +LY ,

Djh�| =34;@ =34;@ =34;@ =34:@

+=336, +=336, +=336, +=336,
Djh2�|@433 �=353@ �=353@ �=353@ �=353@

+=336, +=336, +=336, +=336,
DIQ�| =999@ =998@ =993@ =994@

+=35;, +=35;, +=35;, +=35;,
�orj+Krxuv�|, �=368S �=367S �=378K �=377K

+=34;, +=34;, +=34;, +=34;,
�orj+fo| ,��orj+f@, =555S =54;S

+=457, +=456,
�orj+f�|,��orj+f@, =659@ =643@

+=445, +=445,
�orj+|R�|,��orj+f@, =6<;@ =6;<@

+=438, +=438,

U
2

=593 =594 =595 =596
Qrev 8<8; 8<8; 8<8; 8<8;
�o . �� =85:

^=334`
�@ =::; =9:7 =935 =3;5

^=334` ^=334` ^=334` ^=9:5`

Qrwhv= Vhh Wdeohv 5 dqg 61 U
2
lv wkh dgmxvwhg U0vtxduhg1 Wkh s0ydoxhv iru wkh whvw wkdw

�o . �� @ 3 dqg �@ @ 4 � �o � �� � �R @ 3 duh uhsruwhg lq vtxduh eudfnhwv/ lpphgldwho|
ehorz wkh fruuhvsrqglqj urz1 Wkhvh uhjuhvvlrqv zhuh hvwlpdwhg zlwk dq DU+4, huuru whup/
dqg wlph h�hfwv kdyh ehhq uhpryhg iurp wkh rehuydeoh suhihuhqfh yduldeohv/ [|1
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�orj+f�|,��orj+f@| , @ �o+�orj+fo| ,��orj+f@| ,, . ��+�orj+f�|,��orj+f@| ,,

. �R+�orj+|R| ,��orj+f@| ,, . �[�| . ��|=

A@M*i DG �L?t�4T|�L? +�t! 5�@h�?} +i}hitt�L?t

�bH2��bH. �5W# #@|@

Y duldeoh Krxvh Shqvlrq UhdoHvw= Idup@Exvlqhvv

Djh�| =353@ =353@ =343 =358@

+=336, +=337, +=33:, +=33:,
Djh2

�|
@433 �=356@ �=356@ �=345 �=35<@

+=337, +=338, +=33;, +=33;,
DIQ�| =94;@ =993@ =8;6@ =8:3@

+=365, +=369, +=38<, +=395,
�orj+Krxuv�|, �=376K �=3:4@ �=3:4K �=336

+=353, +=35:, +=36<, +=368,
�orj+fo| ,��orj+f@, =4<7 =6;4K =486 =78;S

+=466, +=487, +=55<, +=598,
�orj+f�|,��orj+f@, =63<@ =5:5S =766S =686S

+=453, +=487, +=557, +=539,
�orj+|R�|,��orj+f@, =59<K =5<5K =847@ =89<@

+=448, +=478, +=4<8, +=4;8,

U
2

=56: =59< =549 =5;6
Qrev 7::5 67:4 48:; 467<
�o . �� =836 =986 =8;: =;45

^=337` ^=335` ^=398` ^=348`
�@ =559 =386 �=434 �=6;4

^=473` ^=74:` ^=<39` ^=<56`
�R @ �o @ �� @ 3 ^=335` ^=336` ^=344` ^=335`

Qrwhv= Vhh Wdeoh 71 Wkh wrs urz uhsruwv wkh w|sh ri dvvhw khog e| krxvhkrogv lq wkh
vxe0vdpsoh1 s0ydoxhv duh uhsruwhg lq vtxduh eudfnhwv1 +�o . ��, lv wkh dprxqw ri zlwklq
lqgxvwu| dqg uhjlrq ulvn vkdulqj/ dqg lpphgldwho| ehorz lv suhvhqwhg wkh s0ydoxh iru wkh
k|srwkhvlv wklv fkdqqho ri ulvn vkdulqj lv }hur1 Hvwlpdwhv ri �@ duh uhsruwhg iurp wkh lghqwlw|=
4� �o � �� � �R1 Lpphgldwho| ehorz lv wkh s0ydoxh iurp wkh whvw ri wkh qxoo k|srwkhvlv wkdw
�@ � 3 yhuvxv wkh dowhuqdwlyh wkdw �@ A 31 Wkh �qdo urz uhsruwv wkh s0ydoxh iru wkh whvw ri
wkh qxoo k|srwkhvlv wkdw �o @ �� @ �R @ 31 Frqwlqxhg rq qh{w sdjh1
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A@M*i D EUL?|�?�i_�G �L?t�4T|�L? +�t! 5�@h�?} +i}hitt�L?t
�bH2��bH. �5W# #@|@

Erqgv ru Krxvh ru

Y duldeoh Vwrfn Vdylqjv Olih Lqvxudqfh Vwrfn

Djh�| =34:@ =34:@ =355@ =353@

+=338, +=336, +=338, +=336,
Djh2

�|
@433 �=353@ �=353@ �=358@ �=356@

+=339, +=337, +=339, +=337,
DIQ�| =947@ =9:4@ =9:8@ =969@

+=376, +=35;, +=383, +=364,
Krxuv�| =338 �=36<K �=36< �=368S

+=366, +=34<, +=367, +=353,
�orj+fo| ,��orj+f@, =839@ =544S =4;8 =4<:

+=4;:, +=459, +=543, +=45<,
�orj+f�|,��orj+f@, =496 =699@ =449 =5;<K

+=4:;, +=448, +=4<4, +=44;,
�orj+|

R

�|,��orj+f@, =3<: =764@ =584 =574K

+=49<, +=43:, +=4;6, +=446,

U
2

=599 =5:8 =55: =583
Qrev 5484 8777 4<93 8339
�o . �� =99< =8:: =635 =7;:

^=33;` ^=334` ^=5;3` ^=338`
�@ =565 �=33; =779 =5:3

^=554` ^=<97` ^=3<4` ^=3<7`
�R @ �o @ �� @ 3 ^=367` ^=334` ^=6;4` ^=337`

Qrwhv= Vhh sulru sdjh1
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