
Dfwxduldo Dgmxvwphqw Dvshfwv ri Sxeolf Shqvlrq
Vfkhphv

Ndplo Jdoxµ
fän�

FHUJH0HL/ Srolwlfn�fk yh}
q	x :/ 444 54 Sudjxh/ F}hfk Uhsxeolf
H0pdlo= ndplo1jdoxvfdnCfhujh1fxql1f}/ jdoxvfdnCyroq|1f}

Pd| 5333

Devwudfw

Lw kdv ehhq vkrzq lq hfrqrplf uhvhdufk wkdw sxeolf sd|0dv0|rx0jr gh�qhg0

ehqh�w shqvlrq sodqv shqdol}h wkrvh zkr frqwlqxh wr zrun eh|rqg d fhuwdlq

djh e| uhgxflqj wkh suhvhqw glvfrxqwhg ydoxh ri ixwxuh uhwluhphqw ehqh0

�wv1 Lq glvfxvvlrqv rq wkh h�hfwlyhqhvv ri srolflhv dlphg dw holplqdwlqj wklv

djh0ghshqghqf| lq zrunhu uhwluhphqw ghflvlrqv/ lw lv riwhq dvvxphg hlwkhu

wkdw wkh ehqh�wv lq doo ixwxuh shulrgv kdyh wkh vdph zhljkw lq wkh suhvhqw

glvfrxqwhg ydoxh ru wkdw wkh glvfrxqw udwh lv forvh wr xqlw| gxh wr orz uhdo

lqwhuhvw udwhv xvhg lq wklv fdvh1 Lq wklv sdshu zh vkrz/ xvlqj wkh h{dpsoh

ri wkh X1V1 shqvlrq vfkhph/ wkdw glvfrxqwlqj sod|v d fuxfldo uroh/ vlqfh wkh

irupxod iru wkh suhvhqw glvfrxqwhg ydoxh ri ixwxuh uhwluhphqw ehqh�wv lv

vhqvlwlyh wr wkh glvfrxqw udwh xvhg1 Xvlqj glvfrxqw udwhv ghulyhg iurp uhdo

lqwhuhvw udwhv lq 4<<:/ zh �qg wkdw wkh dqqxdo ghod|hg uhwluhphqw fuhglw

e| zklfk uhwluhphqw ehqh�wv vkrxog eh lqfuhdvhg wr frpshqvdwh iru orvw

ehqh�wv lv dw ohdvw 58( juhdwhu wkdq lw lv lq wkh fdvh zkhq glvfrxqwlqj

lv qhjohfwhg1 Pruhryhu zkhq dffrxwlqj iru ulvn dyhuvlrq wrzdugv olihwlph

xqfhuwdlqw|/ wkh rswlpdo ghod|hg uhwluhphqw fuhglw lv lqfuhdvhg e| 48058(1

Rxu uhvxowv lqglfdwh wkdw wkh X1V1 shqvlrq vfkhph lv qrw djh qhxwudo eh0

wzhhq djhv 95 dqg 981 Wklv pd| h{sodlq wkh shdn lq oderu irufh zlwkgudzdo

revhuyhg dw djh 951

�L zrxog olnh wr wkdqn Udqgdoo Ilohu/ Mdq Nphqwd/ Vwhsdq Mxudmgd/ dqg Shwu Gxf}|qvnl iru
wkhlu khosixo frpphqwv dqg vxjjhvwlrqv1 D sduw ri wklv zrun zdv vxssruwhg e| wkh Uhvhdufk
Vxssruw Vfkhph ri wkh Rshq Vrflhw| Vxssruw Irxqgdwlrq/ judqw Qr1 46624<<;1 L uhpdlq
uhvsrqvleoh iru doo huuruv dqg lqwhusuhwdwlrqv1
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41 Lqwurgxfwlrq

Wkh oderu pdunhw ehkdylru ri roghu zrunhuv lv dwwudfwlqj wkh dwwhqwlrq ri pdq|
hfrqrplvwv qrz wkdw srolflhv dlphg dw d�hfwlqj vxfk ehkdylru kdyh ehfrph dq
lpsruwdqw sduw ri srolf|0uhodwhg ghedwhv1 Ghfolqlqj oderu irufh sduwlflsdwlrq lq
wkh srvwzdu X1V1 hfrqrp| +Shudffkl dqg Zhofk/ 4<<7, dqg lq rwkhu ghyhorshg
hfrprplhv/ dorqj zlwk lqfuhdvlqj olih h{shfwdqf|/ kdyh fdxvhg �vfdo whqvlrqv lq
�qdqflqj sxeolf shqvlrqv14 Lq rughu wr frpedw wkhvh gl!fxowlhv/ srolflhv wr lq0
fuhdvh oderu irufh sduwlflsdwlrq ri roghu zrunhuv dqg wr hqfrxudjh odwh uhwluhphqw
kdyh ehhq lqwurgxfhg lq wkh odvw wzr ghfdghv15 Uhfhqw hylghqfh rq wkh oderu
pdunhw ehkdylru ri roghu zrunhuv lq wkh X1V1 dqg vrph rwkhu RHFG frxqwulhv
+Vphhglqj dqg Txlqq/ 4<<:, kdv vkrzq wkdw wkh grzqzdug wuhqg lq wkhlu od0
eru irufh sduwlflsdwlrq vwrsshg lq wkh plg04<;3v dqg wkdw hyhq d voljkw lqfuhdvh
zdv revhuyhg wkhuhdiwhu1 Wklv kdv uhylyhg glvfxvvlrqv derxw wkh h�hfwlyhqhvv ri
sur0zrun srolflhv1

Hfrqrplf uhvhdufk kdv vkrzq wkdw sxeolf sd|0dv0|rx0jr gh�qhg0ehqh�w +GE,
shqvlrq sodqv lq zklfk wkh dprxqw ri wkh ehqh�w lv ghwhuplqhg e| zdjhv lq wkh
ihz |hduv sulru wr uhwluhphqw dqg wkh qxpehu ri |hduv ri frqwulexwlqj wr wkh shq0
vlrq sodq kdyh lpsruwdqw uhwluhphqw lqfhqwlyhv ru glvlqfhqwlyhv eh|rqg d fhuwdlq
djh +Vwrfn dqg Zlvh/ 4<<3,1 Pdq| GE sodqv shqdol}h zrunhuv zkr frqwlqxh zrun0
lqj eh|rqg d fhuwdlq djh e| uhgxflqj wkh suhvhqw glvfrxqwhg ydoxh ri wkhlu ixwxuh
uhwluhphqw ehqh�wv1 Sur0zrun srolflhv/ krzhyhu/ lqfrusrudwh fkdqjhv zklfk holp0
lqdwh wkhvh lqfhqwlyhv wr uhwluh dqg pd| hyhq lqwurgxfh dq dgglwlrqdo lqfhqwlyh wr
vwd| lq wkh oderu pdunhw1 Wkh sdudphwhu ri lqwhuhvw khuh lv wkh dfwxduldo dgmxvw0
phqw udwh dw zklfk wkh xqsdlg ehqh�wv ri dq lqglylgxdo zkr lv holjleoh iru dqg
grhv qrw uhfhlyh d shqvlrq duh frpshqvdwhg lq wkh ixwxuh1 Wkh lghd lv wr nhhs wkh
suhvhqw glvfrxqwhg ydoxh ri ixwxuh uhwluhphqw ehqh�wv wkh vdph/ holplqdwlqj lwv
ghshqghqf| rq wkh djh ri uhwluhphqw1

Wkh uhodwlrq ehwzhhq glvfrxqw udwhv dqg uhdo lqwhuhvw udwhv fdq eh h{sodlqhg
erwk e| lqyhvwlqj dqg eruurzlqj lq fdslwdo pdunhwv16 Dvvxph wkh ohqjwk ri olih
lv nqrzq1 Zkhq uhdo lqwhuhvw udwhv o duh }hur ru qhjdwlyh/ wkh glvfrxqw udwh q
htxdov ru lv juhdwhu wkdq xqlw|/ vxfk wkdw q ' �* E� n o�1 Li wkhuh duh srvlwlyh uhdo

4Zruog Edqn Uhsruw +4<<7, ghvfulehv srwhqwldo sureohpv ri wkh djhlqj srsxodwlrq lq wkh
zruog0zlgh frqwh{w dqg suhvhqwv sursrvdov wr uhirup shqvlrq v|vwhpv1

5Iru dq ryhuylhz ri wkhvh srolflhv lqwurgxfhg lq wkh X1V1/ vhh Exunkdxvhu dqg Txlqq +4<<:,1
6Lqyhvwlqj lq fdslwdo pdunhwv phdqv ohqglqj dydlodeoh �qdqfldo vrxufhv e| lqglylgxdov lq wkh

irup ri ghsrvlwv/ iru h{dpsoh1 Eruurzlqj/ rq wkh rwkhu kdqg/ wdnhv wkh irup ri ordqv dqg fuhglwv1
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lqwhuhvw udwhv/ lqglylgxdov pd| suhihu wr kdyh dffhvv wr wkhlu �qdqfldo vrxufhv lq wkh
fxuuhqw wlph shulrg udwkhu wkdq lq wkh ixwxuh/ dqg hduq wkh uhdo lqwhuhvw udwh1 Wkh
glvfrxqw udwh dw zklfk ixwxuh uhwluhphqw ehqh�wv duh hydoxdwhg idoov ehorz xqlw| lq
wklv fdvh1 Zh pd| frqfoxgh wkdw uhwluhphqw lv ohvv olnho| wr eh ghod|hg zkhq kljk
srvlwlyh uhdo lqwhuhvw udwhv duh revhuyhg1 Dq dowhuqdwlyh h{sodqdwlrq ri wkh uhodwlrq
ehwzhhq glvfrxqw udwhv dqg uhdo lqwhuhvw udwhv frphv iurp wkh vlgh ri eruurzlqj1
Dq lqglylgxdo pd| fkrrvh wr srvwsrqh uhwluhphqw dqg eruurz lq fdslwdo pdunhwv wr
dfklhyh klv ghvluhg �qdqfldo sdwk1 Wkh udwh dw zklfk ixwxuh uhwluhphqw ehqh�wv duh
glvfrxqwhg lv ghwhuplqhg e| uhdo lqwhuhvw udwhv rq eruurzlqj lq wklv fdvh1 Kljkhu
uhdo lqwhuhvw udwhv rq eruurzlqj ghfuhdvh wkh zloolqjqhvv wr ghod| uhwluhphqw1

Wkhvh wzr h{sodqdwlrqv uho| rq wkuhh dvvxpswlrqv1 Iluvwo|/ wkhuh duh qr �{hg
frvwv ri zrun vr wkdw d zrunhu fdq iuhho| fkrrvh wkh oderu vxsso|1 Vhfrqgo|/ wkhuh
duh qr frqvwudlqwv rq eruurzlqj dqg ohqglqj vxfk wkdw d zrunhu lv deoh wr dfklhyh
wkh ghvluhg �qdqfldo sdwk lq fdslwdo pdunhwv/ dqg �qdoo|/ uhwluhphqw ehqh�wv duh
lqgh{hg wr lq dwlrq1 Erwk wkh h{sodqdwlrqv surylgh wkh vdph suhglfwlrqv rq wkh
vl}h ri wkh glvfrxqw udwh li uhdo lqwhuhvw udwhv rq eruurzlqj dqg ohqglqj duh wkh
vdph1

Edvhg rq wkhvh dvvxpswlrqv/ zh pd| hydoxdwh wkh frvwv dqg ehqh�wv ri lq0
wurgxflqj d srolf| wkdw uhpryhv wkh djh ghshqghqf| ri wkh dfwxduldo dgmxvwphqw1
Vxssrvh wkdw wkhuh lv d glvlqfhqwlyh wr uhwluh eh|rqg d fhuwdlq djh vxfk wkdw doo
zrunhuv uhwluh dw wkdw djh1 Vxssrvh ixuwkhu wkdw d ghod|hg uhwluhphqw fuhglw vxfk
wkdw wkh suhvhqw glvfrxqwhg ydoxh ri ixwxuh uhwluhphqw ehqh�wv grhv qrw ghshqg
rq wkh djh ri uhwluhphqw lv lqwurgxfhg1 Lq wklv fdvh/ wkhuh duh qr dgglwlrqdo frvwv
wr lqwurgxflqj wklv srolf|1 Lq idfw/ wkh lqfuhdvhg oderu vxsso| udlvhv wd{ uhyhqxhv
iurp dgglwrqdo zrun dv zhoo dv vwdwh uhyhqxhv iurp wkh vrfldo vhfxulw| lqvxudqfh
sd|phqwv1 Wklv lpsolhv wkdw vxfk d sur0zrun srolf| vkrxog kdyh idyrudeoh dgydq0
wdjhv iru wkh vwdwh �qdqflqj ri shqvlrqv1

Wkh h{dpsoh jlyhq deryh grhv qrw dffrxqw iru srvw0uhwluhphqw zrun1 Li d shq0
vlrqhu zrunv/ frqvwudlqwv rq holjlelolw| iru uhwluhphqw ehqh�wv duh riwhq lpsrvhg/
iru h{dpsoh olplwv rq hduqlqjv +wkh hduqlqjv whvw,1 Lq wklv fdvh/ ehqh�wv duh qrw
sdlg li wkh lqfrph iurp srvw0uhwluhphqw zrun h{fhhgv d fhuwdlq olplw1 Ixwxuh uh0
wluhphqw ehqh�wv duh wkhq lqfuhdvhg wr frpshqvdwh iru wkh xqsdlg ehqh�wv1 Wkh
hduqlqjv whvw lv lq wklv zd| vlplodu wr odwh uhwluhphqw1 Li wkh frpshqvdwlrq fuhglw
lv kljk hqrxjk vxfk wkdw wkh suhvhqw glvfrxqwhg ydoxh ri ixwxuh uhwluhphqw ehqh�wv
lv wkh vdph/ qr fkdqjh lq wkh oderu vxsso| lv h{shfwhg zkhq wkh hduqlqjv whvw lv
lqwurgxfhg1

Lq wklv sdshu zh lqwurgxfh ulvn dyhuvlrq lq wkh xwlolw| ri olihwlph dqg �qg wkdw
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wkh h�hfwlyh wlph krul}rq lv vkruwhu iru ulvn dyhuvh wkdq iru ulvn qhxwudo lqglylgxdov1
Xvlqj wkh h{dpsoh ri wkh X1V1 shqvlrq vfkhph zh vkrz wkdw glvfrxqwlqj sod|v d
fuxfldo uroh vlqfh wkh irupxod iru wkh ghod|hg uhwluhphqw fuhglw e| zklfk ixwxuh
ehqh�wv duh lqfuhdvhg lq wkh fdvh ri odwh uhwluhphqw lv vhqvlwlyh wr wkh glvfrxqw udwh
xvhg1 Ilqdoo|/ zh frpsxwh wkh rswlpdo ydoxhv ri wkh ghod|hg uhwluhphqw fuhglw iru
sduwlfxodu sdudphwhuv lq wkh fdvh ri ulvn qhxwudolw| dqg lq wkh fdvh ri ulvn dyhuvlrq1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 surylghv d eulhi ryhuylhz ri
wkh olwhudwxuh rq wklv wrslf1 Wkh qh{w vhfwlrq dqdo|}hv wkh dfwxduldo dgmxvwphqw
phfkdqlvp dqg lqwurgxfhv ulvn dyhuvlrq1 Wkh rswlpdo sdudphwhuv lq wkh fdvhv ri
ulvn qhxwudolw| dqg ulvn dyhuvlrq duh irxqg xvlqj wkh h{dpsoh ri wkh X1V1 shqvlrq
v|vwhp lq Vhfwlrq 71 Wkh odvw vhfwlrq dvvhvvhv srolf|0uhodwhg �qglqjv dqg frqfoxghv
wkh vwxg|1

51 Vxuyh| ri Olwhudwxuh

Dowkrxjk wkh djh0qhxwudo shqvlrq uxoh vkrxog qrw lq wkhru| d�hfw wkh oderu vxsso|
ri roghu zrunhuv/ qxphurxv vwxglhv surylgh hylghqfh wr wkh frqwudu|1 Wkh X1V1
shqvlrq vfkhph lv djh qhxwudo ehwzhhq djhv 95 dqg 98/7 exw d shdn lq wkh oderu
irufh zlwkgudzdo dw wkh djh 95 lv vwloo revhuyhg +Eodx/ 4<<7,1 H{sodqdwlrqv ri wklv
skhqrphqrq fdoohg �wkh uhwluhphqw sx}}oh� hlwkhu uho| rq oltxlglw| frqvwudlqwv
+Ndkq/ 4<;;/ Uxvw dqg Skhodq/ 4<<:, ru surylgh hylghqfh wkdw d odfn ri sduw0wlph
mrev dqg wkh �{hg frvwv ri zrun duh uhvsrqvleoh iru wkh zlwkgudzdo iurp wkh oderu
pdunhw +Kxug/ 4<<9,1 Rwkhu vwxglhv surylgh hylghqfh wkdw wkh zrunhu*v shufhswlrq
ri wkh dgmxvwphqw phfkdqlvp lv uhvsrqvleoh iru wkh oderu irufh zlwkgudzdo1 Wkxv/
Exuwohvv dqg Pr!ww +4<;8, frqfoxgh wkdw wkh dgmxvwphqw uxoh iru wkh iruhjrqh
ehqh�wv lv zlgho| xquhfrjql}hg1 Uhlphuv dqg Krqlj +4<<6, lqyhvwljdwh wkh uroh
ri wlph suhihuhqfhv lq wkh oderu vxsso| zkhq wkh hduqlqjv whvw lv lq h�hfw1 Wkh|
vkrz wkdw wkh h�hfwlyh wlph krul}rq lv fuxfldo lq wkh oderu vxsso| ghflvlrqv ri
roghu zrunhuv1 Wkh| dovr �qg vljql�fdqw gl�huhqfhv ehwzhhq pdoh dqg ihpdoh
oderu vxsso| uhvsrqvhv wr wkh hduqlqjv whvw uxoh1

Zklwhkrxvh +4<<3, dqdo|}hv wkh uhprydo ri wkh hduqlqjv whvw lq wkh Xqlwhg
Nlqjgrp lq 4<;<1 Kh �qgv wkdw wkh frpshqvdwlrq iru xqsdlg ehqh�wv lq wkh
fdvhv ri odwh uhwluhphqw dqg wkh hduqlqjv whvw lv idlu iru zrphq/ exw qrw iru phq

7Wkh dfwxduldo lqfuhdvh lq uhwluhphqw ehqh�wv lv ;( shu |hdu ehwzhhq djhv 95 dqg 98/ dqg
zdv 6( shu |hdu ehwzhhq djhv 98 dqg :3 sulru wr 4<<31 Dffruglqj wr wkh 4<;6 dphqgphqwv wr
wkh Vrfldo Vhfxulw| Dfw/ ehjlqqlqj lq 4<<3 wkh dfwxduldo lqfuhdvh kdv ehhq judgxdoo| udlvhg dqg
zloo uhdfk ;( shu |hdu e| 533;1 Vhh/ iru h{dpsoh/ Uhlphuv dqg Krqlj +4<<6, iru ghwdlov1
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ehfdxvh wkh r!fldo uhwluhphqw djh lv orzhu iru ihpdohv wkdq iru pdohv/ zkloh zrphq
olyh orqjhu wkdq phq lq wkh X1N1 Klv fdofxodwlrqv duh edvhg rq dvvxpswlrqv wkdw
wkhuh lv qr glvfrxqwlqj ri ixwxuh uhwluhphqw ehqh�wv/ dqg wkdw olihwlph htxdov olih
h{shfwdqf|1

Dwwhqwlrq vkrxog eh ghyrwhg wr txhvwlrqv uhodwhg wr glvfrxqw udwhv dqg wlph
suhihuhqfhv18 Lq pd{lpl}dwlrq sureohpv ri wlph vhsdudeoh xwlolw| ixqfwlrqv ri frq0
vxpswlrq/ vxemhfwlyh wlph glvfrxqw udwhv kdyh wudglwlrqdoo| ehhq ohvv wkdq xqlw| lq
olih f|foh prghov zlwk fhuwdlq ru xqfhuwdlq olihwlphv1 Krzhyhu/ lq dq ryhuodsslqj
vhwwlqj wkhuh duh qr uhvwulfwlrqv rq wkh vl}h ri wkh udwh ri wlph suhihuhqfhv1 Iru
h{dpsoh/ Nrfkhuodnrwd +4<<3, vkrzv wkdw htxloleuld zlwk srvlwlyh lqwhuhvw udwhv
h{lvw lq lq�qlwh krul}rq jurzwk hfrqrplhv lq zklfk shu fdslwd frqvxpswlrq jurzv
ryhu wlph1 Lq wkhvh hfrqrplhv/ lqglylgxdov suhihu frqvxplqj wrgd| udwkhu wkdq lq
wkh ixwxuh/ hyhq wkrxjk wkh vxemhfwlyh wlph glvfrxqw udwh lv odujhu wkdq rqh1

Wkh hpslulfdo hylghqfh vxjjhvwv wkdw d vxemhfwlyh wlph glvfrxqw udwh juhdwhu
wkdq xqlw| lv sodxvleoh1 Lpurkrurjox/ hw do1 +4<<;, surylgh dq lqvwuxfwlyh ryhuylhz
ri wklv wrslf1 Lqfrusrudwlqj pruwdolw| ulvn lqwr d olih f|foh prgho dqg dvvxplqj dq
lqwhuhvw udwh ri 3136/ Kxug*v +4<;<, qrqolqhdu 5VOV hvwlpdwhv xvlqj sdqho gdwd iurp
wkh Uhwluhphqw Klvwru| Vxuyh| gholyhu d vxemhfwlyh wlph glvfrxqw udwh ri 413441
Kxug +4<;<, dovr glvfxvvhv wkh uhodwlrq ehwzhhq vxemhfwlyh wlph glvfrxqw udwhv
4 dqg glvfrxqw udwhv q ghulyhg iurp uhdo lqwhuhvw udwhv1 Dowkrxjk lw lv srvvleoh
wr fodlp wkdw 4 	 q/ vrph vwxglhv ri jurzwk prghov lpso| wkdw 4 : q +vhh iru
h{dpsoh Nrfkhuodnrwd/ 4<<3/ ru Kxug/ 4<;<,1

Olihwlph xqfhuwdlqw| kdv ehhq lqwurgxfhg lq olih f|foh prghov wr uhfrqfloh wkh
idfw revhuyhg lq furvv vhfwlrqv wkdw wkh hoghuo| vhhp qrw wr glvvdyh dw dgydqfhg
djhv1 Lq klv slrqhhulqj frqwulexwlrq \ddul +4<98, �qgv wkdw lq dq hfrqrp| zlwkrxw
vrfldo vhfxulw| dqqxlwlhv/ wkh ixwxuh lv glvfrxqwhg pruh khdylo| wkdq lw zrxog eh
zlwk d fhuwdlq olihwlph li wkh pdujlqdo xwlolw| ri frqvxpswlrq h{fhhgv wkh pdujlqdo
xwlolw| ri ehtxhvwv/ zkloh ehtxhvwv duh dfflghqwdo gxh wr wkh xqfhuwdlqw| ri vxuylydo1
Wkh lqwurgxfwlrq ri dqqxlwlhv lv htxlydohqw wr wkh uhprydo ri olihwlph xqfhuwdlqw|1
Krzhyhu/ olihwlph xqfhuwdlqw| lv lpsruwdqw zkhq hydoxdwlqj wkh h!flhqf| ri wkh
dfwxduldo dgmxvwphqw lq wkh shqvlrq vfkhph/ vlqfh wkh ohqjwk ri wkh shulrg ryhu
zklfk dgmxvwhg uhwluhphqw ehqh�wv duh uhfhlyhg lv fuxfldo lq dvvhvvlqj wkh h!flhqf|
ri wkh dgmxvwphqw phfkdqlvp1

8Wkh gl�huhqfh ehwzhhq wlph suhihuhqfhv dqg glvfrxqw udwhv lv ghvfulehg lq Kxug +4<;<,1
Wlph suhihuhqfhv hqwhu wkh xwlolw| pd{lpl}dwlrq sureohp/ zkloh glvfrxqw udwhv � ghulyhg iurp
uhdo lqwhuhvw udwhv dv � @ 4@ +4 . u, duh lpsohphqwhg lq wkh exgjhw frqvwudlqw1
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61 Dqdo|vlv ri wkh Dfwxduldo Dgmxvwphqw

Dv zh phqwlrqhg lq Vhfwlrq 5/ gh�qhg0ehqh�w shqvlrq sodqv pd| kdyh lqfhqwlyh
ru glvlqfhqwlyh h�hfwv rq zrunhuv* ghflvlrqv wr uhwluh1 Wkh sduwlfxodu vlwxdwlrq
ghshqgv rq wkh sdudphwhuv ri wkh shqvlrq vfkhph1 Lq wklv vhfwlrq zh dqdo|}h
wkh lpsdfw ri wkhvh sdudphwhuv rq wkh idluqhvv ri dfwxduldo dgmxvwphqw lq wkh
fdvhv ri odwh uhwluhphqw dqg wkh hduqlqjv whvw1 Zh lqwurgxfh d jhqhudo irupxod
iru dgmxvwlqj wkh ixwxuh ehqh�wv dqg dqdo|}h wkh lpsolflw ixqfwlrq iru wkh rswlpdo
ghod|hg uhwluhphqw fuhglw lq wkh fdvh ri fhuwdlq olihwlph1 Zh wkhq prgho xqfhuwdlq
olihwlph e| lqwurgxflqj wkh ulvn suhplxp lqwr wkh xwlolw| dvvrfldwhg zlwk wkh ohqjwk
ri olih1 Zh dvvhvv krz wkh ulvn dyhuvlrq wr xqfhuwdlq olihwlph d�hfwv wkh lqglylgxdo
h�hfwlyh wlph krul}rq1

6141 Jhqhudo Iudphzrun

Vxssrvh d zrunhu lv holjleoh iru uhwluhphqw ehqh�wv �E-f� dw wkh orzhvw uhwluhphqw
djh -f1

9 Li wkh zrunhu uhwluhv dw djh -/ vxfk wkdw - : -f/ kh uhfhlyhv ehqh�wv
�E-�/ vxfk wkdw �E-� : �E-f�1 Wkh phfkdqlvp ri wklv dfwxduldo dgmxvwphqw
iru wkh xqsdlg uhwluhphqw ehqh�wv lq wkh shulrg iurp -f wr - lv idlu +ru djh0
qhxwudo, li wkh suhvhqw glvfrxqwhg ydoxh ri ixwxuh uhwluhphqw ehqh�wv dw djh -f lv
wkh vdph dv dw djh -1: Zh qrz lqwurgxfh d wlph yduldeoh |/ vxfk wkdw | ' f dw
djh -f1 Ghqrwlqj wkh qxpehu ri |hduv ri odwh uhwluhphqw o ' - � -f/ zh gh�qh
�Ef� � �E-f� dqg �Eo� ' �Eo n f� � �Eo n -f� ' �E-�1 Vxssrvh wkh olihwlph
A lv fhuwdlq/ dqg f 	 o 	 A /; dqg ghqrwh q d glvfrxqw udwh/ f 	 q � �1 Wkh
dfwxduldo dgmxvwphqw lv idlu li dqg rqo| li

A3�[
|'f

�Ef�q| '
A3�[
|'o

�Eo�q|c +614,

zkhuh �Eo� duh uhwluhphqw ehqh�wv qrw ghshqghqw rq shulrg |1<

9Zh ghqrwh wkh orzhvw djh dw zklfk dq lqglylgxdo lv holjleoh iru rog djh ehqh�wv dv wkh orzhvw
uhwluhphqw djh1 Wkh r!fldo uhwluhphqw djh lv wkh orzhvw uhwluhphqw djh vshfl�hg lq wkh odz1 Wkh
orzhvw uhwluhphqw djh lv juhdwhu ru htxdo wr wkh r!fldo uhwluhphqw djh1

:Lqglylgxdo vxevfulswv duh rplwwhg1
;Lqglylgxdov pd| frqvlghu doo nqrzq idfwruv wkdw hqwhu wkhlu lqglylgxdo h{shfwhg olihwlph1

Lq wklv zrun/ zh wdnh W dv wkh h{shfwhg olihwlph iru wkh wrwdo srsxodwlrq ru iru d sduwlfxodu
srsxodwlrq jurxs1

<
E+u, lv frqvwdqw lq uhdo whupv vlqfh lw lv lqgh{hg wr lq dwlrq e| dvvxpswlrq1 Lq htxdwlrq

+614,/ wkh odvw shulrg lq zklfk d shuvrq olyhv dqg uhfhlyhv uhwluhphqw ehqh�wv lv W � 41 Doo wkh
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Ohw xv lqwurgxfh wr wkh htxdwlrq +614, wkh irupxod iru uhwluhphqw ehqh�wv �Eo�
lq d jhqhudo irup

�Eo� ' E� n _o�K� +615,

Wkh ehqh�w lv �Ef� ' K li uhwluhphqw rffxuv dw wkh djh ri uhwluhphqw -f1 Wkh
ehqh�w lv lqfuhdvhg lq wkh fdvh ri uhwluhphqw dw dq djh eh|rqg wkh orzhvw uhwluhphqw
djh -f e| _o shufhqw/ zkhuh _ lv wkh ghod|hg uhwluhphqw fuhglw1

Vxevwlwxwlqj +615, lq +614, dqg uhduudqjlqj wkh whupv |lhogv

o3�[
|'f

q| '
A3�[
|'o

_oq|c +616,

iurp zklfk lw iroorzv wkdw

qo n _oqo � _oqA � � ' fc +617,

ru iru q ' �
� n _o � _A ' f� +618,

Wkh htxdwlrqv +617, dqg +618, uhsuhvhqw lpsolflw ixqfwlrqv iru wkh rswlpdo gh0
od|hg uhwluhphqw fuhglw _ dqg wkh rswlpdo djh ri uhwluhphqw - ' -fn o jlyhq wkh
qxpehu ri |hduv o e| zklfk uhwluhphqw lv ghod|hg/ wkh glvfrxqw udwh q/ dqg wkh
olihwlph A 1

Ehiruh dqdo|}lqj wkh htxdwlrqv +617, dqg +618,/ lw vkrxog eh qrwhg wkdw wkh
htxdwlrq +617, lv d wudqvfhqghqwdo ixqfwlrq lq wkh qxpehu ri |hduv ri odwh uhwluhphqw
o dqg wkdw wkh dqdo|wlfdo vroxwlrq iru o lv kdug wr �qg1 Wkhuhiruh/ zh irfxv rq
�qglqj wkh ydoxh ri wkh rswlpdo ghod|hg uhwluhphqw fuhglw _1 Wkhq zh dqdo|}h wklv
ixqfwlrq zlwk uhvshfw wr sdudphwhuv A / o/ dqg q1

Wkh irupxod iru wkh rswlpdo ghod|hg uhwluhphqw fuhglw fdq eh hdvlo| zulwwhq
iurp htxdwlrqv +617, dqg +618, dv

_ '
�

o

qo � �

qA � qo
c +619,

dqg iru q ' �

_ '
�

A � o
� +61:,

iroorzlqj uhvxowv fdq eh uhirupxodwhg e| vxevwlwxwlqj W lqvwhdg ri W � 41

:



Gl�huhqwldwlqj wkhvh htxdwlrqv zlwk uhvshfw wr olihwlph A |lhogv

Y_

YA
' �

�

o

qo � ��
qA � qo

�2qA *?q 	 fc +61;,

dqg iru q ' �
Y_

YA
' �

�

EA � o�2
	 f� +61<,

Erwk wkh htxdwlrqv +619, dqg +61:, duh ghfuhdvlqj ixqfwlrqv lq wkh olih h{0
shfwdqf| A 1 D orqjhu shulrg ri froohfwlqj wkh dgmxvwhg ehqh�wv ghfuhdvhv wkh
ghod|hg uhwluhphqw fuhglw uhtxluhg1

Vlploduo|/ gl�huhqwldwlqj wkh htxdwlrqv +619, dqg +61:, zlwk uhvshfw wr o |lhogv

Y_

Yo
' �

�

o2
qo � �

qA � qo
n

�

o

qo *?q
�
qA � �

�
�
qA � qo

�2 : fc +6143,

dqg iru q ' �
Y_

Yo
'

�

A � o
: f� +6144,

Wkh surri wkdw wkh ixqfwlrq +619, lqfuhdvhv lq o lv jlyhq lq wkh Dsshqgl{1 Iru d
sduwlfxodu glvfrxqw udwh dqg olih h{shfwdqf|/ wkh ghod|hg uhwluhphqw fuhglw wkdw
vkrxog eh dssolhg wr frpshqvdwh wkh shqvlrqhu iru wkh xqsdlg ehqh�wv lqfuhdvhv
zkhq d |hdu ri uhwluhphqw lv juhdwhu1

Gl�huhqwldwlqj wkh htxdwlrq +619, zlwk uhvshfw wr wkh glvfrxqw udwh |lhogv

Y_

Yq
'

oqo3�
�
qA � �

�
� AqA3� Eqo � ��

o
�
qA � qo

�2 	 f� +6145,

Wkh surri wkdw wkh htxdwlrq +619, ghfuhdvhv lq wkh glvfrxqw udwh q lq wkh lqwhuydo
iurp }hur wr rqh lv surylghg lq wkh Dsshqgl{1 Wklv vxssruwv wkh h{sodqdwlrq wkdw
dq lqfuhdvlqj glvfrxqw udwh orzhuv wkh rswlpdo ghod|hg uhwluhphqw fuhglw1

6151 Xqfhuwdlq Olihwlph

Zh duh qrz deoh wr lqwurgxfh olihwlph xqfhuwdlqw|1 Lq wklv zrun/ zh xvh d vwrfkdv0
wlf olihwlph wkdw hqwhuv d vlpsoh xwlolw| ixqfwlrq1 Wkh h{shfwhg xwlolw| iurp wkh
vwrfkdvwlf olihwlph lv frpsduhg wr wkh xwlolw| ri d sduwlfxodu h�hfwlyh wlph krul0
}rq1 Lq rwkhu zrugv/ zh duh orrnlqj iru wkh fhuwdlqw| htxlydohqw ri wkh vwrfkdvwlf
olihwlph1

;



Vxssrvh wkh vwrfkdvwlf ohqjwk ri olih lq wkh wlph shulrg | eh hA ' A n 0/
zkhuh A ' . EA m A : |� lv wkh frqglwlrqdo h{shfwhg olihwlph dw wlph shulrg |/
dqg 0 lv d udqgrp whup zlwk }hur phdq dqg �qlwh yduldqfh j2

01 Dvvxph d wzlfh

gl�huhqwldeoh xwlolw| �
�hA� lv dvvljqhg wr hA 1 Wkh nh| sdudphwhu lv d ulvn suhplxp

4
�
Ac 0

�
lqwurgxfhg dv

.�
�hA� � .�

�
A n 0

�
' �

�
A � 4

�
A c 0

��
� . EAess� � +6146,

Wkh h�hfwlyh olihwlph Aess ' A � 4
�
Ac 0

�
lv d fhuwdlq olihwlph zkrvh xwlolw| lv wkh

vdph dv wkh h{shfwhg xwlolw| ri vwrfkdvwlf olihwlph hA 1
Wkh xwlolw| ri olihwlph hA fdq eh h{sdqghg xvlqj wkh Wd|oru vhulhv dv

�
�
A n 0

�
r �

�
A
�
n 0

Y�
�
A
�

YA
n

02

2

Y2�
�
A
�

YA 2
� +6147,

Dsso|lqj wkh h{shfwhg ydoxhv/ wkh htxdwlrq +6147, ehfrphv

.�
�
A n 0

�
r �

�
A
�
n

j2

0

2

Y2�
�
A
�

YA 2
� +6148,

Dvvxplqj 4
�
A c 0

�
� A / wkh uljkw kdqg vlgh ri wkh htxdwlrq +6146, lv

�
�
A � 4

�
Ac 0

��
r �

�
A
�
� 4

�
A c 0

� Y� �A�
YA

� +6149,

Ilqdoo|/ lw iroorzv iurp wkh htxdwlrqv +6146,/ +6148,/ dqg +6149, wkdw wkh ulvn suh0
plxp htxdov

4
�
Ac 0

�
' �

j2

0

2

Y2�EA�
YA 2

Y�EA�
YA

� +614:,

Dv zh revhuyh/ wkh ulvn suhplxp ghshqgv rq erwk wkh �uvw dqg vhfrqg ghulydwlyhv
ri wkh xwlolw| ixqfwlrq gh�qhg dw wkh phdq olihwlph dqg rq wkh yduldqfh ri wkh
glvwulexwlrq ri olihwlph1

Zh duh deoh wr ixuwkhu dqdo|}h wkh htxdwlrq +614:, iru d sduwlfxodu irup ri
xwlolw|1 Zh wkhuhiruh lqwurgxfh wkh frqvwdqw uhodwlyh ulvn dyhuvlrq xwlolw| ixqfwlrq

�
�hA� '

hA �3�

�� �
+614;,

<



zlwk wkh frh!flhqw ri ulvn dyhuvlrq � ehlqj }hur iru ulvn qhxwudo lqglylgxdov/ srv0
lwlyh iru wkrvh zkr duh ulvn dyhuvh/ dqg qhjdwlyh iru ulvn orylqj lqglylgxdov143

Vxevwlwxwlqj +614;, lqwr +614:, |lhogv

4
�
Ac 0

�
'

j20
2

�

A
� +614<,

Wkh h�hfwlyh wlph krul}rq lv wkhq

Aess ' A �
j20
2

�

A
� +6153,

Lw ghshqgv rq wkh frh!flhqw ri ulvn dyhuvlrq �/ rq wkh h{shfwhg olihwlph A / dqg
rq wkh yduldqfh j20 ri wkh glvwulexwlrq ri vwrfkdvwlf olihwlph1 Zh fdq qrz zulwh
wkh htxdwlrq +6153, xvlqj wkh h{shfwhg ydoxhv dv

Aess ' . EA m A : |��
�

2

. EA 2 m A : |�� .2 EA m A : |�

. EA m A : |�
� +6154,

Dvvxplqj wkdw wkh vwrfkdvwlf olihwlph hA fdq eh ghvfulehg e| d glvwulexwlrq ixqfwlrq
s EA � gh�qhg iurp }hur wr wkh whuplqdo djh A4@ / wkh h{shfwhg olihwlph dw wlph
shulrg | lv

A '

A4@ U
|

As EA � _A

A4@ U
|

s EA � _A

c +6155,

dqg wkh yduldqfh dw shulrg | htxdov

j20 '

A4@ U
|

A 2s EA � _A

A4@ U
|

s EA � _A

�

3
EEEC

A4@ U
|

As EA � _A

A4@ U
|

s EA � _A

4
FFFD

2

� +6156,

Zh kdyh vhhq wkdw wkh lqglylgxdo ulvn dyhuvlrq wrzdugv olihwlph xqfhuwdlqw|
fdq eh prghoohg xvlqj wkh ulvn suhplxp lq wkh xwlolw| ri olihwlph1 Lw iroorzv iurp
wkh htxdwlrq +6153, wkdw lq wkh fdvh ri qr ulvn dyhuvlrq +� ' f,/ wkh h�hfwlyh
wlph krul}rq idfhg e| dq lqglylgxdo htxdov wkh h{shfwhg olihwlph/ zkloh ulvn dyhuvh
lqglylgxdov +� : f, idfh dq h�hfwlyh wlph krul}rq wkdw lv vkruwhu wkdq wkh h{shfwhg
olihwlph1

43Wklv xwlolw| ixqfwlrq lv zlgho| xvhg lq wkh olwhudwxuh1 Vhh iru h{dpsoh/ Kxug +4<;<,/ Ohxqj
+4<<7,/ Lpurkrurjox/ hw do1 +4<<;,1
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71 Uhvxowv

Lq wklv vhfwlrq zh �qg wkh ixqfwlrqdo irup dqg sdudphwhuv ri wkh olihwlph glvwul0
exwlrq ixqfwlrq sEA � xvhg lq wkh htxdwlrqv +6155, dqg +6156,/ dqg fdofxodwh iurp
+6153, wkh h�hfwlyh olihwlph krul}rq iru sduwlfxodu ydoxhv ri wkh frh!flhqw ri ulvn
dyhuvlrq1 Wkhq xvlqj htxdwlrqv +619, dqg +61:,/ zh fdofxodwh ydoxhv ri wkh rswl0
pdo ghod|hg uhwluhphqw fuhglw lq wkh X1V1 shqvlrq vfkhph iru d sduwlfxodu udqjh
ri glvfrxqw udwhv dqg wkh qxpehu ri |hduv ri odwh uhwluhphqw1 Ilqdoo|/ zh ghulyh
ydoxhv ri glvfrxqw udwhv iurp uhdo lqwhuhvw udwhv1

7141 Fdoleudwlrq

714141 Olihwlph xqfhuwdlqw|

Prvw ri wkh olih wdeohv xvhg lq ghprjudsk| xwlol}h pruwdolw| udwhv revhuyhg lq
d vkruw shulrg ri wlph wr frqvwuxfw d k|srwkhwlfdo frkruw wkdw idfhv djh0vshfl�f
pruwdolw| udwhv lq wkh shulrg lq txhvwlrq1 Wkh dyhudjh uhpdlqlqj olihwlph/ dovr
fdoohg olih h{shfwdqf| dqg uhsruwhg dw dq| jlyhq djh/ lv wkh dyhudjh qxpehu ri
|hduv uhpdlqlqj wr eh olyhg e| wkrvh iurp d k|srwkhwlfdo frkruw vxuylylqj wr wkdw
djh1 Wkhvh fxuuhqw olih wdeohv duh suhvhqwhg iru h{dpsoh lq wkh X1V1 ghfhqqldo olih
wdeohv iru 4<;< 0 4<<4 +Qdwlrqdo Fhqwhu iru Khdowk Vwdwlvwlfv/ 4<<:, zlwk pruwdolw|
udwhv fdofxodwhg xs wr wkh djh ri 43< xvlqj gdwd iurp wkh 4<<3 Fhqvxv1 Wkh| duh
sxeolvkhg hyhu| 43 |hduv1 Lq rwkhu |hduv/ Qdwlrqdo Fhqwhu iru Khdowk Vwdwlvwlfv
uhohdvhv olih wdeohv fdofxodwhg xs wr << |hduv xvlqj wkh ixoo pruwdolw| gdwd lq d
jlyhq |hdu1 Uhfhqw olih wdeohv iru wkh X1V1 srsxodwlrq lq |hdu 4<<: duh surylghg
lq Dqghuvrq +4<<<,1

Lq rughu wr fdofxodwh lqwhjudov lq htxdwlrqv +6155, dqg +6156,/ zh kdyh wr �qg
wkh ixqfwlrqdo irup ri wkh suredelolw| ghqvlw| ixqfwlrq s E|� dw d sduwlfxodu djh
| dqg �w wkh sdudphwhuv ri wklv ixqfwlrq xvlqj wkh gdwd iurp olih wdeohv1 Pdq|
vwxglhv xvh wkh Jrpshuw} glvwulexwlrq/ zklfk dvvxphv wkdw wkh pruwdolw| kd}dug
udwh lv dq h{srqhqwldo ixqfwlrq ri djh |1 Iru h{dpsoh/ Ohxqj +4<<7, hpsor|v wkh
sdudphwhuv ri wkh Jrpshuw} glvwulexwlrq hvwlpdwhg lq Zhwwhuvwudqg +4<;4, iurp
wkh X1V1 olih wdeohv iru 4<9< 0 4<:41 Kh xvhv wkhvh hvwlpdwhv lq qxphulfdo h{dpsohv
ri qhz ihdwxuhv ri wkh prgho sursrvhg lq \ddul +4<98,1

Wkdwfkhu/ Ndqqlvwr/ dqg Ydxsho +4<<;, xvh gdwd iurp 46 frxqwulhv ryhu wkuhh
ghfdghv iurp 4<93 wr 4<<3/ dqg dsso| wkh pd{lpxp olnholkrrg phwkrg wr hvwlpdwh
wkh sdudphwhuv ri vl{ ixqfwlrqdo irupv ri s E|� iru djhv iurp ;3 wr <;1 Xvlqj wkhvh
hvwlpdwhv/ wkh| �w pruwdolw| kd}dug udwhv lq wkh djh udqjh iurp << wr 43</ dqg
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frpsduh wkh jrrgqhvv ri �w iru wkhvh prghov1 Wkh fkrlfh ri wkh euhdn srlqw
dw djh <; zdv fkrvhq wr dyrlg dq| huuruv zklfk pd| uhvxow iurp djh khdslqj
revhuyhg lq wkh gdwd durxqg djh 433/ ru iurp dq| lqdffxudflhv lq wkh gdwd deryh
djh <; gxh wr d orz qxpehu ri revhuydwlrqv1 Wkh| �qg wkdw wkh �wwhg ydoxhv ri
wkh Jrpshuw} prgho ulvh pruh udslgo| wkdq revhuyhg ghdwk udwhv/ dqg wkdw wklv
ghsduwxuh ehfrphv qrwlfheoh diwhu djh <81

Vlqfh rxu dlp lv wr fdofxodwh wkh prphqwv ri wkh glvwulexwlrq ri olihwlph dqg qrw
wr �w pruwdolw| kd}dug udwhv dw dgydqfhg djhv/ zh xvh wkh Jrpshuw} ixqfwlrqdo
irup lq wklv zrun1 Ghqrwlqj sdudphwhuv @ dqg K dqg olihwlph A / wkh pruwdolw|
kd}dug udwh >EA � ehfrphv

>EA � ' @eKA � +714,

Wkh vlpsolflw| ri wkh Jrpshuw} prgho dsshduv wr eh dq dgydqwdjh lq frpsxwlqj
lqwhjudov lq htxdwlrqv +6155, dqg +6156,1

Jlyhq wkh suredelolw| ghqvlw| ixqfwlrq sE|�/ wkh vxuylyru ixqfwlrq 7EA � lv

7EA � ' ��

A]
f

sE|�_|c +715,

iurp zklfk lw iroorzv wkdw
_7EA �

_A
' �sEA �� +716,

Wkh pruwdolw| kd}dug udwh >EA � wkhq htxdov

>EA � '
sEA �

7EA �
' �

_ *?7EA �

_A
� +717,

E| lqwhjudwlqj wkh htxdwlrq +717,/ zh duulyh dw

7EA � ' e
3

AU

f

>E|�_|
� +718,

Dsso|lqj wkh Jrpshuw} ixqfwlrqdo irup iurp +714,/ wkh suredelolw| ghqvlw| ixqf0
wlrq iroorzv iurp +717, dqg +718, dv

sEA � ' @e
KA3

AU

f

@eK|_|

+719,

zklfk fdq eh vroyhg dv
sEA � ' @e

@

K
nKA3@

K
eKA � +71:,
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Lq rughu wr fdofxodwh wkh h{shfwhg olihwlph dqg lwv yduldqfh iurp htxdwlrqv
+6155, dqg +6156, xvlqj htxdwlrq +71:,/ zh vkrxog hvwlpdwh sdudphwhuv @ dqg K1
Iru wklv sxusrvh zh uhzulwh htxdwlrq +714, dv

*?>EA � ' *? @n KA n 0c +71;,

zkhuh 0 lv d glvwxuedqfh whup glvwulexwhg zlwk }hur phdq dqg frqvwdqw yduldqfh1
Zh hvwlpdwh wkh sdudphwhuv ri htxdwlrq +71;, xvlqj wkh phwkrg ri ohdvw vtxduhv
rq wkh gdwd iurp olih wdeohv144

Wdeoh D14 surylghv hvwlpdwhv ri @ dqg K zlwk vwdqgdug huuruv iru 4<<3 dv zhoo
dv wkh h{shfwhg olihwlph A dqg yduldqfh j2

0 dw wkh djh 98 fdofxodwhg iurp htxdwlrqv
+6155, dqg +6156,1 Wkh sdudphwhuv ri @ dqg K zhuh hvwlpdwhg iru pruwdolw| kd}dug
udwhv iurp djhv 98 wr 43< xvlqj gdwd iurp Qdwlrqdo Fhqwhu iru Khdowk Vwdwlvwlfv
+4<<:,1 Vlqfh wkh dlp lv wr kdyh d jrrg �w diwhu djh 98/ zh vxevwudfwhg wkh ydoxh
ri 98 iurp wkh dfwxdo djh/ vr wkdw wkh shulrg lq txhvwlrq lv iurp 3 wr 771 Wklv
wudqvirupdwlrq lv qhfhvvdu| lq rughu wr dyrlg lqwhjudwlqj lq wkh htxdwlrq +719,
ryhu wkh shulrg iru zklfk wkh sduhphwhuv @ dqg K zhuh qrw hvwlpdwhg1 Lq rwkhu
zrugv/ zh dvvxph wkdw wkh pruwdolw| kd}dug udwhv duh }hur iru djhv xqghu 98145

Wkh h{shfwhg olihwlph dqg wkh yduldqfh lq +6155, dqg +6156, zhuh fdofxodwhg dw
djh 98 e| lqwhjudwlqj ryhu wkh shulrg iurp 3 wr 77/ zklfk fruuhvsrqgv wr djhv
iurp 98 wr 43<1 Lq wkh odvw urz ri wkh wdeoh zh vkrz wkh ydoxh ri wkh h{shfwhg
olihwlph .EA � iurp wkh X1V1 ghfhqqldo olih wdeohv sxeolvkhg lq Qdwlrqdo Fhqwhu iru
Khdowk Vwdwlvwlfv +4<<:,1 Dv zh fdq vhh/ wkh h{shfwhg olihwlphv fdofxodwhg iurp
wkh htxdwlrq +6155, duh lq dffrugdqfh zlwk wkh wdexodwhg ydoxhv1

Xvlqj gdwd iurp Dqghuvrq +4<<<,/ vlplodu uhvxowv duh uhsruwhg iru |hdu 4<<: lq
Wdeoh D151 Lqwhjudov iurp +6155, dqg +6156, zhuh fdofxodwhg ryhu wkh djh lqwhuydo
iurp 98 wr 43< wudqviruphg wr wkh udqjh iurp 3 wr 771 Krzhyhu/ wkh �wwhg sdud0
phwhuv @ dqg K zhuh hvwlpdwhg iru djhv iurp 98 wr <</ ehfdxvh wkh olih wdeohv lq
Dqghuvrq +4<<<, gr qrw surylgh pruwdolw| kd}dug udwhv diwhu djh <<1 Dv zh djdlq
revhuyh/ wkh �w ri sdudphwhuv @ dqg K lv jrrg/ dqg fdofxodwhg ydoxhv ri h{shfwhg
olihwlph A duh lq dffrugdqfh zlwk wkh wdexodwhg ydoxhv ri olih h{shfwdqf| .EA � dw
djh 981

44Wkh glvwxuedqfh whup % lv dxwrfruuhodwhg lq wkh htxdwlrq +71;, vlqfh qrq0olqhdulwlhv duh
qhjohfwhg lq wklv ixqfwlrqdo irup1 Vlqfh wkh Jrpshuw} prgho ghsduwv vljql�fdqwo| iurp wkh
revhuyhg ghdwk udwhv rqo| dw dgydqfhg djhv/ wkh xvh ri wkh ohdvw vtxduhv lv mxvwl�hg1

45Lqwhjudov
U
i+W ,gW jlyhq lq ghqrplqdwruv ri wkh htxdwlrqv +6155, dqg +6156, htxdo 31<<<7

iru wkh wrwdo srsxodwlrq/ 31<<<; iru pdohv/ dqg 31<<<5 iru ihpdohv1 Wkhvh ydoxhv duh yhu| forvh
wr xqlw|/ dqg wkh dvvxpswlrq wkdw wkh pruwdolw| kd}dug udwhv duh }hur iru djhv ehiruh djh 98 lv
wkhuhiruh mxvwl�hg1
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Dv zh kdyh vhhq/ wkh udqjh ri djhv ryhu zklfk �wwhg sdudphwhuv zhuh hvwlpdwhg
lv qrw wkh vdph lq 4<<3 dqg 4<<:1 Lq rughu wr h{dplqh krz wkdw fkdqjh d�hfwv wkh
vl}h ri h{shfwhg olihwlph A dqg yduldqfh j2

0
/ zh uhhvwlpdwhg wkh htxdwlrq +71;, iru

wkh udqjh ri djhv iurp 98 wr << xvlqj wkh gdwd iurp 4<<31 Wkh uhvxowv duh surylghg
lq Wdeoh D161 Lqwhjudov jlyhq lq +6155, dqg +6156, zhuh fdofxodwhg ryhu wkh djh
lqwhuydo iurp 98 wr 43< wudqviruphg wr 3 wr 771 Zh fdq vhh wkdw h{shfwhg olihwlphv
gr qrw fkdqjh vljql�fdqwo| zkhq wkh udqjh ri �w lv vkruwhu/ exw wkh yduldqfhv duh
vpdoohu wkdq lq Wdeoh D14146

714151 Ulvn dyhuvlrq

Lq rughu wr surfhhg zlwk qxphulfdo vroxwlrqv/ zh pxvw fkrrvh ydoxhv iru wkh fr0
h!flhqw ri ulvn dyhuvlrq1 Dq lpsruwdqw frqwulexwlrq wr wklv wrslf zdv pdgh e|
Kxug +4<;<,1 Kh hvwlpdwhv dq h{whqghg olih f|foh prgho ri frqvxpswlrq lq zklfk
xwlolw| ghshqgv rq wkh sdwk ri frqvxpswlrq dqg ehtxhvwv1 Xvlqj wkh vdph xwlolw|
ixqfwlrq dv lq htxdwlrq +614;,/ kh rewdlqv wkh ydoxh ri 31:5< zlwk vwdqgdug huuru
313<4 xvlqj wkh qrqolqhdu ohdvw vtxduhv rq wkh sdqho gdwd iurp wkh Uhwluhphqw
Klvwru| Vxuyh|1 Wkhq kh uhhvwlpdwhv klv prgho e| qrqolqhdu 5VOV zlwk wkh uhvxow
ri 4145 zlwk vwdqgdug huuru 313:71 Dv Kxug +4<;<, srlqwv rxw/ klv hvwlpdwhv duh
pxfk vpdoohu wkdq wkrvh dvvxphg lq wkh suhylrxv olwhudwxuh1 Klv hvwlpdwhv duh
xvhg lq Ohxqj +4<<7, wr frpsohwh wkh vhw ri ydoxhv fkrvhq dw 314/ 318/ 4 dqg 6
lq d qxphulfdo dqdo|vlv1 Lpurkrurjox +4<<;, hpsor|v ydoxhv ri 418 dqg 6 lq klv
vlpxodwlrqv1

Edvhg rq wklv h{shulhqfh/ zh xvh Kxug*v +4<;<, hvwlpdwh ri 4145 dv d ehqfkpdun
ri rxu prgho1 Lq rughu wr h{dplqh krz wkh yduldwlrq lq wkh frh!flhqw ri ulvn
dyhuvlrq d�hfwv wkh h�hfwlyh wlph krul}rq/ zh dovr surylgh uhvxowv iru wkh rwkhu
Kxug*v +4<;<, hvwlpdwh ri 31:5</ dqg iru wkh ydoxh ri 51

7151 Rswlpdo ghod|hg uhwluhphqw fuhglw

Lq wklv vxevhfwlrq zh surylgh wkh qxphulfdo uhvxowv ri wkh wkhruhwlfdo vhfwlrq zlwk
sdudphwhuv irxqg lq wkh suhylrxv vxevhfwlrq1 Iluvw/ zh frpsxwh wkh h�hfwlyh wlph

46Dv zh phqwlrqhg/ wkh Jrpshuw} phwkrg surylghv �wwhg ydoxhv ri wkh orjdulwkp ri wkh
pruwdolw| kd}dug udwh kljkhu wkdq wkrvh revhuyhg dw dgydqfhg djhv1 Wklv lpsolhv wkdw d vkruwhu
udqjh ri �w gholyhuv d kljkhu hvwlpdwh ri e lq wkh htxdwlrq +71;,1 Wkh suredelolw| ghqvlw| ixqfwlrq
i+W , jlyhq lq +71:, lv qduurzhu wkdq iru d orqjhu udqjh ri �w/ zklfk lpsolhv wkdw wkh yduldqfh
lv qdwxudoo| orzhu1 Odwhu zh zloo uhwxuq wr wklv srlqw dqg lqyhvwljdwh krz wkh fkdqjh lq wkh
yduldqfh d�hfwv rxu uhvxowv1
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krul}rq iurp htxdwlrq +6153,1 Uhjduglqj wkh h{shfwhg olihwlph/ zh gr qrw xvh wkh
fdofxodwhg ydoxhv A iurp htxdwlrq +6155,/ exw hpsor| wkh ydoxhv iurp olih wdeohv
jlyhq lq wkh odvw urz ri Wdeohv D14 dqg D151 Wkh yduldqfh j2

0
xvhg lv iurp Wdeohv

D14 dqg D151
Wdeoh D17 vxppdul}hv wkh uhvxowv iru wkh wrwdo srsxodwlrq/ pdohv/ dqg ihpdohv

iru wkh |hduv 4<<3 dqg 4<<:1 Wkh fdofxodwlrqv zhuh shuiruphg iru ydoxhv ri wkh
frh!flhqw ri ulvn dyhuvlrq ri 31:5</ 4145/ dqg 51 Wkh fdvh ri � ' f uhsuhvhqwv
qr ulvn dyhuvlrq/ dqg ydoxhv uhsruwhg lq wklv urz khos wr ghprqvwudwh krz wkh
h�hfwlyh wlph krul}rq vkruwhqv zlwk lqfuhdvlqj ulvn dyhuvlrq1 Lq 4<<:/ wkh h�hfwlyh
wlph krul}rq lv 4:1: |hduv iru wkh wrwdo srsxodwlrq/ exw rqo| 4814 |hduv zkhq wkh
prvw riwhq flwhg hvwlpdwh ri wkh frh!flhqw ri ulvn dyhuvlrq lv wdnhq lqwr dffrxqw1
Lq 4<<:/ wkh wlph krul}rq idoov iurp 481< wr 4615 |hduv iru pdohv dqg iurp 4<15
wr 491; |hduv iru ihpdohv1 Wdeoh D17 dovr ghprqvwudwhv krz wkh h{shfwhg olihwlph
kdv fkdqjhg ehwzhhq 4<<3 dqg 4<<:147

Zlwk wkh uhvxowv iurp Wdeoh D17/ zh duh deoh wr fdofxodwh iurp htxdwlrqv +619,
dqg +61:, wkh rswlpdo ghod|hg uhwluhphqw fuhglw iru sduwlfxodu glvfrxqw udwhv dqg
|hduv ri odwh uhwluhphqw1 Wdeoh D18 surylghv uhvxowv iru wkh fdvh ri qr ulvn dyhuvlrq
+� ' f,/ dqg iru ulvn dyhuvlrq +� ' ���2, iru wkh wrwdo srsxodwlrq lq 4<<:1 Lq wkh
fdvh ri qr ulvn dyhuvlrq/ wkh rswlpdo ghod|hg uhwluhphqw fuhglw dw djh 98 lv S�fI
iru xqlw| glvfrxqw udwh li uhwluhphqw lv ghod|hg e| 4 |hdu/ zkloh lw lv S�eI dqg S�HI
zkhq uhwluhphqw lv ghod|hg e| 5 ru 6 |hduv1 Zkhq wkh glvfrxqw udwh lv orzhu wkdq
xqlw|/ wkh rswlpdo ghod|hg uhwluhphqw fuhglw lqfuhdvhv1 Zkhq dq lqglylgxdo ghod|v
uhwluhphqw e| 4 |hdu/ wkh rswlpdo ydoxh fkdqjhv iurp S�fI wr S�DI zkloh wkh
glvfrxqw udwh ghfuhdvhv iurp � wr f�bb/ dqg wr .��I iru q ' f�bH1 Wklv vljql�fdqw
lpsdfw lv dovr qrwlfhdeoh iru rwkhu ydoxhv ri |hduv ri odwh uhwluhphqw/ lqglfdwlqj
wkdw wkh rswlpdo ghod|hg uhwluhphqw fuhglw jlyhq lq wkh htxdwlrq +619, lv vhqvlwlyh
wr wkh yduldwlrq lq wkh glvfrxqw udwh1 Lq rughu wr looxvwudwh wklv �qglqj/ Iljxuh
D14 vkrzv wkdw wkh �uvw ghulydwlyh ri wkh ghod|hg uhwluhphqw fuhglw zlwk uhvshfw
wr wkh glvfrxqw udwh ghfolqhv dv wkh glvfrxqw udwh ghfuhdvhv1 Pruhryhu/ wkh �uvw

47Qrz zh pd| jr edfn wr wkh srlqw iurp wkh suhylrxv irrwqrwh dqg dqdo|}h krz wkh fkdqjh lq

wkh yduldqfh d�hfwv uhvxowv1 Zh fdofxodwhg ydoxhv ri wkh h�hfwlyh wlph krul}rq xvlqj wkh yduldqfh

�
5

%
dqg h{shfwhg olihwlph H+W , iurp Wdeoh D16 iru 4<<31 Iru wkh frh!flhqwv ri ulvn dyhuvlrq

31:5</ 4145/ dqg 5/ wkh h�hfwlyh wlph krul}rq lv 4818/ 4719 dqg 4518 |hduv lq wkh fdvh ri wkh

wrwdo srsxodwlrq/ 4616/ 4517 dqg 4315 |hduv iru pdohv/ dqg 4:17/ 4919 dqg 471: |hduv iru ihpdohv1

E| frpsdulqj wkhvh ydoxhv zlwk wkh uhvxowv iru wkh |hdu 4<<3 uhsruwhg lq Wdeoh D17/ zh pd|

frqfoxgh wkdw wkh gl�huhqfh lv qhjoljleoh h{fhsw wkh fdvh ri wkh frh!flhqw ri ulvn dyhuvlrq � @ 5
zkhq wkh gl�huhqfh lv 316 |hduv1 Wklv lqglfdwhv wkdw �wwlqj wkh ixqfwlrqdo irup ri i+W , ryhu wkh
vkruwhu djh lqwhuydo lq 4<<: lv vx!flhqw iru wkh sxusrvh ri wklv zrun1
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ghulydwlyh lv orzhu iru pruh |hduv ri odwh uhwluhphqw1
Zkhq rqh dffrxqwv iru ulvn dyhuvlrq/ wkh rswlpdo ghod|hg uhwluhphqw fuhglw

lqfuhdvhv iurp S�fI wr .��I zkhq wkh glvfrxqw udwh lv xqlw| dqg uhwluhphqw lv
ghod|hg e| 4 |hdu1 Wkh udwlr ri wkh rswlpdo fuhglw lq wkh fdvhv zlwk dqg zlwkrxw
ulvn dyhuvlrq lv surylghg lq Wdeoh D191 Wkh udwlr iru xqlw| glvfrxqw udwh dqg 4
|hdu odwh uhwluhphqw lv ���He/ exw lqfuhdvhv wr ���bH iru 5 |hduv/ dqg hyhq wr ��2D.
iru 8 |hduv odwh uhwluhphqw1 Wklv lpsolhv wkdw ulvn dyhuvlrq kdv d pruh vljql�fdqw
lpsdfw rq wkh vl}h ri wkh rswlpdo ghod|hg fuhglw wkh odwhu dq lqglylgxdo uhwluhv/
dowkrxjk lq wkh fdvh ri rwkhu ydoxhv ri glvfrxqw udwhv/ wkh h�hfw ri ulvn dyhuvlrq
glplqlvkhv1 Wkxv/ wkh udwlr gursv iurp ���He wr ����H/ dqg ��f.f iru glvfrxqw
udwhv �/ f�bD/ dqg f�bf1 Wklv h�hfw lv dovr revhuyhg iru rwkhu ydoxhv ri |hduv ri odwh
uhwluhphqw1

Vlplodu uhvxowv iru wkh rswlpdo ghod|hg uhwluhphqw fuhglw dqg iru wkh h�hfw ri
ulvn dyhuvlrq duh surylghg iru pdohv lq Wdeohv D1: dqg D1;/ dqg iru ihpdohv lq
Wdeohv D1< dqg D1431 Vlqfh wkh h�hfwlyh wlph krul}rq lv orqjhu iru ihpdohv wkdq
iru pdohv dv revhuyhg lq Wdeoh D17/ wkh rswlpdo ghod|hg uhwluhphqw fuhglw lv/ qrw
vxusulvlqjo|/ orzhu iru ihpdohv wkdq iru pdohv iru doo ydoxhv ri glvfrxqw udwh dqg
|hduv ri odwh uhwluhphqw1 Dv wkh uhvxowv iurp Wdeohv D1; dqg D143 lqglfdwh/ ulvn
dyhuvlrq kdv d ohvv vljql�fdqw lpsdfw rq ghod|hg uhwluhphqw fuhglw iru ihpdohv wkdq
iru pdohv1

Uhjduglqj wkh glvfrxqw udwhv xvhg wr fdofxodwh wkh suhvhqw glvfrxqwhg ydoxh
ri ixwxuh uhwluhphqw ehqh�wv/ zh duh deoh wr vkhg vrph oljkw rq wkhlu pdjqlwxgh
xvlqj wkh X1V1 uhdo lqwhuhvw udwhv1 Iljxuh D1548 vkrzv uhdo lqwhuhvw udwhv rq 40|hdu
Wuhdvxu| Eloov dqg Orqj0Whup X1V1 Jryhuqphqw Vhfxulwlhv lq wkh shulrg iurp
4<;9 wr 4<<:1 Wkhvh lqwhuhvw udwhv udqjh iurp 2I wr DI zlwk wkh h{fhswlrq ri wkh
shulrg iurp 4<<4 wr 4<<6 zkhq uhdo lqwhuhvw udwhv iurp W0eloov gursshg wr }hur1
Lq 4<<:/ uhdo lqwhuhvw udwhv rq ghsrvlwv zhuh ehwzhhq �I dqg e�DI1 Wklv lpsolhv
wkdw uhohydqw glvfrxqw udwhv zhuh ehwzhhq f�bS dqg f�b. lq 4<<:1 Dv zh revhuyh
lq Iljxuh D16/49 uhdo lqwhuhvw udwhv rq eruurzlqj zhuh revhuyhg prvwo| ehwzhhq
eI dqg S�DI gxulqj wkh shulrg 4<;9 0 4<<:/ dqg ehwzhhq DI dqg S�DI lq 4<<:1
Wkhvh fruuhvsrqg wr wkh ydoxhv ri wkh glvfrxqw udwh iurp f�be wr f�bD iru 4<<:1

Dv Wdeohv D18/ D1:/ dqg D1< vkrz/ wkh rswlpdo ghod|hg uhwluhphqw fuhglw dw djh
98 lv S�fI zlwk qr glvfrxqwlqj dqg 4 |hdu odwh uhwluhphqw iru wkh wrwdo srsxodwlrq

48Vrxufh= Rzq fdofxodwlrqv> gdwd iurp Ihghudo Uhvhuyh Erdug ri Jryhuqruv dqg X1V1 Ghsduw0

phqw ri Oderu/ Exuhdx ri Oderu Vwdwlvwlfv1
49Vrxufh= Rzq fdofxodwlrqv> gdwd iurp Ihghudo Uhvhuyh Erdug ri Jryhuqruv dqg X1V1 Ghsduw0

phqw ri Oderu/ Exuhdx ri Oderu Vwdwlvwlfv1
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lq 4<<:1 Krzhyhu zkhq glvfrxqwlqj lv dffrxqwhg iru/ wkh rswlpdo ghod|hg fuhglw
lv ehwzhhq .�HI dqg b�bI1 Lq wkh fdvh ri ulvn dyhuvlrq/ wkh ghod|hg fuhglw lv .��I
iru qr glvfrxqwlqj/ dqg ehwzhhq H�bI dqg ���fI iru glvfrxqw udwhv ghulyhg iurp
uhdo lqwhuhvw udwhv lq 4<<:1 Iru pdohv/ wkh rswlpdo ghod|hg uhwluhphqw fuhglw lv
S�.I iru qr glvfrxqwlqj/ dqg ehwzhhq H�DI dqg �f�SI iru glvfrxqw udwhv iurp
f�be wr f�b.1 Lq wkh fdvh ri ulvn dyhuvlrq/ ghod|hg fuhglwv duh H�2I/ dqg ehwzhhq
�f�fI dqg �2�fI1 Wkh rswlpdo ydoxhv iru ihpdohv duh D�DI/ .��I dqg b�eI iru qr
ulvn dyhuvlrq/ dqg S��I/ H��I dqg �f�2I iru ulvn dyhuvh ihpdohv1 Doo wkhvh uhvxowv
ghulyhg iru 4 |hdu odwh uhwluhphqw dqg 4<<: duh uhshdwhg lq Wdeoh D1441

Zh pd| frqfoxgh wkdw glvfrxqwlqj kdv dq lpsruwdqw lpsdfw rq wkh vl}h ri wkh
rswlpdo ghod|hg uhwluhphqw fuhglw/ vlqfh/ zkhq glvfrxqwlqj lv surshuo| phdvxuhg/
wkh rswlpdo ghod|hg uhwluhphqw fuhglw pd| eh dw ohdvw 2DI juhdwhu wkdq lq wkh fdvh
ri qr glvfrxqwlqj1 Pruhryhu/ ulvn dyhuvlrq wrzdugv xqfhuwdlq olihwlph lqfuhdvhv
ydoxhv ri wkh rswlpdo ghod|hg uhwluhphqw fuhglw e| �DI wr 2DI1

Wkh uhvxowv uhsruwhg lq Wdeoh D144 zhuh ghulyhg iru djh 98 dqg 4 |hdu odwh
uhwluhphqw1 Vlqfh wkh rswlpdo ydoxh ri wkh ghod|hg uhwluhphqw fuhglw lqfuhdvhv
zlwk wkh qxpehu ri |hduv ri odwh uhwluhphqw/ vhh htxdwlrqv +6143, dqg +6144,/ wkh
uhvxowv lq Wdeoh D144 duh plqlpxp ydoxhv uhtxluhg lq wkh dfwxduldo dgmxvwphqw
vfkhph1

Lq rughu wr h{sodlq wkh X1V1 �uhwluhphqw sx}}oh� dw djh 95 +vhh Vhfwlrq 5,/ zh
pxvw fdofxodwh wkh rswlpdo ghod|hg uhwluhphqw fuhglw dw djh 95 wkdw surylghv dq
lqfhqwlyh qrw wr uhwluh ehiruh djh 981 Wdeoh D145 vxppdul}hv wkh rswlpdo ghod|hg
fuhglw lq wkh fdvh ri 6 |hduv odwh uhwluhphqw lq |hdu 4<<:14: Vlqfh wkh dfwxduldo
lqfuhdvh lv ;( ehwzhhq djhv 95 dqg 98 lq wkh X1V1 shqvlrq vfkhph/ zh pd| frqfoxgh
wkdw zkhq wkhuh lv qr glvfrxqwlqj/ wkh dgmxvwphqw lv idlu ehwzhhq djhv 95 dqg
981 Wkh rqo| h{fhswlrqv duh ulvn dyhuvh pdohv iru zklfk wkh dfwxduldo lqfuhdvh lv
qrw vx!flhqw1 Krzhyhu zkhq glvfrxqwlqj lv frqvlghuhg lq wkh fdofxodwlrqv/ wkh
dfwxduldo lqfuhdvh lv rqo| idlu iru vrph ulvn qhxwudo ihpdohv1

Ilqdoo|/ zh vkrxog dvvhvv wkh vhqvlwlylw| ri wkh uhvxowv wr dowhuqdwlyh ydoxhv ri
wkh frh!flhqw ri ulvn dyhuvlrq1 Iru wklv sxusrvh zh wdexodwh ydoxhv ri wkh rswlpdo
ghod|hg fuhglw dw djh 98 iru wkh frh!flhqw ri ulvn dyhuvlrq 3 +ulvn qhxwudolw|,/ 31:5</
4145/ dqg 51 Wkh uhvxowv iru 4 |hdu odwh uhwluhphqw duh suhvhqwhg lq Wdeoh D146
iru wkh wrwdo srsxodwlrq/ lq Wdeoh D147 iru pdohv/ dqg lq Wdeoh D148 iru ihpdohv14;

4:Wkhvh uhvxowv duh doprvw lghqwlfdo wr wkh uhvxowv lq Wdeoh D144 iru djh 98 dqg 4 |hdu odwh

uhwluhphqw1 Zh vkrxog qrwh wkdw wkh rswlpdo ghod|hg fuhglw ghfuhdvhv zlwk wkh olih h{shfwdqf|/

exw lqfuhdvhv zlwk wkh qxpehu ri |hduv ri odwh uhwluhphqw1
4;Uhvxowv iru � @ 4=45 duh uhshdwhg iurp Wdeohv D18/ D1:/ dqg D1<1
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Lq wkh fdvh ri wkh wrwdo srsxodwlrq/ iru h{dpsoh/ wkh ghod|hg fuhglw fkdqjhv iurp
S�.I wr .��I zkhq wkh frh!flhqw ri ulvn dyhuvlrq lqfuhdvhv iurp 31:5< wr 4145
dqg wkh glvfrxqw udwh lv xqlw|1 D vlplodu voljkw lqfuhdvh lq wkh rswlpdo ghod|hg
uhwluhphqw fuhglw lv revhuyhg iru pdohv dqg ihpdohv1 Krzhyhu zkhq wkh frh!flhqw
ri ulvn dyhuvlrq lqfuhdvhv iurp 4145 wr 5/ wkh ghod|hg fuhglw ulvhv iurp .��I wr H��I
iru wkh wrwdo srsxodwlrq/ dv vhhq lq Wdeoh D146/ dqg d vlplodu vljql�fdqw lqfuhdvh
lv revhuyhg iru pdohv dqg ihpdohv lq Wdeohv D147 dqg D1481 Wklv vxjjhvwv wkdw
ulvn dyhuvlrq vkrxog eh surshuo| phdvxuhg lq rughu wr rewdlq uholdeoh uhvxowv iru
wkh rswlpdo ghod|hg uhwluhphqw fuhglw1

81 Srolf| Lpsolfdwlrqv dqg Frqfoxglqj Uhpdunv

Zh kdyh ohduqhg wkdw wkh irupxod iru wkh rswlpdo ghod|hg uhwluhphqw fuhglw lv
vhqvlwlyh wr wkh qxpehu ri |hduv ri odwh uhwluhphqw dqg wr wkh olih h{shfwdqf| dw wkh
sduwlfxodu djh ri uhwluhphqw1 Wkh h�hfw ri wkh qxpehu ri |hduv ri odwh uhwluhphqw
lv qhjohfwhg zkhq lw lv vkruw hqrxjk zlwk uhvshfw wr wkh olih h{shfwdqf|1

Uhjduglqj wkh h�hfw ri wkh olih h{shfwdqf| rq wkh rswlpdo ghod|hg uhwluhphqw
fuhglw/ wkh nh| sureohp lv wkdw wkh olih h{shfwdqf| lv gl�huhqw iru pdohv dqg
ihpdohv1 Wklv sureohp lv hyhq pruh vljql�fdqw lq hfrqrplhv zkhuh wkh r!fldo
uhwluhphqw djh lv qrw wkh vdph iru pdohv dqg ihpdohv1 Wklv lv iru h{dpsoh wkh fdvh
lq wkh Xqlwhg Nlqjgrp dqg lq wkh wudqvlwlrq hfrqrplhv lq Fhqwudo dqg Hdvwhuq
Hxursh1 Lq rughu wr holplqdwh wkh djh0ghshqghqf| ri uhwluhphqw ghflvlrqv ri lq0
glylgxdov/ wkh rswlpdo ghod|hg uhwluhphqw fuhglw vkrxog eh gl�huhqw iru pdohv dqg
ihpdohv1

Wkh irupxod iru wkh ghod|hg uhwluhphqw fuhglw lv dovr vhqvlwlyh wr wkh glvfrxqw
udwh xvhg wr fdofxodwh wkh suhvhqw glvfrxqwhg ydoxh ri ixwxuh uhwluhphqw ehqh0
�wv1 Rxu uhvxowv lqglfdwh wkdw lq hfrqrplhv zlwk srvlwlyh uhdo lqwhuhvw udwhv/ wkh
rswlpdo ghod|hg uhwluhphqw fuhglw gl�huv vljql�fdqwo| iurp wkdw zklfk kdv ehhq
lpsohphqwhg xqghu wkh dvvxpswlrq ri qr glvfrxqwlqj1

Zh pd| frqfoxgh wkdw vlqfh wkh ghod|hg uhwluhphqw fuhglw lv lqvwlwxwlrqdoo|
ghwhuplqhg/ lw fdq idluo| uhzdug xqsdlg ehqh�wv rqo| zkhq odwh uhwluhphqw lv vkruw
hqrxjk zlwk uhvshfw wr wkh olih h{shfwdqf| dqg zkhq wkh glvfrxqw udwh lv forvh wr
rqh1 Rqo| lq wklv fdvh lv wkh rswlpdo ydoxh ri wkh ghod|hg fuhglw dssur{lpdwho|
vwdeoh1 Wklv lpsolhv wkdw srolflhv uhodwhg wr odwh uhwluhphqw dqg wkh hduqlqjv whvw
fdq eh h�hfwlyh rqo| lq d vkruw shulrg eh|rqg wkh r!fldo uhwluhphqw djh1

Zh prghoohg olihwlph xqfhuwdlqw| dv wkh fhuwdlqw| htxlydohqw wr wkh vwrfkdvwlf
olihwlph1 Zh ghprqvwudwhg wkdw ulvn dyhuvlrq wrzdugv xqfhuwdlq olihwlph uhgxfhv
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wkh h�hfwlyh wlph krul}rq1 Ulvn dyhuvlrq kdv lq wklv vhqvh wkh vdph h�hfw dv d
uhgxfhg olihwlph1 Lq rughu wr dffrxqw iru wkh olihwlph xqfhuwdlqw|/ wkh rswlpdo
ghod|hg uhwluhphqw fuhglw vkrxog eh kljkhu iru ulvn dyhuvh lqglylgxdov wkdq iru
wkrvh zkr duh ulvn qhxwudo1

Lq wkh hpslulfdo sduw ri wkh sdshu/ zh irxqg sdudphwhuv ri wkh olihwlph sure0
delolw| glvwulexwlrq ixqfwlrq/ dqg xvlqj dssursuldwh frh!flhqwv ri ulvn dyhuvlrq/
zh fdofxodwhg wkh h�hfwlyh wlph krul}rq iru wkh X1V1 wrwdo srsxodwlrq/ pdohv/ dqg
ihpdohv dw djh 98 lq 4<<:1 Wkhq zh fdofxodwhg wkh rswlpdo ghod|hg uhwluhphqw
fuhglw iru wkh vdph jurxsv ri srsxodwlrq dw djh 98 lq |hdu 4<<:1 Iurp X1V1 uhdo
lqwhuhvw udwhv/ zh irxqg wkdw glvfrxqw udwhv zhuh olnho| revhuyhg ehwzhhq 31<7 dqg
31<: lq |hdu 4<<:1 Lq wkh fdvh ri ulvn dyhuvlrq dqg 4 |hdu odwh uhwluhphqw dw djh
98 lq |hdu 4<<:/ zh fdph wr frqfoxvlrq wkdw wkh rswlpdo ydoxhv iru wkh ghod|hg
fuhglw duh :14( iru wkh wrwdo srsxodwlrq/ ;15( iru pdohv/ dqg 916( iru ihpdohv
zkhq glvfrxqwlqj lv qhjohfwhg1 Krzhyhu/ zkhq glvfrxqw udwhv iurp uhdo lqwhuhvw
udwhv duh lpsohphqwhg/ wkh rswlpdo ydoxhv iru wkh ghod|hg uhwluhphqw fuhglw duh
ehwzhhq ;1<( dqg 4413( iru wkh wrwdo srsxodwlrq/ ehwzhhq 4313( dqg 4513( iru
pdohv/ dqg ehwzhhq ;14( dqg 4315( iru ihpdohv1 Zh vkrxog nhhs lq plqg wkdw
wkhvh duh wkh rswlpdo ydoxhv wkdw vkrxog eh lpsohphqwhg lq wkh dfwxduldo dgmxv0
phqw vfkhph lq rughu wr surylgh dq lqfhqwlyh dw djh 98 wr ghod| uhwluhphqw e|
4 |hdu lq |hdu 4<<:1 Wkh prvw lpsruwdqw �qglqj lv wkdw rswlpdo ydoxhv iru wkh
ghod|hg uhwluhphqw fuhglw duh dw ohdvw 58( juhdwhu wkdq lq wkh fdvh ri qr glvfrxqw0
lqj1 Frpsdulqj wkhvh uhvxowv zlwk wkrvh iru ulvn qhxwudolw|/ zh pd| dovr frqfoxgh
wkdw ulvn dyhuvlrq lqfuhdvhv wkh rswlpdo ghod|hg uhwluhphqw fuhglw e| 48 0 58(1

Zh irxqg wkdw glvfrxqwlqj dqg ulvn dyhuvlrq pd| h{sodlq �wkh uhwluhphqw sx}0
}oh� zklfk dsshduv ehwzhhq djhv 95 dqg 98 lq wkh X1V1 shqvlrq vfkhph1 Lq rughu
wr hqfrxudjh srvwsrqlqj uhwluhphqw e| 6 |hduv dw djh 95/ wkh rswlpdo ghod|hg
uhwluhphqw fuhglw vkrxog eh vhw ehwzhhq ;1:( dqg 4415( iru pdohv/ dqg ehwzhhq
:17 0 4313( iru ihpdohv lq wkh fdvh ri ulvn qhxwudolw| edvhg rq 4<<: gdwd1 Zkhq
ulvn dyhuvlrq lv wdnhq lqwr dffrxqw/ wkh rswlpdo ydoxhv duh ehwzhhq 4316 0 451;(
iru pdohv/ dqg ehwzhhq ;15 0 431;( iru ihpdohv1 Wkh ;( ghod|hg uhwluhphqw fuhglw
wkdw lv fxuuhqwo| dssolhg lq wkh X1V1 shqvlrq vfkhph ehwzhhq djhv 95 dqg 98 grhv
qrw frpshqvdwh lqglylgxdov ghflglqj wr ghod| uhwluhphqw iurp djh 95 wr djh 98 iru
wkhlu orvw uhwluhphqw ehqh�wv1

Zh rewdlqhg rxu uhvxowv iru glvfrxqw udwhv htxdo wr ru orzhu wkdq xqlw|1 Wkh
htxdwlrq +619, lqglfdwhv krzhyhu wkdw wkh rswlpdo ghod|hg uhwluhphqw fuhglw lv
gh�qhg hyhq iru ydoxhv ri glvfrxqw udwhv juhdwhu wkdq xqlw|1 Wklv lpsolhv wkdw rxu
uhvxowv frxog hdvlo| eh h{whqghg wr glvfrxqw udwhv juhdwhu wkdq xqlw|1

4<



Wkh uhvxowv ri wklv zrun duh vhqvlwlyh wr krz glvfrxqw udwhv dqg ulvn dyhuvlrq
duh phdvxuhg1 Rxu h{shulhqfh lqglfdwhv wkdw lw pd| eh gl!fxow wr �qg wkh rswlpdo
sdudphwhuv ri wkh shqvlrq vfkhph wkdw zrxog surylgh dq lqfhqwlyh wr uhwluh odwhu1
Pruhryhu/ wkh ghflvlrqv ri roghu zrunhuv wr uhwluh dqg wr xqghuwdnh srvw0uhwluhphqw
zrun duh d�hfwhg e| rwkhu idfwruv wkdw duh eh|rqg wkh vfrsh ri wklv vwxg|1 Dq
lpsruwdqw lqfhqwlyh wr uhwluh odwhu pd| eh lqgxfhg zkhq wkh uhsodfhphqw udwh
ehwzhhq dyhudjh qhw hduqlqjv lq wkh |hduv suhfhglqj uhwluhphqw dqg uhwluhphqw
ehqh�wv lv orzhu wkdq xqlw|1 Wkh lqgh{dwlrq ri rog0djh shqvlrqv wr lq dwlrq dv
zhoo dv wkh yrodwlolw| lq uhdo lqwhuhvw udwhv pd| dovr kdyh vljql�fdqw h�hfwv rq
zrunhuv* ghflvlrqv wr uhwluh1
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^4;` Wkdwfkhu/ D1 S1/ Y1 Ndqqlvwr dqg M1 Z1 Ydxsho +4<<;,/
Wkh Irufh ri Pruwdolw| dw Djhv ;3 wr 453/ Rghqvh= Rghqvh Xqlyhuvlw|
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D1 Dsshqgl{

Wkhruhp D141 Lw iroorzv iurp +619, wkdw
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�2 : fc

zkhuh _ lv wkh ghod|hg uhwluhphqw fuhglw/ q lv wkh glvfrxqw udwh/ vxfk wkdw f 	 q 	
�/ o lv wkh qxpehu ri |hduv ri odwh uhwluhphqw/ dqg A lv wkh olih h{shfwdqf|/ vxfk
wkdw f 	 o 	 A 1

Surri1 Ohw xv vwduw e| surylqj wkh Wkhruhp iru o $ f1 Xvlqj wkh Wd|oru vhulhv/
zh fdq zulwh qo iru vpdoo o dv qo
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Ghqrwh dv uEo� wkh ohiw kdqg vlgh dqg - wkh uljkw kdqg vlgh ri wkh odvw lqhtxdolw|1
Gl�huhqwldwlqj uEo� zlwk uhvshfw wr o vxssolhv
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Zh kdyh vkrzq wkdw YuEo�
Yo

: f vlqfh *?q 	 f dqg erwk whupv lq wkh sduhqwkhvhv
duh qhjdwlyh1 Nhhslqj lq plqg wkdw - lv qrw d ixqfwlrq lq o/ zh frqfoxgh wkdw li
uEo� : - iru vrph o/ wkhq uEo� : - iru doo o�/ vxfk wkdw o� : o1 Exw zh nqrz
wkdw uEo� : - iru o $ f zklfk frpsohwhv wkh surri ri wkh Wkhruhp1

Wkhruhp D151 Lw iroorzv iurp +619, wkdw
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�2 	 fc

zkhuh _ lv wkh ghod|hg uhwluhphqw fuhglw/ q lv wkh glvfrxqw udwh/ vxfk wkdw f 	 q 	
�/ o lv wkh qxpehu ri |hduv ri odwh uhwluhphqw/ dqg A lv wkh olih h{shfwdqf|/ vxfk
wkdw f 	 o 	 A 1

Surri1 Wkh �uvw ghulydwlyh ri wkh ghod|hg uhwluhphqw fuhglw zlwk uhvshfw wr wkh
glvfrxqw udwh lv qhjdwlyh li dqg rqo| li
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Vlqfh wkh lqhtxdolw| ehfrphv htxdolw| iru % ' f dqg vlqfh % : f/ zh vkrxog suryh
wkdw wkh odvw lqhtxdolw| lv lqfuhdvlqj lq %1 Gl�huhqwldwlqj zlwk uhvshfw wr % vxssolhv

q% *?q � *?q ' Eq% � �� *?q : f

vlqfh q% 	 � dqg *?q 	 f1
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31<7 313<< 31443 31439 3144< 31447 3145< 31456 31474 31466 31489
31<6 3143: 3144; 31448 3145: 31457 3146< 31467 31485 31478 3149;
31<5 31449 31459 31457 3146: 31467 3147< 31478 31497 3148; 314;5
31<4 31458 31467 31467 31479 31478 31493 3148; 314:: 314:6 314<9
31<3 31467 31477 31478 3148: 3148: 314:5 314:5 314<3 314;; 31545
31;< 31477 31486 31489 3149; 314:3 314;8 314;9 31538 31538 3155<
31;; 31488 31496 3149; 314:< 314;7 314<; 31535 31553 31556 3157:
31;: 31499 314:7 314;4 314<4 314<; 31545 3154< 3156: 31576 3159:
31;9 314:: 314;8 314<7 31537 31547 3155: 3156: 31588 31597 315;;
31;8 314;< 314<9 3153; 3154; 31564 31577 3158: 315:7 315;: 31644
31;7 31534 3153; 31556 31565 3157; 31594 315:; 315<8 31645 31669
31;6 31547 31554 3156< 3157: 3159: 315:< 31633 3164: 31673 31696
31;5 3155; 31567 31588 31596 315;: 315<; 31657 31674 3169< 316<5
31;4 31575 3157: 315:5 315;3 3163; 3164< 31683 31699 31734 31757
31;3 31589 31594 315<3 315<: 31663 31674 316:; 316<6 31769 3178;

Wdeoh D18= Rswlpdo ghod|hg uhwluhphqw fuhglw dw djh 98/ ulvn dyhuvlrq 3 dqg 4145/
X1V1 wrwdo srsxodwlrq/ 4<<:

5:



u
q 4 5 6 7 8

4133 414;7 414<; 41548 41567 4158:
31<< 4149< 414;6 414<< 4154< 41574
31<; 41488 4149< 414;8 41537 41559
31<: 41475 41488 414:4 414;< 41544
31<9 4145< 41475 4148; 414:9 414<:
31<8 4144; 41463 41478 41496 414;7
31<7 4143: 4144< 41466 41484 414:4
31<6 413<9 4143; 41455 4146< 4148<
31<5 413;: 413<; 41445 4145; 4147;
31<4 413:; 413;< 41435 4144; 4146:
31<3 413:3 413;4 413<6 4143; 41459
31;< 41396 413:6 413;7 413<< 41449
31;; 41389 41398 413:: 413<3 4143:
31;: 41383 4138; 4139< 413;5 413<<
31;9 41377 41385 41395 413:8 413<3
31;8 4136< 4137: 41389 4139; 413;6
31;7 41367 41374 41383 41395 413:9
31;6 41363 4136: 41378 41389 4139<
31;5 41359 41365 41373 41383 41396
31;4 41356 4135; 41369 41378 4138:
31;3 41353 41358 41365 41373 41385

Wdeoh D19= Udwlr ri ulvn dyhuvh wr qrq0ulvn dyhuvh rswlpdo ghod|hg uhwluhphqw
fuhglw dw djh 98/ X1V1 wrwdo srsxodwlrq/ 4<<:
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Qxpehu ri |hduv ri odwh uhwluhphqw +u,
4 5 6 7 8

q qrUD UD qrUD UD qrUD UD qrUD UD qrUD UD
4133 3139: 313;5 313:5 313;< 313:; 313<; 313;7 3143< 313<5 31455
31<< 313:6 313;; 313:; 313<8 313;7 31438 313<4 31449 313<< 31463
31<; 313:< 313<6 313;7 31435 313<4 31445 313<; 31457 3143; 3146<
31<: 313;8 31433 313<4 3143< 313<; 3144< 3143: 31466 31449 3147<
31<9 313<4 31439 313<; 31449 31439 3145; 31448 31475 31459 3148<
31<8 313<< 31446 31439 31457 31448 31469 31458 31484 3146: 314:3
31<7 31439 31453 31447 31465 31457 31478 31468 31495 3147; 314;5
31<6 31447 3145; 31456 31473 31466 31488 31479 314:6 31493 314<8
31<5 31455 31469 31465 3147< 31477 31498 3148: 314;8 314:6 3153<
31<4 31464 31478 31475 3148< 31488 314:9 314:3 314<; 314;; 31557
31<3 31473 31487 31486 3149< 3149: 314;; 314;6 31544 31536 31573
31;< 31483 31496 31497 314;3 314:< 31534 314<; 31559 31553 3158:
31;; 31493 314:6 314:8 314<4 314<6 31547 31547 31574 3156; 315:9
31;: 314:4 314;6 314;; 31536 3153: 3155; 31563 3158; 3158; 315<9
31;9 314;5 314<7 31534 31549 31556 31576 3157; 315:9 315:< 3164:
31;8 314<7 31538 31547 3155< 3156< 3158< 3159; 315<8 31635 31674
31;7 31539 31549 3155< 31576 31589 315:9 315;; 31649 3165: 31699
31;6 3154; 3155; 31577 3158; 315:7 315<7 31644 3166; 31687 316<6
31;5 31565 31574 31593 315:6 315<7 31646 31667 31694 316;7 31755
31;4 31578 31587 315:: 315;< 31648 31666 31693 316;9 31748 31787
31;3 3158< 3159; 315<7 31639 3166: 31687 316;; 31746 31783 317;<

Wdeoh D1:= Rswlpdo ghod|hg uhwluhphqw fuhglw dw djh 98/ ulvn dyhuvlrq 3 dqg 4145/
X1V1 pdohv/ 4<<:

5<



u
q 4 5 6 7 8

4133 41554 41574 41598 415<6 4165<
31<< 41538 41558 4157; 415:9 41645
31<; 414<3 4153< 41565 41593 415<8
31<: 414:8 414<7 4154: 41577 415:;
31<9 41495 414;3 41535 4155< 41595
31<8 4147< 4149: 414;; 41547 4157:
31<7 41469 41487 414:8 41534 41566
31<6 41458 41475 41495 414;: 4154<
31<5 41447 41464 41483 414:8 41538
31<4 41437 41453 4146< 41496 414<6
31<3 413<8 41443 4145; 41484 414;3
31;< 413;9 41433 4144; 41473 4149<
31;; 413:; 413<5 4143< 41463 4148;
31;: 413:3 413;6 41433 41453 4147:
31;9 41396 413:9 413<4 41444 4146:
31;8 4138: 4139< 413;7 41436 4145:
31;7 41384 41395 413:9 413<8 4144;
31;6 41378 41389 4139< 413;: 41443
31;5 41373 41383 41396 413;3 41434
31;4 41369 41378 4138: 413:6 413<7
31;3 41365 41374 41385 4139: 413;9

Wdeoh D1;= Udwlr ri ulvn dyhuvh wr qrq0ulvn dyhuvh rswlpdo ghod|hg uhwluhphqw
fuhglw dw djh 98/ X1V1 pdohv/ 4<<:
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Qxpehu ri |hduv ri odwh uhwluhphqw +u,
4 5 6 7 8

q qrUD UD qrUD UD qrUD UD qrUD UD qrUD UD
4133 31388 31396 3138; 3139; 31395 313:5 31399 313:; 313:3 313;8
31<< 31393 3139< 31397 313:6 3139; 313:< 313:5 313;8 313:: 313<5
31<; 31399 313:8 313:3 313;3 313:8 313;9 313;3 313<5 313;5 31433
31<: 313:6 313;4 313:: 313;: 313;5 313<6 313;: 31433 313<7 3143<
31<9 313:< 313;; 313;7 313<7 313<3 31434 313<9 3143< 31436 3144;
31<8 313;: 313<8 313<5 31435 313<; 3143< 31438 3144; 31446 3145<
31<7 313<7 31435 31434 31443 3143: 3144; 31448 3145; 31457 31473
31<6 31436 31443 31443 3144< 3144: 3145; 31459 3146< 31469 31485
31<5 31444 3144< 3144< 3145; 3145; 3146< 3146; 31484 3147< 31498
31<4 31454 3145; 3145< 3146; 3146< 31483 31483 31496 31496 314:<
31<3 31463 3146: 31473 3147< 31484 31495 31497 314:: 314:< 314<8
31;< 31473 3147: 31485 31493 31497 314:7 314:< 314<5 314<9 31545
31;; 31484 3148: 31497 314:5 314:; 314;; 314<8 3153: 31547 31563
31;: 31495 3149; 314:: 314;7 314<6 31535 31545 31557 31567 31583
31;9 314:7 314:< 314<3 314<: 3153< 3154; 31563 31575 31588 315:4
31;8 314;9 314<4 31538 31544 31559 31567 31583 31595 315:; 315<7
31;7 314<< 31536 31553 31559 31577 31585 315:4 315;5 31637 3164<
31;6 31545 31549 31568 31574 31595 315:3 315<7 31638 31664 31679
31;5 31559 3155< 31585 3158: 315;6 315<3 3164< 3165< 31694 316:9
31;4 31573 31576 3159< 315:7 31637 31644 31678 31688 316<6 3173:
31;3 31587 3158; 315;: 315<5 31659 31666 316:6 316;5 3175; 31775

Wdeoh D1<= Rswlpdo ghod|hg uhwluhphqw fuhglw dw djh 98/ ulvn dyhuvlrq 3 dqg 4145/
X1V1 ihpdohv/ 4<<:
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u
q 4 5 6 7 8

4133 41485 41495 414:7 414;; 41536
31<< 4146; 4147< 41493 414:7 414;<
31<; 41459 41469 4147: 41493 414:9
31<: 41447 41457 41468 4147; 41496
31<9 41436 41445 41456 41469 41484
31<8 413<6 41435 41445 41458 4146<
31<7 413;6 413<5 41435 41447 4145;
31<6 413:7 413;6 413<6 41437 4144;
31<5 41399 413:7 413;7 413<8 4143;
31<4 4138< 4139: 413:9 413;9 413<<
31<3 41385 4138< 4139; 413:; 413<4
31;< 41379 41386 41394 413:4 413;6
31;; 41373 4137: 41388 41397 413:8
31;: 41368 41374 4137< 4138: 4139;
31;9 41364 4136: 41376 41385 41395
31;8 4135: 41365 4136; 41379 41389
31;7 41356 4135; 41367 41374 41383
31;6 41353 41357 41363 4136: 41378
31;5 4134: 41354 41359 41365 41373
31;4 41348 4134; 41356 4135< 41369
31;3 41346 41349 41353 41358 41365

Wdeoh D143= Udwlr ri ulvn dyhuvh wr qrq0ulvn dyhuvh rswlpdo ghod|hg uhwluhphqw
fuhglw dw djh 98/ X1V1 ihpdohv/ 4<<:

Wrwdo srsxodwlrq Pdohv Ihpdohv
qrUD UD qrUD UD qrUD UD

Qr glvfrxqwlqj 913( :14( 91:( ;15( 818( 916(
Glvfrxqwlqj :1;0<1<( ;1<04413( ;1804319( 431304513( :160<17( ;1404315(

Wdeoh D144= Rswlpdo ghod|hg uhwluhphqw fuhglw dw djh 98/ ulvn dyhuvlrq 3 dqg 4145/
4 |hdu odwh uhwluhphqw/ 4<<:
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Wrwdo srsxodwlrq Pdohv Ihpdohv
qrUD UD qrUD UD qrUD UD

Qr glvfrxqwlqj 81<( :13( 91:( ;15( 817( 915(
Glvfrxqwlqj :1<04318( <1404419( ;1:04415( 43160451;( :1704313( ;150431;(

Wdeoh D145= Rswlpdo ghod|hg uhwluhphqw fuhglw dw djh 95/ ulvn dyhuvlrq 3 dqg 4145/
6 |hduv odwh uhwluhphqw/ 4<<:

q � ' f � ' f�.2b � ' ���2 � ' 2
4 31393 3139: 313:4 313;6

31<< 31398 313:5 313:9 313;<
31<; 313:4 313:; 313;5 313<8
31<: 313:; 313;7 313;< 31434
31<9 313;7 313<4 313<8 3143;
31<8 313<4 313<; 31435 31448
31<7 313<< 31439 31443 31455
31<6 3143: 31446 3144; 3145<
31<5 31449 31455 31459 3146;
31<4 31458 31464 31467 31479
31<3 31467 31473 31477 31488

Wdeoh D146= Wkh h�hfw ri ulvn dyhuvlrq rq wkh rswlpdo ghod|hg uhwluhphqw fuhglw
dw djh 98/ 4 |hdu odwh uhwluhphqw/ wrwdo srsxodwlrq 4<<:
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q � ' f � ' f�.2b � ' ���2 � ' 2
4 3139: 313:9 313;5 313<<

31<< 313:6 313;5 313;; 31438
31<; 313:< 313;; 313<6 31444
31<: 313;8 313<7 31433 3144:
31<9 313<4 31434 31439 31456
31<8 313<< 3143; 31446 31463
31<7 31439 31448 31453 3146:
31<6 31447 31456 3145; 31478
31<5 31455 31464 31469 31486
31<4 31464 3146< 31478 31494
31<3 31473 3147; 31487 314:3

Wdeoh D147= Wkh h�hfw ri ulvn dyhuvlrq rq wkh rswlpdo ghod|hg uhwluhphqw fuhglw
dw djh 98/ 4 |hdu odwh uhwluhphqw/ pdohv 4<<:

q � ' f � ' f�.2b � ' ���2 � ' 2
4 31388 31393 31396 313:5

31<< 31393 31399 3139< 313::
31<; 31399 313:5 313:8 313;6
31<: 313:6 313:; 313;4 313<3
31<9 313:< 313;8 313;; 313<9
31<8 313;: 313<5 313<8 31436
31<7 313<7 313<< 31435 31444
31<6 31436 3143: 31443 3144;
31<5 31444 31449 3144< 3145:
31<4 31454 31458 3145; 31468
31<3 31463 31468 3146: 31478

Wdeoh D148= Wkh h�hfw ri ulvn dyhuvlrq rq wkh rswlpdo ghod|hg uhwluhphqw fuhglw
dw djh 98/ 4 |hdu odwh uhwluhphqw/ ihpdohv 4<<:
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Iljxuh D14= Iluvw ghulydwlyhv ri wkh ghod|hg uhwluhphqw fuhglw
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5HDO LQWHUHVW UDWHV RQ GHSRVLWV LQ WKH 8QLWHG 6WDWHV
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��\HDU 7UHDVXU\ %LOO 5DWH /RQJ�7HUP 8�6� *RYHUQPHQW 6HFXULWLHV

Iljxuh D15= Uhdo lqwhuhvw udwhv rq ghsrvlwv lq wkh Xqlwhg Vwdwhv

5HDO LQWHUHVW UDWHV RQ ORDQV LQ WKH 8QLWHG 6WDWHV
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�

���\HDU 0RUWJDJH 5DWH %DQN 3ULPH /RDQ 5DWH

Iljxuh D16= Uhdo lqwhuhvw udwhv rq ordqv lq wkh Xqlwhg Vwdwhv
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