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Fkdqjhv lq TDO\v lq Ilqodqg 4<<82<905337

Devwudfw
Gxh wr vfdufh khdowk fduh uhvrxufhv/ nqrzlqj wkh ghyhorsphqw dqg lqflghqfh ri khdowk0uhodwhg zhoo0
ehlqj lv yhu| lpsruwdqw1 Lq wklv vwxg| zh frqwhpsodwh fkdqjhv lq txdolw| dgmxvwhg olih |hduv +TDO\v,
lq Ilqodqg iurp 4<<82<9 wr 53371 Zh xvh wkuhh gdwd vhwv iurp 4<<82<9/ 5333 dqg 5337 fryhulqj
Ilqqlvk lqkdelwdqwv djhg 4;0:<1 Lq fdofxodwlqj TDO\v zh ghyhors d uhfxuvlyh phwkrg dqg surylgh
TDO\ fkdqjhv iru xqglvfrxqwhg dqg glvfrxqwhg vfhqdulrv lq devroxwh dqg rxw ri dwwdlqdeoh whupv1
Wkh odwwhu phdvxuh/ uhodwlyh fkdqjh rxw ri dwwdlqdeoh +UFRD,/ surylghv xv zlwk pruh dffxudwh dqg
frqvlvwhqw lqirupdwlrq derxw wkh uhodwlrq dqg lqflghqfh ri fkdqjhv dfurvv djh jurxsv dqg ehwzhhq
jhqghuv1 Iru khdowk0uhodwhg txdolw| ri olih zh xvh dq dffxudwh 48 glphqvlrqdo phdvxuh/ wkh 48G/
ghyhorshg e| Vlqwrqhq +4<<7/4<<8,1 Ghdwk suredelolwlhv duh wdnhq iurp olih wdeohv1 Wkh pdlq uhvxowv
hvwdeolvk wkdw TDO\v iru 4;�:< |hduv rog ihpdohv dqg pdohv kdyh lqfuhdvhg lq Ilqodqg gxulqj wkh
shulrg 4<<82<9�53371 Dssur{lpdwho|/ 53�93( ri wkh lqfuhdvh lv gxh wr lqfuhdvhg txdolw| ri olih/
zkloh wkh uhvw lv gxh wr lqfuhdvhg txdqwlw| ri olih1 Pdohv duh uhdfklqj ihpdohv lq olih h{shfwdqf| exw
wkh ghyhorsphqw ri wkh 48G ydoxhv kdv ehhq pruh idyrxudeoh iru ihpdohv wkdq iru pdohv1 Xvh ri
UFRD wr phdvxuh wkh fkdqjh lq wkh glvfrxqwhg dqg xqglvfrxqwhg TDO\v vkrzv frqvlvwhqwo| wkdw
wkh lqflghqfh ri juhdwhvw lpsuryhphqwv lq TDO\v lv udwkhu iru roghu wkdq iru |rxqjhu lqkdelwdqwv1
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Fkdqjhv lq TDO\v lq Ilqodqg 4<<82<905337

Frqwhqwv
4 Lqwurgxfwlrq 8

5 Iurp 48G wr uhfxuvlyho| vroyhg TDO\v :
514 48G 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :
515 TDO\ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;
516 Vroylqj TDO\v uhfxuvlyho| dqg UFRD 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <

6 Gdwd 47

7 Uhvxowv 48

8 Glvfxvvlrq dqg frqfoxvlrq 54
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4 Lqwurgxfwlrq
Lq vslwh ri vrph fulwlflvp/ wkh prvw lpsruwdqw khdowk rxwfrph phdvxuh lv txdolw| dgmxvwhg olih |hduv
+TDO\v,/ zklfk lv lqfuhdvlqjo| xvhg lq pdq| ghyhorshg frxqwulhv dv dq rxwfrph phdvxuh iru khdowk
lqwhuyhqwlrqv1 Wkxv/ TDO\v vkrxog dovr eh d jrrg fdqglgdwh iru phdvxulqj khdowk dw wkh qdwlrqdo
ohyho14 Wkh phdvxuh frpelqhv ohqjwk ri olih zlwk khdowk0uhodwhg txdolw| ri olih +KUTrO,1 Dw wklv
prphqw TDO\v dw wkh djjuhjdwh +srsxodwlrq, ohyho kdyh ehhq fdofxodwhg rqo| lq d ihz frxqwulhv
+h1j1 XVD/ Vzhghq dqg Ilqodqg, xvlqj glvsdudwh phwkrgv1 H{fhsw lq Ilqodqg/ wkh phdvxuhphqw
ri TDO\ dw wkh qdwlrqdo ohyho kdv ehhq edvhg rq d fuxghu dssurdfk/ lq zklfk wkh uhvhdufkhuv kdyh
ghyhorshg pdsslqjv iurp rwkhu khdowk lqglfdwruv ru glvhdvh lqirupdwlrq wkdq d KUTrO lqglfdwru15

Lq wkh fxuuhqw sdshu zh xvh TDO\v wr phdvxuh wkh khdowk ri wkh srsxodwlrq dqg lwv ghyhorsphqw1
Phdvxulqj TDO\v jlyhv d pruh suhflvh slfwxuh derxw wkh ghyhorsphqw ri shrsohv* khdowk0uhodwhg
zhoo0ehlqj wkdq wkh ghyhorsphqw ri vroh olih h{shfwdqf|1 Qdpho|/ lw frxog eh wkh fdvh wkdw olih h{0
shfwdqf| kdg lqfuhdvhg zkloh wkh txdolw| ri olih kdg ehhq glplqlvkhg1 Xvlqj wkh sodlq olih h{shfwdqf|
dv d phdvxuh ri khdowk lq wkh ghvfulehg fdvh zrxog lpso| idoodflrxvo| wkdw shrsohv* khdowk kdg lp0
suryhg1 Krzhyhu/ li wkh txdolw| ri olih kdg dfwxdoo| ghfuhdvhg vx!flhqwo|/ wkh txdolw| zhljkwhg olih
h{shfwdqf| zrxog kdyh ghfuhdvhg/ vljqli|lqj ghfuhdvhg khdowk ri shrsoh1 Lq dgglwlrq/ zlwk TDO\v
rqh lv deoh wr phdvxuh wkh ghyhorsphqw ri khdowk0uhodwhg whfkqrorj|/ dqg khqfh wkh lqflghqfhv ri
wkh fkdqjhv lq khdowk fduh wkurxjk wkh dffxudwh phdvxuh ri wkh txdolw| zhljkwv1 Ilqdoo|/ phdvxulqj
TDO\v jlyhv d jrrg wudmhfwru| wr hydoxdwh wkh khdowk fduh v|vwhp dqg vwhhu khdowk srolf| lq wkh
ghvluhg gluhfwlrq1

Wkhuh duh pdq| lqvwuxphqwv dydlodeoh iru phdvxulqj KUTrO dqg wkhlu xvh ydulhv ehwzhhq frxq0
wulhv1 Wkhuh lv qr jroghq vwdqgdug lqvwuxphqw wr phdvxuh KUTrO exw wkhuh lv vrph lqglfdwlrq wkdw
rqh lqvwuxphqw/ qdpho| 48G/ lv lq vrph uhvshfwv vxshulru wr vrph rwkhu KUTrO phdvxuhv16 Wkh
surshuwlhv ri wkh 48G/ hvshfldoo| lq whupv ri glvfulplqdwlqj srzhu +vhqvlwlylw|,/ kdyh ehhq irxqg
wr eh vxshulru wr rwkhu jhqhudoo| xvhg sur�oh ru vlqjoh lqgh{ vfruhv lqvwuxphqwv17 Rqh lpsruwdqw
gl�huhqfh ehwzhhq 48G dqg rwkhu phdvxuhv lv lwv �qhqhvv dqg euhdgwk ri fryhudjh ri gl�huhqw khdowk

4Rqh qrwdeoh fdyhdw zlwk TDO\ lv lwv lpsolflw dvvxpswlrq derxw wkh srvvlelolw| wr glvwlqjxlvk ehwzhhq xwlolw|
iurp frqvxpswlrq dqg khdowk vwdwxv1 Li wklv vhsdudwlrq lv lpsrvvleoh wkhq vr wrr lv wkh phdvxulqj ri TDO\v1 Lq wklv
sdshu zh krzhyhu frqvlghu wkdw wklv nlqg ri vhsdudwlrq lv srvvleoh/ dqg khqfh zh rplw wkh phqwlrqhg sureohp1

5Vhh h1j1 Fxwohu dqg Ulfkdugvrq +4<<;, dqg Exuvwuùp ho do1 +5334,1
6Vhh Vlqwrqhq +5334,1
7Iru wkrurxjk frpsdulvrq ri wzr pxowldwwulexwh xwlolw| phdvxuhv/ 480glphqvlrqdo 48G dqg 80glphqvlrqdo HxurTrO

dqg HT0WWR/ wkdw h{srvhv fohduo| wkh vwuhqjkwv ri 48G vhh Vwdyhp +4<<<,1
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Fkdqjhv lq TDO\v lq Ilqodqg 4<<82<905337

vwdwhv> 48G lv deoh wr fodvvli| 848 gl�huhqw khdowk vwdwhv zlwk fduhixoo| vhohfwhg 48 glphqvlrqv zlwk
8 ohyhov hdfk zkloh h1j1 80glphqvlrqdo wkuhh0ohyho HxurTrO frqwdlqv rqo| 68 gl�huhqw khdowk vwdwhv1
Wkh 48G kdv ehhq dqg lv xvhg lq pdq| surmhfwv iru hydoxdwlqj khdowk whfkqrorj| dqg kdv uhfhqwo|
ehhq lqfoxghg dovr lq srsxodwlrq vxuyh|v18

Hduolhu/ Vlqwrqhq dqg Dulqhq +4<<:, vwxglhg wkh h�hfwv ri ghsuhvvlrq rq d txdolw|0ri0olih phdvxuh
dqg rq xqglvfrxqwhg TDO\v lq Ilqodqg1 Wkh| frpsduhg h{shfwhg olih |hduv dqg txdolw| zhljkwhg
h{shfwhg olih |hduv iru 440|hdu0rogv lq 4<<5 dqg 4<<81 Wkh| irxqg d whqghqf| wr lqfuhdvh phdvxuhv
iru erwk khdowk0uhodwhg txdolw| ri olih dqg TDO\v1 Iru wkh zkroh dgxow srsxodwlrq +�48 |hduv rog,
wkh dyhudjh ri wkh khdowk0uhodwhg txdolw|0ri0olih phdvxuh lqfuhdvhg vljql�fdqwo| ehwzhhq 4<<5 dqg
4<<81 Lq dgglwlrq/ zkloh TDO\v lqfuhdvhg/ wkh gl�huhqfh lq TDO\v ehwzhhq jhqghuv ghfuhdvhg1
Wkhlu vwxg| krzhyhu odfnv dq lpsruwdqw ylhzsrlqw1 Qdpho|/ wkh| gr qrw uhsruw glvfrxqwhg TDO\v
dqg fkdqjhv/ dv glvfrxqwlqj pljkw kdyh d vljql�fdqw lpsdfw rq wkh uhvxowv dqg jlyh d vrphzkdw
gl�huhqw slfwxuh derxw wkh lqflghqfh ri fkdqjhv/ dv kdsshqhg lq Fxwohu dqg Ulfkdugvrq +4<<:/4<<;,1
Wkh| vwxg| wkh ghyhorsphqw ri wkh ydoxh ri khdowk lq wkh X1V1D1 iurp 4<830<31 Dv phdvxuhv wkh|
dovr xvh olih h{shfwdqf| dqg TDO\v1 Txdolw| zhljkwv iru TDO\v duh hvwlpdwhg iurp wkh gdwd e|
xvlqj vhoi0uhsruwhg khdowk vwdwxv dqg wkh suhydohqfh ri fhuwdlq glvhdvhv1 Wkh| �qg wkdw X1V1 flwl}hqv
duh khdowklhu wkdq wkh| xvhg wr1 Lq wkh xqglvfrxqwhg fdvh/ lqidqwv ehqh�w wkh prvw zkloh lq wkh
glvfrxqwhg fdvh/ wkh hoghuo| kdyh jdlqhg fohduo| pruh wkdq |rxqj flwl}hqv1 Wkhvh �qglqjv lpso|
wkdw wkh odujhvw sduw ri lpsuryhphqwv kdv ehhq iru wkh hoghuo|1 Dorqj vlplodu olqhv/ Exuvwuùp hw do1
+5336, vwxglhg wkh ydoxh ri wkh fkdqjh lq khdowk lq Vzhghq iru wkh shulrg iurp 4<;32;4 wr 4<<92<:1
Wkh| hvwlpdwhg glvfrxqwhg TDO\v iru phq dqg zrphq dw vshfl�f djhv e| frpelqlqj vxuylydo udwhv
dqg khdowk vwdwh vfruhv1 Djh0vshfl�f khdowk vwdwh vfruhv zhuh hvwlpdwhg e| pdsslqj uhvsrqvhv wr
vhohfwhg vxuyh| txhvwlrqv lq wkh Vzhglvk Vxuyh| ri Olylqj Frqglwlrqv wr wkh HT08G> wkh XN HT08G
lqgh{ wdul� lv wkhq xvhg wr rewdlq khdowk vwdwh vfruhv1 Wkhlu �qglqjv lpso| wkdw uhvxowv duh djdlq
d�hfwhg e| glvfrxqwlqj> wkh lqflghqfh ri TDO\ lpsuryhphqwv zhuh vkrzq wr eh idyrudeoh iru wkh
lqidqwv lq wkh xqglvfrxqwhg fdvh zkloh roghu shrsoh kdyh jdlqhg wkh prvw lq wkh glvfrxqwhg fdvh1

Wklv sdshu h{whqgv wkh uhfhqw uhvhdufk lq pdq| uhvshfwv1 Iluvwo|/ zh hvwlpdwh TDO\v e| xvlqj
d yhu| dffxudwh KUTrO lqvwuxphqw/ 48G/ zklfk lv dydlodeoh lq doo wkh gdwd vhwv iru wkh vwxg|1
Wklv hqdeohv xv wr frqwhpsodwh zklfk glphqvlrqv ri khdowk duh wkh prvw lpsruwdqw dqg h�hfwlyh

8Vhh h1j1 Dulqhq hw do1 +4<<;,/ Durpdd dqg Nrvnlqhq hgv1 +5337,/ Uçvçqhq hw do1 +5339,/ dqg Ndxwwr +5339, dqg
ixuwkhu uhihuhqfhv wkhuhlq1
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lq h{sodlqlqj wkh ghyhorsphqwv lq TDO\v1 Vhfrqgo|/ zh h{soruh wkh h�hfw ri glvfrxqwlqj rq wkh
glvwulexwlrq ri TDO\v dqg wkh lqflghqfh ri TDO\0fkdqjhv lq wkh srsxodwlrq1 Wklugo|/ zh ghyhors
dqg xvh d phdvxuh wkdw zh fdoo uhodwlyh fkdqjh rxw ri dwwdlqdeoh +UFRD,1 Wkdw lv d phdvxuh
frpsxwhg ehwzhhq wkh uhdolvhg fkdqjh lq TDO\v dqg wkh pd{lpxp srvvleoh fkdqjh lq TDO\v
jlyhq wkh ghyhorsphqw ri olih h{shfwdqf|1 Zh vkrz wkdw e| xvlqj UFRD zh duh deoh wr vprrwk
rxw wkh h�hfwv ri glvfrxqwlqj dqg wkh frqvwudlqhg 48G phdvxuh rq wkh lqflghqfh ri TDO\0fkdqjhv1
Ilqdoo|/ zh iroorz pdlqo| vlplodu olqhv wr Vlqwrqhq dqg Dulqhq +4<<:,/ hqdeolqj d frpsdulvrq ri
vrph uhvxowv/ dv wkh| dovr xvhg 48Gv wr zhljkw wkh olih |hduv1

Wkh vwuxfwxuh iru wkh uhvw ri wkh sdshu lv dv iroorzv= Lq Vhfwlrq 5 zh jlyh d eulhi ryhuylhz ri wkh
uhodwlrqvkls ehwzhhq 48G dqg TDO\v/ zh xvh d uhfxuvlyh phwkrg zlwk zklfk wr frpsxwh TDO\v/
dqg dovr lqwurgxfh wkh UFRD phdvxuh1 Vhfwlrq 6 surylghv d vkruw ghvfulswlrq ri wkh gdwd/ zkloh
Vhfwlrq 7 suhvhqwv wkh pdlq uhvxowv1 Ilqdoo|/ Vhfwlrq 8 glvfxvvhv wkh uhvxowv dqg wkhlu lpsolfdwlrqv
dqg frqfoxghv wkh vwxg|1

5 Iurp 48G wr uhfxuvlyho| vroyhg TDO\v
Lq wklv vhfwlrq zh jlyh d yhu| eulhi ryhuylhz ri 48G dqg TDO\v dqg wkhlu uhodwlrqvkls1 Vrph
frxqwhusduwv iru TDO\ zloo dovr eh glvfxvvhg1

514 48G
Wkhuh duh vhyhudo phdvxuhv iru KUTrO1 Lq wkh gdwd wkdw duh xvhg lq wkh fxuuhqw sdshu/ khdowk0uhodwhg
txdolw| ri olih lv jlyhq e| wkh lqgh{ vfruh ri 48 glphqvlrqv= prelolw|/ ylvlrq/ khdulqj/ euhdwklqj/
vohhslqj/ hdwlqj/ vshhfk/ holplqdwlrq/ xvxdo dfwlylwlhv/ phqwdo ixqfwlrq/ glvfrpiruw dqg v|pswrpv/
ghsuhvvlrq/ glvwuhvv/ ylwdolw| dqg vh{xdo dfwlylw|1 9 Wkh ydoxdwlrq v|vwhp ri wkh 48G lv edvhg rq
dq dssolfdwlrq ri wkh pxowl0dwwulexwh xwlolw| wkhru|1: D vhw ri xwlolw| ru suhihuhqfh zhljkwv/ holflwhg
iurp wkh jhqhudo sxeolf wkurxjk d ydoxdwlrq surfhgxuh/ lv xvhg lq dq dgglwlyh djjuhjdwlrq irupxod
wr jhqhudwh wkh 48G vfruh +vlqjoh lqgh{ qxpehu, ryhu doo wkh glphqvlrqv1 Wkh pd{lpxp vfruh lv

9Iru ghwdlohg dqg wkrurxjk ghyhorsphqw dqg dqdo|vlv ri 48G dqg lwv uholdelolw| vhh Vlqwrqhq +4<<7,/ Vlqwrqhq
+4<<8,/ Vlqwrqhq dqg Dulqhq +4<<:, dqg Vlqwrqhq +5334,1

: Lq wkh pxowl0dwwulexwh xwlolw| wkhru| wkh dwwulexwhv duh dvvxphg wr eh phdvxudeoh rq d udwlr vfdoh1 Wkxv/ wkh
dwwulexwhv fdq eh pdsshg lqwr d frpprq lqwhuydo/ vd| df> �o zkhuh f uhsuhvhqwv xvxdoo| wkh czruvw* ydoxh iru wkh
dwwulexwh dqg � uhsuhvhqwv wkh cehvw*1 Ilqdoo|/ hdfk dwwulexwh jhwv zhljkw vr wkdw zkhq dgglqj xs wkh dwwulexwhv wkh
zhljkwhg vxp zloo eh dovr lq wkh lqwhuydo df> �o=
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Fkdqjhv lq TDO\v lq Ilqodqg 4<<82<905337

4 +qr sureohpv rq dq| glphqvlrqv, dqg wkh plqlpxp vfruh lv 3 +ehlqj ghdg,1 Irupdoo|/ wkh 48G
lqgh{ vfruh kdv wkh iroorzlqj uhsuhvhqwdwlrq=

yK @ [

m
Lm+{m,^zm+{m,`>

zkhuh Lm+{m, lv wkh dyhudjh uhodwlyh lpsruwdqfh shrsoh dwwdfk wr ydulrxv ohyhov ri glphqvlrq m
+m @ 4> 5> 6> � � � > 48,/ dqg zm+{m, lv wkh dyhudjh ydoxh shrsoh sodfh rq ydulrxv ohyhov ri glphqvlrq m1

515 TDO\
Zkloh KUTrO whoov wkh fxuuhqw vwdwh ri khdowk0uhodwhg txdolw| ri olih/ lw odfnv d wlph glphqvlrq1 E|
wdnlqj dq h{shfwdwlrq ri vxuylylqj ryhu rqh |hdu dqg pxowlso|lqj lw e| wkh h{shfwhg KUTrO ri wkdw
sduwlfxodu |hdu rqh dwwdlqv d vlqjoh khdowk0dgmxvwhg olih |hdu +KDO\,1 Wdnlqj d vxp ri wkh h{shfwhg
khdowk0dgmxvwhg olih |hduv +zlwk ru zlwkrxw glvfrxqwlqj, ryhu olih h{shfwdqf| |lhogv KDO\v1 Zkhwkhu
txdolw| ri olih zhljkwv duh dwwdfkhg wr vrph vshfl�f glvhdvhv ru wr khdowk vwdwhv wkhq gh�qhv li wkh
uhvxowlqj phdvxuh lv iru glvhdvh0 ru txdolw|0dgmxvwhg olih |hduv/ l1h1 GDO\ ru TDO\/ uhvshfwlyho|1;
TDO\ lv ghyhorshg wr phdvxuh ryhudoo ixqfwlrqdo fdsdflw| frpelqhg zlwk wlph1 Lq rwkhu zrugv/
TDO\ lv dq djjuhjdwhg phdvxuh ri khdowk h{shfwdqf|1<

Dv zh phqwlrqhg/ wkh TDO\ kdv d uhsuhvhqwdwlrq lq wkh irup ri d glvfrxqwhg +ru dq xqglv0
frxqwhg, vxp ri lqvwdqwdqhrxv xwlolwlhv zkhuh wkh vrxufh ri doo xwlolw| lv khdowk vwdwxv dw hdfk wlph
srlqw1 Wkh vlpsohvw dqg d jhqhudo zd| wr suhvhqw TDO\ lv

T� @ [

w��
�w��x +kw, >

zkhuh � lv d glvfrxqw idfwru/ x lv d wlph0lqghshqghqw lqvwdqwdqhrxv xwlolw| ixqfwlrq/ dqg kw lv

;GDO\ lv ghyhorshg wr phdvxuh wkh exughq ri d glvhdvh/ dqg khqfh lw lv d phdvxuh ri khdowk jds ehwzhhq d
shuihfw khdowk dqg khdowk zlwk vrph glvhdvh1 Derxw wkh ghyhorsphqw ri GDO\ dqg iru d wkrurxjk dqdo|vlv derxw
lwv xvdjh vhh Pxuud| +4<<7,1 Iru ghyhorsphqw ri TDO\ vhh h1j1 Wruudqfh +4<;9,1 Iru yh| wkrurxjk dqdo|vlv ri
wkhruhwlfdo irxqgdwlrqv ri TDO\ vhh Pl|dprwr +4<<<, dqg Eohlfkurgw dqg Pl|dprwr +5336,1 Iru d yhu| uhfhqw dqg
lqwhuhvwlqj uh�qhphqw ri TDO\ prgho zkhuh h{wulqvlf jrdov duh dgghg wr TDO\ prgho vhh Kd}hq +533:,1 Iru fduhixo
frpsdulvrqv dqg glvfxvvlrqv ri vlplodulwlhv ehwzhhq KDO\/ GDO\/ dqg TDO\ vhh Jrog hw do1 +5335,1

< Lq wkh uhfhqw olwhudwxuh wkh glyhuvlw| ri xvdjh ri KDO\/ GDO\/ dqg TDO\ fdxvhv vrphwlphv sureohpv1 Gxh wr
wkh vlplodulwlhv lq wkhlu gh�qlwlrqv wkrvh duh vrphwlphv xvhg lqwhufkdqjhdeo| fdxvlqj d uhtxluhphqw ri kljk dohuwqhvv
iurp wkh uhdghu wr eh fohdu zkdw d xvhg gh�qlwlrq phdqv irupdoo|1 H1j1 vrphwlphv TDO\ vwdqgv iru TDO\ jdlq +ru
orvv, zkloh KDOH +khdowk dgmxvwhg olih h{shfwdqf|, vwdqgv iru TDO\ lq wkh vhqvh zh ghvfulehg lw lq khuh dqg dv lw
lv xvxdoo| gh�qhg1
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wkh khdwk vwdwxv lq shulrg w1 Lq wkh jlyhq uhsuhvhqwdwlrq wkh xwlolw| lv vlpso| d surgxfw ri wkh wlph
vshqw lq vrph khdowk vwdwh dqg lwv txdolw| zhljkw1 Khqfh/ e| rshqlqj xs d elw wkh suhylrxv htxdwlrq
zh jhw

T� @ [

w��
�w��Y +k,w >

zkhuh zh kdyh dvvxphg iru vlpsolflw| wkdw lq hdfk shulrg d suhydlolqj khdowk vwdwh odvwv dozd|v
wkurxjk wkh zkroh wlph shulrg/ dqg khqfh Y +k,w lv wkh txdolw| zhljkw iru wlph shulrg w zlwk wkh
khdowk vwdwh k1

516 Vroylqj TDO\v uhfxuvlyho| dqg UFRD
TDO\ uhfxuvlrq Ghqrwh wkh yduldeoh djh e| d/ wkh khdowk0uhodwhg txdolw| ri olih iru djh d e|
G +d,/ dqg wkh xqzhljkwhg +l1h1 txdolw|0iuhh, olih h{shfwdwlrq ryhu d vlqjoh olih |hdu e| X +d,

X +d, @ 4� s +d,
] 4

3
vgv @ 4� s +d,

5 >

zkhuh s +d, 5 ^3> 4` lv d suredelolw| iru g|lqj zlwklq rqh |hdu iru d shuvrq zkr mxvw wxuqhg d |hduv
rog143 Ilqdoo|/ ghqrwh d frpsohphqw ri wkh ghdwk suredelolw| e| F +d, @ 4 � s +d, > dqg gh�qh
F +W . q, � 3 iru doo q @ 3> 4> 5> 6===> zkhuh W lv vhohfwhg dv d whuplqdo shulrg vr wkdw s +W . q, @ 4
iru doo q=44 Zh wkhq jhw wkh iroorzlqj htxdwlrq iru h{shfwhg TDO\v ghqrwhg e| T +d,

T +d, @ X� +d, .
W
[

l@d.4
X� +l,

l�4
\

n@d
F +n, > +4,

zkhuh zh xvh dq deeuhyldwlrq X� +�, � X +�,G +�, zkloh iru qrwdwlrqdo hdvh glvfrxqwlqj lv rplwwhg
+l1h1 � @ 4,145

Qrwh qrz wkdw iru dq| d ? W zh jhw iurp Ht1+4,

T +d,� X� +d,
F +d, @ X� +d. 4, .

W
[

l@d.5
X� +l,

l�4
\

n@d.4
F +n,

@ T +d. 4, =
43Zh dvvxph wkdw wkh suredelolw| wr glh zlwklq rqh |hdu lv xqlirupo| glvwulexwhg ryhu wkh |hdu1
44Wklv lv wr vd| wkdw W lv wkh �qdo shulrg ryhu zklfk wkh h{shfwdwlrq lv wdnhq1
45Qrwh wkdw Ht1+4, lv forvho| uhodwhg zlwk wkh TDO\ htxdwlrq suhvhqwhg lq Vlqwrqhq dqg Dulqhq +4<<:, dqg Vlqwrqhq

+5333,1
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Khqfh/
T +d, @ T +d. 4,F +d, . X� +d, > +5,

dqg zh duh deoh wr vroyh T +d, uhfxuvlyho| e| vwduwlqj zlwk T +W , @ X� +W , = Iru d glvfrxqwhg fdvh/
lw lv d wulyldo wdvn wr hoderudwh Ht1+4, wr �qg rxw wkdw uhfxuvlrq wkhq wdnhv wkh iroorzlqj irup

T +d, @ �T +d. 4,F +d, . X� +d, > +6,

zkhuh � lv wkh glvfrxqw idfwru1 Wkh uhfxuvlrqv/ Htv1+5, dqg +6, > duh wkh wrrov zh xvh wr frpsxwh
djh jurxs dqg jhqghu vshfl�f TDO\v1

Wr rewdlq wkh dwwdlqdeoh TDO\v +l1h1 olih h{shfwdqf|, zh xvh Htv1+5, dqg +6, e| vhwwlqjG +d, @ 4
iru doo d= Iru wkh vdnh ri fodulw|/ wkh dwwdlqdeoh TDO\v duh glvwlqjxlvkhg iurp TDO\v e| ghqrwlqj
lw dv O +d,146

UFRD Dv rqh pljkw jxhvv/ glvfrxqwlqj kdv d juhdw h�hfw rq TDO\v dqg hvshfldoo| rq wkh lq0
flghqfh ri wkhlu fkdqjhv1 Wkh pruh +ohvv, wkh ixwxuh lv glvfrxqwhg wkh ohvv +pruh, wkh h{shfwhg
lpsuryhphqwv lq wkh ixwxuh d�hfw wkh TDO\ fkdqjhv phdvxuhg iurp vrph �{hg shuvshfwlyh1 Gh0
shqglqj rq wkh pdjqlwxgh ri wkh glvfrxqw idfwru xvhg/ d frpsdulvrq ri TDO\ fkdqjhv iurp wzr
gl�huhqw shuvshfwlyhv +h1j1 wzr gl�huhqw djh jurxsv, fdq jlyh frpsohwho| rssrvlwh uhvxowv/ dv wkh
iroorzlqj h{dpsoh looxvwudwhv=

H{dpsoh 4 Frqvlghu d fdvh zkhuh d glvfrxqw idfwru � kdv wkh ydoxh 4
5 > wkh olihwlph lv 5 shulrgv/

dqg KUTrOv/ l1h1 G +d,v/ iru lqidqwv dqg wkh hoghuo| ghshqg rq wkh vhohfwhg srolf|147 Vxssrvh dovr
wkdw dq lqidqw kdv d ulvn ri s +4, @ 4

43 wr glh dw wkh hqg ri wkh �uvw shulrg zkloh iru wkh hoghuo|
wkh ghdwk lv vxuh dw wkh hqg ri vhfrqg shulrg/ l1h1 s +5, @ 4= Wkh rswlrqv iru wkh gl�huhqw srolflhv
duh= +4, KUTrO 4 iru shulrg 4 zkloh 4

43 iru shulrg 5> ru +5, 5
43 iru shulrg 4 zkloh 4 iru shulrg 5=

Ohw*v ghqrwh wkh h{shfwhg TDO\v e| Tqp>}/ zkhuh p 5 i4> 5j lqglfdwhv wkh srolf|/ q 5 il> hj zkhwkhu
wkh frqwhpsodwhg jurxs lv wkh lqidqw ru wkh hoghuo| jurxs> dqg } 5 ix> gj duh TDO\v xqglvfrxqwhg
ru glvfrxqwhg1 Qrz/ li wkh vrfldo sodqqhu grhv qrw xvh glvfrxqwlqj dqg kh zdqwv wr pd{lplvh dq
lqidqw*v h{shfwhg TDO\v kh fohduo| vhohfwv srolf| 5/ vlqfh lw uhvxowv lq Tl5>x @ 4 4

43 > zkloh srolf| 4

46Qrwh wkdw O Ed� D T Ed� iru doo d=
47Qdwxudoo|/ d glvfrxqw idfwru ri vl}h � ' �

2 lv lpsodxvleoh/ exw lq wkh h{dpsoh lw lv fkrvhq mxvw wr hpskdvlvh wkh
gl�huhqfh ehwzhhq glvfrxqwhg dqg xqglvfrxqwhg fdvhv1
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zrxog uhvxow lq Tl4>x @ 4 <
433 148 Lq frqwudvw/ li wkh vrfldo sodqqhu xvhv glvfrxqwlqj/ kh wkhq fhuwdlqo|

vhohfwv srolf| 4/ vlqfh lw uhvxowv lq Tl4>g @ 4 <
533 zkloh srolf| 5 zrxog uhvxow lq Tl5>g @ 463

533 zklfk lv
fohduo| ohvv wkdq wkh TDO\v dwwdlqhg wkurxjk srolf| 41 Li wkh vrfldo sodqqhu zdqwhg wr pd{lplvh
TDO\v iru wkh hoghuo| kh zrxog qdwxudoo| fkrrvh wkh rssrvlwh lq wkh glvfrxqwhg fdvh1
Ohw xv wkhq uhlqwhusuhw wkh jlyhq srolflhv dv wzr vhsdudwh wlph gl�huhqfhv lq TDO\v/ l1h1 dv fkdqjhv
lq wrwdo h{shfwhg TDO\v iurp vrph lqlwldo ohyho iru wzr gl�huhqw wlph lqwhuydov 4 dqg 51 Khqfh/
iru wkh lqidqwv wkh fkdqjhv duh �Tl4>x @ 4 <

433 dqg �Tl5>x @ 4 4
43 lq wkh xqglvfrxqwhg fdvh/ zkloh

iru wkh glvfrxqwhg fdvh/ wkh fkdqjhv duh �Tl4>g @ 4 <
533 dqg �Tl5>g @ 463

533 > iru wkh hoghuo| wkh
uhvshfwlyh fkdqjhv zrxog wkhq eh �Th4>} @ 4

43 dqg �Th5>} @ 4> } 5 ix> gj= Qrz/ lw lv fohdu wkdw zkhq
frqwhpsodwlqj wlph lqwhuydo 4/ rqh fdq frqvlvwhqwo| vd| wkdw wkh juhdwhvw lqflghqfh ri TDO\ fkdqjh
lv iru wkh lqidqwv qr pdwwhu zkhwkhu glvfrxqwlqj lv xvhg ru qrw1 Lq frqwudvw/ zkhq frqwhpsodwlqj
wkh TDO\ lqflghqfh iru wlph lqwhuydo 5 wkhuh lv qr frqvlvwhqw fodlp derxw TDO\ lqflghqfh dfurvv
wkh lqidqwv dqg hoghuo| exw iru wkh xqglvfrxqwhg fdvh rqh zrxog dujxh wkdw wkh lqidqwv jhw wkh prvw
dgglwlrqdo TDO\v zkloh iru wkh glvfrxqwhg fdvh wkh fodlp zrxog eh h{dfwo| wkh rssrvlwh dqg lq idyrxu
ri wkh hoghuo|1

H{dpsoh 4 h{srvhv fohduo| wkh h�hfwv dqg sureohpv ri glvfrxqwlqj rq TDO\ frpsdulvrqv1 Li d
vrfldo sodqqhu pxvw fkrrvh zklfk srolf| lv ehvw/ glvfrxqwlqj fdxvhv sureohpv1 Li d vrfldo sodqqhu
wulhv wr pdnh d frpsdulvrq ri wkh lqflghqfh ri TDO\ fkdqjhv ehwzhhq wzr djh jurxsv kh djdlq
idfhv gl!fxowlhv zlwk wkh glvfrxqwlqj/ vlqfh wkh lpsuryhphqwv wdnh sodfh lq d glvwdqw ixwxuh dqg vr
wkhuh lv qr frqvlvwhqw zd| wr ghflgh zkhwkhu wkh lghqwl�hg lqflghqfh lv fruuhfw lq wkh glvfrxqwhg ru
lq wkh xqglvfrxqwhg fdvh1

Wr ryhufrph wkhvh w|shv ri sureohpv/ zh lqwurgxfh dqg odwhu xvh d uhodwlyh fkdqjh rxw ri dwwdlq0
deoh +UFRD, phdvxuh wr pdnh TDO\ fkdqjhv frpsdudeoh ehwzhhq djh jurxsv1 Ehiruh uhohdvlqj d
irupdo uhsuhvhqwdwlrq ri UFRD zh qhhg wr gh�qh d TDO\ jdlq dqg d g|qdplf TDO\ orvv/ dv wkh
UFRD zloo eh wkh iudfwlrq ri wkh iruphu iurp wkh odwwhu1

Wkh TDO\ jdlq lv gh�qhg qrupdoo|/ l1h1 lw lv wkh devroxwh fkdqjh lq TDO\v ehwzhhq wzr
vhsdudwh wlph srlqwv1 Irupdoo|/

48D fdofxodwlrq h{dpsoh iru wkh h{shfwhg srolf| sd|r�v= Srolf| 5 zlwkrxw glvrxqwlqj |lhogv E�3 s E��� � 2
�f n ��n

s E�� 2
�f ' � �

�f = Wkh vdph srolf| zlwk glvfrxqwlqj |lhogv E�3 s E��� � 2
�f n �

2
�n s E�� 2

�f ' ��f
2ff =
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Jw5w4 +d, � Tw5 +d,�Tw4 +d, >

zkhuh Twq +d, uhihuv wr h{shfwhg TDO\v dw wlph wq iru djh jurxs d= Lq wkh uhfhqw olwhudwxuh d TDO\
orvv lv gh�qhg dv wkh gl�huhqfh ehwzhhq h{shfwhg olih |hduv dqg TDO\v zlwklq wkh vdph wlph iudph/
vr lw edvlfdoo| whoov wkh h�hfw ri KUTrO rq sxuh olih h{shfwdqf| iru vrph �{hg wlph iudph1 Wkh
vwdqgdug TDO\ orvv lv d sudfwlfdo phdvxuh zkhq rqh zdqwv wr nqrz iru rqh wlph srlqw krz pxfk
wkhuh lv d orvv lq TDO\v ehwzhhq uhdolw| dqg dq lghdo zruog zkhuh hyhu|erg| kdv KUTrO dw lwv
pd{lpxp ohyho dqg khqfh wkh TDO\v zrxog uhfhlyh wkh ydoxh ri olih h{shfwdqf|1 Krzhyhu/ zkhq
dqdo|vlqj d fkdqjh ri TDO\v lq wlph/ zh frqvlghu wkdw wkh uhohydqw frxqwhusduw iru wkh TDO\ jdlq
lv g|qdplf TDO\ orvv/ wkdw lv wkh gl�huhqfh ehwzhhq wkh olih h{shfwdqf| +wkh lghdolvwlf vlwxdwlrq
dwwdlqhg wr, dw wlph srlqw w5 dqg TDO\v dw wlph srlqw w4=49 Wkh g|qdplf TDO\ orvv lv wkxv gh�qhg
irupdoo| dv iroorzv1

Lw5w4 +d, � Ow5 +d,�Tw4 +d, > +7,

zkhuh Owq +d, uhihuv wr h{shfwhg olih |hduv dw wlph wq iru djh jurxs d= Lw lv hdv| wr vkrz +mxvw dgg
dqg vxewudfw Tw5 wr2iurp wkh ohiw kdqg vlgh ri Ghi1+7, dqg uhduudqjh, wkdw dfwxdoo|

Lw5w4 +d, @ Lw5w5 +d, .Jw5w4 +d, >

zkhuh wkh g|qdplf TDO\ orvv lv wkh vwdqgdug TDO\ orvv dw shulrg w5 dgghg wr wkh TDO\ jdlq
ehwzhhq shulrgv w4 dqg w5= Vr/ wkh g|qdplf TDO\ orvv whoov xv krz pdq| dwwdlqdeoh TDO\v h{lvw
ehwzhhq wlph srlqwv w4 dqg w5 iru d uhdolvhg ghyhorsphqw ri olih h{shfwdqf|1 Lq rwkhu zrugv/ wkh
g|qdplf TDO\ orvv whoov xv krz pxfk wkh ghyhorsphqw ri KUTrO d�hfwv wkh ghyhorsphqw ri sxuh
olih h{shfwdqf| zlwklq vrph jlyhq wlph lqwhuydo/ khqfh lw whoov xv krz pxfk wkhuh lv urrp iru d
fkdqjh lq TDO\v ehwzhhq wkh lghdo zruog dqg uhdolw| zlwklq wkh jlyhq wlph iudph iru wkh revhuyhg
fkdqjh lq pruwdolw| gdqjhu1 Ilqdoo|/ UFRD lv wkh iudfwlrq ri wkh TDO\ jdlq iurp wkh dwwdlqdeoh

49Uhfdoo wkdw h{shfwhg TDO\v lv wkh txdolw| dgmxvwhg olih h{shfwdqf|1 Vlqfh lw lv uhdvrqdeoh wr frqflghu wkdw rqh
ri wkh pdlq wdujhwv ri wkh khdowk srolf| lv wr jhw shrsohv* khdowk uhodwhg txdolw| ri olih dv kljk dv srvvleoh/ zh fdoo
d vlwxdwlrq zkhuh KUTrO zrxog uhdfk lwv pd{lpxp ydoxh � *dq lghdolvwlf vlwxdwlrq dwwdlqhg wr*1 Lq wkh lghdolvwlf
vlwxdwlrq/ TDO\v dqg olih h{shfwdqflhv zrxog wkxv frlqflgh1
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TDO\ fkdqjh/ l1h1 iurp wkh g|qdplf TDO\ orvv/ dqg wdnhv wkh iroorzlqj irup

Uw5w4 +d, @
Jw5w4 +d,
Lw5w4 +d,

= +8,

UFRD whoov xv krz pxfk/ uhodwlyho|/ wkh TDO\ jdlq ri djh jurxs d lv iurp wkh pd{lpxp fkdqjh
zkhuh KUTrO zrxog fkdqjh iurp wkh fxuuhqw ydoxh wr ydoxh 4 iru wkh jlyhq fkdqjhv lq pruwdolw|
gdqjhu=4: Zlwk UFRD zh jhw d pruh xqlirup dqg frqvlvwhqw phdvxuh iru wkh lqflghqfh ri wkh
TDO\0fkdqjhv ehwzhhq djh jurxsv vlqfh lw wdnhv lqwr dffrxqw krz pxfk urrp wkhuh lv iru dq dfwxdo
fkdqjh lq wkh h{shfwhg KUTrO1 Wu|lqj wr pdnh TDO\ lqflghqfh frpsdulvrqv zlwk phdvxuhv ri
sodlq devroxwh ru uhodwlyh fkdqjh ohdgv wr lqfrqvlvwhqw uhvxowv wkdw ghshqg khdylo| rq d frpelqdwlrq
ri wkh djh jurxs dqg zkhwkhu glvfrxqwlqj lv xvhg ru qrw1 \rxqjhu djh jurxsv duh idyrxuhg zkhq
glvfrxqwlqj lv qrw xvhg/ vlqfh qrupdoo| wkhuh lv yhu| olwwoh vsdfh iru wkhp wr jdlq dq|wklqj iurp
fkdqjhv lq KUTrO lq wkh qhdu ixwxuh/ zkloh wkhuh lv xvxdoo| pruh urrp iru fkdqjh lq wkh glvwdqw
ixwxuh1 Iru wkh vdph uhdvrq/ roghu djh jurxsv duh idyrxuhg zkhq glvfrxqwlqj lv xvhg/ vlqfh |rxqjhu
shuvrqv gr qrw jdlq iurp wkh fkdqjhv lq wkh glvwdqw ixwxuh exw wkh roghu jdlq pruh iurp wkh qhdu
ixwxuh fkdqjhv1 Wr wklv hqg/ zh vwloo hoderudwh Ghi1+8, wr vkrz krz UFRD dovr vprrwkhv rxw wklv
glvfxvvhg h�hfw ri glvfrxqwlqj1

Rshqlqj xs Uw5w4 +d, |lhogv iru dq xqglvfrxqwhg fdvh

Uw5w4 +d,x @ Tw5 +d. 4,Fw5 +d, . X�w5 +d,�Tw4 +d. 4,Fw4 +d,� X�w4 +d,
Ow5 +d. 4,Fw5 +d, . Xw5 +d,�Tw4 +d. 4,Fw4 +d,� X�w4 +d,

>

dqg iru d glvfrxqwhg fdvh

Uw5w4 +d,g @ Tw5 +d. 4,Fw5 +d, . X�
w5 +d,� �Tw4 +d. 4,Fw4 +d,� X�

w4 +d,�
Ow5 +d. 4,Fw5 +d, . Xw5 +d,� �Tw4 +d. 4,Fw4 +d,� X�

w4
+d,
�

=

4:Qrwh wkdw Uw5
w4 M E3"> �o= Rqh pljkw zrqghu zk| wkh dwwdlqdeoh TDO\v/ l1h1 g|qdplf TDO\ orvv/ lv frpsxwhg

e| xvlqj wkh pd{lpxp ri KUTrO exw wkh fkdqjhv lq pruwdolw| gdqjhu/ l1h1 lq olih h{shfwdqf|/ duh wdnhq dv jlyhq1
Qdwxudoo|/ wkh dwwdlqdeoh TDO\v frxog lqfrusrudwh vrph plpxp ohyho ri pruwdolw| gdqjhu1 Wkdw zrxog qrw/ krzhyhu/
pdnh wkh phdvxuh dq| gl�huhqw iurp wkh fxuuhqw exw zrxog rqo| frpsolfdwh wkh lqihuhqfhv iurp lw1 Lq dgglwlrq/ ohwwlqj
wkh pruwdolw| gdqjhu wr jhw vrph plpxp ydoxh iru wkh dwwdlqdeoh TDO\v zrxog rqo| pdnh g|qdplf TDO\ orvv/
ghqrplqdwru/ eljjhu lq wkh Ghi1ED� dqg khqfh wkh iudfwlrq vpdoohu/ dv wkh qxphudwru ri UFRD zrxog vwloo vwd| lqwdqfw1
Wkxv/ doo wkh fkdqjhv lq wkh uhvxowv zrxog eh rqo| txdqwlwdwlyh dqg qr txdolwdwlyh fkdqjhv zrxog dsshdu1 Ilqdoo|/
ohwwlqj rqo| rqh sdudphwhu wr fkdqjh/ fhwhulv sdulexv/ hpskdvlvhv wkh h�hfw ri wkh lqwhuhvw dqg pdlqwdlqv UFRD lq
vxfk irupdw wkdw qr *dssohv dqg rudqjhv* zloo eh frpsduhg1 Wklv lv wr vd| wkdw vlqfh wkh TDO\ jdlq whoov wkh fkdqjh
lq TDO\v iru revhuyhg fkdqjhv lq KUTrOv iru jlyhq fkdqjhv lq pruwdolw| gdqjhu/ lw lv qdwxudo wr frpsduh lw zlwk
pd{lpdo fkdqjhv lq KUTrOv iru wkh vdph jlyhq fkdqjhv lq pruwdolw| gdqjhu1
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Lw lv qrz hdv| wr vhh wkdw wkh qxphudwruv ri Uw5w4 +d,g dqg Uw5w4 +d,x gl�hu iurp hdfk rwkhu e|

+4� �, �X�w5 +d,� X�w4 +d,
�

� =

Iru wkh ghqrplqdwruv wkh uhvshfwlyh gl�huhqfh lv
+4� �, �Xw5 +d,� X�w4 +d,

�

� =

Wkhvh gl�huhqfhv duh yhu| forvh wr }hur iru sodxvleoh glvfrxqw idfwru ydoxhv +forvh wr rqh/ vd| � 5
^=<8> 4`, dqg khqfh wkh h�hfw ri glvfrxqwlqj lv doprvw devhqw lq U +d,x dqg U +d,g = Wklv lv wr vd|
wkdw U +d,x � U +d,g qr pdwwhu krz odujh wkh gl�huhqfhv 4; 1

6 Gdwd
Wr dqdo|vh 48G dw wkh srsxodwlrq ohyho/ zh xvhg wkuhh vhsdudwh srsxodwlrq vxuyh|v/ hdfk ri wkhp
fryhulqj wkh Ilqqlvk dgxow srsxodwlrq dqg kdylqj dghtxdwh lqirupdwlrq wr frpsxwh wkh 48G4< Wkh
wlph0iudphv iru vxuyh|v zhuh 4<<82<9/ 5333/ dqg 53371 Hdfk gdwd vhw lv dq lqghshqghqwo| dqg udq0
grpo| froohfwhg furvv0vhfwlrq/ zlwk vwxg| sduwlflsdqwv udqjlqj lq djh iurp 4; wr <7 |hduv rog zlwk d
ydu|lqj djh udqjh ehwzhhq wkh gdwd vhwv153 Diwhu gursslqj lqglylgxdov zlwk lqvx!flhqw 48G lqiru0
pdwlrq iurp wkh gdwd/ zh rewdlqhg revhuydwlrq vdpsohv ri Q<8@<9@68:</ Q33@9499/ dqg Q37@5:;:/
zkhuh wkh vxevfulsw uhihuv wr wkh uhvshfwlyh wlph0iudph154 Wr dqdo|vh wkh ghdwk suredelolwlhv dqg
olih h{shfwdqf| zh xvhg olih wdeohv surylghg e| Vwdwlvwlfv Ilqodqg155 Iru glvfrxqwlqj zh xvhg d
|hduo| glvfrxqw udwh u @ =36> zklfk |lhogv wkh glvfrxqw idfwru � @ +4 . u,�4 �@ 3=<:4156

4;Qrwh wkdw wkh pdjqlwxghv ri wkh gl�huhqflhv
�

XW
w5 Ed�3 XW

w4 Ed�
�

dqg
�

Xw5 Ed�3 XW
w4 Ed�

�

duh frqvwudlqhg iurp
ehorz dqg deryh/ dv wkh| fdq qrw jhw rxw iurp wkh lqwhuydo d3�> �o=

4<Wkh vxuyh|v zhuh Wkh Ilqqlvk Khdowk Fduh Vxuyh| 4<<82<9/ vhh Dulqhq hw do1 +4<<;,> Khdowk 5333/ vhh Durpdd
dqg Nrvnlqhq hgv1 +5337,> dqg Ilqqlvk Zhooehlqj Vxuyh| 5337/ vhh Ndxwwr +5339,1 Zh duh judwhixo wr Dusr Durpdd
iru wkh srvvlelolw| wr xvh wkh Khdowk 5333 gdwd lq wklv vwxg|1

53Wkh djh udqjh wkdw zdv fryhuhg lq doo gdwd vhwv dqg iru erwk jhqghuv zdv 630:<1
54 Lw lv lpsruwdqw wr qrwh khuh wkdw vlqfh wkh roghvw shuvrqv lq doo gdwd vhwv kdg olih h{shfwdqf| juhdwhu wkdq wkhlu

suhydlolqj djh/ zh xvhg suhglfwhg 48G ydoxhv iru wkrvh |hduv e| uhjuhvvlqj 48G ydoxhv ri Dfn |hduv rog lqkdelwdqwv
djdlqvw wkh djh1 Irupdoo|/ zh dvvxphg wkdw G Ed� ' # n �d iru doo d M te n �> en 2> ===> W�/ zkhuh # lv frqvwdqw/ �
wkh uhjuhvvlrq frh!flhqw/ e ghqrwhv wkh roghvw shuvrq lq wkh gdwd vhw/ dqg W 3 � wkh dvvxphg �qdo |hdu zlwk ghdwk
suredelolw| ehorz �1 Zlwkrxw orvv ri jhqhudolw|/ zh dvvxphg wkdw W ' �ff=

55Vhh Vwdwlvwlfv Ilqodqg +533:,
56Wkh udwh iru wkh glvfrxqw idfwru zdv fkrvhq e| wkh fxuuhqw vwdqgdugv lq hfrqrplf hydoxdwlrqv/ vhh h1j1 Zhlqvwhlq

+4<<9, ru Jrog hw do1 +4<<9, dqg wr eh htxdo zlwk xvhg glvfrxqw udwh lq Fxwohu dqg Ulfkdugvrq +4<<:/4<<;,/ Fxwohu
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�

Wdeoh 4= Wkh fkdqjh lq h{shfwhg olih |hduv1 Qrwdwlrq= Devroxwh fkdqjh +DF,1

7 Uhvxowv
Wkhuh duh wzr nh| idfwruv wkdw d�hfw wkh h{shfwhg TDO\v= l, wkh kd}dug udwhv dqg ll, KUTrO1 Lq
wklv vhfwlrq zh uhsruw wkhlu fkdqjhv dv zhoo dv fkdqjhv lq TDO\v1 Zh vwduw e| uhsruwlqj fkdqjhv lq
h{shfwhg olih |hduv dqg wkhq dqdo|vh wkh fkdqjhv lq wkh 48G ydoxhv/ zlwk �qdoo| d fduhixo lqvshfwlrq
ri wkh fkdqjh lq wkh h{shfwhg TDO\v1 Zh jlyh uhvxowv iru wkh jhqghu0vshfl�f djh jurxsv= 4; �
5<> 63� 6<> 73� 7<> 83� 8<> 93� 9<> :3� :<> ;3� ;<> <3.1

H{shfwhg olih |hduv Iru Wdeoh 4 zh kdyh frpsxwhg xqglvfrxqwhg dqg glvfrxqwhg h{shfwhg olih
|hduv iru erwk jhqghuv1 Wkh devroxwh fkdqjh ri wkh uhvshfwlyh yduldeoh lv dovr suhvhqw1 Lw lv uhdvrqdeoh
wr qrwh khuh wkdw h{shfwhg olih |hduv duh htxdo zlwk wkh dwwdlqdeoh TDO\v1 Khqfh iurp wkh wdeoh
zh vhh dovr wkh fkdqjh lq dwwdlqdeoh TDO\v1

Iurp wkh wdeoh zh vhh wkdw h{shfwhg olih |hduv kdyh lqfuhdvhg lq doprvw doo djh jurxsv iru doo wlph/
dqg iru erwk jhqghuv1 Rq dyhudjh dqg iru wkh erwk glvfrxqwhg dqg xqglvfrxqwhg fdvhv/ wkh wlph
lqwhuydo 4<<9�5333 kdv ehhq pruh idyrudeoh iru lqkdelwdqwv djhg 83. |hduv/ zkloh 5333�5337 kdv
ehhq pruh idyrxudeoh iru |rxqjhu lqkdelwdqwv157 Dv d wrwdo/ lq wkh xqglvfrxqwhg fdvh/ wkh fkdqjh lv
ghfuhdvlqj lq djh iru ihpdohv dqg doprvw frqvwdqw lq djh iru pdohv1 Lq wkh glvfrxqwhg fdvh zh kdyh

hw do1 +5339,/ dqg Exuqvwuùp hw do1 +5336, wr nhhs vrph frpsdudelolw| zlwk wkhlu uhvxowv1
57Hyhq wkrxjk 4<<82<9 gdwd vhw lv frpelqhg iurp |hduv 4<<8 dqg 4<<9/ wkh iudfwlrq ri 4<<8 lqglylgxdov lv vr vpdoo

wkdw/ iru frqyhqlhqfh/ zh dwwdfk 4<<9 kd}dug udwh ydoxhv iru doo lqglylgxdov lq wkh gdwd 4<<82<91
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d voljkwo| gl�huhqw uhvxow/ dv wkh fkdqjh lv lqfuhdvlqj lq djh iru erwk jhqghuv1 Lq doo djh jurxsv/
pdohv duh dssurdfklqj ihpdohv dv wkh fkdqjh kdv ehhq v|vwhpdwlfdoo| juhdwhu iru pdohv wkdq iru
ihpdohv1 Wkh fkdqjh lq h{shfwhg olih |hduv ydulhv ehwzhhq 4=5 � 4=< dqg 4=7 � 5=4 iru ihpdohv dqg
pdohv uhvshfwlyho| lq wkh xqglvfrxqwhg fdvh1 Lq wkh glvfrxqwhg fdvh/ wkh uhvshfwlyh yduldwlrqv duh
ehwzhhq =6� 4=4 dqg =8� 4=6 uhvshfwlyho|1 Khqfh/ wkhuh kdv ehhq d whqghqf| iru lqfuhdvhg h{shfwhg
olih |hduv dqg d glplqlvkhg jds ehwzhhq h{shfwhg olih |hduv iru wkh jhqghuv158

48G ydoxhv Djh0 dqg jhqghu0jurxshg dyhudjh 48G ydoxhv dqg wkhlu fkdqjhv duh froodwhg lq Wdeoh
51 Lq wkh wdeoh wkhuh lv d eodqn iru wkrvh djh jurxs0|hdu frpelqdwlrqv wkdw zh glg qrw kdyh dghtxdwh
lqirupdwlrq rq wr frpsxwh wkh uhvshfwlyh ydoxh iurp wkh gdwd1

$YHUDJH���'�YDOXHV�
$JH�
JURXS� *HQGHU� �������� ����� ����� �$&������

�����
$&������

�����
$&������

�����
������ )HPDOH� ����� �� ����� �� �� ������

� 0DOH� ����� �� ����� �� �� ������
������ )HPDOH� ����� ����� ����� ������ ������ ������

� 0DOH� ����� ����� ����� ������ ����� ������
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� 0DOH� ����� ����� ����� ������ ����� �����
������ )HPDOH� ����� ����� ����� ����� ����� �����

� 0DOH� ����� ����� ����� ����� ����� �����
������ )HPDOH� ����� ����� ����� ����� ����� �����

� 0DOH� ����� ����� ����� ����� ������ �����
������ )HPDOH� ����� ����� ����� ����� ����� �����

� 0DOH� ����� ����� ����� ����� ����� �����
������ )HPDOH� ����� ����� �� ����� �� ��

� 0DOH� ����� ����� �� ������ �� ��
���� )HPDOH� ����� ����� �� ������ �� ��
� 0DOH� �� ����� �� �� �� ��

Wdeoh 5= 48G ydoxhv dqg wkhlu fkdqjhv1 Qrwdwlrq= Devroxwh fkdqjh +DF,1 Vwdwlvwlfdoo| vljql�fdqw
fkdqjhv +s?138, lq erog1

Wkh whqghqf| iru khdowk0uhodwhg txdolw| ri olih ghyhorsphqw lv elgluhfwlrqdo1 Iru ihpdohv djhg
4;�7< dqg iru pdohv djhg 4;�6< wkhuh kdv ehhq d ghfuhdvh lq 48G ydoxhv iru wkh shulrg 4<<8@<9�

58Hyhq wkrxjk wkh olih h{shfwdqf| lq wklv vwxg| lv frpsxwhg iurp wkh gdwd wr nhhs wkh frpsdudelolw| ehwzhhq wkh
TDO\v dqg h{shfwhg olih |hduv dv jrrg dv srvvleoh/ wkh fryhudjh dqg zhljklqj ri wkh gdwd lv vr jrrg wkdw wkhuh duh
rqo| yhu| plqlpdo gl�huhqfhv ehwzhhq wkh olih h{shfwdqflhv uhsruwhg e| Vwdwlvwlfv Ilqodqg dqg rxu vwxg|1
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5333159 Krzhyhu/ wkh ghfuhdvh lv yhu| vpdoo dqg lq dgglwlrq wkh ghfuhdvh kdv jrw vpdoohu ru fkdqjhg
wr dq lqfuhdvlqj skdvh gxulqj wkh shulrg 5333 � 53371 Iru pdohv dqg ihpdohv djhg 73. dqg 83.
uhvshfwlyho| wkh devroxwh fkdqjh kdv ehhq pdlqo| srvlwlyh dqg odujhu lq devroxwh ydoxhv wkdq lq wkh
djh jurxsv zlwk ghfuhdvhg 48G ydoxhv iru wkh shulrg 4<<8@<9 � 53371 Lw lv zruwk qrwlqj wkdw wkh
srvlwlyh ghyhorsphqw lv doprvw prqrwrqlfdoo| lqfuhdvlqj lq djh1 Iru wkh shulrg 4<<8@<9 � 5337/
wkh srvlwlyh ghyhorsphqw kdv ehhq juhdwhu iru ihpdohv wkdq iru pdohv/ h{foxglqj 73� 8< |hduv rog
lqkdelwdqwv/ iru zklfk wkh rssrvlwh lv wuxh1 Lqkdelwdqwv djhg :3 � :< kdyh jdlqhg wkh prvw iurp
wkh srvlwlyh ghyhorsphqw dqg ihpdohv djhg :3� :< kdyh jdlqhg wkh prvw ri doo1

Vlqfh wkh fkdqjh lq 48G ydoxhv dffuxh iurp 48 glphqvlrqv/ lw lv lqwhuhvwlqj wr frqwhpsodwh wkh
fkdqjhv lq vshfl�f glphqvlrqv1 Iljxuh 4 frqwdlqv lqirupdwlrq rq wkh glphqvlrq0vshfl�f 48G dyhudjh
ohyho ydoxhv iru vhohfwhg djh jurxsv dqg iru erwk jhqghuv lq 4<<82<9 dqg 53371
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Iljxuh 4= Glphqvlrq vshfl�f qrupdolvhg 48G ydoxhv rq 4<<82<9 dqg 5337

Iru ihpdohv djhg 4; � 5< |hduv/ 4<<8@<9 kdv ehhq ehwwhu ru doprvw wkh vdph dv 5337 lq doo
glphqvlrqv1 Wkh eljjhvw qhjdwlyh fkdqjhv lq ohyho ydoxhv fdq eh irxqg lq vohhslqj/ glvwuhvv/ dqg
holplqdwlrq1 Iru pdohv lq wkh vdph djh jurxs wkh qhjdwlyh fkdqjhv zhuh lq wkh vdph glphqvlrqv
dv ihpdohv/ exw wkh fkdqjhv zhuh voljkwo| vpdoohu/ h{foxglqj wkh fkdqjh lq holplqdwlrq zklfk zdv
dssur{lpdwho| wkh vdph1 Lw lv qrwdeoh krzhyhu wkdw vwdwlvwlfdoo| vljql�fdqw +s ? =34, grzqzdug
fkdqjhv iru ihpdohv zhuh irxqg lq vohhslqj/ glvwuhvv/ ghsuhvvlrq dqg ylwdolw|/ zkloh iru pdohv lq wkh
vdph djh jurxs/ vohhslqj glg qrw fkdqjh vljql�fdqwo|1

59Wkh glphqvlrq vshfl�f h{sorudwlrq ehorz vkhgv vrph oljkw rq wkhvh qhjdwlyh fkdqjhv dqg uhyhdov wkdw wkh| pljkw
eh gxh wr qhjdwlyh fkdqjhv lq glvwuhvv/ vohhslqj dqg phqwdo ixqfwlrq1
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Lq 5337> lqkdelwdqwv djhg :3� :< vhhp wr kdyh juhdwhu +ru wkh vdph, ohyho ydoxhv lq doprvw doo
glphqvlrqv dqg iru erwk jhqghuv wkdq lq 4<<8@<91 Lq wklv djh jurxs/ wkh eljjhvw lpsuryhphqwv fdq
eh irxqg lq xvxdo dfwlylwlhv dqg vh{xdo dfwlylw| iru ihpdohv dqg lq prelolw| dqg phqwdo ixqfwlrqlqj
iru pdohv1 Iru pdohv ydoxhv lq wkh glphqvlrq ri glvwuhvv kdyh ehhq ghfuhdvlqj/ zkloh prelolw|
dqg ylvlrq kdyh ehhq lqfuhdvlqj vwdwlvwlfdoo| vljql�fdqwo| +s ? =34,1 Iru ihpdohv ylvlrq/ vshhfk/
ghsuhvvlrq dqg vh{xdo dfwlylwlhv kdyh ehhq lqfuhdvlqj vwdwlvwlfdoo| vljql�fdqwo| +s ? =34,1 Wkh
rqo| ghfuhdvh lq ydoxhv iru erwk jhqghuv fdq eh irxqg lq glvwuhvv/ iru zklfk wkh ghfuhdvh zdv dovr
vwdwlvwlfdoo| vljql�fdqw +s ? =34,1

TDO\v TDO\v duh d�hfwhg e| erwk fkdqjhv lq h{shfwhg olih |hduv dqg lq 48G ydoxhv1 Wrjhwkhu
wkhvh fkdqjhv uhvxow lq wkh fkdqjhv lq h{shfwhg TDO\v1 TDO\ ydoxhv/ wkh uhodwlyh fkdqjhv rxw
ri dwwdlqdeoh +UFRD,/ devroxwh fkdqjhv/ dqg ghfrpsrvhg idfwru h�hfwv rq devroxwh fkdqjh duh
uhsruwhg lq Wdeoh 6 dqg 7 iru wkh xqglvfrxqwhg dqg glvfrxqwhg fdvhv/ uhvshfwlyho|15:

�

8QGLVFRXQWHG�DYHUDJH�4$/<V�DQG�WKHLU�FKDQJHV�

� 4$/<V� 5HODWLYH�FKDQJH�RXW�RI�DWWDLQDEOH����� $&�� 'HFRPSRVHG�IDFWRU�HIIHFWV�RQ�$&�
�����������������
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��±��� )HPDOH� ������ ������ ������ ����� ������ ������ ����� ������ ������

� 0DOH� ������ ������ ������ ������ ������ ������ ����� ������ ������
��±��� )HPDOH� ������ ������ ������ ������ ������ ������ ����� ������ ������

� 0DOH� ������ ������ ������ ������ ������ ������ ����� ������ ������
��±��� )HPDOH� ������ ������ ������ ������ ������ ������ ����� ������ ������

� 0DOH� ������ ������ ������ ������ ������ ������ ����� ������ ������
��±��� )HPDOH� ������ ������ ������ ������ ������ ������ ����� ������ ������

� 0DOH� ������ ������ ������ ������ ������ ������ ����� ������ ������
��±��� )HPDOH� ����� ����� ������ ������ ������ ������ ����� ������ ������

� 0DOH� ����� ����� ����� ������ ������ ������ ����� ������ ������
��±��� )HPDOH� ����� ����� �� ������ �� �� �� �� ��

� 0DOH� ����� ����� �� ������ �� �� �� �� ��
���� )HPDOH� ����� ����� �� ������ �� �� �� �� ��
� 0DOH� �� ����� �� �� �� �� �� �� ��

Wdeoh 6= Xqglvfrxqwhg TDO\v1 Qrwdwlrq= Devroxwh fkdqjh +DF,/ Olih h{shfwdqf| +OH,/ Ghdwk
suredelolw| +GS,

5:Ghfrpsrvhg idfwru h�hfwv zhuh frpsxwhg e| ohwwlqj rqo| wkh 48G wr fkdqjh zkloh nhhslqj wkh ghdwk suredelolwlhv
rq 4<<9 ohyho/ dqg wkhq wkh uhvxowlqj devroxwh fkdqjhv zhuh frpsduhg zlwk wkh devroxwh fkdqjhv zkhuh dovr ghdwk
suredelolwlhv zhuh fkdqjlqj1
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��±��� )HPDOH� ������ ������ ������ ������ ������ ������ ����� ������ ������

� 0DOH� ������ ������ ������ ������ ������ ������ ����� ������ ������
��±��� )HPDOH� ������ ������ ������ ������ ������ ������ ����� ������ ������

� 0DOH� ������ ������ ������ ������ ������ ������ ����� ������ ������
��±��� )HPDOH� ������ ������ ������ ������ ������ ������ ����� ������ ������

� 0DOH� ����� ������ ������ ������ ������ ������ ����� ������ ������
��±��� )HPDOH� ����� ����� ����� ������ ������ ������ ����� ������ ������

� 0DOH� ����� ����� ����� ������ ������ ������ ����� ������ ������
��±��� )HPDOH� ����� ����� �� ������ �� �� �� �� ��

� 0DOH� ����� ����� �� ������ �� �� �� �� ��
���� )HPDOH� ����� ����� �� ������ �� �� �� �� ��
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Wdeoh 7= Glvfrxqwhg TDO\v1 Qrwdwlrq= Devroxwh fkdqjh +DF,/ Olih h{shfwdqf| +OH,/ Ghdwk
suredelolw| +GS,

Ohw xv �uvw frqwhpsodwh wkh xqglvfrxqwhg fdvh1 Iru wkh shulrg 4<<8@<9� 5337 wkhuh lv d fohdu
lqfuhdvh lq TDO\v iru erwk ihpdohv dqg pdohv/ dqg iru doo djh jurxsv1 Ihpdohv kdyh jdlqhg ehwzhhq
5=3:�5=;8 TDO\v zkloh wkh uhvshfwlyh jdlq iru pdohv lv ehwzhhq 4=68�5=64 TDO\v= Hyhq wkrxjk d
fohdu sdwwhuq iru djh0ghshqghqw ghyhorsphqw lv qrq0h{lvwhqw/ wkhuh lv hvshfldoo| iru pdohv d whqghqf|
iru ghfuhdvlqj srvlwlyh djh0ghshqghqw ghyhorsphqw1 Wkdw lv/ iru roghu lqkdelwdqwv wkhuh lv d vpdoohu
lqfuhdvh wkdq iru |rxqjhu lqkdelwdqwv15; Ihpdohv kdyh jdlqhg pruh TDO\v wkdq pdohv lq devroxwh
whupv lq doo djh jurxsv1 Phdvxuhg zlwk UFRD/ wkh lqflghqfh ri wkh TDO\ lpsuryhphqwv lv vkrzq
lq d gl�huhqw oljkw1 UFRD vkrzv wkdw roghu lqkdelwdqwv kdyh jdlqhg pruh dwwdlqdeoh TDO\v wkdq
|rxqjhu lqkdelwdqwv1 Pdohv djhg 63 � 6< kdyh jdlqhg pruh TDO\v wkdq ihpdohv/ zkloh iru wkh
uhvw ri pdohv wkh rssrvlwh lv wuxh1 Ilqdoo|/ dq lqvshfwlrq ri ghfrpsrvhg idfwru h�hfwv rq devroxwh
fkdqjh uhyhdov wkdw fkdqjhv lq 48G iru wkh shulrg 4<<8@<9 � 5337 fdxvh dssur{lpdwho| 73 � 83(
ri wkh wrwdo TDO\ fkdqjhv iru ihpdohv zkloh iru pdohv wkh uhvshfwlyh h�hfw ri 48G fkdqjhv lv rqo|
dssur{lpdwho| 43 � 58(1 Wkhuh lv qr fohdu djh ghshqghqw sdwwhuq iru wkh idfwru h�hfwv iru hlwkhu

5;Wklv ihdwxuh kdv d qdwxudo h{sodqdwlrq zkhq wkh glvfrxqw idfwru lv vhw xqlw|1 Wkh fkdqjhv iurp wkh zkroh olih
vsdq duh qrz xwlolvhg lq ixoo h{shfwhg vwuhqjwk/ dqg khqfh wkh pruh wkhuh duh h{shfwhg olih |hduv iru dq lqglylgxdo
wkh juhdwhu wkh vxp ri lpsuryhphqwv lq whupv ri h{shfwhg TDO\v1
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jhqghu exw wkhuh h{lvwv yhu| voljkw whqghqflhv wkdw vkrz wkh h�hfw ri 48G wr eh lqfuhdvlqj lq djh
iru ihpdohv zkloh lw lv ghfuhdvlqj iru pdohv1

Ohw xv wkhq frqwhpsodwh wkh glvfrxqwhg fdvh dqg frpsduh wkh uhvxowv zlwk wkh xqglvfrxqwhg fdvh1
Zh vhh lpphgldwho| wkdw wkhuh duh vrph fkdqjhv lq wkh uhvxowv1 Iru wkh shulrg 4<<8@<9� 5337/ wkh
devroxwh fkdqjh lv vwloo srvlwlyh lq doo djh jurxsv dqg iru erwk jhqghuv/ exw qrz wkh srvlwlyh fkdqjh
lv udwkhu lqfuhdvlqj zlwk djh1 Wkdw lv/ roghu lqkdelwdqwv kdyh/ lq sulqflsdo/ jdlqhg pruh TDO\v
wkdq |rxqjhu lqkdelwdqwv1 Pdohv djhg 4; � 6< kdyh qrz jdlqhg pruh TDO\v wkdq ihpdohv/ zkloh
iru lqkdelwdqwv djhg 73. wkh rssrvlwh lv wuxh dv phdvxuhg lq hlwkhu devroxwh whupv ru zlwk UFRD1
Lq devroxwh whupv wkh TDO\ lpsuryhphqwv ydu| ehwzhhq =7:� 4=9< dqg =8<� 4=57 iru ihpdohv dqg
pdohv/ uhvshfwlyho|1 Djdlq/ ghfrpsrvhg idfwru h�hfwv rq devroxwh fkdqjh uhyhdo wkdw fkdqjhv lq
ihpdohv* TDO\ duh gxh wr fkdqjhv lq 48G ydoxhv wr d juhdwhu h{whqw wkdq iru fkdqjhv lq pdohv*
TDO\v1 Iru ihpdohv/ dssur{lpdwho| 78 � 93( ri wkh fkdqjh lq TDO\ lv gxh wr fkdqjhv lq wkh
48G ydoxh zkloh iru pdohv wkh uhvshfwlyh lqwhuydo lv dssur{lpdwho| 53� 68( ghshqglqj rq wkh djh
jurxs1 Djdlq/ qr fohdu djh0ghshqghqw sdwwhuqv h{lvw iru hlwkhu jhqghu exw qrz wkh whqghqflhv duh
uhyhuvhg1 Khqfh/ wkh h�hfw ri 48G lv qrz vrphzkdw lqfuhdvlqj lq djh iru pdohv dqg ghfuhdvlqj
iru ihpdohv1 Qrwdeo|/ xvlqj UFRD wr phdvxuh wkh lqflghqfh ri TDO\ fkdqjhv vkrzv frqvlvwhqwo|
lq wkh glvfrxqwhg dqg xqglvfrxqwhg fdvhv krz wkh hoghuo| kdyh jdlqhg pruh TDO\v wkdq |rxqjhu
lqkdelwdqwv1

Lw lv qrz lqwhuhvwlqj wr frpsduh wkh ghyhorsphqw ri h{shfwhg olih |hduv dqg TDO\v1 Li wkh
fkdqjhv lq TDO\v duh juhdwhu wkdq wkh fkdqjhv lq h{shfwhg olih |hduv wkhq wkh TDO\ orvv kdv
glplqlvkhg15< D frpsdulvrq ri wkh uhvxowv lq Wdeoh 4 dqg 6 � 7 vkrzv wkdw lq erwk vfhqdulrv/
xqglvfrxqwhg dqg glvfrxqwhg/ TDO\v kdyh fkdqjhg fohduo| pruh wkdq h{shfwhg olih |hduv lq doo
ihpdoh djh jurxsv1 Iru pdohv/ wkh gl�huhqfh ehwzhhq wkh fkdqjhv lv vpdoohu exw vwloo iru lqkdelwdqwv
djhg 4;�8<> wkh TDO\v kdyh fkdqjhg pruh wkdq h{shfwhg olih |hduv lq wkh xqglvfrxqwhg vfhqdulr1
Lq wkh glvfrxqwhg vfhqdulr wkh uhvxow lv wkh vdph zlwk wkh h{fhswlrq wkdw iru pdohv djhg :3 � :<
wkh TDO\v kdg dovr fkdqjhg pruh wkdq h{shfwhg olih |hduv1 Lq erwk vfhqdulrv/ xqglvfrxqwhg dqg
glvfrxqwhg/ wkh gl�huhqfh ehwzhhq wkh fkdqjhv kdv ehhq juhdwhu iru ihpdohv wkdq iru pdohv1 Khqfh/
zh fdq vxppdulvh wkdw wkh TDO\ orvv kdv pdlqo| glplqlvklqj ehwzhhq 4<<8@<9 � 5337 dqg pruh

5<Uhfdoo wkdw h{shfwhg olih |hduv lv htxlydohqw zlwk wkh dwwdlqdeoh TDO\v dqg TDO\ orvv lv wkh gl�huhqfh ehwzhhq
uhdolvhg TDO\ dqg dwwdlqdeoh TDO\1 Wr vhh wklv xv wkh qrwdwlrq dqg uhfdoo wkdw uhdolvhg dqg dwwdlqdeoh TDO\v
lq |hduv � dqg 2 duh Twl dqg Owl > l M t�> 2�> uhvshfwlyho|/ dqg TDO\ orvv Twl 3 Owl lv Lwlwl = Ilqdoo|/ qrwh wkdw
ETw5 3Tw4�3 EOw5 3 Ow4� ' ETw5 3 Ow5�3 ETw4 3 Ow4� ' Lw5w5 3 Lw4w4 zklfk lv rxu fodlp1
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vr iru ihpdohv wkdq iru pdohv1

8 Glvfxvvlrq dqg frqfoxvlrq
Lq wklv vwxg| zh kdyh irxqg wkdw 4;�:<0|hdu0rog Ilqqlvk shrsoh zhuh grlqj vrphzkdw ehwwhu lq
5337 wkdq qhduo| whq |hduv suhylrxvo| lq 4<<82<9 lq whupv ri khdowk0uhodwhg dwwulexwhv1 Erwk wkh
txdolw| dqg txdqwlw| ri olih kdyh lqfuhdvhg1 Dv d frqvhtxhqfh/ wkh txdolw| dgmxvwhg olih |hduv ri 4;�
:<0|hdu0rog ihpdohv dqg pdohv kdyh lqfuhdvhg vwhdglo| ehwzhhq 4<<82<9 dqg 53371 Dssur{lpdwho|
53�93( ri wkh lqfuhdvh lv gxh wr lqfuhdvhg khdowk0uhodwhg txdolw| ri olih/ phdvxuhg zlwk wkh 48G/
zkloh wkh uhvw lv gxh wr lqfuhdvhg olih h{shfwdqf|/ l1h1 ghfuhdvhg kd}dug udwhv1 Iru pdohv/ lqfuhdvhg
olih h{shfwdqf| lv wr d juhdwhu h{whqw wkh fdxvh iru wkh TDO\ lqfuhdvh/ zkloh iru ihpdohv d srvlwlyh
fkdqjh lq wkh khdowk0uhodwhg txdolw| ri olih fdxvhv d qrwdeo| odujhu sduw ri wkh TDO\ lpsuryhphqwv1
Pdohv duh dssurdfklqj ihpdohv lq olih h{shfwdqf| exw wkh ghyhorsphqw ri khdowk0uhodwhg txdolw| ri
olih kdv ehhq pruh idyrxudeoh iru ihpdohv wkdq iru pdohv1 Rq dyhudjh/ wkh jds lq TDO\v ehwzhhq
wkh jhqghuv lv jurzlqj lq idyrxu ri ihpdohv1 Xvh ri UFRD wr phdvxuh wkh fkdqjh lq TDO\v vkrzv lq
erwk xqglvfrxqwhg dqg glvfrxqwhg vfhqdulrv wkdw wkh lqflghqfh ri juhdwhvw lpsuryhphqwv lq TDO\v
lv udwkhu iru roghu lqkdelwdqwv wkdq iru |rxqjhu lqkdelwdqwv lq wkh vwxg|1 Rq wkh rwkhu kdqg/
frpsdulvrqv ehwzhhq wkh jhqghuv zlwklq djh jurxsv vkrz xv wkdw |rxqjhu pdohv kdyh jdlqhg pruh
TDO\v wkdq ihpdohv/ zkloh wkh wkh rssrvlwh lv wuxh iru roghu lqkdelwdqwv1

D frpsdulvrq ri wkh xqglvfrxqwhg dqg glvfrxqwhg vfhqdulrv uhyhdov fohduo| wkdw wkh phdvxuh ri
devroxwh fkdqjh lv txlwh vhqvlwlyh wr glvfrxqwlqj dqg jlyhv d vrphzkdw gl�huhqw xqghuvwdqglqj ri
TDO\ jdlqv1 UFRD grhv qrw vx�hu iurp wklv sureohp exw vkrzv lq erwk fdvhv dq lqfuhdvlqj sdwk ri
srvlwlyh ghyhorsphqw ri TDO\v lq djh1 Wkh djh0ghshqghqw lqflghqfh ri TDO\ lpsuryhphqwv frxog
dovr eh lqihuuhg sduwldoo| e| frpsdulqj wkh devroxwh fkdqjhv lq wkh xqglvfrxqwhg dqg glvfrxqwhg
fdvh1 Qdpho|/ wkh pruh wkh ixwxuh lv glvfrxqwhg/ wkh ohvv wkh ixwxuh d�hfwv wkh suhvhqw ydoxh ri
h{shfwhg TDO\v1 Rq wkh rwkhu kdqg/ lq wkh xqglvfrxqwhg vfhqdulr/ dq lqglylgxdo ehqh�wv iurp
wkh lpsuryhphqwv ri wkh zkroh h{shfwhg olih1 Khqfh/ li wkhuh duh gl�huhqfhv lq wkh devroxwh fkdqjhv
ehwzhhq wkh xqglvfrxqwhg dqg glvfrxqwhg vfhqdulrv wkhq wkh lpsuryhphqwv duh phuho| orfdo dqg
qrw glvwulexwhg xqlirupo| ryhu wkh djh jurxsv1 Zkhwkhu glvfrxqwlqj vkrxog eh xvhg dqg wr zkdw
h{whqw/ li dw doo/ lq TDO\ fdofxodwlrqv lv vwloo dq rshq txhvwlrq1 Qhyhuwkhohvv/ ohdqlqj rq rxu uhvxowv
zh fdq vd| wkdw UFRD jlyhv d pruh frqvlvwhqw phdvxuh derxw wkh lqflghqfh ri TDO\ lpsuryhphqwv
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wkdw lv ohvv d�hfwhg e| glvfrxqwlqj1
Dw wklv vwdjh lw lv uhdvrqdeoh wr phqwlrq dqg glvfxvv vrph fdyhdwv dqg vkruwfrplqjv ri wkh

vwxg|1 Wkh xvh ri suhglfwhg 48G ydoxhv iru wkrvh djhv lq odwhu olih iru zklfk gdwd lv odfnlqj suredeo|
ryhuhvwlpdwhv wkh khdowk0uhodwhg txdolw| ri olih iru wkrvh djhv/ iru wkh uhdvrq wkdw zh nqrz khdowk0
uhodwhg txdolw| ri olih fdq dfwxdoo| ghfuhdvh vxevwdqwldoo| dqg txlfno| gxulqj wkh �qdo |hduv ri rqh*v
olih1 Khqfh/ gxh wr wkh xvh ri suhglfwhg 48G ydoxhv/ wkh roghu wkh lqkdelwdqw wkh pruh TDO\v duh
ryhuhvwlpdwhg/ hvshfldoo| wkh glvfrxqwhg rqhv1

Zkloh wkh dvvxpswlrq derxw frqvwdqw 48Gv iru odwhu olih ryhuhvwlpdwhv TDO\v/ wkhuh duh dovr
wkuhh lpsruwdqw idfwruv wkdw pljkw xqghuhvwlpdwh TDO\v dqg wkhlu fkdqjhv1 Iluvwo|/ wkh xvh ri
frkruw vshfl�f 48G ydoxhv dqg olih wdeohv dv wkh edvlv iru h{shfwdwlrqv derxw ixwxuh olih wdeohv dqg
48Gv xqghuhvwlpdwhv wkh ghyhorsphqw ri TDO\v1 Wkdw lv/ lq wkh frpsxwdwlrqv ri h{shfwhg TDO\v
zh frqvlghu wkdw dq lqglylgxdo zkr lv { |hduv rog lq frkruw [ phhwv diwhu } |hduv wkh vdph 48G
ydoxh dqg kd}dug udwhv wkdw dq lqglylgxdo zkr lv {. } |hduv rog kdv lq |hdu [1 Dv zh kdyh vhhq/
48Gv dqg olih h{shfwdqflhv duh jhwwlqj prvwo| juhdwhu zlwk wlph1 Wkxv/ dq dvvxpswlrq ri d 630|hdu0
rog lqkdelwdqw kdylqj/ iru h{dpsoh/ dw wkh djh ri 83 lq 5349 wkh vdph ydoxhv iru 48G dqg ghdwk
suredelolwlhv dv 830|hdu0rog lqkdelwdqwv lq 4<<9 lv udwkhu qdlyh dqg suhvxpdeo| xqghuhvwlpdwhv
TDO\v163 Vhfrqgo|/ zh gr qrw frqwuro wkh h�hfw ri pdujlqdo vxuylyruv rq 48G dyhudjhv1 Wklv fdq
ghfuhdvh TDO\v vlqfh lw lv sodxvleoh wr dujxh wkdw d pdujlqdo vxuylyruv kdyh d orzhu wkdq dyhudjh
48G/ dqg khqfh/ li wkh| glg qrw vxuylyh/ wkh 48G dyhudjh iru uhvshfwlyh djh jurxs zrxog eh kljkhu dv
zhoo dv lqfuhdvh wkh TDO\v1 Ilqdoo|/ wkh gdwd zh xvhg grhv qrw lqfoxgh lqsdwlhqwv iurp lqvwlwxwlrqdo
fduh1 Gxh wr uhfhqw ghyhorsphqwv lq khdowk fduh sudfwlfh/ wkhuh zhuh pdq| rxwsdwlhqwv lq 5337 zkr
zrxog kdyh ehhq lqsdwlhqwv lq 4<<9164 Lw lv txlwh reylrxv wkdw 48G ydoxhv iru lqsdwlhqwv duh orzhu
wkdq dyhudjh1 Wkxv/ lqfoxglqj wkrvh zkr zrxog kdyh ehhq lqsdwlhqwv lq 4<<9 lqwr wkh gdwd iru 5337
sxvkhv wkh 48G dyhudjhv grzq/ dqg lq wklv vhqvh wkh fkdqjh lv ploghu wkdq zkdw lw zrxog kdyh ehhq
li wkh v|vwhp kdg vwd|hg wkh vdph ehwzhhq 4<<9 dqg 53371

Lw lv kdug wr nqrz zklfk ri wkh phqwlrqhg h�hfw grplqdwhv/ exw zh eholhyh wkdw rxu TDO\
hvwlpdwhv duh udwkhu xqghuhvwlpdwhg wkdq ryhuhvwlpdwhg1

63Krzhyhu/ zh dgrsw wkh lghrorj| iurp Fxwohu hw do1 +5339, dqg zh wklqn wkdw xvlqj wkh olih wdeohv lq d vwdwlf zd|/
wkdw lv dv wkh| zhuh wkh vdph lq wkh ixwxuh/ jlyhv d jrrg slfwxuh ri fxuuhqw zhooehlqj wkurxjkrxw doo wkh djh jurxsv1
Rqh zd| wr wklqn wklv lv wr frqvlghu lw dv d fhwhulv sdulexv 0 dvvxpswlrq/ li hyhu|wklqj vwlfn wr vdph zh zrxog eh deoh
wr pdlqwdlq wkh h{shfwhg TDO\v zlwk wkh fxuuhqw v|vwhp1

64Iru wkh fkdqjhv lq khdowk fduh sudfwlfh iru hoghuo| vhh h1j1 RVI dqg Vrfldo Surwhfwlrq +533:,1
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Hyhq wkrxjk zh glg qrw kdyh dghtxdwh lqirupdwlrq derxw 48Gv iru lqkdelwdqwv djhg |rxqjhu
wkdq 4;/ zh zdqwhg wr xqghuvwdqg wkh pdjqlwxgh ri wkhlu TDO\ fkdqjhv dqg pdnh vrph frpsdu0
lvrqv1 Khqfh/ wr frpsxwh wkhlu TDO\v dqg fkdqjhv zh dvvxphg wkdw 48G iru djhv 3 � 4: kdv d
pd{lpxp ydoxh165 Rq wklv edvlv/ dq lqidqw pdoh vkrzhg dq lqfuhdvh lq TDO\v iurp 9;=7 wr :3=:
zlwkrxw glvfrxqwlqj/ d wrwdo lqfuhdvh ri 5=6 TDO\v1 dqg zlwk glvfrxqwlqj dq lqfuhdvh iurp 5;=< wr
5<=4>d wrwdo lqfuhdvh ri 3=5 TDO\v1 Iru ihpdohv wkh uhvshfwlyh dssur{lpdwlrqv zhuh dq lqfuhdvh iurp
:7=7 wr ::=3 uhvxowlqj lq dq lqfuhdvh ri 5=9 TDO\v zlwkrxw glvfrxqwlqj/ dqg dq lqfuhdvh iurp 5<=9
wr 5<=; dqg dq lqfuhdvh ri 3=5 TDO\v zlwk glvfrxqwlqj1 Wkh jds ehwzhhq lqidqw pdohv dqg ihpdohv
uhpdlqv lqwdfw zlwk glvfrxqwlqj/ zkloh zlwkrxw glvfrxqwlqj lw lqfuhdvhv lq idyrxu ri ihpdohv1 Wklv
uh hfwv wkdw wkh juhdwhvw lpsuryhphqwv duh lq wkh glvwdqw ixwxuh/ hvshfldoo| iru ihpdohv1 Wkh fodlp
jhwv hyhq pruh vwuhqjwk zkhq frpsdulqj wkhvh TDO\0fkdqjhv zlwk TDO\0fkdqjhv iru wkh hoghuo|1
Zh irxqg wkdw iru :3� :< |hduv rog/ wkh lqfuhdvh lq xqglvfrxqwhg TDO\v kdv ehhq dssur{lpdwho|
4168 dqg 5138 iru pdohv dqg ihpdohv/ uhvshfwlyho|1 Zlwk glvfrxqwlqj/ wkh uhvshfwlyh lqfuhdvhv lq
TDO\v zhuh vwloo 4 dqg 418= Wkhvh frpsdulvrqv fohduo| fruurerudwh wkh pdlq �qglqjv ri wkh vwxg|/
wkdw fkdqjhv lq TDO\v kdyh ehhq pruh idyrxudeoh iru wkh hoghuo| wkdq iru |rxqjhu lqkdelwdqwv1

Frpsdulqj rxu uhvxowv zlwk Vlqwrqhq dqg Dulqhq +4<<:, uhyhdov wkdw wkh ghyhorsphqw ri TDO\v
lq Ilqodqg kdv fkdqjhg uhfhqwo|1 Vlqwrqhq dqg Dulqhq +4<<:, irxqg wkdw iru wkh wlph shulrg 4<<5
wr 4<<8/ lqkdelwdqwv djhg 44 vkrzhg d 5=5 dqg 3=: lpsuryhphqw ri xqglvfrxqwhg TDO\v iru Ilqqlvk
pdohv dqg ihpdohv/ uhvshfwlyho|1 Wkhlu �qglqjv lpso| d ghfuhdvlqj TDO\0jds ehwzhhq ihpdohv dqg
pdohv/ zkhuhdv lq rxu vwxg| wkh dssur{lpdwhg gl�huhqfh ehwzhhq wkh jhqghuv iru d qhzeruq vkrzv
wr eh lq idyrxu ri ihpdohv=66 Dffruglqj wr rxu �qglqjv wkh jds kdv dovr ehhq lqfuhdvlqj lq doprvw
doo rwkhu djh jurxsv lq idyrxu ri ihpdohv/ phdvxuhg erwk lq devroxwh whupv dqg zlwk UFRD1 Wklv
revhuyhg vzlwfk lq ghyhorsphqw ri TDO\v fdq eh prvwo| h{sodlqhg e| wkh ehwwhu ghyhorshg KUTrO
ri ihpdohv1 Zh vdz wkdw durxqg 53( ri pdoh dqg pruh wkdq 83( ihpdoh TDO\0fkdqjhv zhuh gxh
wr srvlwlyh ghyhorsphqw lq 48G dqg wkdw wklv ghyhorsphqw zdv pruh ru ohvv htxdo wkurxjkrxw wkh

65Wklv fdq eh uhdvrqhg dw ohdvw iurp wzr gl�huhqw shuvshfwlyhv1 Iluvwo|/ wkh glphqvlrqv lq 48G lqfrusrudwh vxfk
dwwulexwhv/ h1j1 vh{xdo dfwlylw|/ iru zklfk wkh fruuhfw ohyho zrxog eh kdug li qrw srvvleoh wr gh�qh iru f 3 �. |hduv
rog lqglylgxdov1 Vhfrqgo|/ wr reh| revhuyhg lqwhudfwlrq ehwzhhq djh dqg KUTrO lw lv sodxvleoh wr dvvxph wkdw rq
dyhudjh 48G iru f3�. |hduv rog lqglylgxdov lv yhu| forvh wr 4 dv lw lv vhhpv wr eh vr iru �H32b |hduv rog lqglylgxdov dv
zhoo1 Khqfh zh frqfoxgh wkdw dvvxplqj � dv 48G ydoxh iru wkhp lv ohvv lqfruuhfw dqg pdnhv ohvv kdup wkdq dvvxplqj
vrph duelwudu| ydoxh ehorz ri lw1

66Iru 44 |hduv rog wkh fkdqjhv lq TDO\v dv zhoo dv wkh jds ehwzhhq wkh jhqghuv vkrxog eh doprvw wkh vdph zlwk
lqidwv dv wkh kd}dug udwh iru 3048 |hduv rog lv yhu| forvh wr 3 dqg fkdqjhv lq lw duh doprvw devhqw1 Khqfh/ wkh orrvh
frpsdulvrq wkdw zh duh grlqj khuh ehwzhhq TDO\v ri 44 |hduv rog Ilqqlvk kdelwdqwv ri Vlqwrqhq dqg Dulqhq +4<<:,
vwxg| dqg hvwlpdwhg TDO\v ri lqidqwv lq rxu vwxg| vkrxog eh idlu1
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djh jurxsv1 Vlqwrqhq dqg Dulqhq +4<<:, iru wkhlu sduw hpskdvlvh wkdw hvshfldoo| iru pdohv wkh
lpsuryhphqwv lq erwk KUTrO dqg olih h{shfwdqf| duh wkh yhu| uhdvrq iru wkh TDO\ lpsuryhphqwv
ehwzhhq 4<<5 dqg 4<<81 Vr/ rxu �qglqjv uh hfw wkdw wkh srvlwlyh ghyhorsphqw ri pdoh KUTrO
iru wklv shulrg glg qrw frqwlqxh ehwzhhq 4<<829 dqg 5337> hyhq wkrxjk olih h{shfwdqf| kdv vwloo
frqwlqxhg lwv idluo| srvlwlyh ghyhorsphqw1 Pdnlqj xvh ri yhu| wkrurxjk KUTrO0zhljkw olvwlqjv
surylghg lq Whqjv dqg Zdoodfh +5333, zh fdq vwloo vshfxodwh derxw zklfk khdowk fduh sudfwlfhv
kdyh ohg wr revhuyhg fkdqjhv lq TDO\v1 Zh irxqg wkdw glvwuhvv kdv ehhq lqfuhdvlqj wkurxjkrxw
wkh djh jurxsv1 Whqjv dqg Zdoodfh +5333, uhsruw d vxevwdqwldoo| odujhu lpsdfw ri phqwdo glvhdvhv
rq TDO\v/ khqfh wkh lqfuhdvh lq ghsuhvvlrq frxog eh d frqvhtxhqfh ri srolflhv wkdw kdyh ehhq
dpsol�hg rxwsdwlhqw fduh dqg ghfuhdvhg lqsdwlhqw fduh lq phqwdo glvhdvhv1 Dffruglqj wr Whqjv dqg
Zdoodfh +5333,/ KUTrO0zhljkw olvwlqjv iru fduglrydvfxodu dqg ruwkrshglf glvhdvhv duh vljql�fdqwo|
h�hfwlqj TDO\v1 Lq Ilqodqg/ wkhvh duh h{dfwo| wkh glvhdvhv iru zklfk wuhdwphqw lv lqfuhdvlqj lq
roghu sdwlhqwv1 Fduglrydvfxodu dqg ruwkrshglf glvhdvhv h�hfw dq lqglylgxdo*v ixqfwlrqdo fdsdflw| dqg
olylqj lq pdq| zd|v1 Uhfhlylqj wuhdwphqw iru wkrvh glvhdvhv fdq lpsuryh rqh*v prelolw|/ euhdwklqj/
xvxdo dfwlylwlhv dqg vh{xdo dfwlylw|1 Dv sdwlhqwv zlwk fduglrydvfxodu dqg ruwkrshglf glvhdvhv duh
wr d odujh h{whqw wkh hoghuo|/ wkh juhdwhvw jdlqv iurp dpsol�hg wuhdwphqwv vkrxog eh dovr eh irxqg
dprqj wkh hoghuo|1 Wklv lv h{dfwo| zkdw zh kdyh irxqg1

Wkh frvw0ehqh�w olwhudwxuh ydoxhv olih lq prqhwdu| whupv1 Wklv kdv dovr lqvsluhg xvhuv ri frvw0
h�hfwlyhqhvv dqdo|vlv wr h{suhvv TDO\ xqlwv lq prqhwdu| whupv1 Wkh prqhwdu| ydoxh iru d TDO\
xqlw lv qhfhvvdu|/ rwkhuzlvh wkh frvw0h�hfwlyhqhvv dqdo|vlv idoov vkruw lq vd|lqj dq|wklqj derxw
zkhwkhu dq lqwhuyhqwlrq vkrxog eh lpsohphqwhg ru qrw rq hfrqrplf jurxqgv1 Wr hvwdeolvk wkh ehqh�w
iurp dq lqwhuyhqwlrq/ d prqhwdu| ydoxh lv dvvljqhg wr d TDO\ wr pdnh wkh rxwfrph frpsdudeoh
wr lwv frvwv lq prqhwdu| whupv1 E| xvlqj wkh ydoxh ri '433 333 shu TDO\/ zh �qg wkdw wkh khdowk
fdslwdo kdv ehhq lqfuhdvlqj e| e| '563 333 ru '53 333 iru lqidqw pdohv dqg '593 333 ru '53 333 iru
lqidqw ihpdohv/ ghshqglqj uhvshfwlyho| rq zkhwkhu glvfrxqwlqj lv dssolhg ru qrw167 Hyhq wkrxjk wkh
wlph iudphv lq Fxwohu dqg Ulfkdugvrq*v +4<<:/ 4<<;, vwxg| rq khdowk ghyhorsphqw lq wkh X1V1D1
dqg Exuvwuùp hw do1*v +5336, vwxg| rq khdowk ghyhorsphqw lq Vzhghq duh qrw wkh vdph dv lq rxu

67Wkhuh lv qr vwdqgdug ru frqfhqvxv derxw wkh fruuhfw prqhwdu| ydoxh iru d TDO\ xqlw1 Iru d ydvw glvfxvvlrq
derxw wkh ydoxh ri olih dqg lwv phdvxulqj vhh Ylvfxvl +4<<6,1 Derxw gh�qlqj d ydoxh iru d TDO\ xqlw vhh h1j1
Mrkdqqhvvrq dqg Phow}hu +4<<;,1 Wkh ydoxh ri '433 333 shu TDO\ xqlw kdv ehhq xvhg dprqj rwkhu vhyhudo vwxglhv
dovr lq Fxwohu dqg Ulfkdugvrq +4<<:/4<<;, dqg Exuvwuùp hw do1 +5336, dqg khqfh zh xvh wkh vdph ydoxh wr pdlqwdlq
vrph frpsdudelolw| zlwk wkhlu uhvxowv1
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vwxg|/ zh �qg lw lqwhuhvwlqj wr pdnh lqwhuqdwlrqdo frpsdulvrq derxw wkh ghyhorsphqw ri khdowk
fdslwdo1 Zh �qg wkdw dq lqidqw Ilqq lq 4<<9 kdv kdg doprvw '833 333 juhdwhu khdowk fdslwdo
wkdq dq lqidqw lq wkh X1V1D1 lq 4<<31 Rq wkh rwkhu kdqg/ wkh khdowk fdslwdo kdv ehhq lqfuhdvlqj
dw d vorzhu vshhg lq Ilqodqg iru wkh shulrg 4<<8@<9 � 5337 wkdq lq wkh X1V1D1 iru wkh shulrg
4<;3 � 4<<3=Dffruglqj wr rxu dssur{lpdwlrq/ dq lqidqw Ilqq kdv jdlqhg '53 333 lq khdowk fdslwdo
gxulqj wkh shulrg 4<<8@<9� 5337>zkloh dq lqidqw lq wkh X1V1D1 kdv jdlqhg doprvw '83 333 gxulqj
wkh shulrg 4<;3� 4<<31 Zkhq frpsdulqj Vzhglvk dqg Ilqqlvk khdowk fdslwdo dqg lwv ghyhorsphqw/
zh �qg wkdw khdowk fdslwdo kdv ehhq ghyhorslqj pruh idyrxudeo| lq Ilqodqg wkdq lq Vzhghq iru erwk
jhqghuv1 Wkh khdowk fdslwdo iru d Ilqqlvk lqidqw pdoh zdv '4;3 333 juhdwhu wkdq dq lqidqw Vzhglvk
pdoh lq 4<<92<:1 Wkh uhvshfwlyh gl�huhqfh iru ihpdohv zdv hyhq juhdwhu zlwk d '683 333 gl�huhqfh
lq idyrxu ri Ilqqlvk ihpdohv1 Lqwhuhvwlqjo|/ wkh ghyhorsphqw ri khdowk fdslwdo lq Vzhghq gxulqj wkh
shulrg 4<;:@;; � 4<<9@<: kdv ehhq gl�huhqw iurp wkh Ilqqlvk ghyhorsphqw iru 4<<7@<8 � 53371
Lqidqw Vzhglvk pdohv kdyh orvw '45 933 lq khdowk fdslwdo/ zkloh ihpdohv kdyh orvw ';; 333 lq khdowk
fdslwdo gxulqj wkh jlyhq wlph iudphv1

Ilqdoo|/ lq wkh oljkw ri rxu �qglqjv zh fdq frqfoxgh wkdw wkh srvlwlyh lpsuryhphqwv lq KUTrO iru
ihpdohv lq Ilqodqg kdyh uhfhqwo| rxwzhljkhg wkh ehwwhu ghyhorsphqw ri olih h{shfwdqf| iru pdohv/
dv wkhlu KUTrO kdv qrw ehhq ghyhorslqj dv pxfk dv iru ihpdohv/ zkloh wkh ghyhorsphqw ri olih
h{shfwdqf| kdv uhpdlqhg txlwh ehqljq dovr iru ihpdohv1 Dv zh kdyh vhhq/ hyhq vpdoo fkdqjhv lq
gl�huhqw glphqvlrqv ri 48G uhyhdo fohduo| krz TDO\v duh ghyhorslqj ryhu wlph1 Zlwk rwkhu ohvv
dffxudwh KUTrO phdvxuhv/ wkhvh �qglqjv zrxog qrw kdyh ehhq srvvleoh1 Lq dgglwlrq/ vlqfh zh duh
froohfwlqj dffxudwh dqg v|vwhpdwlf ghdwk udwhv ri wkh srsxodwlrq vr dv wr dqdo|vh wkh ghyhorsphqw
ri olih h{shfwdqf| ryhu wlph/ wkhuh lv qr vrxqg uhdvrq wr rplw d v|vwhpdwlf froohfwlrq ri dffxudwho|
phdvxuhg KUTrO/ qdpho| 48G/ iru wkh srsxodwlrq1 Rqo| e| grlqj vr duh zh deoh wr jlyh suh0
flvh hvwlpdwlrqv ri wkh ghyhorsphqw ri wkh khdowk vwdwh ri wkh srsxodwlrq frpelqhg zlwk lwv olih
h{shfwdqf|/ zklfk lv qhfhvvdu| iru doorfdwlqj vfdufh khdowk fduh uhvrxufhv h!flhqwo| dqg dssursul0
dwho|1 Pruhryhu/ vlqfh khdowk fdslwdo lv lqfuhdvlqj dqg wkhuh duh vxevwdqwldo gl�huhqfhv ehwzhhq
frxqwulhv/ zh vkrxog �qg dq lqfuhdvh ri dqg lqwhuqdwlrqdo gl�huhqfhv lq wkh ghpdqg iru khdowk dqg
olih lqvxudqfh1 Zkhwkhu wklv lv wkh fdvh ru qrw lv/ krzhyhu/ eh|rqg wkh vfrsh ri wklv sdshu dqg
uhpdlqv wr eh h{soruhg lq wkh ixwxuh1 Ixwxuh uhvhdufk wrslfv wkdw vsulqj qdwxudoo| iurp wkh fxuuhqw
uhvhdufk lqfoxgh wkh doorfdwlrq ri khdowk fduh uhvrxufhv/ lwv rswlplvdwlrq/ dqg frqqhfwlqj wkhvh zlwk
wkh frvwv ri sxeolf khdowk fduh1 Ilqdoo|/ khdowk fduh sudfwlfh hyroyhv frqvwdqwo| dqg khqfh zh vkrxog
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eh dzduh ri krz lqfuhdvhv lq wkh iuhtxhqf| ri vrph wuhdwphqwv dqg ghfuhdvhv ri rwkhu wuhdwphqwv
d�hfw srsxodwlrq*v TDO\v dv d uhvxow ri gl�huhqw srolf| lpsohphqwdwlrqv1 Khqfh/ dghtxdwh gdwd
lv yhu| lpsruwdqw wr frqwlqxhg uhvhdufk rq wkh h�hfwv ri vshfl�f wuhdwphqwv rq vshfl�f KUTrO
glphqvlrqv dqg dovr wkhlu h�hfwv rq TDO\v1

Uhihuhqfhv
Dulqhq/ V1/ X1 Kçnnlqhq/ W1 Nodxnnd/ M1 Nodyxv/ U1 Ohkwrqhq/ dqg V1 Dur +4<<;,= Khdowk

dqg wkh Xvh ri Khdowk Vhuylfhv lq Ilqodqg1 Pdlq Ilqglqjv ri wkh Ilqqlvk Khdowk Fduh Vxuyh|
4<<82<9 dqg Fkdqjhv iurp 4<;:/ Khdowk Fduh1 Qdwlrqdo Ghyhorsphqw dqg Uhvhdufk Fhqwuh iru
Zhoiduh dqg Khdowk dqg Vrfldo Lqvxudqfh Lqvwlwxwlrq/ Khovlqnl/ Ilqodqg1

Durpdd/ D1/ dqg V1 Nrvnlqhq +hgv1, +5337,= Khdowk dqg Ixqfwlrqdo Fdsdflw| lq Ilqodqg1 Edvh0
olqh Uhvxowv ri wkh Khdowk 5333 Khdowk H{dplqdwlrq Vxuyh|/ yro1 E4525337 ri Sxeolfdwlrqv ri wkh
Qdwlrqdo Sxeolf Khdowk Lqvwlwxwh1 Qdwlrqdo Sxeolf Khdowk Lqvwlwxwh/ Khovlqnl1

Eohlfkurgw/ K1/ dqg M1 Pl|dprwr +5336,= �D Fkdudfwhul}dwlrq ri Txdolw|0Dgmxvwhg Olih0\hduv
xqghu Fxpxodwlyh Survshfw Wkhru|/� Pdwkhpdwlfv ri Rshudwlrqv Uhvhdufk/ 5;/ 4;4�4<61

Exuvwuùp/ N1/ P1 Mrkdqqhvvrq/ dqg I1 Glghulfkvhq +5334,= �Vzhglvk Srsxodwlrq Khdowk0
Uhodwhg Txdolw| ri Olih Uhvxowv Xvlqj HT08G/� Txdolw| ri Olih Uhvhdufk/ 43/ 954�9681

+5336,= �Wkh Ydoxh ri wkh Fkdqjh lq Khdowk lq Vzhghq 4<;32;4 wr 4<<92<:/� Khdowk
Hfrqrplfv/ 45/ 96:�9871

Fxwohu/ G1 P1/ dqg H1 Ulfkdugvrq +4<<:,= �Phdvxulqj wkh Khdowk ri X1V1 Srsxodwlrq/� Eurrn0
lqj Sdshuv lq Hfrqrplf Dfwlylw|1 Plfurhfrqrplfv/ 4<<:/ 54:�:41

+4<<;,= �Wkh Ydoxh ri Khdowk= 4<:304<<3/� Dphulfdq Hfrqrplf Uhylhz/ ;;/ <:�4331

Fxwohu/ G1 P1/ D1 E1 Urvhq/ dqg V1 Ylmdq +5339,= �Wkh Ydoxh ri Phglfdo Vshqglqj lq wkh
Xqlwhg Vwdwhv/ 4<9305333/� Qhz Hqjodqg Mrxuqdo ri Phglflqh/ 688/ <53�<5:1

Jrog/ P1 U1/ M1 H1 Vlhjho/ O1 E1 Uxvvho/ dqg P1 F1 Zhlqvwhlq +4<<9,= Frvw0H�hfwlyhqhvv
lq Khdowk dqg Phglflqh1 R{irug Xqlyhuvlw| Suhvv/ Qhz \run/ R{irug1
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Jrog/ P1 U1/ G1 Vwhyhqvrq/ dqg G1 J1 Iu|edfn +5335,= �KDO\v dqg TDO\v dqg GDO\v/ Rk
P|= Vlplodulwlhv dqg Gl�huhqfhv lq Vxppdu| Phdvxuhv ri Srsxodwlrq Khdowk/� Dqqxdo Uhylhz
ri Sxeolf Khdowk/ 56/ 448�671

Kd}hq/ J1 E1 +533:,= �Dgglqj H{wulqvlf Jrdov wr wkh Txdolw|0Dgmxvwhg Olih \hdu Prgho/� Ghflvlrq
Dqdo|vlv/ 7/ 6�491

Mrkdqqhvvrq/ P1/ dqg G1 Phow}hu +4<<;,= �Vrph Uh hfwlrqv rq Frvw0H�hfwlyhqhvv Dqdo|vlv/�
Khdowk Hfrqrplfv/ :/ 4�:1

Ndxwwr/ P1 +hg1, +5339,= Vxrpdodlvwhq K|ylqyrlqwl 53391 VWDNHV/ Khovlqnl/ Ilqodqg1

Pl|dprwr/ M1 P1 +4<<<,= �Txdolw|0Dgmxvwhg Olih \hduv +TDO\, Xwlolw| Prghov xqghu H{shfwhg
Xwlolw| dqg Udqn Ghshqghqw Xwlolw| Dvvxpswlrqv/� Mrxuqdo ri Pdwkhpdwlfdo Sv|fkrorj|/ 76/
534�56:1

Pxuud|/ F1 M1 O1 +4<<7,= �Txdqwli|lqj wkh Exughq ri Glvhdvh= Wkh Whfkqlfdo Edvlv iru Glvdelolw|
Dgmxvwhg Olih \hduv/� Exoohwlq ri wkh Zruog Khdowk Rujdqlvdwlrq/ :5/ 75<�7781

RVI dqg Vrfldo Surwhfwlrq +533:,= �Fduh dqg Vhuylfhv iru Roghu Shrsoh 5338/� VWDNHV/
Khovlqnl1

Uçvçqhq/ S1/ H1 Urlqh/ K1 Vlqwrqhq/ Y1 Vhpehuj0Nrqwwlqhq/ R10S1 U||qçqhq/ dqg
U1 Urlqh +5339,= �Xvh ri Txdolw|0Dgmxvwhg Olih \hduv iru wkh Hvwlpdwlrq ri H�hfwlyhqhvv ri
Khdowk Fduh= D V|vwhpdwlf Olwhudwxuh Uhylhz/� Lqwhuqdwlrqdo Mrxuqdo ri Whfkqrorj| Dvvhvvphqw
lq Khdowk Fduh/ 55/ 568�5741

Vlqwrqhq/ K1 +4<<7,= �Wkh 48G Phdvxuh ri Khdowk Uhodwhg Txdolw| ri Olih= Uholdelolw|/ Ydolglw|
dqg Vhqvlwlylw| ri lwv KhdowkVwdwh Ghvfulswlyh V|vwhp/� Qdwlrqdo Fhqwuh iru Khdowk Surjudp
Hydoxdwlrq/ Zrunlqj Sdshu/ 741

+4<<8,= �Wkh 48G Phdvxuh ri Khdowk Uhodwhg Txdolw| ri Olih1 LL Ihdvlelolw|/ Uholdelolw|
dqg Ydolglw| ri lwvYdoxdwlrq V|vwhp/� Qdwlrqdo Fhqwuh iru Khdowk Surjudp Hydoxdwlrq/ Zrunlqj
Sdshu/ 751

+5333,= �Wkh Xvh ri Khdowk Lqgh{hv lq Fdofxodwlqj Khdowk Jdlqv +TDO\v, dqg Khdowk0
Dgmxvwhg Olih H{shfwdqf| +KDOH,/� Khdowk Vwdwlvwlfv/ </ 464�47<1

Vwdnhv/ Glvfxvvlrq Sdshuv 52533; 5:



Fkdqjhv lq TDO\v lq Ilqodqg 4<<82<905337

+5334,= �Wkh 48G Lqvwuxphqw ri Khdowk0Uhodwhg Txdolw| ri Olih= Surshuwlhv dqg Dssolfd0
wlrqv/� Dqqxdo Phglflqh/ 66/ 65;�6691

Vlqwrqhq/ K1/ dqg V10V1 Dulqhq +4<<:,= �Vxrpdodlvwhq Whuyh|ghqwlod Plwdwwxqd Holqdmdqrgrw0
whhood/ 48G=ooç md TDO\lood Yxrvlqd 4<<5 md 4<<8/� Vrvlddoloççnhwlhwhoolqhq dlndndxvohkwl/ 67/ 4;5�
4;;1

Vwdwlvwlfv Ilqodqg +533:,= kwws=22zzz1vwdw1�2wlo22nxro253372nxrob5337b5338045063bwdx
b3371{ov1

Vwdyhp/ N1 +4<<<,= �Uholdelolw|/ Ydolglw|/ dqg Uhvsrqvlyhqhvv ri Wzr Pxowldwwulexwh Xwlolw| Phd0
vxuhv lq Sdwlhqwv zlwk Fkurqlf Revwuxfwlyh Sxoprqdu| Glvhdvh/� Txdolw| ri Olih Uhvhdufk/ ;/
78�871

Whqjv/ W1 R1/ dqg D1 Zdoodfh +5333,= �Rqh Wkrxvdqg Khdowk0Uhodwhg Txdolw|0ri0Olih Hvwl0
pdwhv/� Phglfdo Fduh/ 6;/ 8;6�96:1

Wruudqfh/ J1 Z1 +4<;9,= �Phdvxuhphqw ri Khdowk Vwdwh Xwlolwlhv iru Hfrqrplf Dssudlvdo/�
Mrxuqdo ri Khdowk Hfrqrplfv/ 8/ 4�631

Ylvfxvl/ Z1 N1 +4<<6,= �Wkh Ydoxh ri Ulvnv wr Olih dqg Khdowk/� Mrxuqdo ri Hfrqrplf Olwhudwxuh/
[[[L/ 4<45�4<791

Zhlqvwhlq/ P1 F1/ M1 H1 Vlhjho/ dqg P1 U1 J1 hw do1 +4<<9,= �Uhfrpphqgdwlrqv ri wkh Sdqho
rq wkh Frvw0H�hfwlyhqhvv lq Khdowk dqg Phglflqh/� Mrxuqdo ri Dphulfdq Phglfdo Dvvrfldwlrq/
5:9/ 4586�458;1

Vwdnhv/ Glvfxvvlrq Sdshuv 52533; 5;
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