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Euldq P1 Gr|oh

QRWH= Lqwhuqdwlrqdo Ilqdqfh Glvfxvvlrq Sdshuv duh suholplqdu| pdwhuldov flu0
fxodwhg wr vwlpxodwh glvfxvvlrq dqg fulwlfldo frpphqw1 Uhihuhqfhv wr Lqwhuqdwlrqdo
Ilqdqfh Glvfxvvlrq Sdshuv +Rwkhu wkdq dq dfnqrzohgjhphqw wkdw wkh zulwhu kdv kdg
dffhvv wr xqsxeolvkhg pdwhuldo, vkrxog eh fohduhg zlwk wkh dxwkru ru dxwkruv1 Uhfhqw
LIGSv duh dydlodeoh rq wkh Zhe dw zzz1erj1iue1ihg1xv1



cKhuh/ Grooduv/ Grooduv111* � Hvwlpdwlqj Fxuuhqf|
Ghpdqg dqg Zruogzlgh Fxuuhqf| Vxevwlwxwlrq

Euldq P1 Gr|oh�

Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp

Mdqxdu| 5333

Devwudfw
Lq phdvxulqj wkh shufhqwdjh ri iruhljq0khog X1V1/ Jhupdq/ dqg Vzlvv fxu0

uhqflhv iru wkh shulrg ri wkh 4<93v wkurxjk wkh 4<<3v/ L rewdlq hvwlpdwhv pxfk
gl�huhqw iurp wkrvh ri rwkhuv1 Xvlqj fxuuhqf| ghpdqg htxdwlrqv lpsolhg e|
frlqwhjudwlqj yhfwruv iru Fdqdgd/ wkh Qhwkhuodqgv/ dqg Dxvwuld/ L hvwlpdwh
wkdw lq 4<<9 rqo| 63( ri X1V1 fxuuhqf| zdv khog rxwvlgh wkh Xqlwhg Vwdwhv/
dqg dv pxfk dv 9<( ri Jhupdq fxuuhqf| zdv khog rxwvlgh Jhupdq|1 Wkh X1V1
hvwlpdwh idoov vorzo| ryhu wkh 4<93v/ uhdfklqj d orz ri 8( lq wkh �uvw kdoi ri wkh
4<:3v/ wkhq ulvhv wkurxjk wkh hduo| 4<;3v dqg djdlq gxulqj wkh 4<<3v1 Jlyhq
wkdw iruhljq kroglqjv ri wkh X1V1/ Jhupdq/ dqg Vzlvv fxuuhqflhv frqvwlwxwh wkh
exon ri lqwhuqdwlrqdo fxuuhqf| vxevwlwxwlrq lq wkh zruog/ L �qg wkdw/ dgmxvwhg
iru lq dwlrq/ fxuuhqf| vxevwlwxwlrq urxjko| wulsohg iurp 4<;9 wr 4<<91

Nh| Zrugv= Fxuuhqf| Vxevwlwxwlrq> Fxuuhqf| Ghpdqg> Prqh| Ghpdqg>
Lqwhuqdwlrqdo Xvh ri wkh Groodu> Xqghujurxqg Hfrqrp|

MHO Fodvvl�fdwlrq= H74> I74> N75

�Pdlovwrs 57/ Ihghudo Uhvhuyh Erdug/ Zdvklqjwrq/ GF 53884/ +535, :;8 9344>
euldq1p1gr|ohCiue1jry1 Doo huuruv duh/ ri frxuvh/ p| rzq1 L zrxog olnh wr wkdqn Uxwk Mxgvrq/
Pduld Jrrgzlq +X1V1 Wuhdvxu|,/ Vxvdq Shuudxow +Edqn ri Fdqdgd,/ K1 Zro� +Exqghvedqn,/ J1
Kheelqn +Qhghuodqgvfkh Edqn,/ dqg P1 Vhqq dqg P1 Ihoohu +Vzlvv Qdwlrqdo Edqn, iru khos lq re0
wdlqlqj gdwd1 L dovr wkdqn Mhdq Erlylq/ Gdylg Erzpdq/ Vwhyh Ndplq/ Grxj Ploohu/ Grq Uhgo/ Huqvw
Vfkdxpexuj/ Iudq} Vhlw}/ Mrqdwkdq Zuljkw dqg hvshfldoo| Shwhu Nhqhq/ Nhq Urjr� dqg Pdun Zdw0
vrq iru khosixo frpphqwv dqg glvfxvvlrqv1 Wkdqnv wr Sulqfhwrq*v Lqwhuqdwlrqdo Ilqdqfh Vhfwlrq iru
�qdqfldo vxssruw1 Wkh ylhzv lq wklv sdshu duh vroho| wkh uhvsrqvlelolw| ri wkh dxwkru dqg vkrxog qrw
eh lqwhusuhwhg dv uh hfwlqj wkh ylhzv ri wkh Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp ru ri
dq| rwkhu shuvrq dvvrfldwhg zlwk wkh Ihghudo Uhvhuyh V|vwhp1



4 Lqwurgxfwlrq
Dssur{lpdwho| 6;5 eloolrq grooduv +X1V1, ri fxuuhqf| zdv lq flufxodwlrq lq 4<<8/ zklfk
lv derxw '4/785 shu shuvrq +vhh Wdeoh 4,1 Derxw vl{w| shu fhqw ri wkh X1V1 fxuuhqf|*v
ydoxh lv lq rqh kxqguhg groodu eloov1 Shu shuvrq wkhq/ Dphulfdqv fduu| doprvw qlqh
rqh kxqguhg groodu eloov hdfk1 Wklv lv qrw vroho| dq Dphulfdq skhqrphqd/ krzhyhu/
zlwk Jhupdq|/ Mdsdq/ dqg Vzlw}huodqg kdylqj shu fdslwd fxuuhqf| rxwvwdqglqj ri
derxw '5/333/ '7/333 dqg '7/333 uhvshfwlyho|1 Jhupdq| kdv derxw wkluw| shufhqw
ri lwv fxuuhqf| lq 4333 GP eloov +derxw 958 X1V1',1 Dw wkh vdph wlph/ vxuyh|v ri
krxvhkrogv* dqg exvlqhvvhv* fxuuhqf| kroglqjv lq wkh XV vxjjhvw wkdw rqo| derxw
hljkw dqg d kdoi shufhqw ri doo fdvk lv lq wkhlu kdqgv +vhh Wdeoh 5,41 Zkhuh lv wkh
uhvwB L hvwlpdwh krz pdq| X1V1 grooduv/ Jhupdq ghxwvfkhpdunv dqg Vzlvv iudqfv
duh khog e| shrsoh rxwvlgh ri wkrvh frxqwulhv iurp 4<93 wr 4<<951 Lq rwkhu zrugv/
dvvxplqj wkdw wkhvh fxuuhqflhv pdnh xs d vxevwdqwldo sruwlrq ri wkh fxuuhqf| khog
rxwvlgh wkh erughuv ri wkh lvvxlqj qdwlrq/ L hvwlpdwh wkh h{whqw ri zruogzlgh fxuuhqf|
vxevwlwxwlrq1

L duulyh dw uhvxowv zklfk gl�hu pdunhgo| iurp fxuuhqw srsxodu hvwlpdwhv ri X1V1
fxuuhqf| khog deurdg/ zklfk duh lq wkh 830:3( udqjh1 Lqvwhdg/ p| 4<<9 hvwlpdwh iru
wkh Xqlwhg Vwdwhv lv 63(1 Iru erwk Jhupdq| dqg Vzlw}huodqg wkh shufhqwdjhv duh
hyhq kljkhu dw 9<( dqg ::(1 Suredeo| wkh vlqjoh prvw frpshoolqj uhdvrq wr eholhyh
wkh X1V1 hvwlpdwh/ lq sduwlfxodu/ ryhu rwkhuv lv wkdw lw lpsolhv d ohyho ri shu fdslwd
grphvwlf fxuuhqf| wkdw lv lq wkh vdph udqjh dv rwkhu Zhvwhuq qdwlrqv ri lwv vl}h/ hwf11
Wkh lqwhuqdwlrqdo xvh ri wkh groodu kdv ydulhg frqvlghudeo| ryhu wlph1 Lw vwduwhg dw
urxjko| 48( lq wkh hduo| 4<93v dqg ihoo wr 8( lq wkh hduo| wr plg 4<:3v1 Lw vwduwhg wr
ulvh gxulqj wkh odwh :3v dqg hduo| ;3v dqg lqfuhdvhg gudpdwlfdoo| ryhu wkh uhvw ri wkh
shulrg1 P| hvwlpdwh iru Jhupdq| vwd|v uhodwlyho| frqvwdqw iru pxfk ri wkh shulrg/
wkhq dv zhoo lqfuhdvhv gudpdwlfdoo| dw wkh hqg ri wkh vdpsoh1 Rqo| wkh shufhqwdjh
ri iruhljqhuv kroglqj Vzlvv fxuuhqf|/ zlwk vwloo wkh kljkhvw 4<<9 hvwlpdwh/ kdv kdg
d ghfolqh1 Ryhudoo wkhvh hvwlpdwhv |lhog d zruog fxuuhqf| vxevwlwxwlrq ri urxjko|
573 eloolrq 4<<3 X1V1 grooduv lq 4<<91 Wkh uhvxowv vhhp wr lqglfdwh wkdw fxuuhqf|
vxevwlwxwlrq +lq wkh irup ri mxvw fdvk, lv pxfk pruh lpsruwdqw lq wkh 4<<3v wkdq lw
zdv lq wkh 4<:3v ru 4<;3v1 Lq idfw/ lw kdv dssur{lpdwho| wulsohg ryhu wkh sdvw ghfdgh

4Vsuhqnoh +4<<6, rxwolqhv wkh fdvh ri wkhuh ehlqj pruh fxuuhqf| wkdq lv uhdvrqdeoh iru grphvwlf/
ohjdo wudqvdfwlrqv1 Wdeoh 4 lv dq xsgdwhg dqg h{sdqghg yhuvlrq ri Vsuhqnoh*v rzq wdeoh olvwlqj
fxuuhqf| shu fdslwd iru qxphurxv frxqwulhv durxqg wkh zruog1 Wdeoh 5 lv fxuuhqf| vxuyh|v grqh e|
Dyhu| hw do1 +4<;7/ 4<;:, dqg Sruwhu dqg Mxgvrq +4<<9, iru wkh Xqlwhg Vwdwhv1 Fudphu dqg Uhhnhuv
+4<:9, kdv d vxuyh| ri wkh Qhwkhuodqgv1 Rwkhu lqwhuhvwlqj sdshuv lqfoxgh Ihljh +4<<7, dqg Dqghuvrq
+4<::, zkr srlqwv rxw wkdw yhu| olwwoh fdvk lv hyhu orvw1

5Zh h{foxgh Mdsdq iru odfn ri d vdwlvi|lqj csur{| frxqwu|*/ wkh qhhg ri zklfk ehfrphv dssduhqw
odwhu rq1
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lq frqvwdqw groodu whupv1
P| hvwlpdwhv iru fxuuhqf| vxevwlwxwlrq duh ghulyhg xvlqj hvwlpdwhg fxuuhqf| gh0

pdqg ixqfwlrqv ri wkuhh rwkhu qdwlrqv/ Fdqdgd/ wkh Qhwkhuodqgv dqg Dxvwuld1 Wkhvh
fxuuhqf| ghpdqg ixqfwlrqv duh lqwhuhvwlqj lq wkhlu rzq uljkw1 Uhjuhvvlrqv zlwk oq
wrwdo uhdo fxuuhqf| shu fdslwd dv wkh ohiw0kdqg vlgh yduldeoh/ iru wkh prvw sduw/ kdyh
wkh h{shfwhg vljqv rq uhwdlo vdohv dqg lqwhuhvw udwhv1 L jhw gl�huhqw uhvxowv zkhq L
vsolw fxuuhqf| lqwr odujh dqg vpdoo ydoxh ghqrplqdwlrqv1 Wkh vljqv dqg vljql�fdqfh
ri wkh frh!flhqwv duh xqfkdqjhg zlwk mxvw odujh ghqrplqdwlrq eloov1 Zkhq mxvw vpdoo
ghqrplqdwlrq eloov duh xvhg/ wkrvh vdph frh!flhqwv whqg wr eh lqvljql�fdqw ru wr
kdyh srlqw hvwlpdwhv zlwk wkh rssrvlwh vljqv1 Wkhvh vpdoohu eloov duh wkh rqhv wkdw
L h{shfw wkrvh rshudwlqj lq wkh ohjlwlpdwh hfrqrp| wr eh pruh olnho| wr xvh/ dqg vr
wklv uhvxow pd| lqglfdwh dq lqydolgdwlrq ri wudglwlrqdo h{sodqdwlrqv ri fxuuhqf| gh0
pdqg ru vlpso| d pryhphqw dzd| iurp vpdoo wr odujh eloov +lq uhdo whupv,/ ru fdvk
wr rwkhu lqvwuxphqwv dv lqfrphv kdyh ulvhq1 L dovr �qg/ dv Edoo +4<<;, iru srvw0zdu
P4 ghpdqg ixqfwlrqv/ vrph hylghqfh wkdw wkh fxuuhqf| ghpdqg ixqfwlrqv duh vwdeoh
ryhu wkh shulrg 4<9304<<91

Wklv sdshu exlogv rq wkh zrun ri Vxpqhu E4<<3�/ Sruwhu dqg Mxgvrq E4<<9�/ dqg
Vhlw} E4<<8�/ exw lv gl�huhqw lq vhyhudo nh| zd|v1 Iluvw/ L xvh pruh cvwdqgdug* fxuuhqf|
ghpdqg ixqfwlrqv lqvwhdg ri rwkhu fxuuhqf| fkdudfwhulvwlfv wr hvwlpdwh iruhljq krog0
lqjv61 Sruwhu dqg Mxgvrq/ dv zhoo dv Vhlw}/ xvh fkdudfwhulvwlfv vxfk dv vhdvrqdolw|/ wkh
udwlr ri qrwhv wr frlqv/ dqg rwkhu lqjhqlrxv phwkrgv wr duulyh dw wkhlu hvwlpdwhv1 P|
fxuuhqf| ghpdqg ixqfwlrqv dovr doorz ph wr dwwdfk vrph phdvxuh ri xqfhuwdlqw| wr
p| hvwlpdwhv zklfk L duulyh dw xvlqj pruh prghuq frlqwhjudwlqj whfkqltxhv +vhh Vwrfn
dqg Zdwvrq E4<<6�,1 L dp dovr deoh/ dv uhsruwhg deryh/ wr sorw krz wkh shufhqwdjh ri
fxuuhqf| fkdqjhv ryhu wlph/ lqvwhdg ri dq dyhudjh ryhu d fhuwdlq wlph shulrg1 Ilqdoo|
p| fryhudjh ri qdwlrqv lv voljkwo| eurdghu lqfoxglqj wkh Xqlwhg Vwdwhv/ Jhupdq| dqg
Vzlw}huodqg dv rssrvhg wr irfxvlqj rq rqh ri wkhvh qdwlrqv1 Wkh sdshu dovr exlogv rq
wkh zrun ri Vwrfn dqg Zdwvrq dqg Edoo/ lq hvwlpdwlqj fxuuhqf|/ dv rssrvhg wr prqh|/
ixqfwlrqv1

Rqh pljkw dvn/ zk| gr zh fduhB Wkh vl}h ri wkhvh fxuuhqf| vwrfnv lv d phdvxuh ri
wkh wrwdo vhljqrudjh dqg dprxqw ri wkh �lqwhuhvw0iuhh ordq� wr wkh fhqwudo edqn e| wkh
kroghuv1 Zlwk vhyhudo fxuuhqflhv lq wkh zruog ehlqj xvhg e| iruhljqhuv/ wkhuh lv wkh
srvvlelolw| ri shrsoh vzlwfklqj iurp rqh wr wkh rwkhu +vhh Urjr� E4<<;�,1 Wklv sdshu
zrxog wkhq/ iru h{dpsoh/ khos wr dqvzhu zkdw wkh frvw wr wkh Xqlwhg Vwdwhv zrxog
eh li vrph sruwlrq ri iruhljqhuv zkr fxuuhqwo| krog juhhqedfnv vzlwfk wr wkh qhz
hxurv zklfk kdyh kljkhu ghqrplqdwlrqv1 Dovr wkh kroglqjv ri fxuuhqf| duh uhodwhg
wr wkh vl}h ri wkh Dphulfdq xqghujurxqg hfrqrp|1 Iru wkh frxqwulhv wkdw L dp

6Vhlw} +4<<8, grhv vwxg| wkh fxuuhqf| ghpdqg ri Jhupdq| xvlqj d YHFP dssurdfk dqg dovr
xvhg wkh iruhfdvw huuruv wr wu| wr hvwlpdwh Jhupdq fxuuhqf| deurdg1
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wdonlqj derxw khuh/ hvwlpdwlqj wkh vl}h ri wkh iruhljq0khog fxuuhqf| vwrfn lv d �uvw
vwhs wr jhwwlqj ehwwhu hvwlpdwhv ri wkh grphvwlf xqghujurxqg hfrqrp|1 Ilqdoo|/ li
zh eholhyh wkdw wkhvh fxuuhqflhv frpsulvh prvw ri wkh iruhljq kroglqjv ri fxuuhqf|
lq wkh zruog wkhq wrjhwkhu wkh| surylgh d phdvxuh ri zruog fxuuhqf| vxevwlwxwlrq
+iru dq h{fhoohqw vxuyh| ri wkh olwhudwxuh vhh Jlrydqqlql dqg Wxuwhoerrp E4<<7�,1
Fxuuhqf| vxevwlwxwlrq vwxglhv kdyh irfxvhg sulpdulo| rq lqglylgxdo frxqwulhv +vhh
Vdydvwdqr +4<<9, iru h{dpsoh,1 Wkhuh duh idluo| odujh gl!fxowlhv lq wu|lqj wr hvwlpdwh
fxuuhqf| vxevwlwxwlrq/ prvw lpsruwdqwo| wkdw dw wkh yhu| wlph wkdw |rx duh lqwhuhvwhg
lq fxuuhqf| vxevwlwxwlrq lv xvxdoo| dovr wkh wlph zkhq gdwd lv prvw vxvshfw +l1h1 gxulqj
d fulvlv,1 Hvwlpdwlqj fxuuhqf| vxevwlwxwlrq �iurp wkh rwkhu vlgh� pljkw khos lq jhwwlqj
d pruh dffxudwh lghd ri wkh skhqrphqrq1

5 Krz zloo L hvwlpdwh lwB
Vr zkdw lv lw wkdw L dp jrlqj wr grB L zdqw wr rxwolqh d phwkrg e| zklfk L zloo
hvwlpdwh wkh lqwhuqdwlrqdo xvh ri Xqlwhg Vwdwhv fxuuhqf| +dprqjvw rwkhuv,/ qdpho|
e| hvwlpdwlqj fxuuhqf| ghpdqg ixqfwlrqv/ dqg wkhq wdon derxw krz L zloo hvwlpdwh
wkrvh fxuuhqf| ghpdqg ixqfwlrqv/ qdpho| e| frlqwhjudwlqj yhfwruv1

514 Hvwlpdwlqj Iruhljq Kroglqjv

Krz gr L hvwlpdwh wkh sruwlrq ri wkh fxuuhqf| vwrfn wkdw iruhljqhuv krogB7 Wkhuh lv
dq djjuhjdwh vwrfn ri fxuuhqf| kroglqjv/ �|/ wkdw L zlvk wr lghqwli| dv kdylqj wzr
sduwv1 D grphvwlf sruwlrq/ �(

| / zklfk lv khog e| krxvhkrogv dqg exvlqhvvhv qrw
rqo| iru ohjdo wudqvdfwlrqv/ exw dv zhoo iru loohjdo wudqvdfwlrqv dqg krduglqjv +iurp
fulph/ wd{ hydvlrq/ hwf1/ dv zhoo dv ohjlwlpdwh prwlyhv,1 Dv zhoo/ wkhuh lv d iruhljq
frpsrqhqw/�8

|
/ zklfk lv/ dv lwv qdph vxjjhvwv/ wkh kroglqjv ri wkh grphvwlf fxuuhqf|

e| iruhljqhuv1 Wkh rqo| frpsrqhqw wkdw zh revhuyh lv wkh wrwdo/ dqg vr L qhhg vrph
dvvxpswlrqv wr lghqwli| rqh ri wkh rwkhuv1 P| dvvxpswlrq/ zklfk kdv lwv ruljlqv
lq Vxpqhu E4<<3� dqg Sruwhu dqg Mxgvrq E4<<9� lv wkdw L fdq sur{| wkh grphvwlf
sruwlrq ri wkh Xqlwhg Vwdwhv* uhdo shu fdslwd fxuuhqf| vwrfn zlwk wkh fxuuhqf| ghpdqg

7Wkhuh duh wzr zd|v wr phdvxuh wkh sruwlrq ri wkh fxuuhqf| vwrfn zklfk lv khog e| iruhljqhuv1
Hlwkhu zh frxog �qg gdwd/ wkdw h{sodlqv wkh vl}h ri iruhljq kroglqjv gluhfwo| ru zh fdq wu| wr �qg
fkdudfwhulvwlfv wkdw h{sodlq grphvwlf kroglqjv dqg wkhq wdnh iruhljq kroglqjv dv wkh uhvlgxdo/ zkdw
Ihljh +4<<9, fdoov wkh �lqgluhfw phwkrg�1 Erwk phwkrgv kdyh wkhlu sureohpv1 D odfn ri gdwd sodjxhv
wkh �uvw phwkrg1 Wkrxjk wkhuh h{lvwv uhsruwv ghwdlolqj pryhphqwv ri fxuuhqf| wkurxjk edqnv ri
dprxqwv juhdwhu wkdq '43 333/ wkhuh lv qr uhfrug ri wkh srwhqwldoo| frxqwohvv �eulhifdvhv ixoo ri
fdvk� wkdw wudyho dfurvv wkh erughu/ ru wkh pxowlsoh wudqvihuv ri mxvw xqghu 43 333 wr dyrlg uhsruwlqj
uhtxluhphqwv1 Iru rqh h{dpsoh ri vxfk d phwkrg vhh Ndplq dqg Hulfvvrq +4<<6,1 Iru wkh vhfrqg/
zkdwhyhu fkdudfwhulvwlfv zh xvh wr wu| wr hvwlpdwh grphvwlf kroglqjv pd| dovr qrw eh shuihfw1
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ixqfwlrq xvlqj wrwdo uhdo shu fdslwd fxuuhqf| vwrfn iru Fdqdgd8 +dqg iru Jhupdq| dqg
Vzlw}huodqg L xvh wkh Qhwkhuodqgv dqg Dxvwuld uhvshfwlyho|,1 Lq rwkhu zrugv/ L fdq
hvwlpdwh d fxuuhqf| ghpdqg ixqfwlrq iru Fdqdgd dqg wkdw vdph uhodwlrqvkls zloo krog
iru wkh Xqlwhg Vwdwhv* grphvwlfdoo| khog fdvk1 Lpehgghg lq wklv dvvxpswlrq lv wkdw qr
Fdqdgldq fxuuhqf| lv khog deurdg dqg wkdw L fdq ljqruh dq| rwkhu qdwlrq*v fxuuhqf|
+sduwlfxoduo| wkh X1V1 groodu, khog e| Fdqdgldqv1 L dovr dp vd|lqj wkdw L eholhyh wkdw
wkh sdudphwhuv ghvfulelqj wdvwhv/ suhihuhqfhv/ dqg whfkqrorj| duh wkh vdph +ru yhu|
forvh wr ehlqj vr, lq wkh wzr hfrqrplhv1 Wklv vlplodulw| ohdgv wr wkh vdph uhodwlrqvkls
ehwzhhq uhdo shu fdslwd uhwdlo vdohv dqg lqwhuhvw udwhv dqg wkh dprxqw ri uhdo shu
fdslwd fxuuhqf| wkdw duh khog grphvwlfdoo|1 Wklv ixuwkhu vd|v wkdw wklqjv wkdw zh
gr qrw phdvxuh vxfk dv wd{dwlrq dqg fulph udwhv/ loohjdo dfwlylwlhv wkdw pd| gulyh
fxuuhqf| kroglqjv/ kdyh vlplodu h�hfwv lq djjuhjdwh1

Zlwk wklv dvvxpswlrq L fdq hvwlpdwh iruhljq kroglqjv lq wkh iroorzlqj zd|1 L �uvw
hvwlpdwh d fxuuhqf| ghpdqg ixqfwlrq iru Fdqdgd urxjko| ri wkh irup=

EUhdo shu fdslwd Fxuuhqf| Edodqfhv�
�@?@_@

' q
f
n q

�
EUhdo shu fdslwd Uhwdlo Vdohv�

�@?@_@

nq
2
EQrplqdo Lqwhuhvw Udwh�

�@?@_@
n e|S���n e|

zkhuh doo yduldeohv h{fhsw wkh lqwhuhvw udwh duh lq qdwxudo orjdulwkpv/ dqg wkh chwf*
phuho| lqglfdwhv dgglwlrqdo whupv/ vxfk dv ohdgv dqg odjv/ ghshqglqj rq wkh frlqwh0
judwlrq phwkrg xvhg +vhh ehorz,1 Zlwk wkh hvwlpdwhv +lqglfdwhg zlwk fdudwv, ri q

f
/

q
�
/ dqg q

2
/ L fdq wdnh Dphulfdq gdwd dqg frpsxwh wkh dprxqw ri uhdo Dphulfdq

fxuuhqf| shu fdslwd wkdw Dphulfdqv krog olnh vr=
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�H{fkdqjh udwh�bbf vr wkdw L fruuhfw iru wkh idfw wkdw wkh

4<<3 grooduv ri wkh wzr frxqwulhv duh lq wzr gl�huhqw fxuuhqflhv91 Wkhq wr jhw wkh

8D vlplodu h{huflvh zdv frqgxfwhg iru wkh Xqlwhg Vwdwhv dqg Jhupdq| e| Sruwhu dqg Mxgvrq
+4<<9, dqg Vhlw} +4<<8, uhvshfwlyho|1 Lq erwk wkhvh fdvhv/ wkh dxwkruv hvwlpdwhg prqh| ghpdqg
ixqfwlrqv zlwklq frxqwu| dw dq hduolhu gdwh dqg wkhq lghqwl�hg uhvlgxdov ri wkrvh ixqfwlrqv dv ehlqj
h{sodlqhg e| iruhljq kroglqjv1 Erwk dxwkruv dovr wulhg d ydulhw| ri rwkhu fkdudfwhulvwlfv ri wkh sdluv
ri frxqwulhv wr wu| wr lghqwli| grphvwlf fdvk1 Wkhvh lqfoxghg vxfk wklqjv dv wkh qrwhv wr frlqv udwlrv
dqg wkh vhdvrqdolw| ri wkh fxuuhqf|1 Ghwdlov ri wkhvh phwkrgv fdq eh irxqg lq Sruwhu dqg Mxgvrq
+4<<9,1 Ihljh +4<<9, xvlqj pruh cgluhfw phwkrgv* frphv xs zlwk qxpehuv pruh rq wkh 73( udqjh1

9Zh kdyh grqh doo ri rxu fdofxodwlrqv lq hdfk frxqwulhv rzq fxuuhqf| dqg gh dwhg e| wkh sulfh
ohyho wr jhw uhdo yduldeohv1 Vlqfh wkh sulfh lqglfhv duh qrupdol}hg vr wkdw 4<<3 lv htxdo wr 433/ zh
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shufhqwdjh ri iruhljq kroglqjv L h{wudfw p| frpsxwhg grphvwlf kroglqjv iurp wkh
wrwdo +diwhu wxuqlqj wkh orj ydoxhv edfn lqwr ohyhov,1

Shufhqwdjh ri XV Fxuuhqf| Vwrfn khog deurdg

'
EUhdo shu fdslwd Fxuuhqf| Edodqfhv�

L7
� gEUhdo shu fdslwd Fxuuhqf| Edodqfhv�

L7

EUhdo shu fdslwd Fxuuhqf| Edodqfhv�
L7

Wr jhw wkh wrwdo dprxqw ri iruhljq kroglqjv zh pxvw pxowlso| e| wkh wrwdo dprxqw ri
wkh fxuuhqf| vwrfn1

Wkdw wkh frxqwulhv duh jrrg pdwfkhv lv qrw vrphwklqj wkdw L �suryh� khuh lq wklv
sdshu/ lqghhg lw lv vrphwklqj wkdw zrxog eh kdug wr gr1 Zkdw L qhhg wr gr lv frpsduh
wkh grphvwlf kroglqjv lq wkh wzr frxqwulhv wr wkhlu hfrqrplf fkdudfwhulvwlfv/ exw wkh
grphvwlf kroglqjv duh h{dfwo| zkdw L dp wu|lqj wr lghqwli| iru rqh ri wkh qdwlrqv1 L
pdnh wzr zhdn dsshdov wkrxjk wkdw wkh pdwfkhv pdnh vhqvh1 Iluvw/ fxowxudoo| dqg
hfrqrplfdoo| wkh| duh fhuwdlqo| yhu| vlplodu qdwlrqv dowkrxjk wkh �uvw wzr sdluv duh/ ri
frxuvh/ yhu| gl�huhqw lq vl}h1 Vhfrqg/ zkloh zh fdqqrw revhuyh krz fdvk kroglqjv duh
xvhg wkhuh lv vrph olplwhg gdwd zklfk wkh Edqn iru Lqwhuqdwlrqdo Vhwwohphqwv froohfwv
iru qrq0fdvk wudqvdfwlrqv1 Zlwk wklv L fdq frpsduh dw ohdvw wkh �uvw wzr ri p|
pdwfkhv � Fdqdgd0X1V1 dqg Qhwkhuodqgv0Jhupdq|1 Lq wdeoh 6/ zh fdq vhh wkdw hdfk
ri wkhvh sdluv ryhu wkh 4<;604<<8 shulrg +wkhuh lv pruh iuhtxhqw gdwd qhdu wkh hqg ri
wkh vdpsoh/ exw wkh qxpehuv khuh jlyh wkh hvvhqwldo slfwxuh1, kdv d vlplodu sursruwlrq
ri lwv qrqfdvk wudqvdfwlrqv lq hdfk ri wkh fdwhjrulhv ri fuhglw fdugv/ fkhtxhv/ fuhglw
wudqvdfwlrqv dqg gluhfw ghelwv/ zlwk vrph h{fhswlrqv1 Fkhtxhv dqg fuhglw fdugv duh
txlwh srsxodu lq Fdqdgd dqg wkh Xqlwhg Vwdwhv1 Fuhglw wudqvdfwlrqv dqg gluhfw ghelwv
duh pruh srsxodu lq wkh Qhwkhuodqgv/ Jhupdq| dqg Vzlw}huodqg1 Wkhvh qxpehuv duh
qrw mxvw d Qruwk Dphulfdq0Hxurshdq vsolw1 Wkh Qhwkhuodqgv dqg Jhupdq| duh forvhu
wr rqh dqrwkhu wkdq wkh| duh wr rwkhuv zlwklq Hxursh1 Wkhuh duh dovr vrph gl�huhqfhv1
Wkh Qhwkhuodqgv dqg Jhupdq| vhhp wr eh glyhujlqj rq fuhglw fdugv e| wkh hqg ri wkh
vdpsoh/ dv duh Fdqdgd dqg wkh Xqlwhg Vwdwhv rq fkhtxhv yhuvxv fuhglw fdugv1 Erwk
ri wkhvh slhfhv ri hylghqfh lq qr zd| suryh p| dvvxpswlrq/ exw wkh| duh vxjjhvwlyh
ri lw ehlqj d uhdvrqdeoh rqh zlwk ydu|lqj ghjuhhv ri frq�ghqfh1 Zkloh L eholhyh wkh
Fdqdgd0X1V1 pdwfklqj wr eh uhodwlyho| vrolg/ L dp ohvv frq�ghqw lq wkh Qhwkhuodqgv0
Jhupdq| sdlulqj dqg hyhq ohvv frq�ghqw lq wkh Dxvwuld0Vzlw}huodqg frxsoh1 Doo ri
wkh uhvxowv odwhu lq wklv sdshu/ vkrxog eh ylhzhg zlwk wklv lq plqg1

vwloo qhhg wr fruuhfw iru wkh h{fkdqjh udwh lq wkdw |hdu1 Zh gr rxu wudqvirupdwlrqv lq wklv zd|/ l1h1
udwkhu wkdq mxvw frqyhuwlqj doo vhulhv wr wkh rwkhu fxuuhqf|/ vr wkdw zh gr qrw slfn xs h{fkdqjh udwh
yduldwlrqv lq rxu hvwlpdwh ri irulhjq kroglqjv1
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515 Hvwlpdwlqj Fxuuhqf| Ghpdqg

Krz dp L jrlqj wr hvwlpdwh fxuuhqf| ghpdqgB Wkh hvwlpdwlrq phwkrg wkdw L zloo
iroorz lv wr hvwlpdwh wkh frlqwhjudwlqj uhodwlrqvkls ehwzhhq uhdo fxuuhqf| edodqfhv/
lqwhuhvw udwhv dqg uhwdlo vdohv:1 Dv zlwk wkh prqh| ghpdqg olwhudwxuh L �qg wkdw prvw
ri wkh gdwd lv fkdudfwhulvhg e| xqlw urrwv dqg doo uhjuhvvlrqv |lhog vwurqj srvlwlyh
uhvxowv lq erwk uhvlgxdo edvhg dqg Mrkdqvhq frlqwhjudwlqj whvwv;1 Wkh h{fhswlrq lv
uhdo fxuuhqf| shu fdslwd lq Dxvwuld/ wkh lqwhuhvw udwh lq wkh Qhwkhuodqgv dqg uhwdlo vdohv
iru prvw ri wkh frxqwulhv1 Lw lv xvxdoo| wkh fdvh wkdw JGS lv xvhg lqvwhdg ri uhwdlo vdohv
lq wkh prqh| ghpdqg olwhudwxuh1 L xvh uhwdlo vdohv ehfdxvh ri lwv dydlodelolw| prqwko|
dqg ehfdxvh L eholhyh wkdw uhwdlo vdohv lv d pruh shuwlqhqw wudqvdfwlrq yduldeoh iru
fxuuhqf| dv rssrvhg wr P41 Ehfdxvh ri wkh vwurqj frlqwhjudwlrq whvw uhvxowv L surfhhg
zlwk wkdw irup ri hvwlpdwlrq1

Pdq| zd|v kdyh ehhq ghyhorshg wr hvwlpdwh frlqwhjudwhg uhodwlrqvklsv/ dqg lq
wklv sdshu L zloo hvwlpdwh wkh vhw wkdw duh frpsduhg lq Vwrfn dqg Zdwvrq*v +4<<6,
Hfrqrphwulfd duwlfoh1 Lw lv zruwkzkloh wr hvwlpdwh hdfk ri wkh uhodwlrqvklsv iru d
ihz uhdvrqv1 Vwrfn dqg Zdwvrq gr Prqwh Fduor whvw ri hdfk ri wkhvh hvwlpdwruv
dqg �qg wkdw hdfk ri wkh hvwlpdwruv kdv vrph gudzedfnv � vxevwdqwldo eldv dqg
orzhu h!flhqf| ghshqglqj rq wkh uhodwlrqvkls hvwlpdwhg1 Lw dovr vhhpv dssursuldwh
wr iroorz Vwrfn dqg Zdwvrq dv wkh| dfwxdoo| dsso| wkhvh hvwlpdwruv lq wkhlu duwlfoh
wr P4 ghpdqg +dqg �qg wkdw wkhuh lv vrph lqvwdelolw| lq srvw0zdu prqh| ghpdqg,1
Vr L zloo hvwlpdwh wkh iroorzlqj hljkw vshfl�fdwlrqv= +4, ruglqdu| ohdvw vtxduhv ru
zkdw Vwrfn dqg Zdwvrq fdoo vwdwlf ROV +VROV,/ +5, qrq0olqhdu ohdvw vtxduhv +QOOV,/
+6, g|qdplf ruglqdu| ohdvw vtxduhv +GROV,/ +7, g|qdplf jhqhudolvhg ohdvw vtxduhv
+GJOV,/ +8, Skloolsv* +4<<4, vshfwudo hvwlpdwru +SEVU,/ +9, Skloolsv dqg Kdqvhq*v
+4<<3, dqg Sdun*v +4<<5, wzr0vwhs }hur0iuhtxhqf| hvwlpdwru +SKIP,/ +:, Mrkdqvhq*v
hvwlpdwru zlwk 5 odjv +MRK+5,,/ dqg +;, Mrkdqvhq*v zlwk wkuhh odjv +MRK+6,,1 Wkh
ghwdlov ri hdfk ri wkhvh surfhgxuhv fdq eh irxqg lq Vwrfn dqg Zdwvrq1

Wkdw vdlg/ L zloo irfxv rq wkh GROV hvwlpdwru1 GROV lv rqh ri wkh wzr hvwlpdwruv
wkdw Vwrfn dqg Zdwvrq sursrvh wkhpvhoyhv +GJOV lv wkh rwkhu, dv ehlqj d vlpsoh
h!flhqw hvwlpdwru ri frlqwhjudwlqj uhodwlrqvklsv1 Lw kdv d orz eldv uhodwlyh wr wkh
rwkhu surfhgxuhv/ h{fhsw iru MRK zklfk lv xqeldvhg/ exw kdv d juhdwhu glvshuvlrq
wkdq wkh rwkhu hvwlpdwhv1 Wkh GROV surfhgxuh wkdw L hvwlpdwh kdv wkuhh yhuvlrqv
hdfk ri zklfk fruuhfw iru vhuldo fruuhodwlrq1 Wkh �uvw/ zklfk lv dovr wkh rqh wkdw zloo
eh uhsruwhg lq p| wdeohv dqg judskv/ xvhv d Eduwohww nhuqho wr dyhudjh wkh �uvw 8
huuru dxwryduldqfhv1 Wkh rwkhu wzr erwk xvh dq dxwruhjuhvvlyh vshfwudo hvwlpdwru/
rqh zlwk 5 dqg wkh rwkhu zlwk 45 odjv1 Lq hdfk fdvh/ wklv lpsolhv wkdw L zloo hvwlpdwh

:Vhh Jrogihog +4<<3, iru d vxuyh| rq wkh roghu olwhudwxuh rq hvwlpdwlqj prqh|2fxuuhqf| ghpdqg
ixqfwlrqv1

;Ixuwkhu ghwdlov ri zklfk duh dydlodeoh e| uhtxhvw1
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wkh iroorzlqj vshfl�f htxdwlrq iru wkh sur{| frxqwu|=
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zkhuh O lqglfdwhv ohdg dqg odjjhg yduldeohv/ ri zklfk L lqfoxgh wzr ri hdfk1 Diwhu wklv
hvwlpdwlrq/ dv L rxwolqhg deryh/ L zloo wdnh wkh frh!flhqwv dqg zlwk gdwd iurp wkh
rwkhu phpehu ri wkh sdlu/ frpsxwh zkdw wkh fxuuhqf| vwrfn zrxog eh li qr iruhljqhuv
khog dq| ri lwv fxuuhqf|1 L dovr frpsxwh vrph vwdelolw| whvwv iru hdfk qdwlrq1 Iru
wklv L iroorz wkh surfhgxuh ri Euxfh Kdqvhq +4<<5, zklfk lv d whvw iru vwdelolw| zkhq
wkh euhdn srlqw lv xqnqrzq1 L zloo dovr fdofxodwh d Zdog vwdelolw| whvw ri wkh GROV
htxdwlrqv dqg frq�ghqfh hoolsvhv dw wkh plgsrlqw ri p| vdpsoh1 L gr wkh Zdog whvw
dv lw kdv pruh srzhu wkdq Kdqvhq*v whvw1

Wkhuh duh d ihz fdyhdwv wr p| hvwlpdwlrq1 Wkh dvvxpswlrq lv wkdw fhqwudo edqnv
zloo vlpso| dffrpprgdwh dq| fxuuhqf| ghpdqg wkdw djhqwv zlvk dqg wkhq frxqwhudfw
lwv h�hfwv rq wkh eurdghu djjuhjdwhv ri prqh| dqg lqwhuhvw udwhv1 Lq wklv zd| wkh
ohyho ri fxuuhqf| grhv qrw d�hfw eurdghu hfrqrplf dfwlylw|1 Wklv dvvxpswlrq lv pdlq0
wdlqhg vr wkdw L gr qrw kdyh wklv sduwlfxodu lghqwl�fdwlrq lvvxh lq wklv vlqjoh htxdwlrq
hvwlpdwlrq1 Dovr/ dv wudqvdfwlrqv whfkqrorj| dqg frvwv fkdqjh ryhu wlph wkhq wkh
sursruwlrq ri fxuuhqf| wkdw qhhgv wr eh khog e| krxvhkrogv dqg exvlqhvvhv vkrxog
fkdqjh1 Olnhzlvh rqh pljkw eholhyh wkdw fulplqdov dqg wd{ hydghuv kdyh pdgh xvh
ri wkhvh whfkqrorjlhv wr ehwwhu odxqghu prqh| dqg khqfh pdnh ohvv xvh ri fdvk1 L
dp uhjuhwixoo| ljqrulqj dq| gl�huhqfhv lq wkhvh h�hfwv dfurvv qdwlrqv1 Lqfrusrudwlqj
phdvxuhv ri wkhvh h�hfwv lqwr p| uhjuhvvlrqv zrxog eh d srvlwlyh ghyhorsphqw/ exw
rqh xqiruwxqdwho| wkdw L zloo ohdyh wr ixwxuh uhvhdufk1

6 Gdwd
D eulhi h{fxuvlrq wr vd| d ihz zrugv derxw wkh gdwd xvhg1 L kdyh prqwko| gdwd rq
wkh kroglqjv ri fxuuhqf|/ frqvxphu sulfhv/ uhwdlo vdohv/ srsxodwlrq dqg vkruw whup
lqwhuhvw udwhv iurp 4<93 wr 4<<91 Wkh gdwd rq fxuuhqf| edodqfhv/ lqwhuhvw udwhv/
srsxodwlrq/ dqg frqvxphu sulfh ohyho fdph iurp wkh Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv
+LIV, ri wkh Lqwhuqdwlrqdo Prqhwdu| Ixqg +LPI,1 Wkh vhulhv rq uhwdlo vdohv fdph
iurp wkh Rujdqlvdwlrq iru Hfrqrplf Frrshudwlrq dqg Ghyhorsphqw +RHFG,1 Iru wkh
Qhwkhuodqgv/ Dxvwuld/ Jhupdq| dqg Vzlw}huodqg wkh uhwdlo vdohv gdwd zdv lq wkh irup
ri dq lqgh{ zlwk 433 htxdo wr 4<<31 Fdqdgd dqg wkh Xqlwhg Vwdwhv zhuh douhdg| lq
ohyhov1 Wkh ohyho ri uhwdlo vdohv iru Dxvwuld/ wkh Qhwkhuodqgv/ Jhupdq| dqg Vzlw}huodqg
fdph iurp Hxurprqlwru*v Hxurshdq Pdunhwlqj Gdwd dqg Vwdwlvwlfv<1 Wkhvh zhuh

<Qrwh wkdw lw lv srvvleoh wkdw wkhuh duh voljkw lqghvfuhsdqflhv lq wkh wzr vhulhv1

:



frpelqhg zlwk wkh RHFG*v lqgh{ ri uhwdlo vdohv xvlqj wkh ydoxh iru wkh wrwdo ohyho lq
4<<3 pdsshg wr wkh uhodwlyh zhljkwv ri wkh lqgh{ lq 4<<3431 Fxuuhqf| e| ghqrplqdwlrq
zdv surylghg hlwkhu e| wkh uhvshfwlyh fhqwudo edqnv ru rewdlqhg iurp wkh dqqxdo
uhsruwv ru vwdwlvwlfdo uhsruwv ri wkh fhqwudo edqnv1 Iru Jhupdq|/ Dxvwuld dqg wkh
Xqlwhg Vwdwhv* ghqrplqdwlrq gdwd wkhuh zhuh vrph gdwd srlqwv wkdw zhuh xqdydlodeoh1
Lq wkh fdvh ri Dxvwuld/ wkhvh zhuh wkh �uvw whq gdwd srlqwv ri wkh vdpsoh1 Uhjuhvvlrqv
uxq iru Dxvwuld rq fxuuhqf| eurnhq grzq e| ghqrplqdwlrq/ wkxv vwduw d ihz shulrgv
odwhu wkdq wkh Qhwkhuodqgv dqg Fdqdgd1 Wkh lqwhuhvw udwh lq wkh fdvh ri Fdqdgd
dqg wkh X1V1 zdv wkh glvfrxqw udwh dqg wkh ihghudo ixqgv udwhv uhvshfwlyho|1 Lq wkh
fdvh ri Jhupdq| dqg wkh Qhwkhuodqgv wkh udwh zdv wkh frpphufldo sdshu udwh dqg
lq Dxvwuld dqg Vzlw}huodqg wkh udwh zdv wkh glvfrxqw udwh1 Wkh udwhv zhuh fkrvhq lq
sduw iru wkhlu dydlodelolw| dw prqwko| lqwhuydov iru wkh 4<9304<<9 shulrg1 Srsxodwlrq
zdv dydlodeoh rq d prqwko| edvlv iru rqo| wkh Xqlwhg Vwdwhv1 Iru wkh rwkhu frxqwulhv/
wkh |hduo| srsxodwlrq zdv �wwhg wr d sro|qrpldo xvlqj wkh dqqxdo ohyho dv wkh ohyho
lq Mdqxdu|1 Erwk wkh fxuuhqf| dqg uhwdlo vdohv gdwd lv h{suhvvhg lq uhdo shu fdslwd
whupv1 Doo ri wkh gdwd lv lq orjv dqg lq lwv rzq qdwlrqdo fxuuhqf|1

7 Zkdw gr L �qg dqg zkdw grhv lw phdqB
Lq vkruw/ L �qg wkdw wkh fxuuhqf| ghpdqg ixqfwlrqv kdyh frh!flhqwv zlwk vljqv wkdw
|rx zrxog h{shfw wkhp wr kdyh1 Lq prvw fdvhv/ uhwdlo vdohv lv srvlwlyh dqg lqwhuhvw
udwhv duh qhjdwlyh zlwk erwk ehlqj vljql�fdqw1 Zkhq L vsolw wkh fxuuhqf| gdwd lqwr
odujh dqg vpdoo ghqrplqdwlrq qrwhv/ wkh vljqv  ls iru wkh vpdoo rqhv1 Ilqdoo|/ wkhuh
vhhpv wr eh vrph hylghqfh wkdw wkh htxdwlrqv duh vwdeoh ryhu wkh shulrg 4<9304<<91

714 Uhjuhvvlrqv

Dv zh fdq vhh lq wdeoh 7/ wkh frh!flhqwv rq p| uhjuhvvlrqv/ iru wkh prvw sduw/ kdyh wkh
culjkw* vljqv dqg duh vljql�fdqw1 Wkh rqh h{fhswlrq lv wkh Qhwkhuodqgv zklfk lq vhyhudo
ri wkh hvwlpdwlrqv kdv d srvlwlyh vljq rq lqwhuhvw udwhv dqg d qhjdwlyh vljq rq uhwdlo
vdohv1 Wkh hvwlpdwhg frh!flhqwv ydu| vrphzkdw ryhu wkh gl�huhqw surfhgxuhv1 Khuh
p| hvwlpdwhv duh uhdvrqdeo| forvh iru GROV/ SEVU dqg SKIP/ dqg rffdvlrqdoo|
wkh pdjqlwxghv ri wkh rwkhuv duh forvh1 L fdofxodwh wkh <8( frq�ghqfh lqwhuydov iru
hdfk qdwlrq lq �jxuh 4 dqg vhh wkdw iru prvw surfhgxuhv wkh hvwlpdwhv duh foxvwhuhg

43Lq rwkhu zrugv wkh wrwdo ohyho iru 4<<3 fdq eh sruwlrqhg xs vr wkdw zh fdq �qg wkh prqwko|
ydoxhv1 Li zh kdg prqwko| ohyhov lqvwhdg ri dq lqgh{/ wkh |hduo| ohyho vkrxog eh htxlydohqw wr wkh
vxp ri wkh prqwko| ydoxhv1 Vr zh fdq wdnh wkh |hduo| ohyho wrwdo dqg glylgh e| wkh prqwko| lqgh{
vxp1 Wkhq zh pxowlso| wkdw qxpehu e| wkh lqglylgxdo prqwko| lqgh{ zhljkwv zh jhw wkh prqwko|
ohyhov1 Zlwk d prqwko| ohyho dqg wkh lqgh{ zh fdq frpsxwh wkh uhvw ri wkh lqgh{1

;



wrjhwkhu1 Wkh pdjqlwxghv ri wkh frh!flhqwv iru Fdqdgd dqg Dxvwuld vhhp srwhqwldoo|
kljk/ exw zlwklq wkh uhdop ri uhdvrq1 D vlpsoh irup ri wkh txdqwlw| wkhru| zrxog
lpso| dq lqfrph frh!flhqw ri rqh dqg wkh Edxpro0Wrelq iudphzrun zrxog lqglfdwh
d frh!flhqw ri 3181 Khuh wkh ydoxhv duh jhqhudoo| ohvv wkdq rqh iru uhwdlo vdohv/ l1h1 d
rqh shufhqw ulvh lq uhwdlo vdohv |lhogv d ohvv wkdq rqh shufhqw ulvh lq wkh ghpdqg iru
fxuuhqf|1 L dovr uxq wkhvh uhjuhvvlrqv rq wkh Xqlwhg Vwdwhv/ Jhupdq| dqg Vzlw}huodqg1
Li zh eholhyh wkdw vljql�fdqw sursruwlrqv ri wkh fxuuhqf| vwrfn lv khog rxwvlgh ri
wkhvh qdwlrqv wkhq wkhvh uhjuhvvlrqv zlwk wrwdo fxuuhqf| vwrfn lq wkhp duh vrphzkdw
vxvshfw/ lq wkh vhqvh wkdw zh gr qrw kdyh doo ri wkh h{sodqdwru| yduldeohv1 Vwloo lw lv
looxvwudwlyh wkdw wkh vl}h ri wkh frh!flhqwv duh jhqhudoo| +exw fhuwdlqo| qrw xqlyhuvdoo|,
eljjhu zkhq frpsduhg wr hdfk ri wkh fruuhvsrqglqj sur{| qdwlrqv/ sduwlfxoduo| wkh
frh!flhqw rq uhwdlo vdohv/ dqg wkh frqvwdqw whup zklfk lv qrw uhsruwhg lq wkh wdeohv1
Zkhq wkh gdwd iru wkhvh qdwlrqv lv dssolhg wr wkh sur{| frxqwulhv frh!flhqwv wkh| zloo
lqghhg jlyh grphvwlf fxuuhqf| edodqfhv wkdw duh ohvv wkdq wkh wrwdo vwrfn rxwvwdqglqj1
Qrwh ixuwkhu wkdw wkh ydoxhv ri wkh frh!flhqwv iru uhwdlo vdohv duh jhqhudoo| kljkhu wkdq
rqh/ exw qrw h{fhvvlyho| vr1

71414 Elj yhuvxv Vpdoo Eloov

L fdq dovr uxq p| uhvxowv rq vxevhwv ri wkh fxuuhqf| vwrfn e| ghqrplqdwlrq1 Iru
h{dpsoh lw zrxog eh lqwhuhvwlqj wr vhh li odujh yhuvxv vpdoo ghqrplqdwlrqv jlyh gl�huhqw
uhvxowv1 L glylghg wkh fxuuhqf| edvh lq d vrphzkdw duelwudu| pdqqhu1 Vlqfh uhodwlyh
wr wkh X1V1 groodu vrph eloov pljkw vwduw r� odujh dqg wkhq hqg xs vpdoo/ L slfnhg
4<<3 dv wkh |hdu wr pdnh wkh fxw0r� uhjdugohvv dv wr zkdw pryhphqwv wkh h{fkdqjh
udwh pdgh ehiruh ru diwhu wkdw gdwh1 L wkhq slfnhg 6:183 Dphulfdq dv wkh glylglqj
olqh/ zklfk lqwhqwlrqdoo| pdnhv wkh '83 eloo lq Fdqdgd d odujh eloo1

Wkh uhvxowv lq idfw duh udwkhu vxusulvlqj1 Dv zh fdq vhh lq wdeohv 8 dqg 9/ L
kdyh wkh froohfwlrq ri frlqwhjudwlrq dssurdfkhv e| vpdoo dqg odujh eloov1 Wkh odujh
ghqrplqdwlrq uhjuhvvlrqv kdyh wkh vdph vljqv dqg pxfk odujh pdjqlwxghv wkdq wkh
csrrohg* uhjuhvvlrqv/ dqg duh kljko| vljql�fdqw1 Wklv vlwxdwlrq lv qrw wkh fdvh iru
vpdoo ghqrplqdwlrq qrwhv1 Lq prvw fdvhv iru wkh vpdoo eloov wkh frh!flhqwv rq uhwdlo
vdohv dqg lqwhuhvw udwhv duh dovr vljql�fdqw lq doo ri wkh frxqwulhv1 Wkdw vdlg/ lw
lv dovr wkh fdvh wkdw wkh frh!flhqwv duh ri wkh rssrvlwh vljq� qhjdwlyh udwkhu wkdq
wkh h{shfwhg srvlwlyh frh!flhqw rq uhwdlo vdohv/ dqg srvlwlyh udwkhu wkdq qhjdwlyh
rq lqwhuhvw udwhv1 Wkhuh duh wkuhh srvvleoh lqwhusuhwdwlrqv ri wkh uhvxowv1 Li |rx
lqwhusuhw wkhvh frh!flhqwv dv vlpso| qrw ehlqj vljql�fdqw dw doo/ wkhq lw pd| eh wkdw
wkh wudglwlrqdo prgho iru fxuuhqf| edodqfhv +vxfk dv Edxpro0Wrelq/ ru d Txdqwlw|
Htxdwlrq, vlpso| grhv qrw krog1 Shukdsv lw lv wkh fdvh wkdw krxvhkrogv iroorz uxohv
ri wkxpe wkdw gr qrw fruuhodwh dw doo zlwk lqwhuhvw udwhv ru uhwdlo vdohv1 Iru h{dpsoh/
frqvxphuv frxog kdyh d vhw dprxqw ri sxufkdvhv wkdw wkh| pdnh zlwk fdvk dqg krog
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mxvw hqrxjk wr fryhu wkhvh1 Doo rwkhu sxufkdvhv wkh| pdnh zlwk rwkhu lqvwuxphqwv/
vxfk dv fuhglw fdugv ru gluhfw ghelwv1 Dqrwkhu h{sodqdwlrq wulhv wr pdnh vhqvh ri wkh
qhjdwlyh vljq rq uhwdlo vdohv1 Ohw xv dvvxph wkdw vpdoo ghqrplqdwlrqv duh xvhg iru
rqo| ohjdo sxusrvhv1 Wkh uhjuhvvlrq zrxog wkhq pdnh vhqvh li shrsoh zhuh vzlwfklqj
iurp fdvk wr fdvkohvv wudqvdfwlrqv/ dv zh pljkw h{shfw ryhu wklv shulrg1 Dv uhwdlo vdohv
kdyh jrqh xs ryhu wlph wkh xvh ri fdvk kdv qrw/ lq uhdo whupv1 Wkh wklug h{sodqdwlrq
lv dovr uhdvrqdeo| sodxvleoh1 Dv shrsoh uhfhlyh pruh uhdo lqfrph wkdw vzlwfk iurp
vpdoo ghqrplqdwlrqv wr odujhu ghqrplqdwlrqv1 L kdyh wulhg wr vsolw wkh ghqrplqdwlrqv
vxfk wkdw L kdyh dyrlghg wklv sureohp wkrxjk zkhuh wkh odujh eloov duh rqhv wkdw zh
vxvshfw duh qrw riwhq xvhg lq wkh ohjdo hfrqrp|1

71415 Vwdelolw|

Wkhuh lv pl{hg/ exw vrphzkdw idyrxudeoh hylghqfh ri wkh hvwlpdwhv* vwdelolw| ryhu
wkh shulrg iurp 4<9304<<91 L surylgh vhyhudo slhfhv ri hylghqfh iru wklv frqfoxvlrq1
p| �uvw slhfh ri hylghqfh lv lq �jxuh 4/ zkhuh L judsk wkh I vwdwlvwlfv iurp Kdqvhq
+4<<5, whvw iru sdudphwhu lqvwdelolw| lq frlqwhjudwlqj uhodwlrqvklsv1 Wkh whvw lv rq doo
sdudphwhuv lq wkh uhjuhvvlrq1 Lq doo wkuhh frxqwulhv wkh I vwdwlvwlfv duh zhoo ehorz wkh
8( vljql�fdqfh olqh iru wkh vxsI fulwlfdo ydoxh1 Rqo| lq wkh fdvh ri Dxvwuld gr wkh
I vwdwlvwlfv eulh | furvv wkh 8( olqh iru wkh PhdqI whvw1 Hyhq khuh wkh I vwdwlvwlfv
wkdw duh kljkhu duh dw wkh hqgv ri wkh vdpsoh1 Wkh srzhu ri wklv whvw lv orz krzhyhu/
vr L dovr fdofxodwh Zdog vwdwlvwlfv rq d vwuxfwxudo euhdn lq wkh GROV hvwlpdwlrq ri
fxuuhqf| ghpdqg dw wkh plgsrlqw lq wkh vdpsoh1 Lq wkh yhuvlrq wkdw lv suhvhqwhg lq
p| wdeohv/ zklfk fruuhfwv iru vhuldo fruuhodwlrq xvlqj d Eduwohww nhuqho/ doo ri wkhvh
Zdog whvwv iru hdfk frxqwu| vkrz lqvwdelolw|1 Zkhq L xvh d vshfwudo hvwlpdwru iru wkh
vdph wdvn dw 5 dqg dw 45 odjv wkh uhvxowv duh txlwh gl�huhqw1 Doo ri wkh Zdog whvwv
vkrz vwdelolw| dw wkh 8( ohyho iru doo frxqwulhv zlwk 5 odjv1 Zkhq wkh vdpsoh lv vsolw
ehwzhhq odujh dqg vpdoo ghqrplqdwlrq eloov wkh Zdog whvwv vkrz lqvwdelolw| iru wkh
Qhwkhuodqgv iru odujh eloov/ dqg erwk Dxvwuld dqg wkh Qhwkhuodqgv iru vpdoo eloov dw 5
odjv1 Doo Zdog whvwv iru 45 odjv vkrz qr lqvwdelolw| dw wkh 8( ohyho1 Vwloo dv d ixuwkhu
h{huflvh L suhvhqw <8( frq�ghqfh hoolsvhv iru irxu ri wkh phwkrgv iru hdfk frxqwu|
lq Iljxuhv 5 wkurxjk 8441 Wkh wzr hoolsvhv duh iru wkh �uvw dqg vhfrqg kdoyhv ri wkh
vdpsoh1 L �qg wkdw wkhvh hoolsvhv ryhuods ru qhduo| ryhuods iru GROV/ GJOV/ SEVU/
SKIP qhdu lwv ixoo shulrg hvwlpdwhg sdudphwhu ydoxhv lq wkh fdvhv ri wkh Qhwkhuodqgv
dqg Dxvwuld451 Lq wkh hqg wkrxjk/ hyhq li wkh htxdwlrqv glg kdyh vwuxfwxudo euhdnv lq

44Vwrfn dqg Zdwvrq srlqw rxw wkdw wkh frq�ghqfh hoolsvhv pd| qrw pdwfk wkh dv|pswrwlf lqwhuydov/
dqg shuirup Prqwh Fduor h{shulphqwv wr ghprqvwudwh wklv1 Wkh| vkrz wkdw dv wkh vdpsoh vl}h
lqfuhdvhv wklv sureohp glplqlvkhv1 Zlwk 777 revhuydwlrqv rxu hoolsvhv vkrxog eh �qh1

45Djdlq li wkh vhuldo fruuhodwlrq fruuhfwlrq lv wkh vshfwudo hvwlpdwru zlwk 5 odjv/ wkhq wkh frq�ghqfh
hoolsvhv ryhuods iru Fdqdgd dv zhoo/ wkrxjk gr qrw iru SEVU dqg SKIP iru doo ri wkh frxqwulhv1
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wkhp/ wkdw zrxog qrw lqydolgdwh wklv phwkrg/ wkrxjk lw frxog eh txlwh lqh!flhqw +l1h1
L frxog hvwlpdwh dq htxdwlrq zlwk wkh euhdnv,1 Li wkhuh zhuh d vwuxfwxudo euhdn zlwk
wkh rlo vkrfn/ iru h{dpsoh/ L frxog hvwlpdwh dq htxdwlrq zlwk d vwuxfwxudo euhdn dqg
wkhq xvh wkdw htxdwlrq wr frpsxwh wkh grphvwlf kroglqjv1

715 Iruhljq Kroglqjv dqg Fxuuhqf| Vxevwlwxwlrq

71514 Iruhljq Kroglqjv

Iljxuh 9 dqg : suhvhqw p| fdofxodwlrqv ri iruhljq kroglqjv dv shufhqwdjhv ri wkh
fxuuhqf| vwrfnv lq wkh Xqlwhg Vwdwhv/ Jhupdq| dqg Vzlw}huodqg461 Wkh Xqlwhg Vwdwhv
kdg derxw wkluw| shufhqw ri lwv fxuuhqf| deurdg lq 4<<9 lq wklv dssurdfk1 Wklv �jxuh
fkdqjhg frqvlghudeo| ryhu wlph1 Lw zdv idoolqj vorzo| ryhu wkh qlqhwhhq vl{wlhv dqg
zdv dv orz dv �yh shufhqw lq wkh hduo| wr plg 4<:3v1 Lw wkhq vkrw xs lq wkh odwh 4<:3v
dqg hduo| 4<;3v dqg wkhq vwduwhg wr ulvh djdlq lq wkh hduo| 4<<3v1 Jlyhq wkh zruog
hyhqwv dqg rwkhu vwxglhv rq fxuuhqf| vxevwlwxwlrq lq Odwlq Dphulfd/ wkhvh �jxuh vhhp
wr pdnh vhqvh rq d vw|olvhg ohyho1 Sduwlfxoduo| li rqh eholhyhv/ dv pdq| gr/ wkdw wkh
ghvwlqdwlrq ri fxuuhqf| zdv Odwlq Dphulfd lq wkh plg 4<:3v wr plg 4<;3v/ dqg Hdvwhuq
Hxursh dqg Uxvvld lq wkh 4<<3v iru erwk wkh Xqlwhg Vwdwhv dqg Jhupdq|1 Gxulqj wkh
4<:3v dqg hduo| ;3v dqg djdlq diwhu wkh idoo ri wkh Lurq Fxuwdlq wkhuh zhuh odujh vxujhv
lq wkh shufhqwdjhv ri grooduv rxwvlgh wkh X1V1 dqg ri pdunv rxwvlgh iru Jhupdq|1 Lq
Vzlw}huodqg wkhuh vhhpv wr eh d idoo vlqfh derxw 4<;3/ zklfk pljkw uh hfw lw orvlqj
lwv dsshdo dv d kdyhq iru vwrulqj ixqgv1 Lw dovr pljkw uh hfw vrph vzlwfklqj iurp wkh
Vzlvv iudqf wr wkh ghxwvfkhpdun/ zklfk zrxog dovr khos wr h{sodlq wkh lqfuhdvhv lq
Jhupdq iruhljq kroglqjv dw wkh vdph wlph1 Vwloo wkh shufhqwdjh iru Vzlw}huodqg lv
h{wuhpho| kljk/ dqg wkh ryhudoo pryhphqw lq whupv ri shufhqwdjh srlqwv lv uhodwlyho|
vpdoo/ vr wkh hvwlpdwh pd| vlpso| uh hfw d srru fkrlfh ri frxqwu| sdlu +Dxvwuld,1

D ihz ixuwkhu srlqwv derxw p| hvwlpdwhv1 Xqolnh suhylrxv hvwlpdwhv ri wkh fxu0
uhqf| khog deurdg/ L dp deoh khuh wr dvvljq vrph phdvxuh ri xqfhuwdlqw|1 Wklv
phdvxuh/ ri frxuvh/ fdqqrw lqfoxgh p| dvvxpswlrqv dfurvv frxqwulhv/ exw jlyhq wkrvh
dvvxpswlrqv L fdq frpsxwh vwdqgdug huuruv iurp wkh fxuuhqf| ghpdqg ixqfwlrqv1 Ilj0
xuh : lv p| fdofxodwlrq ri iruhljq kroglqjv zlwk 5 wzr vwdqgdug huuru edqgv rq hlwkhu
vlgh1 Vlqfh L kdyh yduldqfhv iru p| hvwlpdwhg sdudphwhuv dqg doo ri wkh htxdwlrqv
wkdw L hvwlpdwh duh olqhdu/ L fdq dovr fdofxodwh wkh yduldqfh ri wkh shufhqwdjh ri fxu0
uhqf| khog deurdg1 Iru p| yhuvlrq ri wkh GROV hvwlpdwru wkhvh vwdqgdug huuruv duh
uhdvrqdeo| wljkw1 Li L xvhg wkh rwkhu vhuldo fruuhodwlrq fruuhfwlrq/ wkh vwdqgdug huuruv
duh odujh dqg h{whqg eh|rqg wkh udqjh ri wkh vdpsoh1 Dv d fkhfn L dovr hvwlpdwhg
iruhljq kroglqjv xvlqj rqh ri wkh rwkhu phwkrgv/ qdpho| GJOV/ zklfk vhhphg wr

46Iljxuh : kdv 5 vwdqgdug huuru edqgv rq hlwkhu vlgh dqg kdv ehhq vprrwkhg zlwk dq Krgulfn0
Suhvfrww �owhu +� @ 47733, iru hdvh ri uhdglqj1
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kdyh gl�huhqw uhjuhvvlrq hvwlpdwhv1 Wkh qxpehuv iru wklv hvwlpdwh zhuh yhu| vlplodu
wr wkrvh rewdlqhg e| p| GROV phwkrg/ dqg wkh huuru edqgv zhuh dovr txlwh wljkw1
L dovr fdofxodwh wkh shufhqwdjh iruhljq kroglqjv e| vsolwwlqj wkh vdpsoh lq wzr dqg
hvwlpdwlqj hdfk ri wkh vxevdpsohv1 Zkloh wkhuh lv d glvfuhwh mxps dw wkh euhdn srlqw/
wkh ryhudoo qxpehuv duh uhdvrqdeo| vlplodu lq erwk wkh fdvhv ri wkh Xqlwhg Vwdwhv dqg
Jhupdq|/ dqg iru wkh �uvw kdoi ri Vzlw}huodqg1 Wkh hvwlpdwhv iru wkh Xqlwhg Vwdwhv
duh orzhu wkdq wkrvh ri Sruwhu dqg Mxgvrq +4<<9, zkr hvwlpdwhg derxw 830:3 ri wkh
X1V1 fxuuhqf| zdv khog deurdg ryhu wkh hqwluh shulrg1 Iru wkh suh04<;3v shulrg wkh|
duh frqvlvwhqw zlwk Vhlw} zkr hvwlpdwhg wkdw derxw 63073 shufhqw ri Jhupdq|*v fdvk
zdv deurdg1

Ixuwkhupruh �h|hedoolqj� wkh hvwlpdwhv/ wkhuh dovr vhhpv wr eh vrph ghjuhh ri
shuvlvwhqfh lq wkh fxuuhqf| vxevwlwxwlrq/ zklfk lv frqvlvwhqw zlwk Ndplq dqg Hulfv0
vrq*v +4<<6, k|srwkhvlv ri k|vwhuhvlv1 Qdpho|/ djhqwv vzlwfk wr iruhljq fxuuhqflhv rqo|
diwhu ehlqj vxemhfw wr kljk lq dwlrq iru vrph wlph/ iru h{dpsoh/ dqg wkhq wdnh dzkloh
wr ehjlq wr wuxvw wkh grphvwlf fxuuhqf| djdlq1 Wkh uxq0xs lq wkh Xqlwhg Vwdwhv iru
h{dpsoh wkdw shukdsv rffxuuhg ehfdxvh ri lqvwdelolw| lq Odwlq Dphulfd lq wkh :3v dqg
;3v glg qrw idoo edfn wr lwv iruphu ohyho lq shufhqwdjh whupv/ wkrxjk lw glg idoo1

Zk| duh p| hvwlpdwhv gl�huhqw iurp wkrvh ri wkh ihz vwxglhv wkdw suhfhgh phB
Sruwhu dqg Mxgvrq +4<<9, uhsruw wkh X1V1 lq wkh 830:3 udqjh iru wkh shulrg dqg Vhlw}
+4<<8, olvwv Jhupdq| lq wkh 63073 shufhqw udqjh/ zkhuhdv L kdyh d 4<<9 hvwlpdwh ri
63( iru wkh X1V1 dqg 9<( iru Jhupdq|1 P| hvwlpdwh iru wkh Xqlwhg Vwdwhv lv pxfk
forvhu wr exw vwloo orzhu wkdq wkdw ri Ihljh +4<<9, zkr xvlqj gluhfw gdwd rq fxuuhqf|
vklsphqwv frphv xs zlwk derxw 73(1 Rqh dujxphqw lq idyrxu ri p| qxpehuv lv wkdw
wkh| orrn pruh uhdvrqdeoh1 Dw 830:3( wkh Xqlwhg Vwdwhv kdv d pxfk orzhu ohyho ri
fxuuhqf| shu fdslwd wkdq pdq| rwkhu lqgxvwuldolvhg qdwlrqv lq wkh zruog1 Lq sduwlfxodu/
lw kdv d pxfk orzhu qxpehu wkdq Fdqdgd zklfk lw forvho| uhvhpeohv1 Wkh rssrvlwh lv
wuxh ri Jhupdq|/ zlwk uhvshfw wr wkh Qhwkhuodqgv1 Rqh srvvlelolw| iru wkh gl�huhqfh lv
wkdw rqh ri wkh dvvxpswlrq wkdw Sruwhu dqg Mxgvrq xvh/ qdpho| wkdw iruhljq kroglqjv
kdyh qr vhdvrqdo frpsrqhqw/ lv vwurqjo| ylrodwhg lq p| uhvxowv1 Li L uxq p| vhulhv
ri kroglqjv rq vhdvrqdo gxpplhv/ prvw ri wkhp dsshdu wr eh txlwh vljql�fdqw1 Wklv
�qglqj lv qrw dv vxusulvlqj zkhq pdwfkhg zlwk p| dqhfgrwdo hylghqfh/ qdpho| wkdw
wkh vhulhv pdwfk zruog hyhqwv1 Wklv vxjjhvwv wkdw wkh kroghuv duh pruh olnho| wr
eh Uxvvldq ru Dujhqwlqldq krxvhkrogv wkdq Vrxwk Dphulfdq ru Vrxwk Hdvw Dvldq
guxj vpxjjohuv1 Lw lv dovr dgplwwhgo| dq duwlidfw ri wkh gdwd/ wr wkh h{whqw wkdw wkh
vhdvrqdolw| lv qrw fdswxuhg e| wkh fxuuhqf| ghpdqg htxdwlrq wkhq lw zloo eh ohiw lq
wkh iruhljq ghpdqg vhulhv1 Ilqdoo|/ qrwh wkdw wkh ghjuhh ri xqfhuwdlqw| lv txlwh odujh
vr wkdw zh pd| qrw eh deoh wr wuxo| dvfhuwdlq zkdw lv wkh fruuhfw qxpehu1
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71515 Zruogzlgh Fxuuhqf| Vxevwlwxwlrq

Wkh suhylrxv hvwlpdwhv ri iruhljq kroglqjv ri fxuuhqf| pd| dovr kdyh vrphwklqj wr
vd| derxw djjuhjdwh zruog fxuuhqf| vxevwlwxwlrq471 Wkh Xqlwhg Vwdwhv/ Jhupdq|/ dqg
Vzlw}huodqg duh olnho| wr pdnh xs wkh ydvw pdmrulw| ri wkh zruog fxuuhqflhv khog e|
flwl}hqv ri rwkhu qdwlrqv1 Iljxuh ; vkrzv wkh wrwdo X1V1/ Jhupdq dqg Vzlvv fxuuhqf|
khog e| iruhljqhuv lq 4<<3 X1V1 grooduv1 Wklv dprxqwhg/ lq ohyhov/ wr vrph 573 eloolrq
grooduv X1V11 Djdlq wkhuh kdyh ehhq wzr shulrgv ri lqfuhdvh1 Wkh �uvw ryhu wkh odwh
:3v dqg hduo| ;3v dqg wkhq djdlq vwduwlqj lq wkh odwh 4<;3v1 Zkdw lv qrwdeoh/ dv zdv
lq sduw dssduhqw iurp wkh �jxuhv e| shufhqwdjhv/ lv wkdw e| idu wkh odujhvw uxq0xs lq
wkh vl}h ri fxuuhqf| vxevwlwxwlrq kdv rffxuuhg ryhu wkdw odvw ghfdgh1 Wklv srwhqwldoo|
vxjjhvwv wkdw pxfk ri wkh uxq xs lq fxuuhqf| vxevwlwxwlrq kdv rffxuuhg ehfdxvh ri
wkh froodsvh ri wkh iruphu Vrylhw Xqlrq dqg wkh idoo ri wkh Lurq Fxuwdlq1 Lw lv dovr
ehhq wkh fdvh wkdw wkh lqfuhdvh lq wkh lvvxdqfh ri '433 X1V1 eloov kdv lqfuhdvhg ryhu
wkh vdph shulrg1

Duh wkhvh wkh rqo| frxqwulhvB Rqh pljkw wklqn wkdw wkhuh duh vhyhudo rwkhu frxq0
wulhv wkdw zrxog ixo�oo wklv uroh prvw/ qrwdeo| Eulwdlq dqg Iudqfh1 Wkh Xqlwhg Nlqj0
grp dqg Iudqfh erwk kdyh uhodwlyho| orz fxuuhqf| shu fdslwd ohyhov vxjjhvwlqj wkdw
li wkh| zhuh wr kdyh vl}deoh iruhljq kroglqjv wkdw wkh| vkrxog dovr kdyh olwwoh ru qr
xqghujurxqg hfrqrp| ru pxfk orzhu ohyhov ri fxuuhqf| xvh frpsduhg rwkhu lqgxvwul0
dolvhg qdwlrqv1 Wkhuh pd| eh d qxpehu ri idfwruv wkdw frqwulexwh wr wkhlu uhodwlyh
odfn ri xvh deurdg1 Wkh ehvw fdqglgdwhv iru csrxqglvdwlrq* dqg ciudqflvdwlrq* duh wkh
iruphu frorqlhv ri wkhvh qdwlrqv1 Eulwdlq*v frorqlhv kdyh hlwkhu ehhq uhodwlyho| vxf0
fhvvixo hfrqrplhv +Vrxwk Diulfd/ Dxvwudold/ Qhz ]hdodqg/ Fdqdgd/ wkh Plggoh Hdvw/
Krqj Nrqj/ Vlqjdsruh/ Pdod|vld, ru udwkhu srru rqhv +Lqgld/ Diulfd,1 Wkh Edqn ri
Hqjodqg*v qrwhv dovr gr qrw kdyh wkh kljk ghqrplqdwlrqv wkdw Dphulfd dqg Jhupdq|
kdyh481 Iru Iudqfh/ pdq| ri khu iruphu frorqlhv duh lq Diulfd dqg xvh wkh Fhqwudo
Diulfdq Iudqf zklfk zdv/ iru prvw ri wkh shulrg/ shjjhg wr wkh Iuhqfk iudqf1 Wkhuh

47Wkh skhqrphqrq ri fxuuhqf| vxevwlwxwlrq ru groodulvdwlrq lv vlpso| zkhq krxvhkrogv ehjlq wr xvh
d fxuuhqf| ru prqh| ri dqrwkhu qdwlrq xvxdoo| ehfdxvh ri prqhwdu| lqvwdelolw| dw krph1 Fxuuhqf|
vxevwlwxwlrq lv dq dpeljxrxv whup wkdw kdv frph wr phdq rqh ri wzr wklqjv= +4, wkdw iruhljq fxuuhqf|
kdv uhsodfhg doo wkh ixqfwlrqv suhiruphg e| wkh grphvwlf prqh| ru +5, wkdw d iruhljq fxuuhqf| kdv
wdnhq ryhu wkh uroh dv d phglxp ri h{fkdqjh1 Wkh �uvw gh�qlwlrq lv dvvrfldwhg zlwk doo irupv ri
iruhljq prqh| khog e| iruhljq djhqwv1 Wklv whqghqf| wr krog d iruhljq fxuuhqf| pd| eh sduwlfxoduo|
suhydohqw li wkhuh lv vl}deoh lq dwlrq lq wkh frxqwu| ru li wkhuh lv d odujh loohjdo ru xqghujurxqg
hfrqrp| lq wkh frxqwu|1 Wklv odwwhu lv hvshfldoo| wuxh li wkh xqghujurxqg lv dq ch{sruw lqgxvwu|* vxfk
dv wkh guxj wudgh zlwk olqnv wr wkh lqgxvwuldolvhg zruog1 Dv zh xvh lw khuh/ zh rqo| duh uhihuulqj
wr fdvk kroglqjv/ dqg xqghuvwdqg wkh wkh sureohp ri fxuuhqf| vxevwlwxwlrq h{whqgv eh|rqg wklv
gh�qlwlrq1

48L wkdqn Shwhu Nhqhq zkr dovr srlqwhg rxw wkdw gxulqj wklv shulrg wkh Eulwlvk srxqg dqg wkh
Iuhqfk iudqf ihoo lq ydoxh dqg kdg kljkhu lq dwlrq uhodwlyh wr Jhupdq| pdnlqj wkhp pxfk ohvv
dwwudfwlyh wr shrsoh zdqwlqj wr krog dqrwkhu fxuuhqf|1
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duh rwkhu frxqwulhv wkdw pljkw kdyh iruhljq kroglqjv vxfk dv Vrxwk Diulfd/ Lqgld dqg
Dxvwudold/ exw wkhvh duh olnho| wr eh vpdoo1 Wkhuh lv dqrwkhu fxuuhqf| wkdw zh pljkw
wklqn kdv vljql�fdqw iruhljq kroglqjv/ lq sduwlfxodu vlqfh lw dovr kdv odujh shu fdslwd
fxuuhqf| edodqfhv/ qdpho| Mdsdq1 L gr qrw lqfoxgh lw lq wklv sdshu/ ehfdxvh L kdyh
qrw ehhq deoh wr frph xs zlwk d vdwlvidfwru| sur{| qdwlrq wr gr wkh dqdo|vlv1

Prvw vwxglhv hvwlpdwlqj wkh dprxqw ri fxuuhqf| vxevwlwxwlrq/ kdyh irfxvhg rq d
sduwlfxodu qdwlrq ru vhw ri qdwlrqv1 Wkh qxpehu ri vwxglhv wu|lqj wr phdvxuh fxuuhqf|
vxevwlwxwlrq lv erwk lwv fdvk dqg edqn ghsrvlw irupv lv txlwh odujh1 Wkhuh lv d juhdw
gl!fxow| lq phdvxulqj wkh skhqrphqd/ suhflvho| iru wkh vdph uhdvrqv wkdw lw lv kdug
wr phdvxuh wkh zkhuhderxwv ri wkh pdmru zruog fxuuhqflhv1 Prvw vwxglhv uho| rq
vrph olplwhg gluhfw phdvxuhv1 Hyhq wkh| duh gl!fxow ehfdxvh wkrvh wlphv zkhuh wkh
skhqrphqd lv prvw lqwhuhvwlqj dqg kdupixo lv xvxdoo| gxulqj d shulrg ri fulvhv/ zkhq
gdwd lv kdughu wr frph e| dqg/ lq wkh fdvh ri k|shulq dwlrq/ vrphwlphv vxvshfw dv
lw lv gl!fxow wr nqrz krz wr gh dwh yduldeohv1 Dv L phqwlrqhg hduolhu lq wkh sdshu/
p| fdofxodwlrqv ri zruog fxuuhqf| vxevwlwxwlrq fdq dfw dv d ehqfkpdun iru frxqwu|
hvwlpdwhv1 Wkh hvwlpdwhv duh grqh ciurp wkh rwkhu vlgh* rq lqgxvwuldolvhg qdwlrqv zlwk
ehwwhu gdwd dqg zkr duh olnho| wr eh pruh vwdeoh1

8 Frqfoxvlrqv
Lq wklv sdshu L kdyh frph xs zlwk ehwwhu hvwlpdwhv ri wkh lqwhuqdwlrqdo xvh ri wkh
XV groodu/ wkh Jhupdq pdun dqg wkh Vzlvv iudqf iru fxuuhqf| vxevwlwxwlrq sxusrvhv1
Suhylrxv hvwlpdwhv kdyh ehhq edvhg rq roghu wlph vhulhv whfkqltxhv/ zkhuhdv wkh
hvwlpdwhv khuh kdyh xvhg pruh uhfhqw frlqwhjudwlrq phwkrgv1 Wkhvh hvwlpdwhv duh
vxevwdqwldoo| gl�huhqw iurp wkh frpprqo| dffhswhg hvwlpdwhv1 L kdyh dovr irxqg wkdw
fxuuhqf| vxevwlwxwlrq kdv ulvhq gudpdwlfdoo| ryhu wkh sdvw ghfdgh1 Wklv vxjjhvwv wkdw
ixuwkhu zrun lv qhhghg wr orrn dw wkh ghvwlqdwlrqv dqg h�hfwv ri wklv rxw rz ri fdvk1
L kdyh dovr orrnhg dw fxuuhqf| ghpdqg htxdwlrqv iru d ihz qdwlrqv1 Lw lv lqwhuhvwlqj
wkdw wkhvh ixqfwlrqv zlwk vpdoo ghqrplqdwlrq eloov vhhp wr kdyh rssrvlwh vljqv dqg
vxjjhvw ixuwkhu zrun rq wkh ghwhuplqdqwv ri fxuuhqf| ghpdqg1

Wkhvh hvwlpdwhv pljkw dovr eh ri khos wr dqvzhu rwkhu txhvwlrqv/ qrw dgguhvvhg
lq wklv sdshu1 Fdq zh jhw ehwwhu hvwlpdwhv ri fxuuhqf| vxevwlwxwlrq lq lqglylgxdo
frxqwulhv/ xvlqj lqirupdwlrq derxw wkh wrwdoB Fhuwdlqo| jlyhq gdwd frqvwudlqwv/ lw pd|
eh zlvh wr wu| wr hvwlpdwh fxuuhqf| vxevwlwxwlrq lq d jurxs ri frxqwulhv mrlqwo| xvlqj/
iru h{dpsoh/ wkh zruog fxuuhqf| vxevwlwxwlrq hvwlpdwhv lq wklv sdshu dv d frqvwudlqw1
Iru wkh Xqlwhg Vwdwhv/ Jhupdq| dqg Vzlw}huodqg/ kdylqj d wlph vhulhv ri grphvwlf
dqg iruhljq khog fxuuhqf|/ zh fdq wu| wr orrn dw zkhuh wkh grphvwlf kroglqjv ri fdvk
duh � lv lw guxj ghdohuv/ wd{ hydghuv ru lv lw khog lq wkh ohjdo hfrqrp|/ shukdsv e|
wkrvh zkr suhihu wr krdug wkhlu vdylqjv lq fdvkB Ilqdoo| vkrxog frxqwulhv lq wkh zruog
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holplqdwh odujh ghqrplqdwlrq qrwhv +vhh Urjr� E4<<;�,B Ru vkrxog d frxqwu| fduh
derxw wkh kroglqjv ri lwv fxuuhqf| deurdgB Li wkhuh zdv rqo| rqh qdwlrq wkdw kdg
lwv fxuuhqf| khog rxwvlgh lwv frxqwu|/ lw pd| eh d txhvwlrq ri wkh lpsdfw rq loohjdo
dfwlylwlhv +erwk lqvlgh dqg rxwvlgh wkh qdwlrq, yhuvxv wkh srwhqwldo srvlwlyh ehqh�w
wkdw iruhljq djhqwv jhw iurp kdylqj dffhvv wr d vwdeoh fxuuhqf|/ dqg wkh vhljqrudjh
uhyhqxhv wkdw duh uhdshg iurp wkrvh kroglqjv1 Lq wkdw yhlq/ zkdw duh wkh h�hfwv rq
fulph ru wd{ hydvlrq ri fkdqjhv lq wkh ghqrplqdwlrq ri fdvkB Li wkhuh duh pxowlsoh
fxuuhqflhv zklfk frxog �oo wklv uroh/ wkhq zh dgg d vwudwhjlf dvshfw1 Wkh zlwkgudzdo
ri rqh frxqwu|*v qrwhv pd| mxvw ohdg wr wkh vxevwlwxwlrq ri dqrwkhu*v zlwk qr uhdo
ehqh�w wr eh jdlqhg1 Doo ri wkhvh txhvwlrqv duh srwhqwldo duhdv iru ixwxuh uhvhdufk1

Uhihuhqfhv
^4` Dqghuvrq/ Sdxo V1 +4<::,/ �Fxuuhqf| lq Xvh dqg lq Krdugv�/ Qhz Hqjodqg Hfr0

qrplf Uhylhz/ Ihghudo Uhvhuyh Edqn ri Ervwrq/ +Pdufk2Dsulo,/ 540631

^5` Dyhu|/ Urehuw E1/ Juhjru| H1 Hoolhkdxvhq/ Duwkxu E1 Nhqqlfnhoo/ dqg Sdxo D1
Vslqgw +4<;:,/ �Fkdqjhv lq wkh Xvh ri Wudqvdfwlrq Dffrxqwv dqg Fdvk iurp 4<;7
wr 4<;9�/ Ihghudo Uhvhuyh Exoohwlq/ yro1 :6 +Pdufk,/ 4:<04<91

^6` Edoo/ Odxuhqfh E4<<;�/ �Dqrwkhu Orrn dw Orqj0uxq Prqh| Ghpdqg/� QEHU
Zrunlqj Sdshu &98<:/ Mxqh1

^7` Fudphu/ M1 V1/ dqg J1P1 Uhhnhuv +4<:9,/ �Prqh| ghpdqg e| vhfwru= D vxuyh|
iru wkh Qhwkhuodqgv lq 4<:4/� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ yro1 5/ <<04451

^8` Ihljh/ Hgjdu O1 +4<<7,/ �Wkh Xqghujurxqg Hfrqrp| dqg wkh Fxuuhqf| Hqljpd/�
Sxeolf Ilqdqfh2Ilqdqfhv Sxeoltxhv / yro17< +Vshfldo Lvvxh,/ 44<04691

^9` Ihljh/ Hgjdu O1 +4<<9,/ �Zkhuh lv Dphulfd*v Fxuuhqf|B H{dplqlqj wkh Zruog
Groodul}dwlrq K|srwkhvlv�/ Plgzhvw Hfrqrplf Dvvrfldwlrq Phhwlqjv/ Fklfdjr/
Loolqrlv/ Pdufk 55/ 4<<9/ plphr1

^:` Jlrydqqlql/ Doehuwr dqg Eduw Wxuwhoerrp +4<<7,/ �Fxuuhqf| Vxevwlwxwlrq/� lq
Iuhghulfn ydq ghu Sorhj +hg1, Wkh Kdqgerrn ri Lqwhuqdwlrqdo Pdfurhfrqrplfv/
Edvlo Eodfnzhoo/ R{irug/ Xqlwhg Nlqjgrp1

^;` Jrogihog/ Vwhskhq P1/ dqg G1H1 Vlfkho E4<<3�/ �Wkh Ghpdqg iru Prqh|/� lq
E1P1 Iulhgpdq dqg I1K1 Kdkq +hgv,/ Wkh Kdqgerrn ri Prqhwdu| Hfrqrplfv/
Yroxph 4/ Hovhylhu Vflhqfh Sxeolvkhuv/ Dpvwhugdp/ 63306891
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^<` Kddj/ D1D1 dqg U1 I1 Oxfdv +4<<9,/ �Orqj0uxq Prqh| Ghpdqg lq Fdqdgd= Lq
vhdufk ri vwdelolw|/� Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ yro1 :;/ 5/ 678067;1

^43` Kdplowrq/ Mdphv G1 E4<<7�/ �Wlph Vhulhv Dqdo|vlv/� Sulqfhwrq Xqlyhuvlw| Suhvv/
Sulqfhwrq/ QM1

^44` Kdqvhq/ Euxfh +4<<5,/ �Whvwv iru Sdudphwhu Lqvwdelolw| lq Uhjuhvvlrqv zlwk L+4,
Surfhvvhv/� Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ yro1 43/ 6 +Mxo|,/ 6540
6681

^45` Kdxjkwrq/ Mrqdwkdq +4<<8,/ �Dgglqj P|vwhu| wr wkh Fdvh ri wkh Plvvlqj Fxu0
uhqf|/� Txduwhuo| Uhylhz ri Hfrqrplfv dqg Ilqdqfh/ yro1 68/ +Vshfldo Lvvxh,/
8<809351

^46` Ndplq/ Vwhyhq E1/ dqg Qhlo U1 Hulfvvrq E4<<6�/ �Groodul}dwlrq lq Dujhqwlqd/�
Lqwhuqdwlrqdo Ilqdqfh Glvfxvvlrq Sdshuv qr1 793/ Erdug ri Jryhuqruv ri wkh
Ihghudo Uhvhuyh V|vwhp1

^47` Sruwhu/ Ulfkdug G1 dqg Uxwk D1 Mxgvrq +4<<9,/ �Wkh Orfdwlrq ri X1V1 Fxuuhqf|=
Krz Pxfk lv DeurdgB�/ Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp/
Zdvklqjwrq/ plphr/ Dsulo 481

^48` Urjr�/ Nhqqhwk V1 E4<<;�/ �Iruhljq dqg Xqghujurxqg Ghpdqg iru Hxur Qrwhv=
Eohvvlqj ru FxuvhB/� Hfrqrplf Srolf|/ 59= Dsulo/ 59606361

^49` Vdydvwdqr/ Pljxho D1 +4<<9,/ �Groodul}dwlrq lq Odwlq Dphulfd= uhfhqw hylghqfh
dqg srolf| lvvxhv�/ lq Sdxo Pl}hq dqg Hulf M1 Shqwhfrvw/ Wkh Pdfurhfrqrplfv
ri Lqwhuqdwlrqdo Fxuuhqflhv= Wkhru|/ Srolf| dqg Hylghqfh/ Hgzdug Hojdu/ Fkho0
whqkdp/ X1N1

^4:` Vhlw}/ Iudq} +4<<8,/ �Wkh Flufxodwlrq ri Ghxwvfkh Pdun Deurdg�/ Glvfxvvlrq
Sdshu 42<8/ Hfrqrplf Uhvhdufk Jurxs ri wkh Ghxwvfkh Exqghvedqn/ +Pd|,1

^4;` Vsuhqnoh/ Fdvh P1 +4<<6,/ �Wkh Fdvh ri wkh Plvvlqj Fxuuhqf|/� Mrxuqdo ri Hfr0
qrplf Shuvshfwlyhv/ yro1 :/ 7 +Idoo,/ 4:804;71

^4<` Vwrfn/ Mdphv/ dqg Pdun Zdwvrq +4<<6,/ �D Vlpsoh Hvwlpdwru ri Frlqwhjudwlqj
Yhfwruv lq Kljkhu Rughu Lqwhjudwhg V|vwhpv/� Hfrqrphwulfd/ 97/ 7+Mxo|,/ :;60
;531

^53` Vxpqhu/ Vfrww E1 +4<<3,/ �Wkh Wudqvdfwlrqv dqg Krduglqj Ghpdqg iru Fxu0
uhqf|�/ Txduwhuo| Uhylhz ri Hfrqrplfv dqg Exvlqhvv/ yro1 63/ 4 +Vsulqj,/ :80;<1
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9 Wdeohv dqg Judskv
Wdeoh 4= Fxuuhqf| Vwrfnv lq Vhohfwhg Frxqwulhv

Frxqwu| Fxuuhqf| Srsxodwlrq Shu fdslwd fxuuhqf|
+eloolrqv ri grooduv, +ploolrqv, +grooduv,

Dujhqwlqd 44149 671:: 6;31;5
Dxvwuld 47144 ;186 498<17;
Eud}lo 46197 4881;5 ;:184
Fdqdgd 54179 5<194 :571:4

F}hfk Uhsxeolf 61<6 43166 6;3164
Ghqpdun 8179 8156 5:914
Iudqfh 8419< 8;136 ;<31:4
Jhupdq| 4981:5 ;4197 535<1<7
Kxqjdu| 61<4 43159 6;3198
Lfhodqg 313; 315: 5<5194
Lqgld 68137 <681:7 6:177
Luhodqg 51;: 618; ;33179
Lwdo| 93167 8:14< 4388133
Mdsdq 7<417< 4571<9 6<66155
Ph{lfr <17; <317< 4371:6

Qhwkhuodqgv 561:; 48178 486<175
Qhz ]hdodqg 198 6187 5:9143

Srodqg ;138 6;18< 53;1:3
Uxvvld 4:1:4 47;147 44<199

Vdxgl Dudeld 44184 :178 98<16:
Vlqjdsruh 91<< 51<< 566:1<:
Voryhqld 3184 41<< 587155

Vrxwk Diulfd 841<; 74157 4593167
Vzlw}huodqg 5:1<5 :137 6<99179
Wkdlodqg 44173 93154 4;<16;

Xqlwhg Nlqjgrp 6617; 8;159 8:719:
Xqlwhg Vwdwhv 6;514 596136 478519<

Vrxufh= Lqwhuqdwlrqdo Prqhwdu| Ixqg/ Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv/ Iheuxdu| 4<<:
+iru |hdu 4<<8,1
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Wdeoh 5= Xqlwhg Vwdwhv Krxvhkrog Vxuyh|v rq Fxuuhqf| Kroglqjv
Shufhqwdjh ri fxuuhqf| vwrfn Mxqh 4<;7 Mxqh 4<;9 Pd| 4<<8
Krxvhkrog Wudqvdfwlrqv 48=9 48=6 :=5

Krxvhkrog Krdugv 5=3 4=< 4=5

Wdeoh 6= Frpsdulvrq ri wkh Uhodwlyh Lpsruwdqfh ri Sd|phqw Lqvwuxphqwv Rwkhu
Wkdq Fdvk dv d shufhqwdjh ri fdvkohvv wudqvdfwlrqv

Frxqwulhv \hdu Fkhtxhv Fuhglw Ghelw Fdug Sdshuohvv dqg Gluhfw
Fdug Sd|phqwv Sdshu0edvhg Ghelwv
Sd|phqwv dw SRV Fuhglw

Wudqvdfwlrqv
Fdqdgd 4<;6 <413 :13 0 Lqvljql�fdqw 5

4<;: :5173 56183 3133 5193 4183
4<<4 971; 5:1; 0 61< 618
4<<8 791< 7313 0 :17 81;

Xqlwhg Vwdwhv 4<;6 <;19 :15 0 31< ?4
4<;: ;51<3 48163 3143 414 3183
4<<4 ;419 4913 0 419 31;
4<<8 :918 5314 0 516 415

Qhwkhuodqgv 4<;6 5516 Lqvljql�fdqw 0 4819 9513
4<;: 4<133 ?3183 ?3183 97183 49183
4<<4 4716 41; 0 9416 5519
4<<8 81< 4416 0 8919 5916

Jhupdq| 4<;6 4413 Lqvljql�fdqw 0 6513 8:13
4<;: ;193 3193 3133 871;3 69133
4<<4 <19 41; 0 8416 6:16
4<<8 :13 619 0 7;1; 7319

Vzlw}huodqg 4<;6 4319 318 0 31; ;;13
4<;: 461;3 6133 3163 :<1<3 6133
4<<4 817 <1: 0 ;314 51;
4<<8 513 4;17 0 :916 616

Iurp wkh ELV/ �Sd|phqw V|vwhpv lq Hohyhq Ghyhorshg Frxqwulhv1�
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Wdeoh 7= Fxuuhqf| Ghpdqg Frlqwhjudwlqj Yhfwruv= Hvwlpdwhv dqg Whvwv/ Prqwko|
Gdwd +vwdqgdug huuruv lq eudfnhwv,

G|qdplf ROV2JOV hvwlpdwlrq htxdwlrq=
+Uhdo Fxuuhqf| Edodqfhv, @ �f . �� +Uhwdlo Vdohv, . �2 +Lqwhuhvw Udwh,
.g-7 +O, +Uhwdlo Vdohv, . gU +O, +Lqwhuhvw Udwh, . h|

Fdqdgd Qhwkhuodqgv Dxvwuld
Hvwlpdwru �� �2 �� �2 �� �2
VROV 318;9 0315: 03148 31:43 31696 03157
QOOV 41497 441<9 0418; 3155; 414:3 05157
GROV 31<4: 0414: 03165 41486 3186: 031;7

+3=3;7, +3=67;, +3=43:, +3=793, +3=367, +3=75:,
GJOV 315;3 03165 31468 0316: 31365 0318:

+3=368, +3=534, +3=385, +3=488, +3=369, +3=:9;,
SEVU 31;<4 0413: 03165 413;7 31858 031:9

+3=3<6, +3=6;9, +3=439, +3=777, +3=375, +3=86;,
SKIP 31::: 031:9 03159 41353 317:: 03193

+3=399, +3=65<, +3=3;7, +3=6<<, +3=363, +3=7:;,
MRK+5, 41:<4 07138 05187 71:34 31::4 04178

+3=566, +3=;98, +4=373, +5=645, +3=37:, +3=7<<,
MRK+6, 41;:9 08146 0515< 51:<6 31:3; 04164

+3=673, +4=749, +3=<37, +4=;56, +3=379, +3=864,

Xqlwhg Vwdwhv Jhupdq| Vzlw}huodqg
Hvwlpdwru �� �2 �� �2 �� �2
VROV 31:;: 0417< 319<6 317<6 31748 04166
QOOV 4155: 31:<9 51844 4515; 41;7; 6159<
GROV 41476 041<7 41354 03163 31:83 04198

+3=3:5, +3=58:, +3=47:, +3=<93, +3=3:8, +3=769,
GJOV 31586 03179 31358 03168 3148: 03193

+3=375, +3=4<:, +3=36;, +3=5;4, +3=354, +3=779,
SEVU 41463 041;; 4133: 0314< 319:7 04196

+3=3;7, +3=5<8, +3=47<, +3=<:4, +3=3;6, +3=84;,
SKIP 4136; 041;4 31<58 3134: 31887 04188

+3=39:, +3=5:<, +3=454, +3=;<:, +3=384, +3=7;7,
MRK+5, 4195: 05188 6144; 08155 418:9 05139

+3=46;, +3=737, +3=:;;, +6=4<5, +3=4<4, +3=:8;,
MRK+6, 418<; 05184 61763 0;199 41958 041;<

+3=49:, +3=837, +4=4:7, +8=589, +3=554, +3=;8<,
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Wdeoh 8= Fxuuhqf| Ghpdqg Frlqwhjudwlqj Yhfwruv= Hvwlpdwhv
dqg Whvwv/ Odujh Ghqrplqdwlrq Eloov +vwdqgdug huuruv lq eudfnhwv,

Fdqdgd Qhwkhuodqgv Dxvwuld
Hvwlpdwru �� �2 �� �2 �� �2

VROV 41::7 03133 313;: 41893 31<:5 03149
QOOV 61575 04188 06189 0519< 51358 051<<
GROV 61568 061:< 3138: 41<75 41884 05144

+3=539, +3=;8:, +3=4:9, +3=:89, +3=394, +3=:;3,
GJOV 31536 03153 31494 03176 31558 03197

+3=357, +3=483, +3=38:, +3=4::, +3=364, +3=9;;,
SEVU 61489 0617< 31385 41;67 41844 041<4

+3=597, +4=3<4, +3=4:6, +3=:55, +3=3<9, +4=553,
SKIP 51963 0513; 31399 41<35 41674 04163

+3=4<7, +3=<96, +3=469, +3=97:, +3=3:4, +4=445,
MRK+5, 719<5 0;134 04:18 06196 41<68 06138

+3=697, +4=687, +6<=85, +4<=43, +3=3:3, +3=:95,
MRK+6, 71977 0:1;; 0;186 0716: 41<97 06165

+3=6<5, +4=7:6, +<=<33, +43=75, +3=3;;, +3=<8<,

Wdeoh 9= Fxuuhqf| Ghpdqg Frlqwhjudwlqj Yhfwruv= Hvwlpdwhv dqg Whvwv/ Vpdoo
Ghqrplqdwlrq Eloov +vwdqgdug huuruv lq eudfnhwv,

Fdqdgd Qhwkhuodqgv Dxvwuld
Hvwlpdwru �� �2 �� �2 �� �2

VROV 31354 316<3 03197 05184 031:6 413:;
QOOV 0515: 0816: 06145 41663 04177 6188:
GROV 0314; 31<36 0413; 0515< 0415< 61373

+3=439, +3=76<, +3=57;, +4=398, +3=388, +3=:36,
GJOV 3164; 03157 313:6 03163 03139 31393

+3=378, +3=58<, +3=386, +3=489, +3=388, +4=6:;,
SEVU 03149 31;6< 0413: 0514< 04159 51<58

+3=438, +3=769, +3=57<, +4=36;, +3=3;5, +4=377,
SKIP 03143 319<3 031<6 0518: 0413; 51595

+3=3:;, +3=6<3, +3=4<9, +3=<66, +3=399, +4=36;,
MRK+5, 041;8 91477 0714: 51745 04184 61;65

+3=996, +5=595, +3=<8:, +5=8;4, +3=39<, +3=;45,
MRK+6, 0419; 816;< 07166 71<55 04183 61<39

+3=9<<, +5=685, +4=3:7, +6=568, +3=38;, +3=9<<,

53



Iljxuh 4= Kdqvhq +4<<5, Vwdelolw| Whvwv +xsshu olqh lv wkh 8( VxsI fulwlfdo ydoxh/
orzhu olqh lv wkh 8( PhdqI fulwlfdo ydoxh,

54



Iljxuh 5= <8( Frq�ghqfh Hoolsvhv +GROV 0 olqh/ GJOV 0 gdvkhv/ SEVU 0 vkruw gdvkhv/
SKIP 0 gdvk0grwv,

55



Iljxuh 6= <8( Frq�ghqfh Hoolsvhv iru Fdqdgd +olqh lv wkh �uvw kdoi ri wkh vdpsoh/
grwwhg olqh lv wkh vhfrqg kdoi,

56



Iljxuh 7= <8( Frq�ghqfh Hoolsvhv iru wkh Qhwkhuodqgv +olqh lv �uvw kdoi ri vdpsoh/
grwwhg olqh lv wkh vhfrqg kdoi1,

57



Iljxuh 8= <8( Frq�ghqfh Hoolsvhv iru Dxvwuld +olqh lv �uvw kdoi ri vdpsoh/ grwwhg olqh
lv wkh vhfrqg kdoi1,

58



Iljxuh 9= Iruhljq Kroglqjv dv d Shufhqwdjh ri wkh Fxuuhqf| Vwrfn +GROV,

59



Iljxuh := Iruhljq Kroglqjv dv d Shufhqwdjh ri wkh Fxuuhqf| Vwrfn +GROV, ^zlwk 5
vwdqgdug huuru edqgv`

5:



Iljxuh ;= Zruog Groodul}dwlrq +lq 4<<3 X1V1 Grooduv � GROV,

5;


