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Wkh Dffxudf| ri Lqihuhqfh lq Vpdoo Vdpsohv ri
G|qdplf Sdqho Gdwd Prghov=

Vlpxodwlrq Hylghqfh dqg Hpslulfdo Uhvxowv�

Pdxulfh M1J1 Exq dqg Mdq I1 Nlylhw

+Xqlyhuvlw| ri Dpvwhugdp,

< Mdqxdu| 5334

MHO0frgh= F46> F56> U63

Nh|zrugv= eldv fruuhfwlrq/ g|qdplf sdqho gdwd prgho/ Prqwh Fduor
vlpxodwlrq/ vpdoo vdpsoh dffxudf|/ whvw vl}h/ yduldqfh hvwlpdwlrq

Devwudfw

Wkurxjk Prqwh Fduor h{shulphqwv wkh vpdoo vdpsoh ehkdylru lv h{dp0

lqhg ri ydulrxv lqihuhqfh whfkqltxhv iru g|qdplf sdqho gdwd prghov zkhq

erwk wkh wlph0vhulhv dqg furvv0vhfwlrq glphqvlrqv ri wkh gdwd vhw duh vpdoo1

Wkh OVGY whfkqltxh dqg fruuhfwhg yhuvlrqv ri lw duh frpsduhg zlwk LY

dqg JPP uhjduglqj= frh!flhqw eldv/ dffxudf| ri yduldqfh hvwlpdwruv 0

erwk ri wkh glvwxuedqfhv dqg ri wkh frh!flhqw hvwlpdwruv 0 dqg wkh dfwxdo

vl}h ri frh!flhqw whvwv1 D uhdvrqdeo| vlpsoh dqg frqvlvwhqw eldv dgmxvwhg

OVGY hvwlpdwru/ iru zklfk zh �qg dq dqdo|wlfdo dqg d errwvwuds frqvlvwhqw

hvwlpdwru ri lwv yduldqfh/ shuirupv uhodwlyho| zhoo1 Ixuwkhu kljkhu0rughu uh0

�qhphqwv ri wkh eldv fruuhfwlrq gr qrw lpsuryh wkh dffxudf| frqvlghudeo|1

Prvw whfkqltxhv vkrz vxevwdqwldo vl}h glvwruwlrqv iru dv|pswrwlf w whvwv1

Ilqdoo|/ lw lv looxvwudwhg krz wkhvh �qglqjv khos wr lqwhusuhw hpslulfdo uh0

vxowv rq wkh uhodwlrqvkls ehwzhhq vr0fdoohg g|qdplf h{whuqdolwlhv dqg orfdo

hfrqrplf dfwlylw| lq Prurffdq xuedq duhdv1

41 Lqwurgxfwlrq

Ohdvw0vtxduhv hvwlpdwlrq whfkqltxhv iru vwdwlf sdqho gdwd prghov jlyh frqvlvwhqw
hvwlpdwruv lq d g|qdplf vhwwlqj rqo| zkhq wkh qxpehu ri wlph revhuydwlrqv A lq

� Wlqehujhq Lqvwlwxwh ) Idfxow| ri Hfrqrplfv dqg Hfrqrphwulfv/ Xqlyhuvlw| ri Dpvwhu0
gdp/ Urhwhuvwuddw 44/ 434; ZE Dpvwhugdp/ Wkh Qhwkhuodqgv +PEXQCIHH1XyD1QO dqg
MINCIHH1XyD1QO,



wkh gdwd vhw dssurdfkhv lq�qlw|1 Vlqfh lq plfur0hfrqrplfv wkh w|slfdo glphqvlrq
ri d sdqho gdwd vhw lv d vkruw wlph vsdq iru d odujh furvv0vhfwlrq ydulrxv dxwkruv
kdyh sdlg dwwhqwlrq wr wklv sureohp dqg kdyh sursrvhg LY dqg JPP dowhuqdwlyhv/
zklfk duh frqvlvwhqw iru �{hg A dqg dq lq�qlwh qxpehu ri furvv0vhfwlrq revhuyd0
wlrqv � +Dqghuvrq dqg Kvldr/ 4<;5> Duhoodqr dqg Erqg/ 4<<4> Dkq dqg Vfkplgw/
4<<8,1 JPP hvwlpdwruv w|slfdoo| xvh pruh ruwkrjrqdolw| frqglwlrqv wkdq wkhlu
vlpsoh LY frxqwhusduwv dqg wkh| wdnh wkh fryduldqfh vwuxfwxuh ri wkh glvwxuedqfhv
lqwr dffrxqw1 Wkhuhiruh wkh| duh dv|pswrwlfdoo| pruh h!flhqw1 Lq dq dwwhpsw
wr dyrlg wkh sureohp ri zhdn lqvwuxphqwv/ Nlylhw +4<<8, iroorzv dqrwkhu urxwh wr
dfklhyh odujh � frqvlvwhqw hvwlpdwlrq dqg wr hqkdqfh h!flhqf|1 Dq dv|pswrwlf
dssur{lpdwlrq irupxod iru wkh �qlwh vdpsoh eldv ri wkh lqfrqvlvwhqw OVGY hvwl0
pdwru lv h{sorlwhg wr uhpryh lqfrqvlvwhqf| dqg wr uhgxfh phdq vtxduhg huuru1 Lq
Nlylhw +4<<<, wklv dssur{lpdwlrq irupxod kdv ehhq voljkwo| uh�qhg e| wdnlqj d
sduwlfxodu ixuwkhu kljkhu0rughu whup lqwr dffrxqw/ exw lwv dfwxdo shuirupdqfh kdv
qrw ehhq h{dplqhg |hw1

Dowkrxjk LY dqg hvshfldoo| JPP hvwlpdwruv kdyh dwwudfwlyh dv|pswrwlf surs0
huwlhv/ Prqwh Fduor h{shulphqwv +Duhoodqr dqg Erqg/ 4<<4> Nlylhw/ 4<<8> Kduulv
dqg Päw|äv/ 4<<9> Mxgvrq dqg Rzhq/ 4<<<, kdyh vkrzq wkdw iru wkhvh whfkqltxhv
wkh txdolw| ri wkh dv|pswrwlf dssur{lpdwlrqv lq �qlwh vdpsohv ghshqgv khdylo| rq
wkh dfwxdo sdudphwhu ydoxhv ri wkh prgho dqg rq wkh glphqvlrqv ri wkh dydlodeoh
gdwd vhw1 Lq prvw ri wkhvh vlpxodwlrq h{shulphqwv vkruw wlph vhulhv dqg uhdvrqdeo|
odujh furvv0vhfwlrq vdpsohv kdyh ehhq h{dplqhg dqg dwwhqwlrq lv irfxvhg rq eldv
dqg phdq vtxduhg huuru ri wkh frh!flhqw hvwlpdwruv1 Qrw pxfk lv nqrzq |hw +iru
dq h{fhswlrq/ vhh Mxgvrq dqg Rzhq/ 4<<<, derxw wkh shuirupdqfh ri wkh ydulrxv
whfkqltxhv zkhq erwk glphqvlrqv duh vpdoo/ h1j1 � ' �fc A ' �f ru � ' Dc
A ' 2f1 Vxfk glphqvlrqv fdq eh uhohydqw lq erwk pdfur0 dqg plfur0hfrqrplf
dssolfdwlrqv/ zkhuh wkh wlph vsdq lv rqh ru wzr ghfdghv dqg wkh furvv0vhfwlrq
frqvlvwv ri d vpdoo qxpehu ri frxqwulhv ru vhfwruv1 Dowkrxjk vrph dwwhqwlrq kdv
ehhq sdlg wr dvvhvvlqj wkh dffxudf| ri yduldqfh hvwlpdwruv +Duhoodqr dqg Erqg/
4<<4,/ olwwoh lv nqrzq derxw wkh dfwxdo uholdelolw| ri dv|pswrwlf whvw surfhgxuhv lq
sdqhov ri d olplwhg vdpsoh vl}h1

Wkh sxusrvh ri wklv sdshu lv wr surgxfh ixuwkhu lqvljkwv lqwr wkh �qlwh vdpsoh
surshuwlhv ri ydulrxv lqihuhqfh whfkqltxhv iru g|qdplf sdqho gdwd prghov/ hvsh0
fldoo| zkhq erwk glphqvlrqv ri wkh gdwd vhw duh vpdoo1 E| vlpxodwlrq zh h{dplqh
iru wklv vlwxdwlrq wkh eldv dqg phdq vtxduhg huuru ri ydulrxv frh!flhqw hvwlpd0
wruv/ wkh eldv lq uhodwhg hvwlpdwruv iru wkh glvwxuedqfh yduldqfh dqg wkh dffxudf|
ri hvwlpdwruv ri wkh frh!flhqw vwdqgdug huuruv1 Dovr zh h{dplqh wkh dfwxdo vl}h
ri vlpsoh dv|pswrwlf frh!flhqw whvwv1 Pruh lq sduwlfxodu/ zh zloo irfxv rq ydul0
rxv srvvleoh lpsohphqwdwlrqv ri wkh eldv fruuhfwhg OVGY hvwlpdwru +OVGYf, dv
sursrvhg e| Nlylhw +4<<8/ 4<<<,1 Iluvw/ zh zloo dqdo|}h wkh pdjqlwxgh ri wkh frq0
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wulexwlrqv ri wkh vhsdudwh whupv lq wkh eldv dssur{lpdwlrq1 Vhfrqg/ dv wkh eldv
dssur{lpdwlrq ghshqgv rq wkh xqnqrzq prgho sdudphwhuv/ zh dovr lqyhvwljdwh
wkh vhqvlwlylw| ri wkh OVGYf hvwlpdwru zlwk uhvshfw wr wkh fkrlfh ri wkh suholp0
lqdu| frqvlvwhqw hvwlpdwru1 Wklug/ zh ghyhors dq dssursuldwh hvwlpdwru iru wkh
vwdqgdug huuru ri wkh OVGYf hvwlpdwru/ zklfk suryhv wr eh qrqwulyldo iru wkh vpdoo
A / odujh � fdvh1 Zh h{dplqh zkhwkhu lw lv srvvleoh wr h{sorlw vxfk dq hvwlpdwru
lq whvwv rq frh!flhqw ydoxhv1 Khuh/ zh dovr dqdo|}h wkh dffxudf| ri hvwlpdwruv
dqg whvwv lq g|qdplf sdqho gdwd prghov lqfoxglqj qrq0vwdwlrqdu| yduldeohv/ vlqfh
wklv vlwxdwlrq lv olnho| wr dulvh lq dssolhg uhvhdufk1

Lq d udwkhu h{whqvlyh Prqwh Fduor vwxg| Nlylhw +4<<8, h{dplqhv wkh eldv dqg
phdq vtxduhg huuru ri wkh fruuhfwhg OVGY hvwlpdwru dqg frpsduhv wkhvh zlwk LY
dqg JPP dowhuqdwlyhv iru wkh vpdoo A / uhodwlyho| odujh � sdqho zlwk vwdwlrqdu|
yduldeohv1 Rqh frqfoxvlrq lv wkdw lq vdpsohv ri vxfk d vl}h wkhuh lv qr vxshulru
whfkqltxh |hw ryhu d eurdg udqjh ri uhohydqw sdudphwhu ydoxhv ri wkh prgho1 Pruh
uhfhqw vlpxodwlrq uhvxowv ri Kduulv dqg Päw|äv +4<<9, dqg Mxgvrq dqg Rzhq
+4<<<, lqglfdwh/ krzhyhu/ wkdw hvshfldoo| lq vdpsohv zlwk vpdoohu ydoxhv iru � wkh
vhpl0frqvlvwhqw LY dqg JPP whfkqltxhv riwhq shuirup udwkhu srruo| dv idu dv
wkh eldv dqg h!flhqf| ri frh!flhqw hvwlpdwruv duh frqfhuqhg1 Uhjduglqj yduldqfh
hvwlpdwruv wkh vlpxodwlrq uhvxowv ri Duhoodqr dqg Erqg +4<<4, vkrz wkdw lq wkh
sdqho zlwk vpdoo A dqg odujh � wkh dv|pswrwlf dssur{lpdwlrq ri wkh vwdqgdug
huuruv ri wkhlu wzr0vwhs JPP hvwlpdwru lv eldvhg grzqzdug/ exw wkdw rqh0vwhs
hvwlpdwruv ri wkh dv|pswrwlf vwdqgdug huuruv duh txlwh dffxudwh1 Lq wklv sdshu
ohvv idyrudeoh uhvxowv iru wkh rqh0vwhs JPP hvwlpdwru duh rewdlqhg zkhq erwk �
dqg A duh vpdoo1 Riwhq wkh vlpxodwlrq uhvxowv vkrz d vxevwdqwldo grzqzdug eldv
iru hvwlpdwhg dv|pswrwlf vwdqgdug huuruv ri frh!flhqw hvwlpdwruv1 Zh dovr �qg
wkdw iru doo surfhgxuhv suhvhqwo| dydlodeoh wkh wuxh vl}h ri |0w|sh whvwv pd| gl�hu
vxevwdqwldoo| iurp wkh qrplqdo ohyho1

Wkh rxwolqh ri wklv vwxg| lv dv iroorzv1 Lq Vhfwlrq 5 wkh hvwlpdwruv wr eh dqd0
o|}hg duh lqwurgxfhg1 D uhylhz ri wkhlu dv|pswrwlf glvwulexwlrqv dqg dq h{suhvvlrq
iru dq hvwlpdwru iru wkh yduldqfh ri fruuhfwhg OVGY hvwlpdwruv/ ghulyhg lq dq Ds0
shqgl{/ lv jlyhq lq Vhfwlrq 61 Lq Vhfwlrq 7 wkh vlpxodwlrq ghvljq lv ghvfulehg/
zlwk ixuwkhu ghwdlov lq dqrwkhu Dsshqgl{/ dqg wkh �qlwh vdpsoh ehkdylru ri wkh
ydulrxv hvwlpdwruv dqg whvwv duh frpsduhg1 Vhfwlrq 8 frqwdlqv dq dssolfdwlrq ri
wkh ydulrxv surfhgxuhv lq d sdqho dqdo|vlv ri vr0fdoohg g|qdplf h{whuqdolwlhv dqg
orfdo hfrqrplf dfwlylw| lq Prurffr/ dqg Vhfwlrq 9 frqfoxghv1
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51 Hvwlpdwruv iru g|qdplf sdqho gdwd prghov

Zh frqvlghu hvwlpdwlrq phwkrgv iru wkh vwdqgdug olqhdu �uvw0rughu g|qdplf sdqho
gdwd prgho

+�| ' �+�c|3� n q�%�| n #� n 0�|� E� ' �c ���c � ( | ' �c ���c A � +514,

Lq wklv prgho wkh ghshqghqw yduldeoh +�| lv uhjuhvvhg rq d yhfwru ri g h{rjhqrxv
h{sodqdwru| yduldeohv %�| dqg wkh rqh shulrg odjjhg ydoxh ri wkh ghshqghqw ydul0
deoh1 Wkh frpsrvlwh glvwxuedqfh whup ��| ' #� n 0�| frqvlvwv ri dq lqglylgxdo
vshfl�f h�hfw #�/ zklfk lv hlwkhu �{hg ru udqgrp/ dqg d zklwh qrlvh whup 0�| zlwk
yduldqfh j20� Lq fdvh ri udqgrp h�hfwv/ #� kdv phdq }hur dqg �qlwh yduldqfh j2#/
lv xqfruuhodwhg ehwzhhq xqlwv � dqg qrw fruuhodwhg zlwk wkh jhqhudo glvwxuedqfh
whup 0�|1 Vwdfnlqj wkh revhuydwlrqv ryhu wlph dqg dfurvv lqglylgxdov rqh jhwv

+ '`B n EU� 
 
A �# n 0c +515,

zkhuh B ' E�c q��
�

c + dqg ` ' d+3�
111fo duh �A � � dqg �A � Eg n�� pdwulfhv ri

vwdfnhg revhuydwlrqv/ 0 lv wkh �A � � yhfwru ri glvwxuedqfhv dqg 
A ' E�c ���c ��� d
A � � yhfwru ri rqhv1

5141 OVGY hvwlpdwru

Lw lv fohdu iurp +514, wkdw zkhq wkh h�hfwv duh udqgrp/ wkh uhjuhvvru +�c|3� lv fru0
uhodwhg zlwk wkh frpsrvlwh glvwxuedqfh whup #� n 0�|� Khqfh/ vwdqgdug hvwlpdwruv
iru wkh udqgrp h�hfwv prgho duh lqfrqvlvwhqw +uhvxowv rq wkh dv|pswrwlf eldv fdq
eh irxqg lq Vhyhvwuh dqg Wurjqrq/ 4<;8,1 Wkhuhiruh/ rqh xvxdoo| dyrlgv wr hvwl0
pdwh wkh frh!flhqwv E�c q��� e| huuru frpsrqhqw whfkqltxhv/ ehfdxvh wklv ohdgv wr
pdq| frpsolfdwlrqv +vhh Vhyhvwuh dqg Wurjqrq/ 4<<9,1 Lw lv pruh frpprq wr dv0
vxph wkdw wkh lqglylgxdo h�hfwv duh �{hg/ ru rwkhuzlvh wr wuhdw jhqxlqho| udqgrp
lqglylgxdo h�hfwv dv �{hg dq|krz/ lq rughu wr ghdo zlwk wkhlu olnho| qrq0}hur fruuh0
odwlrq zlwk wkh uhjuhvvruv1 Wkhq wkh � frpsrqhqwv ri wkh yhfwru # ' E#�c ���c #��

�

frqvwlwxwh � xqnqrzq sdudphwhuv fruuhvsrqglqj wr wkh gxpp| yduldeohv U� 
 
A
lq +515,1 Qrwh wkdw wkhlu hvwlpdwlrq zloo ohdg wr d frqvlghudeoh orvv ri ghjuhhv ri
iuhhgrp/ hvshfldoo| zkhq � lv odujh1 Hvwlpdwlrq ri wkh � n g n � frh!flhqwv
ri +515, e| ruglqdu| ohdvw vtxduhv |lhogv hvwlpdwhv zklfk duh fdoohg Ohdvw Vtxduhv
Gxpp| Yduldeohv +OVGY, ru �{hg h�hfw hvwlpdwhv1 Xvlqj vwdqgdug sduwlwlrqhg
uhjuhvvlrq uhvxowv/ wkh uhvxowlqj hvwlpdwru iru B fdq eh h{suhvvhg dv

	Bu7(T ' E` ��` �3�` ��+ +516,

' B n E` ��` �3�
�
+�3��0
f ��0

�
c
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zkhuh wkh �A � �A pdwul{ � ' U� 
 EUA � �
A

A 


�
A �1 Qrwh wkdw � lv wkh zlwklq

wudqvirupdwlrq zklfk zlshv rxw wkh lqglylgxdo h�hfwv1 Iru hdvh ri h{srvlwlrq lw
lv dvvxphg wkdw doo wkh h{sodqdwru| yduldeohv duh wlph yduldqw vr wkdw ` ��` lv
lqyhuwleoh1 Dowkrxjk h{rjhqhlw| ri wkh uhjuhvvruv f lpsolhv .Ef ��0� ' fc zh
kdyh .E` ��0� 9' fc vlqfh lw fdq eh vkrzq wkdw

.E+�3��0� ' �j20
�

�� �

�
�� �� �A

A E�� ��

�
� +517,

Wkhuhiruh/ wkh OVGY hvwlpdwru ri B lv frqvlvwhqw iru A $4 exw lqfrqvlvwhqw iru
� $4 dqg A �qlwh/ vhh Qlfnhoo +4<;4,1

5151 LY hvwlpdwlrq

D gl�huhqw wudqvirupdwlrq ri +515, iru uhprylqj wkh lqglylgxdo vshfl�f h�hfwv lv
�uvw gl�huhqflqj/ l1h1

(+ ' �(+3� n q�(f n(0� +518,

Khuh ( ' U� 
(A lv wkh �EA � ����A pdwul{ rshudwru zlwk wkh +A � ��� A
pdwul{ (A gh�qhg dv

(A '

5
99997
�� � f � � f
f �� � � �
� � � � � �
� � �� � �
f � � f �� �

6
::::8 �

Vlqfh .E+�3�(
�(0� ' �.E+�3�03�� ' �.E0�3�03�� ' �j20�EA � �� ohdvw0vtxduhv

lv lqfrqvlvwhqw qrz/ luuhvshfwlyh ri krz wkh vdpsoh vl}h lv h{whqghg1 Krzhyhu/
Dqghuvrq dqg Kvldr +4<;5, sursrvh wzr vlpsoh lqvwuxphqwdo yduldeohv +LY, hv0
wlpdwruv iru wkh sdudphwhu yhfwru B/ zklfk pdnh xvh ri hlwkhu (+32 ru +32 dv
lqvwuxphqw iru (+3�� Wkh sursrvhg lqvwuxphqwv duh xqfruuhodwhg zlwk wkh glvwxu0
edqfh whup (0 dqg fruuhodwhg zlwk (+3�c vr wkh| duh ydolg1 Lq wklv vwxg| zh zloo
dqdo|}h wkh vhfrqg rswlrq rqo|/ l1h1 xvlqj +32 dv lqvwuxphqw1 Wkhq hvwlpdwlrq ri
+518, ohdgv wr wkh hvwlpdwru

	BUT ' E~ �` W�3�~�(+c +519,

zkhuh ~ dqg` W duh �EA����Egn�� pdwulfhv dqg (+ lv d �EA����� yhfwru1
Pruh lq sduwlfxodu ` W ' d(+3� G (foc zlwk (f d �A E��� � g pdwul{ dqg
~ ' d+32 G (fo1 Dowkrxjk wkh Dqghuvrq dqg Kvldr LY hvwlpdwruv/ xqolnh 	Bu7(T c
duh frqvlvwhqw iru � $4 dqg �qlwh A / wkh| duh lqh!flhqw ehfdxvh +519, grhv qrw
h{sorlw doo ydolg lqvwuxphqwv qhlwkhu wdnhv lqwr dffrxqw wkdw wkh glvwxuedqfh whup
lq +518, lv dq PD+4, surfhvv udwkhu wkdq zklwh qrlvh1

8



5161 JPP hvwlpdwlrq

Hqkdqfhphqw ri h!flhqf| fdq eh sxuvxhg e| d pruh hoderudwh hvwlpdwlrq phwkrg/
qdpho| Jhqhudol}hg Phwkrg ri Prphqwv +Duhoodqr dqg Erqg/ 4<<4> Dkq dqg
Vfkplgw/ 4<<8,/ zklfk frshv zlwk erwk wkh fruuhodwlrq vwuxfwxuh ri wkh glvwxu0
edqfhv dqg wkh h{sorlwdwlrq ri dq| ixuwkhu lqvwuxphqwv1 Wkh JPP hvwlpdwru
xvhg lq wklv sdshu lv wkdw ri Duhoodqr dqg Erqg +4<<4,1 Lq wkhlu vlpxodwlrq vwxg|
dqg hpslulfdo dssolfdwlrq wkh| gr qrw xvh doo dydlodeoh ryhulghqwli|lqj uhvwulfwlrqv
frqfhuqlqj wkh h{rjhqrxv yduldeohv1 Wkhlu EA � ��� E�

2
A EA � �� n �� pdwul{ ~W�

ri lqvwuxphqwv iru lqglylgxdo l/ dovr xvhg lq wklv sdshu/ lv

~W� '

5
999997

+�cf f f f f f � � � f � � � f {%�c2
f +�cf +�c� f f f f � � � f {%�c�
f f f +�cf +�c� +�c2
111

1 1 1

f f f f f f � � � +�cf � � � +�cA32 {%�cA

6
:::::8 � +51:,

Wkh prphqw frqglwlrqv fdq eh zulwwhq frqyhqlhqwo| dv .E~W
�

(0� ' fc zkhuh
~W ' E~W

�

� c ���c ~
W�

� �
�� Wkh JPP hvwlpdwru ri B lv edvhg rq wkh vdpsoh prphqwv

�
�

S�
�'�~

W�

� (A 0� ' f dqg lv rewdlqhg dv

	BC�� ' @h}4�?
B
0�(�~WC~W

�

(0c +51;,

zkhuh C lv d zhljkwlqj pdwul{1 Wkh rswlpdo fkrlfh iru C lq +51;, lv wr pdnh lw
sursruwlrqdo wr wkh lqyhuvh ri j20T ' .d~W

�

(00�(�~Woc zklfk lv wkh fryduldqfh
pdwul{ ri wkh prphqw frqglwlrqv1 Wkh hvwlpdwru lq +51;, lv htxlydohqw zlwk wkh
JOV hvwlpdwru ri B lq

~W
�

(+ ' ~W
�

` WB n ~W
�

(0c +51<,

zkhuh j20T lv wkh yduldqfh pdwul{ ri wkh wudqviruphg glvwxuedqfh whup ~W
�

(01
Wkhq wkh JPP hvwlpdwru htxdov

	BC�� ' E` W�~W 	T 3�~W
�

` W�3�` W�~W 	T 3�~W
�

(+� +5143,

Wkh hvwlpdwru ri T xvhg lq wklv sdshu lv 	T ' �
�
~W

�

M~Wc zklfk lv htxlydohqw zlwk
wkh JPP4 hvwlpdwru ri Duhoodqr dqg Erqg +4<<4,1 Wkh �EA � �� � �EA � ��
pdwul{ M ' U� 
 MA3�� Pxowlsolhg e| wkh glvwxuedqfh yduldqfh j20 wklv lv wkh
yduldqfh pdwul{ ri (0c zklfk lv dq PD+4, surfhvv xqghu wkh dvvxpswlrq wkdw 0
lv zklwh qrlvh� Wkh pdwul{ MA3� ' (A(

�
A kdv wzrv rq wkh pdlq gldjrqdo/ plqxv

rqhv rq wkh �uvw vxegldjrqdov dqg }hurv hovhzkhuh1
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5171 Fruuhfwhg OVGY hvwlpdwlrq

Xqolnh wkh pruh wudglwlrqdo hvwlpdwruv iru vwdwlf prghov/ wkh sursrvhg LY dqg
JPP hvwlpdwlrq phwkrgv kdyh dwwudfwlyh dv|pswrwlf surshuwlhv lq g|qdplf prg0
hov1 Wkhvh zloo eh glvfxvvhg pruh wkrurxjko| lq wkh qh{w vhfwlrq1 Wkh irfxv lq wklv
sdshu/ krzhyhu/ lv rq �qlwh vdpsoh surshuwlhv/ zklfk fdq eh dqdo|}hg hlwkhu e|
dqdo|wlfdo �qlwh vdpsoh dssur{lpdwlrqv ru e| Prqwh Fduor h{shulphqwv1 Nlylhw
+4<<8, ghulyhv dq dssur{lpdwlrq irupxod iru wkh eldv ri wkh OVGY hvwlpdwru +516,
lq wkh qrupdo vwdwlrqdu| g|qdplf sdqho gdwd prgho vxfk wkdw wkh dssur{lpdwlrq
huuru kdv d pdjqlwxgh zklfk lv ri rughu �E�3�� dqg ri rughu �EA32� dw wkh vdph
wlph1 Lq Nlylhw +4<<<, wklv dqdo|vlv lv h{whqghg dqg dq dssur{lpdwlrq wr wkh
eldv lv surgxfhg zklfk lv qrw rqo| dffxudwh wr rughu �EA3�� djdlq/ exw qrz lw lv
dffxudwh wr rughu �E�3�� dv zhoo1 Wkhvh h{suhvvlrqv iru wkh dssur{lpdwh eldv duh
udwkhu frpsolfdwhg/ exw khuh zh vkdoo vkrz wkdw wkh| fdq eh vlpsol�hg frqvlghu0
deo|1 Lq wkh vlpxodwlrqv wr iroorz zh vkdoo h{dplqh forvho| wkh dfwxdo pdjqlwxgh
ri wkh ydulrxv frqwulexwlrqv wr wkh �qlwh vdpsoh eldv ri whupv ri ghfuhdvlqj rughuv
zlwk uhvshfw ri erwk A dqg � 1 Wklv zloo khos wr vhohfw dq lpsohphqwdwlrq ri d
eldv fruuhfwhg OVGY hvwlpdwru zlwk dwwudfwlyh surshuwlhv lq �qlwh vdpsohv1

Lq rughu wr hpsor| wkh xvxdo � dqg �R qrwdwlrq xqdpeljxrxvo| iru sdqho
gdwd/ zkhuh wkh vdpsoh kdv wzr glphqvlrqv/ zh sxw wklv qrwdwlrq lqwr d zlghu
frqwh{w gh�qhg dv iroorzv= Ohw � dqg � eh uhdo qxpehuv1 Li wkh hohphqwv @&c,
+zkhuh & ' �c ���cg dqg , ' �c ���c u� ri d qrq0vwrfkdvwlfg�updwul{ � frqvwlwxwh
vhtxhqfhv i@&c,E�c |�j iru � ' �c ���c � dqg | ' �c ���c A / zkhuh zh doorz hlwkhu� $4
ru A $ 4 ru erwk/ wkhq � ' �E��� lqglfdwhv wkdw wkhuh h{lvwv d �qlwh frqvwdqw
7@� : f vxfk wkdw

���3�@&c,E�c |�
�� 	 7@�c ;&c ,c �c |� Vlploduo| � ' �EA�� lqglfdwhv

wkdw wkhuh h{lvwv d �qlwh frqvwdqw 7@� : f vxfk wkdw
��A3�@&c,E�c |��� 	 7@�c ;&c ,c �c |�

Lq dgglwlrq/ � ' �E��A�� lqglfdwhv wkdw wkhuh h{lvwv d �qlwh frqvwdqw 7@�c� : f
vxfk wkdw

���3�A3�@&c,E�c |�
�� 	 7@�c�c ;&c ,c �c |�

Zkhq � ' �E��� zh vd| wkdw wkh hohphqwv ri � duh dw prvw ri rughu ��c
zklfk lv htxlydohqw zlwk �E��A f�c l1h1 wkh txdqwlwlhv �3�@&c, duh �qlwh/ hyhq
zkhq A dssurdfkhv lwv olplw1 Pruh jhqhudoo|/ � ' �E��A�� lqglfdwhv wkdw doo wkh
hohphqwv ri � duh dw prvw ri rughu ��A�1

Lq dgglwlrq zh gh�qh wkdw zkhq wkh pdwul{ � frqwdlqv udqgrp hohphqwv/
� ' �RE�

�� lqglfdwhv wkdw iru doo 0 : f wkhuh h{lvwv d �qlwh frqvwdqw 7@0 : f
dqg d srvlwlyh lqwhjhu �0 vxfk wkdw �hLME

���3�@&c,E�c |�
�� : 7@0� 	 0c ;&c ,c | dqg

� : �0� Vlploduo|/ � ' �REA
�� lqglfdwhv wkdw iru doo 0 : f wkhuh h{lvwv d �qlwh

frqvwdqw 7@0 : f dqg d srvlwlyh lqwhjhu A0 vxfk wkdw �hLME
��A3�@&c,E�c |��� : 7@0� 	 0c

;&c ,c � dqg | : A0� Dqg �qdoo|/ � ' �RE�
�A�� lqglfdwhv wkdw iru doo 0 : f

wkhuh h{lvwv d �qlwh frqvwdqw 7@0 : f dqg srvlwlyh lqwhjhuv �0 dqg A0 vxfk wkdw
�hLME

���3�A3�@&c,E�c |�
�� : 7@0� 	 0c ;&c , dqg � : �0c | : A01

Zkhq � ' �RE�
�� zh vd| wkdw wkh hohphqwv ri � duh erxqghg lq suredelolw|

:



e| rughu ��/ zklfk lv htxlydohqw zlwk �RE�
�A f�c dqg lpso|lqj wkdw �3�@&c,

lv ri rughu xqlw| lq suredelolw|/ luuhvshfwlyh ri wkh ydoxh ri A 1 Pruh jhqhudoo|/
� ' �RE�

�A�� lqglfdwhv wkdw wkh hohphqwv ri � frqyhujh dw ohdvw dw udwh ��A��
Wkh deryh whuplqrorj| rq udwhv ri frqyhujhqfh dqg rughuv ri pdjqlwxgh ri

grxeoh0lqgh{hg ghwhuplqlvwlf dqg vwrfkdvwlf vhtxhqfhv ri yhfwruv ru pdwulfhv zloo
eh hpsor|hg qrz iru hvwlpdwruv lq sdqho gdwd prghov/ hvshfldoo| iru wkh OVGY
hvwlpdwru1 Lw kdv ehhq vkrzq lq Nlylhw +4<<8/ 4<<<, wkdw

.E	Bu7(T � B� ' .
�
E` ��` �

3�
` ��0

�
+5144,

' S�EA
3�� n S2E�

3�A3�� n S�E�
3�A32� n�E�32A32�c

zkhuh

S�EA
3�� ' '.E` ��0� ' �EA3��

S2E�
3�A3�� ' �'.E` ��` �'3��'d` ��0�.E` ��0�o ' �E�3�A3��

S�E�
3�A32� ' �'. �dE` ��` �'3��'o2

�
.E` ��0� ' �E�3�A32�c

zlwk

' ' d.E` ��` �o3� ' d 7̀ �� 7̀ n j20|oE�
���e�e

�
�o
3�

7̀ ' .E` � ' d.E+3��
111fo

.E+�cf� ' +�cfc .E+�c|� ' �.E+�c|3�� n q�%�c| E� ' �c ���c � ( | ' �c ���c A �

e� ' E�c fc ���c f�� kdv g n � hohphqwv

� ' �uKc K ' U� 
 KA c KA ' EUA � �uA �
3�c u ' U� 
 uA c

zkhuh wkh A � A pdwul{ uA kdv rqhv rq lwv �uvw orzhu vxegldjrqdo dqg doo rwkhu
hohphqwv htxdo wr }hur1 Xvlqj wkh vkruwkdqg qrwdwlrq

^� ' 'e� dqg ^�� ' e��^�c

dqg iroorzlqj wkh ghulydwlrqv dv suhvhqwhg lq wkh sdshuv uhihuuhg wr deryh/ rqh
rewdlqv

S�EA
3�� ' j20|oE��^� +5145,

S2E�
3�A3�� ' �'.E` ��`'` ��0� n'.E` ��0� +5146,

' �j20d' 7̀ ��� 7̀ n |oE' 7̀ ��� 7̀ �Ugn�

n2j20^��|oE�
����Ugn�o^�

S�E�
3�A32� ' '.E` ��`'` ��` �'.E` ��0��'.E` ��0� +5147,

' je0|oE��i2^��' 7̀ ���� 7̀ ^�

ndE^�� 7̀
���� 7̀ ^��

n^��|oE' 7̀ ���� 7̀ � n 2|oE�������^2��o^�j�

;



Lq Nlylhw +4<<8, rqo| wkh �uvw wzr whupv +5145, dqg +5146, kdyh ehhq wdnhq lqwr
dffrxqw/ vr wkh dssur{lpdwlrq huuru lv vwloo �E�3�A32�1 Wkh pruh jhqhudo uhvxow
zlwk dssur{lpdwlrq huuru ri rughu �E�32A32� fdq douhdg| eh irxqg lq Nlylhw
+4<<<, exw khuh wkh h{suhvvlrqv duh vlpsohu gxh wr uhprylqj idfwruv 7̀ �� 7̀ e|
h{sorlwlqj 7̀ �� 7̀ ' '3� � j20|oE�

���e�e
�
��

Qrwh wkdw doo frpsrqhqwv jlyhq deryh lpsolflwo| frqwdlq frqwulexwlrqv zklfk
duh lq idfw ri vpdoohu rughu wkdq wkh rughu lqglfdwhg1 Iru h{dpsoh/ xsrq h{sorlwlqj
wkh vlpsoh vwuxfwxuh ri KA c dv zdv dovr grqh lq +517,/ zh rewdlq iru +5145,

S�EA
3�� ' j20|oE��^� ' �j20

�
�

�� �
� �

A E�� ��2
n

��A

A E�� ��2

�
^�c +5148,

dqg vr/ vlqfh ^� ' �E�3�A3��c S�EA
3�� dovr frqwdlqv frqwulexwlrqv ri rughu

�EA32� dqg vpdoohu1 Qrwh wkdw vxfk lv ixoo| lq dffrugdqfh zlwk rxu gh�qlwlrqv
jlyhq deryh/ l1h1 �EA3�� uhihuv wr �lv dw prvw ri rughu A3�� +exw frxog hyhq eh
vpdoohu/ ru eh d frpelqdwlrq ri whupv ri rughu A3� dqg vpdoohu whupv,1 Wkh ds0
sur{lpdwlrq wr wkh OVGY eldv hvwdeolvkhg e| wkh �uvw ri wkh wkuhh frpsrqhqwv ri
+5148,/ l1h1

.E	Bu7(T � B� ' �j20^�
�

�� �
n�EA32� n�E�3�A3��c +5149,

lv dq h{wuhpho| vlpsoh rqh/ zklfk pd| zrun zhoo iru prghudwho| odujh � dqg
Ac ehfdxvh wkh �sxuh� �EA3�� frqwulexwlrq wr wkh eldv kdv ehhq vhsdudwhg khuh
iurp�E�3�A3�� dqg �sxuh��EA32� frqwulexwlrqv/ wrjhwkhu frqvwlwxwlqj d k|eulg
uhpdlqghu whup1

Lq qxphulfdo fdofxodwlrqv iru uhohydqw gdwd jhqhudwlqj surfhvvhv zh vkdoo h{0
dplqh wkh eldv dssur{lpdwlrq

�
Ef�
u7(T ' �j20^�

�

�� �
c +514:,

dqg pdnh frpsdulvrqv zlwk wkh dssur{lpdwlrqv surgxfhg e|

�
E��
u7(T '

�[
�'�

S�c iru � ' �c 2c �c +514;,

zkhuh S� +� ' �c 2c �� uhihuv wr wkh frqwulexwlrqv wr wkh eldv jlyhq lq +5145,/ +5146,
dqg +5147, uhvshfwlyho|1 E| dvvhvvlqj wkh wuxh eldv iurp Prqwh Fduor vlpxodwlrqv
zh vkdoo h{dplqh wkh uhodwlyh dffxudf| ri wkh ydulrxv dssur{lpdwlrqv dqg h{dplqh
wkh lpsruwdqfh ri wkh lqfoxvlrq ri kljkhu0rughu whupv1

<



Lw lv nqrzq iurp vlpxodwlrq vwxglhv wkdw/ ghvslwh lwv vhulrxv eldv/ wkh OVGY
hvwlpdwru kdv d uhodwlyho| vpdoo yduldqfh dv frpsduhg zlwk LY dqg JPP whfk0
qltxhv1 Wkhuhiruh/ rq edvlv ri d phdq vtxduhg huuru fulwhulrq/ d uhdvrqdeo| h!flhqw
surfhgxuh pd| uhvxow zkhq d eldv dssur{lpdwlrq lv xvhg wr fruuhfw iru wkh eldv lq
wkh OVGY hvwlpdwru1 Zh vkdoo h{dplqh wkh lpsohphqwdwlrqv

	B
E��

u7(T Sc� '
	Bu7(T � 	�

E��
u7(Tc�c � ' fc ��c �c +514<,

zkhuh dq| frqvlvwhqw suholplqdu| hvwlpdwruv 	B� dqg 	j20c�c rewdlqhg iurp hvwlpdwlrq
whfkqltxh � ' UTc C��c fdq eh xvhg wr hvwlpdwh wkh fruuhfwlrq whup1

Qxphurxv rwkhu hvwlpdwruv kdyh ehhq sursrvhg iru wkh g|qdplf sdqho gdwd
prgho/ dqg wkhuhiruh wkh whfkqltxhv ghvfulehg lq wklv vhfwlrq duh qrw h{kdxvwlyh1
Vhh/ iru h{dpsoh/ Kduulv dqg Päw|äv +4<<9, iru d eurdghu ryhuylhz ri wkh h{lvwlqj
whfkqltxhv iru wkh g|qdplf sdqho gdwd prgho1 Krzhyhu/ wkh whfkqltxhv glvfxvvhg
lq wklv vhfwlrq duh frqvlghuhg wr eh hlwkhu wkh prvw frpprq ru wkh prvw surplvlqj
rqhv1

61 Dv|pswrwlf surshuwlhv

Lq wklv vhfwlrq zh hvwdeolvk olplwlqj glvwulexwlrqv iru wkh ydulrxv hvwlpdwruv/ hlwkhu
iru� $4 dqg A �qlwh/ ru iru A $4 dqg� �qlwh/ dqg rffdvlrqdoo| iru� $4c
A $ 41 Zh zloo qrw frqvlghu wkh olplwlqj ehkdylru ri wkh hvwlpdwruv zkhq erwk
� dqg A jurz/ exw dw gl�huhqw udwhv +vhh Doyduh} dqg Duhoodqr/ 4<<;,1 Qrwh wkdw
dq dssursuldwh dv|pswrwlf yduldqfh iru OVGYf hvwlpdwruv +514<, kdv qrw ehhq
ghulyhg |hw iru wkh fdvh � $ 4 dqg A �qlwh1 Wkh odvw vxevhfwlrq lv derxw wkh
dv|pswrwlf glvwulexwlrq ri vlpsoh |0udwlrv iru wkh ydulrxv hvwlpdwruv1

6141 LY dqg JPP hvwlpdwruv

Iluvw/ zh irfxv rq wkh phwkrg ri prphqw hvwlpdwruv1 Xqghu vwdqgdug uhjxodulw|
frqglwlrqv/ dqg xsrq gh�qlqj

P~` W ' T*�4
�<"

�

�
~ �` W +614,

P~M~ ' T*�4
�<"

�

�
~ �M~ +615,

P~W` W ' T*�4
�<"

�

�
~W�` W +616,

P~WM~W ' T*�4
�<"

�

�
~W�M~Wc +617,
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wkh xvxdo dv|pswrwlf uhdvrqlqj |lhogv wkh qrupdo olplwlqj glvwulexwlrqv iru wkh LY
dqg JPP hvwlpdwruv iru �{hg Ac yl}1

s
�
�
	BUT � B

�
_�$

�<"
Q �

fc j20P
3�
~` WP~M~EP

�
~` W�3�

�
+618,

dqg s
�
�
	BC�� � B

�
_�$

�<"
Q �

fc j20EP
�
~W` WP3�~WM~WP~W`W�3�

�
� +619,

AIurp wkh deryh/ zh rewdlq wkh dv|pswrwlf dssur{lpdwlrqv

	BUT
@�

�<"
Q �

Bc j20E~
�` W�3�~ �M~E` W�~�3�

�
+61:,

dqg
	BC��

@�
�<"

Q
k
Bc j20E`

W�~W 	T 3�~W�` W�3�
l
� +61;,

Frqvlvwhqw hvwlpdwruv iru j20c wkh yduldqfh ri wkh glvwxuedqfh whup 0c duh jlyhq e|

	j20c� '
	����	��

�EA � ��� Eg n ��
c E� ' UTc C��� +61<,

zkhuh
	�� ' + �`	B�� +6143,

Qrwh wkdw wkh qxphudwru lq +61<, lv wkh vxp ri vtxduhv ri wkh jurxs0ghphdqhg +lq
rughu wr dffrxqw iru wkh hvwlpdwhg lqglylgxdo h�hfw frh!flhqwv, uhvlgxdov/ dqg wkh
ghqrplqdwru frqwdlqv d ghjuhhv ri iuhhgrp fruuhfwlrq iru wkh �ngn� hvwlpdwhg
frh!flhqwv1 Reylrxvo|/ 	j20cUT dqg 	j20cC�� duh vhpl0frqvlvwhqw/ olnh 	BUT dqg 	BC�� c
iru � $4 dqg dq| A�

6151 OVGY hvwlpdwru

Wr rewdlq vlplodu uhvxowv iru wkh OVGY hvwlpdwru/ zkhuh�
	Bu7(T � B

�
' E` ��` �

3�
` ��0c +6144,

zh kdyh wr eh d olwwoh elw pruh fduhixo1 Zh zloo rewdlq uhvxowv iru A $ 4 dqg
� �qlwh dqg � $ 4 dqg A �qlwh1 Wkh uljkw0kdqg h{suhvvlrq ri +6144, kdv wzr
idfwruv1 Iluvw/ zh zloo frqvlghu wkh rughu ri wkh h{shfwdwlrqv ri erwk ` ��` dqg
` ��0c zklfk kdyh douhdg| ehhq suhvhqwhg ehorz +5144,1 Wkh| duh rewdlqhg iurp

�` ' .E�` � n d�` �.E�` �o ' � 7̀ n �0e��c +6145,

zkhuh � ' U� 
 �A zlwk �A ' �AuAKA � Wklv |lhogv

.E` ��` � ' '3� ' 7̀ �� 7̀ n j20|oE�
���e�e

�
� ' �E�A � +6146,
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dqg

.E` ��0� ' .E0��0�e� ' j20|oE��e� +6147,

' .d0�EU� 
�A �0oe� ' j20�|oE�A �e� ' �E��c

ehfdxvh

|oE�A � ' �
�

�

�� �
� �� �A

A E�� ��2

�
c +6148,

vhh +5148,1 Iurp +6145, zh dovr �qg

V@hE` ��0� ' V@hE 7̀ ��0n 0��0e�� +6149,

' j20 7̀
�� 7̀ n je0� d|o E��A�A � n |o E�A�A �o e�e

�
� ' �E�A ��

Qrz zh gh�qh erwk

P`�` 'T*�4
�<"

�

�
` ��` +614:,

iru A �qlwh/ dqg
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zlwk 	�u7(T ' + �`	Bu7(T c zh �qg

T*�4
A<"

	j20cu7(T ' j20�

Lq sulqflsoh/ ri frxuvh/ wkhvh odujh A dssur{lpdwlrqv zloo eh xvhixo rqo| zkhq A lv
odujh uhodwlyh wr � 1 Lw lv vwudljkwiruzdug wr vkrz wkdw vlplodu dv|pswrwlf uhvxowv
fdq eh rewdlqhg iru erwk � $4 dqg A $4�

Krzhyhu/ iru A �qlwh dqg � $ 4 wkh vlwxdwlrq lv pxfk pruh frpsolfdwhg1
Lw iroorzv iurp +6147, dqg +6149, wkdw .E �
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zklfk gh�qhv BW dv wkh lqfrqvlvwhqf| +dv|pswrwlf eldv, ri OVGY iru � $4 dqg
�qlwh A / hduolhu dgguhvvhg lq Qlfnhoo +4<;4, dqg Vhyhvwuh dqg Wurjqrq +4<<9,1

Lw lv lqwhuhvwlqj wr h{dplqh zkhwkhu/ lq dgglwlrq wr +6153,/ wkh OVGY hvwlpdwru
kdv d olplwlqj glvwulexwlrq iru � $4 dqg �{hg A / dqg zkdw wkh vlwxdwlrq lv iru
OVGYf hvwlpdwruv olnh +514<,1 Iurp +6149, dqg +6146, zh rewdlq
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Vr/ zh �qg wkdw iru � $ 4 dqg �{hg A wkh hvwlpdwru 	Bu7(T kdv d olplwlqj glv0
wulexwlrq/ exw lw lv qrw fhqwhuhg dw B� Qrwh wkdw wklv olplwlqj glvwulexwlrq ghshqgv
qrw rqo| rq j20 dqg P`�` / exw yld �A dovr rq �1 Li BW zhuh nqrzq/ wkh fruuhfwhg
OVGY hvwlpdwru 	Bu7(T � BW zrxog surylgh d

s
�0frqvlvwhqw hvwlpdwru ri B zlwk

olplwlqj glvwulexwlrq +6159,1 Khqfh/ hyhq li BW zhuh nqrzq dqg frxog dovr eh xvhg
wr rewdlq d frqvlvwhqw hvwlpdwru 	j2 iru j20c wkhq 	j2E` ��` �3� zrxog qrw surylgh
dq dghtxdwh h{suhvvlrq iru wkh dv|pswrwlf yduldqfh1 Wkxv/ iru � $ 4 zh �qg
dw ohdvw wzr vwulnlqj gl�huhqfhv zlwk wkh A $ 4 uhvxowv= eldv fruuhfwlrq lv lq0
glvshqvdeoh iru dfklhylqj frqvlvwhqf| dqg wkh dv|pswrwlf yduldqfh ri d frqvlvwhqw
hvwlpdwru lv qrq0vwdqgdug1

6161 Fruuhfwhg OVGY hvwlpdwru

Zh zloo qrz dqdo|}h wkh olplwlqj ehkdylru ri fruuhfwhg OVGY hvwlpdwruv dv sur0
srvhg lq +514<,1 Iurp +5144, lw iroorzv wkdw dv orqj dv A $4 wkh olplwlqj ehkdylru
ri fruuhfwhg OVGY hvwlpdwruv lv htxlydohqw wr wkdw ri wkh ruglqdu| OVGY hvwlpd0
wru1 Qrwh wkdw lq wklv fdvh dovr wkh ruglqdu| OVGY hvwlpdwru fdq eh xvhg dv d
suholplqdu| frqvlvwhqw hvwlpdwru ri B lq wkh eldv dssur{lpdwlrq/ l1h1 � ' u7(Tc
UTc C�� lq +514<, |lhogv frqvlvwhqf|1

Iru A �qlwh dqg� $4 zh kdyh iru wkh ruglqdu| OVGY hvwlpdwru wkh olplwlqj
uhvxow lq +6159,1 Lq sudfwlfh BW ri +6156, lv xqnqrzq/ exw zh fdq hvwlpdwh lw1
Hpsor|lqj d

s
�0frqvlvwhqw hvwlpdwru 	B�/ iru lqvwdqfh 	BUT ri +618, ru 	BC�� ri

+619, dqg fruuhvsrqglqj 	j20c�c |lhogv
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Zh vkdoo h{dplqh qrz wkh dv|pswrwlf glvwulexwlrqv ri wkh OVGYf hvwlpdwruv

	Bu7(T Sc� ' 	Bu7(T � 	B
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Qrwh wkdw wklv lpsohphqwdwlrq fruuhvsrqgv wr 	B
E��

u7(T Sc� jlyhq lq +514<,1 Wkh kljkhu
rughu lpsohphqwdwlrqv zlwk � : � kdyh wkh vdph olplwlqj glvwulexwlrq1 Wr ghulyh
wklv olplwlqj glvwulexwlrq zh xvh
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Wkh �uvw uljkw0kdqg whup kdv douhdg| ehhq ghdow zlwk lq +6159, dqg lq Dsshqgl{ D
wkh olplwlqj glvwulexwlrq ri wkh vhfrqg whup lv ghulyhg dqg dovr ri wkhlu gl�huhqfh1
Vlqfh wkh vhfrqg whup kdv d �qlwh olplwlqj glvwulexwlrq lqghhg/ l1h1 lv �RE��/ wkh
dv|pswrwlf yduldqfh ri wkh fruuhfwhg hvwlpdwru zlwk hvwlpdwhg BW lv irxqg wr eh
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gl�huhqw iurp wkdw zkhuh BW lv nqrzq/ zklfk zdv douhdg| irxqg wr eh qrq0vwdqgdug
lwvhoi1
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Wkh h{suhvvlrq lq +6164, fdq eh xvhg wr hvwlpdwh wkh dv|pswrwlf yduldqfh pdwul{ ri
+6163,1 Iru � ' C�� zh glg qrw ghulyh vxfk dq h{suhvvlrq gxh wr wkh frpsoh{lw|
ri wkh ghshqghqfh ri wkh pdwul{ ri lqvwuxphqwv ~W rq 0�

Dq dowhuqdwlyh zd| wr rewdlq hpslulfdo hvwlpdwhv ri Tu7(T Sc�/ zklfk dyrlgv wkh
xvh ri frpsolfdwhg dqdo|wlfdo h{suhvvlrqv dv lq +6164,/ lv wr errwvwuds wkh vwdqgdug
huuruv1 H{sorlwlqj wkh qrupdolw| dvvxpswlrq/ zh pd| xvh d sdudphwulf errwvwuds
dqg wkh surfhgxuh iru uhvdpsolqj lv wkhq dv iroorzv=
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Qrwh wkdw wkh suhvhqfh ri +3� qhfhvvlwdwhv wr xvh d uhfxuvlyh uhvdpsolqj vfkhph1
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6171 |0udwlrv
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&�c |C��EBf&�

dqg |
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u7(T Sc�EB

f
&� zloo doo frqyhujh wr d vwdqgdug qrupdo glvwulexwlrq iru � $ 4

xqghu wkh qxoo k|srwkhvlv1 Iru wkh whvwv A
E��
u7(T Sc�EB
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&�c zklfk frpelqhv wkh OVGYf

frh!flhqw hvwlpdwru zlwk wkh ruglqdu| OVGY yduldqfh/ dqg Au7(T EB
f
&� wklv lv rqo|

wkh fdvh zkhq A dssurdfkhv lq�qlw|1

71 Vlpxodwlrq uhvxowv

Wkh vlpxodwlrq ghvljq lv edvlfdoo| wkh vdph dv lq Nlylhw +4<<8,/ dowkrxjk voljkwo|
gl�huhqw ydoxhv iru vrph ri wkh sdudphwhuv kdyh ehhq fkrvhq lqfoxglqj fdvhv zlwk
qrq0vwdwlrqdu| uhjuhvvruv1 Gdwd iru + kdyh ehhq jhqhudwhg dffruglqj wr htxdwlrq
+514, zlwk g ' �1 Wkh jhqhudwlqj htxdwlrq iru wkh h{sodqdwru| yduldeoh % lv

%�| ' 4%�c|3� n 1�| � ' �c ���c� ( | ' �c ���c Ac +714,

zkhuh 1�| � LLQ dfc j21 o1 Dv douhdg| qrwhg lq wkh lqwurgxfwlrq wkh irfxv lv rq
vdpsohv lq zklfk erwk glphqvlrqv duh uhodwlyho| vpdoo1 Wkhuhiruh/ wkh iroorzlqj
wkuhh fdvhv kdyh ehhq dqdo|}hg= A ' � ' �f> A ' �fc � ' 2f dqg A ' 2fc
� ' �f1 Wkuhh ydoxhv iru � +yl}1 31;> 318> 315, dqg wzr iru 4 +yl}1 31;> 413, duh
frqvlghuhg1 Hdfk h{shulphqw frqvlvwv ri rqh wkrxvdqg uhsolfdwlrqv1 Wkh orqj0uxq
h�hfw q*E� � �� ri % rq + kdv ehhq vhw htxdo wr xqlw| lq doo h{shulphqwv1 Wklv
lpsolhv wkdw wkh lpsdfw pxowlsolhu q ydulhv zlwk wkh fkrvhq ydoxhv iru �� Wkh
yduldqfh ri wkh glvwxuedqfh whup j20 lv vhw dw wkh ydoxh ri rqh1 Vr/ iru wkh wkuhh
fkrvhq vdpsoh vl}hv zh frqvlghu vl{ gl�huhqw ghvljqv frqfhuqlqj B ' E�c q��c 4 dqg
j0�

Dsshqgl{ E jlyhv d ghwdlohg ghvfulswlrq rq krz wkh uhpdlqlqj ghvljq sdudph0
whuv j# dqg j1 kdyh ehhq ghwhuplqhg1 E| ydu|lqj j# zh frqwuro wkh uhodwlyh lpsdfw
rq + ri wkh wzr huuru frpsrqhqwv # dqg 0� Wkh sdudphwhu j1 kdv ehhq ghwhuplqhg
e| frqwuroolqj wkh vljqdo0wr0qrlvh udwlr j2r ri wkh prgho1 Lq Nlylhw +4<<8, lw kdv
ehhq vkrzq wkdw d surshu frpsdulvrq ri vlpxodwlrq uhvxowv ryhu gl�huhqw sdudph0
whu ydoxhv uhtxluhv wr h{huflvh frqwuro ryhu vrph ri wkh edvlf prgho fkdudfwhulvwlfv
vxfk dv wkh vljqdo0wr0qrlvh udwlr1 Dsshqgl{ E glvfxvvhv dovr wkh prgl�fdwlrqv ri
wkh ghvljq uhtxluhg zkhq wkh h{rjhqrxv uhjuhvvru lv qrq0vwdwlrqdu|1 Lq wklv fdvh 4
lv htxdo wr rqhc zklfk lv d vlwxdwlrq qrw h{dplqhg lq Nlylhw +4<<8,1 Wkh vljqdo0wr0
qrlvh udwlr j2rc| lv qrz ydu|lqj zlwk |� Khqfh/ zh kdyh fkrvhq wr �{ wkh vljqdo lq wkh
h{shulphqwv dw wkh phdq ydoxh ri j2rc| ryhu wkh vdpsoh/ dqg wkhq wkh sdudphwhuv
j# dqg j1 duh ghwhuplqhg dv lq wkh h{shulphqwv zlwk d vwdwlrqdu| uhjuhvvru %1
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Wkh iroorzlqj hvwlpdwruv kdyh ehhq dqdo|}hg= ohdvw vtxduhv gxpp| yduldeohv
+OVGY,/ wkh Dqghuvrq dqg Kvldr +4<;5, vlpsoh LY hvwlpdwru zlwk wkh rqh0shulrg
odjjhg ohyho dv lqvwuxphqw +DKO,/ wkh JPP4 hvwlpdwru ri Duhoodqr dqg Erqg
+4<<4, dqg wkh fruuhfwlrq phwkrg ri Nlylhw +4<<8/ 4<<<, edvhg rq hlwkhu dq lqlwldo
JPP hvwlpdwh +OVGYf, ru LY hvwlpdwh +OVGYf�Mu�1 Lq wkh fruuhfwlrq irupxod

zh kdyh dozd|v lqfoxghg wkh dssur{lpdwlrq �
E��
u7(T / xqohvv vwdwhg rwkhuzlvh1 Qrwh

wkdw wkh xqfruuhfwhg OVGY hvwlpdwru lv wkh rqo| rqh wkdw uholhv rq dv|pswrwlfv
uhtxlulqj odujh A�

Lq wkh h{shulphqwv wkh JPP hvwlpdwru lv fdofxodwhg iru wkuhh vhwv ri lqvwux0
phqwv1 Rqh/ �yh dqg hljkw odjjhg ydoxhv kdyh ehhq wdnhq/ zklfk uhvxowv lq wkuhh
gl�huhqw JPP hvwlpdwruv +JPPd/ JPPe dqg JPPf uhvshfwlyho|,1 Wkh JPPf
hvwlpdwru lv xvhg dv wkh suholplqdu| hvwlpdwru lq wkh rshudwlrqdo eldv fruuhfwhg
hvwlpdwru OVGYf1

Zh shuiruphg 4333Prqwh Fduor uhsolfdwlrqv1 Uhvxowv rq wkh eldv/ yduldqfh dqg
phdq vtxduhg huuru ri wkh ydulrxv frh!flhqw hvwlpdwruv duh suhvhqwhg lq Wdeohv 4
dqg 51 Wr jhw d txlfn lpsuhvvlrq ri wkh jhqhudo txdolwlhv ri wkh hvwlpdwruv +dqg wr
vdyh vsdfh, zh jlyh khuh dyhudjh rxwfrphv ryhu wkh wkuhh gl�huhqw � ydoxhv rqo|
+iru sduwlfxodu A dqg �, exw gr uhsruw vhsdudwh uhvxowv iru wkh vwdwlrqdu| dqg
qrq0vwdwlrqdu| yduldeoh fdvhv1 Zh revhuyh wkh iroorzlqj sdwwhuqv lq wkh vlpxodwlrq
uhvxowv1 Iluvw/ wkh vljq dqg pdjqlwxgh ri wkh eldv lq hvwlpdwlqj � dqg q lv iru OVGY
dqg wkh JPP surfhgxuhv pruh ru ohvv frpsdudeoh zkhq erwk A dqg � duh vpdoo1
Vhfrqg/ wkh DKO hvwlpdwru kdv doprvw qhjoljleoh eldv lq hvwlpdwlqj � dqg d udwkhu
vpdoo eldv iru qc exw lw |lhogv iru erwk wkh odujhvw yduldqfh1 Uhjduglqj � wkh odujh
glvshuvlrq ri wkh DKO hvwlpdwru lv frq�uphg e| wkh uhvxowv lq wkh vhfrqg froxpq
ri Wdeohv 4 dqg 5/ zklfk vkrz wkh kljk iuhtxhqf| ri hvwlpdwhv ri � rxwvlgh wkh
xqlw flufoh1 Wklug/ wkh OVGY surfhgxuh kdv uhodwlyho| vpdoo yduldqfh dv frpsduhg
zlwk JPP dqg LY1 Irxuwk/ eldv fruuhfwlrq uhgxfhv wkh eldv frqvlghudeo|1 Iliwk/
edvhg rq d phdq vtxduhg huuru fulwhulrq wkh OVGYf surfhgxuhv duh qhyhu ehdwhq
e| wkh rwkhu hvwlpdwruv1 Lq dgglwlrq/ zh qrwh wkdw wkh vhqvlwlylw| zlwk uhvshfw wr
wkh suholplqdu| hvwlpdwru xvhg lq wkh eldv dssur{lpdwlrq/ l1h1 JPPf ru DKO/ lv
rqo| pdujlqdo1 Dovr zkhq wkh gl�huhqfh lq dffxudf| ri DKO dqg JPP lv odujh/
wkh h{whqw wr zklfk wklv lv fduulhg ryhu wr wkh dffxudf| ri wkh eldv fruuhfwhg OVGY
lv plqru1 Ilqdoo|/ zh qrwh iru JPP wkdw lwv yduldqfh +exw qrw lwv eldv, ghfuhdvhv
zlwk wkh qxpehu ri prphqw frqglwlrqv hpsor|hg1

Lq Wdeohv 6 dqg 7 zh frpsduh wkh frqwulexwlrqv ri wkh ydulrxv whupv lq wkh eldv
dssur{lpdwlrq iru OVGY/ fdofxodwhg dw wkh wuxh sdudphwhu ydoxhv/ zlwk wkh dfwxdo
eldv dv hvwlpdwhg iurp wkh Prqwh Fduor iru wkh vwdwlrqdu| dqg qrq0vwdwlrqdu| gdwd
uhvshfwlyho|1 Zh �qg wkdw wkh pdjqlwxgh ri wkh eldv ghshqgv pxfk pruh rq A wkdq
rq �c dqg uhodwlyho| olwwoh rq 4c wkh sdwwhuq ri wkh uhjuhvvru yduldeoh1 Wkh qhjdwlyh
eldv lq wkh hvwlpdwru ri � lv odujhu lq devroxwh ydoxh zkhq � lv odujhu/ dqg rq wkh
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zkroh lw lv pxfk pruh vhulrxv wkdq wkh eldv lq hvwlpdwlqj q� Lq uhodwlyh whupv wkh
eldv lq hvwlpdwlqj � lv fhuwdlqo| vhulrxv zkhq � lv vpdoo1 Wkh ghfrpsrvlwlrq ri wkh
eldv dssur{lpdwlrq lq whupv ri gl�huhqw rughuv lq A dqg � vkrzv wkdw wkh sxuh
�EA3�� dssur{lpdwlrq fdq eh uhdvrqdeo| dffxudwh zkhq wkh eldv lv prghudwh exw
rwkhuzlvh lw pd| |lhog d frqvlghudeoh ryhuvwdwhphqw ri wkh dfwxdo eldv1 Ohdylqj
lqwr wkh dssur{lpdwlrq wkh frqwulexwlrqv zklfk duh JEA3��c exw zklfk duh vwloo
�E�f� dw wkh vdph wlph/ lv riwhq sur�wdeoh/ exw qrw dozd|v vr1 Wkh frqwulexwlrqv
wr wkh eldv zklfk duh �E�3�A3�� dqg �E�3�A32� duh irxqg wr eh ri yhu| olplwhg
dfwxdo pdjqlwxgh/ vr rqh frxog ghflgh wr rplw wkhp iurp lpsohphqwdwlrqv ri wkh
OVGYf surfhgxuh1

Zh uhwxuq qrz wr uhvxowv iru wkh ydulrxv hvwlpdwlrq surfhgxuhv dqg irfxv
rq yduldqfh hvwlpdwhv1 Lq Wdeoh 8 uhvxowv duh suhvhqwhg iru wkh fdvh � ' f�D
dqg 4 ' f�H1 Iru uhihuhqfh/ wkh �uvw wzr froxpqv jlyh wkh eldv ri frh!flhqw
hvwlpdwruv lq hvwlpdwlqj � dqg q iru wklv vshfl�f h{shulphqw1 Qdwxudoo|/ vrph ri
wkh uhvxowv frqfhuqlqj wkh frh!flhqw hvwlpdwruv zloo fduu| ryhu wr wkh �qglqjv iru
wkh glvwxuedqfh yduldqfh hvwlpdwruv +61<,1 Wkh Wdeoh suhvhqwv wkh hvwlpdwhg eldv
lq wkh hvwlpdwruv ri j0 dv shufhqwdjh ri wkh wuxh glvwxuedqfh vwdqgdug huuru/ zklfk
lv rqh lq doo h{shulphqwv1 Uhjduglqj wklv eldv zh �qg �uvw ri doo wkdw wkh pdjqlwxgh
ri wkh eldv ri wkh OVGY dqg JPP hvwlpdwruv lv pruh ru ohvv htxdo dqg dozd|v
qhjdwlyh1 Vhfrqg/ wkh eldv lq wkh DKO hvwlpdwru lv riwhq srvlwlyh1 Wklug/ eldv
sureohpv vhhp wr eh ohvv vhyhuh iru odujhu A 1 Lq wklv Wdeoh wkh eldv lq hvwlpdwlqj
wkh vwdqgdug ghyldwlrq ri wkh ydulrxv frh!flhqw hvwlpdwruv lv dovr suhvhqwhg dv
shufhqwdjh ri wkh wuxh vwdqgdug ghyldwlrq dv hvwlpdwhg iurp wkh Prqwh Fduor1 Lq
pdq| fdvhv wkhvh uhodwlyh eldvhv ri wkh frh!flhqw vwdqgdug ghyldwlrq duh zruvh
wkdq wkh eldv ri wkh glvwxuedqfh yduldqfh +zklfk lv rqh ri wkhlu ghwhuplqdqwv/ ri
frxuvh,1 Iru OVGYf dqg OVGYf�Mu zh suhvhqw gl�huhqw yduldqfh hvwlpdwruv1 Wkh
frqyhqwlrqdo odujh A h{suhvvlrq ri +6154, lv dozd|v uhsruwhg1 Lq dgglwlrq/ zkhq
A 9 � dovr wkh �dqdo|wlf� +rqo| lq fdvh ri OVGYf�Mu� dqg wkh errwvwuds yduldqfh
hvwlpdwruv dv lq +6164, dqg +6165, duh suhvhqwhg1 Hvshfldoo| iru � wkhvh dowhuqdwlyh
hvwlpdwruv vhhp pruh dffxudwh wkdq wkh vwdqgdug h{suhvvlrq1 Vlplodu uhvxowv duh
rewdlqhg zkhq doorzlqj iru d qrqvwdwlrqdu| uhjuhvvru/ l1h1 4 ' ��f1 Krzhyhu/
uhvxowv qrw uhsruwhg khuh vkrz wkdw iru odujhu �/ l1h1 � ' f�Hc wkh �dqdo|wlf�
yduldqfh hvwlpdwru euhdnv grzq/ zkloh wkh errwvwuds hvwlpdwru lv vwloo uhodwlyho|
dffxudwh1

Zh vkdoo h{dplqh qrz zkdw wkh lpsolfdwlrqv duh ri wkh uhvxowv rq frh!flhqw
eldv dqg eldv lq vwdqgdug huuruv iru wkh dffxudf| lq vpdoo vdpsohv ri wkh xvxdo
vwdwlvwlfdo lqihuhqfh dv surgxfhg e| | vwdwlvwlfv1 Wdeoh 9 vkrzv wkdw uho|lqj rq
dv|pswrwlf wkhru| lq vpdoo vdpsohv ri wkh w|sh dqdo|}hg khuh fdq eh txlwh plv0
ohdglqj dv wkh hpslulfdo glvwulexwlrq ri wkh | vwdwlvwlfv fdq gl�hu vxevwdqwldoo|
iurp wkh dv|pswrwlf vwdqgdug Qrupdo1 Wkh wuxh vl}h iru whvwlqj q lv lq pdq|
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fdvhv vwloo uhdvrqdeo| forvh wr wkh qrplqdo vl}h1 Iru whvwlqj � doo wkh whfkqltxhv
vkrz vxevwdqwldo glvwruwlrqv1 Iru DKO xqghuuhmhfwlrq lv pruh ri d sureohp wkdq
ryhuuhmhfwlrq1 OVGY +xqghuvwdqgdeo|, exw JPP wrr vkrz kxjh glvwruwlrqv1 Wkh
OVGYf uhvxowv duh jhqhudoo| pxfk ohvv h{wuhph/ exw qrw uhdoo| vdwlvidfwru|1 Wkh
gl�huhqfhv lq shuirupdqfh ri OVGYf lpsohphqwdwlrqv zkhq xvlqj dowhuqdwlyh ydul0
dqfh hvwlpdwruv vhhp wr eh pdujlqdo1

81 G|qdplf h{whuqdolwlhv dqg orfdo hfrqrplf dfwlylw| lq Pr0

urffr

8141 Lqwurgxfwlrq

Lq wklv vhfwlrq wkh shuirupdqfh ri wkh ydulrxv hvwlpdwruv zloo eh h{dplqhg lq
dq hpslulfdo dssolfdwlrq1 Zh dqdo|vh wkh ghwhuplqdqwv gulylqj orfdo hfrqrplf
dfwlylw| lq vl{ pdmru Prurffdq xuedq duhdv1 Wkh h{lvwhqfh ri flwlhv ru xuedq duhdv
lv riwhq h{sodlqhg e| orfdol}dwlrq dqg xuedql}dwlrq hfrqrplhv/ zklfk dulvh dv d
uhvxow ri d kljkhu ghjuhh ri erwk frqfhqwudwlrq dqg gl�huhqwldwlrq ri hfrqrplf
dfwlylwlhv1 Orfdol}dwlrq hfrqrplhv hphujh zkhq vlplodu �upv foxvwhu/ zkloh lq
fdvh ri xuedql}dwlrq hfrqrplhv lw lv wkh glyhuvlw| ri wkh lqgxvwuldo vwuxfwxuh wkdw
pdwwhuv1 Iru h{dpsoh/ orfdol}dwlrq hfrqrplhv shuplw �upv wr kdyh ehwwhu dffhvv wr
qdwxudo uhvrxufhv dqg orzhu wudqvsruw frvwv/ zkloh xuedql}dwlrq hfrqrplhv hqkdqfh
glyhuvlw| ri surgxfwv dqg �upv dqg lqfuhdvh pdunhw vl}h1

Zkloh orfdol}dwlrq dqg xuedql}dwlrq hfrqrplhv ghvfuleh wkh h{lvwlqj orfdwlrqdo
vwuxfwxuh ri d uhjlrq/ wkh| gr qrw qhfhvvdulo| h{sodlq wkh sdwwhuq ri hfrqrplf
ghyhorsphqw wkurxjk wlph1 Jurzwk wkhru| +Urphu/ 4<;9, hpskdvl}hv wkh uroh ri
nqrzohgjh vslooryhuv dv dq lpsruwdqw vrxufh iru whfkqrorjlfdo fkdqjh dqg khqfh
hfrqrplf jurzwk1 Dv forvh sur{lplw| ri �upv idflolwdwhv wkh wudqvplvvlrq ri lghdv
dqg lqqrydwlrqv ehwzhhq �upv/ nqrzohgjh vslooryhuv duh prvw olnho| wr rffxu lq
xuedq duhdv1 Wkh djjorphudwlrq hfrqrplhv dulvlqj iurp nqrzohgjh vslooryhuv duh
fdoohg g|qdplf h{whuqdolwlhv1 Lq frqwudvw zlwk wudglwlrqdo orfdol}dwlrq dqg xu0
edql}dwlrq hfrqrplhv/ g|qdplf h{whuqdolwlhv h{sodlq erwk wkh irupdwlrq ri xuedq
duhdv dqg orfdo hfrqrplf jurzwk1

Lq wkh olwhudwxuh rq g|qdplf h{whuqdolwlhv wkuhh pdlq wkhrulhv duh glvwlqjxlvkhg1
Doo wkhvh wkhrulhv djuhh wkdw nqrzohgjh vslooryhuv duh lpsruwdqw/ exw wkh| gl�hu
uhjduglqj wkhlu ruljlqv1 Iluvw/ Pduvkdoo0Duurz0Urphu +PDU, h{whuqdolwlhv dulvh
iurp lqwud lqgxvwu| nqrzohgjh vslooryhuv/ vhh iru h{dpsoh Jodhvhu hw do1 +4<<5,1
PDU h{whuqdolwlhv lpso| wkdw dq lqfuhdvh lq wkh frqfhqwudwlrq ri �upv ri wkh
vdph lqgxvwu| zlwklq d uhjlrq idflolwdwhv nqrzohgjh vslooryhuv/ zklfk lq wxuq lq0
fuhdvhv surgxfwlylw|1 Lq rwkhu zrugv/ vshfldol}dwlrq ri �upv zlwklq d uhjlrq zloo
kdyh srvlwlyh h�hfwv rq orfdo hfrqrplf dfwlylw|1 Dqrwkhu ihdwxuh ri PDU h{0
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whuqdolwlhv lv wkdw orfdo prqrsro| udwkhu wkdq frpshwlwlrq lv ehwwhu iru jurzwk1
Vhfrqg/ frqwudu| wr PDU h{whuqdolwlhv/ vr fdoohg Mdfrev +4<9<, h{whuqdolwlhv dulvh
iurp lqwhu lqgxvwu| nqrzohgjh vslooryhuv ru/ lq rwkhu zrugv/ glyhuvlw| dprqj �upv
lv ehqh�fldo1 Wklug/ Sruwhu +4<<3, h{whuqdolwlhv djuhh zlwk PDU wkhru| wkdw d
kljkhu frqfhqwudwlrq ri vlplodu �upv lq d uhjlrq idflolwdwhv nqrzohgjh vslooryhuv1
Lq frqwudvw wr PDU/ krzhyhu/ Sruwhu dujxhv wkdw d kljkhu ghjuhh ri orfdo frp0
shwlwlrq lqgxfhv �upv wr lqqrydwh lq rughu wr uhpdlq frpshwlwlyh1 Lq wkh ylhz
ri Sruwhu/ zklfk lv vxssruwhg dovr e| Mdfrev/ frpshwlwlrq lv jrrg iru hfrqrplf
jurzwk frqwudu| wr wkh suhglfwlrq ri PDU1

Lq Exq dqg Ho Pdnkorx� +4<<<, dq dwwhpsw kdv ehhq pdgh wr glvwlqjxlvk
zklfk w|sh ri h{whuqdolw|/ li dq|/ lv suhgrplqdqw iru hfrqrplf dfwlylw| lq vrph
pdmru xuedq duhdv lq Prurffr1 Dv wkh hpslulfdo olwhudwxuh rq g|qdplf h{whuqdo0
lwlhv kdv irfxvhg h{foxvlyho| rq lqgxvwuldol}hg frxqwulhv olnh wkh Xqlwhg Vwdwhv ru
Hxurshdq frxqwulhv/ wklv lv d �uvw dwwhpsw wr txdqwli| wkhvh wkhrulhv iru d ghyho0
rslqj frxqwu|1 Lw hvwdeolvkhv vljql�fdqw PDU h{whuqdolwlhv/ exw surylghv pl{hg
hylghqfh rq Mdfrev dqg Sruwhu h�hfwv1

Dq lpsruwdqw txhvwlrq qrw dgguhvvhg e| Exq dqg Ho Pdnkorx� lv wr zkdw
h{whqw wkh lq xhqfh ri g|qdplf h{whuqdolwlhv rq orfdo hfrqrplf dfwlylw| gl�huv
ehwzhhq pdqxidfwxulqj vhfwruv1 Jodhvhu hw do1 +4<<5, uhsruw hvwlpdwlrq uhvxowv rq
vhyhudo vxevdpsohv ri lqgxvwulhv wr fkhfn wkh urexvwqhvv ri wkhlu ryhudoo uhvxowv1
Khqghuvrq hw do1 +4<<8, dujxh wkdw iru odujh pdwxuh lqgxvwuldo vhfwruv PDU h{0
whuqdolwlhv vkrxog eh grplqdqw/ zkloh iru qhz lqgxvwulhv dovr Mdfrev h{whuqdolwlhv
pdwwhu1 Pruhryhu/ wkh ghjuhh ri shuvlvwhqfh lq hfrqrplf dfwlylw| vkrxog eh kljkhu
iru odujh wudglwlrqdo lqgxvwulhv dv frpsduhg zlwk vpdoohu qhzhu lqgxvwulhv1 Khuh/
zh zloo h{dplqh wkhvh ihdwxuhv e| dvvhvvlqj wkh ghjuhh ri sdudphwhu khwhurjhqh0
lw| ehwzhhq lqgxvwulhv/ l1h1 vhsdudwh uhjuhvvlrqv zloo eh hvwlpdwhg iru �yh pdlq
rqh0gljlw vhfwruv dydlodeoh lq wkh gdwd1 Dv wkhvh vxevdpsohv qdwxudoo| kdyh ihz
revhuydwlrqv lq erwk wkh wlph dqg furvv0vhfwlrq glphqvlrqv/ wkh vlpxodwlrqv lq
wkh suhylrxv vhfwlrq zloo eh lqirupdwlyh derxw wkh dqrpdorxv gl�huhqfhv ehwzhhq
hvwlpdwhv surgxfhg e| wkh ydulrxv whfkqltxhv1

8151 Gdwd

Wkh dydlodeoh gdwd frqwdlq dqqxdo wlph vhulhv rq vhyhudo fkdudfwhulvwlfv lqfoxglqj
jurvv ydoxh dgghg/ hpsor|phqw/ zdjhv dqg qxpehu ri hvwdeolvkphqwv1 Wkh shulrg
fryhuhg lv 4<;804<<8 dqg wkh gdwd duh froohfwhg iru hljkwhhq wzr0gljlw pdqxidf0
wxulqj vhfwruv dqg vl{ odujh xuedq duhdv lq Prurffr1 Wkh gdwd duh rewdlqhg iurp
wkh �Plqlvwëuh gh o*Lqgxvwulh/ gx Frpphufh hw gh o*Duwlvdqdw� ri Prurffr1

Lq rughu wr hvwdeolvk lq dq hfrqrphwulf dqdo|vlv wkh lpsruwdqfh ri g|qdplf
h{whuqdolwlhv iru orfdo hfrqrplf dfwlylw| wkh ydulrxv w|shv ri h{whuqdolwlhv kdyh
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wr eh txdqwl�hg1 Wkh gdwd lqfoxgh wkuhh lqglfdwruv/ zklfk dlp wr phdvxuh wkhvh
h{whuqdolwlhv1 Gdwd derxw vhfwruv r ' �c ���c 7 dqg uhjlrqv o ' �c ���c - duh dydlodeoh/
vr hdfk furvv0vhfwlrq xqlw � kdv d xqltxh frpelqdwlrq ri r dqg o1 Zh fdq lghqwli|
hdfk furvv0vhfwlrq xqlw � ' �c ���c 7- xqltxho| zlwk � ' Eo � ��7 n r� Ghqrwh zlwk
e6Rro| hpsor|phqw ri lqgxvwu| r lq uhjlrq o dw wlph shulrg |1 Ixuwkhupruh/ gh�qh
e6Rr|/ e6Ro| dqg e6R| dv hpsor|phqw dw wlph | lq vhfwru r/ uhjlrq o ru wkh zkroh
frxqwu| uhvshfwlyho|1

Xvlqj wkh qrwdwlrq lqwurgxfhg deryh wkh gh�qlwlrq ri frqfhqwudwlrq ru vshfldo0
l}dwlrq ehfrphv

rR�| '
e6Rro|*e6Ro|
e6Rr|*e6R|

� +814,

Wklv udwlr phdvxuhv wkh iudfwlrq ri hpsor|phqw lq vhfwru r orfdwhg lq uhjlrq o
uhodwlyh wr wkh iudfwlrq ri wrwdo hpsor|phqw lq vhfwru r ri wrwdo hpsor|phqw lq
wkh frxqwu|1 Wkhuhiruh/ kljk ohyhov iru rR�| lqglfdwh wkdw surgxfwlrq ri vhfwru r lv
uhodwlyho| frqfhqwudwhg lq uhjlrq o1

Wkh phdvxuh iru glyhuvlw| lv

_��| '

7[
&'�c& �'r

�
e6R&o|

e6Ro| � e6R&o|

�2
� +815,

Wkh udwlr lq wklv lqglfdwru lv hpsor|phqw lq vhfwru & lq uhjlrq o uhodwlyh wr wkh
wrwdo rwkhu pdqxidfwxulqj hpsor|phqw lq uhjlrq o� Li wklv udwlr lv orz iru wkh
pdmrulw| ri wkh vhfwruv wkhq wkhuh duh pdq| glyhuvl�hg dfwlylwlhv lq wkh uhjlrq1
Khqfh/ d orz ohyho ri _��| lpsolhv d kljk ghjuhh ri glyhuvlw|1

Wkh frpshwlwlrq lqglfdwru lv gh�qhg dv

SR�| '
?ero|*e6Rro|
?er|*e6Rr|

c +816,

zkhuh ?ero| duh wkh qxpehu ri hvwdeolvkphqwv ri lqgxvwu| r lq uhjlrq o1 Li wkh
qxpehu ri hvwdeolvkphqwv shu zrunhu iru lqgxvwu| r dqg uhjlrq o lv uhodwlyho| kljk
wr wkdw ri lqgxvwu| r lq wkh zkroh frxqwu|/ wkhq �upv ri vhfwru r lq wkdw sduwlfxodu
uhjlrq duh dvvxphg wr eh uhodwlyho| frpshwlwlyh1

Wkh vshfldol}dwlrq dqg frpshwlwlrq lqglfdwruv jlyhq deryh duh vlplodu wr wkrvh
xvhg lq Jodhvhu hw do1 +4<<5,1 Wkh glyhuvlw| lqglfdwru lv vlplodu wr wkh vr0fdoohg
Kluvfkpdq0Khu�qgdko lqgh{/ zklfk kdv ehhq xvhg dovr lq Khqghuvrq hw do1 +4<<8,
dqg rwkhu vwxglhv1 Rwkhu h{sodqdwru| yduldeohv phdvxulqj orfdo pdunhw frqglwlrqv
duh wrwdo uhjlrqdo pdqxidfwxulqj surgxfwlrq +|oR�/ zklfk uh hfwv pdunhw vl}h4/ dqg

4Wr fkhfn wkh urexvwqhvv ri rxu uhvxowv zh kdyh h{shulphqwhg zlwk rwkhu phdvxuhv/ h1j1 wrwdo
uhjlrqdo srsxodwlrq dqg wrwdo uhjlrqdo pdqxidfwxulqj hpsor|phqw1 Wkh hvwlpdwlrq uhvxowv ri
wkhvh vshfl�fdwlrqv duh vlplodu wr wkrvh suhvhqwhg khuh1
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uhdo xqlw zdjh frvwv +�S@R�1 Ilqdoo|/ iroorzlqj Gh Oxflr hw do1 +4<<;, uhdo ydoxh
dgghg E�@� zloo eh xvhg dv d sur{| iru hfrqrplf dfwlylw|1

8161 Hvwlpdwlrq uhvxowv

Ehfdxvh ri wkh wlph vhulhv dvshfw ri wkh gdwd/ d jhqhudo g|qdplf vshfl�fdwlrq kdv
ehhq hvwlpdwhg lqfoxglqj dv pdq| odjjhg h{sodqdwru| yduldeohv dv vhhp uhtxluhg/
lqfoxglqj wkh rqh0shulrg odjjhg ydoxh ri wkh ghshqghqw yduldeoh1 Wr dffrxqw
iru xqrevhuyhg khwhurjhqhlw|/ h1j1 orfdo uhvrxufhv ru wkh lqvwlwxwlrqdo/ fxowxudo
dqg srolwlfdo hqylurqphqw/ lqglylgxdo vshfl�f h�hfwv kdyh ehhq lqfoxghg1 Wkh
hvwlpdwhg vshfl�fdwlrq lv

*? �@�| ' � *? �@�c|3� n q�%�| n #� n 0�|c +817,

zlwk

%�| ' E*? |oR�|c *? |oR�c|3�c *?�S@R�|c *?�S@R�c|3�c rR�|c rR�c|3�c _��|c _��c|3�c SR�|c SR�c|3��
��

Frpsohwh gdwd duh dydlodeoh ryhu wkh |hduv 4<;804<<8 iru <8 furvv0vhfwlrq xqlwv1
Exq dqg Ho Pdnkorx� +4<<<, uhsruw hvwlpdwlrq uhvxowv ri +817, iru wkh ixoo vdpsoh1
Lq wkdw vwxg|/ d vljql�fdqw srvlwlyh h�hfw iru wkh vshfldol}dwlrq lqglfdwru kdv ehhq
irxqg/ zkloh wkh frh!flhqwv ri wkh glyhuvlw| dqg frpshwlwlrq lqglfdwruv duh qhjd0
wlyh1 Ehfdxvh erwk Mdfrev dqg Sruwhu h{whuqdolwlhv vkrxog lpso| srvlwlyh h�hfwv ri
frpshwlwlrq/ wkh uhvxowv duh lq idyrxu ri PDU h�hfwv1 Dq lqwhuhvwlqj txhvwlrq lv
zkhwkhu wkhvh uhvxowv krog iru doo vhfwruv dqdo|vhg1 Lq rwkhu zrugv/ gr wkh srrohg
hvwlpdwhv iru wkh ixoo vdpsoh eoxu vhfwru vshfl�f gl�huhqfhvB

Zh dgguhvv wklv lvvxh e| glylglqj wkh ixoo vdpsoh lqwr �yh vxevdpsohv fruuh0
vsrqglqj wr wkh �yh rqh0gljlw pdqxidfwxulqj vhfwruv dqg hvwlpdwlqj vshfl�fdwlrq
+817, vhfwru e| vhfwru1 Wkhvh vhfwruv duh irrg dqg djulfxowxudo surgxfwv/ wh{0
wloh dqg ohdwkhu/ fkhplfdo dqg doolhg surgxfwv/ phwdo dqg pdfklqhu|/ dqg hohf0
wulf dqg hohfwurqlf pdqxidfwxulqj1 Wkh �uvw wkuhh vhfwruv duh frqvlghudeo| odujhu
wkdq wkh odwwhu wzr vhfwruv1 Wkh furvv0vhfwlrq glphqvlrqv ri wkh vxevdpsohv duh
� ' i�Hc �Hc 2bc 2fc �fj 5/ zkloh A ' �� lq doo fdvhv1 Wzr revhuydwlrqv duh orvw lq
frqvwuxfwlqj wkh LY dqg JPP hvwlpdwruv dqg wkh qxpehu ri uhjuhvvruv lq +817,
lv g ' ��1

Uhvxowv qrw uhsruwhg khuh vxjjhvw wkdw wkh odj vwuxfwxuh ri vshfl�fdwlrq +817, lv
dghtxdwh1 Orqjhu odjv ri erwk wkh ghshqghqw dqg h{sodqdwru| yduldeohv zhuh dovr
wulhg/ exw lq jhqhudo wkhvh uhjuhvvruv gr qrw vhhp wr kdyh d vljql�fdqw frqwulex0
wlrq lq h{sodlqlqj *?E�@�� Uhjduglqj wkh hvwlpdwruv hpsor|hg/ dsduw iurp OVGY/

5Iru h{dpsoh/ uhjduglqj wkh rqh0gljlw vhfwru irrg dqg djulfxowxudo surgxfwv zh kdyh Q @ 4;
ehfdxvh gdwd duh dydlodeoh iru wkuhh wzr0gljlw vxevhfwruv dqg vl{ uhjlrqv1

56



DKO dqg JPP uhvxowv zh suhvhqw wzr gl�huhqw fruuhfwhg OVGY hvwlpdwruv/ l1h1
edvhg rq suholplqdu| JPP hvwlpdwhv +OVGYf, dqg DKO hvwlpdwhv +OVGYf�Mu�

uhvshfwlyho|1 Wkh fruuhfwhg OVGY hvwlpdwruv xvh wkh dssur{lpdwlrq �
E��
u7(T c l1h1

�EA3��c �E�3�A3�� dqg �E�3�A32� eldv whupv kdyh ehhq uhpryhg1 Iru OVGY/
LY dqg JPP wkh hvwlpdwlrq ri vwdqgdug huuruv lv edvhg rq frqyhqwlrqdo dv|ps0
wrwlf dssur{lpdwlrqv/ zkloh iru wkh OVGYf yduldqwv errwvwuds vwdqgdug huuruv zloo
eh uhsruwhg1

Wr vdyh vsdfh zh suhvhqw vrph vhohfwhg hvwlpdwlrq uhvxowv rqo|1 Wdeoh :
suhvhqwv wkh hvwlpdwlrq uhvxowv iru wkh vhfwru fkhplfdo dqg doolhg surgxfwv1 Vhyhudo
uhpdunv zlwk uhvshfw wr wkh sdwwhuq ri wkh hvwlpdwlrq uhvxowv fdq eh pdgh zklfk
dsso| wr wkh hvwlpdwhv ri wkh rwkhu vhfwruv wrr1 Iluvw/ uhjduglqj wkh dxwruhjuhvvlyh
sdudphwhu doo hvwlpdwruv surgxfh pruh ru ohvv sodxvleoh hvwlpdwhv lpso|lqj d vwd0
eoh dxwruhjuhvvlyh surfhvv iru wkh ghshqghqw yduldeoh1 Vhfrqg/ wkh JPP hvwlpdwhv
ri wkh dxwruhjuhvvlyh sdudphwhu duh forvh wr wkh OVGY hvwlpdwh/ zkloh wkh eldv
fruuhfwhg OVGY yduldqwv dqg hvshfldoo| wkh DKO hvwlpdwru surgxfh d uhodwlyho|
kljk hvwlpdwh ri wkh frh!flhqw ri wkh odjjhg ghshqghqw yduldeoh uhjuhvvru1 Wklug/
wkh hvwlpdwhg vwdqgdug huuruv ri OVGY dqg OVGYf duh lq jhqhudo frqvlghudeo|
vpdoohu wkdq wkrvh ri wkh DKO dqg JPP hvwlpdwruv1 Hvshfldoo| wkh DKO hvwl0
pdwhv duh riwhq srruo| ghwhuplqhg1 Irxuwk/ zkloh wkhuh duh fhuwdlqo| gl�huhqfhv
ehwzhhq hvwlpdwruv/ wkh sdwwhuq ri wkh uhpdlqlqj hvwlpdwhv lv riwhq vlplodu dfurvv
hvwlpdwruv1 Dq h{fhswlrq lv wkh lpphgldwh h�hfw ri wkh glyhuvlw| lqglfdwru/ zklfk
vkrzv gl�huhqfhv ehwzhhq +fruuhfwhg, OVGY dqg LY2JPP yduldqwv1

Uhjduglqj wkh hvwlpdwlrq uhvxowv iru wkh wkuhh lqglfdwruv ri h{whuqdolwlhv +rR/
_� dqg SR�/ wkh vljq dqg vljql�fdqfh ri wkh fruuhvsrqglqj frh!flhqwv duh vlplodu
iru doo hvwlpdwruv1 Wkh lpsdfw pxowlsolhu ru lpphgldwh h�hfw ri wkh vshfldol}dwlrq
lqglfdwru lv vljql�fdqw dqg srvlwlyh/ zkloh wkh frh!flhqw iru wkh rqh0shulrg odjjhg
yduldeoh lv riwhq vljql�fdqw dqg qhjdwlyh1 Uhjduglqj glyhuvlw| wkh lpphgldwh h�hfw
lv srvlwlyh dqg lwv odjjhg h�hfw vljql�fdqw dqg qhjdwlyh1 Frqvlghulqj wkh frpsh0
wlwlrq lqglfdwru wkh lpphgldwh h�hfw lv vljql�fdqw dqg qhjdwlyh/ zkloh wkh odjjhg
h�hfw lv srvlwlyh lq jhqhudo1

Wdeoh ; uhsruwv hvwlpdwlrq uhvxowv iru vshfl�fdwlrq +817, iru hdfk rqh0gljlw
vhfwru1 Rqo| wkh OVGYf hvwlpdwhv duh vkrzq/ exw wkh sdwwhuq iru wkh rwkhu hv0
wlpdwruv lv vlplodu wr wkdw irxqg lq Wdeoh :/ uhdvvhuwlqj wkh gl�huhqfhv ehwzhhq
hvwlpdwlrq whfkqltxhv1 Qrwh wkdw zh kdyh uhpryhg dq| lqvljql�fdqw g|qdplfv1
Dfurvv vhfwruv wkh hvwlpdwh ri wkh dxwruhjuhvvlyh sdudphwhu olhv durxqg 318 lp0
so|lqj prghudwh shuvlvwhqfh iru wkh surfhvv ri wkh ghshqghqw yduldeoh1 Uhjduglqj
wkh lqglfdwruv/ vshfldol}dwlrq dqg frpshwlwlrq duh lq xhqflqj hfrqrplf dfwlylw|
lq doo vhfwruv doehlw zlwk gl�huhqw g|qdplfv1 Frqvlghulqj wkh lpphgldwh h�hfwv
zh �qg vljql�fdqw srvlwlyh vshfldol}dwlrq h�hfwv dqg vljql�fdqw qhjdwlyh frpsh0
wlwlrq h�hfwv/ zkloh wkh odjjhg h�hfwv duh ylfh yhuvd1 Wkh uhvxowv iru wkh glyhuvlw|
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lqglfdwru duh ohvv surqrxqfhg/ l1h1 zh �qg vljql�fdqw h�hfwv iru rqh vhfwru rqo|1
Lq jhqhudo wkh hvwlpdwlrq uhvxowv lq Wdeohv : dqg ; vxjjhvw wkdw g|qdplf h{0

whuqdolwlhv gr pdwwhu iru orfdo hfrqrplf dfwlylw| lq Prurffr1 Wdeoh < suhvhqwv
wkh orqj0whup h�hfwv lpsolhg e| wkh hvwlpdwhv ri Wdeoh ;1 Wkh orqj0whup h�hfwv
ri uhjlrqdo surgxfwlrq dqg xqlw zdjh frvwv duh hodvwlflwlhv/ zkloh wkrvh iru wkh
h{whuqdolw| lqglfdwruv duh vhpl0hodvwlflwlhv1 Zh �qg vljql�fdqw srvlwlyh orqj0whup
h�hfwv iru wkh vshfldol}dwlrq lqglfdwru lq irxu rxw ri �yh vhfwruv1 Uhjduglqj gl0
yhuvlw| zh �qg d vljql�fdqw qhjdwlyh orqj0whup h�hfw lq rqh vhfwru rqo|1 Iru wkh
frpshwlwlrq lqglfdwru qhjdwlyh orqj0whup h�hfwv duh suhvhqw lq doo vhfwruv1

Vxppdul}lqj wkh hpslulfdo hylghqfh/ lq prvw vhfwruv zh gr �qg srvlwlyh vsh0
fldol}dwlrq h�hfwv dqg qhjdwlyh glyhuvlw| dqg frpshwlwlrq h�hfwv1 Qrwh wkdw wkh
frqvwuxfwlrq ri wkh glyhuvlw| lqglfdwru lv vxfk wkdw d qhjdwlyh frh!flhqw lpsolhv d
srvlwlyh h�hfw rq hfrqrplf dfwlylw|1 Khqfh/ zh frqfoxgh wkdw erwk vshfldol}dwlrq
dqg glyhuvlw| duh ehqh�fldo iru orfdo hfrqrplf ghyhorsphqw/ zkloh frpshwlwlrq lv
kdupixo1 Dv erwk Mdfrev dqg Sruwhu h{whuqdolwlhv djuhh wkdw frpshwlwlrq vkrxog
vwlpxodwh hfrqrplf dfwlylw|/ wkh hylghqfh khuh lv lq idyrxu ri PDU h{whuqdolwlhv
frq�uplqj wkh uhvxowv ri Exq dqg Ho Pdnkorx� +4<<<,1 Krzhyhu/ lq wkh suhvhqw
vwxg| zh gr �qg vljql�fdqw gl�huhqfhv dfurvv vhfwruv/ vr dfwxdoo| srrolqj lv qrw
ylqglfdwhg1

8171 Dffxudf| ri wkh hvwlpdwhv

Wkh vdpsohv dqdo|vhg kdyh wkh glphqvlrqv A ' �� dqg � ' i�Hc �Hc 2bc 2fc �fj�
Khqfh/ wkh vlpxodwlrq uhvxowv ri wkh suhylrxv vhfwlrq fdq vkhg vrph oljkw rq wkh
gl�huhqfhv lq hvwlpdwlrq uhvxowv1 Zh zloo frqvlghu rqo| wkh dffxudf| ri frh!flhqw
hvwlpdwruv1 Frqvlghulqj wkh fdvh � ' �fc A ' �f wkh vlpxodwlrqv vkrz wkdw wkh
eldv lq wkh frh!flhqw hvwlpdwruv lv vpdoo iru wkh DKO hvwlpdwru/ prghudwh iru eldv
fruuhfwhg OVGY yhuvlrqv dqg vxevwdqwldo qhjdwlyh eldv lv irxqg iru ruglqdu| OVGY
dqg JPP hvwlpdwruv1 Lqfuhdvlqj wkh qxpehu ri furvv0vhfwlrq revhuydwlrqv wr � '
2f ohdgv wr dq lpsuryhphqw lq wkh dffxudf| ri doo hvwlpdwruv/ exw vwloo ruglqdu|
OVGY dqg JPP hvwlpdwruv kdyh d vxevwdqwldo qhjdwlyh eldv lq hvwlpdwlqj wkh
dxwruhjuhvvlyh sdudphwhu1 Qrwh wkdw wkh DKO hvwlpdwru lv doprvw xqeldvhg/ exw
lwv yduldqfh lv dw ohdvw wzlfh wkh yduldqfh ri wkh OVGY hvwlpdwru1

Zlwk wkhvh vlpxodwlrq uhvxowv lq plqg dqg dqdo|}lqj wkh hvwlpdwlrq uhvxowv lq
Wdeoh : d uhpdundeoh uhvhpeodqfh lv irxqg ehwzhhq wkh ydulrxv hvwlpdwhv ri wkh
dxwruhjuhvvlyh sdudphwhu dqg wkh slfwxuh vkrzhg e| wkh vlpxodwlrqv1 Wkhuhiruh/
wkh ruglqdu| OVGY dqg JPP uhvxowv rq � duh prvw olnho| eldvhg grzqzdug1
Rq wkh rwkhu kdqg/ eldv fruuhfwhg OVGY yduldqwv vhhp wr eh pxfk ohvv eldvhg
grzqzdug1 Ehfdxvh ri lwv odujh glvshuvlrq/ wkh DKO hvwlpdwru vrphwlphv idlov
frpsohwho| lq surgxflqj vhqvleoh dqg dffxudwh hvwlpdwhv1 Wklv xqvwdeoh ehkdylru
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hphujhv wrr lq wkh vlpxodwlrqv/ zkhuh lq d frqvlghudeoh qxpehu ri fdvhv wkh DKO
hvwlpdwh ri wkh dxwruhjuhvvlyh sdudphwhu h{fhhghg xqlw|1 Khqfh/ lw vhhpv zlvh
wr xvh JPP udwkhu wkdq DKO hvwlpdwhv lq wkh frqvwuxfwlrq ri eldv fruuhfwhg
OVGY hvwlpdwruv/ dowkrxjk wkh vlpxodwlrqv glg qrw vkrz vhulrxv gl�huhqfhv lq
shuirupdqfh1

91 Frqfoxglqj uhpdunv

Lq wklv vwxg| wkh �qlwh vdpsoh surshuwlhv ri ydulrxv LY dqg JPP frh!flhqw
hvwlpdwruv iru g|qdplf sdqho gdwd prghov kdyh ehhq frpsduhg wkurxjk Prqwh
Fduor h{shulphqwv zlwk wkh lqfrqvlvwhqw OVGY hvwlpdwru dqg fruuhfwhg frqvlvwhqw
yhuvlrqv ri OVGY1 Nlylhw +4<<8, frpsduhg lq d vlplodu Prqwh Fduor vwxg| wkh
eldv dqg h!flhqf| ri wkhvh hvwlpdwruv lq sdqho gdwd vhwv zlwk A vpdoo dqg �
prghudwho| odujh dqg frqfoxghg wkdw wkhuh lv qrw d vxshulru whfkqltxh ryhu d
eurdg udqjh ri sdudphwhu ydoxhv iru wklv prgho1 Krzhyhu/ lq wkh suhvhqw vwxg| zh
�qg wkdw zkhq erwk A dqg � duh udwkhu vpdoo wkh eldv fruuhfwhg OVGY hvwlpdwru
kdv doprvw xqlirupo| orzhu phdq vtxduhg huuru lq frpsdulvrq wr LY dqg JPP
phwkrgv1 Wklv uhvxow lv lq olqh zlwk uhvxowv ri Mxgvrq dqg Rzhq +4<<<, zkr xvhg
d voljkwo| gl�huhqw ghvljq uhjduglqj wkh sdudphwhu ydoxhv dqg vdpsoh glphqvlrqv1
Dovr uhvxowv ri Kduulv dqg Päw|äv +4<<9,/ zkr xvhg d wrwdoo| gl�huhqw ghvljq/
frlqflgh zlwk wkh �qglqjv lq wklv vwxg|1

Dgglqj dq h{wud whup wr wkh dssur{lpdwlrq irupxod iru wkh eldv ri wkh OVGY
hvwlpdwru/ dv ghulyhg lq Nlylhw +4<<<,/ grhv qrw lpsuryh wkh �qlwh vdpsoh shuiru0
pdqfh ri wklv hvwlpdwru qrwdeo|1 Lq idfw/ wkh suhvhqw vlpxodwlrq uhvxowv lqglfdwh
wkdw lqfoxglqj �EA3�� dqg �EA32� whupv dqg rplwwlqj wkh �E�3�A3�� frqwulex0
wlrqv dffrxqwv iru prvw ri wkh eldv lq wkh OVGY hvwlpdwru1 Dovr wkh vhqvlwlylw| ri
wkh fruuhfwhg OVGY hvwlpdwru wr wkh fkrlfh ri wkh suholplqdu| frqvlvwhqw hvwlpd0
wru +DKO ru JPP, lv irxqg wr eh orz/ dowkrxjk wkh �qlwh vdpsoh shuirupdqfh ri
DKO lv udwkhu gl�huhqw dv frpsduhg zlwk JPP1

Dv idu dv wkh yduldqfh hvwlpdwruv duh frqfhuqhg/ zh �qg wkdw iru wkh fruuhfwhg
OVGY hvwlpdwru yduldqfh hvwlpdwlrq lv kljko| qrqvwdqgdug zkhq A lv �qlwh1 Iru
d sduwlfxodu lpsohphqwdwlrq ri fruuhfwhg OVGY/ l1h1 zkhq wkh hvwlpdwh ri wkh
eldv dssur{lpdwlrq lv edvhg rq wkh DKO hvwlpdwru/ dq dqdo|wlfdo h{suhvvlrq ri lwv
dv|pswrwlf yduldqfh kdv ehhq irxqg1 Lq dgglwlrq/ errwvwuds frqvlvwhqw yduldqfh
hvwlpdwruv ri OVGYf dqg OVGYf�Mu kdyh ehhq h{dplqhg1 Wkh vlpxodwlrq uhvxowv
vkrz wkdw wkh dqdo|wlfdo yduldqfh h{suhvvlrq shuirupv srruo| iru kljk ydoxhv ri
wkh dxwruhjuhvvlyh sdudphwhu/ zklfk fdq eh h{sodlqhg e| wkh xqvwdeoh ehkdylru ri
wkh DKO hvwlpdwru iru wkhvh sdudphwhu ydoxhv1 Rq wkh rwkhu kdqg/ wkh errwvwuds
yduldqfh hvwlpdwru lv uhodwlyho| dffxudwh lq pdq| fdvhv1 Dovr lw lv irxqg wkdw eldvhv
lq OVGY dqg JPP yduldqfh hvwlpdwruv fdq eh frqvlghudeoh/ hvshfldoo| zkhq A lv
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vpdoo dv lv wkh fdvh lq wkh w|slfdo sdqho gdwd vhw1 Wkh dqrpdolhv ri wkhvh phwkrgv
lq vpdoo vdpsohv duh hyhq pruh hylghqw zkhq wkh hpslulfdo qxoo glvwulexwlrqv ri
ruglqdu| | vwdwlvwlfv duh frqvlghuhg1 Wkh wuxh uhmhfwlrq suredelolwlhv ri dv|pswrwlf
| whvwv fdq gl�hu vxevwdqwldoo| iurp wkh qrplqdo vl}h/ zklfk ohdgv lq pdq| fdvhv
wr lqfruuhfwo| uhmhfwlqj wkh qxoo k|srwkhvlv hlwkhu wrr riwhq ru idu wrr olwwoh1

Wkh dydlodeoh vlpxodwlrq hylghqfh ehfrphv khosixo zkhq dqdo|}lqj wkh uhod0
wlrqvkls ehwzhhq g|qdplf h{whuqdolwlhv dqg orfdo hfrqrplf dfwlylw| lq Prurffr1
Zh �qg vrph gl�huhqfhv lq hvwlpdwlrq uhvxowv zkhq dqdo|}lqj �yh rqh0gljlw lq0
gxvwuldo vhfwruv lq lvrodwlrq1 Lq jhqhudo/ wkh vhfwru vshfl�f uhvxowv vkrz wkdw erwk
vshfldol}dwlrq dqg glyhuvlw| duh ehqh�fldo iru orfdo hfrqrplf ghyhorsphqw/ zkloh
frpshwlwlrq lv kdupixo1 Dv erwk Mdfrev dqg Sruwhu h{whuqdolwlhv djuhh wkdw frp0
shwlwlrq vkrxog vwlpxodwh hfrqrplf dfwlylw|/ wkh hylghqfh khuh lv lq idyrxu ri PDU
h{whuqdolwlhv frq�uplqj wkh uhvxowv ri Exq dqg Ho Pdnkorx� +4<<<, exw uhyhdolqj
vljql�fdqw khwhurjhqhlw| dw wkh vdph wlph1 Dv wkh dydlodeoh vdpsohv kdyh erwk A
dqg � uhodwlyho| vpdoo/ wkh vlpxodwlrq uhvxowv fdq foduli| wkh gl�huhqfhv ehwzhhq
hvwlpdwruv1 Wkh sdwwhuq ri wkh frh!flhqw hvwlpdwhv lv uhpdundeo| lq olqh zlwk wkh
fruuhvsrqglqj vlpxodwlrq uhvxowv1 Wkh dqrpdolhv ri vrph hvwlpdwlrq whfkqltxhv
duh fohduo| ylvleoh dqg wkh vxshulru shuirupdqfh ri wkh fruuhfwhg OVGY frh!flhqw
hvwlpdwru lq �qlwh vdpsohv zlwk erwk A dqg � vpdoo lv dssduhqw khuh1
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D1 Wkh olplwlqj glvwulexwlrq ri OVGYf

Iluvw zh ghulyh wkh olplwlqj glvwulexwlrq ri
s
�E	B
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� � BW�/ wkh vhfrqg whup ri
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W
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iru lqglylgxdov � ' �c ���c � dqg wlph shulrgv | ' �c ���c A 1 D odwhqw yduldeoh ��|c iuhh
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zlwk �| � LLQ Efc j2��� Lw lv hdv| wr jhqhudwh d vhulhv ��c ���c �A � Frqvlghu qrz wkh
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Wdeoh 4=
Eldv/ vwdqgdug ghyldwlrq dqg urrw phdq0vtxduhg huuru ri
hvwlpdwruv iru � dqg � lq fdvh ri vwdwlrqdu| | dqg {

& Eldv � Eldv � Vwg � Vwg � Upvh � Upvh �

Q @ 43> W @ 53

OVGY 3 0313:7 31346 3138: 313;7 313<8 313;9
OVGY f 3 031349 031347 31393 313;4 31396 313;5

OVGY fDKO 3 03133< 031345 31394 313;6 31395 313;7
DKO 6: 031339 03133< 31466 31484 31466 31485
JPPd 7 0313:< 31355 31449 31476 31474 31478
JPPe 3 031449 313:6 313:; 31455 31473 31478
JPPf 3 03143< 31387 3139< 3143; 31463 31456

Q @ 43> W @ 43

OVGY 3 03147< 31359 313;; 3147< 314:8 31486
OVGY f 3 031376 031344 313<9 31477 3143; 31477

OVGY fDKO 3 031357 031343 313<< 3147: 31437 3147:
DKO :: 31335 031349 31575 31548 31575 31548
JPPd 4< 0313<; 31343 314;: 31534 31546 31535
JPPe 4 031499 3136; 31465 314;7 31547 314<3
JPPf 3 031498 3136< 31454 314:: 31539 314;6

Q @ 53> W @ 43

OVGY 3 031477 31364 31395 313<< 3148; 31439
OVGY f 3 03136: 03133< 3139< 313<9 313;3 313<9

OVGY fDKO 3 031353 031343 313:3 313<; 313:7 313<<
DKO 7< 031339 031337 31484 3148; 31485 3148;
JPPd 48 03138< 3133; 31468 31486 3147; 31486
JPPe 3 031444 31359 31434 31473 31484 31477
JPPf 3 031448 31356 313<8 31467 31483 3146:

- Iljxuhv duh dyhudjhv ryhu wkuhh h{shulphqwv/ l1h1 � @ i3=;> 3=8> 3=5j
- & lv qxpehu ri fdvhv zkhuh wkh hvwlpdwh ri � lv htxdo ru odujhu wkdq 4 lq devroxwh ydoxh
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Wdeoh 5=
Eldv/ vwdqgdug ghyldwlrq dqg urrw phdq0vtxduhg huuru ri
hvwlpdwruv iru �> dqg � lq fdvh ri qrq0vwdwlrqdu| | dqg {

& Eldv � Eldv � Vwg � Vwg � Upvh � Upvh �

Q @ 43> W @ 53

OVGY 3 0313;5 31378 31394 31497 31436 314:4
OVGY f 3 031345 31336 31398 31486 31399 31487

OVGY fDKO 3 031337 31333 31398 3148< 31399 3148<
DKO 69 031336 31334 31485 31656 31485 31656
JPPd 6 0313<8 3133: 31464 31646 31495 31646
JPPe 3 031483 3134< 313<8 315;3 314:; 315;5
JPPf 3 031464 3136: 313:< 31563 31486 31568

Q @ 43> W @ 43

OVGY 3 031487 313<3 313;< 31533 314;3 31553
OVGY f 3 031374 31354 313<< 314<4 3143< 314<6

OVGY fDKO 3 031358 31359 31438 31538 31443 3153:
DKO 476 3133< 3133; 31;6; 31788 31;6< 31788
JPPd 4: 0314:3 031345 31578 315<: 315<; 315<:
JPPe 3 031546 31355 3147< 3159; 31593 315:3
JPPf 3 0314<4 31378 31465 31589 31566 31594

Q @ 53> W @ 43

OVGY 3 031478 313<4 31395 31475 3148< 3149<
OVGY f 3 031366 31357 3139; 31468 313:; 3146:

OVGY fDKO 3 031347 31353 313:5 31473 313:8 31475
DKO ;5 31337 31334 315<< 31563 315<< 31563
JPPd 47 03144; 031339 314<8 3154; 3155; 3154;
JPPe 3 031499 31345 31463 31537 31544 31538
JPPf 3 031486 3135; 31449 314<9 314<6 314<<

- Iljxuhv duh dyhudjhv ryhu wkuhh h{shulphqwv/ l1h1 � @ i3=;> 3=8> 3=5j
- & lv qxpehu ri fdvhv zkhuh wkh hvwlpdwh ri � lv htxdo ru odujhu wkdq 4 lq devroxwh ydoxh
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Wdeoh 6=
OVGY eldv iru vwdwlrqdu| | dqg {

Eldv � Eldv � Eldv � Eldv � Eldv � Eldv �

Q @ 43> W @ 53 Q @ 43> W @ 43 Q @ 53> W @ 43

� @ 3=;> � @ 3=;

wrwdo 031448 31334 031565 31338 031557 31348

E
+3,
OVGY 031467 3135; 0316;; 31365 0316;: 3137:

E
+4,
OVGY 031434 31354 031548 3134; 031547 31359

E
+5,
OVGY 03143; 31357 03154; 31353 031549 3135:

E
+6,
OVGY 031446 31358 031565 31354 031557 3135;

� @ 3=8/ � @ 3=;

wrwdo 031395 31356 031459 3136< 031456 31376

E
+3,
OVGY 031388 31364 031469 31387 03146; 31396

E
+4,
OVGY 031383 3135; 03143< 31376 031444 31383

E
+5,
OVGY 031388 31365 031448 3137; 031447 31385

E
+6,
OVGY 031389 31365 031453 31383 031449 31386

� @ 3=5/ � @ 3=;

wrwdo 031379 31347 0313;; 31368 0313;8 31367

E
+3,
OVGY 03136: 31359 0313;7 3137< 0313;8 31385

E
+4,
OVGY 031368 31358 0313:6 31376 0313:7 31379

E
+5,
OVGY 03136< 3135: 0313:< 3137: 0313:: 3137;

E
+6,
OVGY 03136< 3135; 0313;3 3137; 0313:; 3137;

- E
+m,
OVGY > m@3/111/6/ lv jlyhq lq +514:, dqg +514;,
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Wdeoh 7=
OVGY eldv iru qrq0vwdwlrqdu| | dqg {

Eldv � Eldv � Eldv � Eldv � Eldv � Eldv �

Q @ 43> W @ 53 Q @ 43> W @ 43 Q @ 53> W @ 43

� @ 3=;> � @ 4=3

wrwdo 031447 31377 03155< 31437 031547 3143<

E
+3,
OVGY 03146: 31399 0316;9 314;8 0316;7 3149;

E
+4,
OVGY 031436 31383 031547 31435 031546 313<6

E
+5,
OVGY 031444 31387 03154< 31438 031548 313<8

E
+6,
OVGY 031449 31389 031566 31444 031556 313<:

� @ 3=8/ � @ 4=3

wrwdo 0313:8 3137; 031468 313<3 03145: 313<3

E
+3,
OVGY 0313:8 31386 031487 3143< 03148< 31438

E
+4,
OVGY 03139; 3137: 031456 313;: 03145: 313;7

E
+5,
OVGY 0313:8 31385 031464 313<6 031464 313;:

E
+6,
OVGY 0313:: 31386 031468 313<9 031467 313;<

� @ 3=5/ � @ 4=3

wrwdo 031389 31375 0313<; 313:7 0313<8 313:8

E
+3,
OVGY 031388 31377 031435 313;6 031438 313;3

E
+4,
OVGY 031384 31374 0313;< 313:5 0313<5 313:3

E
+5,
OVGY 031389 31378 0313<8 313:; 0313<8 313:6

E
+6,
OVGY 03138: 31379 0313<: 313;3 0313<: 313:7

- E
+m,
OVGY > m@3/111/6/ lv jlyhq lq +514:, dqg +514;,
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Wdeoh 8=
Eldv ri frh!flhqw hvwlpdwruv dqg hvwlpdwruv ri vwdqgdug huuruv +� @ 3=8 dqg � @ 3=;,

Eldv ri = � � �% Vwg � Vwg �

Q @ 43> W @ 53

OVGY 031395 31356 0518 0;13 0617
OVGY f 031345 031339 0516 04414 0613

OVGY fDKO 031339 03133; 0515 04513 0519
DKO 03133; 03133: 319 31: 319
JPPd 0313:4 31358 0413 418 415
JPPe 031439 313:; 0513 0618 51:
JPPf 0313<; 31395 0516 0913 041:

Q @ 43> W @ 43

OVGY 031459 3136< 081< 0<14 04313
OVGY f 03135; 031338 0814 048172QD20819 0;182QD20:15

OVGY fDKO 031339 031339 0719 04<1827172081; 0;16209132091;
DKO 031334 031346 31: 0413 51<
JPPd 0313;7 31349 061; 0619 41;
JPPe 031478 31384 081: 04613 0416
JPPf 031477 31385 081< 04716 0619

Q @ 53> W @ 43

OVGY 031456 31376 0914 0;16 0<19
OVGY f 031358 031336 0816 0481:2QD20813 0;1:2QD2081;

OVGY fDKO 031343 03133: 0814 04;1:261820613 0;162081420817
DKO 03133< 031337 0418 0317 0416
JPPd 031387 31344 071; 0514 0614
JPPe 0313<: 31369 0913 0:1< 0615
JPPf 031433 31367 0915 0:1; 0714

- Wkh eldv lq hvwlpdwruv ri dv|pswrwlf vwdqgdug huuruv lv lq shufhqwdjh ri wkh wuxh ydoxh

- Pxowlsoh �@ � @� �jxuhv duh edvhg rq +6154,/ +6164, dqg +6165, uhvshfwlyho|
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Wdeoh 9=
Hvwlpdwhg wuxh vl}h ri qrplqdo 8( rqh0 dqg wzr0vlghg w whvwv +� @ 3=8 dqg � @ 3=;,

K4 = � A �3 � ? �3 � 9@ �3 � A �3 � ? �3 � 9@ �3

Q @ 43> W @ 53

OVGY 4 64 56 44 6 ;
OVGY f 7 43 ; 7 : :

OVGY fDKO 9 < ; 7 : 9
DKO 6 9 8 7 8 8
JPPd 4 49 < ; 5 9
JPPe 3 75 63 56 3 48
JPPf 3 78 67 54 4 47

Q @ 43> W @ 43

OVGY 3 7: 68 46 6 43
OVGY f 72QD26 462QD244 432QD2: :2QD2: ;2QD2; ;2QD2;

OVGY fDKO ;2428 <2:2: 44272: :292: ;2:2; :2:2;
DKO 5 9 7 7 7 7
JPPd 4 46 < : 6 7
JPPe 3 68 58 44 5 ;
JPPf 3 74 63 45 6 <

Q @ 53> W @ 43

OVGY 3 9< 8< 4< 5 46
OVGY f 72QD26 472QD244 462QD2; 92QD29 ;2QD2: :2QD2:

OVGY fDKO :2526 452;2; 452729 92929 ;2;2: :292;
DKO 5 : 7 8 9 8
JPPd 4 48 ; 9 7 9
JPPe 4 63 54 45 5 :
JPPf 3 67 56 44 6 :

- Pxowlsoh �@ � @� �jxuhv duh edvhg rq +6154,/ +6164, dqg +6165, uhvshfwlyho|
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Wdeoh :=
Hvwlpdwlrq uhvxowv ri vshfl�fdwlrq +817, iru fkhplfdo dqg doolhg surgxfwv +W@44/ Q@5<,

OVGY OVGY f OVGY fDKO DKO JPPd JPPe JPPf

oq ydul>w�4 315< 3177 3185 31:5 3177 315< 3167
+3138, +3139, +313;, +316:, +314:, +3143, +313<,

oq wuslw 3186 3175 3164 3174 3159 3167 316:
+314<, +3149, +314<, +3163, +3157, +3156, +3156,

oq wusl>w�4 03138 03138 03139 0314; 3135 3143 3134
+314;, +3149, +314:, +3166, +3157, +3156, +3155,

oqzfdslw 31:8 3197 318; 31:: 31:7 31:6 31:;
+313:, +3139, +3139, +3144, +313<, +313<, +313<,

oqzfdsl>w�4 03148 03149 0314; 03175 03154 0314; 0314;
+313;, +313:, +313:, +315:, +3147, +3144, +3143,

vslw 3193 3185 317< 3179 317; 3188 3187
+313<, +313;, +313;, +3145, +3144, +3144, +3144,

vsl>w�4 03145 03144 03143 03177 0315< 03154 0315:
+313<, +313:, +313;, +3156, +3147, +3145, +3144,

gylw 3139 3136 3133 3179 3173 3176 3168
+3146, +3145, +3146, +3155, +314<, +314<, +314;,

gyl>w�4 03157 03156 03158 03173 03168 03166 03167
+3148, +3145, +3146, +3155, +314<, +314;, +314;,

fslw 03148 03146 03144 0314: 03149 03149 03149
+3135, +3135, +3135, +3136, +3136, +3136, +3136,

fsl>w�4 3139 3139 313: 313; 3137 3136 3137
+3135, +3135, +3135, +3139, +3137, +3136, +3136,

- Iljxuhv lq sduhqwkhvhv duh vwdqgdug huuruv
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Wdeoh ;=
OVGYf hvwlpdwlrq uhvxowv ri vshfl�fdwlrq +817, iru wkh �yh rqh0gljlw vhfwruv

irrg dqg djul0 wh{wloh dqg fkhplfdo dqg phwdo dqg hohfwulf dqg hohfwurqlf
fxowxudo surgxfwv ohdwkhu doolhg surgxfwv pdfklqhu| pdqxidfwxulqj

oq ydul>w�4 317; 3189 3174 3193 3183
+3139, +3137, +3138, +3139, +3143,

oq wuslw 31:: 3167 3173
+314:, +3143, +313;,

oq wusl>w�4 03174
+3149,

oqzfdslw 3158 319< 3197 319: 31<4
+3139, +3137, +3139, +313:, +3146,

oqzfdsl>w�4 03165 03148 03168 03176
+3139, +313:, +313;, +314:,

vslw 316< 3183 31:5 3169
+313<, +313:, +3143, +313:,

vsl>w�4 03146 03165 03149
+3138, +3143, +313;,

gylw

gyl>w�4 03156
+313;,

fslw 0313< 0317; 03146 03145 03146
+3136, +3138, +3135, +3136, +3136,

fsl>w�4 316; 3139 313:
+3139, +3135, +3135,

- Iljxuhv lq sduhqwkhvhv duh errwvwuds vwdqgdug huuruv +E@433,
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Wdeoh <=
OVGYf orqj0uxq +vhpl0, hodvwlflwlhv ri vshfl�fdwlrq +817, iru wkh �yh rqh0gljlw vhfwruv

irrg dqg djul0 wh{wloh dqg fkhplfdo dqg phwdo dqg hohfwulf dqg hohfwurqlf
fxowxudo surgxfwv ohdwkhu doolhg surgxfwv pdfklqhu| pdqxidfwxulqj

wus 31:3 31;3 319:
+3154, +3155, +3147,

zfds 3179 31;7 31;6 31;5 31<:
+3147, +3145, +3146, +314;, +3167,

vs 03157 31;; 31;6 4134 3174
+3147, +3157, +3148, +315<, +3148,

gy 03185
+3159,

fs 0314; 03156 03145 03146 03159
+313:, +314:, +3136, +313:, +313;,

- Iljxuhv lq sduhqwkhvhv duh vwdqgdug huuruv
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