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Devwudfw

Wklv wkhvlv lv derxw Wxuer frghv � frghv frqvwuxfwhg yld sdudooho frqfdwhqdwlrq
ri wzr uhfxuvlyh frqyroxwlrqdo hqfrghuv olqnhg e| dq lqwhuohdyhu1 Wkh irfxv ri wkh
zrun lv rq wkh xqghuvwdqglqj dqg ghvljq ri Wxuer frghv1 Wklv lqfoxghv wkrurxjk
lqyhvwljdwlrq ri fhqwudo frpsrqhqwv wkdw lq xhqfh Wxuer frgh shuirupdqfhv/
vxfk dv wkh frqvwlwxhqw hqfrghuv dqg wkh lqwhuohdyhu/ dv zhoo dv wkh surfhgxuh
ri lwhudwlyh ghfrglqj1 Wkh lqyhvwljdwlrqv duh fduulhg rxw iru wudqvplvvlrq rq
dgglwlyh zklwh Jdxvvldq qrlvh fkdqqhov1

Wzr dvshfwv wkdw lq xhqfh wkh shuirupdqfh ri Wxuer frghv duh frqvlghuhg=
+4, frgh surshuwlhv/ lq whupv ri Kdpplqj glvwdqfh vshfwud/ dqg +5, ghfrglqj
surshuwlhv/ lq whupv ri wkh shuirupdqfh ri lwhudwlyh ghfrglqj1 Lw lv dvvhuwhg
wkdw erwk wkhvh dvshfwv duh lq xhqfhg e| erwk wkh fkrlfh ri lqwhuohdyhu dqg wkh
fkrlfh ri frqvwlwxhqw hqfrghuv1 Dq lqwhuohdyhu ghvljq dojrulwkp edvhg rq wkhvh
revhuydwlrqv lv suhvhqwhg1 Ixuwkhupruh/ jxlgholqhv iru wkh fkrlfh ri frqvwlwxhqw
hqfrghuv duh rxwolqhg1 Dv uhjdugv wkh lqwhuohdyhu/ lw fdq eh ghvljqhg wr uhvxow lq
erwk jrrg frgh0 dqg ghfrglqj surshuwlhv1 Lq frqwudvw/ wkh fkrlfh ri frqvwlwxhqw
hqfrghuv lqyroyhv d wudgh r� ehwzhhq wkh wzr1

D phdvxuh wkdw frpsulvhv wkh lqwhuohdyhu surshuwlhv lq xhqflqj wkh shu0
irupdqfh ri lwhudwlyh ghfrglqj lv suhvhqwhg1 Wklv phdvxuh lv fdoohg lwhudwlyh
ghfrglqj vxlwdelolw| +LGV,/ dqg lw lv ghulyhg xvlqj d prgho wkdw dssur{lpdwhv
fruuhodwlrq surshuwlhv ri ghfrghu lqsxwv dqg rxwsxwv1

Wkh dvshfw ri wuhoolv whuplqdwlrq ri Wxuer frghv lv dovr lqyhvwljdwhg1 Lw lv
ghprqvwudwhg wkdw zlwk surshu lqwhuohdyhu ghvljq/ yhu| frpshwlwlyh huuru udwh
shuirupdqfhv duh rewdlqhg dovr zlwkrxw wuhoolv whuplqdwlrq1 Lq dgglwlrq/ lw lv
ghprqvwudwhg wkdw wkh *huuru0 rru* Wxuer frghv duh fodlphg wr vx�hu iurp dw
phglxp0 wr kljk vljqdo0wr0qrlvh udwlrv fdq eh vljql�fdqwo| orzhuhg e| surshu
frpelqdwlrq ri frqvwlwxhqw hqfrghuv dqg lqwhuohdyhu ghvljq1
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Suhidfh

Lq 4<<8/ Suri1 Wruohly Pdvhqj hqjdjhg wzr qhz Sk1G1 vwxghqwv dw wkh Gh0
sduwphqw ri Dssolhg Hohfwurqlfv/ lq wkh duhd ri prgxodwlrq dqg frglqj1 Wkhvh
vwxghqwv zhuh wr zrun rq wzr gl�huhqw surmhfwv= rqh rq *Ruwkrjrqdo Iuhtxhqf|
Glylvlrq Pxowlsoh{*/ dqg rqh rq *Wxuer frghv*1

Wkdqnv wr ehlqj d iruwxqdwh iulhqg ri Iuhguln Wxiyhvvrq/ L dssolhg iru rqh
ri wkh srvlwlrqv dv Wruohly Pdvhqj*v vwxghqw1 Erwk Iuhguln dqg L zhuh dffhswhg
wr wkh surjudpph dqg qrz wkh txhvwlrq zhuh= �Zklfk rqh ri xv zhuh wr zrun
zlwk zklfk surmhfwB�

Iurp wkh wlph dv dq xqghujudgxdwh vwxghqw/ L kdg dozd|v ehhq lqwuljxhg
e| fkdqqho frglqj1 Diwhu vrph eulhi glvfxvvlrqv ehwzhhq Iuhguln dqg L/ zh kdg
djuhhg rq zklfk surmhfwv wr fkrrvh1 Ri olplwhg vxusulvh/ L zdv wr zrun zlwk
Wxuer frghv1

Zlwk Wxuer frghv ehlqj d uhfhqw lqyhqwlrq +4<<6,/ L zdv iuxvwudwhg e| wkh
idfw wkdw L zdv wr lqyhvwljdwh dqg dsso| wkhvh frghv wr ydulrxv frppxqlfdwlrq
v|vwhpv zlwkrxw ixqgdphqwdo xqghuvwdqglqj ri wkh surshuwlhv wkdw jryhuq wkhlu
ehkdylru dqg shuirupdqfhv1 Dv d frqvhtxhqfh/ p| zrun zdv gluhfwhg wrzdugv
h{dfwo| wkhvh lvvxhv1 Lq wklv wkhvlv/ L kdyh wulhg wr jdwkhu zkdw L kdyh ohduqhg
derxw wkh ixqgdphqwdo ehkdylru ri Wxuer frghv gxulqj p| wlph dv d Sk1G1
vwxghqw1

Dfnqrzohgjphqwv

Gxulqj wkh |hduv dv d vwxghqw dw wkh ghsduwphqw ri Dssolhg Hohfwurqlfv/ L kdyh
kdg sohqw| ri wlph dqg rssruwxqlwlhv wr ehfrph lqghewhg wr pdq| shrsoh1 Hyhq
vr/ shukdsv wkh juhdwhvw judwlwxgh ri doo lv ri d pruh devwudfw qdwxuh= dwprvskhuh1
Ehlqj deoh wr jr wr zrun zlwk dq hdv| plqg/ nqrzlqj wkdw srvlwlyh shrsoh dqg
hqfrxudjlqj plqgv dzdlw |rx/ kdv ehhq lqydoxdeoh wr ph1 Iru wklv/ L dp lqghewhg
wr hyhu|erg| dw wkh ghsduwphqw1

Wkhuh duh ri frxuvh vrph wkdw L kdyh ehhq zrunlqj forvhu zlwk wkdq rwkhuv1
Iluvw ri doo/ L dp yhu| judwhixo wr p| vxshuylvru Suri1 Wruohly Pdvhqj1 Lw kdv
ehhq wuxo| uhdvvxulqj wr nqrz wkdw |rx duh dozd|v zloolqj wr vkduh |rxu wlph zlwk
ph1 \rxu txhvw iru qhz sureohpv dqg qhz vroxwlrqv irupv d yhu| fkdoohqjlqj
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yl SUHIDFH

dqg uhzduglqj hqylurqphqw1 L dp dovr lpphqvho| judwhixo wr Gu1 Ryh Hgiruv/
p| fr0vxshuylvru dqg iulhqg1 \rx duh dq lqghvfuledeoh vrxufh ri hqhuj| � wkdqn
|rx iru vkdulqj lw zlwk ph dqg wkh rwkhu phpehuv ri wkh Udglr Frppxqlfdwlrqv
Jurxs1 \rx duh/ dv |rx nqrz/ lqydoxdeoh1 Doo lq doo/ L dp lqghewhg wr doo wkh
phpehuv/ dv zhoo dv iruphu phpehuv/ ri wkh Udglr Frppxqlfdwlrqv Jurxs1 Lw
kdv ehhq d wuxh sohdvxuh dqg sulylohjh wr zrun zlwk |rx1 Iuhguln Wxiyhvvrq �
zhuh lw qrw iru |rx/ L zrxog qrw eh lq wklv jurxs lq wkh �uvw sodfh1 Fduo Iuhguln
Ohdqghuvrq1 Dprqj doo wklqjv/ wkdqn |rx iru doo wkh glvfxvvlrqv zh*yh kdg �
erwk dw zrun dqg hovhzkhuh1 Pd| wkh| kdyh mxvw ehjxq$ Shwhu Pdop1 Wkdqn
|rx iru ehlqj fxulrv/ shuvlvwhqw dqg shuvxdvlyh1 Ilqdoo|/ wkdqn |rx Ehqjw0Duqh
Prolq/ Khquln Eùumhvrq/ Iuhguln Ioruìq dqg Dqguì Vwudqqh1 L zrxog dovr olnh
wr wkdqn doo wkh phpehuv ri wkh Vljqdo Surfhvvlqj Jurxs/ zlwk zkrp zh vkduh
r!fh vsdfh/ r!fh krxuv dqg fr�hh euhdnv1

Ixuwkhu/ L dp judwhixo wr=
Wkh shuvrqqho dw wkh ghsduwphqw wkdw khoshg ph zlwk doo nlqgv ri sudfwlfdo

sureohpv1 Hvshfldoo|/ Oduv Khghqvwmhuqd/ Elujlwwd Kropjuhq/ Huln Mrqvvrq dqg
Eulwwd Rovvrq1

Suri1 Sdxo K1 Vlhjho dqg Pdwv Ùehuj dw wkh Fhqwhu iru Zluhohvv Frppxql0
fdwlrqv/ Xqlyhuvlw| ri Fdoliruqld lq Vdq Glhjr/ iru rujdql}lqj d vwd| iru ph dw
wkh Fhqwhu iru Zluhohvv Frppxqlfdwlrqv lq 4<<:1

P| vlvwhu dqg p| sduhqwv � L oryh |rx1
Shu dqg Xoi Vfkduihqruw/ iru ehlqj wkh ehvw iulhqgv L frxog hyhu dvn iru1

Wkdqn |rx iru frqvwdqwo| fkdvlqj doo vljqv ri eruhgrp rxw ri p| olih1
Ohqd Eudqgvwhq/ iru wxuqlqj wkh odvw ihz prqwkv lqwr wkh hdvlhvw wlph ri p|

olih/ dowkrxjk suhglfwhg wkh rssrvlwh1
Ilqdoo|/ L wkdqn QXWHN +Wkh Vzhglvk Qdwlrqdo Erdug iru Lqgxvwuldo dqg

Whfkqlfdo Ghyhorsphqw, iru vxssruwlqj wklv surmhfw �qdqfldoo|1

Oxqg/ Dxjxvw 5333
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Frqwhqwv

Devwudfw lll

Suhidfh y

Wkhvlv Rxwolqh l{

L 4

4 Jhqhudo Lqwurgxfwlrq 6
414 D Prgho ri Frppxqlfdwlrq V|vwhpv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

41414 Fkdqqho Prghov 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8
41415 Fkdqqho Frglqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9
41416 Shuirupdqfh Erxqgv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

415 Vxppdu| dqg Prwlydwlrq ri Uhvhdufk Duhd 1 1 1 1 1 1 1 1 1 1 1 1 45

5 D Wxuer Frgh Suholplqdu| 48
514 Hqfrghu Vwuxfwxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49

51414 Wkh Frqvwlwxhqw Hqfrghuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:
51415 Lqwhuohdylqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<
51416 Wuhoolv Whuplqdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53
51417 Sxqfwxulqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54

515 Lwhudwlyh Ghfrglqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55
51514 DSS Ghfrglqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58

516 Glvwdqfh Vshfwud 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:
51614 Glvwdqfh Vshfwuxp ri d Vshfl�f Wxuer Frgh 1 1 1 1 1 1 1 5;

517 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67

6 Lqwhuohdyhu Ghvljq 68
614 Ghvljq Fulwhuld 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68

61414 Fulwhulrq Edvhg rq wkh Frgh Glvwdqfh Vshfwuxp 1 1 1 1 1 69
61415 Fulwhulrq Edvhg rq wkh Shuirupdqfh ri Lwhudwlyh Ghfrglqj 6:

615 D Qhz Lqwhuohdyhu Ghvljq Dojrulwkp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75

yll



ylll FRQWHQWV

616 Shuirupdqfh H{dpsohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<
617 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 83

7 Fkrrvlqj Frqvwlwxhqw Frghv 86
714 Glvwdqfh Vshfwud 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 86
715 Lwhudwlyh Ghfrglqj Shuirupdqfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 88
716 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 94

8 Frqfoxvlrqv 96

D Wkh EFMU Dojrulwkp 9:
D14 Wkhruhwlfdo Ghvfulswlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9:
D15 Lpsohphqwdwlrq Dvshfwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :6

E Frpphqwv rq wkh Lqwhuohdyhu Ghvljq Dojrulwkp :8
E14 Qrq0Joredo Fruuhodwlrq Fulwhulrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :9
E15 Ghvljq Rughu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :9
E16 Fruuhodwlrq Ghfd| Udwh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :;
E17 Glvwdqfh Vshfwuxp Ghvljq Uhvwulfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :;

Eleolrjudsk| ;6

LL Lqfoxghg Sdshuv <4

Frqwulexwlrqv <6

L1 Phwkrglfdo Lqwhuohdyhu Ghvljq iru Wxuer Frghv <8

LL1 Rq wkh Frqyhujhqfh Udwh ri Lwhudwlyh Ghfrglqj 43:

LLL1 Wxuer Frghv= Fruuhodwhg H{wulqvlf Lqirupdwlrq dqg lwv
Lpsdfw rq Lwhudwlyh Ghfrglqj Shuirupdqfh 454

LY1 D Wxuer Frgh Lqwhuohdyhu Ghvljq Fulwhulrq Edvhg rq wkh
Shuirupdqfh ri Lwhudwlyh Ghfrglqj 466

Y1 Lqwhuohdyhu Vwuxfwxuhv iru Wxuer Frghv zlwk Uhgxfhg
Vwrudjh Phpru| Uhtxluhphqw 476

YL1 Rq wkh Wkhru| dqg Shuirupdqfh ri Wuhoolv Whuplqdwlrq
Phwkrgv iru Wxuer Frghv 48:



Wkhvlv Rxwolqh

Wklv wkhvlv lv derxw wkh xqghuvwdqglqj dqg wkh ghvljq ri Wxuer frghv1 Lw frqvlvwv
ri wzr sduwv> wkh �uvw sduw surylghv dq lqwurgxfwlrq wr wkh uhvhdufk �hog/ dv zhoo
dv d uhylhz ri p| uhvhdufk uhvxowv1 Wkh vhfrqg sduw frqvlvwv ri sdshuv suhylrxvo|
sxeolvkhg hovhzkhuh/ ru vxeplwwhg iru sxeolfdwlrq1

Lq Sduw L/ Fkdswhu 4 surylghv d eulhi lqwurgxfwlrq wr frppxqlfdwlrq v|vwhpv
lq jhqhudo dqg wr wkh uhvhdufk �hog ri wklv wkhvlv/ l1h1 fkdqqho frglqj1 D ihz ixq0
gdphqwdo frqfhswv ri fkdqqho frglqj dqg wkh jrdov wkdw wkh frglqj frppxqlw|
duh vwulylqj wrzdugv duh lqwurgxfhg1 Lq sduwlfxodu/ erxqgv rq dfklhydeoh frglqj
shuirupdqfhv duh uhylhzhg/ dqg frpsduhg wr wkh shuirupdqfh ri dq h{dpsoh
Wxuer frgh1

Fkdswhu 5 surylghv dq lqwurgxfwlrq wr wkh Wxuer frglqj sulqflsohv1 Wklv
lqfoxghv d ghvfulswlrq ri wkh gl�huhqw frpsrqhqwv ri d Wxuer frgh hqfrghu/
qdpho| wkh frqvwlwxhqw hqfrghuv dqg wkh lqwhuohdyhu/ dv zhoo dv wr wkh frqfhsw
ri lwhudwlyh ghfrglqj1 Wkh odwwhu lqfoxghv d eulhi uhylhz ri wkh EFMU0dojrulwkp
dgrswhg iru lwhudwlyh ghfrglqj1 Ixuwkhu/ wkh phfkdqlvp lqkhuhqw lq wkh vwuxfwxuh
ri Wxuer frghv wkdw olhv ehklqg wkh orzhu sduw ri wkh glvwdqfh vshfwud ri Wxuer
frghv lv glvfxvvhg1

Fkdswhuv 6 dqg 7 surylgh dq ryhuylhz ri uhvhdufk uhvxowv uhjduglqj wkh gh0
vljq ri wkh fhqwudo frpsrqhqwv ri d Wxuer frgh1 Wkh zrun ehklqg wklv wkhvlv
kdv ehhq sulpdulo| irfxvhg rq wkh uroh ri wkh lqwhuohdyhu/ exw dovr rq wuhoolv
whuplqdwlrq iru Wxuer frghv dqg wkh fkrlfh ri frqvwlwxhqw hqfrghuv1 Wkh uh0
vxowv rewdlqhg uhjduglqj wkh lqwhuohdyhu duh uhylhzhg lq Fkdswhu 6/ zkhuh wzr
frqfhswxdoo| gl�huhqw lqwhuohdyhu ghvljq fulwhuld duh glvfxvvhg1 Edvhg rq wkhvh
fulwhuld/ dq lqwhuohdyhu ghvljq dojrulwkp vxlwdeoh iru erwk vpdoo dqg odujh lq0
whuohdyhuv lv suhvhqwhg1 Wr rxu nqrzohgjh/ wkh suhvhqwhg dojrulwkp surgxfhv
lqwhuohdyhuv zlwk xqvxusdvvhg shuirupdqfhv1 Fkdswhu 7 glvfxvvhv wkh fkrlfh ri
wkh frqvwlwxhqw hqfrghuv1 Dv lq wkh fdvh ri lqwhuohdyhu ghvljq/ wkh fkrlfh ri frq0
vwlwxhqw hqfrghuv lv frqvlghuhg erwk iurp d glvwdqfh vshfwuxp0 dqg dq lwhudwlyh
ghfrglqj srlqw ri ylhz1

Ilqdoo|/ lq Fkdswhu 8 wkh uhvhdufk �qglqjv duh vxppdul}hg/ lqfoxglqj d uh0
ylhz ri wkh pdmru frqwulexwlrqv ri wklv wkhvlv wr wkh uhvhdufk �hog1

l{



{ WKHVLV RXWOLQH

Sduw LL frqvlvwv ri wkh iroorzlqj sdshuv=

L Phwkrglfdo Lqwhuohdyhu Ghvljq iru Wxuer Frghv1 Mrkdq Krnihow dqg Wruohly
Pdvhqj/ Lqwhuqdwlrqdo V|psrvlxp rq Wxuer Frghv ) Uhodwhg Wrslfv/ ss1
545�548 Euhvw/ Iudqfh/ Vhswhpehu 4<<:1

LL Rq wkh Frqyhujhqfh Udwh ri Lwhudwlyh Ghfrglqj1 Mrkdq Krnihow dqg Wruohly
Pdvhqj/ LHHH Frppxqlfdwlrqv Wkhru| Plql0Frqihuhqfh/ khog lq frqmxqf0
wlrq zlwk Jorehfrp/ ss1 47<�4871 V|gqh|/ Dxvwudold/ Qryhpehu 4<<;1

LLL Wxuer Frghv= Fruuhodwhg H{wulqvlf Lqirupdwlrq dqg lwv Lpsdfw rq Lwhudwlyh
Ghfrglqj Shuirupdqfh1 Mrkdq Krnihow/ Ryh Hgiruv dqg Wruohly Pdvhqj/
LHHH Yhklfxodu Whfkqrorj| Frqihuhqfh/ ss1 4;:4�4;:81 Krxvwrq/ Wh{dv/
Pd|/ 4<<<1

LY D Wxuer Frgh Lqwhuohdyhu Ghvljq Fulwhulrq Edvhg rq wkh Shuirupdqfh
ri Lwhudwlyh Ghfrglqj1 Mrkdq Krnihow/ Ryh Hgiruv dqg Wruohly Pdvhqj1
Dffhswhg iru sxeolfdwlrq lq LHHH Frppxqlfdwlrqv Ohwwhuv1

Y Lqwhuohdyhu Vwuxfwxuhv iru Wxuer Frghv zlwk Uhgxfhg Vwrudjh Phpru| Uh0
txluhphqw1 Mrkdq Krnihow/ Ryh Hgiruv dqg Wruohly Pdvhqj/ LHHH Yh0
klfxodu Whfkqrorj| Frqihuhqfh/ ss1 48;8�48;<1 Dpvwhugdp/ Kroodqg/
Vhswhpehu 4<<<1

YL Rq wkh Wkhru| dqg Shuirupdqfh ri Wuhoolv Whuplqdwlrq Phwkrgv iru Wxuer
Frghv1 Mrkdq Krnihow/ Ryh Hgiruv dqg Wruohly Pdvhqj/ vxeplwwhg wr LHHH
Mrxuqdo rq Vhohfwhg Duhdv lq Frppxqlfdwlrqv> Wkh Wxuer Sulqflsoh= Iurp
Wkhru| wr Sudfwlfh1

Dsduw iurp wkh sdshuv lqfoxghg lq wklv wkhvlv/ wkh iroorzlqj sdshuv rq uhodwhg
wrslfv kdyh ehhq sxeolvkhg= ^78/ 79/ 7;/ 7</ 84/ 85/ 97/ 98`1

Ilqdoo|/ wkh zrun rq Wxuer frghv kdv uhvxowhg lq wkuhh vxeplvvlrqv wr wkh
Hxurshdq Whohfrppxqlfdwlrqv Vwdqgdugv Lqvwlwxwh +HWVL,/ uhjduglqj wkh xvh ri
Wxuer frghv zlwklq wkh Xqlyhuvdo Preloh Whohfrppxqlfdwlrqv V|vwhpv +XPWV,
vwdqgdugl}dwlrq ^6</ 73/ 74`1



Sduw L

4





Fkdswhu 4

Jhqhudo Lqwurgxfwlrq

Wkhuh duh vhyhudo gl�huhqw sduwv ru ixqfwlrqdo frpsrqhqwv ri d prghuq frppx0
qlfdwlrq v|vwhp wkdw duh orrvho| uhihuuhg wr dv *frglqj*/ iru h{dpsoh vr glyhuvh
wklqjv dv lpdjh frpsuhvvlrq dqg fu|swrjudsk|1 Wxuer frghv ehorqj wr wkh jurxs
ri frghv uhihuuhg wr dv fkdqqho frghv1 Lq wklv lqwurgxfwru| fkdswhu/ wkh jhqhudo
frqfhswv lqyroyhg lq d frppxqlfdwlrq v|vwhp duh lqwurgxfhg/ dqg wkh uroh ri
fkdqqho frglqj lv ghvfulehg1 Ixuwkhu/ ixqgdphqwdo fkdqqho frglqj frqfhswv duh
lqwurgxfhg/ wrjhwkhu zlwk vrph wkhruhwlfdo olplwv xvhixo zkhq hydoxdwlqj frgh
shuirupdqfhv1

414 D Prgho ri Frppxqlfdwlrq V|vwhpv

D frpsohwh frppxqlfdwlrq v|vwhp hpeudfhv qxphurxv duhdv ri lqwhuhvwlqj dqg
fkdoohqjlqj sureohpv1 Prvw prghuq frppxqlfdwlrq v|vwhpv rshudwh lq wkh
gljlwdo grpdlq/ zklfk r�huv d odujh dprxqw ri vljqdo surfhvvlqj srvvlelolwlhv
iru v|vwhp dqg orzhu ohyho ghvljqhuv1 Erwk iru frqfhswxdo0 dqg lpsohphqwd0
wlrq sxusrvhv/ lw lv frpprq wr sduwlwlrq wkh fkdlq ri surfhvvlqj shuiruphg lq
d frppxqlfdwlrq v|vwhp lqwr vhsdudwh exloglqj eorfnv/ wkhuhe| iruplqj d frp0
suhkhqvleoh prgho ri wkh v|vwhp1 Iljxuh 414 vkrzv vxfk d prgho/ zkrvh exloglqj
eorfnv duh eulh | lqwurgxfhg lq wkh vhtxho1

Wkh lqirupdwlrq vrxufh jhqhudwhv phvvdjhv wkdw duh wr eh wudqvplwwhg wr wkh
uhfhlyhu1 Wkhvh phvvdjhv fdq eh hlwkhu dqdorj ru gljlwdo/ ghshqglqj rq wkh w|sh
ri vrxufh1 Iru h{dpsoh/ wkh yrlfh wudqvplwwhg gxulqj d skrqh frqyhuvdwlrq lv
uhsuhvhqwhg e| wkh frqwlqxrxv wlph dqg frqwlqxrxv dpsolwxgh vljqdo jhqhudwhg
e| d plfurskrqh/ zklfk wrjhwkhu zlwk wkh vshdnhu frqvwlwxwhv dq dqdorj vrxufh1
Lq d gljlwdo frppxqlfdwlrq v|vwhp/ wkh phvvdjhv gholyhuhg iurp dq dqdorj vrxufh
duh frqyhuwhg lqwr d gljlwdo vljqdo/ xvxdoo| uhsuhvhqwhg e| vhtxhqfhv ri elqdu|
gljlwv/ ru elwv1 Wklv rshudwlrq lv shuiruphg e| wkh vrxufh hqfrghu/ zklfk vwulyhv
wr uhsuhvhqw wkh lqsxw phvvdjhv zlwk dv ihz elwv dv srvvleoh1 Li wkh lqirupdwlrq
vrxufh lv gljlwdo/ wkh vrxufh hqfrglqj grhv qrw uhtxluh dq dqdorj wr gljlwdo +D2G,

6
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Iljxuh 414= Eorfn gldjudp ri d frppxqlfdwlrq v|vwhp1

frqyhuvlrq1 Krzhyhu/ wkh wdvn wr uhsuhvhqw wkh phvvdjh zlwk dv ihz elwv dv
srvvleoh uhpdlqv1 Wklv surfhvv lv fdoohg gdwd frpsuhvvlrq/ d surfhvv gxulqj
zklfk wkh dprxqw ri uhgxqgdqf| suhvhqw lq wkh vrxufh phvvdjhv lv uhgxfhg ru/
lghdoo|/ uhpryhg1

Wkh qh{w eorfn lq wkh frppxqlfdwlrq prgho lv wkh fkdqqho hqfrghu1 Zkloh
wkh vrxufh hqfrghu lv fkrvhq zlwk uhvshfw wr wkh sduwlfxodu lqirupdwlrq vrxufh/
wkh fkdqqho hqfrghu lv w|slfdoo| fkrvhq zlwk uhvshfw wr wkh fkdqqho wkh phvvdjhv
duh wr eh wudqvplwwhg rq1 Wkh sxusrvh ri wkh fkdqqho hqfrghu lv wr pdnh wkh
wudqvplwwhg phvvdjhv ohvv vxvfhswleoh wr/ iru h{dpsoh/ qrlvh dqg lqwhuihuhqfh
lqwurgxfhg e| wkh fkdqqho1 Lq frqwudvw wr wkh vrxufh hqfrghu/ zklfk uhpryhv
uhgxqgdqf| iurp wkh vrxufh vhtxhqfh/ wkh ixqfwlrqdolw| ri wkh fkdqqho hqfrghu
uholhv rq wkh sulqflsoh ri dgglqj vwuxfwxuhg uhgxqgdqf|1 Wxuer frghv � wkh wrslf
ri wklv wkhvlv � ehorqj wr wklv w|sh ri frghv/ wkdw lv/ fkdqqho frghv1

Wkh fkdqqho vhuyhv dv d frqyh|lqj phglxp ryhu zklfk wkh hqfrghg phvvdjhv
duh wudqvplwwhg1 Lq pdq| sudfwlfdo vlwxdwlrqv/ iru h{dpsoh lq udglr frppxqlfd0
wlrqv/ wkh fkdqqho lv d zdyhirup fkdqqho1 Khqfh/ lw fdqqrw eh xvhg wr gluhfwo|
wudqvplw wkh vhtxhqfhv ri elqdu| gljlwv1 Lqvwhdg/ wkh gljlwdo vhtxhqfhv pxvw eh
frqyhuwhg lqwr zdyhirupv vxlwdeoh iru wkh vshfl�f fkdudfwhulvwlfv ri wkh fkdqqho �
d wdvn shuiruphg e| wkh prgxodwru1 Wkh zdyhirupv rxwsxw iurp wkh prgxodwru
duh wkhq fruuxswhg lq d zd| wkdw ghshqgv rq wkh fkdudfwhulvwlfv ri wkh fkdqqho1
Wkh fruuxswhg zdyhirupv duh lqsxw wr wkh ghprgxodwru zkrvh ixqfwlrq lv wkh
lqyhuvh ri wkh prgxodwru/ l1h1 wr frqyhuw wkh uhfhlyhg zdyhirupv lqwr d glvfuhwh0
wlph vhtxhqfh/ lghdoo| lghqwlfdo wr wkh rqh wkdw hqwhuhg wkh prgxodwru1 Gxh wr
wkh qrlvh dqg lqwhuihuhqfh lqwurgxfhg e| wkh fkdqqho/ wkh ghprgxodwru rxwsxw
zloo qrw eh h{dfwo| wkh vdph dv wkh lqsxw wr wkh prgxodwru1 Wklv lv zkhuh wkh
fkdqqho ghfrghu frphv lqwr sod|> lwv uroh lv wr frxqwhudfw wkh fkdqqho0lqgxfhg
glvwxuedqfhv/ e| h{sorlwlqj wkh uhgxqgdqf| lqwurgxfhg e| wkh fkdqqho hqfrghu1

Lq jhqhudo/ iru rswlpdo v|vwhp shuirupdqfh wkh vrxufh hqfrghu/ fkdqqho hq0
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frghu dqg prgxodwru vkrxog eh frqvlghuhg dv d vlqjoh ixqfwlrq/ dqg qrw vhsd0
udwhg lqwr glvmrlqw eorfnv dv lq Iljxuh 4141 Krzhyhu/ Vkdqqrq vkrzhg lq ^;7`
wkdw/ dv|pswrwlfdoo|/ vrxufh dqg fkdqqho hqfrglqj fdq lqghhg eh vhsdudwhg lqwr
lqglylgxdo xqlwv/ zlwkrxw orvv ri rswlpdolw|1 Wkh vdph grhv qrw krog iru wkh
fkdqqho frglqj dqg wkh prgxodwru ixqfwlrqv1 Iru h{dpsoh/ lw lv zhoo nqrzq wkdw
wuhoolv frghg prgxodwlrq +WFP, ^<5/ <6`/ zklfk lv d whfkqltxh wkdw frpelqhv
fkdqqho frglqj dqg prgxodwlrq/ fdq dfklhyh kljkhu shuirupdqfh wkdq phwkrgv
wkdw frqvlghu fkdqqho frglqj dqg prgxodwlrq vhsdudwho|1

41414 Fkdqqho Prghov

Zkhq vwxg|lqj dqg frpsdulqj fkdqqho frghv/ lw lv frqyhqlhqw wr frqvlghu wkh
prgxodwru dqg ghprgxodwru dv ehlqj sduw ri wkh fkdqqho1 Wkh uhvxow lv d frp0
srvlwh fkdqqho zlwk glvfuhwh0wlph lqsxwv dqg glvfuhwh0wlph rxwsxwv/ fkdudfwhu0
l}hg e| wkh srvvleoh lqsxwv/ wkh srvvleoh rxwsxwv/ dqg wudqvlwlrq suredelolwlhv
wkdw uhodwhv wkh rxwsxwv wr wkh lqsxwv1 Lq jhqhudo/ wkhvh wudqvlwlrq suredelolwlhv
pd| ydu| zlwk wlph/ dqg wkh| pd| dovr eh fruuhodwhg iurp rqh wlph wr dqrwkhu1
Ixuwkhu/ wkh fkdqqho rxwsxw grhv qrw qhfhvvdulo| ghshqg rq wkh fxuuhqw lqsxw
rqo|> lw pd| ghshqg dovr rq suhylrxv fkdqqho lqsxwv1 Lq vxfk fdvhv/ wkh fkdqqho
lv vdlg wr kdyh phpru|1 Wkh fkdqqhov hqfrxqwhuhg lq preloh frppxqlfdwlrq v|v0
whpv duh h{dpsohv ri fkdqqhov wkdw riwhq pxvw eh prghohg dv wlph ydu|lqj dqg
zlwk phpru|1 Wkhvh h�hfwv dulvh iurp wkh frpelqdwlrq ri pryhphqw dqg wkh
qxphurxv uh hfwlrqv ri wkh wudqvplwwhg udglr zdyh/ fdxvhg e| wkh sursdjdwlrq
hqylurqphqw ehwzhhq wkh wudqvplwwlqj dqg uhfhlylqj dqwhqqdv1

Wklv wkhvlv lv derxw xqghuvwdqglqj dqg ghvljqlqj Wxuer frghv1 Gxh wr wkh
frpsoh{ qdwxuh ri wkhvh frghv/ lw lv ghvludeoh wr xvh idluo| vlpsoh fkdqqho prghov
zklfk gr qrw lqwurgxfh lqwulfdflhv wkdw ixuwkhu klqghu wkh xqghuvwdqglqj1 Dw wkh
vdph wlph/ lw lv ri frxuvh ghvludeoh wr xvh d prgho zlwk sudfwlfdo uhohydqfh1 Dq
dwwudfwlyh frpsurplvh ehwzhhq wkhvh remhfwlyhv lv wkh dgglwlyh zklwh Jdxvvldq
qrlvh +DZJQ, fkdqqho1 Dv vxjjhvwhg e| wkh prgho qdph/ wkh fkdqqho rxwsxw
\ lv prghohg e| dgglqj d Jdxvvldq glvwulexwhg udqgrp yduldeoh wr wkh fkdqqho
lqsxw [/ wkdw lv/

\ @ [ .J +414,

zkhuh J lv d }hur phdq Jdxvvldq udqgrp yduldeoh zlwk yduldqfh �5/ l1h1 J �
Q �

3> �5
�
1 Iru d jlyhq lqsxw v|pero [ @ {/ wkh fkdqqho rxwsxw \ lv d Jdxvvldq

glvwulexwhg udqgrp yduldeoh zlwk phdq { dqg yduldqfh �5/ wkdw lv/

s\ m[ +|m{, @ 4s
5��

h�
+|�{,5

5�5 > +415,

zkhuh s +�, ghqrwhv d suredelolw| ghqvlw| ixqfwlrq ri d udqgrp yduldeoh1
D vlpsol�hg frppxqlfdwlrq prgho zkhuh wkh prgxodwru2ghprgxodwru sdlu

dqg wkh zdyhirup fkdqqho lv uhsodfhg e| d glvfuhwh0wlph fkdqqho lv vkrzq lq
Iljxuh 4151 Lq wklv prgho/ ixuwkhu vlpsol�fdwlrqv kdv ehhq pdgh e| uhsodflqj



9 FKDSWHU 41 JHQHUDO LQWURGXFWLRQ

GhfrghuHqfrghu
FkdqqhoX [ \ aX
s\ m[ +|m{,

Iljxuh 415= D frppxqlfdwlrq prgho zkhuh wkh zdyhirup fkdqqho dqg wkh prg0
xodwru2ghprgxodwru sdlu duh uhsodfhg e| d glvfuhwh0wlph fkdqqho1

wkh vrxufh dqg wkh vrxufh hqfrghu zlwk d vhtxhqfh ri elqdu| v|perov1 Wkhvh
v|perov duh lqghshqghqw dqg lghqwlfdoo| glvwulexwhg +l1l1g1, udqgrp yduldeohv/
zlwk htxdo suredelolw| ri ehlqj 3 dqg 41 Wklv fruuhvsrqgv wr dq lghdo vlwxdwlrq
lq zklfk wkh vrxufh hqfrghu kdv uhpryhg doo wkh uhgxqgdqf| suhvhqw lq wkh
ruljlqdo lqirupdwlrq vhtxhqfh1 Wkh uhvxow ri wkhvh vlpsol�fdwlrqv lv d pruh
frq�qhg prgho zklfk lv iuhtxhqwo| xvhg lq vwxglhv dqg frpsdulvrqv ri fkdqqho
frghv ^4:/ 4;/ 9:`1

41415 Fkdqqho Frglqj

Wkh sxusrvh ri fkdqqho frglqj lv wr pdnh wkh wudqvplwwhg phvvdjhv ohvv vxvfhs0
wleoh wr wkh qrlvh lqwurgxfhg e| wkh fkdqqho1 Wklv lv dfklhyhg e| dgglqj vwuxf0
wxuhg uhgxqgdqf| wr wkh wudqvplwwhg vhtxhqfh/ wkhuhe| lqfuhdvlqj wkh qxpehu
ri elwv wr wudqvplw1 Wkhuh duh wzr edvlf w|shv ri frghv xvhg wr lqwurgxfh wklv
uhgxqgdqf|= eorfn frghv ^9<` dqg frqyroxwlrqdo frghv ^8;`1 D eorfn frgh pdsv
dq lqirupdwlrq zrug ri ohqjwk n wr d frghzrug ri ohqjwk q/ zkhuh q A n1 D frq0
yroxwlrqdo hqfrghu lv lqvwhdg frqwlqxrxvo| lqwurgxflqj uhgxqgdqf| wr d vwuhdp
ri lqfrplqj v|perov1 Iru erwk w|shv ri frghv/ wkh frgh udwh U lv wkh qxpehu ri
lqirupdwlrq v|perov wudqvplwwhg shu frghzrug v|pero/ wkdw lv/ iru eorfn frghv
U @ n@q1 Wklv wkhvlv lv uhvwulfwhg wr lqyhvwljdwlrqv ri elqdu| frghv/ iru zklfk
hdfk v|pero fdq wdnh rq rqh ri wzr srvvleoh ydoxhv/ iru h{dpsoh 3 dqg 41

Wkdqnv wr wkh uhgxqgdqf| dgghg e| wkh fkdqqho hqfrghu/ wkh uhfhlylqj hqg
fdq ghwhfw dqg fruuhfw huuruv lqwurgxfhg e| wkh fkdqqho1 Fkdqqho frghv wkdw duh
ghvljqhg dqg xvhg iru wkh odwwhu sxusrvh duh fdoohg huuru fruuhfwlqj frghv1 Wxuer
frghv ehorqj wr wklv jurxs ri frghv1 Wkh shuirupdqfh ri dq huuru fruuhfwlqj
frgh lv phdvxuhg lq/ iru h{dpsoh/ wkh vljqdo0wr0qrlvh udwlr +VQU, uhtxluhg wr
rewdlq frppxqlfdwlrq zlwk d fhuwdlq elw ru sdfnhw huuru udwh1 W|slfdoo|/ wkh
VQU uhtxluhg wr dfklhyh d fhuwdlq huuru udwh lv frqvlghudeo| orzhu zkhq xvlqj
huuru fruuhfwlqj frglqj frpsduhg wr xqfrghg vljqdoolqj1 Krzhyhu/ wkhuh duh
wzr gudzedfnv xvlqj huuru fruuhfwlqj frghv= lw lqfuhdvhv wkh qxpehu ri fkdqqho
dffhvvhv dqg wkhuhe| wkh uhtxluhg prgxodwlrq edqgzlgwk/ dqg lw ohdgv wr dq
lqfuhdvhg lpsohphqwdwlrq frpsoh{lw| lq wudqvplwwhuv dqg uhfhlyhuv1

Rzlqj wr wkh wkhrulhv suhvhqwhg e| Vkdqqrq lq 4<7; ^;7`/ lw kdv ehhq orqj
nqrzq wkdw wkhuh h{lvw frghv wkdw dfklhyh fhuwdlq shuirupdqfh olplwv1 Krzhyhu/
wkh wkhrulhv gr qrw uhyhdo krz wr ghvljq frghv wkdw shuirup dv jrrg dv suryhg
srvvleoh1 Frqvhtxhqwo|/ frppxqlfdwlrq wkhrulvwv dqg hqjlqhhuv kdyh ehhq lq
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txhvw iru vxfk frghv iru pdq| |hduv1 Lq wkh qh{w vhfwlrq vrph ixqgdphqwdo
olplwv dqg erxqgv duh uhylhzhg/ zklfk duh xvhixo zkhq sodflqj wkh shuirupdqfh
ri d frgh ru d v|vwhp lqwr shuvshfwlyh1

41416 Shuirupdqfh Erxqgv

Dv sduw ri wkh pdwkhpdwlfdo wkhru| ri frppxqlfdwlrq/ Vkdqqrq gh�qhg wkh
frqfhsw ri fkdqqho fdsdflw| ^;7`1 Wkh fkdqqho fdsdflw| lv d phdvxuh ri wkh
dprxqw ri lqirupdwlrq wkdw fdq eh frqyh|hg ehwzhhq wkh lqsxw[ dqg wkh rxwsxw
\ ri d fkdqqho1 Wkh fdsdflw| phdvxuh lv uhodwhg wr wkh pdwkhpdwlfdo gh�qlwlrq
ri lqirupdwlrq> wkh dyhudjh pxwxdo lqirupdwlrq ehwzhhq wkh frqwlqxrxv udqgrp
yduldeohv [ dqg \ / lq elwv/ lv gh�qhg dv ^4;`

L +[>\ , @

] 4

�4

] 4

�4
s[>\ +{> |, orj5

s[>\ +{> |,

s[ +{, s\ +|,
g|g{/ +416,

zkhuh s[>\ +{> |,/ s[ +{, dqg s\ +|, duh mrlqw dqg pdujlqdo suredelolw| ghqvlwlhv
iru [ dqg \ 1 Wkh xqlw ri �elwv� iroorzv iurp wkh edvh ri wkh orjdulwkp> iru
h{dpsoh/ li wkh qdwxudo orjdulwkp lv xvhg lqvwhdg/ wkh xqlw lv �qdwv�1 Wkh fkdqqho
fdsdflw| F lv gh�qhg ^4;` dv wkh pd{lpxp ydoxh ri L +[>\ ,/ pd{lpl}hg ryhu
wkh lqsxw glvwulexwlrq s[ +{,/ wkdw lv/

F @ pd{
s[+{,

L +[>\ , > +417,

phdvxuhg lq elwv shu fkdqqho xvh1 Wkh uhohydqfh ri wkh fdsdflw| F lv dvvhuwhg
e| wkh fkdqqho frglqj wkhruhp ^89/ ;7`1 Wkh fkdqqho frglqj wkhruhp surylghv d
uhodwlrqvkls ehwzhhq wkh fkdqqho fdsdflw| F dqg wkh lqirupdwlrq wudqvplvvlrq
udwh U=

Iru dq| udwh U ? F/ lw lv srvvleoh wr dfklhyh duelwudulo| vpdoo huuru suredelolw|
e| xvlqj vx!flhqwo| odujh frghv1 Frqyhuvho|/ iru udwhv U A F/ wkh huuru

suredelolw| lv orzhu erxqghg e| vrph srvlwlyh qxpehu1

Iru wkh glvfuhwh0wlph DZJQ fkdqqho zlwk frqwlqxrxv lqsxwv dqg frqwlqxrxv
rxwsxwv/ wkh fkdqqho fdsdflw| lv ^4;`

F @
4

5
orj5

�
4 .

�5[
�5

�
elwv2fkdqqho xvh/ +418,

zkhuh wkh fkdqqho lqsxw srzhu lv olplwhg e| H
�
[5
� � �5[ / dqg �

5 lv wkh qrlvh
yduldqfh1 Lq sudfwlfh/ wkh sk|vlfdo zdyhirup fkdqqho hpehgghg lq wkh glvfuhwh0
wlph fkdqqho lv edqg0olplwhg1 Wkxv/ lw lv qrw srvvleoh wr lqgh�qlwho| lqfuhdvh
wkh wudqvplvvlrq udwh e| dffhvvlqj wkh fkdqqho lqgh�qlwho| riwhq1 Iru dq DZJQ
zdyhirup fkdqqho olplwhg wr d edqgzlgwk ri Z K} dqg d grxeoh0vlghg qrlvh
srzhu vshfwudo ghqvlw| Q3@5/ wkh fdsdflw| lv ^4;`

F @Z orj5

�
4 .

S

Q3Z

�
elwv2v/ +419,
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zkhuh S lv wkh dyhudjh lqsxw srzhu1 Ohwwlqj wkh fkdqqho edqgzlgwkZ lqfuhdvh
wrzdugv lq�qlw|/ wkh lq�qlwh0edqgzlgwk fkdqqho fdsdflw| F4 lv irxqg dv

F4 @
S

Q3
orj5 h= +41:,

Wkh fkdqqho lqsxw srzhu fdq eh h{suhvvhg dv S @ Heue> zkhuh He lv wkh wudqv0
plwwhg hqhuj| shu lqirupdwlrq elw dqg ue lv wkh lqirupdwlrq udwh lq elwv2v1 Frp0
elqlqj wkh fkdqqho frglqj wkhruhp zlwk wkh lq�qlwh0edqgzlgwk fkdqqho fdsdflw|
+41:, |lhogv ue ? S

Q3
orj5 h/ zklfk ohdgv wr d ixqgdphqwdo uhtxluhphqw iru uholdeoh

frppxqlfdwlrq=

He
Q3

A
4

orj5 h
@ oq51 +41;,

zkhuh oq lv wkh qdwxudo orjdulwkp1 Khqfh/ lw lv qrw srvvleoh wr ghvljq d frppx0
qlfdwlrq v|vwhp kdylqj duelwudulo| orz huuru udwh li He@Q3 ? �4=9 gE1 Rq wkh
rwkhu kdqg/ dv orqj dv He@Q3 A �4=9 gE/ lw lv lq wkhru| srvvleoh wr dfklhyh dq
duelwudu| orz huuru suredelolw| e| xvlqj vx!flhqwo| odujh frghv1

Wkh deryh erxqg surylghv d orzhu olplw rq wkh VQU lq whupv ri hqhuj|0shu0
elw wr qrlvh0vshfwudo0ghqvlw| udwlr +He@Q3, uhtxluhg lq rughu wr dfklhyh huuru0iuhh
frppxqlfdwlrq1 Krzhyhu/ wkh dvvxpswlrqv xvhg wr ghulyh wkh olplw duh wrr rswl0
plvwlf iru prvw sudfwlfdo vlwxdwlrqv1 Iluvwo|/ wkh fkdqqho edqgzlgwk lv lq uhdolw|
olplwhg1 Vhfrqgo|/ wkh ghulydwlrq ri wkh fkdqqho fdsdflw| doorzv wkh wudqvplw0
whg frghzrugv wr eh lq�qlwho| orqj/ wkxv lqwurgxflqj dq lq�qlwh ghod| lq wkh
wudqvplvvlrq1 Fohduo|/ sudfwlfdo frppxqlfdwlrq v|vwhpv duh ghvljqhg wr wudqv0
plw wkh lqirupdwlrq zlwklq d olplwhg dprxqw ri wlph1 Ixuwkhupruh/ wkh olplw lv
ghulyhg xqghu wkh dvvxpswlrq ri d frqwlqxrxv lqsxw/ zkhuhdv gljlwdo frppxql0
fdwlrq v|vwhpv xvh prgxodwlrq vfkhphv zlwk �qlwh doskdehw vl}hv1 Gxh wr wkhvh
dvvxpswlrqv/ wkh uhtxluhg He@Q3 iru d vshfl�f vlwxdwlrq lv lq uhdolw| kljkhu wkdq
0419 gE1 Wkh vskhuh sdfnlqj orzhu erxqg/ zkrvh surshuwlhv duh vxppdul}hg
ehorz/ wdnhv vrph ri wkhvh dvvxpswlrqv lqwr dffrxqw/ wkhuhe| r�hulqj d erxqg
wkdw lv forvhu wr uhdolvwlf frqglwlrqv1

Wkh Vskhuh0Sdfnlqj Erxqg

Wkh vskhuh0sdfnlqj erxqg ^5;/ ;8` surylghv d orzhu erxqg wkdw lqfoxghv sdudp0
hwhuv vxfk dv wkh edqgzlgwk h{sdqvlrq dqg wkh wudqvplvvlrq ghod|1 Ixuwkhu/ lw lv
ydolg iru d fhuwdlq vshfl�hg huuru udwh/ lq frqwudvw wr huuru0iuhh frppxqlfdwlrq1
Iru hydoxdwlrq dqg frpsdulvrq ri fkdqqho frghv/ wkh edqgzlgwk h{sdqvlrq dqg
wkh wudqvplvvlrq ghod| fdq eh h{suhvvhg lq whupv ri frgh udwh U dqg frgh eorfn
ohqjwk q1 Jlyhq wkhvh/ wkh erxqg surylghv wkh plqlpxp He@Q3 uhtxluhg rq dq
DZJQ fkdqqho lq rughu wr dfklhyh d fhuwdlq iudph0huuru udwh +IHU,1

Iljxuh 416 vkrzv wkh plqlpxp He@Q3 uhtxluhg wr rewdlq iudph0huuru sure0
delolwlhv ri 43�5/ 43�7/ 43�9 dqg 43�; dv ixqfwlrqv ri wkh lqirupdwlrq eorfn
ohqjwk n/ xvlqj udwh0426 frglqj +q @ 6n,1 Dv h{shfwhg/ wkh He@Q3 uhtxluhg iru
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Iljxuh 416= Vskhuh0sdfnlqj orzhu erxqgv rq wkh uhtxluhg He@Q3 dv d ixqfwlrq ri
wkh lqirupdwlrq eorfn vl}h/ iru frgh udwh U @ 4@6 dqg iudph huuru udwhv udqjlqj
iurp 43�; wr 43�51

d fhuwdlq IHU lv orzhu wkh odujhu wkh eorfn ohqjwk1 Ixuwkhupruh/ wkh �jxuh lo0
oxvwudwhv wkdw wkh uhtxluhg lqfuhdvh lq He@Q3 iru orzhulqj wkh iudph huuru udwh lv
kljkhu iru vpdoo eorfn vl}hv1 Iljxuh 417 vkrzv wkh fruuhvsrqglqj vskhuh0sdfnlqj
erxqgv rq wkh VQUv uhtxluhg wr dfklhyh d iudph huuru udwh ri 43�7 iru frgh
udwhv udqjlqj iurp 425 wr 42;1 Dvvxplqj wkdw shuirupdqfhv dffruglqj wr wkh
erxqgv lq Iljxuh 417 duh dfklhydeoh/ wkh jdlq dfklhyhg e| ghfuhdvlqj wkh frgh
udwh lv sudfwlfdoo| lqghshqghqw ri wkh lqirupdwlrq eorfn vl}h n +iru n � 433,/
phdvxuhg lq uhgxfhg He@Q30uhtxluhphqw1

Erxqgv Edvhg rq Frgh Surshuwlhv

Wkh shuirupdqfh ri d frppxqlfdwlrq v|vwhp lv uhodwhg wr krz vxffhvvixo wkh
uhfhlyhu lv lq glvwlqjxlvklqj ehwzhhq wudqvplwwhg phvvdjhv1 Wkh ohvv dolnh wkhvh
phvvdjhv duh/ wkh hdvlhu iru wkh uhfhlyhu wr glvfhuq wkh wudqvplwwhg phvvdjh iurp
wkh rwkhuv1 Iru fkdqqho frghv wkh dprxqw ri gl�huhqfhv ehwzhhq frghzrugv lv
vxppdul}hg e| wkh Kdpplqj glvwdqfh vshfwuxp ru htxlydohqwo|/ iru olqhdu frghv/
wkh zhljkw glvwulexwlrq4 ^9<`1 Wkh Kdpplqj glvwdqfh ehwzhhq wzr frghzrugv
lv wkh qxpehu ri srvlwlrqv2v|perov wkh frghzrugv gl�hu1 Wkh Kdpplqj zhljkw
ri d frghzrug lv wkh qxpehu ri qrq0}hur v|perov lq wkh frghzrug1 Wkh zhljkw
glvwulexwlrq ri d frgh lv d olvwlqj ri wkh qxpehu ri frghzrugv kdylqj hdfk srvvleoh

4Wkh whuplqrorj| *glvwdqfh vshfwuxp* dqg *zhljkw glvwulexwlrq* duh xvhg lqwhufkdqjhdeo|
wkurxjkrxw wklv wkhvlv1
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Iljxuh 417= Vskhuh0sdfnlqj orzhu erxqgv rq wkh uhtxluhg He@Q3 dv d ixqfwlrq ri
wkh lqirupdwlrq eorfn vl}h/ iru frgh udwhv udqjlqj iurp 4@; wr 4@5 dqg d iudph
huuru udwh ri 43�7=

zhljkw/ udqjlqj iurp 3 wr q1 Wkhvh qxpehuv duh uhihuuhg wr dv pxowlsolflwlhv/
ghqrwhg dg/ g @ 3> 4> = = = > q1 Wkxv/

dg @ wkh qxpehu ri frghzrugv zlwk Kdpplqj zhljkw g1

Wkh vpdoohvw glvwdqfh g A 3 iru zklfk dg 9@ 3 lv fdoohg wkh plqlpxp glvwdqfh ri
wkh frgh/ ghqrwhg gplq1 Wkh plqlpxp glvwdqfh ri d frgh kdv d fhqwudo uroh lq
frgh ghvljq/ vlqfh lw kdv d odujh lq xhqfh rq wkh shuirupdqfh ri wkh frgh1 Lq
jhqhudo/ frgh ghvljq dlpv dw frqvwuxfwlqj frghv zlwk dv odujh plqlpxp glvwdqfh
dv srvvleoh1

Lq wkh iroorzlqj/ d ihz xvhixo erxqgv edvhg rq wkh glvwdqfh vshfwuxp ri d
frgh duh uhylhzhg1 Wkhvh erxqgv dvvxph wkdw wkh ghfrghu xvhv d pd{lpxp
olnholkrrg +PO, ghfrglqj dojrulwkp/ zklfk plqlpl}hv wkh ghfrglqj huuru sure0
delolw| +li doo lqirupdwlrq vhtxhqfhv duh htxdoo| olnho|, ^9:`1 Rq dq DZJQ
fkdqqho/ wkh suredelolw| wkdw dq PO0ghfrghu zloo fkrrvh d frghzrug fm lq idyru
ri d frghzrug fl/ wkh wudqvplwwhg frghzrug/ lv ^9:`

Su +fl �$ fm, @ T

#u
5glmUHe
Q3

$
> +41<,

zkhuh glm lv wkh Kdpplqj glvwdqfh ehwzhhq frghzrug fl dqg fm > U lv wkh frgh
udwh/ dqg T +{, @

U4
{

4s
5�
h�w

5@5gw lv wkh xsshu wdlo suredelolw| ri d qrupdol}hg
Jdxvvldq udqgrp yduldeoh1
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D Orzhu Erxqg1 D orzhu erxqg rq wkh ghfrglqj shuirupdqfh lv rewdlqhg
e| xvlqj wkh suredelolw| wkdw d ghfrglqj huuru lv pdgh wr d vshfl�f frghzrug
dw glvwdqfh gplq1 Ghqrwlqj wkh ghfrglqj huuru suredelolw| Sh/ d orzhu erxqg lv

Sh � T

#u
5gplqUHe

Q3

$
= +4143,

Wkh Xqlrq Erxqg1 Dq xsshu erxqg rq wkh ghfrglqj huuru suredelolw| edvhg
rq wkh sdlu0zlvh suredelolw| wkdw d wudqvplwwhg frghzrug lv huurqhrxvo| ghfrghg
wr hdfk rqh ri wkh rwkhu frghzrugv lv fdoohg wkh xqlrq erxqg ^9:/ :4/ :7/ :9/ ;6`1
Wkh xqlrq erxqg lv iruphg e| vxpplqj wkh sdlu0zlvh huuru suredelolwlhv wkdw d
wudqvplwwhg frghzrug fl lv plvwdnhq iru wkh frghzrug fm iru doo m 9@ l=

Sh �
P[
m@4
m 9@l

Su +fl �$ fm, @
P[
m@4
m 9@l

T

#u
5glmUHe
Q3

$
> +4144,

zkhuhP lv wkh qxpehu ri frghzrugv lq wkh frgh1 Xvlqj wkh zhljkw glvwulexwlrq
ri wkh frgh/ wkh xqlrq erxqg fdq eh irupxodwhg dv

Sh �
q[

g@gplq

dgT

#u
5gUHe
Q3

$
> +4145,

zkhuh dg lv wkh qxpehu ri frghzrugv zlwk Kdpplqj zhljkw g1 Iru odujhHe@Q3=v/
wkh xqlrq erxqg lv grplqdwhg e| wkh �uvw whupv lq +4145,/ zklfk phdqv wkdw
lw lv pdlqo| lq xhqfhg e| wkh orzhu sduw ri wkh glvwdqfh vshfwuxp1 Iru orz
He@Q3=v/ wkh erxqg lv lq xhqfhg e| d odujhu qxpehu ri whupv1 Hvshfldoo|/ lw
udslgo| ehfrphv h{fhvvlyho| shvvlplvwlf zkhq wkh frpsxwdwlrqdo fxwr� udwh U3

dssurdfkhv wkh frgh udwh U1 Wkh frpsxwdwlrqdo fxwr� udwh lv d sudfwlfdo olplw
rq wkh kljkhvw udwh dw zklfk d vhtxhqwldo ghfrghu fdq rshudwh ^4:`1 Lq sudfwlfh/ d
vhtxhqwldo ghfrghu wkdw rshudwhv dw udwhv U A U3 zloo kdyh vhyhuh frpsxwdwlrqdo
ordglqj fdxvlqj ex�hu ryhu rzv/ dv d frqvhtxhqfh ri wkh odujh ghfrglqj frp0
soh{lw|1 Iru dq DZJQ fkdqqho/ wkh fxwr� udwh lv U3 @ 4� orj5

�
4 . h�UHe@Q3

�
^4:`1

Wkh Wdqjhqwldo Vskhuh Erxqg1 Vlqfh wkh lqwurgxfwlrq ri Wxuer Frghv lq
4<<6/ lw lv nqrzq wkdw wkhuh h{lvw frghv wkdw fdq eh ghfrghg zlwk uhdvrqdeoh
frpsoh{lw| dw VQUv iru zklfk wkh fxwr� udwh lv orzhu wkdq wkh frgh udwh1 Khqfh/
wkhuh lv d qhhg iru lpsuryhg xsshu erxqgv/ zklfk duh wljkwhu wkdq wkh xqlrq
erxqg dw orz VQUv1 Lq ^:6`/ Srow|uhy ghulyhg wkh wdqjhqwldo vskhuh erxqg/ zklfk
zdv vkrzq lq ^76` wr eh wljkwhu wkdq erwk wkh xqlrq erxqg dqg wkh wdqjhqwldo
erxqg suhvhqwhg e| Ehuohndps lq ^44`1

Iljxuh 418 vkrzv erwk wkh xqlrq erxqg dqg wkh wdqjhqwldo vskhuh erxqg iru
dq h{dpsoh glvwdqfh vshfwuxp ghulyhg iru udwh0426 frglqj1 Dv vhhq/ wkh xqlrq
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Iljxuh 418= H{dpsoh ri wkh xqlrq erxqg dqg wkh wdqjhqwldo vskhuh erxqg rq wkh
ghfrglqj huuru suredelolw|1 +Wkh erxqgv duh ghulyhg xvlqj wkh dyhudjh vshfwuxp
iru 8330elw Wxuer frghv zlwk +68@56,; frqvwlwxhqw hqfrghuv1,

erxqg ehjlqv wr jurz odujhu wkdq 4 zkhq wkh fxwr� udwh dssurdfkhv wkh frgh
udwh/ zkloh wkh wdqjhqwldo vskhuh erxqg lv srwhqwldoo| uhdolvwlf +l1h1 ? 4, iru wkh
hqwluh udqjh ri He@Q3=v1 Wkh uhjlrq ri xvhixo VQUv lv wkxv frqvlghudeo| odujhu
iru wkh wdqjhqwldo vskhuh erxqg wkdq iru wkh xqlrq erxqg1 Wklv lv lqghhg xvhixo
iru hydoxdwlrqv ri Wxuer frghv vlqfh wkhvh duh nqrzq wr rshudwh deryh wkh fxwr�
udwh/ wkdw lv/ wkh| |lhog orz huuru udwhv hyhq dw He@Q3=v iru zklfk wkh fxwr� udwh
lv orzhu wkdq wkh frgh udwh1 Lq Iljxuh 418/ wklv fruuhvsrqgv wr He@Q3 ? 5 gE1
Dq h{dpsoh ri vxfk shuirupdqfh lv vkrzq lq wkh iroorzlqj vhfwlrq1

415 Vxppdu| dqg Prwlydwlrq ri Uhvhdufk Duhd

Wkh sxusrvh ri fkdqqho frglqj lv wr hvwdeolvk uholdeoh frppxqlfdwlrq ryhu fkdq0
qhov wkdw fruuxsw wudqvplwwhg phvvdjhv zlwk qrlvh dqg lqwhuihuhqfh1 Wkh shu0
irupdqfh ri d vshfl�f fkdqqho frgh fdq eh phdvxuhg lq wkh VQU uhtxluhg wr
rewdlq d fhuwdlq iudph0 ru elw0huuru udwh1 Xvlqj lqirupdwlrq wkhru|/ lw lv srvvleoh
wr suryh wkdw wkhuh h{lvwv frghv zlwk zklfk hvvhqwldoo| huuru0iuhh frppxqlfdwlrq
dw udwhv dssurdfklqj wkh fkdqqho fdsdflw| lv srvvleoh1 Krzhyhu/ lq sudfwlfh qr
frghv kdyh ehhq irxqg wkdw shuirup dffruglqj wr wkhvh fdsdflw| erxqgv zlwk d
uhdvrqdeoh ghfrglqj frpsoh{lw|1

Wkh lqwurgxfwlrq ri Wxuer frghv ^46` frqvwlwxwhv d yhu| lpsruwdqw vwhs iru0
zdug/ erwk lq wkh vhdufk ri jrrg frghv dv zhoo dv lq wkh vhdufk ri h!flhqw
ghfrglqj dojrulwkpv1 Dq h{dpsoh ri wkh uhpdundeoh shuirupdqfh rewdlqdeoh
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Iljxuh 419= H{dpsoh ri Wxuer frgh iudph0 dqg elw0huuru udwh shuirupdqfhv1
Wuldqjohv= udqgrp lqwhuohdylqj/ flufohv= ghvljqhg lqwhuohdyhu1

zlwk Wxuer frghv5 lv looxvwudwhg lq Iljxuh 4191 Wkh frgh wkdw fruuhvsrqgv wr
wkh flufoh0pdunhg olqhv rshudwhv deryh wkh fxwr� udwh dw iudph0 dqg elw0huuru
udwhv ehorz 43�9 dqg 43�;/ uhvshfwlyho|/ zklfk lv lqghhg uhpdundeoh1 Ixuwkhu/
iru iudph huuru udwhv grzq wr 43�9/ wkh shuirupdqfh ri wklv frgh lv ohvv wkdq 4
gE deryh wkh vskhuh0sdfnlqj orzhu erxqg1

Wkh Wxuer frgh fruuhvsrqglqj wr wkh flufohg0pdunhg olqhv lq Iljxuh 419 xvhv
d ghvljqhg lqwhuohdyhu6 1 Lq frqwudvw/ wkh wuldqjoh0pdunhg shuirupdqfhv fruuh0
vsrqg wr Wxuer frghv xvlqj udqgrp lqwhuohdylqj/ zklfk fruuhvsrqgv wr wkh dy0
hudjh shuirupdqfh ri Wxuer frghv xvlqj wklv sduwlfxodu lqwhuohdyhu vl}h1 Dv vhhq/
wkh dyhudjh Wxuer frgh shuirupdqfh vx�huv iurp d udwkhu vhyhuh *huuru0 rru*/
zkhuhdv wkh Wxuer frgh wkdw xvhv d ghvljqhg lqwhuohdyhu vkrzv qr huuru0 rru
ehkdylru hyhq dw iudph huuru udwhv dv orz dv 43�:1 Wkh lvvxh ri lqyhvwljdwlqj
dqg xqghuvwdqglqj wkh phfkdqlvpv ri Wxuer frghv wkdw jlyh ulvh wr wkhlu shuiru0
pdqfhv/ erwk zkhq jrrg dqg zkhq edg/ lv wkh irfxv ri wklv wkhvlv1 Wklv lqfoxghv
lqyhvwljdwlrq ri wkh fhqwudo Wxuer frglqj frpsrqhqwv lqfoxglqj wkh lqwhuohdyhu/
wkh frqvwlwxhqw hqfrghuv7 / dv zhoo dv dvshfwv vxfk dv wuhoolv whuplqdwlrq8 1

5Wkhvh udwh0426 Wxuer frghv xvh 8330elw lqwhuohdyhuv/ ;0vwdwh hqfrghuv dqg d pd{lpxp ri
48 ghfrglqj lwhudwlrqv zlwk wkh EFMU0dojrulwkp1

6Wkh lqwhuohdyhu lv rqh ri wkh fhqwudo sduwv ri Wxuer frghv/ zklfk lv lqwurgxfhg lq Vhfwlrq
514151

7Wkh frqvwlwxhqw hqfrghuv duh lqwurgxfhg lq Vhfwlrq 514141
8Wuhoolv whuplqdwlrq iru Wxuer frghv lv lqwurgxfhg lq Vhfwlrq 514161
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Fkdswhu 5

D Wxuer Frgh Suholplqdu|

�111jrrg frghv mxvw pljkw eh phvv|�
M1 O1 Pdvvh|

Wxuer frghv zkhuh lqwurgxfhg e| Ehuurx/ Jodylhx{ dqg Wklwlpdmvklpd lq wkhlu
jurxqgeuhdnlqj sdshu �Qhdu Vkdqqrq Olplw Huuru0Fruuhfwlqj Frglqj dqg Gh0
frglqj= Wxuer Frghv� ^46`1 Wkh sdshu suhvhqwhg vhyhudo hsrfk0pdnlqj lghdv dqg
uhvxowv wr wkh �hog ri fkdqqho frglqj � uhvxowv dw �uvw orrnhg xsrq zlwk vfhs0
wlflvp dqg grxew lq wkh frglqj frppxqlw|/ exw wrgd| zlgho| dffhswhg1 Wkh
uhdvrq iru wkh grxewv duh qrw idu0ihwfkhg= wkh shuirupdqfh uhvxowv suhvhqwhg
zhuh vljql�fdqwo| ehwwhu wkdq zkdw kdg suhylrxvo| ehhq vhhq dqg/ pruh lp0
sruwdqw/ zkdw zdv dqwlflsdwhg ihdvleoh1 Lq idfw/ wkh sdshu suhvhqwhg uhvxowv ri
frppxqlfdwlrq ryhu wkh DZJQ fkdqqho ohvv wkdq 4 gE deryh wkh orzhu olplw
suhglfwhg e| Vkdqqrq1 Hvshfldoo|/ lw zdv vkrzq wkdw frppxqlfdwlrq lv srvvleoh
dw VQUv iru zklfk wkh fxwr� udwh lv orzhu wkdq wkh frgh udwh/ d olplw iru d orqj
wlph frqvlghuhg wkh sudfwlfdo olplw iru uholdeoh frppxqlfdwlrq1

Ehuurx hw do1 pdgh lpsruwdqw frqwulexwlrqv wr erwk wkh sureohp ri fkrrvlqj
frghv2hqfrghuv/ dqg wkh sureohp ri h!flhqw ghfrglqj1 Wkh edvlf sulqflsoh ri
wkh Wxuer frglqj frqfhsw lv looxvwudwhg lq Iljxuh 5141 Lq vkruw/ wkh vdph phvvdjh
lv hqfrghg lq wzr gl�huhqw zd|v/ e| Hqfrghu 4 dqg Hqfrghu 51 Wkh ghfrghu lv
fruuhvsrqglqjo| glylghg lqwr wzr vhsdudwh ghfrghuv/ zkhuh hdfk ghfrghu ghfrghv
lwv sduw ri wkh frqfdwhqdwhg frghzrug1 E| wkh xvh ri vrsklvwlfdwhg dojrulwkpv/
wkh ghfrghuv fdq h{fkdqjh lqirupdwlrq rq wkhlu ghfrglqj uhvxowv dqg wkhuhe|
frrshudwh lq �qglqj wkh fruuhfw frghzrug1 Wkh whup �Wxuer� dfwxdoo| uh hfwv
wkh lwhudwlyh ghfrglqj dvvrfldwhg zlwk Wxuer frghv1 Wkh dxwkruv frpsduhg wkh
surfhvv ri xvlqj wkh rxwsxw iurp rqh xqlw dv lqsxw lq wkh qh{w/ ryhu dqg ryhu

48
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Iljxuh 514= Wkh Wxuer frglqj2ghfrglqj sulqflsoh1

djdlq/ zlwk wkh ixqfwlrqdolw| ri d Wxuer frpexvwlrq hqjlqh4 1 Khqfh/ wkh whup
�Wxuer� lv lqglfdwlyh rq wkh ghfrglqj phwkrg udwkhu wkdq ri wkh frgh vhohfwlrq
dqg wkh whup �Wxuer ghfrglqj� lv vrphwlphv xvhg dv d v|qrq|p iru lwhudwlyh
ghfrglqj1

Dsduw iurp wkh lpsruwdqw zrun Ehuurx hw do1 pdgh rq wkh frqfhsw ri lwhu0
dwlyh ghfrglqj/ wkh| sursrvhg d qhz frgh frqvwuxfwlrq= sdudooho frqfdwhqdwlrq
ri uhfxuvlyh frqyroxwlrqdo hqfrghuv1 Wkurxjk wkh frpelqdwlrq ri wklv frgh frq0
vwuxfwlrq dqg wkh lwhudwlyh ghfrglqj dojrulwkp/ wkh dxwkruv kdg irxqg d zd| wr
frqvwuxfw yhu| odujh dqg frpsoh{ frghv/ zklfk fdq eh ghfrghg zlwk kljk shuiru0
pdqfh dqg uhdvrqdeoh frpsoh{lw|1 Wklv frpelqdwlrq lv yhu| dsshdolqj/ lq oljkw
ri wkh fkdqqho frglqj wkhruhp zklfk lv ghulyhg rq wkh edvlv wkdw wkh frghzrug
ohqjwk lqfuhdvhv wrzdugv lq�qlw|1 Wkh hqfrghu vwuxfwxuh dqg wkh ghvljq ri lwv
frpsrqhqwv lv wkh wrslf ri wklv wkhvlv/ dqg lw zloo eh glvfxvvhg lq wkh vhtxho1

D odvw frpphqw rq wkh whuplqrorj| ri Wxuer frghv1 Wkhuh lv qr fohdq0fxw
gh�qlwlrq ri zkdw Wxuer frghv duh1 Iru h{dpsoh/ lw lv srvvleoh wr h{fkdqjh wkh
frqvwlwxhqw frghv wr dq| rwkhu w|sh ri frgh/ iru h{dpsoh eorfn frghv1 Vxfk
frqvwuxfwlrqv duh fdoohg Eorfn Wxuer Frghv ^:8`1 Ixuwkhu/ lw lv srvvleoh wr frq0
fdwhqdwh vhyhudo frqvwlwxhqw frghv e| duudqjlqj dgglwlrqdo hqfrghuv lq sdudooho
^58/ 75`1 Vxfk frqvwuxfwlrqv duh vwloo ghqrwhg Wxuer frghv/ ru vrphwlphv pxowlsoh
Wxuer frghv1 Lq wkh lqyhvwljdwlrqv uhsruwhg lq wklv wkhvlv/ zh duh h{foxvlyho| uh0
ihuulqj wr wkh ruljlqdo hqfrghu vwuxfwxuh suhvhqwhg e| Ehuurx hw do1 lq ^46`/ wkdw
lv/ sdudooho frqfdwhqdwlrq ri wzr uhfxuvlyh v|vwhpdwlf frqyroxwlrqdo hqfrghuv1

514 Hqfrghu Vwuxfwxuh
D jhqhudo Wxuer hqfrghu vwuxfwxuh xvlqj wzr frqvwlwxhqw hqfrghuv lv looxvwudwhg
lq Iljxuh 5151 Lw frqvlvwv ri wkuhh edvlf exloglqj eorfnv= dq lqwhuohdyhu/ wkh
frqvwlwxhqw hqfrghuv/ dqg d sxqfwxulqj dqg pxowlsoh{lqj xqlw1 Wkh lqwhuohdyhu
lv d ghylfh wkdw uh0rughuv wkh v|perov lq lwv lqsxw vhtxhqfh1 Wrjhwkhu zlwk
wkh orzhu frqvwlwxhqw hqfrghu/ wkh lqwhuohdyhu fdq eh frqvlghuhg wr lpsohphqw
*Hqfrghu 5* lq Iljxuh 5141 Lq wkh iroorzlqj/ wkh exloglqj eorfnv xvhg lq d Wxuer
frgh hqfrghu/ dv ghslfwhg lq Iljxuh 515/ duh ghvfulehg1

4Wxuerfkdujhuv xwlol}h hqhuj| lq wkh h{kdxvw jdvhv wr errvw wkh dlu lqwdnh1
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Iljxuh 515= Eorfn gldjudp ri d Wxuer frgh hqfrghu1

Iljxuh 516= Uhfxuvlyh v|vwhpdwlf frqyroxwlrqdo hqfrghu zlwk ihhgedfn sro|qr0
pldo :; dqg sdulw| sro|qrpldo 8;1

51414 Wkh Frqvwlwxhqw Hqfrghuv

Wkh frqvwlwxhqw hqfrghuv duh uhfxuvlyh v|vwhpdwlf frqyroxwlrqdo +UVF, hqfrghuv/
l1h1 v|vwhpdwlf frqyroxwlrqdo hqfrghuv zlwk ihhgedfn1 Vxfk dq hqfrghu zlwk wzr
phpru| hohphqwv lv ghslfwhg lq Iljxuh 5161 Iru v|vwhpdwlf frghv/ wkh lqirupd0
wlrq vhtxhqfh lv sduw ri wkh frghzrug/ zklfk fruuhvsrqgv wr wkh gluhfw frqqhfwlrq
iurp wkh lqsxw wr rqh ri wkh rxwsxwv1 Iru hdfk lqsxw elw wkh hqfrghu jhqhudwhv
wzr frghzrug elwv= wkh v|vwhpdwlf elw dqg wkh sdulw| elw1 Wkxv/ wkh frgh udwh
lv 4251 Wkh hqfrghu lqsxw dqg sdulw| elwv duh ghqrwhg x dqg f/ uhvshfwlyho|1

D frqyhqlhqw dqg frpprq zd| wr vshfli| d frqyroxwlrqdo hqfrghu lv wr xvh
wkh rfwdo uhsuhvhqwdwlrq ri wkh sro|qrpldo lq G wkdw ghvfulehv wkh hqfrghu1 Wkh
ghod| rshudwru G lqglfdwhv d ghod| ri rqh v|pero wlph> Gq lqglfdwhv d ghod|
ri q v|pero wlphv1 Wkxv/ wkh sro|qrpldo lq G wkdw ghvfulehv wkh sdulw| elw lq
Iljxuh 516/ dv d ixqfwlrq ri wkh hqfrghu phpru| frqwhqwv/ lv 4 .G51 Vlploduo|/
wkh ihhgedfn sro|qrpldo lv 4.G.G51 Wkh jhqhudwru pdwul{ ri wklv hqfrghu/ lq
sro|qrpldo uhsuhvhqwdwlrq lv J +G, @

�
4 4.G5

4.G.G5

�
= Uhsuhvhqwlqj wkh frhi0

�flhqwv lq wkh sro|qrpldov dv elqdu| qxpehuv/ wkh sdulw| dqg ihhgedfn sro|qr0
pldov fdq eh uhsuhvhqwhg e| 4345 dqg 4445 uhvshfwlyho|/ zklfk lv 8; dqg :; lq
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Iljxuh 517= +d, Vwdwh0 dqg +e, wuhoolv0gldjudpv iru wkh frqyroxwlrqdo hqfrghu lq
Iljxuh 5161

rfwdo uhsuhvhqwdwlrq5 1 D frpsdfw uhsuhvhqwdwlrq ri wkh hqfrghu lq Iljxuh 516 lv
wkxv

�
4 8@:

�
;
1 Wkurxjkrxw wklv wkhvlv/ wkh sdulw| sro|qrpldo lv dvvxphg wr

eh prqlf zlwk wkh vdph ghjuhh dv wkh ihhgedfn sro|qrpldo1
Wkh ixqfwlrqdolw| ri frqyroxwlrqdo hqfrghuv lv frqyhqlhqwo| ghvfulehg e|

vwdwh0 dqg wuhoolv0gldjudpv/ vkrzq lq Iljxuh 5171 Hdfk vwdwh lq wkh vwdwh0gldjudp
fruuhvsrqgv wr wkh frqwhqwv ri wkh phpru| hohphqwv lq wkh hqfrghu/ dqg wkh
vwdwh0wudqvlwlrqv duh odehohg zlwk wkh lqsxw dqg sdulw| elw fruuhvsrqglqj wr hdfk
wudqvlwlrq1 Wkh wuhoolv0gldjudp lqfoxghv d wlph0glphqvlrq/ khuhe| lqfrusrudwlqj
wkh klvwru| ri wkh hqfrghu1 Hdfk frghzrug ehorqjlqj wr wkh frgh lv pdgh xs
e| wkh odehov ^xqfq` rq wkh wuhoolv wudqvlwlrqv wkdw fruuhvsrqg wr d vshfl�f sdwk
wkurxjk wkh wuhoolv1

Lq jhqhudo/ wkh frqvwlwxhqw hqfrghuv fdq eh ri dq| frgh udwh1 Lq wkh ruljlqdo
Wxuer frgh sdshu/ Ehuurx hw do1 sursrvhg v|vwhpdwlf udwh0425 hqfrghuv1 Vlqfh
wkhq/ orzhu udwh Wxuer frglqj vfkhphv kdyh dovr ehhq lqyhvwljdwhg/ h1j1 lq
^;/ 58/ 95/ 98`1

5Wkh elqdu| gljlwv fdq eh sduwlwlrqhg lqwr 60wxsohv vwduwlqj erwk iurp wkh prvw vljql�fdqw
elw +PVE, dqg wkh ohdvw vljql�fdqw elw +OVE,1 Wkurxjkrxw wklv wkhvlv/ wkh rfwdo uhsuhvhqwdwlrq
lv edvhg rq sduwlwlrqlqj iurp wkh OVE1
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51415 Lqwhuohdylqj

Wkh lqwhuohdylqj shuiruphg rq wkh lqirupdwlrq vhtxhqfh ehiruh lw lv ihg wr wkh
vhfrqg frqvwlwxhqw hqfrghu frqvwlwxwhv d uh0rughulqj ri wkh lqirupdwlrq v|perov1
Wkh frpelqdwlrq ri wzr uhfxuvlyh hqfrghuv dqg wkh lqwhuohdyhu surylghv d vrox0
wlrq wr wzr lpsruwdqw lvvxhv dvvrfldwhg zlwk frglqj= +4, wkh fuhdwlrq ri frghv
zlwk jrrg glvwdqfh surshuwlhv zklfk +5, fdq eh h!flhqwo| ghfrghg/ wkurxjk lw0
hudwlyh ghfrglqj1 Wkh lq xhqfh rq wkh glvwdqfh vshfwud lv glvfxvvhg lq Vhfwlrq
516 ehorz1 Wkh uhdvrq wkdw wkh lqwhuohdyhu hqdeohv wkh xvh ri lwhudwlyh ghfrglqj
lv wkdw lw *gh0fruuhodwhv* qhdue|6 ghfrghu lqsxwv1 Wklv lv hvvhqwldo/ vlqfh qhdue|
ghfrghu lqsxwv wkdw duh fruuhodwhg kdyh d ghwulphqwdo lq xhqfh rq wkh ghfrglqj
shuirupdqfh1 Wklv lvvxh lv ixuwkhu vwxglhg lq Fkdswhu 6/ dgguhvvlqj lqwhuohdyhu
ghvljq fulwhuld1

Lq jhqhudo/ wkh lqwhuohdyhu fdq surfhvv d frqwlqxrxv lqsxw vwuhdp1 Krzhyhu/
wkurxjkrxw wklv wkhvlv zh ylhz wkh lqsxw wr wkh lqwhuohdyhu dv glylghg lqwr eorfnv
ri ohqjwk Q 1 Wkh uh0rughulqj lv wkhq shuiruphg zlwklq hdfk vxfk eorfn1 W|sl0
fdoo|/ wkh shuirupdqfh ri d Wxuer frgh lv lpsuryhg zkhq wkh lqwhuohdyhu vl}h lv
lqfuhdvhg/ zklfk kdv dq srvlwlyh lq xhqfh rq erwk wkh frgh surshuwlhv dqg wkh
lwhudwlyh ghfrglqj shuirupdqfh1

Wkhuh duh pdq| srvvlelolwlhv ri uhsuhvhqwlqj wkh lqwhuohdyhu uxoh1 Dprqj wkh
prvw frpprq lv wkh xvh ri d yhfwru � ri ohqjwk Q / frqwdlqlqj wkh srvlwlrqv wkdw
hdfk lqsxw v|pero krogv diwhu lqwhuohdylqj1 Wkxv/ � +l, lv wkh srvlwlrq wkdw lqsxw
elw l lv lqwhuohdyhg wr1 Htxlydohqwo|/ wkh lqwhuohdylqj uxoh fdq eh uhsuhvhqwhg e|
wkh yhfwru g/ zkhuh g +l, krogv wkh lqsxw srvlwlrq wkdw lv lqwhuohdyhg wr srvlwlrq
l1 Wkh iruphu uhsuhvhqwdwlrq pd| vhhp pruh qdwxudo/ exw lq frqmxqfwlrq zlwk
wkh lqwhuohdyhu ghvljq dojrulwkp ghvfulehg lq Fkdswhu 6/ wkh xvh ri g lv pruh
frqyhqlhqw1

D wklug zd| ri uhsuhvhqwlqj lqwhuohdyhuv lv e| xvlqj shupxwdwlrq pdwulfhv1
D shupxwdwlrq pdwul{ lv dq Q � Q pdwul{ frqwdlqlqj h{dfwo| rqh 4 lq hdfk
urz dqg lq hdfk froxpq/ doo rwkhu hohphqwv ehlqj }hur1 Rqh ri wkh ehqh�wv ri
xvlqj shupxwdwlrq pdwulfhv lv wkdw wkh| h!flhqwo| ylvxdol}h lqwhuohdyhu vwuxf0
wxuhv1 Iru h{dpsoh/ Iljxuh 518 vkrzv wzr shupxwdwlrq pdwulfhv/ zkhuh hdfk 4 lv
uhsuhvhqwhg e| d grw1 Wr wkh ohiw/ wkh shupxwdwlrq pdwul{ ri d svhxgr0udqgrp
lqwhuohdyhu/ dqg wr wkh uljkw/ d 43�43 eorfn7 lqwhuohdyhu/ erwk ri ohqjwk 433 elwv1
Wkh ghwhuplqlvwlf dqg vwuxfwxuhg surshuwlhv ri wkh eorfn lqwhuohdyhu/ frpsduhg
wr wkh svhxgr0udqgrp lqwhuohdyhu/ duh reylrxv1 Rwkhu lqwhuohdyhu surshuwlhv wkdw
duh qlfho| ylvxdol}hg zlwk shupxwdwlrq pdwulfhv duh glvfxvvhg lq Fkdswhu 6/ lq
frqmxqfwlrq zlwk lqwhuohdyhu ghvljq dqg lwhudwlyh ghfrglqj shuirupdqfh1

6Zlwk *qhdue|* lv phdqw srvlwlrqv wkdw duh forvh wr hdfk rwkhu lq wkh lqsxw vhtxhqfh1
7D eorfn lqwhuohdyhu lv rewdlqhg e| zulwlqj wkh hohphqwv wr d pdwul{ urz0zlvh dqg uhdglqj

wkhp froxpq0zlvh1
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Iljxuh 518= Looxvwudwlrq ri wkh shupxwdwlrq pdwulfhv ri wzr 4330elw lqwhuohdyhuv1
Ohiw= d svhxgr0udqgrp lqwhuohdyhu1 Uljkw= d 43� 43 eorfn lqwhuohdyhu1

51416 Wuhoolv Whuplqdwlrq

Dv phqwlrqhg lq wkh lqwurgxfwru| fkdswhu/ dqg wr eh ixuwkhu dgguhvvhg lq odwhu
vhfwlrqv/ wkh shuirupdqfh ri d frgh lv kljko| ghshqghqw rq lwv Kdpplqj glv0
wdqfh vshfwuxp1 Iru frqyroxwlrqdo frghv/ wr zklfk wkh frqvwlwxhqw frghv lq
Wxuer frghv ehorqj/ wkh Kdpplqj glvwdqfhv ehwzhhq frghzrugv duh wkh uhvxow
ri wdnlqj gl�huhqw sdwkv wkurxjk wkh wuhoolv1 Lq sulqflsoh/ wkh odujhu wkh qxpehu
ri wuhoolv wudqvlwlrqv lq zklfk wzr sdwkv gl�hu/ wkh odujhu lv wkh srvvleoh Kdp0
plqj glvwdqfhv ehwzhhq wkh fruuhvsrqglqj frghzrugv1 Lw lv wkxv ghvludeoh wkdw
wkh vkruwhvw srvvleoh ghwrxu iurp d wuhoolv sdwk lv dv orqj dv srvvleoh/ wr hqvxuh
d odujh Kdpplqj glvwdqfh ehwzhhq wkh wzr frghzrugv wkdw fruuhvsrqg wr wkh
wzr sdwkv1

Iru frqyroxwlrqdo frghv wkdw duh wuxqfdwhg dw vrph srlqw/ zklfk lv wkh fdvh
ri eorfn0rulhqwhg Wxuer frghv/ vhyhuh ghjudgdwlrq ri wkh glvwdqfh vshfwud pd|
rffxu1 Li qr suhfdxwlrqv duh wdnhq ehiruh wkh wuxqfdwlrq/ hdfk ri wkh hqfrghu
vwdwhv lv d ydolg hqglqj vwdwh dqg wkxv wkh vkruwhvw srvvleoh gl�huhqfh ehwzhhq
wzr wuhoolv sdwkv lv pdgh xs ri rqo| rqh wuhoolv wudqvlwlrq1 Qdwxudoo|/ wklv surfh0
gxuh pd| uhvxow lq yhu| srru glvwdqfh surshuwlhv/ zlwk dffrpsdq|lqj srru huuru
fruuhfwlqj shuirupdqfh1

D vroxwlrq wr wkh deryh sureohp lv wuhoolv whuplqdwlrq1 Zlwk wuhoolv whupl0
qdwlrq/ � wdlo elwv duh dsshqghg wr wkh lqirupdwlrq vhtxhqfh/ zkhuh � lv wkh
qxpehu ri phpru| hohphqwv lq wkh hqfrghu1 Wkh wdlo elwv duh fkrvhq vr wkdw/
diwhu hqfrglqj wkhvh elwv/ wkh hqfrghu lv whuplqdwhg lq wkh }hur0vwdwh1 Wklv zd|/
wkh vkruwhvw srvvleoh wuhoolv ghwrxu lv wkh vdph dv zlwkrxw wuxqfdwlrq/ dqg wkh
glvwdqfh vshfwuxp lv suhvhuyhg1 Xvlqj ihhg0iruzdug frqyroxwlrqdo hqfrghuv/ l1h1
hqfrghuv zlwkrxw ihhgedfn/ wuhoolv whuplqdwlrq lv hdvlo| rewdlqhg e| dsshqglqj
wdlo elwv wkdw duh doo }hurv1 Iru uhfxuvlyh hqfrghuv/ krzhyhu/ wkh vlwxdwlrq eh0
frphv pruh frpsolfdwhg/ vlqfh wkh wdlo elwv ghshqg rq wkh lqirupdwlrq vhtxhqfh1

D vhfrqg dssurdfk wr wkh sureohp ri wuhoolv wuxqfdwlrq lv wdlo0elwlqj1 Zlwk
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wdlo0elwlqj/ wkh hqfrghu lv lqlwldol}hg wr wkh vdph vwdwh dv lw zloo hqg xs lq e|
wkh hqg ri wkh eorfn1 Iru ihhg0iruzdug hqfrghuv wdlo0elwlqj lv uhdglo| rewdlqhg
e| lqvshfwlrq ri wkh odvw � elw lq wkh lqsxw vhtxhqfh/ vlqfh wkhvh glfwdwh wkh
hqfrghu hqglqj vwdwh1 Krzhyhu/ dv lq wkh fdvh ri wuhoolv whuplqdwlrq/ wkh vlwxdwlrq
ehfrphv pruh frpsolfdwhg zkhq xvlqj uhfxuvlyh hqfrghuv ^8:`1

Wkh dgydqwdjh ri xvlqj wdlo0elwlqj frpsduhg wr wuhoolv whuplqdwlrq lv wkdw
wdlo0elwlqj grhv qrw uhtxluh wudqvplvvlrq ri wdlo elwv +wkh xvh ri wdlo elwv uhgxfhv
wkh frgh udwh dqg lqfuhdvhv wkh wudqvplvvlrq edqgzlgwk,1 Iru odujh eorfnv/ wkh
udwh0uhgxfwlrq lpsrvhg e| wdlo0elwv lv vpdoo/ riwhq qhjoljleoh1 Iru vpdoo eorfnv/
krzhyhu/ lw pd| eh vljql�fdqw1

Lq wklv wkhvlv/ wkh lvvxh ri wuhoolv whuplqdwlrq lv vwxglhg lq ^Sdshu YL`1 Dg0
glwlrqdo lqyhvwljdwlrqv rq wuhoolv whuplqdwlrq dqg wdlo0elwlqj iru Wxuer frghv duh
irxqg lq ^8/ 47/ 59/ 67/ 6;/ 7;/ 84/ 88` dqg ^5/ 53/ ;;/ <8/ <9`/ uhvshfwlyho|1

51417 Sxqfwxulqj

Sxqfwxulqj lv wkh surfhvv ri uhprylqj fhuwdlq v|perov2srvlwlrqv iurp wkh frgh0
zrug/ wkhuhe| uhgxflqj wkh frghzrug ohqjwk dqg lqfuhdvlqj wkh ryhudoo frgh udwh1
Lq wkh ruljlqdo Wxuer frgh sursrvdo/ Ehuurx hw do1 sxqfwxuhg kdoi wkh elwv iurp
hdfk frqvwlwxhqw hqfrghu1 Krzhyhu/ wkh v|vwhpdwlf elwv duh wkh vdph iru erwk
frqvwlwxhqw hqfrghuv/ h{fhsw iru wkh uh0rughulqj fdxvhg e| wkh lqwhuohdyhu1 Wkxv/
sxqfwxulqj kdoi wkh v|vwhpdwlf elwv iurp hdfk frqvwlwxhqw hqfrghu fruuhvsrqgv
wr vhqglqj doo wkh v|vwhpdwlf elwv rqfh/ li wkh sxqfwxulqj lv surshuo| shuiruphg1

Lq wkh ruljlqdo Wxuer frgh sursrvdo/ wkh ryhudoo frgh udwh lv U @4251 Wkh
prvw frpprq dowhuqdwlyh wr wklv lv qrw wr sxqfwxuh wkh sdulw| elwv ri hlwkhu
frqvwlwxhqw hqfrghu/ zklfk uhvxowv lq d Wxuer frgh zlwk udwh 4261 Wklv lv dq ds0
shdolqj dssurdfk iru lqyhvwljdwlrqv uhjduglqj lqwhuohdyhu ghvljq dqg wkh fkrlfh
ri frqvwlwxhqw hqfrghuv/ vlqfh lw uhpryhv wkh dpeljxrxvqhvv uhvxowlqj iurp wkh
ydulrxv srvvlelolwlhv ri shuiruplqj wkh sxqfwxulqj1 Ixuwkhu/ sxqfwxulqj pd|
kdyh gl�huhqw h�hfw rq gl�huhqw fkrlfhv ri lqwhuohdyhuv/ dqg rq gl�huhqw frq0
vwlwxhqw hqfrghuv1 Wkxv/ dv zh duh lqwhuhvwhg lq wkh lvvxhv ri lqwhuohdyhu ghvljq
dqg wkh fkrlfh ri frqvwlwxhqw hqfrghuv/ zh kdyh qrw xvhg sxqfwxulqj lq rxu lq0
yhvwljdwlrqv1 Frqvhtxhqwo|/ wkh ryhudoo Wxuer frgh udwh ri wkh frghv suhvhqwhg
lq wklv wkhvlv lv U @ 4@61

Dq htxlydohqw Wxuer frgh hqfrghu wkdw fruuhvsrqgv wr wkh dvvxpswlrqv rxw0
olqhg deryh lv vkrzq lq Iljxuh 5191 Khuh/ wkh v|vwhpdwlf elw vwuhdp lv vhsdudwhg
iurp erwk hqfrghuv/ exw lw fdq ri frxuvh vwloo eh frqvlghuhg sduw ri erwk frq0
vwlwxhqw frghv1 Ixuwkhu/ wkh pxowlsoh{lqj xqlw kdv ehhq rplwwhg1 Wklv lv frqyh0
qlhqw zkhq glvfxvvlqj wkh ghfrglqj dojrulwkp/ zklfk pdnh xvh ri wkh gl�huhqw
elw vwuhdpv vhsdudwho|1
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Iljxuh 519= Htxlydohqw vwuxfwxuh ri d Wxuer frgh hqfrghu/ xvlqj frqvwlwxhqw
hqfrghuv zlwk jhqhudwru sro|qrpldov +4:@48,; dqg qr sxqfwxulqj1

515 Lwhudwlyh Ghfrglqj

Rqh ri wkh qryho dwwulexwhv ri Wxuer frghv lv wkhlu delolw| wr frpsrvh �odujh
frghv� wkdw fdq eh ghfrghg zlwk uhdvrqdeo| orz frpsoh{lw|1 Dv phqwlrqhg hdu0
olhu/ wklv lv dfklhyhg e| lwhudwlyho| ghfrglqj wkh wzr frqvwlwxhqw frghv wkdw
wrjhwkhu frpsrvh d Wxuer frgh1 D eorfn gldjudp ri dq lwhudwlyh ghfrghu
wkdw pdwfkhv wkh hqfrghu lq Iljxuh 519 lv vkrzq lq Iljxuh 51:1 Lw frqvlvwv
ri wzr frqvwlwxhqw ghfrghuv/ rqh iru hdfk frqvwlwxhqw frgh/ dqg wkh lqwhuohdy0
lqj2ghlqwhuohdylqj eorfnv uhtxluhg wr frqyhuw wkh vhtxhqfhv ehwzhhq wkh �frgh
vsdfhv�1

Hdfk ghfrghu surfhvvhv lqsxw eorfnv ri vl}h Q / l1h1 wkh vl}h ri wkh lqwhuohdyhu1
Diwhu wkh �uvw ghfrghu kdv shuiruphg lwv ghfrglqj xvlqj wkh uhfhlyhg fkdqqho
v|perov dvvrfldwhg zlwk wkh �uvw frgh/ lw sdvvhv d eorfn ri vriw lqirupdwlrq ri
ohqjwk Q wr wkh vhfrqg frqvwlwxhqw ghfrghu1 Qh{w/ wkh vhfrqg ghfrghu xvhv wkh
lqirupdwlrq iurp wkh �uvw ghfrghu wrjhwkhu zlwk wkh uhfhlyhg fkdqqho v|perov
dvvrfldwhg zlwk wkh vhfrqg frgh1 Krshixoo|/ wkh vhfrqg ghfrghu shuirupv ehwwhu
wkdq wkh �uvw/ vlqfh lw kdv dffhvv wr pruh lqirupdwlrq1 Ixuwkhu/ li wkh �uvw
ghfrghu lv suhvhqwhg zlwk wkh uhvxowv iurp wkh vhfrqg ghfrghu lw lv frqfhlydeoh
wkdw lw pljkw lpsuryh lwv shuirupdqfh/ frpsduhg wr lwv �uvw ghfrglqj dwwhpsw1
Wkxv/ lq wkh vhfrqg ghfrglqj urxqg ri wkh �uvw ghfrghu/ lw xvhv wkh vdph fkdqqho
lqirupdwlrq dv lq wkh �uvw urxqg/ wrjhwkhu zlwk wkh lqirupdwlrq sdvvhg iurp wkh
vhfrqg ghfrghu1

Rqh ghfrglqj lwhudwlrq lv frpsohwhg diwhu rqh sdvv ri erwk wkh �uvw dqg
wkh vhfrqg frqvwlwxhqw ghfrghuv1 Wkh ghfrglqj shuiruphg e| rqh frqvwlwxhqw
ghfrghu lv uhihuuhg wr dv d *kdoi0lwhudwlrq*1

Lghdoo|/ wkh lqirupdwlrq sdvvhg ehwzhhq wkh frqvwlwxhqw ghfrghuv vkrxog frq0
vlvw ri sulru nqrzohgjh ri wkh suredelolw| glvwulexwlrq ri hdfk elw lq wkh lqirupd0
wlrq vhtxhqfh1 Dv vxfk/ wkh ghfrghu lqsxwv xvhg dv d sulrul lqirupdwlrq vkrxog
ghshqg rqo| rq wkh wudqvplwwhg lqirupdwlrq vhtxhqfh/ dqg qrw rq wkh qrlvh rq
wkh rwkhu ghfrghu lqsxwv1 E| xvlqj ghfrghuv surgxflqj d srvwhulrul suredelol0
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Lqwhuohdyhu

Lqwhuohdyhu

Ghlqwhuohdyhu

Ghlqwhuohdyhu

.

Ghfrghu�4

Ghfrghu�5

uhfhlyhg�sdulw|
vhtxhqfh�iurp
wkh�vhfrqg�hqfrghu

h{wulqvlf�rxwsxwv
iurp�wkh�vhfrqg
ghfrghu

h{wulqvlf�rxwsxwv
iurp�wkh�iluvw
ghfrghu

uhfhlyhg�sdulw|
vhtxhqfh�iurp
wkh�iluvw�hqfrghu

uhfhlyhg
v|vwhpdwlf
vhtxhqfh

Iljxuh 51:= Eorfn gldjudp ri dq lwhudwlyh Wxuer frgh ghfrghu1

wlhv/ vr fdoohg DSS0 ru vriw0rxwsxw ghfrghuv/ wkh d srvwhulrul suredelolwlhv diwhu
ghfrglqj wkh �uvw frqvwlwxhqw frgh fdq eh xvhg dv d sulrul lqsxw zkhq ghfrglqj
wkh vhfrqg frqvwlwxhqw frgh1

Lq d �uvw ghvfulswlrq/ frqvlghu dq lvrodwhg DSS ghfrghu zkrvh lqsxw d sulrul
lqirupdwlrq lv edvhg rq wkh d sulrul suredelolwlhv Su +xq @ 4, dqg Su +xq @ 3,1
Iru elqdu| lqirupdwlrq v|perov/ lw lv frqyhqlhqw wr uhsuhvhqw wkh d sulrul lqiru0
pdwlrq dv d orj0olnholkrrg udwlr8 +OOU,1 Wkxv/ ghqrwlqj wkh qwk d sulrul lqsxw
��q/ zh kdyh

��q @ oq
Su +xq @ 4,

Su +xq @ 3,
1 +514,

Wkh lqsxw wr wkh ghfrghu frqvlvwv ri wkuhh vhtxhqfhv/ iru wkh udwh0425 frqvwlwxhqw
hqfrghuv frqvlghuhg1 Wkhvh lqsxwv duh= wkh uhfhlyhg v|vwhpdwlf vhtxhqfh/ {Q4 /
wkh uhfhlyhg sdulw| vhtxhqfh/ |Q4 / dqg wkh d sulrul lqsxw vhtxhqfh/ ��Q4 1 Wkhvh
duh vhtxhqfhv duh lq vkruw uhihuuhg wr dv UQ

4 / wkdw lv/

UQ
4 @

�
{Q4 > |

Q
4 >

��Q4

�
= +515,

Wkh wdvn ri dq DSS ghfrghu lv wr ghulyh wkh d srvwhulrul suredelolwlhv
Su
�
xq @ 4mUQ

4

�
dqg Su

�
xq @ 3mUQ

4

�
/ zkhuh xq lv lqirupdwlrq v|pero q1 Vlp0

lodu wr wkh d sulrul lqsxw/ wkh ghfrghu vriw0rxwsxw/ ghqrwhg �q/ lv uhsuhvhqwhg

8Wkh whup orj0olnholkrrg udwlr lv xvhg iru doo orjdulwkpv ri suredelolw|0udwlrv lq wklv wkhvlv1
Hyhq wkrxjk wklv lv riwhq wkh fdvh lq wxuer frglqj olwhudwxuh/ lw fdq eh dujxhg wkdw lw lv dq
dexvh ri whuplqrorj|1
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dv dq OOU

�q @ oq
Su
�
xq @ 4mUQ

4

�
Su
�
xq @ 3mUQ

4

� q @ 4> 5> = = = > Q= +516,

Wkh ghfrghu kdug ghflvlrq lv dfklhyhg e| xvlqj wkh vljq ri wkh DSS vriw0rxwsxw>
li �q A 3/ wkh ghfrghu kdug ghflvlrq lv axq @ 4/ dqg ylfh yhuvd1

Ohw xv qrz uhwxuq wr wkh lwhudwlyh ghfrglqj hqylurqphqw1 Lw lv yhu| lpsru0
wdqw wkdw wkh lqirupdwlrq sdvvhg ehwzhhq wkh frqvwlwxhqw ghfrghuv lv surshuo|
frpsrvhg1 Lq sduwlfxodu/ vlqfh wkh wzr ghfrghuv duh olqnhg lq d orrs/ fduh pxvw
eh wdnhq vr wkdw lqvwdelolw| lv dyrlghg1 Wkhuhiruh/ lw lv rqo| d vshfl�f sruwlrq
ri wkh ghfrghu vriw0rxwsxw wkdw vkrxog eh sdvvhg rq wr wkh qh{w frqvwlwxhqw
ghfrghu1 Dvvxplqj wkdw wkh hqfrghu lqsxwv duh lqghshqghqw/ wkh OOU +516, fdq
eh sduwlwlrqhg lqwr wkuhh sduwv +vhh Dsshqgl{ D iru ghwdlov,=

�q @ oq
Su
�
xq @ 4m��q

�

Su
�
xq @ 3m��q

� . oq
s +{qmxq @ 4,

s +{qmxq @ 3,
.

oq
Su
�
xq @ 4m{q�44 > {Qq.4> |

Q
4 > ��

q�4
4 > ��Qq.4

�

Su
�
xq @ 3m{q�44 > {Qq.4> |

Q
4 >

��q�44 > ��Qq.4

� = +517,

Wkxv/ wkh d srvwhulrul OOU �q lv frpsrvhg ri wkuhh OOUv1 Wkh �uvw OOU
frqwdlqv wkh frqwulexwlrq iurp wkh lqsxw d sulrul lqirupdwlrq ��q1 Wkh vhfrqg
OOU lv ghqrwhg Olq dqg fdoohg wkh lqwulqvlf lqirupdwlrq/ vlqfh lw frqwdlqv wkh
frqwulexwlrq gluhfwo| iurp v|vwhpdwlf fkdqqho revhuydwlrq {q1 Wkh wklug OOU lv
ghqrwhg Ohq dqg fdoohg wkh h{wulqvlf lqirupdwlrq/ vlqfh lwv frqwulexwlrq wr �q
vwhpv iurp rwkhu vrxufhv wkdq wkh d sulrul lqirupdwlrq ��q dqg wkh v|vwhpdwlf
fkdqqho revhuydwlrq {q1 Qrwlqj wkdw Su

�
xq @ lm��q

�
@ hl

��q@
�
4 . h

��q
�
+fi1

+D14<, dqg +D153, lq Dsshqgl{ D,/ wkh rxwsxw OOU �q fdq eh h{suhvvhg dv

�q @ ��q . Olq . Ohq= +518,

Lq dq lwhudwlyh ghfrghu/ wkh d sulrul lqirupdwlrq ruljlqdwhv iurp wkh suhylrxv
frqvwlwxhqw ghfrghu> wkxv/ lw vkrxog qrw eh lqfoxghg lq wkh lqirupdwlrq wkdw
lv sdvvhg rq wr wkdw ghfrghu lq wkh qh{w ghfrglqj vwhs1 Olnhzlvh/ wkh lqwulqvlf
lqirupdwlrq Olq lv gluhfwo| dydlodeoh wr wkh qh{w ghfrghu wkurxjk wkh fkdqqho re0
vhuydwlrq {q1 Frqvhtxhqwo|/ wkh rqo| sruwlrq ri �q wkdw lv sdvvhg rq wr wkh qh{w
ghfrghu lv wkh h{wulqvlf lqirupdwlrq Ohq1 Wkxv/ lw lv wkh h{wulqvlf lqirupdwlrq
ghulyhg lq rqh kdoi0lwhudwlrq wkdw ehfrphv wkh lqsxw d sulrul lqirupdwlrq lq wkh
qh{w1 E| lqglfdwlqj wkh qxpehu ri shuiruphg kdoi0lwhudwlrqv zlwk d vxshuvfulsw
+n,/ zh kdyh

�+n,q @ Oh
+n�4,
q3 . Olq . Oh+n,q > +519,
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Iljxuh 51;= Lqsxwv dqg rxwsxwv wr hdfk frqvwlwxhqw hqfrghu1

zkhuh wkh vxevfulsw q3 lqglfdwhv wkh uh0rughulqj shuiruphg e| wkh lqwhuohdyhu
dqg ghlqwhuohdyhu> rxwsxw q3 iurp kdoi0lwhudwlrq n � 4 lv lqwhuohdyhg +li n hyhq,/
ru ghlqwhuohdyhg +li n rgg,/ wr srvlwlrq q ehiruh ehlqj sdvvhg wr wkh nwk kdoi0
lwhudwlrq1 Iljxuh 51; vkrzv dq DSS ghfrghu/ zlwk lqsxwv dqg rxwsxwv fruuh0
vsrqglqj wr wkh ghvfulehg lwhudwlyh ghfrglqj vlwxdwlrq1 Lq wkh iroorzlqj vhfwlrq/
dojrulwkpv wkdw fdq eh xvhg wr ghulyh wkh DSSv duh glvfxvvhg1

51514 DSS Ghfrglqj

D ghylfh fdsdeoh ri surgxflqj d srvwhulrul suredelolwlhv ri hdfk lqirupdwlrq
v|pero edvhg rq wkh fkdqqho revhuydwlrqv dqg d sulrul suredelolwlhv lv fdoohg dq
DSS ghfrghu1 Dq rswlpdo dojrulwkp iru hvwlpdwlqj vwdwh0 dqg vwdwh wudqvlwlrq
suredelolwlhv ri d Pdunry vrxufh zdv suhvhqwhg e| Edko hw do1 lq 4<:7 ^6`1 Wkh
dojrulwkp lv vxlwdeoh iru ghfrglqj ri frqyroxwlrqdo frghv/ zkrvh frghzrugv fdq
eh ylhzhg dv wkh rxwsxw iurp d Pdunry vrxufh1 Wkh dojrulwkp/ riwhq uhihuuhg
wr dv wkh EFMU0dojrulwkp9 / lv rswlpdo lq wkh vhqvh ri plqlpl}lqj wkh v|pero
huuru udwh1 Lw zdv prgl�hg e| Ehuurx hw do1 wr dffrxqw iru d sulrul lqirupdwlrq1
Zlwk wklv prgl�fdwlrq/ d pd{lpxp d srvwhulrul +PDS, ghfrglqj dojrulwkp lv
rewdlqhg1 Lq wkh Wxuer frglqj olwhudwxuh/ wklv dojrulwkp lv uhihuuhg wr dv erwk
wkh PDS0 dqg wkh EFMU0dojrulwkp1

Wkh frpsoh{lw| ri wkh EFMU0dojrulwkp lv kljkhu wkdq wkdw ri wkh Ylwhuel do0
jrulwkp ^63/ <7`1 Krzhyhu/ wkh Ylwhuel dojrulwkp grhv qrw surgxfh d srvwhulrul
suredelolwlhv1 Wkhuhiruh/ prgl�fdwlrqv wr wkh Ylwhuel dojrulwkp kdyh ehhq sur0
srvhg1 Lq ^:` Edwwdlo suhvhqwhg d phwkrg wr hvwlpdwh wkh uholdelolw| ri v|perov
ghfrghg zlwk wkh Ylwhuel dojrulwkp1 D vlplodu dssurdfk zdv wdnhq e| Kdjh0
qdxhu dqg Krhkhu lq ^68`/ sursrvlqj wkh Vriw Rxwsxw Ylwhuel Dojrulwkp +VRYD,
zklfk zdv odwhu xvhg iru lwhudwlyh ghfrglqj ri Wxuer frghv lq ^6:`1 Olq dqg
Fkhqj sursrvhg lpsuryhphqwv wr wkh VRYD dojrulwkp lq ^99`/ uhvxowlqj lq wkh
vdph dojrulwkp dv ruljlqdoo| sursrvhg e| Edwwdlo lq ^:`1 Wkh vdph prgl�fdwlrqv
wr wkh VRYD dojrulwkp zhuh lqghshqghqwo| sursrvhg lq ^64`/ zkhuh lw zdv dovr
vkrzq wkdw wklv dojrulwkp lv htxlydohqw wr wkh Pd{0Orj0PDS dojrulwkp ^:;`1
Wkh Pd{0Orj0PDS dojrulwkp lv d vlpsol�hg yhuvlrq ri wkh PDS0 ru EFMU0
dojrulwkp/ zlwk voljkwo| lqihulru shuirupdqfh1 Krzhyhu/ zlwk d orz0frpsoh{lw|
fruuhfwlrq surfhgxuh/ wkh shuirupdqfh ri wkh Pd{0Orj0PDS dojrulwkp lv yhu|
forvh wr wkdw ri wkh ruljlqdo EFMU dojrulwkp ^:;`1 Dgglwlrqdo orz0frpsoh{lw|

9Diwhu wkh lqlwldov ri wkh dxwkruv= Edko/ Frfnh/ Mholqhn dqg Udyly1
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yduldqwv ri wkh EFMU0dojrulwkp/ edvhg rq uhgxflqj wkh wuhoolv vhdufk0vsdfh/ duh
uhsruwhg lq ^65/ 66`1

Wkh EFMU Dojrulwkp

Khuh/ zh jlyh d eulhi uhylhz ri wkh EFMU0dojrulwkp> d ixoo ghulydwlrq ri wkh lv
jlyhq lq Dsshqgl{ D1 Wkh hqfrghu lqsxw lv/ dv deryh/ uhsuhvhqwhg e| UQ

4 @�
{Q4 > |

Q
4 > ��

Q
4

�
1 Krzhyhu/ lq wkh lwhudwlyh ghfrglqj hqylurqphqw wkh *wuxh* d

sulrul lqirupdwlrq ��Q4 lv uhsodfhg e| wkh h{wulqvlf rxwsxw iurp wkh suhylrxv

ghfrglqj vwdjh1 Khqfh/ wkh hqfrghu lqsxw dw wlph q lv Uq @
�
{q> |q> Oh

+n�4,
q3

�
/

zkhuh Oh+n�4,q3 lv wkh h{wulqvlf rxwsxw iurp wkh suhylrxv ghfrghu wkdw lv lqsxw
dw elw srvlwlrq q lq wklv ghfrglqj vwdjh1

Iurp wkh ghulydwlrq lq Dsshqgl{ D/ wkh ghfrghu vriw rxwsxw ghflvlrq yduldeoh
diwhu wkh nwk kdoi0lwhudwlrq/ l1h1 wkh orj0olnholkrrg udwlr �

+n,
q / fdq eh h{suhvvhg

dv

�+n,q @ oq
Su
�
xq @ 4mUQ

4

�
Su
�
xq @ 3mUQ

4

� @ oq

S
v3
S

v �q�4 +v
3,�4q +Uq> v

3> v,�q +v,S
v3
S

v �q�4 +v
3,�3q +Uq> v3> v,�q +v,

> +51:,

zkhuh v3 dqg v duh wkh srvvleoh hqfrghu vwdwhv dw wlph q� 4 dqg q/ uhvshfwlyho|1
Wkh �0/ �0 dqg �0txdqwlwlhv duh uhodwhg wr vwdwh0 dqg vwdwh0wudqvlwlrq suredelolw|
ghqvlwlhv/ gh�qhg lq Dsshqgl{ D1 Iru dqwlsrgdo prgxodwlrq +3 $ �4 dqg
4 $ .4, ryhu dq DZJQ fkdqqho zlwk qrlvh yduldqfh �5/ wkh wuhoolv wudqvlwlrq
uhodwhg suredelolw| ghqvlw| ixqfwlrq �lq +Uq> v3> v, > l 5 i3> 4j > lv +vhh Dsshqgl{
D,

�lq +Uq> v
3> v, @ h+{q+5l�4,.|q+5fq�4,,@�

5.lOh
+n�4,

q3 �
Su +Vq @ vmxq @ l> Vq�4 @ v3, > +51;,

zkhuh fq lv wkh sdulw| elw dvvrfldwhg zlwk d wudqvlwlrq ehwzhhq wkh vwdwhv v3 dqg v/
fdxvhg e| dq lqirupdwlrq v|pero xq @ l1 Wkh suredelolw|
Su +Vq @ vmxq @ l> Vq�4 @ v3, lv hlwkhu 3 ru 4/ ghshqglqj rq li wkhuh h{lvwv d
wuhoolv wudqvlwlrq ehwzhhq wkh vwdwhv v3 dqg v fdxvhg e| dq lqirupdwlrq v|p0
ero xq @ l1 Wkh �0 dqg �0ydoxhv duh fdofxodwhg uhfxuvlyho|/ vwduwlqj iurp wkh
ehjlqqlqj dqg wkh hqg ri wkh uhfhlyhg eorfn/ uhvshfwlyho|=

�q +v, @
5��4[
v3@3

4[
l@3

�q�4 +v
3,�lq +Uq> v

3> v, +51<,

�q +v
3, @

5��4[
v3@3

4[
l@3

�q.4 +v,�
l
q.4 +Uq.4> v

3> v, > +5143,

zkhuh � lv wkh qxpehu ri phpru| hohphqwv lq wkh hqfrghu1 Zlwk hqfrghuv
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lqlwldol}hg dqg whuplqdwhg lq wkhlu }hur vwdwhv/ wkh uhfxuvlrqv duh lqlwldol}hg zlwk

�3 +v, @

�
4 v @ 3
3 rwkhuzlvh

+5144,

dqg

�Q +v, @

�
4 v @ 3
3 rwkhuzlvh1

+5145,

Iru hqfrghuv qrw whuplqdwhg lq wkh }hur vwdwh e| wkh hqg ri hdfk eorfn/ wkh
lqlwldol}dwlrq ri wkh edfnzdug uhfxuvlrq lv lqvwhdg:

�Q +v, @
4

5�
> v @ 3> = = = > 5� � 4= +5146,

Ilqdoo|/ diwhu fdofxodwlqj wkh ghfrghu vriw0rxwsxw �+n,q / wkh h{wulqvlf lqirupdwlrq
lv irxqg dv

Oh+n,q @ �+n,q � Oh
+n�4,
q3 � Olq> +5147,

zkhuh Oh+n�4,q3 lv wkh d sulrul lqsxw dqg Olq lv fdofxodwhg dv

Olq @
5

�5
{q= +5148,

516 Glvwdqfh Vshfwud
Wkh frpsxwdwlrqdo frpsoh{lw| ri fdofxodwlqj wkh glvwdqfh vshfwuxp ri d Wxuer
frgh lv frqvlghudeoh/ dovr iru vpdoo lqwhuohdyhuv1 Wkhuhiruh/ rqh lv riwhq frq�qhg
wr frpsxwlqj rqo| wkh orzhu sduw ri wkh glvwdqfh vshfwuxp1 Iruwxqdwho|/ wklv lv
vwloo xvhixo iru shuirupdqfh hvwlpdwlrqv vlqfh/ dw prghudwh wr kljk VQUv/ d odujh
sduw ri wkh ghfrglqj huuruv duh pdgh wr frghzrugv dw glvwdqfhv fruuhvsrqglqj
wr wkh orzhu sduw ri wkh glvwdqfh vshfwuxp1

D pdmru vwhs iruzdug lq wkh xqghuvwdqglqj ri wkh Wxuer frgh frqfhsw/ erwk
iru dqdo|vlv dqg ghvljq/ zdv wdnhq e| Ehqhghwwr hw do1 lq ^</ 43`1 Wkhuh/ d
phwkrg zdv ghulyhg zlwk zklfk lw lv ihdvleoh wr fdofxodwh wkh dyhudjh glvwdqfh
vshfwuxp ri Wxuer frghv xvlqj vshfl�f frqvwlwxhqw hqfrghuv dqg d fhuwdlq lqwhu0
ohdyhu ohqjwk Q / zkhuh wkh dyhudjh lv wdnhq ryhu wkh hqvhpeoh ri doo lqwhuohdyhuv1
Wkh suhvhqwhg phwkrg pdgh srvvleoh vhyhudo lpsruwdqw revhuydwlrqv uhjduglqj
wkh xqh{sodlqhg dqg xqpdwfkhg shuirupdqfhv ri Wxuer frghv1 Wkh phwkrg
lv vxppdul}hg lq ^Sdshu YL`> iru d wkrurxjk ghvfulswlrq fi1 ^43`1 Dgglwlrqdo
zrun uhodwhg wr wkh glvwdqfh vshfwud ri Wxuer frghv lv irxqg lq iru h{dpsoh
^48/ 56/ 57/ 5:/ 84/ :5/ ;<`1

Lq wkh iroorzlqj vhfwlrqv wkh vwuxfwxuh ri Wxuer frghv lv h{sorlwhg wr looxvwudwh
wkh ruljlq ri wkh orzhu sduw ri wkh glvwdqfh vshfwuxp ri d Wxuer frgh1 Wkhvh
revhuydwlrqv dovr vhuyh dv dq lqwurgxfwlrq wr wkh fulwhuld uhtxluhg iru vxffhvvixo
lqwhuohdyhu ghvljq/ dgguhvvhg lq Fkdswhu 61

:Vhyhudo dowhuqdwlyhv wr wkh lqlwldol}dwlrq ri wkh edfnzdug uhfxuvlrq iru qrq0whuplqdwhg
wuhoolvhv kdyh ehhq sursrvhg1 D glvfxvvlrq rq wklv vxemhfw lv irxqg lq ^Sdshu YL`1
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51614 Glvwdqfh Vshfwuxp ri d Vshfl�f Wxuer Frgh

Gxh wr wkh sdudooho vwuxfwxuh ri Wxuer frgh hqfrghuv/ wkh Kdpplqj zhljkw
ri d frghzrug lv pdgh xs ri wkuhh vhsdudwh sduwv= wkh zhljkw ri wkh v|vwhp0
dwlf vhtxhqfh/ wkh zhljkw ri wkh �uvw sdulw| vhtxhqfh/ dqg wkh zhljkw ri wkh
vhfrqg sdulw| vhtxhqfh1 Ohw x ghqrwh wkh v|vwhpdwlf vhtxhqfh/ l1h1 x @ xQ4 @
+x4> x5> = = = > xQ,/ dqg f4 dqg f5 wkh fruuhvsrqglqj sdulw| vhtxhqfhv1 Ixuwkhu/ ohw
f ghqrwh wkh frqfdwhqdwhg Wxuer frgh frghzrug/ vr wkdw f @+x> f4> f5,1 Wkhq/
wkh Kdpplqj zhljkw ri d Wxuer frgh frghzrug lv zK +f, @ zK +x,.zK +f4,.
zK +f5,/ zkhuh zK +�, ghqrwhv wkh Kdpplqj zhljkw rshudwru1 Iru qrwdwlrqdo
frqyhqlhqfh/ wkh vkruw qrwdwlrqv z / zK +x,/ s4 / zK +f4,/ s5 / zK +f5,
duh xvhg lq wkh iroorzlqj1 Zkhq dssursuldwh/ wkh vhtxhqfhv duh uhsuhvhqwhg
e| wkhlu fruuhvsrqglqj G0wudqvirup1 Iru h{dpsoh/ wkh lqsxw vhtxhqfh x fdq
eh uhsuhvhqwhg e| X +G, @

Sz
n@4G

ln / zkhuh ln 5 i3> = = = >Q � 4j fruuhvsrqgv
wkh srvlwlrq ri wkh nwk lqsxw 41 Vlploduo|/ wkh lqwhuohdyhg lqsxw vhtxhqfh x3

lv X 3 +G, @
Sz

n@4G
l3
n / zkhuh l3n 5 i3> = = = > Q � 4j uhsuhvhqwv wkh srvlwlrq ri

wkh nwk lqsxw 4 lq wkh lqwhuohdyhg vhtxhqfh1 Qrwh wkdw l3n lv qrw qhfhvvdulo| wkh
lqwhuohdyhg srvlwlrq ri ln/ vlqfh wkhvh lqglfhv duh rughuhg iurp wkh �uvw wr odvw
lqsxw 4*v lq wkh uhvshfwlyh vhtxhqfh1

Iljxuh 51< ghslfwv wkh vwdwh0gldjudpv ri wzr uhfxuvlyh frqyroxwlrqdo hqfrghuv/
kdylqj jhqhudwru sro|qrpldov +4:@48,; dqg +48@4:,;/ uhvshfwlyho|1 Vlqfh wkh
hqfrghuv duh uhfxuvlyh/ d vlqjoh lqsxw 4 zloo fdxvh wkh hqfrghu wr f|foh lq d orrs
ri vwdwhv1 Vxfk }hur0lqsxw orrsv duh pdunhg zlwk vrolg olqhv lq Iljxuh 51<1 Iru
hqfrghuv zlwk sulplwlyh ihhgedfn sro|qrpldov ^87`/ wkhuh h{lvw rqo| rqh }hur0
lqsxw orrs1 Krzhyhu/ iru qrq0sulplwlyh sro|qrpldov vhyhudo }hur0lqsxw orrsv
h{lvw1 Lq vxfk fdvhv/ *wkh }hur0lqsxw orrs* uhihuv wr wkh orrs hqwhuhg gluhfwo|
iurp wkh }hur0vwdwh/ iroorzlqj dq lqsxw04 wudqvlwlrq1 Ohw O ghqrwh wkh ohqjwk
ri wkh }hur0lqsxw orrs/ lq whupv ri wkh qxpehu ri vwdwh wudqvlwlrqv uhtxluhg wr
ixo�oo rqh f|foh/ dqg sorrs wkh qxpehu ri sdulw| 4*v jhqhudwhg e| hdfk f|foh lq
wklv orrs1 Wkh ohqjwk ri wkh }hur0lqsxw orrs fruuhvsrqgv wr wkh shulrglflw| ri
wkh lq�qlwh lpsxovh uhvsrqvh ri wkh hqfrghu/ dqg lw lv dovr uhihuuhg wr dv wkh
shulrg ri wkh ihhgedfn sro|qrpldo1 Iru wkh hqfrghuv lq Iljxuh 51</ O lv : dqg
7 uhvshfwlyho|/ zkloh sorrs lv 7 dqg 51 Iru phpru|06 hqfrghuv/ wkh pd{lpxp
ydoxh ri O lv :1 Wklv iroorzv iurp wkh uhodwlrq ^:7`

O � 5� � 4> +5149,

zkhuh � lv wkh qxpehu ri phpru| hohphqwv1 Lq jhqhudo/ +5149, krog zlwk htxdolw|
iru sulplwlyh ihhgedfn sro|qrpldov/ wkxv pd{lpl}lqj O iru d jlyhq qxpehu ri
hqfrghu phpru| hohphqwv1

Dvvxph wkdw doo frghzrugv zlwk Kdpplqj zhljkw ohvv wkdq ru htxdo wr d
wkuhvkrog gpd{ duh wr eh irxqg1 D orz0zhljkw frghzrug pxvw kdyh orz zhljkw
rq doo wkuhh ri wkh frqfdwhqdwhg vhtxhqfhv/ l1h1 x/ f4 dqg f51 Wr ehjlq zlwk/ wkh
zhljkw ri wkh lqsxw vhtxhqfh pxvw eh ohvv wkdq gpd{ / l1h1 z � gpd{ 1 Ixuwkhu/
lw lv lqsxw vhtxhqfhv zlwk orz zhljkw/ lq sduwlfxodu zlwk z @ 4> 5> 6 dqg 7/ wkdw
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Iljxuh 51<= Vwdwh0gldjudpv ri uhfxuvlyh frqyroxwlrqdo hqfrghuv zlwk jhqhudwru
sro|qrpldov +4:@48,; dqg +48@4:,;/ uhvshfwlyho|1 Wkh }hur0lqsxw orrsv duh lqgl0
fdwhg e| wkh vwdwh wudqvlwlrqv zlwk vrolg olqhv1
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Iljxuh 5143= Uhodwlyh frqwulexwlrq wr wkh xqlrq erxqg iru orz0zhljkw lqsxw
vhtxhqfhv/ iru wkh hqvhpeoh ri Wxuer frghv xvlqj 8330elw lqwhuohdyhuv dqg frq0
vwlwxhqw hqfrghuv zlwk jhqhudwru sro|qrpldov +4:@48,;1 +d, Qr wuhoolv whuplqd0
wlrq dqg +e, whuplqdwlrq ri wkh �uvw wuhoolv rqo|1 Wkh Kdpplqj zhljkw ri wkh
lqsxw vhtxhqfh lv ghqrwhg z1

duh prvw olnho| wr fdxvh orz0zhljkw frghzrugv1 Wklv lv prwlydwhg lq Iljxuh
5143/ vkrzlqj wkh uhodwlyh frqwulexwlrqv wr wkh xqlrq erxqg iru Wxuer frghv
xvlqj 8330elw lqwhuohdyhuv dqg frqvwlwxhqw hqfrghuv zlwk jhqhudwru sro|qrpldov
+4:@48,;/ iru ydulrxv lqsxw zhljkwv z1 Iljxuh 5143+d, vkrzv wkh vlwxdwlrq iru
Wxuer frghv xvlqj qr wuhoolv whuplqdwlrq dw doo/ zkloh lq Iljxuh 5143+e,/ wkh
�uvw frqvwlwxhqw hqfrghu lv whuplqdwhg1 Iru erwk dowhuqdwlyhv/ lw lv wkh lqsxw
vhtxhqfhv zlwk Kdpplqj zhljkw ohvv wkdq ru htxdo wr 7 wkdw kdyh wkh pdmru
lq xhqfh rq wkh xqlrq erxqg/ iru He@Q3 A 5 gE +wkh xqlrq erxqg lv xquhdolvwlf
iru He@Q3 ? 5 gE,1 Lq wkh iroorzlqj/ wkh phfkdqlvp ehklqg wkh ruljlq ri wkhvh
orz0zhljkw frghzrugv lv uhylhzhg1

Zhljkw04 lqsxw vhtxhqfhv

Wr vwduw zlwk/ zh vwxg| lqsxw vhtxhqfhv ri zhljkw 4/ l1h1 z @ 41 Vlqfh wkh
frqvwlwxhqw hqfrghuv duh uhfxuvlyh/ wkh vlqjoh lqsxw 4 zloo fdxvh wkhp wr f|foh
lq wkh }hur0lqsxw orrsv xqwlo wkh hqg ri wkh eorfn/ dv looxvwudwhg lq Iljxuh 51441
Wkh pruh wlph vshqw lq wkhvh orrsv/ wkh odujhu dprxqw ri sdulw| 4*v lv jhqhu0
dwhg lq wkh sdulw| vhtxhqfhv1 Iru d orz0zhljkw frghzrug wr eh jhqhudwhg/ lw
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Iljxuh 5144= Looxvwudwlrq ri wkh wuhoolv sdwkv fdxvhg e| d zhljkw04 lqsxw vhtxhqfh/
iru d vshfl�f lqwhuohdyhu pdsslqj1

lv qhfhvvdu| wkdw erwk hqfrghuv vshqg rqo| d olplwhg wlph lq wkhlu }hur0lqsxw
orrsv1 Khqfh/ orz0zhljkw frghzrugv uhvxowlqj iurp zhljkw04 lqsxw vhtxhqfhv duh
surgxfhg zkhqhyhu d srvlwlrq qhdu wkh hqg ri wkh lqsxw vhtxhqfh lv lqwhuohdyhg
wr d srvlwlrq qhdu wkh hqg ri wkh lqwhuohdyhg vhtxhqfh1 Wkh qxpehu ri vxfk orz0
zhljkw frghzrugv duh hdvlo| irxqg iru d vshfl�f lqwhuohdyhu/ vlpso| e| hqfrglqj
doo wkh zhljkw04 lqsxw vhtxhqfhv1

D zhljkw04 lqsxw vhtxhqfh X +G, @ Gl4 zloo vshqgQ�l4�4 wuhoolv wudqvlwlrqv
lq wkh }hur0lqsxw orrs/ fruuhvsrqglqj wr e+Q � l4 � 4, @Of ixoo f|fohv; 1 Wkh
zhljkw ri wkh jhqhudwhg sdulw| vhtxhqfh lv wkxv orzhu erxqghg e|

s4mX+G,@Gl4 � 4 .

�
Q � l4 � 4

O
� 4

�
sorrs / +514:,

vlqfh e{f � { � 41 Zkhq vhdufklqj iru doo Wxuer frgh frghzrugv zlwk zhljkw
ohvv wkdq ru htxdo wr gpd{ / wkhuh lv qr srlqw lq hqfrglqj lqsxw vhtxhqfhv iru
zklfk wkh zhljkw ri wkh �uvw sdulw| vhtxhqfh lv odujhu wkdq gpd{ plqxv wkh
orzhvw srvvleoh zhljkw ri wkh rwkhu wzr vhtxhqfhv/ l1h1 lqsxw vhtxhqfhv iru zklfk
s4 A gpd{ � z �plqz@4 s5 @ gpd{ � 51 Khqfh/ lw lv vx!flhqw wr hqfrgh lqsxw
vhtxhqfhv X +G, @ Gl4 zlwk l4 � Q � 4� ++gpd{ � 6, @sorrs . 4,O=

Lw lv frpprq wr hpsor| wuhoolv whuplqdwlrq ri dw ohdvw wkh �uvw frqvwlwxhqw
hqfrghu lq d Wxuer frgh hqfrghu1 Wkhq/ wkh hqfrghu lv irufhg wr wkh }hur0vwdwh
e| wkh hqg ri wkh lqsxw vhtxhqfh e| dsshqglqj dssursuldwh wdlo elwv1 Khqfh/
wkh vhtxhqfh wkdw hqwhuv wkh hqfrghu fdq qr orqjhu frqvlvw ri ohvv wkdq wzr 4*v
dqg/ frqvhtxhqwo|/ wkhuh h{lvwv qr frghzrugv wkdw duh jhqhudwhg e| zhljkw04
lqsxw vhtxhqfhv1 Wkxv/ iru Wxuer frghv zklfk hpsor| wuhoolv whuplqdwlrq ri dw
ohdvw rqh frqvwlwxhqw hqfrghu zlwklq wkh ohqjwk ri wkh lqwhuohdyhu/ wkhuh duh qr
orz0zhljkw frghzrugv wkdw ruljlqdwh iurp zhljkw04 lqsxw vhtxhqfhv1

; �%0 ghqrwhv wkh odujhvw lqwhjhu vpdoohu wkdq ru htxdo wr %1
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Zhljkw05 lqsxw vhtxhqfhv

Wkh uhfxuvlyh surshuw| ri wkh frqvwlwxhqw hqfrghuv lv ri lpsruwdqfh dovr iru
lqsxw vhtxhqfhv ri zhljkw odujhu wkdq 41 Dq lqsxw zhljkw05 vhtxhqfh uhwxuqv
wkh hqfrghu wr wkh }hur vwdwh rqo| li wkh vhfrqg lqsxw 4 lv dw d srvlwlrq zkhq
wkh hqfrghu lv lq vwdwh 3 = = = 34/ wkdw lv/ lq vwdwh 334 iru wkh phpru|06 hqfrghuv
lq Iljxuh 51<1 Wkhuhiruh/ doo zhljkw05 lqsxw vhtxhqfhv wkdw uhwxuq d uhfxuvlyh
hqfrghu wr wkh }hur vwdwh fdq eh h{suhvvhg rq wkh irup

X +G, @ Gn4
�
4 .Gn5O

�
> +514;,

zkhuh n4 dqg n5 duh lqwhjhuv vxfk wkdw 3 � n4 � Q�4 dqg 3 � n4.n5O � Q�41
H{dpsohv ri zhljkw05 lqsxw vhtxhqfhv wkdw fdxvh orz0zhljkw sdulw| vhtxhqfhv

lq wkh �uvw frqvwlwxhqw hqfrghu duh vkrzq lq Iljxuh 51451 Iru wkh sduwlfxodu
lqwhuohdyhu pdsslqj vkrzq lq 5145+d,/ wkh lqsxw 4*v duh pdsshg wr wzr srvl0
wlrqv wkdw dovr diwhu lqwhuohdylqj duh vhsdudwhg e| d pxowlsoh ri O srvlwlrqv1
Frqvhtxhqwo|/ wkh wuhoolv ghwrxu wdnhq e| wkh vhfrqg hqfrghu lv dovr ri olplwhg
ohqjwk/ dqg wkh ryhudoo Wxuer frgh frghzrug zhljkw lv srwhqwldoo| orz1 Lq Iljxuh
5145+e,/ krzhyhu/ wkh lqwhuohdylqj ri wkh lqsxw 4*v duh vxfk wkdw wkh lqwhuohdyhg
srvlwlrqv duh qrw vhsdudwhg e| d pxowlsoh ri O srvlwlrqv1 Dv d frqvhtxhqfh/
wkh wuhoolv sdwk ri wkh vhfrqg hqfrghu uxqv lq wkh }hur0lqsxw orrs xqwlo wkh hqg
ri wkh eorfn/ jhqhudwlqj d frghzrug zlwk odujh Kdpplqj zhljkw +dvvxplqj d
uhdvrqdeo| odujh lqwhuohdyhu/ dqg l34 � Q / zkhuh l34 lv wkh srvlwlrq ri wkh �uvw 4
lq wkh lqwhuohdyhg vhtxhqfh,1

Wr vxppdul}h/ �qglqj orz0zhljkw frghzrugv fdxvhg e| zhljkw05 lqsxw vh0
txhqfhv frqvlvwv lq hqfrglqj doo lqsxw vhtxhqfhv rq wkh irup X +G, @ Gn4 ��
4 .Gn5O

�
/ iru zklfk s4 � gpd{ � z �plqz@5 s5 @ gpd{ � 5� 41 +Wkh plql0

pxp srvvleoh zhljkw ri wkh vhfrqg sdulw| vhtxhqfh lv plqz@5 s5@4/ zklfk pd|
dulvh zkhq wkh wzr lqsxw 4*v duh lqwhuohdyhg wr wkh wzr yhu| odvw srvlwlrqv< 1,
Vlqfh wkh zhljkw ri wkh �uvw sdulw| vhtxhqfh lv s4 @ 5. n5 � sorrs / lw lv qhfhvvdu|
wr hqfrgh doo zhljkw05 lqsxw vhtxhqfhv iru zklfk n5 � e+gpd{ � 8, @sorrsf1

Li wkh �uvw hqfrghu lv qrw whuplqdwhg lq wkh }hur vwdwh/ lw lv dovr qhfhvvdu|
wr lqyhvwljdwh wkh zhljkw05 lqsxw vhtxhqfhv wkdw duh qrw rq wkh irup X +G, @
Gn4

�
4 .Gn5O

�
/ l1h1 wkrvh iru zklfk +l5 � l4,prgO 9@ 31 Wkh sdulw| zhljkw

uhvxowlqj iurp vxfk lqsxwv lv dw ohdvw

s4m+l5�l4,prgO9@3 � 4 .

�
+Q � l4 � 4,

O
� 4

�
sorrs > +514<,

hvvhqwldoo| iroorzlqj wkh dujxphqwdwlrq xvhg wr ghulyh +514:,1 Wkxv/ iru qrq0
}hurwhuplqdwlqj lqsxw vhtxhqfhv lw lv vx!flhqw wr hqfrgh wkrvh zkrvh �uvw lqsxw
4 lv dw d srvlwlrq l4 � Q � 4� ++gpd{ � 7, @sorrs . 5,O1

<Ghshqghqglqj rq wkh jhqhudwru sro|qrpldo/ wkh zhljkw ri wkh vhfrqg sdulw| vhtxhqfh lv
hlwkhu rqh ru wzr iru wkh lqsxw vhtxhqfh L � E(� ' (

�3� n(� 1
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Iljxuh 5145= Looxvwudwlrq ri wuhoolv sdwkv fdxvhg e| zhljkw05 lqsxw vhtxhqfhv/ iru
frqvwlwxhqw hqfrghuv zlwk O @ :1 +d, Dq lqwhuohdyhu pdsslqj iru zklfk erwk
hqfrghu lqsxwv duh }hur0whuplqdwlqj vhtxhqfhv/ dqg +e, dq lqwhuohdyhu pdsslqj
iru zklfk wkh lqsxw wr wkh vhfrqg frqvwlwxhqw hqfrghu lv qrw }hur0whuplqdwlqj1

Kljkhu0zhljkw lqsxw vhtxhqfhv

Vlplodu wr wkh fdvh ri zhljkw05 lqsxw vhtxhqfhv/ prvw ri wkh orz0zhljkw frgh0
zrugv lq d Wxuer frgh ruljlqdwh iurp lqwhuohdyhu pdsslqjv zkhuh d }hur0whup0
lqdwlqj lqsxw vhtxhqfh lv pdsshg wr dqrwkhu }hur0whuplqdwlqj vhtxhqfh1 Zkhq
wkh lqsxw zhljkw lv odujhu wkdq 5/ wkh plqlpxp ohqjwk wuhoolv ghwrxu lv qr orqjhu
ghwhuplqhg e| wkh ohqjwk ri wkh }hur0lqsxw orrs/ O1 Lq frqwudvw/ iru zhljkw06
dqg zhljkw07 lqsxw vhtxhqfhv/ wkh vkruwhvw srvvleoh wuhoolv ghwrxuv duh lqvwhdg
uhodwhg wr wkh qxpehu ri hqfrghu phpru| hohphqwv1 Pruh suhflvho|/ wkh vkruwhvw
srvvleoh wuhoolv ghwrxu lv orzhu erxqghg e| �.4 wudqvlwlrqv1 Vlqfh � lv w|slfdoo|
lq wkh udqjh ri 5 wr 7 iru Wxuer frghv/ vdlg wuhoolv ghwrxuv pd| eh vkruw/ zlwk
dffrpsdq|lqj orz0zhljkw sdulw| vhtxhqfhv1 Krzhyhu/ zkhq xvlqj iru h{dpsoh
udqgrp lqwhuohdylqj/ wkh suredelolw| wkdw 6 lqsxw 4*v wkdw jhqhudwh d ohqjwk06
wuhoolv ghwrxu lv lqwhuohdyhg wr dqrwkhu ohqjwk06 ghwrxu lv vpdoo/ sduwlfxoduo| iru
odujh lqwhuohdyhuv1

Uhpdun1 Dv d �qdo uhpdun uhjduglqj wkh glvwdqfh vshfwud ri Wxuer frghv/ lw
lv zruwkzkloh wr revhuyh wkh lq xhqfh ri wkh shulrg O1 Iluvw ri doo/ wkh ohqjwk ri
wkh shulrg O gluhfwo| ghwhuplqhv wkh vkruwhvw srvvleoh wuhoolv ghwrxu wkdw fdq eh
fdxvhg e| zhljkw05 lqsxw vhtxhqfhv1 Wkh frpelqdwlrq ri wzr wuhoolv ghwrxuv wkdw
kdyh wkhvh plqlpxp ohqjwkv/ l1h1 O.4/ uhvxowv lq d Wxuer frgh frghzrug zlwk
d srwhqwldoo| orz zhljkw/ xqohvv O lv odujh1 Wkh zhljkw ri wklv frghzrug lv fdoohg
wkh h�hfwlyh iuhh glvwdqfh ^57` dqg lw suryhv wr kdyh dq lpsruwdqw lpsdfw rq
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Wxuer frgh shuirupdqfhv/ hvshfldoo| zkhq xvlqj iru h{dpsoh udqgrp0 ru svhxgr0
udqgrp lqwhuohdylqj1 Ixuwkhu/ wkh ohqjwk ri wkh shulrg O kdv dq lpsruwdqw
lpsdfw rq wkh suredelolw| wkdw dq| jlyhq vhtxhqfh zlwk d fhuwdlq qxpehu ri
4*v lv }hur0whuplqdwlqj1 Wkh odvw lqsxw 4 pxvw eh lqsxw dw d srvlwlrq zkhq wkh
hqfrghu lv lq vwdwh 3 = = = 34/ zklfk/ lq sulqflsoh/ rffxuv zlwk suredelolw| 4@O iru dq
hqfrghu wkdw f|fohv lwv }hur0lqsxw orrs1 Wkxv/ wkh suredelolw| wkdw d udqgrpo|
fkrvhq lqwhuohdyhu pdsslqj uhvxowv lq dq lqwhuohdyhg lqsxw vhtxhqfh fdxvlqj d
vkruw wuhoolv ghwrxu lq wkh vhfrqg hqfrghu lv odujhu wkh vkruwhu wkh shulrg O1 Doo
lq doo/ d orqj shulrg kdv d idyrudeoh lq xhqfh rq wkh glvwdqfh vshfwud ri Wxuer
frghv1

517 Vxppdu|
Wkh ixqgdphqwdo sulqflsohv ehklqg Wxuer frglqj kdyh ehhq lqwurgxfhg/ lqfoxg0
lqj wkh hqfrghu vwuxfwxuh dqg wkh sulqflsohv ri lwhudwlyh ghfrglqj1 Wkh fhqwudo
frpsrqhqwv ri d Wxuer frgh hqfrghu duh wkh uhfxuvlyh v|vwhpdwlf frqyroxwlrqdo
+UVF, hqfrghuv dqg wkh lqwhuohdyhu wkdw olqn wkhp lq sdudooho e| uh0rughulqj
wkh elwv lq wkh lqirupdwlrq vhtxhqfh ehiruh wkh| hqwhu wkh vhfrqg frqvwlwxhqw
hqfrghu1

Wkh frqfhsw ri lwhudwlyh ghfrglqj uholhv rq wkh xvh ri vriw0lqsxw2vriw0rxwsxw
ghfrghuv/ zklfk fdofxodwhv d srvwhulrul suredelolwlhv +DSSv, edvhg rq wkh uh0
fhlyhg fkdqqho vhtxhqfhv dqg d sulrul lqirupdwlrq1 Dq rswlpdo dojrulwkp
iru frpsxwlqj DSSv lv wkh EFMU0dojrulwkp/ dovr fdoohg wkh PDS0dojrulwkp1
Gxh wr wkh kljk frpsoh{lw| ri wkh EFMU0dojrulwkp/ vriw0rxwsxw yhuvlrqv ri wkh
Ylwhuel dojrulwkp kdyh ehhq vxjjhvwhg +VRYD, iru Wxuer ghfrglqj1 Wkh VRYD
dojrulwkp kdyh hvvhqwldoo| kdoi wkh lpsohphqwdwlrq frpsoh{lw| frpsduhg wr orz0
frpsoh{lw| lpsohphqwdwlrqv ri wkh EFMU0dojrulwkp/ dqg dssur{lpdwho| 318 gE
zruvh shuirupdqfh zkhq xvhg dv d frqvwlwxhqw ghfrghu lq dq lwhudwlyh ghfrghu1

Wkh phfkdqlvp wkdw olhv ehklqg wkh orzhu sduw ri Wxuer frgh glvwdqfh vshf0
wud zdv glvfxvvhg1 Wr frqfoxgh/ wkh orzhu sduw ri Wxuer frgh glvwdqfh vshfwud
ruljlqdwhv iurp orz0zhljkw lqsxw vhtxhqfhv/ w|slfdoo| ri zhljkw05/ 6 dqg 7/ iru
Wxuer frghv xvlqj wuhoolv whuplqdwlrq ri dw ohdvw rqh frqvwlwxhqw hqfrghu1 Ixu0
wkhu/ wkh shulrg O ri wkh ihhgedfn sro|qrpldo kdv d odujh lpsdfw rq wkh glvwdqfh
vshfwud1 Wkh orqjhu wkh shulrg/ wkh ehwwhu wkh glvwdqfh vshfwuxp1 Iru wklv uhd0
vrq/ iurp d glvwdqfh vshfwuxp srlqw ri ylhz/ lw lv dwwudfwlyh wr xvh sulplwlyh
ihhgedfn sro|qrpldov/ vlqfh wkh| pd{lpl}h O iru d jlyhq qxpehu ri phpru|
hohphqwv1



Fkdswhu 6

Lqwhuohdyhu Ghvljq

Wkh lqwhuohdyhu lv d nh| frpsrqhqw ri Wxuer frghv/ dqg lwv ghvljq lv hvvhq0
wldo iru dfklhylqj kljk shuirupdqfh1 Lqghhg/ wkh lvvxh ri ghvljqlqj Wxuer frgh
lqwhuohdyhuv kdv uhfhlyhg vxevwdqwldo dwwhqwlrq dprqj Wxuer frgh uhvhdufkhuv1
Vlqfh wkh ruljlqdo lqwurgxfwlrq ri wkh Wxuer frglqj frqfhsw/ d odujh dprxqw ri
lqwhuohdyhu ghvljq fulwhuld dqg dojrulwkpv kdyh ehhq suhvhqwhg/ iru h{dpsoh lq
^4/ 7/ 8/ 54/ 55/ 5:/ 5</ 6;/ 7:/ 83/ 86/ :3/ ::/ ;3/ ;9/ <4`

Lq wklv fkdswhu/ wzr frqfhswxdoo| gl�huhqw lqwhuohdyhu ghvljq fulwhuld suh0
vhqwhg lq ^Sdshu L` dqg ^Sdshu LY` duh uhylhzhg1 Edvhg rq wkhvh fulwhuld/ dq
lqwhuohdyhu ghvljq dojrulwkp lv iruphg1 Wklv ghvljq dojrulwkp kdv d udwkhu orz
frpsxwdwlrqdo frpsoh{lw|/ doorzlqj h!flhqw ghvljq ri erwk vpdoo dqg odujh lq0
whuohdyhuv1 Lqwhuohdyhuv ghvljqhg zlwk wklv dojrulwkp |lhog vwdwh0ri0wkh0duw shu0
iruplqj Wxuer frghv/ wr rxu nqrzohgjh qrw vxusdvvhg e| dq| rwkhu lqwhuohdyhu
ghvljq phwkrgrorj|1

614 Ghvljq Fulwhuld

Lq olqh zlwk wkh wudglwlrqdo ghvljq fulwhulrq iru huuru fruuhfwlqj frghv/ d vxffhvv0
ixo lqwhuohdyhu ghvljq pxvw hqvxuh wkdw wkh glvwdqfh vshfwuxp ri wkh uhvxowlqj
Wxuer frgh lv �jrrg�1 Wkhuh lv qr vwudljkwiruzdug dqvzhu wr zkdw d �jrrg�
glvwdqfh vshfwuxp lv> lw ghshqgv rq wkh wdujhw rshudwlqj vfhqdulr ri wkh v|vwhp1
Iru h{dpsoh/ dw kljk VQUv lw lv zhoo0nqrzq wkdw wkh frgh plqlpxp glvwdqfh
kdv d pdmru lq xhqfh rq wkh frgh shuirupdqfh ^:4`1 Wkxv/ iru vxfk v|vwhpv lw
lv srvvleoh wr ghvljq frghv edvhg vroho| xsrq wkh plqlpxp glvwdqfh sdudphwhu1
Lq frqwudvw/ dw orz VQUv d odujhu sduw ri wkh glvwdqfh vshfwuxp frphv lqwr uroh/
dqg wkh ghvljq fulwhuld pd| uhtxluh surshu dgmxvwphqwv1

Wkh glvwdqfh vshfwuxp lv d jrrg ghvljq0edvh iru frghv wkdw duh ghfrghg xvlqj
d pd{lpxp olnholkrrg +PO, ghfrglqj dojrulwkp1 Krzhyhu/ wkh lwhudwlyh ghfrg0
lqj surfhgxuh xvhg iru Wxuer frghv grhv qrw jxdudqwhh PO0ghfrglqj ghflvlrqv1
Lq idfw/ lw lv hdv| wr yhuli| wkdw d Wxuer frgh ghfrghu rffdvlrqdoo| pdnhv qrq0

68
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PO ghfrglqj ghflvlrqv1 Wkxv/ lw lv qdwxudo wr vwxg| wkh surshuwlhv ri d Wxuer
frgh wkdw jryhuq wkh shuirupdqfh ri lwhudwlyh ghfrglqj1 Lq sduwlfxodu/ wkh fkrlfh
ri lqwhuohdyhu kdv d vljql�fdqw lq xhqfh rq wkh lwhudwlyh ghfrglqj shuirupdqfh>
khqfh/ lw lv qdwxudo wr irupxodwh dq lqwhuohdyhu ghvljq fulwhulrq edvhg rq wkhvh
revhuydwlrqv1

Lq wkh iroorzlqj vhfwlrqv/ wzr lqwhuohdyhu ghvljq fulwhuld duh uhylhzhg1 Wkh
�uvw fulwhulrq wdujhwv frgh surshuwlhv/ lq whupv ri wkh glvwdqfh vshfwuxp/ zkloh
wkh vhfrqg fulwhulrq wdujhwv wkh shuirupdqfh ri lwhudwlyh ghfrglqj1 Wkh odwwhu
lv ghvfulehg lq pruh ghwdlo/ vlqfh wklv fulwhulrq kdv uhfhlyhg ohvv dwwhqwlrq lq wkh
olwhudwxuh1

61414 Fulwhulrq Edvhg rq wkh Frgh Glvwdqfh Vshfwuxp

Lq wkh suhylrxv fkdswhu/ wkh lq xhqfh ri wkh lqwhuohdyhu rq wkh glvwdqfh vshfwuxp
ri d Wxuer frgh zdv glvfxvvhg1 Lq sduwlfxodu/ lw zdv ghprqvwudwhg krz vsh0
fl�f lqwhuohdyhu pdsslqjv uhvxow lq orz0zhljkw frghzrugv1 D qdwxudo lqwhuohdyhu
ghvljq dssurdfk lv wr dyrlg suhflvho| vxfk pdsslqjv/ wkhuhe| lpsurylqj wkh
glvwdqfh vshfwuxp1 Wklv dssurdfk kdv ehhq grplqdwlqj lq wkh Wxuer Frgh lq0
whuohdyhu ghvljq olwhudwxuh/ zlwk uhvxowv uhsruwhg lq iru h{dpsoh ^4/ 54/ 55/ 5:/ ::`/
dv zhoo dv lq ^Sdshu L`1

Wkh lqwhuohdyhu ghvljq dojrulwkp suhvhqwhg lq ^Sdshu L` lv edvhg rq dyrlglqj
lqwhuohdyhu pdsslqjv wkdw jhqhudwh orz0zhljkw frghzrugv1 Lq olqh zlwk wkh re0
vhuydwlrq lq wkh suhylrxv fkdswhu/ wkdw lw lv sulpdulo| orz0zhljkw lqsxw vhtxhqfhv
wkdw surgxfh orz0zhljkw frghzrugv/ wkh dojrulwkp zdv ghvljqhg wr wdnh lqsxw
vhtxhqfhv ri zhljkw05/ 6 dqg 7 lqwr dffrxqw1 Vlqfh wkh �uvw hqfrghu lv dvvxphg
wr eh whuplqdwhg/ zhljkw04 lqsxw vhtxhqfhv qhhg qrw eh frqvlghuhg1 Wkh dojr0
ulwkp zdv hydoxdwhg iru Wxuer frghv xvlqj 4380elw4 lqwhuohdyhuv dqg frqvwlwxhqw
hqfrghuv zlwk jhqhudwru sro|qrpldov +4:@48,;1 Iru wklv vhwxs/ wkh dojrulwkp
surgxfhg d Wxuer frgh zlwk plqlpxp glvwdqfh 55 dqg pxowlsolflw| ;1 Dprqj
wkh lqwhuohdyhuv frpsduhg wr/ wkh ehvw lqwhuohdyhu irxqg zdv d eorfn kholfdo vlploh
^8` lqwhuohdyhu/ uhvxowlqj lq d Wxuer frgh zlwk plqlpxp glvwdqfh 4</ pxowlsolflw|
571 Wkh glvwdqfh vshfwud ri wkhvh frghv duh olvwhg lq Wdeoh 4 lq ^Sdshu L`/ iru
Kdpplqj glvwdqfhv xs wr 5< uhvxowlqj iurp lqsxw vhtxhqfhv ri zhljkw 9 dqg
ohvv1 Wkh glvwdqfh vshfwuxp ri rxu lqwhuohdyhu lv fohduo| vxshulru frpsduhg wr
wkh rwkhu vshfwud1

Hyhq wkrxjk wkh ghvljq fulwhulrq lq ^Sdshu L` lv olplwhg wr zhljkw05/ 6 dqg
7 lqsxw vhtxhqfhv/ wkh frpsxwdwlrqdo frpsoh{lw| ri vxfk dojrulwkpv lqfuhdvhv
udslgo| zlwk wkh lqwhuohdyhu ohqjwk1 Wkxv/ wkh dojrulwkp lv vxlwdeoh sulpdulo|
iru vkruw lqwhuohdyhuv/ xs wr d ihz kxqguhg elwv1 Iru d jlyhq wdujhw plqlpxp
glvwdqfh wkh ghvljq frpsoh{lw|/ lq whupv ri wkh qxpehu ri lqwhuohdyhu pdsslqjv
wkdw pxvw eh dyrlghg/ lv ghfuhdvhg li wkh ihhgedfn shulrg O lv lqfuhdvhg1 Wkxv/

4Wkh vl}h ri 438 elwv zdv fkrvhq vlqfh wkh ehvw lqwhuohdyhu irxqg wr frpsduh zlwk/ derxw
433 elwv orqj/ zdv d 4380elw eorfn kholfdo vlploh ^8` lqwhuohdyhu1



6141 GHVLJQ FULWHULD 6:

odujhu lqwhuohdyhuv fdq eh ghvljqhg li iru h{dpsoh frqvwlwxhqw hqfrghuv zlwk
pdq| phpru| hohphqwv dqg sulplwlyh ihhgedfn sro|qrpldov duh xvhg1

Rwkhu glvwdqfh vshfwuxp fulwhuld2dojrulwkpv

D jhqhwlf dojrulwkp dgdswhg iru lqwhuohdyhu ghvljq edvhg rq wkh glvwdqfh vshf0
wuxp fulwhulrq zdv sursrvhg e| Eduwrorph lq ^9`1 Xvlqj wklv dojrulwkp/ Edu0
wrorph jhqhudwhg d 4380elw lqwhuohdyhu |lhoglqj d frgh zlwk plqlpxp glvwdqfh
56 dqg pxowlsolflw| 5<1 Wkxv/ wkh plqlpxp glvwdqfh zdv voljkwo| lpsuryhg iurp
55/ dfklhyhg xvlqj wkh dojrulwkp lq ^Sdshu L`1

Dq lqwhuhvwlqj revhuydwlrq pdgh zkhq lqyhvwljdwlqj wkh glvwdqfh vshfwud ri
Wxuer frghv frqfhuqv wkh fkdudfwhulvwlfv ri wkh lqsxw vhtxhqfhv wkdw jhqhudwh
orz0zhljkw frghzrugv> wkhvh lqsxw vhtxhqfhv riwhq frqvlvw ri d vkruw exuvw ri
4*v/ dw srvlwlrqv vxfk wkdw wkh hqfrghu lv uhwxuqhg wr wkh }hur0vwdwh e| wkh odvw
4 +fi1 Vhfwlrq 516,1 Khqfh/ dq h!flhqw zd| ri dyrlglqj lqwhuohdyhu pdsslqjv
wkdw jhqhudwh orz0zhljkw frghzrugv lv wr hqvxuh wkdw qhdue| srvlwlrqv duh qrw
lqwhuohdyhg wr srvlwlrqv djdlq ehlqj forvh wr hdfk rwkhu/ diwhu lqwhuohdylqj1 D
ghvljq fulwhulrq edvhg rq wklv revhuydwlrq zdv sursrvhg e| Grolqdu hw do1 lq ^5:`1
Wkh sursrvhg ghvljq fulwhulrq hqvxuhv wkdw wzr lqsxw srvlwlrqv wkdw duh vhsd0
udwhg e| V ru ohvv srvlwlrqv duh lqwhuohdyhg wr wzr srvlwlrqv dw ohdvw V srvlwlrqv
dsduw1 Ehvlghv wkdw/ wklv V0udqgrp ghvljq lv wkh vdph dv zkhq �ghvljqlqj� d
svhxgr0udqgrp lqwhuohdyhu1 Lqwhuohdyhuv ghvljqhg zlwk wklv vsuhdglqj fulwhulrq
duh nqrzq wr |lhog jrrg0shuiruplqj Wxuer frghv1 Krzhyhu/ wu|lqj wr ghvljq
vpdoo V0udqgrp lqwhuohdyhuv/ lq wkh udqjh ri 433 elwv/ uhvxowv lq plqlpxp glv0
wdqfhv fohduo| lqihulru wr wkrvh uhsruwhg lq ^Sdshu L` dqg ^9`1

61415 Fulwhulrq Edvhg rq wkh Shuirupdqfh ri Lwhudwlyh Gh0
frglqj

Lq wkh ghulydwlrq ri wkh EFMU dojrulwkp/ vhyhudo dvvxpswlrqv uhjduglqj lqgh0
shqghqflhv ehwzhhq vwrfkdvwlf yduldeohv duh pdgh1 Iru h{dpsoh/ frqvlghu wkh
ghulydwlrq ri wkh iruzdug dqg edfnzdug uhfxuvlrqv xvhg iru fdofxodwlqj wkh �0
dqg wkh �0ydoxhv/ wkdw lv/ htxdwlrqv +51<, dqg +5143,1 Lq wkh ghulydwlrq ri wkh
iruzdug uhfxuvlrq/ lqghshqghqfh lv dvvxphg ehwzhhq ghfrghu lqsxw Uq/ dv gh0
�qhg lq +515,/ dqg doo wkh suhylrxv lqsxwv Uq�4

4 / frqglwlrqhg rq nqrzlqj wkh
wuhoolv vwdwh dw srvlwlrq q � 41 Wkh lqghshqghqfh dvvxpswlrq lv pdqlihvwhg e|
wkh xvh ri

s
�
xq @ l> Vq @ v>UqmVq�4 @ v3> Uq�4

4

�
@ s +xq @ l> Vq @ v>UqmVq�4 @ v3,

+614,

lq Dsshqgl{ D/ h{suhvvlrq +D146,1 Vlploduo|/ wkh edfnzdug uhfxuvlrq dvvxphv
UQ
q.4 wr eh lqghshqghqw ri Uq/ frqglwlrqhg rq nqrzlqj wkh wuhoolv vwdwh dw

srvlwlrq q/ wkurxjk wkh xvh ri

s
�
UQ
q.4mxq @ l> Vq @ v>Uq> Vq�4 @ v3

�
@ s

�
UQ
q.4mVq @ v

�
+615,
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Iljxuh 614= Hpslulfdo fruuhodwlrq ehzwhhq h{wulqvlf rxwsxw 83 dqg wkh hqwluh
vhtxhqfh ri h{wulqvlf rxwsxwv +438 elwv,/ iru d uhfxuvlyh frqyroxwlrqdo hqfrghu
zlwk jhqhudwru sro|qrpldov +4:@48,;1

lq h{suhvvlrq +D147,1 Lq dq lwhudwlyh ghfrghu/ wkh lqsxw d sulrul lqirupdwlrq ��q

lv dssur{lpdwhg e| wkh h{wulqvlf rxwsxw iurp wkh suhylrxv ghfrghu/ Ohq3 1 Wkxv/
wkh ghfrghu lqsxw lv UQ

4 @
�
{Q4 > |

Q
4 > Oh

Q
4

�
/ dqg wkh deryh dvvxpswlrqv lpso|

wkdw hdfk h{wulqvlf rxwsxw Ohq3 lv lqghshqghqw ri doo wkh rwkhu h{wulqvlf rxwsxwv1
Krzhyhu/ wkh h{wulqvlf rxwsxwv duh lq frqwudvw olnho| wr eh vwdwlvwlfdoo| ghshqghqw
rq hdfk rwkhu/ vlqfh wkh| duh ixqfwlrqv ri wkh vdph lqsxw yduldeohv1 Wkdw wklv lv
lqghhg wkh fdvh fdq eh yhul�hg e| h{dplqlqj wkh fruuhodwlrq ehwzhhq wkh h{wulq0
vlf rxwsxwv/ vlqfh fruuhodwhg yduldeohv lpsolhv d vwdwlvwlfdo ghshqghqf|1 Iljxuh
614 vkrzv hpslulfdo fruuhodwlrq frh!flhqwv5 ehwzhhq h{wulqvlf rxwsxw 83 dqg wkh
hqwluh vhtxhqfh ri h{wulqvlf rxwsxwv +438 elwv orqj,/ zkhq ghfrglqj d uhfhlyhg
vhtxhqfh zlwk wkh EFMU0dojrulwkp1 Wkh hqfrghu lq wklv h{dpsoh kdv jhqhudwru
sro|qrpldov

�
4 4:@48

�
;
/ dqg wkh uhfhlyhg frghzrugv duh fruuxswhg e| dggl0

wlyh zklwh Jdxvvldq qrlvh1 Hylghqwo|/ h{wulqvlf rxwsxw 83 lv lqghhg fruuhodwhg wr
lwv qhljkerulqj h{wulqvlf rxwsxwv/ zlwk ghfuhdvlqj fruuhodwlrq dv wkh vhsdudwlrq
lv lqfuhdvhg1 Frqvhtxhqwo|/ wkhuh h{lvwv d ghshqghqf| ehwzhhq h{wulqvlf rxwsxwv/
zklfk lv wudqvodwhg lqwr d ghshqghqf| ehwzhhq wkh d sulrul lqsxwv lq wkh qh{w
ghfrglqj vwhs1 Wkxv/ wkh dvvxpswlrqv pdgh lq wkh ghulydwlrq ri wkh iruzdug
dqg edfnzdug uhfxuvlrqv lq wkh EFMU dojrulwkp duh ylrodwhg1 Wkh dprxqw ri
fruuhodwlrq ehwzhhq wzr h{wulqvlf rxwsxwv Oh+4,l dqg Oh

+4,
m lv odujhu wkh vpdoohu

wkh glvwdqfh ml� mm1 Wkxv/ lw lv ghvludeoh wr xvh wzr h{wulqvlf rxwsxwv zlwk vpdoo
vhsdudwlrq ml� mm dv lqsxwv dv idu dzd| iurp hdfk rwkhu dv srvvleoh lq wkh qh{w
ghfrglqj vwhs1

Dqrwkhu lqghshqghqfh dvvxpswlrq h{sorlwhg lq wkh EFMU dojrulwkp lv zkhq
fdofxodwlqj wkh �0ydoxhv1 Ehklqg wkh ghulydwlrq ri +51;,/ lqghshqghqfh lv dv0
vxphg ehwzhhq wkh hqfrghu lqsxwv {q/ |q dqg Ohq3 / frqglwlrqhg rq nqrzlqj
wkh vwdwh wudqvlwlrq iurp srvlwlrq q � 4 wr q/ zkhq vhsdudwlqj wkh suredelolw|

5Zkhq wudqvplwwlqj udqgrp lqirupdwlrq vhtxhqfhv/ wkh fruuhodwlrq ehwzhhq h{wulqvlf rxw0
sxwv phdvxuhg lq whupv ri �J� Eue�c ue�� lv }hur/ vlqfh wkh lqirupdwlrq v|perov �� dqg ��

duh xqfruuhodwhg1 Wkh fruuhodwlrq frh!flhqwv uhsruwhg khuh duh rewdlqhg e| *uhfwli|lqj* hdfk
h{wulqvlf ydoxh e| lwv lqirupdwlrq v|pero/ l1h1 yld �J� Eue� u E2�� 3 �� c ue� u E2�� 3 ���1 Wkh
vdph krogv iru fruuhodwlrq frh!flhqwv ehwzhhq h{wulqvlf rxwsxwv dqg qrlvh vdpsohv/ hwf1
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Oh
+5,
l

Oh
+4,
g p+ ,

Oh
+4,
g p+ ,

fruuhodwlrq ehwzhhq

Oh
+5,
l dqg > p@ 4> = = = > QOh

+4,
g p+ ,

fruuhodwlrq ehwzhhq

Oh
+4,
g p+ ,dqg {Q4

iluvw�ghfrglqj

vhfrqg�ghfrglqj

wklug�ghfrglqj

l

m

m

p

g p+ ,

d�sulrul m�lqsxw�dw�srvlwlrq� /
fruuhodwhg�wr�wkh�fkdqqho
revhuydwlrqv {m dqg |m

{m dqg |m

{m> |m

{m> |m

+fruuhodwhg�wr�������������,

+fruuhodwhg�wr�����������,

Iljxuh 615= Looxvwudwlrq ri wkh ruljlq ri wkh ghshqghqf| ehwzhhq wkh d sulrul
lqsxw m lq wkh wklug ghfrglqj vwhs dqg wkh fruuhvsrqglqj fkdqqho revhuydwlrqv/
l1h1 {m dqg |m 1 Lq wklv looxvwudwlrq/ g +l, @ m/ ru g�4 +m, @ l1

ghqvlw| ixqfwlrq

s +{ > | >Oh 3 mx @ l> V @ v> V �4 @ v3, @

s +{ mx @ l> V @ v> V �4 @ v3, �
s +| mx @ l> V @ v> V �4 @ v3, �
s +Oh 3 mx @ l> V @ v> V �4 @ v3,

+616,

lq Dsshqgl{ D/ lq wkh ghulydwlrq ri +D149,1 Iru wkh �uvw dqg vhfrqg ghfrglqj
vwhs wklv dvvxpswlrq lv ydolg> krzhyhu/ vwduwlqj zlwk wkh wklug ghfrglqj vwhs/
wkhuh h{lvwv d ghshqghqf|1 Wkh ruljlq ri wklv ghshqghqf| lv looxvwudwhg lq Iljxuh
6151 Lq wkh �uvw ghfrglqj vwhs/ qr d sulrul lqirupdwlrq lv xvhg/ dqg wkxv wkhuh
h{lvw ri frxuvh qr ghshqghqflhv1 Dv iru wkh vhfrqg ghfrglqj/ d sulrul lqsxw
Oh

+4,
g+p, lv lqghshqghqw ri wkh sdulw| revhuydwlrq |

+5,
>;q/ vlqfh wkh vhfrqg sdulw|

vhtxhqfh lv qrw xvhg dw doo e| wkh �uvw ghfrghu1 Dv iru wkh lqghshqghqfh ehwzhhq
Oh

+4,
g+p, dqg {g+p,/ zkhuh {g+p, lv wkh v|vwhpdwlf fkdqqho revhuydwlrq lqwhuohdyhg

wr srvlwlrq p/ wkh lqghshqghqfh iroorzv iurp wkh fdofxodwlrq ri wkh h{wulqvlf
rxwsxw lq +5147,1 Lqghhg/ wkh vxewudfwlrq ri wkh lqwulqvlf lqirupdwlrq Olg+p,iurp

wkh vriw0rxwsxw �+4,
g+p, surylghv lqghshqghqfh ehwzhhq wkh h{wulqvlf lqirupdwlrq

Oh
+4,
g+p, dqg {g+p,1 Krzhyhu/ lq wkh wklug ghfrglqj vwhs wkh surfhvv ri lwhudwlyh

ghfrglqj lv dvvhuwhg1 Wkh d sulrul lqsxw dw srvlwlrq m @ g +l,/ Oh+5,l / vwhpplqj
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iurp rxwsxw srvlwlrq l iurp wkh vhfrqg ghfrghu +fi1 Iljxuh 615,/ lv ghshqghqw
rq wkh suhylrxv d sulrul lqsxw dw srvlwlrq p/ l1h1 Oh

+4,
g+p,1 Wklv ghshqghqf|

lv ghprqvwudwhg e| wkh gdvkhg fxuyh dw wkh vhfrqg ghfrglqj vwdjh lq Iljxuh
615/ vkrzlqj hpslulfdo fruuhodwlrq ehwzhhq d sulrul lqsxw Oh+4,g+p, dqg h{wulqvlf

rxwsxw Oh+5,l 1 Lq wxuq/ wkh d sulrul lqsxw Oh+4,g+p, lv ghshqghqw rq wkh fkdqqho
revhuydwlrqv {m dqg |m / djdlq looxvwudwhg e| d vhw ri hpslulfdoo| irxqg fruuhodwlrq
frh!flhqwv1 Lq wrwdo/ wkurxjk wklv ghfrglqj fkdlq lw lv sodxvleoh wkdw wkh d sulrul
lqsxw Oh+5,l / zklfk lv lqsxw dw srvlwlrq m lq wkh wklug kdoi0lwhudwlrq/ lv ghshqghqw
rq wkh fkdqqho revhuydwlrqv {m dqg |m 1 Wkdw wklv lv lqghhg wkh fdvh lv hdv| wr
yhuli| e| Prqwh0Fduor vlpxodwlrqv1 Dv d frqvhtxhqfh/ wkh dvvxpswlrqv xvhg lq
+616, duh ylrodwhg1

Lq wkh deryh sdudjudskv/ zh kdyh vhhq wkuhh dvvxpswlrqv pdgh lq wkh ghulyd0
wlrq ri wkh EFMU dojrulwkp wkdw duh qrw ydolg zkhq xvhg lq dq lwhudwlyh ghfrglqj
vfkhph1 Iru doo ylrodwlrqv/ wkh ghjuhh ri fruuhodwlrq lv uhgxfhg zlwk lqfuhdvlqj
glvwdqfhv ehwzhhq srvlwlrqv lq wkh hqfrghu lqsxw dqg rxwsxw vhtxhqfhv1 Uhihu0
ulqj wr wkh qrwdwlrqv lq Iljxuh 615/ wklv phdqv wkdw wkh vxp ri wkh glvwdqfhv
mg +p,� g +l,m dqg mp� lm/ l1h1 wkh ohqjwk ri wkh f|foh iruphg e| lqwhuohdyhu
pdsslqjv g +p, dqg g +l,/ vkrxog eh pdgh odujh1

Qdwxudoo|/ wkh vl}h ri wkh lqwhuohdyhu vhwv d olplw rq krz odujh mg +p,� g +l,m.
mp� lm fdq eh1 Pruh lpsruwdqwo|/ lw lpsrvhv uhvwulfwlrqv rq krz odujh wkh vpdoo0
hvw ydoxh ri mg +p,� g +l,m. mp� lm >;l>p fdq eh1 Frqfhswxdoo|/ lw lv sodxvleoh
wkdw wkh vshfwuxp ri glvwdqfhv mg +p,� g +l,m . mp� lm >;l>p kdv dq lq xhqfh
rq wkh shuirupdqfh ri wkh lwhudwlyh ghfrglqj1 Lq ^Sdshu LLL`/ d phdvxuh wkdw
frpsulvhv doo wkhvh glvwdqfhv lqwr d vlqjoh vfdodu lv lqyhvwljdwhg1 Wklv phdvxuh
lv fdoohg lwhudwlyh ghfrglqj vxlwdelolw| +LGV,/ dqg lw suryhv wr eh uhodwhg wr wkh
frqyhujhqfh udwh ri lwhudwlyh ghfrglqj1

Lq ^Sdshu LY`/ dq lqwhuohdyhu ghvljq fulwhulrq edvhg rq wkh shuirupdqfh ri
lwhudwlyh ghfrglqj lv sursrvhg1 Lq sulqflsoh/ wkh fulwhulrq lv irupxodwhg zlwk wkh
jrdo wr uhgxfh wkh ghjuhh ri vxerswlpdolw| ri wkh lwhudwlyh ghfrglqj dojrulwkp/
dv d frqvhtxhqfh ri wkh diruhphqwlrqhg dvvxpswlrqv1 Erwk wkh ghvljq fulwhulrq
dqg wkh LGV phdvxuh xvh dq dssur{lpdwlrq ri wkh fruuhodwlrq ehwzhhq h{wulqvlf
rxwsxwv diwhu wkh vhfrqg ghfrghu dqg fkdqqho qrlvh vdpsohv1 Wklv dssur{lpd0
wlrq wdnhv wkh irup ri dq h{srqhqwldo ghfuhdvh lq fruuhodwlrq dv wkh vhsdudwlrq
ehwzhhq wzr srvlwlrqv lv lqfuhdvhg1 Wr vwduw zlwk/ wkh fruuhodwlrq ehwzhhq h{0
wulqvlf rxwsxw l iurp wkh �uvw ghfrghu dqg v|vwhpdwlf qrlvh vdpsoh m/ ghqrwhg
�
+4,
l>m / lv dssur{lpdwhg dv

a�
+4,
l>m @

�
dh�fmm�lm li m 9@ l
3 rwkhuzlvh

l> m @ 4> 5> = = = > Q= +617,

Wkh ydoxh ri wkh frqvwdqwv d dqg f ghshqg rq wkh fkrlfh ri frqvwlwxhqw hqfrghuv>
iru h{dpsoh/ iru wkh jhqhudwru sro|qrpldo +4:@48,;/ d @ 3=56 dqg f @ 3=4;1 Dv
iru wkh fruuhvsrqglqj fruuhodwlrq diwhu wkh vhfrqg ghfrglqj vwdjh/ ghqrwhg �

+5,
l>m /
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+d,

Srvlwlrq�lq�v|vwhpdwlf�lqsxw�vhtxhqfh
3 53 73 93 ;3 433

3

314

+e,

�
+4,
83>m

�
+5,
83>m

Srvlwlrq�lq�v|vwhpdwlf�lqsxw�vhtxhqfh
3 53 73 93 ;3 433

3

314

315

Iljxuh 616= Looxvwudwlrq ri wkh fruuhodwlrq ehwzhhq h{wulqvlf rxwsxwv dqg fkdq0
qho revhuydwlrqv/ diwhu wkh �uvw +d, dqg vhfrqg ghfrglqj +e, vwdjhv1 Wkh vrolg
olqhv duh hpslulfdoo| irxqg frh!flhqwv/ zkloh wkh grwwhg olqhv fruuhvsrqg wr wkh
dssur{lpdwlrqv +617, dqg +618,1

wkhvh frh!flhqwv duh dssur{lpdwhg dv ^Sdshu LLL`

a�
+5,
l>m @

4

5

�
4� �g�4+m,�l

�
dh�fmg�4+m,�lm� ~} �

iurp wkh v|vwhpdwlf lqsxw

.
4

5

[
p@4

p9@l>g+p,9@m

d5h�f+mg+p,�mm.ml�pm,

� ~} �
iurp h{wulqvlf lqsxwv

>

+618,

zkhuh � lv wkh Nurqhfnhu ghowd0ixqfwlrq/ dqg g�4 +m, lv wkh srvlwlrq wr zklfk
lqsxw m lv lqwhuohdyhg1 Erwk dssur{lpdwhg dqg hpslulfdoo| dfklhyhg fruuhodwlrq
frh!flhqwv iru d 4380elw Wxuer frgh/ diwhu wkh �uvw dqg vhfrqg ghfrglqj vwdjhv/
duh vkrzq lq Iljxuh 6161 Hyhq wkrxjk +618, lv d khxulvwlf dssur{lpdwlrq ri wkh
fruuhodwlrq frh!flhqwv diwhu wkh vhfrqg ghfrghu/ lw |lhogv uhdvrqdeoh uhvxowv dqg
lw suryhv wr eh yhu| xvhixo iru wkh sxusrvh ri lqwhuohdyhu ghvljq1

Zlwk wkh deryh xvhg lqwhuohdyhu ghvfulswlrq/ g +l, uhsuhvhqwv wkh srvlwlrq wr
zklfk wkh lwk rxwsxw iurp wkh vhfrqg ghfrghu lv ghlqwhuohdyhg6 1 Lq Iljxuh 615/
h{wulqvlf rxwsxw l iurp wkh vhfrqg ghfrghu lv ghlqwhuohdyhg wr srvlwlrq m/ l1h1
g +l, @ m1 Wkh surfhvv ri ghvljqlqj dq lqwhuohdyhu fdq eh rujdql}hg dv fkrrvlqj
wkh srvlwlrqv g +l, > l 5 i4> = = = > Qj1 Iru hdfk fkrlfh/ g +l, lv fkrvhq wr plqlpl}h
wkh fruuhodwlrq ehwzhhq h{wulqvlf rxwsxw Oh+5,l +zklfk lv ghlqwhuohdyhg wr eh xvhg

6Htxlydohqwo|/ _ E�� uhsuhvhqwv wkh srvlwlrq lq wkh ruljlqdo vhtxhqfh wkdw lv lqwhuohdyhg wr
ehfrph wkh �wk lqsxw wr wkh vhfrqg ghfrghu1
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dv d sulrul lqsxw dw srvlwlrq g +l,, dqg wkh fkdqqho revhuydwlrqv {g+l, dqg |g+l,1
Wkxv/ dq dsshdolqj ghvljq fulwhulrq lv wr fkrrvh g +l, dv

g +l, @ dujplq
m
a�
+5,
l>m > +619,

zkhuh a�
+5,
l>m lv fdofxodwhg xvlqj wkh douhdg| gh�qhg lqwhuohdyhu pdsslqjv1 Qrwh

wkdw iru m @ g +l, wkh �uvw sduw ri +618,/ fruuhvsrqglqj wr wkh v|vwhpdwlf lqsxw/ lv
}hur vlqfh 4��g�4+m,�l @ 31 Frqvhtxhqwo|/ wkh deryh plqlpl}dwlrq lv htxlydohqw
wr

g +l, @ dujplq
m

[
h�f+mg+p,�mm.ml�pm,= +61:,

Wklv phdqv wkdw g +l, lv dvvljqhg d srvlwlrq m vr wkdw wkh vxp lq +61:, lv
plqlpl}hg1 Wkh orqjhu wkh f|fohv iruphg e| wkh pdsslqjv g +p, dqg g +l, /
l1h1 wkh odujhu wkh mg +p,� g +l,m. ml�pm/ wkh vpdoohu wkh vxp1 Wklv frlqflghv
zlwk wkh revhuydwlrqv e| Zlehuj lq ^<:`/ zkhuh kh dqdo|vhv lwhudwlyh ghfrglqj
xvlqj Wdqqhu judskv1 Zlehuj �qgv lqglfdwlrqv wkdw wr dyrlg srru ghfrglqj
shuirupdqfh/ vkruw f|fohv vkrxog eh dyrlghg1

Lq wkh qh{w vhfwlrq/ zh ghvfuleh dq lqwhuohdyhu ghvljq dojrulwkp wkdw h{sorlwv
erwk wkh fruuhodwlrq fulwhulrq dqg wkh glvwdqfh vshfwuxp fulwhulrq1

615 D Qhz Lqwhuohdyhu Ghvljq Dojrulwkp
Lq wkh wzr suhylrxv vhfwlrqv/ zh kdyh uhylhzhg wzr frqfhswxdoo| gl�huhqw lq0
whuohdyhu ghvljq fulwhuld> rqh wkdw wdujhwv frgh surshuwlhv/ dqg rqh wkdw wdujhwv
wkh shuirupdqfh ri lwhudwlyh ghfrglqj1 Lq wklv vhfwlrq/ zh frpelqh wkhvh wzr
fulwhuld lqwr dq lqwhuohdyhu ghvljq dojrulwkp1

Dv ehiruh/ wkh lqwhuohdyhu lv ghvfulehg e| d yhfwru ri ohqjwk Q / gh�qhg e| wkh
hohphqwv g +p, >p @ 4> = = = > Q 1 Lq wkh dojrulwkp ghvfulehg khuh/ wkh hohphqwv lq
wklv yhfwru duh dvvljqhg ydoxhv rqh e| rqh/ xqwlo wkh zkroh yhfwru lv gh�qhg1 Iru
hdfk qhz dvvljqphqw/ d srvlwlrq lv fkrvhq edvhg rq erwk wkh glvwdqfh vshfwuxp
dqg wkh fruuhodwlrq fulwhuld1 Uhjduglqj wkh glvwdqfh vshfwuxp/ wkh dojrulwkp
lv irupxodwhg wr dyrlg lqwhuohdyhu pdsslqjv wkdw uhvxow lq d frghzrug zlwk
Kdpplqj zhljkw ohvv ru htxdo wr d fhuwdlq ydoxh/ fdoohg wkh *ghvljq glvwdqfh*/
gghvljq 1

Lw lv qrw vwudljkwiruzdug krz wr zhljk wkh lpsruwdqfh ri wkh glvwdqfh vshf0
wuxp ri wkh frgh dqg wkh shuirupdqfh ri wkh lwhudwlyh ghfrglqj1 Hvshfldoo|
vlqfh lw lv qrw reylrxv krz pxfk wkh lwhudwlyh ghfrglqj shuirupdqfh lv ghjudghg
e| d fhuwdlq dprxqw ri fruuhodwlrq ehwzhhq wkh ghfrghu lqsxwv1 Lq wkh ghvljq
dojrulwkp suhvhqwhg khuh/ zh kdyh dgrswhg wkh iroorzlqj vwudwhj|=

Iru hdfk qhz lqwhuohdyhu hohphqw wr dvvljq/ fkrrvh d srvlwlrq zlwk �jrrg�
fruuhodwlrq surshuwlhv dprqj wkh srvlwlrqv wkdw ixo�oo wkh glvwdqfh vshfwuxp

uhtxluhphqwv lpsrvhg e| gghvljq1
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Lq sulqflsoh/ wkh hohphqwv lq wkh lqwhuohdyhu yhfwru fdq eh dvvljqhg ydoxhv
lq dq| rughu> krzhyhu/ lq rxu lqyhvwljdwlrqv zh kdyh irxqg lw h!flhqw wr dvvljq
wkh ydoxhv lq vwudljkw rughu/ hlwkhu iurp srvlwlrq 4 wr Q> ru iurp Q wr 41 Iru
uhdvrqv ghvfulehg lq ^Sdshu YL`/ zklfk ghdov zlwk lqwhuohdyhu ghvljq iurp d
wuhoolv whuplqdwlrq srlqw ri ylhz/ wkhuh duh dgydqwdjhv zlwk ghvljqlqj lqwhuohdyhuv
lq uhyhuvhg rughu/ wkdw lv/ iurp Q wr 41 Wklv lv wkh vwudwhj| dgrswhg lq wkh
dojrulwkp suhvhqwhg khuh1

Ehorz/ wkh edvlf vwdjhv ri wkh lqwhuohdyhu ghvljq dojrulwkp duh vwdwhg1 Ydul0
rxv dvshfwv ri wkh dojrulwkp duh frpphqwhg lq wkh vhfwlrqv wr iroorz1

Gh�qlwlrqv=

g= Wkh yhfwru wkdw gh�qhv wkh lqwhuohdyhu1 g @
�
g +4, g +5, = = = g +Q,

�
/

zkhuh wkh pwk hohphqw krogv wkh lqsxw srvlwlrq/ g +p,/ wkdw lv lqwhuohdyhg
wr wkh pwk srvlwlrq lq wkh lqwhuohdyhg vhtxhqfh1

gghvljq= Wkh pd{lpxp frghzrug Kdpplqj zhljkw wkdw lv frqvflrxvo| dyrlghg
e| wkh lqwhuohdyhu ghvljq dojrulwkp1 Wklv ydoxh pd| eh frpsduhg zlwk wkh
gpd{ sdudphwhu xvhg lq Vhfwlrq 516/ zkhq vhdufklqj iru frghzrugv zlwk
zhljkwv ohvv wkdq ru htxdo wr gpd{1

P= Wkh vhw ri srvlwlrqv lq wkh lqwhuohdyhg vhtxhqfh qrw |hw dvvrfldwhg zlwk d
srvlwlrq lq wkh ruljlqdo vhtxhqfh/ l1h1 wkh srvlwlrqv l iru zklfk g +l, lv qrw
|hw gh�qhg1

O= Wkh vhw ri srvlwlrqv lq wkh ruljlqdo vhtxhqfh wkdw kdv qrw ehhq dvvljqhg wr
lqwhuohdyhg srvlwlrqv/ l1h1 wkh frxqwhusduw ri P1

K= D yhfwru ri ohqjwk Q frqwdlqlqj wkh Kdpplqj zhljkwv ri wkh orzhvw0zhljkw
frghzrugv wkdw uhvxow iurp wkh srvvleoh fkrlfhv iru g +l,1 Lq sduwlfxodu/
K +o, vwruhv wkh zhljkw ri wkh orzhvw zhljkw frghzrug wkdw uhvxowv iurp
wkh fkrlfh g +l, @ o> o 5 O1

Dojrulwkp=

Lqlwldol}dwlrq

41 Vhw P @ i4> = = = > Qj dqg O @ i4> = = = > Qj =
51 Fkrrvh d ghvljq glvwdqfh gghvljq 1

Ghvljq orrs

41 Fkrrvh d srvlwlrq l 5P/ iru zklfk g +l, lv wr eh dvvljqhg1 Zlwk uhyhuvhg
rughu lqwhuohdyhu ghvljq/ l @ pd{P1 g +l, lv wr eh fkrvhq dprqj wkh
srvlwlrqv o 5 O1
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51 Fdofxodwh wkh orzhvw frghzrug zhljkw uhvxowlqj iurp hdfk ri wkh fkrlfhv
g +l, @ o> o 5 O/ wdnlqj Kdpplqj zhljkwv ohvv wkdq ru htxdo wr gghvljq lqwr
dffrxqw1 Wkxv/ iru hdfk srvlwlrq o 5 O wkhuh lv dq dvvrfldwhg plqlpxp
frghzrug zhljkw wkdw zloo h{lvw lq wkh frgh/ jlyhq wkdw wkh fkrlfh g +l, @ o
lv pdgh1 Wklv vhw ri zhljkwv lv vwruhg lq wkh yhfwru K1 Li qr orz0zhljkw
frghzrug +� gghvljq, lv irxqg iru wkh fkrlfh g +l, @ o/ wkhqK +o, lv dvvljqhg
d odujh qxpehu +duelwudu|/ exw odujhu wkdq gghvljq dqg htxdo iru doo vxfk
o*v,1

61 Ohw wkh srvlwlrqv lq O wkdw uhvxow lq wkh kljkhvw zhljkw frghzrugv irup
wkh vhw O3/ l1h1

O3 @ O_
q
o = K +o, @ pd{

p
K +p,

r
= +61;,

71 Fkrrvh wr ghlqwhuohdyh h{wulqvlf rxwsxw Oh+5,l wr wkh srvlwlrq dprqj wkh
srvlwlrqv lq O3 lw kdv wkh orzhvw fruuhodwlrq wr/ dffruglqj wr +61:,1 Wkxv/
fkrrvh g +l, dv

g +l, @ dujplq
o5O3

[
p@5P

h�f+mg+p,�om.ml�pm,= +61<,

Li pruh wkdq rqh ri wkh srvlwlrqv o 5 O3 uhvxow lq wkh vdph plqlpxp
fruuhodwlrq/ fkrrvh rqh ri wkhp dw udqgrp1

81 Uhpryh l dqg g +l, iurp P dqg O/ uhvshfwlyho|1
91 Li P lv qrw hpsw|/ jr wr 41

Wkh ghvljq surfhvv lv looxvwudwhg lq wkh  rz fkduw lq Iljxuh 6171 Pdq|
prgl�fdwlrqv ri wkh dojrulwkp duh ri frxuvh srvvleoh> d ihz ri zklfk duh glvfxvvhg
lq wkh iroorzlqj1

Rswlpl}dwlrq fulwhulrq1 Wkh surfhvv ri fkrrvlqj wkh srvlwlrq g +l, @ o> o 5
O3> fruuhvsrqglqj wr wkh fkdqqho revhuydwlrqv wkdw h{wulqvlf rxwsxw l lv ohdvw
fruuhodwhg wr/ xs wr wkh srlqw ri wkh suhvhqw ghvljq vwhs/ e| qr phdqv jxdudq0
whhv wkdw d joredo rswlpxp ri wkh ryhudoo plqlpl}dwlrq sureohp lv irxqg1 Lq
idfw/ d joredo rswlpl}dwlrq fulwhulrq kdv qrw hyhq ehhq vwdwhg1 Vxfk d fulwhulrq
frxog iru h{dpsoh eh edvhg rq wkh LGV0phdvxuh/ khuhe| lqfoxglqj wkh fruuhodwlrq
surshuwlhv iru wkh hqwluh lqwhuohdyhu1 Krzhyhu/ h{shulhqfh iurp ghvljqlqj d odujh
dprxqw ri lqwhuohdyhuv lqglfdwhv wkdw wkh suhvhqwhg dojrulwkp surgxfhv lqwhu0
ohdyhuv zlwk yhu| jrrg fruuhodwlrq surshuwlhv/ frpsduhg wr zkdw lv eholhyhg wr
eh dfklhydeoh1 Wklv lv prwlydwhg lq Dsshqgl{ E14/ zkhuh wkh fruuhodwlrq surs0
huwlhv ri lqwhuohdyhuv ghvljqhg zlwk wkh suhvhqwhg dojrulwkp duh frpsduhg wr
zkrvh ri jroghq lqwhuohdyhuv ^54`1 Jroghq lqwhuohdyhuv duh edvhg rq wkh jroghq
vhfwlrq/ dqg wkh| uhvxow lq lqwhuohdyhuv zlwk yhu| jrrg fruuhodwlrq surshuwlhv1
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l @ pd{P

P @ i4> = = = >Qj

O @ i4> = = = >Qj

Fkrrvh gghvljq

g +l, @ dujplq
o5O3

[
p@5P

h�f+mg+p,�om.ml�pm,

P hpsw|B Qr

\hv

Ghvljq�ilqlvkhg

fdofxodwh K +o,

O3 @ O _
q
o = K +o, @ pd{

p
K +p,

r

Iljxuh 617= Iorz fkduw ri wkh lqwhuohdyhu ghvljq dojrulwkp1
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Wkh prwlydwlrq iru wkh xvh ri jroghq lqwhuohdyhuv lq ^54` lv krzhyhu qrw edvhg rq
wkh shuirupdqfh ri lwhudwlyh ghfrglqj/ exw udwkhu rq lwv vxffhvvixo vsuhdglqj ri
huuru exuvwv1 Jroghq lqwhuohdyhuv shuirup yhu| zhoo iru vpdoo lqwhuohdyhu vl}hv/
exw vx�hu iurp kljk pxowlsolflw| ri udwkhu orz0zhljkw frghzrugv iru odujh lqwhu0
ohdyhu vl}hv1 Frqvhtxhqwo|/ wkh huuru0 rru iru jroghq lqwhuohdyhuv dsshdu hduolhu
wkdq zkdw lv dfklhydeoh e| lqfoxglqj d glvwdqfh vshfwuxp fulwhulrq lq wkh ghvljq1

Ghvljq rughu1 Lw lv qrw reylrxv krz wr fkrrvh wkh ghvljq rughu/ wkdw lv/ wkh
rughu lq zklfk wkh hohphqwv duh fkrvhq iurp wkh vhw P lq vwhs 4 ri wkh ghvljq
orrs1 Wkh prvw vxlwdeoh ghvljq rughu lv uhodwhg wr wkh vl}h ri wkh lqwhuohdyhu/ dv
looxvwudwhg lq Dsshqgl{ E151 Wkh xvh ri vwudljkw0rughu ghvljq +h1j1 iurp odvw wr
�uvw, |lhogv jrrg uhvxowv iru d zlgh udqjh ri lqwhuohdyhu vl}hv1 Krzhyhu/ iru yhu|
vpdoo lqwhuohdyhuv/ lq wkh rughu ri 433 elwv/ wkhuh pljkw eh d uhdvrq wr lqyhvwljdwh
dowhuqdwlyh vwudwhjlhv/ iru h{dpsoh udqgrp ghvljq rughu1

Fkrrvlqj gghvljq = Lw lv qrw vwudljkwiruzdug wr fkrrvh d vxlwdeoh ydoxh ri
gghvljq 1 Qdwxudoo|/ lw lv whpswlqj wr xvh d odujh gghvljq vr wkdw wkh plqlpxp
glvwdqfh ri wkh frgh ehfrphv dv odujh dv srvvleoh1 Krzhyhu/ li gghvljq lv fkrvhq
pxfk odujhu wkdq wkh plqlpxp glvwdqfh wkh ghvljq dojrulwkp fdq dfklhyh/ lw lv
olnho| wkdw wkh glvwdqfh uhvwulfwlrqv kdyh kdg d qhjdwlyh lq xhqfh rq wkh fruuh0
odwlrq surshuwlhv ri wkh ghvljqhg lqwhuohdyhu1 Wkhuhiruh/ lw lv riwhq qhfhvvdu| wr
fkrrvh gghvljq edvhg rq h{shulhqfh1 Wklv surfhvv lv glvfxvvhg lq Dsshqgl{ E17/
zkhuh wkh h�hfw ri fkrrvlqj gl�huhqw ydoxhv ri gghvljq lv looxvwudwhg1

Vhoi0whuplqdwlqj lqwhuohdyhuv1 Wkh ghvljq dojrulwkp fdq hdvlo| eh prgl�hg
vr wkdw wkh ghvljqhg lqwhuohdyhu lv d vhoi0whuplqdwlqj lqwhuohdyhu ^8/ 6;`1 Vhoi0
whuplqdwlqj lqwhuohdyhuv kdyh wkh dgydqwdjh wkdw erwk frqvwlwxhqw hqfrghuv duh
whuplqdwhg lq wkh vdph vwdwh1 Frqvhtxhqwo|/ wkh lvvxh ri wuhoolv whuplqdwlrq lv
uhdglo| vroyhg e| lqvhuwlqj  xvk elwv vr wkdw wkh �uvw hqfrghu lv whuplqdwhg lq
wkh }hur0vwdwh1 Krzhyhu/ h{shulhqfh vkrz wkdw wkh vhoi0whuplqdwlrq frqvwudlqw
pd| vhyhuho| uhvwulfw wkh lqwhuohdyhu ghvljq1 Uhvxowv rq wklv lvvxh duh uhsruwhg
lq ^Sdshu YL`1

Lqwhuohdyhu vwuxfwxuhv1 Lw lv srvvleoh wr lqfoxgh duelwudu| ghvljq uhvwulfwlrqv
lq wkh suhvhqwhg dojrulwkp1 D uhdvrq iru grlqj vr fdq eh lpsohphqwdwlrq dvshfwv1
Iru h{dpsoh/ e| uhvwulfwlqj wkh ghvljq wr rgg0hyhq v|pphwulf lqwhuohdyhuv ^Sdshu
Y`/ wkdw lv/ lqwhuohdyhuv iru zklfk g +l, lv rgg li l lv hyhq dqg g +l, @ m @, g +m, @
l/ wkh vwrudjh uhtxluhphqw ri wkh uhvxowlqj lqwhuohdyhu uxohv duh ohvv wkdq wkdw ri
qrq0vwuxfwxuhg lqwhuohdyhuv1 Wkhvh dvshfwv/ lqfoxglqj dgglwlrqdo vwrudjh0vdylqj
lqwhuohdyhu vwuxfwxuhv/ duh vwxglhg lq ^Sdshu Y`1

Glvwdqfh fdofxodwlrqv1 Wkh prvw ghpdqglqj sduw ri wkh ghvljq surfhvv/ lq
whupv ri frpsxwdwlrqdo frpsoh{lw|/ lv Vwhs 5 lq wkh ghvljq orrs/ l1h1 wkh glvwdqfh
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Iljxuh 618= W|slfdo zhljkw05 lqsxw vhtxhqfh wkdw duh frqvlghuhg zkhq vhdufklqj
iru srvlwlrqv wkdw uhvxow lq d frghzrug zlwk zhljkw ohvv wkdq ru htxdo wr gghvljq =
Ydolg iru ghvljq ri lqwhuohdyhuv xvhg lq d Wxuer frgh zkhuh wkh wuhoolv ri wkh �uvw
frqvwlwxhqw hqfrghu lv whuplqdwhg1

uhodwhg fdofxodwlrq ri K1 Iruwxqdwho|/ wkh fruuhodwlrq fulwhulrq kdv d srvlwlyh lq0
 xhqfh rq wkh glvwdqfh vshfwuxp/ hvshfldoo| iru kljkhu0zhljkw lqsxw vhtxhqfhv1
Dv d frqvhtxhqfh/ wkh qxpehu ri fkhfnv wkdw qhhg wr eh shuiruphg lq wkh gh0
vljq lv vljql�fdqwo| uhgxfhg1 Iru h{dpsoh/ prvw }hur0whuplqdwlqj zhljkw06 dqg
zhljkw07 lqsxw vhtxhqfhv duh h�hfwlyho| eurnhq xs e| wkh fruuhodwlrq fulwhulrq1
Krzhyhu/ wkhuh duh fhuwdlq pdsslqjv wkdw vsuhdglqj fulwhuld7 lq jhqhudo idlo wr
dyrlg1 Iljxuhv 618�61: vkrz wkh w|sh ri zhljkw05/ 6 dqg 7 lqsxw vhtxhqfhv
wkdw duh qrw dozd|v dyrlghg1 Wkxv/ lw lv wkh Kdpplqj glvwdqfhv uhvxowlqj iurp
wkhvh w|shv ri vhtxhqfhv wkdw duh dffrxqwhg iru e| wkh K0yhfwru1 Wkh vhtxhqfhv
vkrzq lq Iljxuhv 618�61: duh ydolg zkhq ghvljqlqj dq lqwhuohdyhu iru d Wxuer
frgh zkrvh �uvw frqvwlwxhqw hqfrghu lv whuplqdwhg lq wkh }hur0vwdwh1 Li dqrwkhu
whuplqdwlrq phwkrg lv xvhg/ rwkhu w|shv ri vhtxhqfhv qhhg wr eh frqvlghuhg1
Vshfl�f lqwhuohdyhu ghvljq iru gl�huhqw wuhoolv whuplqdwlrq phwkrgv lv dgguhvvhg
lq ^Sdshu YL`1 Rqh ri wkh uhvxowv wkhuhri lv wkdw dv orqj dv wkh surshu w|shv ri

7Erwk wkh fruuhodwlrq ghvljq dqg wkh V0udqgrp ghvljq duh h{dpsohv ri lqwhuohdyhu ghvljq
fulwhuld wkdw |lhog jrrg vsuhdglqj surshuwlhv1
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Iljxuh 619= W|slfdo zhljkw06 lqsxw vhtxhqfh wkdw duh frqvlghuhg zkhq vhdufklqj
iru srvlwlrqv wkdw uhvxow lq d frghzrug zlwk zhljkw ohvv wkdq ru htxdo wr gghvljq =
Ydolg iru ghvljq ri lqwhuohdyhuv xvhg lq d Wxuer frgh zkhuh wkh wuhoolv ri wkh �uvw
frqvwlwxhqw hqfrghu lv whuplqdwhg1

Iljxuh 61:= W|slfdo zhljkw07 lqsxw vhtxhqfh wkdw duh frqvlghuhg zkhq vhdufklqj
iru srvlwlrqv wkdw uhvxow lq d frghzrug zlwk zhljkw ohvv wkdq ru htxdo wr gghvljq =
Ydolg iru ghvljq ri lqwhuohdyhuv xvhg lq d Wxuer frgh zkhuh wkh wuhoolv ri wkh �uvw
frqvwlwxhqw hqfrghu lv whuplqdwhg1
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lqsxw vhtxhqfhv duh frqvlghuhg lq wkh lqwhuohdyhu ghvljq/ wkh shuirupdqfhv ri
gl�huhqw wuhoolv whuplqdwlrq phwkrgv duh yhu| vlplodu/ dovr iru orz huuru udwhv1

616 Shuirupdqfh H{dpsohv

Wklv vhfwlrq ghprqvwudwhv krz wkh suhvhqwhg lqwhuohdyhu ghvljq fulwhuld lq xhqfh
wkh huuru udwh shuirupdqfhv ri Wxuer frghv1 Iru wklv sxusrvh/ irxu gl�huhqw 4380
elw lqwhuohdyhu frqvwuxfwlrqv duh frpsduhg=

41 Udqgrp lqwhuohdylqj1 D gl�huhqw svhxgr0udqgrp lqwhuohdyhu lv fkrvhq iru
hdfk eorfn wr wudqvplw1

51 D eorfn kholfdo vlploh lqwhuohdyhu ^8`/ zlwk 8 urzv dqg 54 froxpqv1 gplq @
4</ dgplq @ 571

61 D glvwdqfh vshfwuxp0ghvljqhg lqwhuohdyhu +iurp ^Sdshu L`,1 gplq @ 55/
dgplq @ ;1

71 D glvwdqfh vshfwuxp0 dqg fruuhodwlrq0ghvljqhg lqwhuohdyhu1 Ghvljqhg zlwk
wkh dojrulwkp suhvhqwhg lq wkh suhylrxv vhfwlrq1 gplq @ 4;/ dgplq @ 41

Doo frpsduhg lqwhuohdyhuv duh 438 elwv orqj/ zlwk shupxwdwlrq pdwulfhv8 dqg
LGV0ydoxhv vkrzq lq Iljxuh 61;1 Erwk wkh eorfn kholfdo vlploh lqwhuohdyhu +&5,
dqg wkh fruuhodwlrq0ghvljqhg +&7, lqwhuohdyhu kdyh jrrg fruuhodwlrq surshuwlhv/
mxgjlqj iurp wkh LGV0ydoxhv dqg iurp lqvshfwlqj wkhlu shupxwdwlrq pdwulfhv9 1
Vlploduo|/ erwk wkh udqgrp lqwhuohdyhu +&4, dqg wkh glvwdqfh vshfwuxp0ghvljqhg
lqwhuohdyhu +&6, dsshdu wr kdyh srru fruuhodwlrq surshuwlhv1

Wkh iudph huuru udwhv dv d ixqfwlrq ri wkh qxpehu ri ghfrglqj lwhudwlrqv
iru wkh uhvxowlqj Wxuer frghv duh vkrzq lq Iljxuh 61< iru VQUv fruuhvsrqglqj
wr He@Q3 @ 5=3 dqg 6=8 gE1 Wkh frqvwlwxhqw hqfrghuv kdyh jhqhudwru sro|qr0
pldov +4:@48,;/ dqg wkh ghfrghuv xvh wkh ixoo EFMU0dojrulwkp1 Lw lv revhuyhg
wkdw wkh lqwhuohdyhuv zlwk wkh ehvw fruuhodwlrq surshuwlhv +orzhvw LGV, |lhog
idvwhu frqyhujh wkdq wkh rwkhu lqwhuohdyhuv/ erwk dw phglxp dqg kljk VQUv1
Dv d frqvhtxhqfh/ iru d Wxuer ghfrghu hpsor|lqj ohvv wkdq 45 kdoi0lwhudwlrqv
+ru 9 ixoo lwhudwlrqv,/ wkh ehvw shuirupdqfh lv rewdlqhg zlwk wkh lqwhuohdyhuv
kdylqj vxshulru fruuhodwlrq surshuwlhv1 Dw He@Q3 @ 6=8 gE/ wkh glvwdqfh vshf0
wuxp ghvljqhg0lqwhuohdyhu +&6, shuirupv ehwwhu wkdq wkh eorfn kholfdo vlploh
lqwhuohdyhu +&5, diwhu derxw : ghfrglqj lwhudwlrqv1 Ehiruh wkdw/ wkh vxshulru
frqyhujhqfh udwh ri wkh eorfn kholfdo vlploh lqwhuohdyhu lv ri kljkhu lpsruwdqfh1

8Iru wkh udqgrp lqwhuohdylqj fdvh/ wkh shupxwdwlrq pdwul{ vkrzq fruuhvsrqgv wr rqh
vlqjoh svhxgr0udqgrp lqwhuohdyhu/ zkloh wkh LGV0ydoxh lv wkh phdq LGV ri 833 svhxgr0udqgrp
lqwhuohdyhuv1 Wkh vwdqgdug ghyldwlrq iurp wkh phdq ydoxh lv 31361

9 Lq wkh shupxwdwlrq pdwulfhv/ wzr grwv wkdw duh forvh wr hdfk rwkhu fruuhvsrqg wr wzr lqsxw
srvwlwlrqv wkdw duh forvh wr hdfk rwkhu erwk ehiruh dqg diwhu lqwhuohdylqj1 Wkxv/ wkh| uhvxow
lq kljk fruuhodwlrq ehwzhhq wkh ghfrghu lqsxwv1
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Iljxuh 61;= Shupxwdwlrq pdwulfhv dqg LGV0ydoxhv iru irxu frpsduhg 4380elw
lqwhuohdyhuv1 Wkh LGV0ydoxhv duh qrupdol}hg wr wkh LGV ri d jroghq lqwhuohdyhu
ri wkh vdph vl}h1

617 Vxppdu|
Zkhq ghvljqlqj lqwhuohdyhuv iru Wxuer frghv/ wkhuh duh wzr lpsruwdqw frqfhswv
wr wdnh lqwr dffrxqw= +4, wkh glvwdqfh surshuwlhv ri wkh frgh dqg +5, lwv vxlw0
delolw| wzr eh lwhudwlyho| ghfrghg1 Wkh odwwhu frqfhsw lv d qhz frgh ghvljq
fulwhulrq/ uhtxluhg dv d frqvhtxhqfh ri xvlqj vxe0rswlpxp lwhudwlyh ghfrglqj1
Wkh lqwhuohdyhu ghvljq fulwhulrq uhodwhg wr wkh frgh glvwdqfh vshfwuxp lv edvhg
xsrq dyrlglqj lqwhuohdyhu pdsslqjv ri vhoi0whuplqdwlqj vhtxhqfhv lqwr dqrwkhu
vhoi0whuplqdwlqj vhtxhqfh1 Wkh ghvljq fulwhulrq uhodwhg wr wkh ghfrglqj shu0
irupdqfh lv lqvwhdg edvhg rq wkh fruuhodwlrq surshuwlhv ri wkh lqsxwv wr wkh
frqvwlwxhqw ghfrghuv1 Iruwxqdwho|/ wkh wzr fulwhuld duh qrw lq frq lfw zlwk hdfk
rwkhu1 Rq wkh frqwudu|/ wkh vsuhdglqj dfklhyhg zkhq ghvljqlqj lqwhuohdyhuv zlwk
jrrg fruuhodwlrq surshuwlhv kdv srvlwlyh lq xhqfh rq wkh glvwdqfh surshuwlhv ri
wkh frgh1
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Iljxuh 61<= Vlpxodwhg iudph huuru udwh shuirupdqfhv yv1 wkh qxpehu ri ghfrglqj
lwhudwlrqv iru Wxuer frghv xvlqj irxu gl�huhqw 4380elw lqwhuohdyhuv1 Wudqplvvlrq
ryhu dq DZJQ fkdqqho zlwk He@Q3 @ 5=3 dqg 6=8 gE1
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Fkdswhu 7

Fkrrvlqj Frqvwlwxhqw
Frghv

Lq wkh suhylrxv fkdswhu/ lq wkh uhylhz ri lqwhuohdyhu ghvljq fulwhuld/ wzr ixqgd0
phqwdo surshuwlhv wkdw jryhuq wkh shuirupdqfh ri d Wxuer frgh zhuh h{sorlwhg=
wkh glvwdqfh vshfwuxp dqg wkh shuirupdqfh ri lwhudwlyh ghfrglqj1 Lq wklv fkds0
whu/ wkh vdph dssurdfk lv xvhg wr lqyhvwljdwh vhohfwlrq fulwhuld iru wkh fkrlfh
ri frqvwlwxhqw frghv/ zlwk irfxv rq wkh ihhgedfn sro|qrpldo1 Wklv uhylhz lv
qrw h{kdxvwlyh/ exw lqglfdwlyh ri surshuwlhv wkdw vkrxog eh frqvlghuhg lq wkh
surfhvv ri ghvljqlqj Wxuer frghv1 Lq frqwudvw wr wkh frqfoxvlrqv uhjduglqj lq0
whuohdyhuv/ zklfk fdq eh ghvljqhg erwk iru jrrg Kdpplqj glvwdqfh surshuwlhv
dqg jrrg fruuhodwlrq surshuwlhv/ wkhuh lv d wudgh0r� ehwzhhq wkh wzr zkhq fkrrv0
lqj wkh frqvwlwxhqw hqfrghuv1 Wkhuhiruh/ wkh jxlgholqhv iru fkrrvlqj frqvwlwxhqw
hqfrghuv duh ghshqghqw rq wkh wdujhw rshudwlqj srlqw ri wkh frgh1

Wkh lvvxh ri fkrrvlqj jhqhudwru sro|qrpldov iurp d glvwdqfh vshfwuxp shu0
vshfwlyh rqo|/ lqfoxglqj erwk wkh ihhgedfn dqg sdulw| sro|qrpldov/ lv lqyhvwl0
jdwhg lq iru h{dpsoh ^;/ 58/ 77`1 Wkh lvvxh ri fkrrvlqj hqfrghuv iurp d ghfrglqj
shuvshfwlyh lv lqyhvwljdwhg lq ^<3/ 49`/ rq zklfk wkh uhvxowv suhvhqwhg lq wklv
fkdswhu duh edvhg1 Wkh pdlq h{whqvlrqv wr suhylrxv revhuydwlrqv duh gxh wr
wkh xvh ri lqwhuohdyhuv ghvljqhg zlwk wkh fulwhuld suhvhqwhg lq Fkdswhu 6/ zklfk
lq xhqfhv wkh uhjlrqv iru zklfk gl�huhqw ghvljq jxlgholqhv dsso|1

Doo vlpxodwlrq uhvxowv uhsruwhg lq wklv fkdswhu duh ydolg iru 48 ghfrglqj
lwhudwlrqv xvlqj wkh ixoo EFMU0dojrulwkp1 Ixuwkhu/ wkh uhvxowv duh rewdlqhg iru
Wxuer frghv xvlqj wuhoolv whuplqdwlrq ri wkh �uvw frqvwlwxhqw hqfrghu1

714 Glvwdqfh Vshfwud

Iru d vshfl�f svhxgr0udqgrp lqwhuohdyhu/ dv zhoo dv iru wkh dyhudjh ri doo lqwhu0
ohdyhuv ri d vshfl�f ohqjwk/ wkh Wxuer frgh glvwdqfh vshfwuxp lv kljko| lq xhqfhg

86
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Iljxuh 714= Wdqjhqwldo vskhuh xsshu erxqg +olqhv, ri wkh shuirupdqfhv ri udwh0
426 Wxuer frghv xvlqj wkuhh gl�huhqw jhqhudwru sro|qrpldov/ iru wkh hqvhpeoh
ri doo 8330elw lqwhuohdyhuv1 Dovr vkrzq duh wkh fruuhvsrqglqj vlpxodwlrq uhvxowv
+pdunhuv,1

e| wkh shulrg O ri wkh ihhgedfn sro|qrpldo1 Lq jhqhudo/ wkh orqjhu wkh shulrg/
wkh ehwwhu wkh glvwdqfh vshfwuxp ri wkh Wxuer frgh1 Hvshfldoo|/ wkh plqlpxp
glvwdqfh dqg wkh h�hfwlyh iuhh glvwdqfh ^57` duh gluhfwo| lq xhqfhg e| wkh shulrg
ohqjwk iru uhdvrqv rxwolqhg lq Vhfwlrq 5161 Wkxv/ wkh ihhgedfn shulrg kdv d odujh
lpsdfw rq wkh dv|pswrwlf shuirupdqfh ri wkh frgh/ wkdw lv/ wkh shuirupdqfh
dw kljk VQUv ^:4`1 Dv dq looxvwudwlrq/ wkh wdqjhqwldo vskhuh erxqgv ^:6/ ;4` ri
wkh PO0ghfrglqj shuirupdqfhv ri wkuhh Wxuer frghv xvlqj gl�huhqw frqvwlwxhqw
hqfrghuv duh vkrzq lq Iljxuh 714 +olqhv,1 Wkhvh fruuhvsrqg wr wkh glvwdqfh
vshfwud dfklhyhg zlwk wkh hqvhpeoh ri doo 8330elw lqwhuohdyhuv/ iru wkh uhvshfwlyh
frqvwlwxhqw frghv1 Wkh frpsduhg frghv doo xvh 490vwdwh frqvwlwxhqw hqfrghuv/
ghvfulehg e| wkh jhqhudwru sro|qrpldov +54@6:,;/ +56@68,; dqg +68@56,;/ zlwk
shulrgv 8/ : dqg 48/ uhvshfwlyho|1 Dv h{shfwhg/ wkh ehvw glvwdqfh vshfwuxp fru0
uhvsrqgv wr wkh ihhgedfn sro|qrpldo zlwk wkh orqjhvw shulrg/ l1h1 +68@56,;1
Wkh uhodwlyh shuirupdqfhv duh dovr yhul�hg e| vlpxodwlrq uhvxowv +pdunhuv, iru
hdfk fkrlfh ri jhqhudwru sro|qrpldo/ rewdlqhg xvlqj d qhz svhxgr0udqgrp lqwhu0
ohdyhu iru hdfk wudqvplwwhg eorfn1 Iru He@Q3 ) 4=8 gE/ wkh vlpxodwlrq uhvxowv
dssurdfk wkh wdqjhqwldo vskhuh xsshu erxqg1

Iljxuh 715 vkrzv vlpxodwhg iudph huuru udwh shuirupdqfhv ri Wxuer frghv
xvlqj wkh vdph jhqhudwru sro|qrpldov dv deryh/ exw iru 73<90elw lqwhuohdyhuv1
Dv vhhq/ wkhvh shuirupdqfhv vx�hu iurp wkh vdph w|sh ri huuru  rruv dv wkh
8330elw Wxuer frghv/ fdxvhg e| wkh srru plqlpxp glvwdqfhv uhvxowlqj iurp wkh
xvh ri udqgrp lqwhuohdylqj1 Wrjhwkhu zlwk Iljxuh 714 wklv looxvwudwhv wkdw wkh
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Iljxuh 715= Vlpxodwhg iudph huuru udwh shuirupdqfhv ri udwh0426 Wxuer frghv
xvlqj udqgrp 73<90elw lqwhuohdylqj/ dqg gl�huhqw frqvwlwxhqw hqfrghuv1

ohqjwk ri wkh ihhgedfn shulrg lv lpsruwdqw iru erwk vpdoo dqg odujh lqwhuohdyhuv1
Kdylqj revhuyhg krz wkh shulrg O lq xhqfhv Wxuer frgh glvwdqfh vshfwud/ lw

lv uhdvrqdeoh wr fkrrvh ihhgedfn sro|qrpldov zlwk dv odujh shulrgv dv srvvleoh1
Vlqfh sulplwlyh sro|qrpldov dfklhyh wkh odujhvw srvvleoh O iru d jlyhq qxpehu
ri phpru| hohphqwv/ wkh xvh ri sulplwlyh ihhgedfn sro|qrpldov lv frpprq lq
Wxuer frglqj olwhudwxuh1

Wkh shuirupdqfhv rewdlqhg lq Iljxuhv 714 dqg 715 duh ydolg iru wkh hqvhpeoh
ri lqwhuohdyhuv ri d fhuwdlq ohqjwk1 Zkhq xvlqj ghvljqhg lqwhuohdyhuv/ wkh ihhg0
edfn shulrg O lv qrw qhfhvvdulo| dv lpsruwdqw1 Zlwk vrsklvwlfdwhg lqwhuohdyhu
ghvljq/ wkh orzhu sduw ri wkh glvwdqfh vshfwud fdq riwhq eh pdgh vx!flhqwo| jrrg
dovr iru ihhgedfn sro|qrpldov zlwk vkruwhu shulrgv1 *Vx!flhqwo| jrrg* lpsolhv
wkdw wkh frgh lv rshudwlqj dw VQUv iru zklfk lw kdv qrw uhdfkhg lwv dv|pswrwlf
shuirupdqfh/ dv glfwdwhg e| lwv plqlpxp glvwdqfh dqg wkh fruuhvsrqglqj pxo0
wlsolflw|1 Iru vxfk frghv dqg rshudwlqj uhjlrqv/ wkh ehqh�w ri ixuwkhu lpsurylqj
wkh glvwdqfh vshfwud lv olplwhg1 Dv d frqvhtxhqfh/ wkhuh pljkw eh vhohfwlrq fulwh0
uld rwkhu wkdq wkh glvwdqfh vshfwuxp wkdw ghvhuyhv frqvlghudwlrq zkhq fkrrvlqj
wkh ihhgedfn sro|qrpldo1 Vxfk fulwhuld/ uhodwhg wr wkh shuirupdqfh ri lwhudwlyh
ghfrglqj/ duh glvfxvvhg lq wkh qh{w vhfwlrq1

715 Lwhudwlyh Ghfrglqj Shuirupdqfh
Wkh glvfxvvlrq rq glvwdqfh vshfwuxp lq wkh suhylrxv vhfwlrq surylghv jxlgholqhv
iru fkrrvlqj wkh ihhgedfn sro|qrpldov iru Wxuer frghv rshudwlqj dw kljk VQUv1
Iru orz dqg phglxp VQUv/ lq wkh *zdwhuidoo* uhjlrq/ wkh surshuwlhv wkdw jryhuq
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wkh shuirupdqfh ri Wxuer frghv duh pruh vxewoh1 Lw kdv ehhq revhuyhg/ iru h{0
dpsoh lq ^<3`/ wkdw wkh huuru fruuhfwlqj shuirupdqfh lq wklv uhjlrq lv ehwwhu iru
Wxuer frghv xvlqj qrq0sulplwlyh lqvwhdg ri sulplwlyh ihhgedfn sro|qrpldov1 Lw
lv gl!fxow wr frqvwuxfw uholdeoh erxqgv dqg hvwlpdwhv ri wkh huuru shuirupdqfh
edvhg rq wkh glvwdqfh vshfwud lq wklv uhjlrq ri VQUv1 Khqfh/ lw lv grxewixo li lw
lv srvvleoh wr h{sodlq wkhvh revhuydwlrqv xvlqj glvwdqfh vshfwud dujxphqwdwlrq1
Iru h{dpsoh/ wkh wdqjhqwldo vskhuh erxqgv iru wkh 8330elw lqwhuohdyhuv lq Ilj0
xuh 714 lqglfdwh wkdw wkh hqfrghu xvlqj sulplwlyh ihhgedfn sro|qrpldov uhwdlqv
lwv vxshulru shuirupdqfh wkurxjkrxw wkh hqwluh udqjh ri VQUv1 Krzhyhu/ wkh
vlpxodwlrq uhvxowv dw He@Q3 @ 3=8 gE lqglfdwh wkdw wklv frgh dfwxdoo| kdv wkh
zruvw shuirupdqfh/ dprqj wkh wkuhh1 Wkh vdph ehkdylru/ hyhq pruh hylghqw/ lv
revhuyhg iru wkh 73<90elw lqwhuohdyhuv lq Iljxuh 7151

Wkh Wxuer frgh surshuwlhv wkdw jryhuq wkh huuru fruuhfwlqj shuirupdqfh lq
wkh zdwhuidoo uhjlrq duh vwloo qrw frpsohwho| xqghuvwrrg1 Vlqfh vlpxodwhg shu0
irupdqfhv duh deryh wkh xsshu erxqgv ydolg iru PO0ghfrglqj/ wkh lwhudwlyh gh0
frglqj lv fohduo| vxerswlpdo1 Khqfh/ lw pd| frph wr d srlqw zkhuh wkh ghfrglqj
shuirupdqfh lv ri kljkhu lpsruwdqfh wkdq wkh glvwdqfh surshuwlhv ri wkh frgh1
Dv lq wkh fdvh ri lqwhuohdyhu ghvljq/ wkh fkrlfh ri wkh frqvwlwxhqw hqfrghuv lq x0
hqfhv wkh shuirupdqfh ri lwhudwlyh ghfrglqj1 Khuh/ zh suhvhqw d ihz lqglfdwlrqv
rq krz gl�huhqw fkrlfhv ri frqvwlwxhqw hqfrghuv d�hfw wkh shuirupdqfh ri lwhu0
dwlyh ghfrglqj1 Lq sduwlfxodu/ zh irfxv rq wkh fkrlfh ri ihhgedfn sro|qrpldov/
vlqfh wkhvh duh irxqg wr kdyh d odujh lq xhqfh rq vdlg shuirupdqfh1

Dv wkh lwhudwlyh ghfrglqj surfhhgv/ wkh vwdwlvwlfdo ghshqghqflhv lqfuhdvh eh0
wzhhq ghfrghu lqsxwv dqg rxwsxwv/ dv zhoo dv ehwzhhq wkh wudqvplwwhg v|perov
dqg wkh ghfrghu rxwsxwv1 Lq ^49`/ Eulqn suhvhqwv d phwkrg iru lqyhvwljdwlqj
wkh frqyhujhqfh ri lwhudwlyh ghfrglqj edvhg rq wkh pxwxdo lqirupdwlrq ehwzhhq
wkh wudqvplwwhg lqirupdwlrq v|perov dqg wkh ghfrghu d sulrul lqsxwv2h{wulqvlf
rxwsxwv/ iru gl�huhqw qxpehu ri ghfrglqj lwhudwlrqv1 Zlwk wklv phwkrgrorj|/
frpsulvlqj wkh whfkqltxh ri xvlqj h{wulqvlf lqirupdwlrq wudqvihu fkduwv/ Eulqn
vxffhhgv lq suhglfwlqj wkh srvlwlrq ri zkdw lv uhihuuhg wr dv wkh *wxuer0fol�*/
wkdw lv/ wkh He@Q3 iru zklfk wkh lwhudwlyh ghfrglqj vwduwv wr frqyhujh1 Wkh
phwkrgrorj| ri h{wulqvlf lqirupdwlrq wudqvihu fkduwv lv uhylhzhg eulh | lq wkh
iroorzlqj sdudjudskv1

Ohw L+n,
H

ghqrwh wkh pxwxdo lqirupdwlrq ehwzhhq wudqvplwwhg v|perov +dq0
wlsrgdo, dqg wkh fruuhvsrqglqj h{wulqvlf rxwsxw diwhu wkh nwk kdoi0lwhudwlrq/
3 � L

+n,
H

� 41 Iru dq lwhudwlyh ghfrghu wkdw lpsuryhv lwv ghfrglqj shuiru0
pdqfh dw wkh nwk kdoi0lwhudwlrq wklv pxwxdo lqirupdwlrq lv lqfuhdvhg/ wkdw lv/
L
+n,
H

A L
+n�4,
H

^49`1 Lq frqwudvw/ li L+n,
H

@ L
+n�4,
H

wkh lwhudwlyh ghfrglqj surfhvv
grhv qrw lpsuryh lq wkh nwk kdoi0lwhudwlrq1 Iljxuh 716 vkrzv sulqflsdo dsshdu0
dqfhv ri wkh h{wulqvlf lqirupdwlrq wudqvihu fkdudfwhulvwlfv ri d vriw0lq2vriw0rxw
ghfrghu ^49`1 Wkh vlwxdwlrq fruuhvsrqglqj wr L+n,

H
@ L

+n�4,
H

lv lqglfdwhg e| gldj0
rqdo olqhv +gdvkhg,1 Lq Iljxuh 716+d,/ wkh lq xhqfh ri gl�huhqw VQUv lv vkrzq1
Dq lqfuhdvh lq He@Q3 uhvxowv lq lqfuhdvhg pxwxdo lqirupdwlrq dw wkh ghfrghu
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Iljxuh 716= Sulqflsdo dsshdudqfhv ri h{wulqvlf lqirupdwlrq wudqvihu fkdudfwhulv0
wlfv ri vriw0lq2vriw0rxw ghfrglqj ri uhfxuvlyh v|vwhpdwlf frqyroxwlrqdo frghv1 +d,
gl�huhqw VQUv iru d vshfl�f jhqhudwru sro|qrpldo/ dqg +e, gl�huhqw qxpehu ri
hqfrghu phpru| hohphqwv iru d vshfl�f He@Q31

rxwsxw/ iru d jlyhq pxwxdo lqirupdwlrq dw wkh ghfrghu lqsxw4 1 Wklv fruuhvsrqgv
wr lpsuryhg ghfrglqj shuirupdqfh1 Lq Iljxuh 716+e,/ wkh lq xhqfh ri xvlqj frq0
yroxwlrqdo hqfrghuv zlwk gl�huhqw qxpehu ri phpru| hohphqwv lv vkrzq1 Iru d
sulrul lqsxwv zlwk orz pxwxdo lqirupdwlrq zlwk wkh wudqvplwwhg vhtxhqfh +l1h1
wkh orzhu sduwv ri wkh devflvvd,/ wkh ehvw ghfrglqj surjuhvv lv rewdlqhg zlwk
wkh frghv fruuhvsrqglqj wr d vpdoo qxpehu ri phpru| hohphqwv1 Rq wkh rwkhu
kdqg/ zlwk d sulrul lqsxwv kdylqj kljk pxwxdo lqirupdwlrq wr wkh wudqvplwwhg
vhtxhqfh/ wkh vlwxdwlrq lv wkh rssrvlwh1 Wkhq/ wkh ehvw ghfrglqj surjuhvv lv
rewdlqhg iru wkh frghv wkdw fruuhvsrqg wr d odujhu qxpehu ri phpru| hohphqwv1

Iru d jlyhq qxpehu ri phpru| hohphqwv lq wkh hqfrghu/ wkh h{wulqvlf lqiru0
pdwlrq wudqvihu fkdudfwhulvwlfv duh dovr ghshqghqw rq wkh jhqhudwru sro|qrpldov
^49`1 Iljxuh 717 vkrzv wkh fkdudfwhulvwlfv iru wzr phpru|07 frqvwlwxhqw hqfrghuv
xvlqj jhqhudwru sro|qrpldov +68@56,; dqg +54@6:,;/ uhvshfwlyho|1 Lw lv qrwhg
wkdw lq wkh hduo| ghfrglqj vwdjhv/ wkdw lv iru pxwxdo lqirupdwlrq L+n,

H
? 3=8/ wkh

odujhvw ghfrglqj surjuhvv iru hdfk kdoi0lwhudwlrq lv dfklhyhg iru wkh +54@6:,;0
frgh1 Htxlydohqwo|/ lw lv revhuyhg wkdw li He@Q3 lv ghfuhdvhg/ wkh fkdudfwhulvwlf
ri wkh +68@56,;0frgh uhdfkhv wkh gldjrqdo �uvw/ zklfk fruuhvsrqgv wr d fhdvh lq
wkh lwhudwlyh ghfrglqj frqyhujhqfh1

4Wkh h{wulqvlf rxwsxwv iurp wkh suhylrxv kdoi0lwhudwlrq +& 3 �, dfw dv d sulrul lqsxwv dw
kdoi0lwhudwlrq &1
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Iljxuh 717= Looxvwudwlrq ri h{wulqvlf lqirupdwlrq wudqvihu fkdudfwhulvwlf iru frq0
vwlwxhqw hqfrghuv zlwk 7 phpru| hohphqwv dqg jhqhudwru sro|qrpldov +68@56,;
dqg +54@6:,;/ uhvshfwlyho|1 Uhvxowv iurp ^49`1

Zkhq ghvljqlqj Wxuer frghv wkdw rshudwh lq wkh zdwhuidoo uhjlrq/ wkh He@Q3

lv vxfk wkdw wkh lwhudwlyh ghfrglqj lv eduho| frqyhujlqj1 Wkxv/ wkh h{wulqvlf lq0
irupdwlrq wudqvihu fkdudfwhulvwlf kdv d uhjlrq zkhuh lw lv mxvw deryh wkh gldjrqdov
lq Iljxuh 7161 Wklv fruuhvsrqgv wr rqo| d voljkw lqfuhdvh lq wkh pxwxdo lqiru0
pdwlrq L

+n,
H

iru hdfk qhz kdoi0lwhudwlrq1 Wkh uhjlrq wkdw whqgv wr fdxvh prvw
sureohpv uhjduglqj frqyhujhqfh lv lq wkh udqjh 3=5 ? L

+n,
H

? 3=9 ^49`1 Lq wklv
uhjlrq/ wkh fxuyhv lq Iljxuh 716+e, lqglfdwh wkdw wkh ehvw frqyhujhqfh surshuwlhv
duh rewdlqhg zlwk frqvwlwxhqw hqfrghuv zlwk ihz phpru| hohphqwv1 Krzhyhu/
dw odwhu ghfrglqj vwhsv wkh vlwxdwlrq lv uhyhuvhg/ dv frpphqwhg deryh1 Wkxv/
wkh lghd ri xvlqj dv|pphwulfdo Wxuer frghv/ zklfk lpsolhv gl�huhqw frqvwlwxhqw
hqfrghuv wr eh xvhg lq wkh Wxuer hqfrghu/ lv lqghhg dwwudfwlyh1 Dv|pphwulfdo
Wxuer frghv duh lqyhvwljdwhg lq ^<3/ 49`1

Wkh h{wulqvlf lqirupdwlrq wudqvihu fkdudfwhulvwlfv vxjjhvw wkdw wkh *Wxuer0
fol�* lv rewdlqhg �uvw/ l1h1 iru wkh orzhvw VQU/ zlwk hqfrghuv xvlqj ihz phpru|
hohphqwv dqg ihhgedfn sro|qrpldov zlwk vkruw shulrg1 Wklv lv yhul�hg lq Iljxuh
718/ vkrzlqj wkh elw huuru udwh shuirupdqfhv5 ri Wxuer frghv xvlqj phpru|0
6 dqg phpru|07 hqfrghuv dqg 73<90elw lqwhuohdyhuv1 Wkh lqwhuohdyhuv duh gh0
vljqhg xvlqj wkh dojrulwkp lq Vhfwlrq 6151 Lq Iljxuh 718+d,/ phpru|06 frq0
vwlwxhqw hqfrghuv zlwk jhqhudwru sro|qrpldov +4:@48,; dqg +48@4:,; duh xvhg1
Wkhvh ihhgedfn sro|qrpldov kdyh shulrgv O @ : dqg O @ 8/ uhvshfwlyho|1 Dv

5Wkh sorwv suhvhqwhg lq wklv vhfwlrq xvh elw huuru udwh dv wkh shuirupdqfh phdvxuh1 Wkh
vdph sulqflsoh krogv dovr iru iudph huuru udwhv/ dowkrxjk wkh gl�huhqfhv lq .K*�f duh vpdoohu/
ru vrphwlphv qhjoljleoh1
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Iljxuh 718= Vlpxodwhg elw huuru udwh shuirupdqfhv ri udwh0426 Wxuer frghv xvlqj
+d, phpru|06 dqg +e, phpru|07 frqvwlwxhqw hqfrghuv1 Wkh lqwhuohdyhu vl}h lv
73<9 elwv/ dqg hdfk Wxuer frgh xvhv dq lqwhuohdyhu ghvljqhg iru wkh sduwlfxodu
frqvwlwxhqw hqfrghuv1

dqwlflsdwhg/ wkh Wxuer0fol� dsshduv �uvw iru wkh qrq0sulplwlyh ihhgedfn sro|qr0
pldo/ wkdw lv/ sro|qrpldo 4:;1 Wkh vdph ehkdylru lv revhuyhg lq Iljxuh 718+e,/
vkrzlqj phpru|07 hqfrghuv zlwk jhqhudwru sro|qrpldov +68@56,;/ +56@68,; dqg
+54@6:,;/ zlwk shulrgv 48/ : dqg 8/ uhvshfwlyho|1 Iru erwk wkh phpru|06 dqg
phpru|07 hqfrghuv/ wkh Wxuer0fol� dsshdu lq wkh rughu vxjjhvwhg e| wkh ihhg0
edfn sro|qrpldo shulrgv1

Lw lv dovr lqwhuhvwlqj wr qrwlfh wkh h�hfw rq wkh glvwdqfh vshfwuxp uhvxowlqj
iurp wkh xvh ri vkruwhu shulrg ihhgedfn1 Iru O @ 48 dqg O @ :/ dqg iru wkh
huuru udwhv vkrzq lq Iljxuh 718/ wkdw lv/ dv orz dv 43�; lq EHU/ wkh lqwhuohdyhu
ghvljq dojrulwkp vxffhhgv lq ghvljqlqj lqwhuohdyhuv iru zklfk wkh huuru  rru lv
qrw uhdfkhg1 Krzhyhu/ iru O @ 8/ wkh huuru  rru lv uhdfkhg dw dssur{lpdwho|
43�9 lq EHU/ hyhq wkrxjk d ghvljqhg lqwhuohdyhu lv xvhg1

Ilqdoo|/ zh frpsduh wkh shuirupdqfhv ri Wxuer frghv kdylqj wkh vdph sh0
ulrgv ri wkhlu ihhgedfn sro|qrpldov exw gl�huhqw qxpehu ri phpru| hohphqwv1
Iru h{dpsoh/ hyhq wkrxjk wkh qxpehu ri phpru| hohphqwv gl�hu/ wkh sro|qr0
pldov 48; dqg 68; erwk kdyh shulrg O @ :/ dqg wkh sro|qrpldov 4:; dqg 6:;
erwk kdyh shulrg O @ 81 Wkh shuirupdqfhv ri wkh frghv xvlqj wkhvh ihhgedfn
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Iljxuh 719= Frpsdulvrq ri vlpxodwhg elw huuru udwh shuirupdqfhv ri udwh0426
Wxuer frghv xvlqj frqvwlwxhqw hqfrghuv zlwk ihhgedfn shulrg O @ 8 dqg O @ :/
zlwk gl�huhqw qxpehu ri phpru| hohphqwv1 Wkh lqwhuohdyhu vl}h lv 73<9 elwv/
dqg hdfk Wxuer frgh xvhv dq lqwhuohdyhu ghvljqhg iru wkh sduwlfxodu frqvwlwxhqw
hqfrghuv1

sro|qrpldov lq Iljxuh 718 duh vkrzq lq wkh vdph sorw lq Iljxuh 7191 Lw lv uh0
pdundeoh krz forvh wkh shuirupdqfhv zlwk lghqwlfdo sro|qrpldo shulrgv duh wr
hdfk rwkhu/ hyhq wkrxjk wkh qxpehu ri phpru| hohphqwv gl�hu1 Lqghhg/ wkh
shulrg ri wkh ihhgedfn sro|qrpldo kdv wkh pdmru lq xhqfh rq wkh orfdwlrq ri
erwk wkh Wxuer0fol� dqg rq wkh glvwdqfh surshuwlhv1 Lq frqwudvw/ wkh qxpehu ri
hqfrghu phpru| hohphqwv kdv yluwxdoo| qr lq xhqfh zkhq frpsdulqj wkh deryh
hqfrghuv zlwk lghqwlfdo shulrgv1

Wr frqfoxgh/ zkhq fkrrvlqj ihhgedfn sro|qrpldo wkhuh lv d wudgh r� ehwzhhq
d orz huuru0 rru dqg dq hduo| Wxuer0fol�> hlwkhu d orqj O zlwk d fruuhvsrqglqj
orz huuru0 rru/ ru d vkruw O zlwk dq hduo| Wxuer0fol�1

Iljxuh 71: vkrzv wkh elw huuru udwh shuirupdqfhv dfklhyhg zlwk 8330elw lq0
whuohdyhuv/ xvlqj wkh vdph frqvwlwxhqw hqfrghuv dv iru wkh 73<90elw lqwhuohdyhuv
lq Iljxuh 7181 Wkh 8330elw lqwhuohdyhuv duh dovr ghvljqhg zlwk wkh dojrulwkp suh0
vhqwhg lq Vhfwlrq 6151 Wkh ehkdylru lv lq sulqflsoh wkh vdph dv iru wkh 73<90elw
lqwhuohdyhuv1 Krzhyhu/ yhu| olwwoh jdlq lv dfklhyhg/ li dq|/ e| xvlqj sro|qrpldov
zlwk shulrg 8 lqvwhdg ri :1 Djdlq/ wkh shuirupdqfhv duh pruh lq xhqfhg e| wkh
shulrg ri wkh ihhgedfn sro|qrpldo wkdq e| wkh qxpehu ri phpru| hohphqwv lq
wkh hqfrghuv1 Wklv lv yhul�hg e| frpsdulqj wkh shuirupdqfhv ri wkh +4:@48,;0
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Iljxuh 71:= Vlpxodwhg elw huuru udwh shuirupdqfhv ri udwh0426 Wxuer frghv xvlqj
+d, phpru|06 dqg +e, phpru|07 frqvwlwxhqw hqfrghuv1 Wkh lqwhuohdyhu vl}h lv
833 elwv/ dqg hdfk Wxuer frgh xvhv dq lqwhuohdyhu ghvljqhg iru wkh sduwlfxodu
frqvwlwxhqw hqfrghuv1

dqg +56@68,;0frghv/ dv zhoo dv wkh +48@4:,;0 dqg +54@6:,;0frghv1

Ilqdoo|/ zh vwuhvv wkh lpsruwdqfh ri xvlqj surshuo| ghvljqhg lqwhuohdyhuv lq
frqmxqfwlrq zlwk frqvwlwxhqw hqfrghuv kdylqj vkruw shulrgv1 Iru wklv sxusrvh/
zh frpsduh wkh shuirupdqfhv ri wzr dgglwlrqdo lqwhuohdyhuv= udqgrp lqwhuohdy0
lqj dqg jroghq lqwhuohdyhuv ^54`1 Lq vkruw/ udqgrp lqwhuohdylqj uhvxow lq qhlwkhu
jrrg glvwdqfh vshfwud qru jrrg fruuhodwlrq surshuwlhv1 Jroghq lqwhuohdyhuv/ rq
wkh rwkhu kdqg/ uhvxow lq yhu| jrrg fruuhodwlrq surshuwlhv/ exw riwhq vx�hu iurp
odujh pxowlsolflwlhv ri uhodwlyho| orz0zhljkw frghzrugv1 Iljxuh 71; vkrzv wkh
EHU shuirupdqfhv xvlqj jhqhudwru sro|qrpldov +68@56,; dqg +4:@48,; iru 8330
elw +d, jroghq0/ +e, udqgrp0 dqg +f, ghvljqhg lqwhuohdyhuv1 Dv vhhq/ iru wkh
jroghq0 dqg udqgrp lqwhuohdylqj dowhuqdwlyhv wkh xvh ri wkh phpru|06 hqfrghuv
kdv ehwwhu shuirupdqfh deryh EHU ri dssur{lpdwho| 43�7/ zkloh wkh fruuh0
vsrqglqj olplw iru wkh ghvljqhg lqwhuohdyhu lv dw dssur{lpdwho| 43�: lq EHU1 Dv
dvvhuwhg/ wkh ehqh�wv ri xvlqj d ihhgedfn sro|qrpldo zlwk vkruw shulrg duh ydolg
iru d pxfk zlghu udqjh ri huuru udwhv zkhq xvlqj surshuo| ghvljqhg lqwhuohdyhuv1
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Iljxuh 71;= Vlpxodwhg elw huuru udwh shuirupdqfhv ri udwh0426 Wxuer frghv xvlqj
8330elw lqwhuohdyhuv dqg phpru|06 dqg phpru|07 frqvwlwxhqw hqfrghuv zlwk
sulplwlyh ihhgedfn sro|qrpldov1 +d, Jroghq lqwhuohdyhu/ +e, udqgrp lqwhuohdylqj/
dqg +f, ghvljqhg lqwhuohdyhuv1

716 Vxppdu|
Lq wklv fkdswhu/ wkh lq xhqfh ri wkh frqvwlwxhqw hqfrghuv rq wkh shuirupdqfh
ri Wxuer frghv kdv ehhq uhylhzhg/ zlwk irfxv rq wkh ihhgedfn sro|qrpldov1
Lq sduwlfxodu/ wkhlu lpsdfw rq wkh glvwdqfh vshfwud dqg wkh lwhudwlyh ghfrglqj
shuirupdqfh lv lqyhvwljdwhg1 Lw lv frqfoxghg wkdw wkhuh lv d vlqjoh sdudphwhu wkdw
kdv d vwurqj uhodwlrq wr erwk wkhvh lvvxhv= wkh shulrg ri wkh ihhgedfn sro|qrpldo1
Lq hvvhqfh/ d orqj shulrg O kdv d srvlwlyh lpsdfw rq wkh orzhu sduw ri wkh Wxuer
frgh glvwdqfh vshfwud1 Wkxv/ iru dv|pswrwlf shuirupdqfhv/ l1h1 dw kljk VQUv/
lw lv dgydqwdjhrxv wr xvh frqvwlwxhqw hqfrghuv zlwk orqj shulrgv1 Iru d jlyhq
qxpehu ri hqfrghu phpru| hohphqwv �/ wkh orqjhvw O srvvleoh lv rewdlqhg zlwk
sulplwlyh ihhgedfn sro|qrpldov/ iru zklfk O @ 5� � 41

Iru orz VQUv/ l1h1 zkhq wkh Wxuer frgh lv rshudwlqj lq wkh zdwhuidoo uhjlrq/
lw lv vrphwlphv dgydqwdjhrxv wr xvh ihhgedfn sro|qrpldov zlwk vkruwhu shul0
rgv1 Wklv lv hvshfldoo| wuxh zkhq xvlqj ghvljqhg lqwhuohdyhuv/ vlqfh wkhvh fdq
plwljdwh wkh ghwhulrudwlqj h�hfw wkdw d vkruw O kdv rq wkh glvwdqfh vshfwuxp1
Iru frpsoh{lw| uhdvrqv/ lw lv qdwxudo wr ghfuhdvh wkh ydoxh ri O e| uhgxflqj
wkh qxpehu ri phpru| hohphqwv lq wkh hqfrghuv1 Lq rxu lqyhvwljdwlrqv/ qhduo|
lghqwlfdo huuru shuirupdqfhv duh rewdlqhg iru Wxuer frghv xvlqj frqvwlwxhqw hq0
frghuv zlwk lghqwlfdo ihhgedfn sro|qrpldo shulrgv exw zlwk gl�huhqw qxpehu ri
phpru| hohphqwv1



Fkdswhu 8

Frqfoxvlrqv

Wkhuh duh wzr sxusrvhv ri wklv �uvw sduw ri wkh wkhvlv1 Iluvwo|/ lw lv dq lqwurgxf0
wlrq wr Wxuer frghv lq jhqhudo dqg/ vhfrqgo|/ lw lv dq ryhuylhz ri wkh uhvhdufk
duhd/ lqfoxglqj d uhylhz ri wkh pdmru uhvxowv dqg frqwulexwlrqv wr wkh �hog ri
ghvljqlqj Wxuer frghv1

Wkhuh duh gl�huhqw gh�qlwlrqv rq zkdw *Wxuer frghv* duh1 Wkh frghv lqyhv0
wljdwhg lq wklv wkhvlv duh frqvwuxfwhg yld sdudooho frqfdwhqdwlrq ri wzr uhfxuvlyh
frqyroxwlrqdo frghv +UVF,1 Wkh sdudooho frqfdwhqdwlrq lv lpsohphqwhg e| lqwhu0
ohdylqj/ l1h1 uh0rughulqj/ wkh lqirupdwlrq vhtxhqfh ehiruh lw lv lqsxw wr wkh vhfrqg
frqvwlwxhqw hqfrghu1 Wzr ri wkh prvw fhqwudo sduwv ri d Wxuer frgh hqfrghu
duh wkxv wkh lqwhuohdyhu dqg wkh frqvwlwxhqw hqfrghuv1 Rwkhu fhqwudo dvshfwv ri
d Wxuer hqfrghu duh wuhoolv whuplqdwlrq dqg sxqfwxulqj1 Wuhoolv whuplqdwlrq lv
dq lvvxh eurxjkw lqwr dwwhqwlrq dv d frqvhtxhqfh ri wkh uhfxuvlyh surshuw| ri
wkh frqvwlwxhqw hqfrghuv/ lq frpelqdwlrq zlwk wkh lqwhuohdyhu1 Sxqfwxulqj lv
wkh surfhvv ri h{foxglqj elwv iurp wkh rxwsxwv iurp wkh frqvwlwxhqw hqfrghuv/
vr wkdw wkh frqfdwhqdwhg wudqvplwwhg vhtxhqfh lv d ghflpdwhg yhuvlrq ri wkh
hqfrghu rxwsxwv1

Rqh ri wkh pdmru euhdnwkurxjkv uhodwhg wr wkh lqwurgxfwlrq ri Wxuer frghv
lv wkh surfhvv ri lwhudwlyh ghfrglqj1 Zlwk lwhudwlyh ghfrglqj/ wzr ru pruh frq0
vwlwxhqw ghfrghuv wdnh wxuqv lq dwwhpswlqj wr ghfrgh wkh uhfhlyhg phvvdjh1 Lq hy0
hu| qhz dwwhpsw/ hdfk ghfrghu pdnh xvh ri wkh rxwfrph iurp wkh rwkhu ghfrghu*v
odvw ghfrglqj dwwhpsw1 Surshuo| irupxodwhg/ dqg zlwk vx!flhqw vljqdo0wr0qrlvh
udwlr/ wkh surfhvv ri lwhudwlyh ghfrglqj lv uhpdundeo| vxffhvvixo lq uh�qlqj wkh
ghfrghu rxwsxwv xqwlo wkh wzr ghfrghuv frqyhujh wr d mrlqw ghflvlrq1

Wkh uhdvrq wr xvh lwhudwlyh ghfrglqj lv uhodwhg wr wkh lqylqfleoh frpsoh{lw|
+vwloo, dvvrfldwhg zlwk pd{lpxp olnholkrrg ghfrglqj ri Wxuer frghv1 Lwhudwlyh
ghfrglqj r�huv h!flhqw ghfrglqj ri d frpsoh{ dqg srzhuixo frgh/ krzhyhu wr
wkh sulfh ri ehlqj vxerswlpdo wr pd{lpxp olnholkrrg ghfrglqj1

Wkh vxemhfw ri wklv wkhvlv lv wkh ghvljq ri Wxuer frghv/ wkdw lv/ krz wr fkrrvh
dqg2ru ghvljq wkh frpsrqhqwv lq d Wxuer frgh hqfrghu wr jhw wkh ehvw srvvleoh

96
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shuirupdqfhv1 Wudglwlrqdoo|/ wkh lvvxh ri ghvljqlqj frghv lv irfxvhg rq wkh jrdo ri
fuhdwlqj wkh ehvw srvvleoh Kdpplqj glvwdqfh vshfwuxp1 Lqghhg/ wklv lv d pdmru
lvvxh dovr lq wkh fdvh ri ghvljqlqj Wxuer frghv1 Krzhyhu/ vlqfh Wxuer frghv
duh ghfrghg xvlqj dq lwhudwlyh dqg vxerswlpdo ghfrglqj dojrulwkp/ qhz ghvljq
fulwhuld dulvh1 Lq idfw/ wkh vxffhvv ri lwhudwlyh ghfrglqj suryhv wr eh uhodwhg wr
wkh fkrlfh ri wkh frpsrqhqwv lq wkh Wxuer frgh hqfrghu1

Lq rughu wr lqyhvwljdwh wkh shuirupdqfh ri lwhudwlyh ghfrglqj/ wkh frqfhsw ri
vwxg|lqj wkh fruuhodwlrq surshuwlhv ehwzhhq ghfrghu lqsxwv lv lqwurgxfhg1 Lw lv
irxqg wkdw wkh fruuhodwlrq surshuwlhv duh vwurqjo| lq xhqfhg e| wkh lqwhuohdyhu
fkrlfh1 Wkhvh �qglqjv fdq eh h{sorlwhg lq wzr zd|v1 Iluvwo|/ lw lv srvvleoh wr
lqyhvwljdwh wkh surshuwlhv ri dq lqwhuohdyhu/ wr ghwhuplqh zhwkhu lw lv vxlwdeoh iru
dq lwhudwlyh ghfrglqj hqylurqphqw ru qrw1 Iru wklv sxusrvh/ wkh LGV0phdvxuh
zdv lqwurgxfhg/ dv d phdqv ri dvvhvvlqj wkh lwhudwlyh ghfrglqj vxlwdelolw| ri dq
lqwhuohdyhu zlwkrxw shuiruplqj h{whqvlyh vlpxodwlrqv1 Vhfrqgo|/ lw lv srvvleoh wr
irup dq lqwhuohdyhu ghvljq fulwhulrq edvhg rq wkh fruuhodwlrq surshuwlhv1

Dq h{whqvlyh sduw ri wkh suhvhqwhg zrun lv rq wkh lvvxh ri lqwhuohdyhu gh0
vljq1 Iru wkh sxusrvh ri frqvwuxfwlqj kljk0shuirupdqfh lqwhuohdyhuv/ wzr ghvljq
fulwhuld duh sursrvhg lq wklv wkhvlv1 Wkh �uvw fulwhulrq lv edvhg rq Wxuer frgh
glvwdqfh vshfwud1 Wklv fulwhulrq uholhv rq wkh revhuydwlrq wkdw wkh orzhu sduw ri d
Wxuer frgh glvwdqfh vshfwuxp ruljlqdwhv iurp lqsxw vhtxhqfhv ri orz zhljkw/ lq
sduwlfxodu ri zhljkw05/ 6 dqg 71 Wkh vhfrqg fulwhulrq wdujhwv wkh shuirupdqfh ri
lwhudwlyh ghfrglqj/ edvhg rq wkh fruuhodwlrq surshuwlhv ehwzhhq ghfrghu lqsxwv1
Dq lpsruwdqw uhvxow ri xvlqj fruuhodwlrq surshuwlhv lq wkh lqwhuohdyhu ghvljq lv d
idvwhu frqyhujhqfh ri wkh lwhudwlyh ghfrglqj surfhvv1 Wkh shuirupdqfh ri lqwhu0
ohdyhuv ghvljqhg zlwk erwk wkh frgh2glvwdqfh0 dqg ghfrglqj2fruuhodwlrq0fulwhuld
duh yhu| frpshwlwlyh frpsduhg wr rwkhu lqwhuohdyhu ghvljqv uhsruwhg lq wkh olw0
hudwxuh1 Lq idfw/ wr rxu nqrzohgjh wkhuh duh qr rwkhu ghvljq phwkrgrorjlhv wkdw
uhvxow lq ehwwhu shuiruplqj lqwhuohdyhuv1 Ilqdoo|/ wkh dwwhpsw wr ghvljq lqwhu0
ohdyhuv uhvxowlqj lq frghv zlwk erwk jrrg glvwdqfh surshuwlhv dqg jrrg lwhudwlyh
ghfrglqj shuirupdqfh lv e| qr phdqv frxqwhudfwlqj1 Rq wkh frqwudu|/ wkh fru0
uhodwlrq fulwhulrq kdv d ehqh�fldo lq xhqfh dovr rq wkh frgh glvwdqfh vshfwuxp1

Wkh fkrlfh ri wkh frqvwlwxhqw hqfrghuv kdv dovr ehhq uhylhzhg1 Rqh ri wkh
lpsruwdqw sdudphwhuv ri wkh uhfxuvlyh frqyroxwlrqdo hqfrghuv wkdw kdv d vwurqj
uhodwlrq wr wkh Wxuer frgh shuirupdqfh lv wkh shulrg ri wkh ihhgedfn sro|qrpldo1
Djdlq/ erwk wkh glvwdqfh vshfwuxp dqg wkh shuirupdqfh ri lwhudwlyh ghfrglqj
duh lq xhqfhg e| wklv sdudphwhu1 Krzhyhu/ lq frqwudvw wr wkh fdvh ri lqwhuohdyhu
ghvljq/ wkh fkrlfh ri wkh ihhgedfn shulrg lqyroyhv d wudgh0r�= D orqj shulrg
lv ehqh�fldo iru wkh glvwdqfh vshfwuxp/ dqg wkhuhiruh lpsruwdqw iru wkh shuiru0
pdqfh dw kljk VQUv1 Rq wkh rwkhu kdqg/ dw orz VQUv d vkruw shulrg uhvxowv
lq d ehwwhu lwhudwlyh ghfrglqj shuirupdqfh1 Wkxv/ wkh fkrlfh ri ihhgedfn shulrg
lv ghshqghqw rq wkh wdujhw rshudwlqj VQU ri wkh Wxuer frgh1 Wkh xvh ri lqwhu0
ohdyhuv ghvljqhg zlwk vrsklvwlfdwhg phwkrgv lqfuhdvhv wkh uhjlrq iru zklfk wkh
dgydqwdjhv ri d vkruw shulrg grplqdwh1 Wkxv/ surshuo| ghvljqhg lqwhuohdyhuv
qrw rqo| lpsuryh Wxuer frgh shuirupdqfh/ exw fdq dovr ghfuhdvh wkh ghfrglqj
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frpsoh{lw|1 Wklv iroorzv vlqfh vkruwhu ihhgedfn shulrgv duh dvvrfldwhg zlwk d
vpdoohu qxpehu ri phpru| hohphqwv lq wkh frqvwlwxhqw hqfrghuv1 Lq dgglwlrq/
lqwhuohdyhuv zlwk jrrg fruuhodwlrq surshuwlhv kdyh idvwhu lwhudwlyh ghfrglqj frq0
yhujhqfh/ dqg wkxv/ uhtxluh ihzhu ghfrglqj lwhudwlrqv1

Wkh lvvxh ri wuhoolv whuplqdwlrq lv qrw wkrurxjko| ghvfulehg lq wklv sduw ri wkh
wkhvlv1 Krzhyhu/ wuhoolv whuplqdwlrq iru Wxuer frghv lv dgguhvvhg lq ^Sdshu YL`1
Wkhuh/ wkh glvwdqfh vshfwud ri Wxuer frghv xvlqj gl�huhqw whuplqdwlrq phwkrgv
duh lqyhvwljdwhg/ dv zhoo dv wkh lvvxh ri ghvljqlqj lqwhuohdyhuv fxvwrpl}hg wr wkh
whuplqdwlrq phwkrg1 Dv dq lpsruwdqw uhvxow wkhuhri/ lw lv ghprqvwudwhg wkdw
wkh huuru0fruuhfwlqj shuirupdqfhv ri Wxuer frghv xvlqj gl�huhqw whuplqdwlrq
phwkrgv/ lqfoxglqj qr whuplqdwlrq dw doo/ duh yhu| vlplodu dv orqj dv fxvwrp
ghvljqhg lqwhuohdyhuv duh xvhg1

Wkh lqyhvwljdwlrqv lq wklv wkhvlv kdyh ehhq uhvwulfwhg wr d vshfl�f udwh 426
Wxuer frgh vwuxfwxuh dqg dqwlsrgdo prgxodwlrq ryhu d phpru|ohvv DZJQ fkdq0
qho1 Wklv kdv ehhq idyrudeoh lq wkh vhqvh wkdw wkh ghjuhh ri iuhhgrp lq wkh ghvljq
kdv ehhq nhsw dw d uhdvrqdeoh ohyho/ doorzlqj iru pruh ghwdlohg vwxglhv ri frq�qhg
lvvxhv1 Rq wkh rwkhu kdqg/ lw dovr ohdyhv d qxpehu ri lqwhuhvwlqj txhvwlrqv rshq
iru ixuwkhu lqyhvwljdwlrq1 Wklv uhodwhv erwk wr wkh Wxuer frgh vwuxfwxuh dqg wkh
wudqvplvvlrq hqylurqphqw/ lq wkh irup ri prgxodwlrq dqg fkdqqho fkdudfwhulv0
wlfv1 Wklv wkhvlv vkrzv wkdw fhuwdlq vwdwlvwlfdo ghshqghqflhv ehwzhhq wkh lqsxwv
wr wkh frqvwlwxhqw ghfrghuv kdyh d ghwhulrudwlqj h�hfw rq wkh shuirupdqfh ri
lwhudwlyh ghfrglqj1 Vxfk vwdwlvwlfdo ghshqghqflhv fdq/ lq dgglwlrq wr wkrvh dg0
guhvvhg lq wklv wkhvlv/ eh lqwurgxfhg e| fkdqqhov frqwdlqlqj phpru|/ idglqj/
dqg froruhg qrlvh1 Rqh ru pruh ri wkhvh duh suhvhqw lq prvw sudfwlfdo frppxql0
fdwlrq v|vwhpv/ pdnlqj wkh xqghuvwdqglqj ri Wxuer frghv lq vxfk hqylurqphqwv
dq xujhqw h{whqvlrq wr zkdw lv nqrzq wrgd|1
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Dsshqgl{ D

Wkh EFMU Dojrulwkp

D14 Wkhruhwlfdo Ghvfulswlrq

Wkh EFMU dojrulwkp ^6` lv dq rswlpdo dojrulwkp iru fdofxodwlqj wkh d srvwhulrul
suredelolwlhv ri v|perov hqfrghg zlwk d frqyroxwlrqdo frgh dqg wudqvplwwhg rq
dq DZJQ fkdqqho1 Wkh dojrulwkp lv uh0ghulyhg lq wklv dsshqgl{/ zlwk qrwdwlrqv
dqg prgl�fdwlrqv dssursuldwh zkhq ghfrglqj udwh0425 uhfxuvlyh v|vwhpdwlf frq0
yroxwlrqdo hqfrghuv lq dq lwhudwlyh ghfrglqj hqylurqphqw +Wxuer ghfrglqj,1 Wkh
uhylhz lv edvhg rq wkh ghulydwlrqv lq ^6/ 45/ 8</ ::`1

Wkh EFMU0dojrulwkp lv edvhg rq fdofxodwlqj wkh vwdwh wudqvlwlrq suredelolwlhv
ri wkh Pdunry fkdlq uhsuhvhqwlqj wkh hqfrglqj surfhvv1 Wkh hqfrghu lqsxw
vhtxhqfh lv ghqrwhg xQ4 @ +x4> x5> = = = > xQ, dqg wkh sdulw| vhtxhqfh jhqhudwhg e|
d udwh0425 uhfxuvlyh frqyroxwlrqdo hqfrghu fQ4 @ +f4> f5> = = = > fQ,/ zkhuh xq> fq 5
i3> 4j1 Wklv qrwdwlrq lv looxvwudwhg lq Iljxuh D14/ vkrzlqj dq hqfrghu zlwk
jhqhudwru sro|qrpldov

�
4 :@8

�
;
1 Xvlqj elqdu| dqwlsrgdo prgxodwlrq/ wkh

xq=v dqg fq=v duh frqyhuwhg wr 	4 ehiruh ehlqj wudqvplwwhg rq wkh fkdqqho1
Zlwk wkh dgglwlyh zklwh Jdxvvldq qrlvh fkdqqho prgho/ wkh uhfhlyhg v|vwhpdwlf
dqg sdulw| vhtxhqfhv/ {Q4 @ +{4> {5> = = = > {Q, dqg |Q4 @ +|4> |5> = = = > |Q,/ duh

xq

xq

fq

Iljxuh D14= H{dpsoh ri d v|vwhpdwlf uhfxuvlyh frqyroxwlrqdo hqfrghu zlwk jhq0
hudwru sro|qrpldov +4 :@8,;1

9:
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prghohg dv

{q @ +5xq � 4, . z{>q +D14,

|q @ +5fq � 4, . z|>q> +D15,

zkhuh z{>q dqg z|>q duh lqghshqghqw dqg lghqwlfdoo| glvwulexwhg +l1l1g1, }hur
phdq Jdxvvldq udqgrp yduldeohv zlwk yduldqfh �5/ l1h1

z{>q> z|>q � Q
�
3> �5

�
> q @ 4> = = = > Q 1 +D16,

Dsduw irup wkh uhfhlyhg frgh vhtxhqfhv {Q4 dqg |Q4 / wkh ghfrghu kdv dffhvv
wr d sulrul lqirupdwlrq iru hdfk wudqvplwwhg elw/ ghqrwhg ��q1 Wkh d sulrul
lqirupdwlrq lv jlyhq dv wkh orjdulwkp ri wkh sulru suredelolwlhv wkdw lqirupdwlrq
elw xq lv 4dqg 3 uhvshfwlyho|/ wkdw lv/

��q @ oq
Su +xq @ 4,

Su +xq @ 3,
1 +D17,

Wkh ghfrghu lqsxwv iru dq hqwluh eorfn ri ohqjwk Q lv ghqrwhg UQ
4 / zkhuh U

Q
4 @�

{Q4 > |
Q
4 > ��Q

4

�
1

Wkh remhfwlyh ri wkh ghfrghu lv wr fdofxodwh wkh d srvwhulrul suredelolwlhv
wkdw lqirupdwlrq v|pero xq lv 4 ru 3/ edvhg rq wkh uhfhlyhg frgh vhtxhqfhv
dqg wkh dydlodeoh d sulrul lqirupdwlrq/ wkdw lv/ fdofxodwh Su

�
xq @ 4mUQ

4

�
dqg

Su
�
xq @ 3mUQ

4

�
1 Wkhvh suredelolwlhv fdq eh fdofxodwhg e| vxpplqj vwdwh wudq0

vlwlrq suredelolwlhv lq d wuhoolv gldjudp1 D vhfwlrq ri wkh wuhoolv gldjudp ri wkh
70vwdwh hqfrghu lq Iljxuh D14 lv vkrzq lq Iljxuh D151 Hdfk vwdwh wudqvlwlrq lv
odehohg zlwk wkh v|vwhpdwlf dqg sdulw| elw jhqhudwhg e| wkh hqfrghu1 Lq ru0
ghu wr fdofxodwh Su

�
xq @ 4mUQ

4

�
dqg Su

�
xq @ 3mUQ

4

�
/ wkh suredelolw| ri wuhoolv

wudqvlwlrqv fruuhvsrqglqj wr xq @ 4 dqg xq @ 3/ pdunhg zlwk vrolg dqg gdvkhg
olqhv lq Iljxuh D15/ lv vxpphg1 Ghqrwlqj wkh hqfrghu vwdwh diwhu wkh qwk lqsxw
v|pero e| Vq 5 i3> 4> = = = > 5� � 4j > zkhuh � lv wkh qxpehu ri phpru| hohphqwv
lq wkh hqfrghu/ zh jhw

Su
�
xq @ lmUQ

4

�
@

5��4[
v3@3

5��4[
v@3

Su
�
xq @ l> Vq�4 @ v3> Vq @ vmUQ

4

�
> xq @ 3> 4=

+D18,

Iru wkh vdnh ri fdofxodwlqj wkh deryh vwdwh wudqvlwlrq suredelolwlhv/ lw lv frqyh0
qlhqw wr gh�qh wkh mrlqw suredelolw| ghqvlw| ixqfwlrq

�lq+v
3> v, / s

�
xq @ l> Vq�4 @ v3> Vq @ v>UQ

4

�
> +D19,

wkurxjk zklfk +D18, ehfrphv

Su
�
xq @ lmUQ

4

�
@

5��4[
v3@3

5��4[
v@3

�lq+v
3> v,@s

�
UQ
4

�
= +D1:,
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Iljxuh D15= D 70vwdwh wuhoolv gldjudp iru dq UVF hqfrghu zlwk jhqhudwru sro|0
qrpldov ghvfulehg e| +4 :@8,; =Wkh wuhoolv wudqvlwlrqv fruuhvsrqglqj wr lqsxw 3*v
dqg 4*v duh pdunhg zlwk gdvkhg dqg vrolg olqhv/ uhvshfwlyho|1

Wkh suredelolw| ghqvlw| ixqfwlrq +sgi, �lq+v
3> v, fdq eh fdofxodwhg lq d uhfxuvlyh

pdqqhu e| idfwrul}lqj lw lqwr wkuhh sduwv/ ghqrwhg ��q�4 +v3,/ ��lq +Uq> v3> v, dqg
��q +v,1 Iluvwo|/

�lq+v
3> v, @ s +xq @ l> Vq�4 @ v3> Vq @ v>Uq

4 , �
s
�
UQ
q.4mxq @ l> Vq�4 @ v3> Vq @ v>Uq

4

�
@ s

�
Vq�4 @ v3> Uq�4

4

�
s
�
xq @ l> Vq @ v>UqmVq�4 @ v3> Uq�4

4

� �
s
�
UQ
q.4mxq @ l> Vq�4 @ v3> Vq @ v>Uq

4

�
= +D1;,

Khuh/ s
�
xq @ l> Vq @ v>UqmVq�4 @ v3> Uq�4

4

�
@ s +xq @ l> Vq @ v>UqmVq�4 @ v3,/

vlqfh wkh lqirupdwlrq elw xq/ wkh vwdwh Vq dqg wkh ghfrghu lqsxw Uq duh doo lqgh0
shqghqw rq Uq�4

4 li wkh hqfrghu vwdwh Vq�4 lv nqrzq1 Vlploduo|/
s
�
UQ
q.4mxq @ l> Vq�4 @ v3> Vq @ v>Uq

4

�
@ s

�
UQ
q.4mVq @ v

�
1 Wkxv/

�lq+v
3> v, @ s

�
Vq�4 @ v3> Uq�4

4

�
s +xq @ l> Vq @ v>UqmVq�4 @ v3, �

s
�
UQ
q.4mVq @ v

�
@ ��q�4 +v

3, ��lq +Uq> v
3> v, ��q +v, > +D1<,
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zkhuh

��q�4 +v
3, / s

�
Vq�4 @ v3>Uq�4

4

�
> +D143,

��lq +Uq> v
3> v, / s +xq @ l> Vq @ v>UqmVq�4 @ v3, > dqg +D144,

��q +v, / s
�
UQ
q.4mVq @ v

�
= +D145,

Wkh uhfxuvlyh sduw lv lq wkh fdofxodwlrq ri wkh ��=v dqg wkh ��=v/ vlqfh wkh| fdq
eh h{suhvvhg lq wkhlu suhfhglqj dqg vxffhhglqj frxqwhusduwv/ uhvshfwlyho|1 Pruh
suhflvho|/

��q+v, @ s +Vq @ v>Uq
4 ,

@
5��4[
v3@3

4[
l@3

s +xq @ l> Vq�4 @ v3> Vq @ v>Uq
4 ,

@
5��4[
v3@3

4[
l@3

s
�
Vq�4 @ v3>Uq�4

4

� �
s
�
xq @ l> Vq @ v>UqmVq�4 @ v3> Uq�4

4

�

@
5��4[
v3@3

4[
l@3

s
�
Vq�4 @ v3>Uq�4

4

�
s +xq @ l> Vq @ v>UqmVq�4 @ v3,

@
5��4[
v3@3

4[
l@3

��q�4 +v
3, ��lq +Uq> v

3> v, > +D146,

dqg

��q+v
3, @ s

�
UQ
q.4mVq @ v3

�

@
5��4[
v@3

4[
l@3

s
�
xq.4 @ l> Vq.4 @ v>UQ

q.4mVq @ v3
�

@
5��4[
v@3

4[
l@3

s
�
UQ
q.5mxq.4 @ l> Vq.4 @ v>Uq.4> Vq @ v3

� �
s +xq.4 @ l> Vq.4 @ v>Uq.4> Vq @ v3, @Su +Vq @ v3,

@
5��4[
v@3

4[
l@3

s
�
UQ
q.5mVq.4 @ v

� �
s +xq.4 @ l> Vq.4 @ v>Uq.4mVq @ v3,

@
5��4[
v@3

4[
l@3

��q.4 +v, ��
l
q.4 +Uq.4> v

3> v, = +D147,

Wkh fdofxodwlrqv ri wkh ��=v dqg wkh ��=v dffruglqj wr +D146, dqg +D147, duh
uhihuuhg wr dv wkh iruzdug dqg wkh edfnzdug uhfxuvlrq1
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Lw uhpdlqv wr fdofxodwh wkh ghqvlw| ixqfwlrqv ��lq +Uq> v
3> v,1 Iurp lwv gh�qlwlrq

lq +D144,/ ��lq +Uq> v3> v, fdq eh h{suhvvhg

��lq +Uq> v
3> v, @ s +xq @ l> Vq @ v>UqmVq�4 @ v3,

@ s +Uqmxq @ l> Vq @ v> Vq�4 @ v3, �
Su +Vq @ vmxq @ l> Vq�4 @ v3,Su +xq @ l, = +D148,

Dvvxplqj wkdw wkh hqfrghu lqsxwv duh lqghshqghqw/ frqglwlrqhg rq d fhuwdlq
wuhoolv wudqvlwlrq/ dqg h{fkdqjlqj Uq iru

�
{q> |q> ��q

�
/ zh jhw

��lq +Uq> v
3> v, @ s

�
{q> |q> ��qmxq @ l> Vq @ v> Vq�4 @ v3

�
�

Su +Vq @ vmxq @ l> Vq�4 @ v3,Su +xq @ l,

@ s +{qmxq @ l> Vq @ v> Vq�4 @ v3, �
s +|qmxq @ l> Vq @ v> Vq�4 @ v3, �
s
�
��qmxq @ l> Vq @ v> Vq�4 @ v3

�
�

Su +Vq @ vmxq @ l> Vq�4 @ v3,Su +xq @ l,

@ s +{qmxq @ l, �
s +|qmxq @ l> Vq�4 @ v3, �
s
�
��qmxq @ l

�
Su +xq @ l, �

Su +Vq @ vmxq @ l> Vq�4 @ v3,

@ s +{qmxq @ l, �
s +|qmxq @ l> Vq�4 @ v3, �
Su
�
xq @ lm��q

�
s
�
��q

�
�

Su +Vq @ vmxq @ l> Vq�4 @ v3, = +D149,

Wkh uhfhlyhg vdpsohv {q dqg |q duh Jdxvvldq glvwulexwhg udqgrp yduldeohv zlwk
phdq +5xq � 4, dqg +5fq � 4, uhvshfwlyho|/ dqg vwdqgdug ghyldwlrq �> wkdw lv/

s +{qmxq @ l, @
4s
5��

h�
+{q�+5l�4,,5

5�5 > dqg +D14:,

s +|qmxq @ l> Vq�4 @ v3, @
4s
5��

h�
+|q�+5fq�4,,5

5�5 = +D14;,

Ixuwkhu/ Su
�
xq @ lm��q

�
lv wkh d sulrul suredelolw| wkdw lqirupdwlrq v|pero

xq @ l1 Vlqfh ��q @ oq Su+xq@4,
Su+xq@3,

/ wkh d sulrul suredelolwlhv duh

Su
�
xq @ 4m��q

�
@

h
��q

4 . h��q
/ dqg +D14<,

Su
�
xq @ 3m��q

�
@

4

4 . h��q
= +D153,
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Wkh suredelolw| ghqvlw| ixqfwlrq s
�
��q

�
lq +D149, lv xqnqrzq> krzhyhu/ zkhq

iruplqj wkh orj0olnholkrrg udwlr �q ehorz/ s
�
��q

�
lv d frqvwdqw idfwru frpprq

wr erwk wkh qxphudwru dqg ghqrplqdwru1 Vlploduo|/ nqrzohgjh ri s
�
��q

�
lv lq

sulqflsoh uhtxluhg lq wkh uhfxuvlyh fdofxodwlrqv ri wkh ��=v dqg wkh ��=v1 Krzhyhu/
vlqfh s

�
��q

�
lv wkh vdph iru doo wkh wudqvlwlrqv lq d jlyhq vhfwlrq ri wkh wuhoolv

+l1h1 iru d jlyhq q,/ lw dsshduv dv d frqvwdqw idfwru ri doo ��q +v, dqg ��q +v, >
v 5 i3> = = = > 5� � 4j1 Dv glvfxvvhg lq ixuwkhu ghwdlo lq Vhfwlrq D15 ehorz/ idfwruv
frpprq wr doo vwdwhv qhhg qrw eh lqfoxghg lq wkh fdofxodwlrqv1 Ilqdoo|/ wkh sure0
delolw| Su +Vq @ vmxq @ l> Vq�4 @ v3, lq +D149, lv hlwkhu rqh ru }hur/ ghshqglqj
rq li wkhuh h{lvw d wuhoolv wudqvlwlrq ehwzhhq vwdwh v3 dqg v dvvrfldwhg zlwk dq
lqsxw v|pero htxdo wr l1

Wkh d srvwhulrul orj0olnholkrrg udwlr/ ghqrwhg �q/ fdq qrz eh h{suhvvhg dv

�q / oq
Su
�
xq @ 4mUQ

4

�
Su
�
xq @ 3mUQ

4

�

@ oq

S
v3

S
v ��q�4 +v

3, ��4q +Uq> v3> v, ��q +v,S
v3

S
v ��q�4 +v

3, ��3q +Uq> v3> v, ��q +v,

@ oq

S
v3

S
v +��q�4 +v

3, s +{qmxq @ 4, s +|qmxq @ 4> Vq�4 @ v3, �S
v3

S
v +��q�4 +v

3, s +{qmxq @ 3, s +|qmxq @ 3> Vq�4 @ v3, �
Su
�
xq @ 4m��q

�
s
�
��q

�
Su +Vq @ vmxq @ 4> Vq�4 @ v3, ��q +v,

�

Su
�
xq @ 3m��q

�
s
�
��q

�
Su +Vq @ vmxq @ 3> Vq�4 @ v3, ��q +v,

�

@ oq
s +{qmxq @ 4,Su

�
xq @ 4m��q

�S
v3

S
v +��q�4 +v

3, �
s +{qmxq @ 3,Su

�
xq @ 3m��q

�S
v3

S
v +��q�4 +v

3, �

s +|qmxq @ 4> Vq�4 @ v3,Su +Vq @ vmxq @ 4> Vq�4 @ v3, ��q +v,
�

s +|qmxq @ 3> Vq�4 @ v3,Su +Vq @ vmxq @ 3> Vq�4 @ v3, ��q +v,
�

@ oq
s +{qmxq @ 4,

s +{qmxq @ 3,
. oq

Su
�
xq @ 4m��q

�

Su
�
xq @ 3m��q

� .

oq
Su
�
xq @ 4m{q�44 > {Qq.4> |

Q
4 > ��q�4

4 > ��Q
q.4

�

Su
�
xq @ 3m{q�44 > {Qq.4> |

Q
4 > ��q�4

4 > ��Q
q.4

�

@
5

�5
{q . ��q . Ohq> +D154,

zkhuh Ohq ghqrwh wkh ghfrghu h{wulqvlf rxwsxw1 Wkh sduwlwlrqlqj ri wkh d srv0
whulrul orj0olnholkrrg udwlr �q lv xvhixo lq dq lwhudwlyh ghfrglqj hqylurqphqw/
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zkhuh lw lv rqo| wkh h{wulqvlf rxwsxw Ohq wkdw lv sdvvhg rq wr wkh qh{w ghfrglqj
vwhs1 Vlqfh wkh �uvw dqg vhfrqg whupv lq +D154, duh hdvlo| rewdlqhg iurp wkh
hqfrghu lqsxwv/ wkh prvw vwudljkwiruzdug zd| wr fdofxodwh wkh h{wulqvlf rxwsxw
lv wkurxjk

Ohq @ �q � 5

�5
{q � ��q

@ oq

S
v3

S
v ��q�4 +v

3, ��4q +Uq> v
3> v, ��q +v,S

v3

S
v ��q�4 +v

3, ��3q +Uq> v3> v, ��q +v,
� 5

�5
{q � ��q> +D155,

zkhuh ��q�4 +v
3, dqg ��q +v, duh uhfxuvlyho| fdofxodwhg xvlqj +D146, dqg +D147,1

D15 Lpsohphqwdwlrq Dvshfwv
Zkhq iruplqj wkh OOU lq +D155,/ dq| idfwruv wkdw duh frpprq wr doo wkh whupv
lq wkh vxppdwlrqv lq erwk wkh qxphudwru dqg wkh ghqrplqdwru pd| eh rplwwhg1
Ehjlqqlqj zlwk wkh ��lq +Uq> v

3> v,=v/

��lq +Uq> v
3> v, @

4s
5��

h�
+{q�+5l�4,,5

5�5
4s
5��

h�
+|q�+5fq�4,,5

5�5
hl
��q

4 . h��q
s
�
��q

�
�

Su +Vq @ vmxq @ l> Vq�4 @ v3,

@
s
�
��q

�

5��5
�
4 . h��q

�h�{5q.+5l�4,5.|5q.+5fq�4,5

5�5 �

h
{q+5l�4,.|q+5fq�4,

�5
.l��q Su +Vq @ vmxq @ l> Vq�4 @ v3, =+D156,

Xvlqj +5l� 4,5 @ 4 dqg +5fq � 4,5 @ 4> zh gh�qh

F�q
/

s
�
��q

�

5��5
�
4 . h��q

�h�{5q.|
5
q.5

5�5 / dqg

�lq +Uq> v
3> v, / h

{q+5l�4,.|q+5fq�4,

�5
.l��q Su +Vq @ vmxq @ l> Vq�4 @ v3, >

zklfk ohdgv wr

��lq +Uq> v
3> v, @ F�q

�lq +Uq> v
3> v, = +D157,

Vlqfh F�q
lv lqghshqghqw rq erwk v dqg v3/ ��lq +Uq> v

3> v, pd| eh uhsodfhg e|
�lq +Uq> v3> v, lq +D155,1 Ixuwkhu/ wkh iruzdug uhfxuvlrq fdq eh zulwwhq

��q +v, @
5��4[
v3@3

4[
l@3

��q�4 +v
3, ��lq +Uq> v

3> v,

@ F�q

5��4[
v3@3

4[
l@3

��q�4 +v
3,�lq +Uq> v

3> v, > +D158,
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dqg vlqfh F�q
lv frpprq wr doo wkh ��q +v, > v 5 +3> = = = > 5� � 4,/ lw pd| eh rplwwhg

iurp wkh uhfxuvlrq1 Wkh edfnzdug uhfxuvlrq lv dqdorjrxv1 Wkxv/ zh gh�qh

�q +v, /
5��4[
v3@3

4[
l@3

�q�4 +v
3,�lq +Uq> v

3> v, / dqg

�q +v
3, /

5��4[
v3@3

4[
l@3

�q.4 +v,�
l
q.4 +Uq> v

3> v, = +D159,

Wkh lqlwldol}dwlrq ri wkh �uvw vhw ri �0ydoxhv/ l1h1 �3 +v, > v 5 i3> = = = > 5� � 4j/ lv
vwudljkwiruzdug> lw lv vlpso| wkh suredelolwlhv ri wkh hqfrghu ehlqj lq hdfk ri lwv
srvvleoh vwdwhv1 Vlqfh wkh hqfrghu lv lqlwldol}hg lq lwv }hur0vwdwh/ zh kdyh

�3 +v, @

�
4 v @ 3>
3 rwkhuzlvh1

+D15:,

Vlploduo|/ iru hqfrghuv whuplqdwhg lq wkh }hur0vwdwh wkh �0lqlwldol}dwlrq lv

�Q +v, @

�
4 v @ 3>
3 rwkhuzlvh1

+D15;,

Li wkh hqfrghu lv qrw whuplqdwhg lq wkh }hur0vwdwh/ doo hqglqj vwdwhv duh htxdoo|
suredeoh dqg wkxv

�Q +v, @
4

5�
> v @ 3> = = = > 5� � 4= +D15<,

Lq hdfk vwhs lq wkh uhfxuvlyh fdofxodwlrq ri wkh �=v dqg wkh �=v wkh| whqg wr
jhw vpdoohu dqg vpdoohu1 Lw lv wkhuhiruh d ulvn iru qxphulfdo xqghu rz/ hvshfldoo|
zkhq ghfrglqj orqj eorfnv1 Wklv sureohp fdq eh dyrlghg e| vfdolqj1 Iru h{dp0
soh/ wkh �=d dqg wkh �=v iru d vshfl�f wlph q fdq eh vfdohg vr wkdw wkhlu vxpv
duh 4/ wkdw lv/

S
v �q +v, @ 4 dqg

S
v �q +v, @ 41

Wkh lpsohphqwdwlrq frpsoh{lw| ri wkh EFMU0dojrulwkp lv ixuwkhu uhgxfhg
e| shuiruplqj wkh rshudwlrqv lq wkh orj0grpdlq ^:;`1 Wkhq/ d vxerswlpdo exw
kljk shuiruplqj dojrulwkp uhihuuhg wr dv Pd{0Orj0PDS lv rewdlqhg xvlqj wkh
dssur{lpdwlrq oq

�
h�4 . h�5

� � pd{ +�4> �5,/ zklfk fruuhvsrqgv wr

oq
�
4 . h�m�5��4m

�
� 3

vlqfh

oq
�
h�4 . h�5

�
@ pd{ +�4> �5, . oq

�
4 . h�m�5��4m

�
1

Lq ^:;`/ d fruuhfwlrq ri wkh deryh dssur{lpdwlrq lv sursrvhg/ zkhuh suh0fdofxodwhg
ydoxhv ri oq

�
4 . h�m�5��4m

�
@ if +m�5 � �4m, lv vwruhg lq d rqh0glphqvlrqdo orrn0

xs wdeoh1 Wklv orz0frpsoh{lw| dojrulwkp lv vkrzq wr shuirup yhu| forvh wr
wkh ruljlqdo EFMU0dojrulwkp/ dovr zkhq wkh orrn0xs wdeoh frqvlvw ri rqo| d ihz
hqwulhv1



Dsshqgl{ E

Frpphqwv rq wkh
Lqwhuohdyhu Ghvljq
Dojrulwkp

Wkh lqwhuohdyhu ghvljq dojrulwkp ghvfulehg lq Vhfwlrq 615 kdv fhuwdlq dvshfwv
wkdw ghvhuyh wr eh frpphqwhg1 Iluvwo|/ wkh frqfhsw ri xvlqj d �qrq0joredo�
ghvljq dssurdfk/ uhjduglqj wkh fruuhodwlrq surshuwlhv/ qhhgv wr eh prwlydwhg1
Ixuwkhu/ wkh dojrulwkp r�huv d qxpehu ri srvvleoh yduldwlrqv dqg sdudphwhuv
wkdw fdq eh ydulhg1 Wkh lq xhqfh ri vxfk yduldwlrqv duh glvfxvvhg eulh | khuh/
lqfoxglqj=

E14= Wkh xvh ri d qrq0joredo rswlpl}dwlrq fulwhulrq1

E15= Wkh ghvljq rughu/ l1h1 wkh rughu lq zklfk wkh srvlwlrqv lv fkrvhq iurp wkh
vhw P +fi1 Vhfwlrq 615,1

E16= Wkh prghoohg fruuhodwlrq ghfd| udwh/ l1h1 wkh frqvwdqw f lq +617, dqg +618,1

E17= Wkh h�hfw ri glvwdqfh vshfwuxp ghvljq uhvwulfwlrqv/ gghvljq 1

Lq wklv dsshqgl{/ wkh lpsdfw ri wkh deryh lvvxhv duh lqyhvwljdwhg/ sulpdulo| e|
looxvwudwlqj shupxwdwlrq pdwulfhv +fi1 Vhfwlrq 51415, dqg frpsdulqj LGV0ydoxhv
ri gl�huhqw ghvljq yduldwlrqv1 Iru hdfk lqwhuohdyhu vl}h/ wkh uhsruwhg LGV0ydoxhv
duh qrupdol}hg wr wkh LGV ydoxh ri d jroghq lqwhuohdyhu ^54` ri wkh vdph vl}h1
Wklv lv ehfdxvh jroghq lqwhuohdyhuv kdyh yhu| jrrg fruuhodwlrq surshuwlhv/ dqg
wkh| fdq hdvlo| eh jhqhudwhg iru hyhu| lqwhuohdyhu vl}h1 Zlwk wklv qrupdol}dwlrq/
wkh uhvxowlqj LGV0ydoxhv jlyh dq lqglfdwlrq rq krz pxfk wkh fruuhodwlrq surs0
huwlhv ri wkh uhvxowlqj lqwhuohdyhu lv ghjudghg/ frpsduhg wr zkdw lv nqrzq wr eh
dfklhydeoh1

:8
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E14 Qrq0Joredo Fruuhodwlrq Fulwhulrq
Lq wklv vhfwlrq zh frpsduh wkh fruuhodwlrq surshuwlhv ri lqwhuohdyhuv ghvljqhg
zlwk wkh dojrulwkp suhvhqwhg lq Vhfwlrq 615 zlwk wkrvh ri jroghq lqwhuohdyhuv1
Wklv lv grqh lq rughu wr prwlydwh wkh xvh ri d qrq0joredo rswlpl}dwlrq fulwhulrq1

Jroghq lqwhuohdyhuv duh edvhg rq wkh jroghq vhfwlrq1 Wkh jroghq vhfwlrq
glylghv d vhjphqw ri ohqjwk 4 lqwr wzr sduwv zlwk ohqjwkv j dqg 4 � j/ vxfk
wkdw wkh udwlr ri wkh orqjhu vhjphqw wr wkh hqwluh vhjphqw lv wkh vdph dv wkh
udwlr ri wkh vkruwhu vhjphqw wr wkh orqjhu vhjphqw1 Wkxv/ j@4 @ +4� j, @j/
zklfk |lhogv j @

�s
8� 4

�
@51 Wr jhqhudwh d jroghq lqwhuohdyhu/ frqvlghu wkh

srlqwv rewdlqhg wkhq vwduwlqj zlwk 3 dqg dgglqj lqfuhphqwv ri ohqjwk j/ xvlqj
prgxor04 dulwkphwlf1 Wkh jroghq lqwhuohdyhu lv rewdlqhg dv wkh rughu lq zklfk
wkhvh srlqwv vkrxog eh uhdg/ li vruwhg lq dvfhqglqj rughu1 Lq Pdwode/ jroghq
lqwhuohdyhuv fdq iru h{dpsoh eh jhqhudwhg e| wkh iroorzlqj ixqfwlrq=

ixqfwlrq Lqwhuohdyhu @ JroghqLqwhuohdyhu+LqwVl}h,

j @ +vtuw+8,04,25>
UhdoSrvlwlrqv @ prg++4=LqwVl}h,-j/ 4,>
^whps/ Lqwhuohdyhu` @ vruw+UhdoSrvlwlrqv,>

Iljxuh E14 looxvwudwhv wkh shupxwdwlrq pdwulfhv ri erwk jroghq0/ fruuhodwlrq
ghvljqhg40 dqg svhxgr0udqgrp lqwhuohdyhuv zlwk ohqjwkv 433/ 833 dqg 4333 elwv1
Dovr vkrzq duh wkh uhvshfwlyh LGV0ydoxhv/ qrupdol}hg wr wkh LGV ri wkh jroghq
lqwhuohdyhuv1 Wkh h�hfw ri xvlqj d qrq0joredo fruuhodwlrq fulwhulrq lv glvfhuqleoh
lq wkh xsshu ohiw0 dqg uljkw fruqhuv ri wkh fruuhodwlrq0ghvljqhg shupxwdwlrq pd0
wulfhv/ hvshfldoo| iru wkh vpdoohu lqwhuohdyhu vl}hv1 Wrzdugv wkh hqg ri wkh ghvljq/
wkhuh duh ihzhu dqg ihzhu srvlwlrqv wr fkrrvh iurp lq wkh ghvljq1 Iru wkh yhu| odvw
hohphqw lq P +fi1 Vhfwlrq 615,/ wkh vhw O frqwdlqv rqo| rqh hohphqw/ dqg wkhuh
lv qr ghvljq iuhhgrp dw doo1 Lw lv wkhuhiruh qrw jxdudqwhhg wkdw vxlwdeoh ghvljq
fkrlfhv fdq eh pdgh1 Krzhyhu/ iurp lqvshfwlrq ri wkh shupxwdwlrq pdwulfhv dqg
wkurxjk frpsdulvrq ri LGV ydoxhv/ lw lv frqfoxghg wkdw wkh qrq0joredo ghvljq do0
jrulwkp vxffhhgv lq ghvljqlqj lqwhuohdyhuv zlwk ghvludeoh fruuhodwlrq surshuwlhv1
Qrwh wkdw wkhvh lqwhuohdyhuv zhuh ghvljqhg zlwkrxw dq| glvwdqfh vshfwuxp ful0
whulrq/ wkdw lv/ gghvljq @ 31 Wkh h�hfw ri xvlqj wrr uhvwulfwlqj glvwdqfh vshfwuxp
fulwhuld lv looxvwudwhg lq Vhfwlrq E171

E15 Ghvljq Rughu
Wkh rughu lq zklfk wkh lqwhuohdyhu lv ghvljqhg/ l1h1 wkh rqh lq zklfk wkh srvlwlrqv
duh fkrvhq iurp wkh vhwP/ lv uhihuuhg wr dv wkh ghvljq rughu1 Wkh uhvxow ri xvlqj
wkuhh gl�huhqw ghvljq rughuv lv looxvwudwhg khuh= +4, ghvljq lq vwudljkw rughu/ iurp

4Wkh fruuhodwlrq0ghvljqhg lqwhuohdyhuv zhuh ghvljqhg zlwk wkh iroorzlqj sdudpwhuv=

_ghvljq ' f/ S ' f��H/ ghvljq rughu= odvw wr �uvw1
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Iljxuh E14= Shupxwdwlrq pdwulfhv dqg LGV0ydoxhv iru jroghq0/ fruuhodwlrq
ghvljqhg0 dqg svhxgr0udqgrp lqwhuohdyhuv/ 4333 elwv +wrs, 833 elwv +plggoh,
dqg 433 elwv +erwwrp, orqj1 Wkh fruuhodwlrq0ghvljqhg lqwhuohdyhu kdyh jrrg fru0
uhodwlrq surshuwlhv hyhq wkrxjk wkh| duh qrw ghvljqhg zlwk d joredo fruuhodwlrq
fulwhulrq1 Wkh LGV0ydoxhv duh qrupdol}hg wr wkh ydoxhv fruuhvsrqglqj wr wkh
jroghq lqwhuohdyhuv/ iru hdfk lqwhuohdyhu vl}h1
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rqh hqg wr wkh rwkhu/ +5, dowhuqdwlqjo| fkrrvlqj wkh vpdoohvw dqg wkh odujhvw
hohphqw lq P/ dqg +6, fkrrvlqj wkh hohphqwv iurp P lq udqgrp rughu1 Iru
wkh fdvh ri vwudljkw rughu ghvljq/ wkh lqwhuohdyhuv duh ghvljqhg iurp odvw wr �uvw/
l1h1 lq uhyhuvhg rughu1 Wkh lqwhuohdyhuv looxvwudwhg khuh duh ghvljqhg zlwkrxw
glvwdqfh vshfwuxp fulwhuld/ wkdw lv/ gghvljq @ 31

Wkh shupxwdwlrq pdwulfhv dqg wkh fruuhvsrqglqj LGV0ydoxhv duh vkrzq lq
Iljxuh E15/ iru 4330/ 8330 dqg 43330elw lqwhuohdyhuv1 Mxgjlqj iurp wkh LGV0
ydoxhv/ ghvljqlqj wkh lqwhuohdyhuv lq vwudljkw rughu vxffhhgv wkh ehvw iru wkh
odujhu lqwhuohdyhuv1 Iru vpdoo lqwhuohdyhuv/ l1h1 durxqg 433 elwv orqj/ lw pljkw
eh dgydqwdjhrxv wr ghvljq lqwhuohdyhuv lq udqgrp rughu1 Krzhyhu/ vlqfh wkh
gl�huhqfhv frpsduhg wr wkh vwudljkw0rughu ghvljq lv vpdoo/ wkh xvh ri vwudljkw0
rughu ghvljq lv dgrswhg iru wkh hqwluh udqjh ri lqwhuohdyhu vl}hv +lqwhuohdyhuv
vpdoohu wkdq 433 elwv kdv qrw ehhq frqvlghuhg,1

E16 Fruuhodwlrq Ghfd| Udwh

Wkh fruuhodwlrq fulwhulrq +61:, lq wkh lqwhuohdyhu ghvljq dojrulwkp lqfoxghv wkh
hpslulfdoo| ghwhuplqhg sdudphwhu f1 Xvlqj Prqwh0Fduor vlpxodwlrqv/ lw zdv
irxqg wkdw f @ 3=4; dssur{lpdwho| ghvfulehv wkh fruuhodwlrq ghfd| iru wkh jhq0
hudwru sro|qrpldo +4:@48,;1 Lq wklv vhfwlrq/ wkh lq xhqfh ri xvlqj idvwhu dqg
vorzhu ghfd| lq wkh fruuhodwlrq prgho lv looxvwudwhg1

Dv ehiruh/ lqwhuohdyhuv ri vl}hv 433/ 833 dqg 4333 elwv duh xvhg/ iru zklfk
lqwhuohdyhuv zhuh ghvljqhg xvlqj wkuhh gl�huhqw ghfd| udwhv fruuhvsrqglqj wr
f @ i3=3<> 3=4;> 3=69j1 Doo ghvljqv zhuh shuiruphg zlwkrxw wkh glvwdqfh vshfwuxp
fulwhulrq/ l1h1 gghvljq @ 31 Wkh uhvxowlqj shupxwdwlrq pdwulfhv duh vkrzq lq
Iljxuh E161

Wkh uhvxow ri xvlqj d fruuhodwlrq prgho wkdw ghfd|v wrr vorzo| lv reylrxv
iurp lqvshfwlqj wkh wkuhh ohiw0prvw sorwv lq Iljxuh E16/ l1h1 wkrvh rewdlqhg
zlwk f @ 3=3<1 Wkh srvlwlrqv qhdu wkh hgjhv duh *xvhg xs* wrr idvw/ zlwk wkh
frqvhtxhqfh wkdw wrzdugv wkh hqg ri wkh ghvljq wkhuh duh qr hgjh srvlwlrqv ohiw
wr fkrrvh iurp1 Wkh lq xhqfh ri wklv rq wkh lwhudwlyh ghfrglqj vxlwdelolw| lv
uh hfwhg lq wkh LGV0ydoxhv1 Dv vhhq/ wkh ghjudgdwlrq lv odujhu wkh vpdoohu wkh
lqwhuohdyhu1

Wkh h�hfw ri xvlqj d fruuhodwlrq prgho wkdw ghfd|v wrr idvw lv qrw dv reylrxv1
Rq wkh frqwudu|/ d idvw ghfd| jhqhudwhv lqwhuohdyhuv zlwk surshuwlhv yhu| vlplodu
wr wkrvh ghvljqhg zlwk wkh *qrupdo* ghfd| udwh1 Qhyhuwkhohvv/ iru odujh lqwhu0
ohdyhu vl}hv wkh ehvw LGV0ydoxhv duh dfklhyhg zlwk wkh fruuhodwlrq ghfd| wkdw lv
lq dffrugdqfh zlwk wkh hpslulfdoo| irxqg ghfd| udwh1

E17 Glvwdqfh Vshfwuxp Ghvljq Uhvwulfwlrq

Lq wkh lqwhuohdyhu ghvljq h{dpsohv suhvhqwhg vr idu lq wklv dsshqgl{/ wkh fruuh0
odwlrq0ghvljqhg lqwhuohdyhuv zhuh doo ghvljqhg zlwkrxw glvwdqfh vshfwud fulwhuld/



E171 GLVWDQFH VSHFWUXP GHVLJQ UHVWULFWLRQ :<

Iljxuh E15= Shupxwdwlrq pdwulfhv dqg LGV0ydoxhv iru fruuhodwlrq ghvljqhg lq0
whuohdyhuv/ ghvljqhg xvlqj wkuhh gl�huhqw ghvljq rughuv= +d, uhyhuvhg rughu/ l1h1
iurp odvw wr �uvw/ +e, dowhuqdwlqjo| odvw dqg �uvw/ dqg +f, udqgrp rughu1 Wkuhh
lqwhuohdyhuv vl}hv duh vkrzq= 4333 elwv +wrs,/ 833 elwv +plggoh, dqg 433 elwv
+erwwrp,1



;3 DSSHQGL[ E1 FRPPHQWV RQ WKH LQWHUOHDYHU GHVLJQ

Iljxuh E16= Shupxwdwlrq pdwulfhv dqg LGV0ydoxhv ri fruuhodwlrq0ghvljqhg lqwhu0
ohdyhuv ri ohqjwk 4333 +wrs,/ 833 +plggoh, dqg 433 elwv +erwwrp,/ ghvljqhg zlwk
ydulrxv ydoxhv ri wkh fruuhodwlrq0ghfd| frh!flhqw f1 +d, f @ 3=3</ +e, f @ 3=4;/
dqg +f, f @ 3=691



E171 GLVWDQFH VSHFWUXP GHVLJQ UHVWULFWLRQ ;4

l1h1 zlwk gghvljq @ 31 Lq wklv vhfwlrq/ wkh uhvxow ri lqfoxglqj d glvwdqfh vshf0
wuxp fulwhulrq lv ghprqvwudwhg> hvshfldoo|/ wkh edodqfh ehwzhhq wkh fruuhodwlrq
fulwhulrq dqg d glvwdqfh vshfwuxp fulwhulrq lv looxvwudwhg1

W|slfdoo|/ xvlqj d gghvljq wkdw lv wrr odujh zloo suhyhqw wkh fruuhodwlrq fulwh0
ulrq iurp lq xhqflqj wkh ghvljq dqg/ dv d frqvhtxhqfh/ wkh uhvxowlqj lqwhuohdyhuv
zloo eh sulpdulo| ghvljqhg edvhg rq glvwdqfh vshfwuxp frqvlghudwlrqv1 Iljxuh
E17 vkrzv wkh uhvxow ri xvlqj gl�huhqw gghvljq ydoxhv/ iru 4330/ 8330 dqg 43330elw
lqwhuohdyhuv1 Wkh ydoxh ri gghvljq lqfuhdvhv iurp ohiw wr uljkw dqg dw wkh ohiw0kdqg
vlgh/ wkh ydoxhv duh wrr orz1 Wkh| duh wrr orz vlqfh wkh glvwdqfh vshfwuxp ful0
whulrq kdugo| lq xhqfhv wkh ghvljq dw doo1 Wkxv/ wkh fulwhulrq lv qrw khosixo lq
suhyhqwlqj pdsslqjv wkdw jhqhudwh orz0zhljkw frghzrugv1 Rq wkh rwkhu kdqg/
dv gghvljq lv lqfuhdvhg/ hyhqwxdoo| wkh glvwdqfh vshfwuxp fulwhulrq ehfrphv wrr
uhvwulfwlyh/ vr wkdw wkhuh lv qr urrp iru fruuhodwlrq frqvlghudwlrqv/ dv vhhq wr
wkh uljkw lq Iljxuh E171



;5 DSSHQGL[ E1 FRPPHQWV RQ WKH LQWHUOHDYHU GHVLJQ

Iljxuh E17= Shupxwdwlrq pdwulfhv dqg LGV0ydoxhv ri fruuhodwlrq0ghvljqhg lqwhu0
ohdyhuv ri ohqjwk 4333 +wrs,/ 833 +plggoh, dqg 433 +erwwrp, elwv/ ghvljqhg zlwk
ydulrxv ydoxhv ri wkh gghvljq sdudphwhu1



Eleolrjudsk|

^4` M1 Dqghuvhq dqg Y1 ]|deory1 Lqwhuohdyhu ghvljq iru wxuer frglqj1 Lq Lq0
whuqdwlrqdo V|psrvlxp rq Wxuer Frghv ) Uhodwhg Wrslfv1 Euhvw/ Iudqfh/
Vhswhpehu 4<<:1

^5` M1 E1 Dqghuvrq dqg V1 P1 Kodgln1 Wdloelwlqj PDS ghfrghuv1 LHHH Mrxuqdo
rq Vhohfwhg Duhdv lq Frppxqlfdwlrqv/ 49+5,=5<:�635/ Ihe1 4<<;1

^6` O1 U1 Edko/ M1 Frfnh/ I1 Mholqhn/ dqg M1 Udyly1 Rswlpdo ghfrglqj ri olqhdu
frghv iru plqlpl}lqj v|pero huuru udwh1 LHHH Wudqvdfwlrqv rq Lqirupdwlrq
Wkhru|/ sdjhv 5;7�5;9/ Pdufk 4<:71

^7` D1 V1 Eduexohvfx dqg V1 V1 Slhwurerq1 Lqwhuohdyhu ghvljq iru wkuhh glphq0
vlrqdo wxuer0frghv1 Lq Surfhhglqjv ri 4<<8 LHHH Lqwhuqdwlrqdo V|psrvlxp
rq Lqirupdwlrq Wkhru|1 Zklvwohu/ EF/ Fdqdgd/ Vhswhpehu 4<<81

^8` D1 V1 Eduexohvfx dqg V1 V1 Slhwurerq1 Whuplqdwlqj wkh wuhoolv ri wxuer0frghv
lq wkh vdph vwdwh1 Hohfwurqlfv Ohwwhuv/ 64+4,=55�56/ Mdqxdu| 4<<81

^9` E1 Eduwrorpì1 Xwlolvdwlrq ghv wxuer frghv srxu xq v|vwëph gh frppxqlfd0
wlrqv pxowlpìgld sdu vdwhoolwh1 SkG wkhvlv/ Hfroh Qdwlrqdoh Vxsìulhxuh gh
Wìoìfrppxqlfdwlrqv/ Sdulv/ Iudqfh/ 4<<<1

^:` J1 Edwwdlo1 Srqgìudwlrq ghv v|perohv gìfrgìv sdu o*dojrulwkph gh Ylwhuel1
Dqqdohv Wìoìfrppxqlf/ 75+4�5,=64�6;/ Mdqxdu| 4<;:1

^;` V1 Ehqhghwwr/ U1 Jduhoor/ dqg J1 Prqwruvl1 D vhdufk iru jrrg frqyroxwlrqdo
frghv wr eh xvhg lq wkh frqvwuxfwlrq ri wxuer frghv1 LHHH Wudqvdfwlrqv rq
Frppxqlfdwlrqv/ 79+<,=4434�4438/ Vhs1 4<<;1

^<` V1 Ehqhghwwr dqg J1 Prqwruvl1 Dyhudjh shuirupdqfh ri sdudooho frqfdwh0
qdwhg eorfn frghv1 LHHH Hohfwurqlfv Ohwwhuv/ 64+6,=489�48;/ Iheuxdu| 4<<81

^43` V1 Ehqhghwwr dqg J1 Prqwruvl1 Xqyhlolqj wxuer frghv= Vrph uhvxowv rq
sdudooho frqfdwhqdwhg frglqj vfkhphv1 LHHH Wudqvdfwlrqv rq Lqirupdwlrq
Wkhru|/ 75+5,=73<�75;/ Pdufk 4<<91

;6



;7 ELEOLRJUDSK\

^44` H1 U1 Ehuohndps1 Wkh whfkqrorj| ri huuru fruuhfwlqj frghv1 Surf1 LHHH/
sdjhv 897�8<6/ Pd| 4<;31

^45` F1 Ehuurx dqg D1 Jodylhx{1 Qhdu rswlpxp huuru fruuhfwlqj frglqj
dqg ghfrglqj= Wxuer0Frghv1 LHHH Wudqvdfwlrqv rq Frppxqlfdwlrqv/
77+43,=4594�45:4/ Rfwrehu 4<<91

^46` F1 Ehuurx/ D1 Jodylhx{/ dqg S1 Wklwlpdmvklpd1 Qhdu Vkdqqrq olplw huuru0
fruuhfwlqj frglqj dqg ghfrglqj= Wxuer Frghv1 Lq Surf1 4<<6 LHHH Lqwhu0
qdwlrqdo Frqihuhqfh rq Frppxqlfdwlrq +LFF,/ sdjhv 4397�43:31 Jhqhyd/
Vzlw}huodqg/ Pd| 4<<61

^47` Z1 M1 Eodfnhuw/ H1 N1 Kdoo/ dqg V1 J1 Zlovrq1 Wxuer frgh whuplqdwlrq dqg
lqwhuohdyhu frqglwlrqv1 Hohfwurqlfv Ohwwhuv/ 64+57,=53;5�53;7/ Qryhpehu
4<<81

^48` Z1 M1 Eodfnhuw/ H1 N1 Kdoo/ dqg V1 J1 Zlovrq1 Dq xsshu erxqg rq wxuer
frgh iuhh glvwdqfh1 Lq LHHH Lqw1 Frqi1 rq Frppxqlfdwlrqv/ sdjhv <8:�<94/
4<<91

^49` V1 whq Eulqn1 Lwhudwlyh ghfrglqj wudmhfwrulhv ri sdudooho frqfdwhqdwhg frghv1
Lq LHHH2LWJ Frqihuhqfh rq Vrxufh dqg Fkdqqho Frglqj1 Pxqlfk/ Jhu0
pdq|/ Mdqxdu| 53331

^4:` J1 F1 Fodun dqg M1 E1 Fdlq1 Huuru0Fruuhfwlrq Frglqj iru Gljlwdo Frppx0
qlfdwlrqv1 Sohqxp suhvv/ Qhz \run/ 4<;;1

^4;` W1 P1 Fryhu dqg M1 D1 Wkrpdv1 Hohphqwv ri Lqirupdwlrq Wkhru|1 Mrkq
Zloh| ) Vrqv/ Lqf1/ Qhz \run/ 4<<41

^4<` V1 Fur}lhu1 Qhz kljk0vsuhdg kljk0glvwdqfh lqwhuohdyhuv iru wxuer0frghv1
Lq 530wk elhqqldo V|psrvlxp rq Frppxqlfdwlrqv/ sdjhv 6�:1 Nlqjvwrq/
Fdqdgd/ Pd| 53331

^53` V1 Fur}lhu/ S1 Jxlqdqg/ M1 Orgjh/ dqg D1 Kxqw1 Frqvwuxfwlrq dqg shu0
irupdqfh ri qhz wdlo0elwlqj wxuer frghv1 Lq 90wk Lqwhuqdwlrqdo Zrunvkrs
rq Gljlwdo Vljqdo Surfhvvlqj Whfkqltxhv iru Vsdfh Dssolfdwlrqv +GVS *<;,1
Qrrugzlmn/ Wkh Qhwkhuodqgv/ Vhswhpehu 4<<;1

^54` V1 Fur}lhu/ M1 Orgjh/ S1 Jxlqdqg/ dqg D1 Kxqw1 Shuirupdqfh ri wxuer
frghv zlwk uhodwlyh sulph dqg jroghq lqwhuohdylqj vwudwhjlhv1 Lq Vl{wk Lq0
whuqdwlrqdo Preloh Vdwhoolwh Frqihuhqfh/ sdjhv 59;�5:81 Rwwdzd/ Fdqdgd/
Mxqh 4<<<1

^55` I1 Gdqhvkjdudq dqg P1 Prqglq1 Ghvljq ri lqwhuohdyhuv iru wxuer frghv
edvhg rq d frvw ixqfwlrq1 Lq Lqwhuqdwlrqdo V|psrvlxp rq Wxuer Frghv )
Uhodwhg Wrslfv/ sdjhv 588�58;1 Euhvw/ Iudqfh/ Vhswhpehu 4<<:1



ELEOLRJUDSK\ ;8

^56` G1 Glyvdodu/ V1 Grolqdu/ U1 M1 PfHolhfh/ dqg I1 Sroodud1 Wudqvihu ixqfwlrq
erxqgv rq wkh shuirupdqfh ri wxuer frghv1 WGD Surjuhvv Uhsruw 750455/
MSO/ Dxj1 4<<81

^57` G1 Glyvdodu dqg U1 PfHolhfh1 H�hfwlyh iuhh glvwdqfh ri wxuer frghv1 Hohf0
wurqlf Ohwwhuv/ 65+8,=778/ Pd| 4<<91

^58` G1 Glyvdodu dqg I1 Sroodud1 Rq wkh ghvljq ri wxuer frghv1 WGD Surjuhvv
Uhsruw 750456/ sdjhv <<�454/ Qry1 4<<81

^59` G1 Glyvdodu dqg I1 Sroodud1 Wxuer frghv iru SFV dssolfdwlrqv1 Lq LHHH
Lqwhuqdwlrqdo Frqihuhqfh rq Frppxqlfdwlrqv1 Qhz \run/ XVD/ 4<<81

^5:` V1 Grolqdu dqg G1 Glyvdodu1 Zhljkw glvwulexwlrqv iru wxuer frghv xvlqj
udqgrp dqg qrqudqgrp shupxwdwlrqv1 WGD surjuhvv uhsruw 750455/ Mhw
sursxovlrq Ode1/ Sdvdghqd/ FD/ Dxjxvw 4<<81

^5;` V1 Grolqdu/ G1 Glyvdodu/ dqg I1 Sroodud1 Wxuer frgh shuirupdqfh dv d
ixqfwlrq ri frgh eorfn vl}h1 Lq Lqwhuqdwlrqdo V|psrvlxp rq Lqirupdwlrq
Wkhru|1 Ervwrq/ XVD/ Dxjxvw 4<<;1

^5<` P1 Hur} dqg D1 U1 Kdpprqv1 Rq wkh ghvljq ri suxqdeoh lqwhuohdyhuv iru
wxuer frghv1 Lq Yhklfxodu Whfkqrorj| Frqihuhqfh1 Krxvwrq/ XVD/ Pd|
4<<<1

^63` J1 G1 Iruqh|1 Wkh ylwhuel dojrulwkp1 Surf1 LHHH/ +6,=59;�5:;/ Pdufk 4<:61

^64` P1 Irvvrulhu/ I1 Exunhuw/ V1 Olq/ dqg M1 Kdjhqdxhu1 Rq wkh htxlydohqfh
ehwzhhq VRYD dqg Pd{0Orj0PDS ghfrglqjv1 LHHH Frppxqlfdwlrqv Ohw0
whuv/ 5+8,=46:�46</ Pd| 4<<;1

^65` Y1 Iudq} dqg M1 Dqghuvrq1 Uhgxfhg0vhdufk EFMU dojrulwkpv1 Lq LHHH
Lqwhuqdwlrqdo V|psrvlxp rq Lqirupdwlrq Wkhru|/ sdjh 563/ 4<<:1

^66` Y1 Iudq} dqg M1 Dqghuvrq1 Frqfdwhqdwhg ghfrglqj zlwk d uhgxfhg0vhdufk
EFMU dojrulwkp1 LHHH Mrxuqdo rq Vhohfwhg Duhdv lq Frppxqlfdwlrqv/
49+5,=4;9�4<8/ Ihe1 4<<;1

^67` S1 Jxlqdqg dqg M1 Orgjh1 Wuhoolv whuplqdwlrq iru wxuer hqfrghuv1 Lq 4:wk
Elhqqldo V|ps1 Rq Frppxqlfdwlrqv/ sdjhv 6;<�6<51 Nlqjvwrq/ Fdqdgd/
Pd| 4<<71

^68` M1 Kdjhqdxhu dqg S1 Krhkhu1 D Ylwhuel dojrulwkp zlwk vriw0ghflvlrq rxwsxwv
dqg lwv dssolfdwlrqv1 Lq Jorehfrp 4<;</ sdjhv 49;3�49;91 Gdoodv/ Wh{dv/
XVD/ Qryhpehu 4<;<1

^69` M1 Kdjhqdxhu/ H1 R�hu/ dqg O1 Sdsnh1 Lwhudwlyh ghfrglqj ri elqdu| eorfn dqg
frqyroxwlrqdo frghv1 LHHH Wudqvdfwlrqv rq Lqirupdwlrq Wkhru|/ 75+5,=75<�
778/ Pdufk 4<<91



;9 ELEOLRJUDSK\

^6:` M1 Kdjhqdxhu dqg O1 Sdsnh1 Ghfrglqj %wxuer%0frghv zlwk wkh vriw rxwsxw
Ylwhuel dojrulwkp +VRYD,1 Lq LHHH Lqwhuqdwlrqdo V|psrvlxp rq Lqirupd0
wlrq Wkhru|/ 4<<7/ sdjh 497/ Mxqh 4<<71

^6;` P1 Kdwwrul/ M1 Pxud|dpd/ dqg U1 M1 PfHolhfh1 Svhxgr0udqgrp dqg vhoi0
whuplqdwlqj lqwhuohdyhuv iru wxuer frghv1 LqZlqwhu 4<<; Lqirupdwlrq Wkh0
ru| Zrunvkrs/ sdjhv <�431 Vdq Glhjr/ XVD/ Iheuxdu| 4<<;1

^6<` D1 Khqulnvvrq/ M1 Krnihow/ dqg R1 Hgiruv1 Hydoxdwlrq ri d wuhoolv whuplqdwlrq
vwudwhj| iru wxuer frghv lq XPWV1 Wgrf 7652<;/ HWVL VPJ5 XPWV O4
H{shuw Jurxs/ Phhwlqj qxpehu :/ Vzhghq/ Rfw 4<<;1

^73` D1 Khqulnvvrq/ M1 Krnihow/ dqg R1 Hgiruv1 Hydoxdwlrq ri dq lqwhuohdyhu
ghvljq dojrulwkp iru wxuer frghv lq XPWV1 Wgrf 74<2<;/ HWVL VPJ5
XPWV O4 H{shuw Jurxs/ Phhwlqj qr :/ Vzhghq/ Rfw1 4<<;1

^74` D1 Khqulnvvrq/ M1 Krnihow/ dqg R1 Hgiruv1 Lqwhuohdyhu ghvljq iru wxuer frghv
zlwk uhgxfhg phpru| uhtxluhphqw1 Wgrf 8432<;/ HWVL VPJ5 XPWV O4
H{shuw Jurxs/ Phhwlqj qr ;/ Qry1 4<<;1

^75` K1 Khu}ehuj1 Pxowlohyho wxuer frglqj zlwk vkruw lqwhuohdyhuv1 LHHH Mrxuqdo
rq Vhohfwhg Duhdv lq Frppxqlfdwlrqv/ sdjhv 636�63</ Iheuxdu| 4<<;1

^76` K1 Khu}ehuj dqg J1 Srow|uhy1 Wkh huuru suredelolw| ri P0du| SVN
eorfn frghg prgxodwlrq vfkhphv1 LHHH Wudqvdfwlrqv rq Frppxqlfdwlrqv/
+7,=75:�766/ Dsulo 4<<91

^77` P1 V1 F1 Kr/ V1 V1 Slhwurerq/ dqg W1 Jlohv1 Lpsurylqj wkh frqvwlwxhqw frghv
ri wxuer hqfrghuv1 Lq LHHH Joredo Whohfrppxqlfdwlrqv Frqihuhqfh/ sdjhv
6858�685<1 V|gqh|/ Dxvwudold/ 4<<;1

^78` M1 Krnihow/ R1 Hgiruv/ dqg W1 Pdvhqj1 Dvvhvvlqj lqwhuohdyhu vxlwdelolw| iru
wxuer frghv1 Lq Qruglf Udglr V|psrvlxp/ sdjhv 4<8�5351 Vdowvmùedghq/
Vzhghq/ Rfwrehu 4<<;1

^79` M1 Krnihow/ R1 Hgiruv/ dqg W1 Pdvhqj1 Lqwhuohdyhu ghvljq iru wxuer frghv
edvhg rq wkh shuirupdqfh ri lwhudwlyh ghfrglqj1 Lq LHHH Lqwhuqdwlrqdo Frq0
ihuhqfh rq Frppxqlfdwlrqv/ sdjhv <6�<:1 Ydqfrxyhu/ EF/ Fdqdgd/ Mxqh
4<<<1

^7:` M1 Krnihow/ R1 Hgiruv/ dqg W1 Pdvhqj1 Lqwhuohdyhu vwuxfwxuhv iru wxuer
frghv zlwk uhgxfhg vwrudjh phpru| uhtxluhphqw1 Lq Yhklfxodu Whfkqrorj|
Frqihuhqfh/ sdjhv 48;8�48;<1 Dpvwhugdp/ Qhwkhuodqgv/ Vhswhpehu 4<<<1

^7;` M1 Krnihow/ R1 Hgiruv/ dqg W1 Pdvhqj1 D vxuyh| rq wuhoolv whuplqdwlrq
dowhuqdwlyhv iru wxuer frghv1 Lq LHHH Yhklfxodu Whfkqrorj| Frqihuhqfh/
sdjhv 5558�555<1 Krxvwrq/ Wh{dv/ XVD/ Pd| 4<<<1



ELEOLRJUDSK\ ;:

^7<` M1 Krnihow/ R1 Hgiruv/ dqg W1 Pdvhqj1 Wxuer frghv= Lqwhudfwlrq ehwzhhq
wuhoolv whuplqdwlrq phwkrg dqg lqwhuohdyhu ghvljq1 Lq Udglr Vflhqfh dqg
Frppxqlfdwlrqv Frqihuhqfh/ sdjhv 8:4�8:91 Nduovnurqd/ Vzhghq/ Mxqh
4<<<1

^83` M1 Krnihow/ R1 Hgiruv/ dqg W1 Pdvhqj1 D wxuer frgh lqwhuohdyhu ghvljq
fulwhulrq edvhg rq wkh shuirupdqfh ri lwhudwlyh ghfrglqj1 LHHH Frppxql0
fdwlrqv Ohwwhuv/ Lq suhvv1

^84` M1 Krnihow/ F1 I1 Ohdqghuvrq/ R1 Hgiruv/ dqg W1 Pdvhqj1 Glvwdqfh vshfwuxp
ri wxuer frghv xvlqj gl�huhqw wuhoolv whuplqdwlrq phwkrgv1 Lq Lqwhuqdwlrqdo
V|psrvlxp rq Wxuer frghv ) Uhodwhg Wrslfv1 Euhvw/ Iudqfh/ Vhswhpehu
53331

^85` M1 Krnihow dqg W1 Pdvhqj1 Rswlpl}lqj wkh hqhuj| ri gl�huhqw elwvwuhdpv ri
wxuer frghv1 Lq Lqwhuqdwlrqdo Wxuer Frglqj Vhplqdu/ sdjhv 8<�961 Oxqg/
Vzhghq/ Dxjxvw 4<<91

^86` M1 Krnihow dqg W1 Pdvhqj1 Phwkrglfdo lqwhuohdyhu ghvljq iru wxuer frghv1 Lq
Lqwhuqdwlrqdo V|psrvlxp rq Wxuer Frghv ) Uhodwhg Wrslfv/ sdjhv 545�5481
Euhvw/ Iudqfh/ Vhswhpehu 4<<:1

^87` W1 Z1 Kxqjhuirug1 Devwudfw Dojheud= Dq Lqwurgxfwlrq1 Vdxqghuv Froohjh
Sxeolvklqj/ Sklodghoskld/ 4<<31

^88` R1 Mrhuvvhq dqg K1 Ph|u1 Whuplqdwlqj wkh wuhoolv ri wxuer frghv1 Hohfwurqlfv
Ohwwhuv/ 63+49,=45;8�45;9/ Dxjxvw 4<<71

^89` U1 Mrkdqqhvvrq1 Lqirupdwlrqvwhrul � juxqgydohq iùu +whoh0,nrppxqlndwlrq1
Vwxghqwolwhudwxu/ Oxqg/ 4<;;1 Lq Vzhglvk1

^8:` U1 Mrkdqqhvvrq dqg M1 E1 Dqghuvrq1 D frqglwlrq iru ihhgedfn wdloelwlqj
frqyroxwlrqdo hqfrghuv dqg d vkruw olvw ri doorzhg ihhgedfn sro|qrpldo1 Lq
Surf1 4<<; Sulqfhwrq Frqi1 rq Lqirupdwlrq Vflhqfhv dqg V|vwhpv1 Sulqfh0
wrq/ QM/ pdufk 4<<;1

^8;` U1 Mrkdqqhvvrq dqg N1 ]ljdqjlury1 Ixqgdphqwdov ri Frqyroxwlrqdo Frglqj1
LHHH Suhvv/ 4<<<1

^8<` S1 Mxqj dqg P1 P1 Qd kdq1 Frpsuhkhqvlyh frpsdulvrq ri wxuer0frgh gh0
frghuv1 Lq LHHH Yhklfxodu Whfkqrorj| Frqihuhqfh/ sdjhv 957�95;1 Fklfdjr/
XVD/ Mxo| 4<<81

^93` V1 P1 Nd|1 Ixqgdphqwdov ri Vljqdo Surfhvvlqj= Ghwhfwlrq Wkhru|/ yroxph 51
Suhqwlfh0Kdoo/ Lqf1/ Qhz Mhuvh|/ 4<<;1

^94` V1 P1 Nd|1 Ixqgdphqwdov ri Vljqdo Surfhvvlqj= Hvwlpdwlrq Wkhru|/ yro0
xph 41 Suhqwlfh0Kdoo/ Lqf1/ Qhz Mhuvh|/ 4<<;1



;; ELEOLRJUDSK\

^95` S1 Nrpxodlqhq dqg N1 Shknrqhq1 Shuirupdqfh hydoxdwlrq ri vxshuruwkrjr0
qdo wxuer frghv lq DZJQ dqg  dw ud|ohljk idglqj fkdqqhov1 LHHH Mrxuqdo
rq Vhohfwhg Duhdv lq Frppxqlfdwlrqv/ 49+5,=4<9�538/ Ihe1 4<<;1

^96` F1 I1 Ohdqghuvrq1 Orz udwh Wxuer frghv � ghvljq dvshfwv dqg dssolfdwlrqv1
Olfhqwldwh Wkhvlv/ Oxqg Xqlyhuvlw|/ Oxqg/ Vzhghq/ Dxj1 53331

^97` F1 I1 Ohdqghuvrq/ M1 Krnihow/ R1 Hgiruv/ dqg W1 Pdvhqj1 D qrwh rq jhqhud0
wru uhxvh lq wkh frpsrqhqw frghv ri orz udwh wxuer frghv1 Lq Lqwhuqdwlrqdo
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^:5` U1 Srghpvnl/ Z1 Kroxerzlf}/ dqg F1 E1 dqv D1 Jodylhx{1 Glvwdqfh vshf0
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Vljqdov/ V|vwhpv dqg Hohfwurqlfv/ sdjhv 676�67;/ Vhswhpehu 4<<;1

^<:` Q1 Zlehuj1 Frghv dqg Ghfrglqj rq Jhqhudo Judskv1 SkG wkhvlv/ Olqnùslqj
Xqlyhuvlw|/ Olqnùslqj/ Vzhghq/ 4<<91

^<;` Q1 Zlehuj/ K10D1 Orholjhu/ dqg U1 Nùwwhu1 Frghv dqg lwhudwlyh ghfrglqj rq
jhqhudo judskv1 Lq LHHH Lqwhuqdwlrqdo V|psrvlxp rq Lqirupdwlrq Wkhru|/
sdjh 79;/ Vhswhpehu 4<<81



Sduw LL

Lqfoxghg Sdshuv
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Frqwulexwlrqv

Wklv sduw ri wkh wkhvlv frqvlvwv ri vl{ sdshuv/ zkrvh uhvshfwlyh frqwulexwlrqv wr
wkh uhvhdufk �hog duh ghvfulehg ehorz1

L Phwkrglfdo Lqwhuohdyhu Ghvljq iru Wxuer Frghv1
Wklv sdshu suhvhqwv dq lqwhuohdyhu ghvljq dojrulwkp edvhg rq Wxuer frgh
Kdpplqj glvwdqfh vshfwud1 Lq hvvhqfh/ wkh dojrulwkp vwulyhv wr ghvljq
lqwhuohdyhuv iru wkh kljkhvw srvvleoh plqlpxp glvwdqfh/ zlwk wkh orzhvw
srvvleoh pxowlsolflw|1 Lqwhuohdyhuv surgxfhg zlwk wkh suhvhqwhg dojrulwkp
|lhog Wxuer frghv zlwk yhu| jrrg glvwdqfh surshuwlhv1 Krzhyhu/ wkh frp0
soh{lw| ri wkh dojrulwkp olplwv lwv xvh wr uhdvrqdeo| vpdoo lqwhuohdyhuv/
w|slfdoo| ohvv wkdq 833 elwv1
Dowkrxjk wkh dojrulwkp suhvhqwhg lq wklv sdshu |lhogv yhu| frpshwlwlyh
Wxuer frghv/ lw lv revhuyhg wkdw Wxuer frgh shuirupdqfhv gr qrw dozd|v
udqn dv dqwlflsdwhg e| wkh glvwdqfh vshfwud/ hvshfldoo| diwhu rqo| d ihz
qxpehu ri ghfrglqj lwhudwlrqv1 Dv d frqvhtxhqfh/ wkh shuirupdqfh ri lw0
hudwlyh ghfrglqj zdv lqyhvwljdwhg/ zlwk uhvxowv uhsruwhg lq ^Sdshuv LL0LY`1

LL Rq wkh Frqyhujhqfh Udwh ri Lwhudwlyh Ghfrglqj1
Lq wklv sdshu/ wkh lq xhqfh ri wkh lqwhuohdyhu rq wkh frqyhujhqfh udwh ri
lwhudwlyh ghfrglqj lv lqyhvwljdwhg1 Lq sduwlfxodu/ wkh dssurdfk ri lqyhv0
wljdwlqj fruuhodwlrq surshuwlhv ri hqfrghu lqsxwv dqg rxwsxwv/ hvwlpdwhg
xvlqj Prqwh Fduor vlpxodwlrqv/ duh sursrvhg1 Lw lv irxqg wkdw wkhvh fru0
uhodwlrq surshuwlhv duh fohduo| uhodwhg wr wkh frqyhujhqfh udwh ri lwhudwlyh
ghfrglqj1 Lw lv dovr frqfoxghg wkdw lw lv srvvleoh wr ghvljq lqwhuohdyhuv wkdw
surprwh d idvwhu ghfrglqj frqyhujhqfh1

LLL Wxuer Frghv= Fruuhodwhg H{wulqvlf Lqirupdwlrq dqg lwv Lpsdfw rq Lwhudwlyh
Ghfrglqj Shuirupdqfh1
Wklv sdshu ixuwkhu lqyhvwljdwhv wkh fruuhodwlrq surshuwlhv ri wkh h{wulqvlf
lqirupdwlrq/ dqg wkh lq xhqfh rq wkh lwhudwlyh ghfrglqj shuirupdqfh1 Dq
dqdo|wlfdo dssur{lpdwlrq ri uhohydqw fruuhodwlrq frh!flhqwv lv sursrvhg1
Zlwk wklv dssur{lpdwlrq/ lw lv srvvleoh wr dvvhvv wkh fruuhodwlrq surshuwlhv
wkdw d vshfl�f lqwhuohdyhu uhvxowv lq1 Edvhg rq wkhvh revhuydwlrqv/ dq
lwhudwlyh ghfrglqj vxlwdelolw| +LGV, phdvxuh lv suhvhqwhg1 Wkh LGV0ydoxh
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lv d vfdodu wkdw phdvxuhv wkh fruuhodwlrq surshuwlhv ri dq lqwhuohdyhu1 Wkh
LGV0phdvxuh kdv odwhu ehhq dgrswhg dqg ixuwkhu lqyhvwljdwhg e| rwkhuv/
iru h{dpsoh lq ^:</ ;3`1

LY D Wxuer Frgh Lqwhuohdyhu Ghvljq Fulwhulrq Edvhg rq wkh Shuirupdqfh ri
Lwhudwlyh Ghfrglqj1
Lq wklv sdshu/ dq lqwhuohdyhu ghvljq fulwhulrq edvhg rq wkh shuirupdqfh ri
lwhudwlyh ghfrglqj lv sursrvhg1 Wkh fulwhulrq xvhv wkh dssur{lpdwlrq ri
wkh fruuhodwlrq frh!flhqwv suhvhqwhg lq ^Sdshu LLL`1 Wklv sdshu lv wkh �uvw
sursrvdo5 ri dq lqwhuohdyhu ghvljq fulwhulrq wkdw wdujhwv wkh shuirupdqfh
ri lwhudwlyh ghfrglqj1 Vlqfh wkhq/ vlplodu sursrvdov kdyh iroorzhg/ iru
h{dpsoh lq ^4</ :</ ;3`1

Y Lqwhuohdyhu Vwuxfwxuhv iru Wxuer Frghv zlwk Uhgxfhg Vwrudjh Phpru| Uh0
txluhphqw1
Wklv sdshu ghdov zlwk wkh lpsohphqwdwlrq frpsoh{lw| ri lqwhuohdyhu uxohv
vwruhg dv orrnxs wdeohv1 Wzr lqwhuohdyhu vwuxfwxuhv duh sursrvhg/ zklfk
ghfuhdvh wkh dprxqw ri phpru| uhtxluhg iru lqwhuohdyhu uxoh vwrudjh1 Wkh
�uvw vwuxfwxuh lv xvhixo iru d vlqjoh lqwhuohdyhu/ zkloh wkh vhfrqg lv xvhixo
zkhq d udqjh ri lqwhuohdyhu vl}hv duh wr eh vwruhg1 Erwk vwuxfwxuhv r�hu
phpru| vdylqjv ri dssur{lpdwho| 83(/ zlwk dq ryhudoo vdylqj ri dssur{0
lpdwho| :8(1 Vlpxodwlrqv lqglfdwh wkdw wkhvh lqwhuohdyhu uhvwulfwlrqv gr
qrw lpso| dq| vljql�fdqw orvv lq huuru0fruuhfwlqj shuirupdqfh1

YL Rq wkh Wkhru| dqg Shuirupdqfh ri Wuhoolv Whuplqdwlrq Phwkrgv iru Wxuer
Frghv1
Wklv sdshu lqyhvwljdwhv gl�huhqw wuhoolv whuplqdwlrq phwkrgv iru Wxuer
frghv1 D phwkrg iru fdofxodwlqj wkh glvwdqfh vshfwuxp ri wkh hqvhpeoh
ri Wxuer frghv xvlqj d vshfl�f wuhoolv whuplqdwlrq phwkrg lv suhvhqwhg1
Xvlqj wklv phwkrg/ lw lv vkrzq wkdw wkh shuirupdqfh gl�huhqfhv ehwzhhq
gl�huhqw whuplqdwlrq phwkrgv duh vpdoo/ h{fhsw zkhq qr whuplqdwlrq dw
doo lv xvhg1 Ixuwkhu/ wkh lvvxh ri fxvwrp ghvljq ri lqwhuohdyhuv iru gl�huhqw
whuplqdwlrq phwkrgv lv dgguhvvhg1 Lw lv vkrzq wkdw zlwk surshu lqwhuohdyhu
ghvljq/ wkh shuirupdqfh ghjudgdwlrq dvvrfldwhg zlwk qr whuplqdwlrq fdq
eh vljql�fdqwo| uhgxfhg/ dfklhylqj shuirupdqfhv frpsdudeoh wr frghv xv0
lqj whuplqdwlrq1 Dw wkh zulwlqj ri wklv wkhvlv/ wkh ehvw qrq0whuplqdwhg
Wxuer frgh lq wklv sdshu lv vwloo xqghu vlpxodwlrq1 Lw kdv uhdfkhg ryhu 9
eloolrq iudphv dw He@Q3 @ 5 gE zlwk rqo| rqh ghfrglqj huuru1 Wkhuh lv vwloo
qr hylghqfh ri dq huuru  rru1 Krzhyhu/ dfklhylqj vwdwlvwlfdo vljql�fdqfh
dw wkhvh huuru udwhv zloo uhtxluh vhyhudo prqwkv ri vlpxodwlrqv1

5Wkh frqwhqwv ri wklv sdshu zdv ruljlqdoo| suhvhqwhg lq ^79`1



Sdshu L

Phwkrglfdo Lqwhuohdyhu Ghvljq iru Wxuer Frghv

Mrkdq Krnihow dqg Wruohly Pdvhqj

Lqwhuqdwlrqdo V|psrvlxp rq Wxuer Frghv ) Uhodwhg Wrslfv
Euhvw/ Iudqfh/ Vhswhpehu 4<<:
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Phwkrglfdo Lqwhuohdyhu Ghvljq iru Wxuer Frghv

Mrkdq Krnihow dqg Wruohly Pdvhqj

Devwudfw

Dq lqwhuohdyhu ghvljq dojrulwkp iru sdudooho frqfdwhqdwhg frglqj vfkhphv zklfk
xwlol}hv wkh zhljkw glvwulexwlrq dv ghvljq fulwhulrq lv suhvhqwhg1 Wkh txdolwlhv
ri wkh dojrulwkp lv ghprqvwudwhg e| frpsdulqj wkh zhljkw glvwulexwlrqv ri ydu0
lrxv wxuer frghv xvlqj d qxpehu ri suhylrxvo| sursrvhg lqwhuohdyhu whfkqltxhv
+svhxgr udqgrp/ qrq xqlirup/ eorfn dqg eorfn kholfdo vlploh,1

4 Lqwurgxfwlrq

Wkh huuru fruuhfwlqj fdsdelolw| ri d olqhdu frgh lv forvho| uhodwhg wr wkh Kdp0
plqj zhljkwv ri lwv vhw ri frghzrugv/ l1h1 wkh zhljkw glvwulexwlrq ri wkh frgh1
Lq wkh wxuer frglqj vfkhph sursrvhg e| Ehuurx hw1 do1 ^4`/ ghslfwhg lq Iljxuh4/
wkh Kdpplqj zhljkwv ri wkh frghzrugv duh frpsrvhg ri wkuhh sduwv> wkh zhljkw
ri wkh lqsxw zrug z dqg wkh zhljkwv ri wkh sdulw| zrugv iurp hdfk frqvwlwxhqw
hqfrghu/ }4 dqg }51 Wkh remhfwlyh zkhq ghvljqlqj lqwhuohdyhuv iru vxfk sdudooho
frqfdwhqdwhg frglqj v|vwhpv lv wr pdwfk wkh sdulw| vhtxhqfhv iurp wkh frq0
vwlwxhqw hqfrghuv vr wkdw ryhudoo frghzrugv zlwk orz Kdpplqj zhljkwv +rulj0
lqdwlqj iurp qrq0}hur lqsxw vhtxhqfhv, duh dyrlghg1 Lw kdv suhylrxvo| ehhq
dujxhg ^5/ 6` wkdw lw lv sulpdulo| orz zhljkw lqsxw zrugv +l1h1 z @ 5> 6> 7> ===,
wkdw uhvxow lq orz zhljkw ryhudoo frghzrugv1 Wkh zd| lq zklfk wkh sdudooho frq0
fdwhqdwhg frglqj vfkhph uhvsrqgv wr vxfk lqsxw zrugv lv wkxv fulwlfdo iru wkh
frgh shuirupdqfh1 Wklv sdshu suhvhqwv dq lqwhuohdyhu ghvljq dojrulwkp zklfk
xvhv wkh zhljkw glvwulexwlrq uhvxowlqj iurp wkhvh orz zhljkw lqsxw zrugv dv
ghvljq fulwhulrq1

5 Uroh ri Lqwhuohdyhu

Lq jhqhudo/ wkh huuru fruuhfwlqj fdsdelolw| ri d olqhdu frgh lv uhodwhg wr wkh
zhljkwv ri lwv vhw ri frghzrugv1 Wkh uroh ri wkh lqwhuohdyhu lq d wxuer frglqj
vfkhph lv wr pds wkh vhw ri sdulw| zrugv iurp wkh vhfrqg frqvwlwxhqw hqfrghu
+vhw F5, wr wkh frpelqhg vhw ri zrugv frqvlvwlqj ri wkh lqsxw zrugv wrjhwkhu
zlwk wkhlu fruuhvsrqglqj sdulw| zrugv iurp wkh �uvw frqvwlwxhqw hqfrghu +vhw
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<; PHWKRGLFDO LQWHUOHDYHU GHVLJQ IRU WXUER FRGHV

Iljxuh 4= Edvlf sulqflsoh ri vwxglhg Wxuer frglqj vfkhph

F4,1 Li qr suhfdxwlrqv duh wdnhq/ dq hohphqw iurp vhw F4 zlwk orz Kdpplqj
zhljkw +z . }4, pljkw eh frpelqhg zlwk dq hohphqw iurp vhw F5 zklfk dovr
kdv orz zhljkw +}5,1 Wkh uhvxowlqj frghzrug zloo wkhuhiruh kdyh d orz ryhudoo
zhljkw dqg d ghwhulrudwlqj lq xhqfh rq frgh shuirupdqfh1 Wkhvh xqidyrudeoh
pdsslqjv pd| iru h{dpsoh rffxu zkhq d svhxgr0udqgrp lqwhuohdyhu lv xvhg/
zklfk pdsv zrugv iurp F4 dqg F5 lq d vhhplqjo| udqgrp idvklrq +zlwk fhuwdlq
olplwdwlrqv,1 Wkh eorfn lqwhuohdyhu/ lq zklfk elwv duh zulwwhq lq urzv dqg uhdg
e| froxpqv/ dovr h{klelw vxfk xqidyrudeoh pdsslqjv1

Wkh frqvwlwxhqw hqfrghuv lq Iljxuh 4 duh uhfxuvlyh frqyroxwlrqdo hqfrghuv/
h{dpsohv ri zklfk duh vkrzq lq Iljxuh 51 Iru hyhu| ihhgedfn jhqhudwru sro|0
qrpldo j4/ wkhuh h{lvwv lqsxw zrugv wkdw surgxfh frqvwlwxhqw sdulw| zrugv
ri orz zhljkw1 Iru j4@48+rfw, dv lq Iljxuh 5/ h{dpsohv ri vxfk zrugv duh
33===3433333343===33/ 33===34333443===33 dqg 33===344343===331 Wkhvh lqsxw zrugv
doo kdyh rqh surshuw| lq frpprq> wkh| uhwxuq wkh uhfxuvlyh hqfrghuv wr wkhlu
ruljlqdo vwdwh +l1h1 wkh }hur vwdwh,1 Zrugv zlwk wklv surshuw| duh vdlg wr eh vhoi
whuplqdwlqj1 Wklv surshuw| lv hvvhqwldo vlqfh dq lqsxw vhtxhqfh zklfk lv qrw vhoi
whuplqdwlqj zloo surgxfh d sdulw| vhtxhqfh ri lq�qlwh zhljkw +li qr wuxqfdwlrq lv
shuiruphg,/ dqg zloo wkhuhiruh qrw surgxfh dq ryhudoo frghzrug ri orz zhljkw1
Lq sudfwlfh/ wkh lqsxw vhtxhqfhv duh wuxqfdwhg wr wkh vl}h ri wkh lqwhuohdyhu/
zklfk uhvxowv lq lqwhuohdyhu hgjh h�hfwv1 Wkh frqvhtxhqfh ri wkh wuxqfdwlrq lv
wkdw dovr qrq vhoi whuplqdwlqj lqsxw zrugv pljkw surgxfh sdulw| vhtxhqfhv ri
orz zhljkw/ dqg wkhuhe| ghjudgh frgh shuirupdqfh1

Lqwhuohdyhu vwuxfwxuhv wkdw vwulyhv wr dyrlg pdsslqjv ri vhoi whuplqdwlqj
lqsxw zrugv wr rwkhu vhoi whuplqdwlqj zrugv kdv ehhq sursrvhg/ iru h{dpsoh wkh
qrq0xqlirup lqwhuohdyhu ^7` dqg wkh eorfn kholfdo vlploh lqwhuohdyhu ^8`1 Wkhvh
lqwhuohdyhuv duh edvhg rq wkh ruglqdu| eorfn lqwhuohdyhu/ exw wkh rxwsxw elwv
duh uhdg lq vrph prgl�hg idvklrq lqvwhdg ri mxvw froxpq e| froxpq1 Wkh
edvlf sulqflsoh ri wkh eorfn kholfdo vlploh lqwhuohdyhu lv wr uhdg elwv gldjrqdoo|
lqvwhdg ri froxpq e| froxpq/ zlwk fhuwdlq olplwdwlrqv rq wkh qxpehu ri urzv
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Iljxuh 5= D Wxuer hqfrghu zlwk ihhgedfn sro|qrpldov 48+rfw, dqg 4:+rfw, uh0
vshfwlyho|1 Qr sxqfwxulqj lv shuiruphg1

dqg froxpqv lq wkh pdwul{1 Wkh uhvxowlqj lqwhuohdyhu lv d vr fdoohg vlploh
lqwhuohdyhu/ zklfk whuplqdwhv erwk frqvwlwxhqw hqfrghuv lq wkh vdph vwdwh1 Wkh
qrq0xqlirup lqwhuohdyhu dovr uhdg rxwsxw elwv gldjrqdoo|/ exw zlwk fhuwdlq urz0
dqg froxpq mxpsv ehwzhhq hdfk uhdglqj1

Wkhvh pruh vrsklvwlfdwhg lqwhuohdyhuv vxffhhg lq dyrlglqj vhyhudo xqidyru0
deoh pdsslqjv1 Wkh| gr krzhyhu h{klelw uhvlgxdo orz zhljkw frghzrugv/ dqg
wkhuh lv uhdvrq wr eholhyh wkdw wkhuh h{lvwv lqwhuohdyhuv zklfk uhvxowv lq vwloo
ehwwhu zhljkw glvwulexwlrqv1

514 Eorfn frgh irup ri wxuer frghv

Wkh lqwhuohdyhu ghvljq dojrulwkp lv ehvw h{sodlqhg zkhq frqvlghulqj wkh wxuer
frglqj vfkhph lq lwv htxlydohqw eorfn irup1 Wklv wh{w zloo iroorz wkh qrwdwlrqv
xvhg lq ^9`/ zklfk duh uhflwhg khuh lq eulhi1

Wkh jhqhudwru pdwul{ ri d sdudooho frqfdwhqdwhg frgh lv rewdlqhg e| phujlqj
wkh jhqhudwru pdwulfhv ri hdfk ri wkh frqfdwhqdwhg eudqfkhv1 Wkh jhqhudwru
pdwulfhv ri wkh frqvwlwxhqw hqfrghuv dqg wkh lqwhuohdyhu pdwul{ duh ghqrwhg S
dqg P uhvshfwlyho|/ erwk ri vl}h Q �Q / zkhuh Q lv wkh vl}h ri wkh lqwhuohdyhu1
P fdq eh dq| shupxwdwlrq pdwul{/ l1h1 dq| pdwul{ kdylqj h{dfwo| rqh 4 lq
hdfk urz dqg froxpq/ doo rwkhu hohphqwv ehlqj 31 Iru wkh v|vwhpdwlf eudqfk/
wkh jhqhudwru pdwul{ lv vlpso| wkh lghqwlw| pdwul{ L/ dovr ri vl}h Q �Q 1 Vhh
Iljxuh 5 iru uhihuhqfh1 Wkh jhqhudwru pdwul{ ri wkh sdudooho frqfdwhqdwhg frgh/
JW / lv wkhq jlyhq e|

JW @ ^LmS mPS ` /

zkhuh lw lv dvvxphg wkdw wkh frqvwlwxhqw hqfrghuv duh lghqwlfdo1
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Iljxuh 6= Jhqhudwru pdwul{ S dqg lqwhuohdyhu pdwul{ P iru jlyhq h{dpsoh ri
Wxuer hqfrghu1

H{dpsoh 4 D wxuer hqfrghu zlwk eorfnohqjwk 45 zlwk ihhgedfn dqg sdulw| sro|0
qrpldov 48+rfw, dqg 4:+rfw, uhvshfwlyho|/ dv ghslfwhg lq Iljxuh 5/ kdyh frqvwlwxhqw
jhqhudwru dqg lqwhuohdyhu pdwulfhv dv vkrzq lq Iljxuh 61 D 4 lq urz l dqg fro0
xpq m lq wkh lqwhuohdyhu pdwul{ uhvxowv lq wkdw elw qxpehu l lq wkh lqsxw zrug
zloo eh elw qxpehu m lq wkh lqwhuohdyhg zrug1

6 Ghvljq Dojrulwkp

Wkh edvlf lghd ri wkh dojrulwkp lv wr pdnh vxuh wkdw dw ohdvw rqh ri wkh sdulw|
zrugv kdyh �qrq0orz� zhljkw zkhqhyhu wkh zhljkw ri wkh lqirupdwlrq zrug lv
orz1 Wklv hqvxuhv wkdw wkh wrwdo zhljkw ri wkh frghzrug lv nhsw �qrq0orz�/
zklfk kdv wkh ghvluhg lpsdfw rq wkh zhljkw glvwulexwlrq ri wkh ryhudoo wxuer
frgh1 Wkh ghvljq surfhvv frqvlvwv ri urz e| urz fkrrvlqj wkh srvlwlrqv ri wkh
4*v lq wkh lqwhuohdyhu pdwul{P / zkrvh hohphqwv duh doo }hur iurp wkh ehjlqqlqj1
Rqfh d 4 kdv ehhq sodfhg dw d jlyhq srvlwlrq lq d urz/ lw lv srvvleoh wr orfdwh
fhuwdlq �edg� srvlwlrqv iru wkh uhpdlqlqj urzv/ srvlwlrqv wkdw zrxog uhvxow lq d
orz zhljkw frghzrug li fkrvhq1 Nhhslqj wudfn ri doo ri wkh uhvxowlqj frghzrug
Kdpplqj zhljkwv ri wkhvh edg srvlwlrqv lq d frvw pdwul{ +ghqrwhg M, pdnhv
lw ihdvleoh wr dyrlg xqghvluhg pdsslqjv ehwzhhq wkh vhwv F4 dqg F51 Gxh wr
wkh idvw lqfuhdvh lq frpsoh{lw| hqfrxqwhuhg zkhq wdnlqj lqsxw zrugv ri odujhu
dqg odujhu zhljkw lqwr dffrxqw/ dqg wr wkh idfw wkdw lw lv sulpdulo| orz zhljkw
lqsxw zrugv wkdw surgxfh frghzrugv zlwk orz zhljkw/ wkh dojrulwkp kdv ehhq
olplwhg wr wdnh lqsxw zrugv zlwk zhljkw vpdoohu ru htxdo wr 7 lqwr dffrxqw1

Vlqfh wkh odwwhu urzv lq wkh lqwhuohdyhu pdwul{ kdyh ihzhu dqg ihzhu froxpqv
wr fkrrvh dprqj/ lwv lv sodxvleoh wkdw d srvlwlrq uhvxowlqj lq d orz zhljkw
frghzrug lv irufhg wr eh fkrvhq wrzdugv wkh hqg ri wkh ghvljq surfhvv1 Krzhyhu/
dv wkh frvw pdwul{ frqwdlqv wkh orzhvw zhljkw frghzrug wkdw zrxog h{lvw lq
wkh wxuer frgh iru hyhu| fkrlfh ri srvlwlrq lq wkh lqwhuohdyhu pdwul{ +jlyhq
wkh srvlwlrqv douhdg| fkrvhq,/ lw lv srvvleoh wr orfdwh dssursuldwh vzdsslqj
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srvlwlrqv1 Diwhu shuiruplqj vxfk d vzds wkh hqwluh frvw pdwul{ lv xsgdwhg
zklfk doorzv iru lghqwl�fdwlrq ri qhz vzdsslqj dowhuqdwlyhv/ d surfhvv wkdw lv
frqwlqxhg xqwlo qr ixuwkhu vzdsv fdq eh irxqg1 Wkh dojrulwkp lv fodul�hg e|
dq h{dpsoh1

614 Dojrulwkp h{dpsoh

Dvvxph zh duh wr ghvljq dq lqwhuohdyhu ri vl}h 49 elwv/ wr eh xvhg lq wkh wxuer
hqfrghu ghslfwhg lq Iljxuh 51 Wkh dojrulwkp lv lqlwldol}hg zlwk dq doo0}hur
lqwhuohdyhu pdwul{ dqg dq hpsw| frvw pdwul{1

D froxpq lq zklfk wr sodfh wkh 4 lq wkh �uvw urz lq wkh lqwhuohdyhu pdwul{
lv fkrvhq udqgrpo|/ diwhu zklfk dq xsgdwh ri wkh frvw pdwul{ lv shuiruphg1
Iljxuh 7d vkrzv wkh frvw pdwul{ diwhu wklv vwhs/ zkhuh wkh �uvw 4 zdv sodfhg lq
wkh 47wk froxpq/ lqglfdwhg e| d flufoh lq wkh frvw pdwul{1 Wkh frvw pdwul{ whoov
xv wkdw li d ixwxuh 4 lv sodfhg lq srvlwlrq +;/ :,/ d frghzrug zlwk Kdpplqj
zhljkw 47 zloo h{lvw lq wkh ryhudoo wxuer frgh1 Wklv orz zhljkw frghzrug zrxog
dulvh ehfdxvh wkh fruuhvsrqglqj lqwhuohdyhu zrxog shupxwh wkh lqsxw zrug g @
4333333433333333 wr wkh lqwhuohdyhg zrug gL @ 3333334333333433/ zklfk duh
erwk vhoi whuplqdwlqj vhtxhqfhv iru wkh frqvwlwxhqw hqfrghuv lq Iljxuh 5/ dqg
wkxv surgxfh orz zhljkw sdulw| zrugv1 Zkhq lqwhuohdyhu hgjh h�hfwv duh wdnhq
lqwr dffrxqw/ wkh frvw pdwul{ vkrzq lq Iljxuh 7f dulvhv1 Lq wklv vpdoo vl}h
lqwhuohdyhu wkh hgjh h�hfw lpsdfwv d pdmru sruwlrq ri wkh frvw pdwul{/ zklfk
lv qrw wkh fdvh iru odujh lqwhuohdyhuv1 Lqwhuohdyhu hgjh h�hfwv duh qrw wdnhq
lqwr dffrxqw lq wkh uhvw ri wklv h{dpsoh/ vlqfh wkh| frqfhdo wkh uroh ri wkh vhoi
whuplqdwlqj vhtxhqfhv1

Wkh qh{w vwhs lv wr sodfh d 4 lq wkh vhfrqg urz ri wkh lqwhuohdyhu pdwul{1
Wkh holjleoh froxpqv duh wkh vwloo xqrffxslhg rqhv zlwk wkh kljkhvw fdofxodwhg
Kdpplqj zhljkwv lq wkh frvw pdwul{1 Vlqfh wkh vhfrqg urz ri wkh frvw pdwul{
lv vwloo hpsw|/ zh fkrrvh dprqj doo wkh froxpqv qrw |hw rffxslhg1 Iljxuh 7e
vkrzv wkh xsgdwhg frvw pdwul{ diwhu fkrrvlqj wkh wklug froxpq lq wkh vhfrqg
urz lq wkh lqwhuohdyhu pdwul{1

Iljxuh 8 vkrzv wkh frvw pdwul{ diwhu doo wkh srvlwlrqv lq wkh lqwhuohdyhu kdv
ehhq fkrvhq1 Wkh yhu| odvw srvlwlrq wr eh fkrvhq zkhuh irufhg wr eh lq froxpq
9/ zklfk uhvxowhg lq d frghzrug zlwk Kdpplqj zhljkw 441 Wklv frghzrug lv d
uhvxow ri wkh srvlwlrqv lq wkh lqwhuohdyhu pdwul{ lqglfdwhg e| wkh wklfnhu flufohv/
dw urzv 46/ 47 dqg 491 Wkhvh srvlwlrqv fruuhvsrqg wr wkh shupxwdwlrq ri wkh
lqsxw zrug g @ 33333333333334434 wr gL @ 4333443333333333/ zklfk erwk duh
vhoi whuplqdwlqj dqg wkxv uhvxow lq dq ryhudoo frghzrug ri orz zhljkw1 Krzhyhu/
wklv orz zhljkw frghzrug fdq eh dyrlghg e| shuiruplqj wkh vzds lqglfdwhg e|
wkh vkdghg flufohv1 E| prylqj dq| ri wkh wklfnhu flufohv wkh deryh shupxwdwlrq
lv holplqdwhg/ lq wkh vxjjhvwhg fdvh uhsodfhg e| gL @ 4333433433333333 zklfk
lv qr orqjhu d vhoi whuplqdwlqj zrug1

Diwhu shuiruplqj d vxlwdeoh vzds dq xsgdwh ri wkh frvw pdwul{ lv shuiruphg/
vr wkdw ixuwkhu vzds fdqglgdwhv fdq eh lghqwl�hg1 Wkh xsgdwhg frvw pdwul{
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Iljxuh 7= +d, dqg +e,= Frvw pdwulfhv diwhu fkrrvlqj srvlwlrqv iru wkh �uvw dqg
vhfrqg urz lq wkh lqwhuohdyhu pdwul{1 Fkrvhq srvlwlrqv duh lqglfdwhg e| flufohv1
+f,= Vdph dv +d,/ h{fhsw wkdw lqwhuohdyhu hgjh h�hfwv duh wdnhq lqwr dffrxqw1

lv vkrzq lq Iljxuh 9/ zkhuh lw fdq eh vhhq wkdw wkh zhljkw ri wkh plqlpxp
zhljkw frghzrug kdv lqfuhdvhg iurp 44 wr 481 Djdlq/ ixuwkhu lpsuryhphqwv
wkurxjk vzdsv ri srvlwlrqv duh lqyhvwljdwhg/ iru h{dpsoh dv djdlq lqglfdwhg e|
juh| flufohv1 Krzhyhu/ xsgdwlqj wkh frvw pdwul{ diwhu shuiruplqj wkhvh vzdsv
uhyhdov d plqlpxp glvwdqfh ri 47/ l1h1 d ghwhulrudwlrq ri wkh zhljkw glvwulexwlrq1
Wklv lv d uhvxow ri wkh idfw wkdw wkh fdofxodwlrq ri wkh frvw pdwul{ lv fduulhg rxw
iru vshfl�f srvlwlrqv ri wkh 4*v lq wkh lqwhuohdyhu pdwul{> li dq| ri wkhvh 4*v duh
pryhg/ wkh frvw pdwul{ lv qr orqjhu frpsohwho| ydolg1 Wklv lv zk| wkh h{lvwhqfh
ri wkh frghzrugv zlwk Kdpplqj zhljkw 47 zhuh qrw glvfryhuhg xqwlo diwhu wkh
xsgdwh ri wkh frvw pdwul{1 Lq wklv sduwlfxodu h{dpsoh qr ixuwkhu vxlwdeoh vzdsv
zhuh irxqg/ dqg wkh ghvljq surfhvv lv whuplqdwhg1 Wkh plqlpxp zhljkw ri wkh
uhvxowlqj wxuer frgh lv 48 +iru lqsxw zrugv udqjlqj iurp 5 wr 7,1 Krzhyhu/ lq
wklv h{dpsoh wkh lqwhuohdyhu hgjh h�hfwv zhuh qrw wdnhq lqwr dffrxqw/ zklfk
pd| yhu| zhoo uhvxow lq orzhu zhljkw frghzrugv lq wklv sduwlfxodu fdvh1 Hgjh
h�hfwv duh wdnhq lqwr dffrxqw lq wkh ixoo lpsohphqwdwlrq ri wkh dojrulwkp1



PHWKRGLFDO LQWHUOHDYHU GHVLJQ IRU WXUER FRGHV 436

Iljxuh 8= Frvw pdwul{ zkhq hyhu| srvlwlrq lq wkh lqwhuohdyhu pdwul{ kdv ehhq
fkrvhq1 Wklfnhu flufohv pdunv srvlwlrqv wkdw wrjhwkhu uhvxowv lq d orz zhljkw
frghzrug/ zklfk fdq eh holplqdwhg e| shuiruplqj wkh vzds lqglfdwhg e| wkh
juh| flufohv1

7 Uhvxowv

Wkh ghvfulehg dojrulwkp zdv hydoxdwhg e| ghvljqlqj d 438 elw lqwhuohdyhu/
wr eh xvhg zlwk wkh frpsrqhqw hqfrghuv ghslfwhg lq Iljxuh 5 +j4@48+rfw,/
j5@4:+rfw,,1 Wkh ghvljqhg lqwhuohdyhu zhuh frpsduhg wr rwkhu lqwhuohdyhuv e|
phdqv ri wkhlu zhljkw glvwulexwlrqv iru lqsxw zrugv ri zhljkw 9 dqg ohvv +uh0
vwulfwhg e| frpsoh{lw| frqvlghudwlrqv,/ zklfk duh uhsruwhg lq Wdeoh 4 dqg lo0
oxvwudwhg lq Iljxuh :1 Lw lv dssduhqw wkdw wkh zhljkw glvwulexwlrq dfklhyhg zlwk
wkh frqvwuxfwhg lqwhuohdyhu lv suhihudeoh wr wkh rwkhu zhljkw glvwulexwlrqv1 Wkh
eorfn kholfdo vlploh lqwhuohdyhu kdv krzhyhu wkh dgydqwdjh wkdw erwk frqvwlwxhqw
hqfrghuv duh whuplqdwhg lq wkh }hur vwdwh1 D ghvfulswlrq ri wkh ghvljqhg lqwhu0
ohdyhu lv jlyhq lq Wdeoh 51
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Iljxuh 9= Frvw pdwul{ diwhu shuiruplqj wkh vxjjhvwhg vzds/ zklfk lqfuhdvhg
wkh gplq iurp 44 wr 481 D qhz vzdsslqj fdqglgdwh lv djdlq lqglfdwhg e| juh|
flufohv1

Kdpplqj glvwdqfh= 43 44 45 46 47 48 49 4: 4;

41 Eorfn +8f54, 4 6 4 5 7 9 5 5 8

51 Svhxgr udqgrp +438 elwv, 0 4 3 3 6 5 7 < :

61 Qrq xqlirup +43f43, 0 0 0 0 4 3 4 ; 5

71 Eorfn Kholfdo Vlploh +8f54, 0 0 0 0 0 0 0 0 0

81 Qhz +438 elwv, 0 0 0 0 0 0 0 0 0

4< 53 54 55 56 57 58 59 5: 5; 5<

41 45 44 49 4<4 78 456 :7 59; 634 7:7 936

51 46 44 55 74 69 85 <7 4:3 537 65; 799

61 : 4 64 88 64 5< 9< 488 4;4 637 73<

71 57 3 3 :4 539 69 4;6 49< 465 <38 8:7

81 0 0 0 ; 53 69 ;: 455 4:: 574 5;9

Wdeoh 4= Zhljkw glvwulexwlrqv ri wkh vdpsoh lqwhuohdyhuv/ iru lqsxw zrugv zlwk
zhljkwv udqjlqj iurp 5 wr 91

^436 << 44 69 :8 97 98 67 88 9< : 4: <; ;7 ;; 4; 4< 7< 6: ; 76
94 ;< ;4 7: 9 :5 <9 66 5: 57 93 <3 99 55 85 4 65 <6 6 434 86

:< 8 59 46 79 :4 :9 75 ;: 9; 64 8; ;6 54 435 7; 84 :7 6; 53 <4
45 58 ;9 8: <: 56 7 78 :6 :; <7 5; 73 49 5< ;5 8< :3 5 <5 74

433 48 87 47 89 6< ;8 95 < 68 83 63 :: 43 ;3 77 96 <8 9: 438 437`

Wdeoh 5= Uhsuhvhqwdwlrq ri wkh ghvljqhg 438 elw lqwhuohdyhu1 Wkh qxpehu lq



PHWKRGLFDO LQWHUOHDYHU GHVLJQ IRU WXUER FRGHV 438

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

1
2

3
4

5

0

2

4

Hamming distance

lo
ga

rit
hm

 o
f m

ul
tip

lic
ity

Iljxuh := Zhljkw glvwulexwlrq +orjdulwkp ri pxowlsolflw|, ri 8 vdpsoh lqwhu0
ohdyhuv/ iru frghzrugv vwhpplqj iurp lqsxw zrugv zlwk zhljkw udqjlqj iurp 5
wr 91 Wkh lqwhuohdyhu qxpehuv +4�8, fruuhvsrqg wr wkh lqwhuohdyhuv uhsruwhg lq
Wdeoh 41

srvlwlrq l krogv wkh srvlwlrq wkdw lqsxw elw qu l zloo kdyh lq wkh lqwhuohdyhg
vhtxhqfh1 Iru h{dpsoh zloo lqsxw elw qxpehu 6 eh shupxwhg wr elw qxpehu 44
lq wkh lqwhuohdyhg vhtxhqfh1

8 Frqfoxvlrqv

D phwkrglfdo lqwhuohdyhu ghvljq dojrulwkp kdv ehhq suhvhqwhg/ dqg lwv dgydq0
wdjhv lq whupv ri uhvxowlqj zhljkw glvwulexwlrq iru d wxuer frgh kdv ehhq frq0
�uphg e| frqvwuxfwlqj d 438 elw lqwhuohdyhu1 Wkh vl}h zhuh fkrvhq wr pdwfk
wkh eorfn kholfdo lqwhuohdyhu/ zklfk zhuh wkh vhfrqg ehvw lqwhuohdyhu frqvlghuhg1
Wkh ghvfulehg dojrulwkp kdv qr olplwdwlrqv rq wkh lqwhuohdyhu vl}h/ zklfk lv
wkh fdvh iru wkh eorfn kholfdo lqwhuohdyhu1 Wkh glvdgydqwdjhv ri wkh dojrulwkp
lv lwv udslg lqfuhdvh lq frpsoh{lw| dv wkh lqwhuohdyhu vl}h jurzv1 Lw lv wkhuhiruh
eholhyhg wkdw wkh dojrulwkp lv sulpdulo| vljql�fdqw iru vkruwhu lqwhuohdyhu vl}hv/
vxlwdeoh iru h1j1 vshhfk frppxqlfdwlrq1

Uhihuhqfhv

^4` F1 Ehuurx dqg D1 Jodylhx{/ �Qhdu rswlpxp huuru fruuhfwlqj frglqj dqg
ghfrglqj= Wxuer0Frghv/� LHHH Wudqvdfwlrqv rq Frppxqlfdwlrqv/ yro1 77/
ss1 4594�45:4/ Rfwrehu 4<<91
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^5` V1 Grolqdu dqg G1 Glyvdodu/ �Zhljkw glvwulexwlrqv iru wxuer frghv xvlqj
udqgrp dqg qrqudqgrp shupxwdwlrqv1� WGD surjuhvv uhsruw 750455/ Mhw
sursxovlrq Ode1/ Sdvdghqd/ FD/ Dxjxvw 4<<81

^6` V1 Ehqhghwwr dqg J1 Prqwruvl/ �Xqyhlolqj wxuer frghv= Vrph uhvxowv rq
sdudooho frqfdwhqdwhg frglqj vfkhphv/� LHHH Wudqvdfwlrqv rq Lqirupdwlrq
Wkhru|/ yro1 75/ ss1 73<�75;/ Pdufk 4<<91

^7` F1 Ehuurx dqg D1 Jodylhx{/ �Wxuer0frghv= Jhqhudo sulqflsohv dqg dssolfd0
wlrqv/� lq 9wk Lqw1 Wluuhqld Zrunvkrs rq Gljlwdo Frppxqlfdwlrqv/ ss1 548�
559/ Slvd/ Lwdo|/ Vhswhpehu 4<<61

^8` D1 V1 Eduexohvfx dqg V1 V1 Slhwurerq/ �Whuplqdwlqj wkh wuhoolv ri wxuer0
frghv lq wkh vdph vwdwh/� Hohfwurqlfv Ohwwhuv/ yro1 64/ ss1 55�56/ Mdqxdu|
4<<81

^9` Z1 M1 Eodfnhuw/ H1 N1 Kdoo/ dqg V1 J1 Zlovrq/ �Dq xsshu erxqg rq wxuer
frgh iuhh glvwdqfh/� lq LHHH Lqwhuqdwlrqdo Frqihuhqfh rq Frppxqlfdwlrqv/
ss1 <8:�<94/ Gdoodv/ W[/ XVD/ 4<<91
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Rq wkh Frqyhujhqfh Udwh ri Lwhudwlyh Ghfrglqj

Mrkdq Krnihow dqg Wruohly Pdvhqj

Devwudfw

Wkh frqyhujhqfh udwh ri lwhudwlyh ghfrglqj ri wxuer frghv iru ydulrxv lqwhuohdyhu
vwudwhjlhv lv vwxglhg1 Lw lv irxqg wkdw wkh frqyhujhqfh udwh lv uhodwhg wr wkh fruuh0
odwlrq ehwzhhq wkh h{wulqvlf lqsxwv dqg rxwsxwv ri wkh frpsrqhqw ghfrghuv lq wkh
lwhudwlyh ghfrglqj vfkhph1 Wkhvh fruuhodwlrq surshuwlhv duh lq wxuq ghshqghqw
rq wkh vshfl�f lqwhuohdyhu xvhg/ zklfk h{sodlqv zk| wkh lqwhuohdyhu lq xhqfh
wkh frqyhujhqfh udwh1 Lw lv irxqg wkdw lw lv srvvleoh wr ghvljq lqwhuohdyhuv zklfk
dfklhyh d idvwhu frqyhujhqfh ri wkh lwhudwlyh ghfrglqj wkdq dfklhyhg xvlqj d
ydulhw| ri rwkhu frpprqo| xvhg lqwhuohdyhu vwudwhjlhv1

4 Lqwurgxfwlrq

Vlqfh wkh lqwurgxfwlrq ri wxuer frghv/ txlwh dq h�ruw kdv ehhq pdgh wr �qg
jrrg lqwhuohdyhu ghvljq vwudwhjlhv1 Prvw ri wkhvh h�ruwv kdyh ehhq gluhfwhg
wrzdugv �qglqj lqwhuohdyhuv zklfk uhvxowv lq frghv zlwk ehwwhu zhljkw glvwulex0
wlrq/ h1j1 ^4/ 5/ 6/ 7`1 Wkhuh duh dovr ghvljq vwudwhjlhv wkdw lqfoxgh whuplqdwlrq
rq wkh wuhoolv ri wkh vhfrqg hqfrghu/ h1j1 ^8`1 Ihz ri wkh sursrvhg vwudwhjlhv
hpsor|v wkh idfw wkdw wxuer frghv duh ghfrghg lwhudwlyho|/ dqg wkdw wkh zhljkw
glvwulexwlrq ri d frgh lv d vx!flhqw ghvljq fulwhulrq rqo| iru frghv zklfk duh
ghfrghg zlwk d pd{lpxp olnholkrrg ghfrglqj dojrulwkp1 Lq rughu wr dfklhyh
wkh ehvw shuirupdqfh iru wxuer frghv lw lv qhfhvvdu| wr rswlpl}h zlwk uhvshfw
wr wkh ehkdylru ri wkh lwhudwlyh ghfrglqj dv zhoo1

Lq wklv sdshu wkh lqwhuohdyhu lq xhqfh rq wkh frqyhujhqfh udwh ri wkh lwhu0
dwlyh ghfrglqj lv lqyhvwljdwhg1 Wklv lqyhvwljdwlrq lv edvhg xsrq lqsxw0rxwsxw
fruuhodwlrq surshuwlhv ri wkh frqvwlwxhqw ghfrghuv1 Lw wxuqv rxw wkdw wkhvh fru0
uhodwlrq surshuwlhv d�hfw wkh shuirupdqfh ri lwhudwlyh ghfrglqj/ erwk lq whupv
ri frqyhujhqfh udwh dqg ghjuhh ri qrq0pd{lpxp olnholkrrg ghflvlrqv1 Lw lv ixu0
wkhupruh h{hpsol�hg wkdw lw lv srvvleoh wr ghvljq lqwhuohdyhuv zklfk lpsuryh
wkh frqyhujhqfh udwh dqg wkh huuru fruuhfwlqj fdsdelolwlhv ri wxuer frghv/ e|
wdnlqj wkh fruuhodwlrq surshuwlhv lqwr dffrxqw lq wkh lqwhuohdyhu ghvljq1
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Iljxuh 4= Lqsxwv dqg rxwsxwv ri frpsrqhqw ghfrghu shuiruplqj ghfrglqj vwhs
n1

5 Ghfrghu Fruuhodwlrq Surshuwlhv

514 Wkh Iluvw Ghfrglqj Vwhs

Wklv vhfwlrq wuhdwv wkh fruuhodwlrq surshuwlhv ehwzhhq wkh lqsxwv dqg rxwsxwv ri
d vlqjoh ghfrghu surgxflqj d srvwhulrul suredelolwlhv1 Wkh frpsrqhqw ghfrghuv
frqvlghuhg kdyh wkuhh lqsxwv dqg wkuhh rxwsxwv dv ghslfwhg lq Iljxuh 41 Wkh
wkuhh lqsxwv duh wkh h{wulqvlf rxwsxwv iurp ghfrglqj vwhs n � 4/ Oh+n�4,/ wkh
v|vwhpdwlf lqsxwv/ {/ dqg wkh sdulw| lqsxwv/ |1 Wkh uhfhlyhg vhtxhqfhv { dqg |
kdyh ehhq wudqvplwwhg rq dq dgglwlyh zklwh Jdxvvldq qrlvh fkdqqho1 Wkh wkuhh
rxwsxwv duh wkh h{wulqvlf rxwsxwv/ Oh+n,/ d zhljkwhg yhuvlrq ri wkh v|vwhpdwlf
lqsxwv dqg d zhljkwhg yhuvlrq ri wkh h{wulqvlf lqsxwv ^9`1 Wkh ghfrghu ghflvlrq
yduldeohv duh wkh vxp ri wkh wkuhh rxwsxwv1

Lq wkh lwhudwlyh ghfrglqj vfkhph/ wkh vhtxhqfh ri h{wulqvlf rxwsxwv duh
sdvvhg rq wr wkh qh{w frpsrqhqw ghfrghu diwhu d shupxwdwlrq gh�qhg e| wkh lq0
whuohdyhu1 Wkh lqwhuohdyhu lv gh�qhg e| Q hohphqwv/ g+p,>p @ 3> 4> = = = > Q � 4/
zklfk srlqw wr wkh srvlwlrq lq wkh ruljlqdo vhtxhqfh zklfk lv wr eh shupxwhg
wr srvlwlrq p lq wkh lqwhuohdyhg vhtxhqfh1 Wkh ghlqwhuohdyhu lv fruuhvsrqglqjo|
gh�qhg e| wkh hohphqwv g�4+p,>p @ 3> 4> = = = > Q � 41 Wkh vl}h ri wkh lqwhu0
ohdyhu lv Q / zklfk lv dovr wkh ohqjwk ri doo wkh lqsxw dqg rxwsxw vhtxhqfhv wr
wkh frpsrqhqw ghfrghuv1

Vlqfh lw lv rqo| wkh h{wulqvlf sduw ri wkh ghfrghu rxwsxwv wkdw lv sdvvhg
rq wr wkh qh{w ghfrghu lq wkh lwhudwlyh ghfrglqj vfkhph/ wklv suhvhqwdwlrq lv
irfxvhg rq wkh fruuhodwlrq ehwzhhq wkhvh h{wulqvlf rxwsxwv dqg wkh ghfrghu lq0
sxw vhtxhqfhv1 Ohw �

Oh
+n,
l

>{m
ghqrwh wkh fruuhodwlrq frh!flhqw ehwzhhq h{wulqvlf

rxwsxw l diwhu ghfrglqj vwhs n dqg v|vwhpdwlf lqsxw m/ l1h1

�
Oh

+n,
l

>{m
@

Fry^Oh+n,l > {m `t
Ydu^Oh+n,l `Ydu^{m `

= +4,

Wkh deryh hqwlw| fdq eh hvwlpdwhg hpslulfdoo| e| uhshdwhgo| wudqvplwwlqj wkh
vdph frghzrug1 H{dpsoh ri vxfk hvwlpdwlrqv diwhu wkh �uvw ghfrglqj vwhs iru d
uhfxuvlyh frqyroxwlrqdo hqfrghu zlwk jhqhudwru sro|qrpldov +jihhgedfn> jsdulw|, @
+48rfw> 4:rfw, duh vkrzq lq Iljxuh 51 Wkh ghfd| ri �

Oh
+4,
l

>{m
dv mm � lm jurzv lv

urxjko| h{srqhqwldo/ dv lqglfdwhg lq Iljxuh 51 Wkh udwh ri ghfd| lv zhdno| gh0
shqghqw rq wkh qxpehu ri phpru| hohphqwv lq wkh hqfrghu= dgglwlrqdo phpru|
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Iljxuh 5= Hpslulfdoo| irxqg fruuhodwlrq frh!flhqwv �
Oh

+4,
l

>{m
ehwzhhq h{wulqvlf

rxwsxw l dqg v|vwhpdwlf lqsxwv m @ l� 63> = = = > l. 631

hohphqwv uhvxow lq voljkwo| orzhu udwh ri ghfd|1
Qrwh wkdw �

Oh
+n,
l

>{l
@ 31 Wklv lv d uhvxow ri wkh lpsohphqwdwlrq ri wkh

frpsrqhqw ghfrghuv/ zklfk kdyh d zhljkwhg yhuvlrq ri wkh v|vwhpdwlf lqsxw dv
rxwsxw1 Vrph ghfrghu lpsohphqwdwlrqv lqfoxgh wkh zhljkwhg v|vwhpdwlf rxwsxw
lq wkh h{wulqvlf rxwsxw/ dqg iru wkrvh lpsohphqwdwlrqv wkhuh zrxog eh d vwurqj
fruuhodwlrq ehwzhhq h{wulqvlf rxwsxw l dqg v|vwhpdwlf lqsxw l/ l1h1 �

Oh
+n,
l

>{l
9@ 31

515 Wkh Vhfrqg Ghfrglqj Vwhs

Wkh gl�huhqfh ehwzhhq wkh �uvw dqg vhfrqg ghfrglqj vwhs lv wkh suhvhqfh ri wkh
h{wulqvlf lqsxwv1 Zlwkrxw wkhvh/ hdfk h{wulqvlf rxwsxw iurp wkh vhfrqg ghfrghu
zrxog eh fruuhodwhg wr wkh v|vwhpdwlf lqsxw vhtxhqfh lq wkh vdph zd| dv diwhu
wkh �uvw ghfrghu/ h{shfw iru wkh shupxwdwlrq ri wkh lqsxw vhtxhqfh shuiruphg
e| wkh lqwhuohdyhu1

Wkh lqsxwv wr wkh vhfrqg ghfrghu lq wkh ylflqlw| ri wlph l duh wkh vhtxhqfh
ri wulsohwv = = = / iOh+4,

g+l�4,> {g+l�4,> |5>l�4j/ iOh+4,g+l,> {g+l,> |5>lj/ iOh+4,g+l.4,> {g+l.4,>

|5>l.4j hwf1 Dv lq wkh fdvh ri wkh �uvw ghfrghu/ h{wulqvlf rxwsxw l lv fruuhodwhg
wr wkh shupxwhg v|vwhpdwlf lqsxwv {g+l	4,/ {g+l	5,/ {g+l	6,/ hwf1 lq dq h{srqhq0

wldoo| ghfd|lqj idvklrq1 Lq dgglwlrq/ Oh+5,l zloo dovr eh fruuhodwhg wr wkh h{wulqvlf
lqsxwv Oh+4,

g+l	4,/ Oh
+4,
g+l	5,/ Oh

+4,
g+l	6,/ hwf1 lq d vlplodu idvklrq1 Wkhvh h{wulqvlf

lqsxwv duh lq wxuq fruuhodwhg wr wkh v|vwhpdwlf vhtxhqfh dffruglqj wr Iljxuh 51
Wkh| zloo wkxv surylgh h{wulqvlf rxwsxw Oh+5,l zlwk fruuhodwlrq wr sduwv ri wkh
v|vwhpdwlf vhtxhqfh wr zklfk wkh vhfrqg frpsrqhqw frgh lwvhoi lv qrw fdsdeoh ri
surylglqj1 H{dpsohv ri wkh fruuhodwlrq frh!flhqwv �

Oh
+5,
583>{m

/ m @ 3> 4> = = = > 7<</

iru d udwh4@6 wxuer frgh frpsrvhg e| d eorfn lqwhuohdyhu dqg wkh vdph jhq0
hudwru sro|qrpldov dv ehiruh lv vkrzq lq Iljxuh 6e1 Wkh eodfn olqh vkrzv wkh
fruuhodwlrq ehwzhhq h{wulqvlf rxwsxw 583 dqg wkh ruljlqdo v|vwhpdwlf vhtxhqfh/
zkloh wkh juh| olqh vkrzv wkh fruuhodwlrq wr wkh shupxwhg v|vwhpdwlf vhtxhqfh1
Wkh odwwhu looxvwudwhv wkh kljk fruuhodwlrq wr wkh shupxwhg v|vwhpdwlf lqsxwv lq
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Iljxuh 6= Hpslulfdoo| irxqg fruuhodwlrq frh!flhqwv ehwzhhq h{wulqvlf rxwsxw
583 dqg wkh v|vwhpdwlf vhtxhqfh diwhu 4/ 5/ 6 dqg 7 ghfrglqj vwhsv1 Wkh juh|
olqhv duh r�vhw e| 3=4 lq wkh sorwv lq rughu wr qrw ylvxdoo| lqwhuihuh zlwk wkh
eodfn olqhv1

wkh ylflqlw| ri elw 583/ l1h1 {g+l	4,/ {g+l	5,/ {g+l	6,/ hwf1 Vlploduo|/ wkh gdun olqh
looxvwudwhv krz wkh h{wulqvlf lqsxwv wr wkh vhfrqg ghfrghu surylgh lqirupdwlrq
derxw sduwv ri wkh v|vwhpdwlf vhtxhqfh zklfk wkh vhfrqg frpsrqhqw frgh lwvhoi
lv qrw fdsdeoh ri surylglqj1 Wklv lv vhhq dv d voljkw lqfuhdvh lq wkh fruuhodwlrq
frh!flhqwv lq wkh ylflqlw| ri hdfk vslnh1 Wkh juh| olqh lv r�vhw e| 3=4 lq rughu
wr qrw ylvxdoo| lqwhuihuh zlwk wkh eodfn olqh1

516 Ixuwkhu Ghfrglqj Vwhsv

Wkh uhdvrqlqj deryh dssolhv dovr wr wkh ghfrglqj vwhsv wr iroorz1 Wkh gl�huhqfh
frpsduhg wr wkh vhfrqg ghfrglqj vwhs lv djdlq lq wkh h{wulqvlf lqsxwv1 Wkh
h{wulqvlf lqsxwv wr wkh vhfrqg ghfrghu zhuh irxqg wr eh urxjko| h{srqhqwldoo|
fruuhodwhg wr wkh v|vwhpdwlf vhtxhqfh1 Wkh suhylrxv vxevhfwlrq vkrzhg wkdw
wkh h{wulqvlf rxwsxwv iurp wkh vhfrqg ghfrghu/ zklfk vhuyhv dv lqsxwv wr wkh
wklug/ duh fruuhodwhg wr d odujhu sduw ri wkh v|vwhpdwlf vhtxhqfh1 Wklv zloo doorz
hdfk qhz h{wulqvlf rxwsxw iurp wkh wklug ghfrghu wr eh fruuhodwhg wr dq hyhq
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odujhu sduw ri wkh v|vwhpdwlf vhtxhqfh1 Wklv lv yhul�hg lq Iljxuh 6f/ vkrzlqj wkh
fruuhodwlrq frh!flhqwv diwhu wkh wklug ghfrglqj vwhs1 Wkh shdn lq wkh ylflqlw|
ri elw 583 lv voljkwo| orzhu wkdq lw zdv diwhu wkh vhfrqg ghfrghu/ zkloh wkh
fruuhodwlrq wr sduwv ixuwkhu dzd| iurp elw 583 kdv lqfuhdvhg1 Wklv whqghqf|
zloo surfhhg dv ixuwkhu ghfrglqj vwhsv duh fduulhg rxw/ zklfk lv lqglfdwhg lq
Iljxuh 6g/ vkrzlqj wkh fruuhodwlrq frh!flhqwv diwhu wkh irxuwk ghfrglqj vwhs1

6 Frqyhujhqfh

Zkhq wkh lwhudwlyh ghfrglqj frqyhujhv/ hdfk h{wulqvlf rxwsxw Oh+n,l zloo ehfrph
pruh dqg pruh fruuhodwhg wr wkh vhtxhqfh ri h{wulqvlf lqsxwv/ Oh+n�4,/ dqg ohvv
dqg ohvv fruuhodwhg wr wkh v|vwhpdwlf vhtxhqfh {1 Wklv lv d qdwxudo frqvhtxhqfh
ri wkh frqfhsw ri frqyhujhqfh> wkh hqwlwlhv ehlqj sdvvhg durxqg lq wkh orrs
vkrxog diwhu frqyhujhqfh qrw dowhu vljql�fdqwo| zkhq ixuwkhu ghfrglqj vwhsv duh
fduulhg rxw1 Wkhuhiruh wkh fruuhodwlrq ehwzhhq wkh h{wulqvlf rxwsxwv dqg lqsxwv
zloo ehfrph kljk/ zkloh wkh fruuhodwlrq wr wkh v|vwhpdwlf dqg sdulw| vhtxhqfhv
ehfrphv orz1 Wkxv lw lv qdwxudo wr lqyhvwljdwh krz wkh fruuhodwlrq ehwzhhq wkh
h{wulqvlf rxwsxwv dqg lqsxwv ghyhorsv dv wkh lwhudwlyh ghfrglqj surfhhgv1 Ohw
�
Oh

+n,
l

>Oh
+n�4,
m

ghqrwh wkh fruuhodwlrq frh!flhqw ehwzhhq h{wulqvlf rxwsxw l diwhu

ghfrglqj vwhs n dqg h{wulqvlf rxwsxw m diwhu ghfrglqj vwhs n�41 Wkh h{wulqvlf
rxwsxwv duh rughuhg lq wkh rughu wkh| ohdyh hdfk ghfrghu/ l1h1 iru rgg n*v lq
wkh ruljlqdo rughu dqg iru hyhq n*v lq shupxwhg rughu1 Diwhu wkh �uvw ghfrghu
�
Oh

+4,
l

>Oh
+3,
m

@ 3/ vlqfh Oh+3,m @ 3>;m1 H{wulqvlf rxwsxw l iurp wkh vhfrqg ghfrghu

zloo eh pdlqo| fruuhodwhg wr wkh h{wulqvlf rxwsxwv iurp wkh �uvw ghfrghu zklfk
vhuyh dv lqsxwv lq wkh ylflqlw| ri elw l1 Krzhyhu/ dv lq wkh fdvh dv iru �

Oh
+4,
l

>{m
/

h{wulqvlf rxwsxw Oh+5,l zloo qrw eh fruuhodwhg wr h{wulqvlf lqsxw Oh+4,
g+l,/ iru wkh

vdph uhdvrqv dv jlyhq iru �
Oh

+4,
l

>{l
hduolhu1 Wkhuh zloo krzhyhu eh d ghfd|lqj

fruuhodwlrq wr wkh h{wulqvlf lqsxwv Oh+4,
g+l	4,/ Oh

+4,
g+l	5,/ Oh

+4,
g+l	6,/ hwf1 Hdfk ri

wkhvh lqsxwv duh lq wkhpvhoyhv fruuhodwhg wr wkhlu qhljkeruv/ l1h1 Oh
+4,
g+l.4, lv

fruuhodwhg wr Oh+4,
g+l.4,	4/ Oh

+4,
g+l.4,	5/ Oh

+4,
g+l.4,	6/ hwf1 Wklv iroorzv iurp wkh idfw

wkdw Oh+4,
g+l.4, dqg Oh

+4,
g+l.4,.4 duh erwk fruuhodwhg wr wkh vdph sduw ri wkh fkdqqho

lqsxwv/ l1h1 wkh vhtxhqfhv { dqg |1 Wkxv/ wkh| zloo dovr eh fruuhodwhg wr hdfk
rwkhu1 D frqvhtxhqfh ri wklv lv wkdw vlqfh h{wulqvlf rxwsxw Oh+5,l lv fruuhodwhg
wr Oh+4,

g+l.4,/ lw zloo dovr eh fruuhodwhg wr Oh+4,
g+l.4,	4/ Oh

+4,
g+l.4,	5/ Oh

+4,
g+l.4,	6/ hwf1

Lw lv reylrxv wkdw wkh fkrlfh ri lqwhuohdyhu zloo lq xhqfh wkh fruuhodwlrq
surshuwlhv ri wkh h{wulqvlf rxwsxw iurp wkh vhfrqg ghfrghu/ vlqfh wkh lqwhu0
ohdyhu gh�qhv wkh ydoxhv ri g+p,/ p @ 3> 4> = = = > Q �41 Wr foduli| wklv lq xhqfh/
zh suhvhqw d frpsdulvrq ri irxu gl�huhqw lqwhuohdyhuv/ doo ri vl}h 833 elwv= d
eorfn lqwhuohdyhu/ d svhxgr0udqgrp lqwhuohdyhu/ dq V0udqgrp lqwhuohdyhu ^4`/
dqg �qdoo| dq lqwhuohdyhu ghvljqhg edvhg rq wkh glvfxvvhg fruuhodwlrq surshu0
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Eorfn Udqgrp
p g+p, g�4+p, g+p, g�4+p,

579 46; 743 6;5 5:3
57: 496 763 94 4;8
57; 4;; 783 665 ;:
57< 546 7:3 463 647
583 56; 7<3 7<6 6:9
584 596 44 79 4:8
585 5;; 64 736 6
586 646 84 6<6 4<:
587 66; :4 5;5 6;7

V0udqgrp Fruuhodwlrq ghvljq
p g+p, g�4+p, g+p, g�4+p,

579 75< 493 594 594
57: 659 593 437 437
57; 6;9 4; 49; 49;
57< 69; 565 7; 7;
583 565 733 687 687
584 4:3 638 73< 73<
585 479 656 5<4 5<4
586 674 69 535 535
587 45: :: 55 55

Wdeoh 4= Lqwhuohdyhu dqg ghlqwhuhodyhu uxohv lq wkh ylflqlw| ri elw 583 iru wkh
frpsduhg lqwhuohdyhuv1

wlhv ^:`1 Iru wkhvh lqwhuohdyhuv zh frpsduh wkh fruuhodwlrq ehwzhhq h{wulqvlf
rxwsxw 583 dqg wkh vhtxhqfh ri h{wulqvlf rxwsxwv iurp wkh suhylrxv ghfrghu/
l1h1 �

Oh
+n,
583>Oh

+n�4,
m

> m @ 3> 4> = = = > 7<<1

Vwxg| �uvw wkh eorfn lqwhuohdyhu/ zklfk kdv 53 urzv dqg 58 froxpqv1 Iru
wklv lqwhuohdyhu g+583, @ 56;/ g+583	 4, @ 546 dqg 596 dqg vr rq/ dv vkrzq lq
wkh �uvw froxpq iru wkh eorfn lqwhuohdyhu lq Wdeoh 41 Iroorzlqj wkh uhdvrqlqj lq
wkh suhylrxv sdudjudskv/ zh frq�up lq Iljxuh 7d wkdw Oh+5,583 lv qrw sduwlfxoduo|
fruuhodwhg wr Oh

+4,
56;/ qru wr wkh h{wulqvlf rxwsxwv lq wkh ylflqlw| ri Oh+4,56;1 Ixu0

wkhupruh/ zh qrwh d kljk fruuhodwlrq wr Oh+4,546/ Oh
+4,
596/ Oh

+4,
4;;/ Oh

+4,
5;;/ hwf1/ dqg wr

wkh rxwsxwv lq wkh ylflqlw| ri wkhvh1
Prylqj rq wr wkh fruuhodwlrq frh!flhqwv iru wkh udqgrp lqwhuohdyhu/ vkrzq

lq Iljxuh 7e/ zh revhuyh wkh vdph ehkdylru= orz fruuhodwlrq wr h{wulqvlf rxwsxw
Oh

+4,
7<6 +g+583, @ 7<6, dqg kljk fruuhodwlrq wr h{wulqvlf rxwsxwv Oh

+4,
g+583	4,/

Oh
+4,
g+583	5,/ hwf1 Qrwh wkh surqrxqfhg shdn durxqg h{wulqvlf rxwsxw Oh

+4,
6<31 Wkh

ruljlq ri wklv shdn lv fohdu= Wdeoh 4 uhyhdov wkdw h{wulqvlf rxwsxwv 6;5/ 736
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Iljxuh 7= Fruuhodwlrq frh!flhqwv ehwzhhq h{wulqvlf rxwsxw 583 iurp wkh vhf0
rqg ghfrghu dqg wkh vhtxhqfh ri h{wulqvlf rxwsxwv iurp wkh �uvw ghfrghu/
�
Oh

+5,
583>Oh

+4,
l

> l @ 3> 4> = = = >Q � 4/ iru irxu gl�huhqw lqwhuohdyhuv1

dqg 6<6 iurp wkh �uvw ghfrghu duh xvhg dv lqsxwv wr wkh vhfrqg ghfrghu dw
srvlwlrqv 579/ 585 dqg 586 uhvshfwlyho|/ l1h1 doo yhu| forvh wr srvlwlrq 5831
Lw lv wkxv frqvlvwhqw zlwk wkh suhylrxv uhdvrqlqj wkdw h{wulqvlf rxwsxw 583
kdv kljk fruuhodwlrq wr wkh h{wulqvlf rxwsxwv iurp wkh �uvw ghfrghu durxqg
srvlwlrqv 6:3� 7431 Wkh h�hfw vhhq khuh lv wkh uhvxow ri vr fdoohg vkruw f|fohv1
Vkruw f|fohv rffxu zkhq wzr elwv duh forvh wr hdfk rwkhu erwk ehiruh dqg diwhu
lqwhuohdylqj1 Iru h{dpsoh/ elw 585 dqg 586 frqvwlwxwh d f|foh ri ohqjwk 44/ vlqfh
m585� 586m. mg+585,� g+586,m @ 441

Wkh V0udqgrp lqwhuohdyhu lv h�hfwlyho| uhprylqj doo f|fohv vkruwhu wkdq d
fhuwdlq ydoxh/ qdpho| V . 51 Qdwxudoo| wkhuh lv dq xsshu olplw rq krz odujh V
fdq eh/ ghshqghqw rq wkh vl}h ri wkh lqwhuohdyhu1 Lq ^4`/ V ?

s
Q@5 zdv jlyhq

dv d uhdvrqdeoh fkrlfh iru V/ Q ehlqj wkh lqwhuohdyhu vl}h1 Lq wklv lqwhuohdyhu
frpsdulvrq zh xvhg dq V0lqwhuohdyhu zlwk V @ 47/ zklfk zdv wkh kljkhvw ydoxh
ri V iru zklfk zh irxqg d ydolg V0lqwhuohdyhu1 Wkh hpslulfdoo| irxqg fruuhodwlrq
frh!flhqwv iru wklv lqwhuohdyhu duh vkrzq lq Iljxuh 7f1 Wkh pdlq fkdudfwhulvwlfv
ri wkhvh frh!flhqwv duh udwkhu vlplodu wr wkrvh ri wkh udqgrp lqwhuohdyhu/ h{fhsw
wkdw wkhuh duh qr shdnv rq d glvwdqfh vpdoohu wkdq 49/ l1h1 V . 51 Lw lv djdlq
frq�uphg wkdw wkh shdnv dsshdu dw wkh srvlwlrqv jlyhq e| g+p, dv vkrzq lq
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Wdeoh 41
Wkh odvw frpsduhg lqwhuohdyhu lv ghvljqhg edvhg rq dq dojrulwkp ghvfulehg lq

^:`1 Wkh edvlf sulqflsoh ri wklv dojrulwkp lv wr vsuhdg rxw wkh fruuhodwlrq shdnv
dv pxfk dv srvvleoh/ lqvwhdg ri mxvw pdnlqj vxuh wkdw wkh| duh dw ohdvw V.5 elwv
dsduw dv lq wkh fdvh ri wkh V0udqgrp lqwhuohdyhu1 Ixuwkhupruh/ Wdeoh 4 vkrzv
wkdw g+p, @ g�4+p, iru wklv sduwlfxodu lqwhuohdyhu/ lpso|lqj wkdw wkh ghlqwhu0
ohdylqj uxoh lv lghqwlfdo zlwk wkh lqwhuohdylqj uxoh1 Wklv surshuw| kdv qr jhqhudo
lpsdfw wkh shuirupdqfh ri wkh wxuer frgh/ exw lw kdv lpsohphqwdwlrq dgydq0
wdjhv vlqfh lw uhtxluh rqo| kdoi wkh phpru| wr vwruh wkh lqwhuohdyhu2ghlqwhuohdyhu
uxohv1 Wkh fruuhodwlrq frh!flhqwv �

Oh
+n,
583>Oh

+n�4,
m

> m @ 3> 4> = = = >Q � 4/ iru wklv lq0

whuohdyhu duh vkrzq lq Iljxuh 7g1
Iljxuh 8 vkrzv wkh vdph fruuhodwlrq frh!flhqwv dv Iljxuh 7 iru ghfrglqj

vwhsv 5�:/ pdunhg rq wkh uljkw kdqg vlgh ri hdfk sorw1 Revhuyh �uvw wkh fru0
uhodwlrq frh!flhqwv diwhu wkh wklug ghfrglqj vwhs1 Wkh h{wulqvlf rxwsxwv iurp
wkh vhfrqg ghfrghu vhuylqj dv lqsxw forvh wr elw 583 duh vkrzq lq Wdeoh 4/ lq
wkh froxpqv khdghg g�4+p,1 Iru wkh eorfn lqwhuohdyhu/ iru h{dpsoh/ h{wulqvlf
rxwsxw Oh+5,7<3 vhuyhv dv lqsxw dw srvlwlrq 583/ zkloh Oh+5,7:3 dqg Oh

+5,
44 duh lqsxwv

dw srvlwlrqv 57< dqg 584 uhvshfwlyho|1 Lw lv wkxv h{shfwhg wkdw h{wulqvlf rxwsxw
Oh

+6,
583 zloo kdyh kljk fruuhodwlrq wr wkh srvlwlrqv lq wkh ylflqlw| ri 7:3/ 783/ 763/

743/ = = = / dv zhoo dv 44/ 64/ 84/ :4/ hwf1 Wkdw wklv uhdoo| lv wkh fdvh lv vhhq lq
Iljxuh 8d1

Frqvlghu wkh udqgrp lqwhuohdyhu/ zkrvh fruuhodwlrq frh!flhqwv duh vkrzq
lq Iljxuh 8e1 Wkh vhw ri fruuhodwlrq frh!flhqwv �

Oh
+6,
583>Oh

+5,
l

> l @ 3> 4> = = = > 7<<

h{klelw dq h{wud kljk dqg zlgh shdn qhdu srvlwlrq 4;81 Iurp Wdeoh 4 lw lv
fohdu wkdw wklv shdn ruljlqv iurp wkh h{wulqvlf rxwsxwv Oh+5,4;8/ Oh

+5,
4:8 dqg Oh

+5,
4<:/

zklfk vhuyh dv lqsxwv dw srvlwlrq 57:> 584 dqg 586 uhvshfwlyho|1 Zkdw lv wkh
gudzedfn ri kdylqj vxfk d shdn lq wkh vhw ri fruuhodwlrq frh!flhqwvB Wr dq0
vzhu wklv txhvwlrq/ revhuyh wkh fruuhodwlrq frh!flhqwv dv wkh lwhudwlyh ghfrglqj
frqyhujhv1 Iru doo frpsduhg lqwhuohdyhuv wkh fruuhodwlrq sorwv ehfrph pruh
dqg pruh vprrwk dv wkh lwhudwlyh ghfrglqj surfhhgv1 Lw lv wkxv uhdvrqdeoh wr
h{shfw wkdw wkh idvwhu wklv vprrwkqhvv lv dfklhyhg/ wkh idvwhu zloo wkh lwhudwlyh
ghfrglqj frqyhujh1 Lw zrxog wkhq eh idyrudeoh wr dyrlg xqqhfhvvdulo| kljk dqg
zlgh shdnv lq wkh fruuhodwlrq frh!flhqwv/ shdnv zklfk djdlq duh d uhvxow ri
vkruw f|fohv fuhdwhg e| wkh lqwhuohdyhu1

Erwk wkh V0udqgrp dqg wkh fruuhodwlrq ghvljqhg lqwhuohdyhu dyrlg wkh vkruw
f|fohv zklfk kdv ehhq frqfoxghg wr surgxfh h{wud kljk dqg zlgh shdnv lq wkh
fruuhodwlrq frh!flhqwv1 Wkh edvlf gl�huhqfh ehwzhhq wkh wzr lqwhuohdyhuv duh
wkdw zkloh wkh V0udqgrp w|sh jxdudqwhhv wkdw wzr shdnv duh vhsdudwhg e| dw
ohdvw V . 5 elwv/ wkh fruuhodwlrq ghvljqhg vhhnv wr sodfh shdnv dw srvlwlrqv
zlwk wkh orzhvw +suhylrxv, fruuhodwlrq1 Wklv lv dq dwwhpsw wr pdnh wkh vhw ri
fruuhodwlrq frh!flhqwv dv vprrwk dv srvvleoh/ hyhq diwhu rqo| wzr dqg wkuhh
ghfrglqj vwhsv1 Wkdw wklv lv vrphzkdw dfklhyhg lv vhhq lq Iljxuh 8f dqg g1

Lq rughu wr frpsduh ri wkh vprrwkqhvv ri wkh fruuhodwlrq frh!flhqwv ri wkh
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Iljxuh 8= Fruuhodwlrq frh!flhqwv ehwzhhq h{wulqvlf rxwsxw 583 dqg wkh vh0
txhqfh ri h{wulqvlf lqsxwv diwhu 5�: ghfrglqj vwhsv/ iru irxu gl�huhqw lqwhu0
ohdyhuv1

vwxglhg lqwhuohdyhuv/ zh frpsduh wkh vwdqgdug ghyldwlrq ri wkh fruuhodwlrq fr0
h!flhqwv vkrzhg lq Iljxuh 81 Wkhvh vwdqgdug ghyldwlrqv/ ghqrwhg �

+n,
Oh583

/ duh
uhsruwhg lq Wdeoh 5 wrjhwkhu zlwk wkh shufhqwdjh ri vxffhvvixoo| ghfrghg iudphv
iru ghfrglqj vwhsv 5�:1 Wkh shufhqwdjh ri vxffhvvixoo| ghfrghg iudphv lv uh0
odwhg wr wkh qxpehu ri fruuhfwo| ghfrghg iudphv diwhu 63 ghfrglqj vwhsv +48
lwhudwlrqv,1 Zh qrwh d fohdu djuhhphqw ehwzhhq orz ydoxhv rq wkh vwdqgdug
ghyldwlrqv dqg idvw frqyhujhqfh1 Wkh lqwhuohdyhuv uhvxowlqj lq wkh idvwhvw frq0
yhujhqfh duh/ dv h{shfwhg/ wkh V0udqgrp dqg fruuhodwlrq ghvljqhg lqwhuohdyhuv1
Dovr vkrzq lq Wdeoh 5 duh wkh iudph huuru udwhv diwhu �iwhhq ghfrglqj lwhudwlrqv
dqg wkh plqlpxp Kdpplqj glvwdqfhv ri wkh frpsduhg frghv1 Iruwxqdwho|/ wkh
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Eorfn Udqgrp V0udqgrp Fruuhodwlrq ghvljq

Ghf1 Ghf1 Ghf1 Ghf1

n �
+n,
Oh583

iudphv �
+n,
Oh583

iudphv �
+n,
Oh583

iudphv �
+n,
Oh583

iudphv

5 3134; 518( 3135< 516( 31357 519( 3134; 51;(

6 31367 7;15( 3137: 761:( 31363 8313( 31357 8317(

7 3136; ;715( 3137< ;315( 31365 ;814( 31354 ;914(

8 31357 <915( 31366 <71;( 31353 <:16( 31349 <:18(

9 31353 <;18( 31356 <;15( 31345 <<15( 31345 <<15(

: 31345 <<17( 31349 <<16( 31345 <<1;( 31344 <<1:(

IHU 43=7 � 43�7 45=7 � 43�7 4=5 � 43�7 3=: � 43�7
gplq 5; 47 4< 57

Wdeoh 5= Frpsdulvrq ri �+n,Oh583
/ n@5�:/ zlwk wkh shufhqwdjh ri vxffhvvixoo|

ghfrghg iudphv +dw He@Q3 @ 4=8gE,1 Dovr olvwhg duh wkh �qdo iudph huuru udwhv
+diwhu 48 lwhudwlrqv, dqg plqlpxp Kdpplqj glvwdqfhv ri wkh frpsduhg frghv1

lqwhuohdyhu uhvxowlqj lq wkh idvwhvw frqyhujhqfh dovr uhvxow lq wkh frgh zlwk wkh
ehvw huuru fruuhfwlqj shuirupdqfh1 Wkh udwh ri frqyhujhqfh iru wkh gl�huhqw
lqwhuohdyhuv duh dovr looxvwudwhg lq Iljxuh 91

Qrwh wkdw wkh uhsruwhg ydoxhv lq Wdeoh 5 duh iru h{wulqvlf rxwsxw 583 rqo|1 D
frpsohwh lqyhvwljdwlrq ri wkh lwhudwlyh ghfrglqj shuirupdqfh uhtxluhv vwxg|lqj
doo ri wkh h{wulqvlf rxwsxwv/ l1h1 �+n,Ohl

iru l @ 3> 4> = = = > Q�4/ qrw rqo| rxwsxw 583
dv h{hpsol�hg khuh1 Krzhyhu/ gxh wr wkh ghvljq uxohv ri wkh eorfn0/ V0udqgrp
dqg fruuhodwlrq edvhg lqwhuohdyhuv/ wkhvh txdqwlwlhv duh udwkhu vlplodu iru wkh
pdmrulw| ri wkh h{wulqvlf rxwsxwv1 Wklv lv krzhyhu qrw qhfhvvdulo| wkh fdvh iru
wkh svhxgr0udqgrp lqwhuohdyhu/ zklfk h{klelwv odujhu yduldwlrqv lq wkh vwdqgdug
ghyldwlrqv �+n,Ohl

1 Wkhvh yduldwlrqv vwhp iurp wkh idfw wkdw hdfk srvlwlrq lq wkh
lqwhuohdyhu lv lqyroyhg lq gl�huhqw qxpehu ri vkruw f|fohv/ zklfk ri frxuvh dovr
ydu| lq ohqjwkv1

Wkh 53� 58 eorfn lqwhuohdyhu xvhg lq wkh frpsdulvrq kdv qr f|fohv vkruwhu
wkdq 541 Dowkrxjk wkhvh f|fohv duh orqjhu wkdq wkh vkruwhvw f|fohv ri wkh V0
udqgrp lqwhuohdyhu/ zklfk kdv qr f|fohv vkruwhu wkdq 49/ wkh V0udqgrp lq0
whuohdyhu frqyhujhv idvwhu1 Wklv pd| vhhp frqwudglfwlyh dw �uvw1 Krzhyhu/
wkh eorfn lqwhuohdyhu kdv d yhu| odujh qxpehu ri f|fohv ri ohqjwk 54 zkloh wkh
V0udqgrp lqwhuohdyhu lv suredeoh wr kdyh rqo| ihz ri lwv vkruw ohqjwk f|fohv1
Ixuwkhupruh/ wkh eorfn lqwhuohdyhu kdv dovr d yhu| odujh qxpehu ri vkruw vhf0
rqgdu| f|fohv/ f|fohv zklfk uhtxluh pruh wkdq rqh lqwhuohdylqj ru ghlqwhuohdy0
lqj wr frpsohwh1 Wkhvh vhfrqgdu| f|fohv h{lvw dovr iru wkh rwkhu lqwhuohdyhuv lq
wkh frpsdulvrq/ exw lq yhu| vpdoo qxpehuv1 Wkh| duh wkhuhiruh qrw eholhyhg
wr kdyh d vljql�fdqw lq xhqfh rq wkh lwhudwlyh ghfrglqj shuirupdqfh ri wkhvh
lqwhuohdyhuv1 Iru wkh eorfn lqwhuohdyhu krzhyhu/ wkhuh duh dssur{lpdwho| Q vhf0
rqgdu| f|fohv ri ohqjwk 7/ dqg hyhq pruh ri ohqjwk 8> 9> : hwf1 Wkhvh f|fohv
pd| eh d sduw lq wkh h{sodqdwlrq ri wkh vorzhu frqyhujhqfh udwh ri wkh eorfn
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Iljxuh 9= Shufhqwdjh ri fruuhfwo| ghfrghg iudphv dv d ixqfwlrq ri wkh qxpehu
ri frpsohwhg ghfrglqj vwhsv +He@Q3 @ 4=8 gE,1

lqwhuohdyhu1

7 Frqfoxvlrqv

Wkh lqwhuohdyhu lq xhqfh rq wkh frqyhujhqfh udwh ri lwhudwlyh ghfrglqj ri wxuer
frghv kdv ehhq lqyhvwljdwhg1 Wkh lqwxlwlyho| dsshdolqj dssurdfk ri vwxg|lqj wkh
fruuhodwlrq ehwzhhq wkh h{wulqvlf lqsxwv dqg rxwsxwv ri wkh frpsrqhqw ghfrghuv
uhyhdo lqwhuhvwlqj surshuwlhv ri wkh lwhudwlyh ghfrglqj surfhvv1 Vshfl�fdoo|/ wkh
vwdqgdug ghyldwlrq ri wkhvh fruuhodwlrq frh!flhqwv vkrz xsrq d uhodwlrqvkls
zlwk wkh frqyhujhqfh udwh ri wkh lwhudwlyh ghfrglqj1 Ixuwkhupruh/ lw lv irxqg
wkdw lw lv srvvleoh wr ghvljq lqwhuohdyhuv zklfk dfklhyh d idvwhu frqyhujhqfh wkdq
dfklhyhg zlwk iru h{dpsoh svhxgr0udqgrp lqwhuohdyhuv1 Wkh idvwhvw frqyhujlqj
lqwhuohdyhuv irxqg duh V0udqgrp lqwhuohdyhuv dqg lqwhuohdyhuv ghvljqhg zlwk
d uhodwhg dojrulwkp edvhg rq wkh glvfxvvhg fruuhodwlrq surshuwlhv ^:`1 Wkhvh
lqwhuohdyhuv duh dovr frpshwlwlyh lq whupv ri huuru fruuhfwlqj shuirupdqfh1

Uhihuhqfhv

^4` V1 Grolqdu dqg G1 Glyvdodu/ �Zhljkw glvwulexwlrqv iru wxuer frghv xvlqj
udqgrp dqg qrqudqgrp shupxwdwlrqv1� WGD surjuhvv uhsruw 750455/ Mhw
sursxovlrq Ode1/ Sdvdghqd/ FD/ Dxjxvw 4<<81
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^5` I1 Gdqhvkjdudq dqg P1 Prqglq/ �Ghvljq ri lqwhuohdyhuv iru wxuer frghv
edvhg rq d frvw ixqfwlrq/� lq Lqwhuqdwlrqdo V|psrvlxp rq Wxuer Frghv )
Uhodwhg Wrslfv/ Euhvw/ Iudqfh/ Vhswhpehu 4<<:1

^6` M1 Dqghuvhq dqg Y1 ]|deory/ �Lqwhuohdyhu ghvljq iru wxuer frglqj/� lq Lq0
whuqdwlrqdo V|psrvlxp rq Wxuer Frghv ) Uhodwhg Wrslfv/ Euhvw/ Iudqfh/
Vhswhpehu 4<<:1

^7` M1 Krnihow dqg W1 Pdvhqj/ �Phwkrglfdo lqwhuohdyhu ghvljq iru wxuer frghv/�
lq Lqwhuqdwlrqdo V|psrvlxp rq Wxuer Frghv ) Uhodwhg Wrslfv/ Euhvw/
Iudqfh/ Vhswhpehu 4<<:1

^8` D1 V1 Eduexohvfx dqg V1 V1 Slhwurerq/ �Whuplqdwlqj wkh wuhoolv ri wxuer0
frghv lq wkh vdph vwdwh/� Hohfwurqlfv Ohwwhuv/ yro1 64/ ss1 55�56/ Mdqxdu|
4<<81

^9` S1 Mxqj dqg P1 P1 Qdvvkdq/ �Frpsuhkhqvlyh frpsdulvrq ri wxuer0frgh
ghfrghuv/� lq LHHH Yhklfxodu Whfkqrorj| Frqihuhqfh/ Fklfdjr/ XVD/ Mxo|
4<<81

^:` M1 Krnihow/ R1 Hgiruv/ dqg W1 Pdvhqj/ �D Wxuer frgh lqwhuohdyhu ghvljq
dojrulwkp edvhg rq wkh shuirupdqfh ri lwhudwlyh ghfrglqj1� vxeplwwhg wr
LHHH Frppxqlfdwlrqv Ohwwhuv4 1

4Wklv sdshu zdv odwhu dffhswhg iru sxeolfdwlrq lq Pd| 5333 ^Sdshu LY`/ zlwk wkh wlwoh �D
Wxuer frgh lqwhuohdyhu ghvljq fulwhulrq edvhg rq wkh shuirupdqfh ri lwhudwlyh ghfrglqj1�



Sdshu LLL

Wxuer Frghv= Fruuhodwhg H{wulqvlf Lqirupdwlrq dqg lwv
Lpsdfw rq Lwhudwlyh Ghfrglqj Shuirupdqfh

Mrkdq Krnihow/ Ryh Hgiruv dqg Wruohly Pdvhqj

LHHH Yhklfxodu Whfkqrorj| Frqihuhqfh
Krxvwrq/ Wh{dv/ Pd| 4<<<

f�4<<< LHHH1 Uhsulqwhg zlwk shuplvvlrq1
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Wxuer Frghv= Fruuhodwhg H{wulqvlf Lqirupdwlrq
dqg lwv Lpsdfw rq Lwhudwlyh Ghfrglqj

Shuirupdqfh

Mrkdq Krnihow/ Ryh Hgiruv dqg Wruohly Pdvhqj

Devwudfw

Wkh shuirupdqfh ri d wxuer frgh lv ghshqghqw rq wzr surshuwlhv ri wkh frgh= lwv
glvwdqfh vshfwuxp dqg lwv vxlwdelolw| wr eh lwhudwlyho| ghfrghg1 Wkh shuirupdqfh
ri lwhudwlyh ghfrglqj ghshqgv rq wkh txdolw| ri wkh h{wulqvlf lqsxwv> edgo| fruuh0
odwhg h{wulqvlf lqsxwv fdq ghwhulrudwh wkh shuirupdqfh1 Zkloh prvw wxuer frglqj
olwhudwxuh dvvxphv wkdw wkh h{wulqvlf lqirupdwlrq lv xqfruuhodwhg/ zh lqyhvwljdwh
wkhvh fruuhodwlrq surshuwlhv1 Dq lwhudwlyh ghfrglqj vxlwdelolw| phdvxuh lv suh0
vhqwhg/ lqwhqghg wr vhuyh dv dq lqglfdwlrq rq wkh ghjuhh ri fruuhodwlrq ehwzhhq
h{wulqvlf lqsxwv1 Wkh vxlwdelolw| phdvxuh fdq eh xvhg dv d frpsohphqw wr wkh
zhljkw glvwulexwlrq zkhq udqnlqj lqwhuohdyhuv1

4 Lqwurgxfwlrq

Wkh lqwhuohdyhu xvhg lq wxuer frghv ^4` kdv wzr pdmru wdvnv1 Wkh �uvw lv wr
hqvxuh d jrrg glvwdqfh vshfwuxp ri wkh frgh e| euhdnlqj xs vr fdoohg vhoi0
whuplqdwlqj lqsxw vhtxhqfhv/ vhh h1j1 ^5`1 Lq wkh fdvh ri pd{lpxp olnholkrrg
ghfrglqj wklv zrxog eh wkh qdwxudo dqg vlqjoh wdvn ri wkh lqwhuohdyhu1 Krz0
hyhu/ wxuer frghv duh ghfrghg lwhudwlyho| zklfk lv qrw rswlpdo lq wkh vhqvh ri
pdnlqj pd{lpxp olnholkrrg ghflvlrqv1 Wkh shuirupdqfh ri lwhudwlyh ghfrglqj
frpsduhg wr pd{lpxp olnholkrrg ghfrglqj lv ghshqghqw rq wkh txdolw| ri wkh
h{wulqvlf lqirupdwlrq/ zklfk lv wkh lqirupdwlrq ehlqj h{fkdqjhg ehwzhhq wkh
frqvwlwxhqw ghfrghuv lq wkh lwhudwlyh ghfrglqj vfkhph1 Wkh fkrlfh ri lqwhu0
ohdyhu d�hfwv wkh ghjuhh ri fruuhodwlrq ehwzhhq h{wulqvlf lqsxwv/ dqg wkhuhe|
wkh shuirupdqfh ri lwhudwlyh ghfrglqj1 Lq wklv sdshu zh suhvhqw dqg lqyhvwljdwh
dq lwhudwlyh ghfrglqj vxlwdelolw| +LGV, phdvxuh/ zklfk lqglfdwhv wkh ghjuhh ri
fruuhodwlrq ehwzhhq qhdue| h{wulqvlf lqsxwv1

Wkh rxwolqh ri wkh sdshu lv dv iroorzv1 Lq Vhfwlrq LL wkh fruuhodwlrq surshuwlhv
ri wkh h{wulqvlf lqirupdwlrq duh vwxglhg1 Edvhg xsrq wklv lqyhvwljdwlrq/ dq
lwhudwlyh ghfrglqj vxlwdelolw| phdvxuh lv sursrvhg1 Lq Vhfwlrq LLL/ wklv phdvxuh
lv dssolhg rq d odujh qxpehu ri lqwhuohdyhuv/ lq rughu wr hydoxdwh lwv xvhixoqhvv1

456
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Ghfrghu�4 Ghfrghu�5
Lqwhuohdyhu

Ghlqwhuohdyhu

{

zhljkwhg yhuvlrq ri {

lqwhuohdyhg yhuvlrq ri {

Oh+4,
Oh+5,

|+4, |+5,

zhljkwhg yhuvlrq ri Oh+5,

Iljxuh 4= Vwuxfwxuh ri wkh lwhudwlyh ghfrghu1

5 Fruuhodwhg H{wulqvlf Lqsxwv

Wkh lwhudwlyh ghfrglqj vfkhph vwxglhg lq wklv sdshu lv ghslfwhg lq Iljxuh 41
Hdfk vriw0lqsxw2vriw0rxwsxw frqvwlwxhqw ghfrghu kdv wkuhh lqsxwv dqg wkuhh
rxwsxwv/ dffruglqj wr h1j1 ^6`1 Wkh wkuhh lqsxwv dw ghfrglqj vwhs n duh wkh
v|vwhpdwlf lqsxw/ {/ wkh sdulw| lqsxw/ |+4, ru |+5,/ dqg wkh h{wulqvlf lqsxw iurp
wkh suhylrxv ghfrghu1 Wkh wkuhh rxwsxwv duh d zhljkwhg yhuvlrq ri wkh v|v0
whpdwlf lqsxw/ d zhljkwhg yhuvlrq ri wkh h{wulqvlf lqsxw/ dqg �qdoo| wkh qhz
h{wulqvlf rxwsxw1 Wkhvh h{wulqvlf rxwsxwv duh xvhg dv lqsxw d sulrul suredelo0
lwlhv lq wkh qh{w ghfrglqj vwhs1 Wkh ghflvlrq yduldeohv diwhu hdfk ghfrghu lv
dfklhyhg dv wkh vxp ri wkh wkuhh rxwsxwv/ iru hdfk wlph lqvwdqw1 Doo lqsxw dqg
rxwsxw vhtxhqfhv duh Q elwv orqj/ zklfk lv dovr wkh vl}h ri wkh lqwhuohdyhu1 Hdfk
frqvwlwxhqw ghfrghu hpsor|v wkh pd{lpxp d srvwhulrul suredelolw| +PDS, do0
jrulwkp dv ghvfulehg lq ^6`1

Wkh v|vwhpdwlf dqg sdulw| lqsxwv iru hdfk ghfrglqj vwhs ghshqg rqo| rq
wkh uhfhlyhg ydoxhv iru hdfk vshfl�f elw1 Wkh h{wulqvlf lqsxwv/ krzhyhu/ duh gh0
shqghqw rq d udqjh ri v|perov lq wkh uhfhlyhg v|vwhpdwlf dqg sdulw| vhtxhqfhv1
Wkh iroorzlqj vxevhfwlrqv lqyhvwljdwh wkh qdwxuh ri wkhvh ghshqghqflhv1

514 Wkh Iluvw Ghfrglqj Vwhs

Zh vwduw e| lqyhvwljdwlqj wkh ghshqghqflhv ehwzhhq wkh rxwsxwv iurp wkh �uvw
frqvwlwxhqw ghfrghu dqg wkh lqsxw vhtxhqfhv1 Vlqfh wkh h{wulqvlf lqsxwv wr
wkh �uvw ghfrghu duh doo }hur/ wkh ghfrghu rxwsxwv duh rqo| ghshqghqw rq wkh
v|vwhpdwlf dqg sdulw| lqsxw vhtxhqfhv1 Frqvlghu/ iru h{dpsoh/ wkh ghflvlrq
yduldeoh dw srvlwlrq l1 Wklv rxwsxw lv qdwxudoo| ghshqghqw rq wkh ghfrghu lq0
sxwv dw srvlwlrq l/ l1h1 {l dqg |

+4,
l 1 Ixuwkhupruh/ dv d uhvxow ri wkh wuhoolv frgh/

lw lv dovr +ghfuhdvlqjo|, ghshqghqw rq wkh lqsxwv dw wlph l	4/ l	5/ l	6 dqg vr
rq1 Lq wkh iroorzlqj/ wkhvh ghshqghqflhv duh lqyhvwljdwhg e| wkh fruuhvsrqglqj
fruuhodwlrq frh!flhqwv1 H{dpsohv ri vxfk fruuhodwlrq frh!flhqwv duh ghslfwhg
lq Iljxuh 5/ vkrzlqj wkh fruuhodwlrq ehwzhhq wkh v|vwhpdwlf lqsxwv dqg erwk
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Iljxuh 5= Fruuhodwlrq frh!flhqwv ehwzhhq wkh lqsxwv dqg rxwsxwv ri wkh �uvw
ghfrghu1 Vrolg= fruuhodwlrq ehwzhhq ghflvlrq yduldeoh l dqg v|vwhpdwlf elw m1
Gdvkhg= fruuhodwlrq ehwzhhq h{wulqvlf rxwsxw Oh+4,l dqg v|vwhpdwlf elw m1

d ghflvlrq yduldeoh +vrolg, dqg dq h{wulqvlf rxwsxw +gdvkhg,1 Wkhvh frh!flhqwv
zhuh hpslulfdoo| rewdlqhg e| vlpxodwlqj wkh ghfrglqj ri d uhfxuvlyh frqyrox0
wlrqdo frgh zlwk ihhgedfn dqg sdulw| sro|qrpldov 48rfw dqg 4:rfw/ uhvshfwlyho|/
uhshdwhgo| wudqvplwwlqj wkh doo0}hur frgh zrug1

Wkh fruuhodwlrq frh!flhqwv ehwzhhq wkh h{wulqvlf rxwsxwv iurp wkh �uvw gh0
frghu dqg wkh vhtxhqfh ri v|vwhpdwlf lqsxwv duh lq wkh iroorzlqj uhsuhvhqwhg e|
wkh pdwul{ �

+4,
Oh>{1 Hohphqw +l> m, ri �

+4,
Oh>{/ ghqrwhg �

+4,
Ohl>{m

/ lv wkh fruuhodwlrq fr0
h!flhqw ehwzhhq h{wulqvlf rxwsxw l diwhu wkh �uvw ghfrglqj vwhs dqg v|vwhpdwlf
lqsxw m1 Qrwh wkdw �+4,Ohl>{m

lv sulpdulo| ghshqghqw rq wkh glvwdqfh ehwzhhq l dqg
m/ dqg qrw rq wkhlu devroxwh ydoxhv/ h{fhsw iru hgjh h�hfwv qhdu wkh ehjlqqlqj
dqg hqg ri wkh vhtxhqfhv1

515 Wkh Vhfrqg Ghfrglqj Vwhs

Wkh gl�huhqfh ehwzhhq wkh �uvw dqg vhfrqg ghfrglqj vwhs lv wkh suhvhqfh ri
h{wulqvlf lqsxwv1 Rxwsxw l iurp wkh vhfrqg ghfrghu lv qrw rqo| ghshqghqw
rq wkh vhtxhqfh ri v|vwhpdwlf dqg sdulw| lqsxwv lq wkh ylflqlw| ri srvlwlrq l/
exw dovr rq wkh h{wulqvlf lqsxwv lq wkh vdph ylflqlw|1 Hdfk ri wkhvh h{wulqvlf
lqsxwv duh lq wxuq fruuhodwhg wr wkh fkdqqho lqsxwv lq wkh ylflqlw| ri lwv ruljlq/
ehiruh lqwhuohdylqj1 Wkhuhiruh/ wkhvh h{wulqvlf lqsxwv surylgh rxwsxw l iurp wkh
vhfrqg ghfrghu zlwk fruuhodwlrq wr ydulrxv sduwv ri wkh v|vwhpdwlf dqg sdulw|
vhtxhqfhv1 Surylghg wkdw wkh lqwhuohdyhu lv vxlwdeo| fkrvhq/ rxwsxw l iurp wkh
vhfrqg ghfrghu zloo wkxv eh fruuhodwhg wr d zlgh udqjh ri fkdqqho lqsxwv/ qrw
rqo| wr wkrvh lq wkh ylflqlw| ri l1 Lqwxlwlyho|/ wkh ghfrglqj shuirupdqfh zloo eh
srvlwlyho| lq xhqfhg e| dq lqfuhdvh lq wkh qxpehu ri fkdqqho lqsxwv wkdw d�hfw
hdfk ghfrghu rxwsxw1

Wkh gdvkhg olqh lq Iljxuh 6 vkrzv dq h{dpsoh ri wkh fruuhodwlrq ehwzhhq
h{wulqvlf rxwsxw 83 iurp wkh vhfrqg ghfrghu dqg wkh hqwluh vhtxhqfh ri v|vwhp0
dwlf lqsxwv/ iru d wxuer frgh frqvwuxfwhg zlwk d 4380elw lqwhuohdyhu1 Wkh vrolg
olqh vkrzv wkh fruuhvsrqglqj fruuhodwlrq frh!flhqwv ehwzhhq ghflvlrq yduldeoh
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Srvlwlrq�lq�v|vwhpdwlf�lqsxw�vhtxhqfh

Iljxuh 6= Fruuhodwlrq frh!flhqwv ehwzhhq wkh lqsxwv dqg rxwsxwv ri wkh vhfrqg
ghfrghu1 Vrolg= fruuhodwlrq ehwzhhq ghflvlrq yduldeoh 83 dqg wkh vhtxhqfh ri
v|vwhpdwlf lqsxwv1 Gdvkhg= fruuhodwlrq ehwzhhq h{wulqvlf rxwsxw 83 dqg wkh
vhtxhqfh ri v|vwhpdwlf lqsxwv1

83 dqg wkh vdph vhtxhqfh ri v|vwhpdwlf lqsxwv1 Wkh shdn durxqg srvlwlrq <5
vwhpv iurp wkh idfw wkdw h{wulqvlf rxwsxw <5 iurp wkh �uvw ghfrghu/ iru wklv
sduwlfxodu lqwhuohdyhu/ lv lqwhuohdyhg wr srvlwlrq 83 lq wkh lqsxw vhtxhqfh wr wkh
vhfrqg ghfrghu1

Zkhq lw frphv wr lqyhvwljdwlqj wkh shuirupdqfh ri lwhudwlyh ghfrglqj/ zh
duh sulpdulo| lqwhuhvwhg lq wkh fruuhodwlrq frh!flhqwv ehwzhhq wkh h{wulqvlf
rxwsxwv dqg wkh lqsxw vhtxhqfhv/ vlqfh lw lv wkh h{wulqvlf rxwsxwv wkdw duh
sdvvhg rq wr wkh qh{w ghfrghu lq wkh lwhudwlyh ghfrghu1 Dv lq wkh fdvh iru
wkh �uvw ghfrghu/ wkh fruuhodwlrq frh!flhqwv ehwzhhq wkh h{wulqvlf rxwsxw iurp
wkh vhfrqg ghfrghu dqg wkh v|vwhpdwlf lqsxw vhtxhqfh duh uhsuhvhqwhg e| wkh
pdwul{ �

+5,
Oh>{1

516 Lwhudwlyh Ghfrglqj Vxlwdelolw|

Deryh zh kdyh glvfxvvhg wkh fruuhodwlrq ehwzhhq wkh rxwsxwv ri wkh frqvwlwxhqw
ghfrghuv dqg wkh uhfhlyhg vhtxhqfhv/ h{hpsol�hg e| wkh fruuhodwlrq frh!flhqwv
wr wkh v|vwhpdwlf vhtxhqfh1 Wkhvh fruuhodwlrq frh!flhqwv diwhu wkh vhfrqg
ghfrghu duh ghshqghqw rq wkh vshfl�f lqwhuohdyhu fkrlfh> e| fkdqjlqj wkh lq0
whuohdyhu/ zh fkdqjh wkh fruuhodwlrq surshuwlhv ri wkh h{wulqvlf lqirupdwlrq1
Hvshfldoo|/ lqwhuohdyhuv zlwk vkruw f|fohv4 uhvxow lq kljk fruuhodwlrq wr vrph
sduwv ri wkh uhfhlyhg vhtxhqfh/ dqg orzhu fruuhodwlrq wr rwkhu sduwv1 Lqwx0
lwlyho|/ zh zrxog olnh wr vsuhdg wklv fruuhodwlrq dv hyhqo| dv srvvleoh/ vlqfh dq
rxwsxw kljko| fruuhodwhg wr d ihz srvlwlrqv lv yhu| vhqvlwlyh wr fkdqqho qrlvh dw
wkhvh srvlwlrqv1

Iroorzlqj wkh deryh glvfxvvlrq/ zh xvh wkh vwdqgdug ghyldwlrq ri wkh fru0
uhodwlrq frh!flhqwv ehwzhhq h{wulqvlf rxwsxwv dqg wkh vhtxhqfh ri v|vwhpdwlf
lqsxwv dv d txdolw| phdvxuh1 Ghqrwlqj wklv vwdqgdug ghyldwlrq iru h{wulqvlf

4D vkruw f|foh rffxuv zkhq wzr elwv lq d vhtxhqfh duh forvh wr hdfk rwkhu erwk ehiruh dqg
diwhu lqwhuohdylqj1
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4
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+5,
Ohl>{m
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+5,
Ohl>{
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> +4,

zkhuh �
+5,
Ohl>{

@ 4
Q

SQ

m@4 �
+5,
Ohl>{m

/ l1h1 wkh dyhudjh ydoxh ri wkh fruuhodwlrq frh!0

flhqwv rq urz l ri �+5,Oh>{1 D orz ydoxh rq Yl lqglfdwhv d jrrg txdolw| ri h{wulqvlf

rxwsxw Oh+5,l / vlqfh lw lv wkhq hyhqo| fruuhodwhg wr wkh vhtxhqfh ri v|vwhpdwlf
lqsxwv1 Dq lqwhuohdyhu zhoo vxlwhg iru lwhudwlyh ghfrglqj vkrxog wkxv kdyh orz
ydoxhv rq doo Yl=v1

Wkh deryh vwdqgdug ghyldwlrqv lqglfdwh wkh txdolw| ri wkh h{wulqvlf lqsxwv
wr wkh vhfrqg ghfrghu1 Krzhyhu/ wkh| gr qrw uhyhdo dq|wklqj derxw wkh txdolw|
ri wkh h{wulqvlf lqirupdwlrq xvhg dv lqsxwv lq wkh wklug ghfrglqj vwhs1 Wkh
fruuhodwlrq surshuwlhv ri wkhvh h{wulqvlf lqsxwv duh lqvwhdg lq xhqfhg e| wkh
ghlqwhuohdylqj uxoh1 Wkhuhiruh/ wkh deryh fdofxodwlrqv duh shuiruphg iru erwk
wkh lqwhuohdyhu dqg wkh ghlqwhuohdyhu5 1 Wkh fruuhvsrqglqj fruuhodwlrq pdwul{
iru wkh ghlqwhuohdyhu lv ghqrwhg �

+5,3

Oh>{/ zklfk lv vxevwlwxwhg iru �+5,Oh>{ lq +4, wr
fdofxodwh wkh vwdqgdug ghyldwlrqv Y 3

l 1 Zh qrz kdyh wzr vhwv ri phdvxuhv/ wkh
Yl=v dqg wkh Y 3

l =v/ uhsuhvhqwlqj wkh txdolw| ri wkh h{wulqvlf lqsxwv wr hdfk ri wkh
wzr frqvwlwxhqw ghfrghuv1 Wr rewdlq d vlqjoh phdvxuh rq wkh lwhudwlyh ghfrglqj
vxlwdelolw| iru dq lqwhuohdyhu/ zh fdofxodwh wkh dyhudjh ri doo wkh Yl=v dqg Y 3

l =v
6 1

Wkh lwhudwlyh ghfrglqj vxlwdelolw| +LGV, phdvxuh lv wkxv dfklhyhg dv

LGV @
4

5Q

#
Q[
l@4

Yl .
Q[
l@4

Y 3
l

$
= +5,

517 Dqdo|wlfdo Dssur{lpdwlrq ri Fruuhodwlrq Frh!flhqwv

Lw lv qrw vwudljkwiruzdug wr ghulyh dqdo|wlfdo h{suhvvlrqv ri wkh fruuhodwlrq pd0
wulfhv �

+5,
Oh>{ dqg �

+5,3

Oh>{/ zklfk duh qhhghg wr irup wkh lwhudwlyh ghfrglqj vxlw0
delolw| phdvxuh1 Krzhyhu/ zh kdyh lqyhvwljdwhg d vlpsoh prgho lq zklfk wkh
ghvluhg frh!flhqwv duh h{suhvvhg dv d olqhdu frpelqdwlrq ri wkh fruuhodwlrq diwhu
wkh �uvw ghfrghu/ �+4,Oh>{1 Wkh fruuhodwlrq frh!flhqwv diwhu wkh �uvw ghfrghu duh
lq wxuq dssur{lpdwhg e| dq h{srqhqwldoo| ghfd|lqj ixqfwlrq jlyhq e|

a�
+4,
Ohl>{m

@

�
dh�fmm�lm li m 9@ l>
3 rwkhuzlvh=

+6,

5D eorfn lqwhuohdyhu zlwk d odujh xqedodqfh lq wkh qxpehu ri urzv dqg froxpqv lv dq
h{dpsoh ri dq lqwhuohdyhu wkdw uhvxow lq odujh gl�huhqfhv lq wkh txdolw| ri wkh h{wulqvlf lqsxwv
wr wkh frqvwlwxhqw ghfrghuv1

6 Lq dq hduolhu lqyhvwljdwlrq ^7`/ LGV zdv gh�qhg dv 4@ ET c T ��1 Odwhu/ zh kdyh irxqg wkdw
wkh dyhudjh lv pruh frqfhswxdoo| dsshdolqj1
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Iljxuh 7= Frpsdulvrq ri dssur{lpdwhg +grwwhg, dqg hpslulfdoo| irxqg +vrolg,
fruuhodwlrq frh!flhqwv ehwzhhq h{wulqvlf rxwsxw 83 dqg wkh vhtxhqfh ri v|v0
whpdwlf lqsxwv/ diwhu d, wkh �uvw ghfrghu dqg e, wkh vhfrqg ghfrghu1

Wkh frqvwdqwv d dqg f duh dgmxvwhg vr wkdw wkh khljkw dqg udwh ri ghfd| ri
wkh dssur{lpdwlrq pdwfkhv wkh hpslulfdoo| irxqg frh!flhqwv1 Iljxuh 7d vkrzv
wkh dssur{lpdwhg ydoxhv +grwwhg olqh, zlwk d @ 3=56 dqg f @ 3=4;/ wrjhwkhu
zlwk wkh hpslulfdoo| irxqg frh!flhqwv +vrolg olqh,1 Wkh fruuhodwlrq frh!flhqwv
ehwzhhq wkh h{wulqvlf rxwsxwv ri wkh vhfrqg ghfrghu dqg wkh uhfhlyhg vhtxhqfh
{ lv lq wxuq dssur{lpdwhg dv

a�
+5,
Oh>{ @

4

5
a�
+4,
Oh>{S

�
L . a�

+4,
Oh>{

�
> +7,

zkhuh S lv d shupxwdwlrq pdwul{ uhsuhvhqwlqj wkh lqwhuohdyhu1 Wkh lqwhuohdyhg
vhtxhqfh lv rewdlqhg e| pxowlso|lqj wkh ruljlqdo vhtxhqfh e| S / l1h1 dv {S 1 Wkh
wzr whupv lq +7, vwhpv iurp wkh wzr lqsxw vhtxhqfhv wr wkh vhfrqg ghfrghu wkdw
uhvxow lq fruuhodwlrq ehwzhhq wkh qhz h{wulqvlf rxwsxwv dqg wkh v|vwhpdwlf lq0
sxwv/ l1h1 wkh v|vwhpdwlf dqg h{wulqvlf lqsxw vhtxhqfhv1 Wkh uhohydqfh ri +7, lv
hydoxdwhg e| frpsdulqj wkh dssur{lpdwhg ydoxhv zlwk hpslulfdoo| irxqg fru0
uhodwlrq frh!flhqwv/ erwk vkrzq lq Iljxuh 7e1 Wkh sorw ghslfwv wkh fruuhodwlrq
frh!flhqwv ehwzhhq h{wulqvlf rxwsxw 83 iurp wkh vhfrqg ghfrghu dqg wkh vh0
txhqfh ri v|vwhpdwlf lqsxwv1 Wkh sursrvhg dssur{lpdwlrq lv qdwxudoo| qrw dq
h{dfw ghvfulswlrq ri wkh ghfrglqj surfhvv/ exw lw fdswxuhv wkh pdlq ihdwxuhv ri
wkh hpslulfdoo| irxqg fruuhodwlrq frh!flhqwv1
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Iljxuh 8= Vfdwwhu sorw ri wkh LGV ydoxhv dqg wuxqfdwhg Xqlrq Erxqgv iru 533
4380elw svhxgr0udqgrp lqwhuohdyhuv1 Wkh wuxqfdwhg xqlrq erxqg dqg wkh vlpx0
odwlrqv duh shuiruphg dw He@Q3 @ 5=8 gE1 Wkh 43( ehvw dqg zruvw shuiruplqj
lqwhuohdyhuv/ gxulqj vlpxodwlrq/ duh pdunhg zlwk ulqjv dqg gldprqgv uhvshf0
wlyho|1

6 Hydoxdwlrq ri LGV

Wr hydoxdwh wkh lwhudwlyh ghfrglqj vxlwdelolw| phdvxuh zh frpsduhg vlpxodwhg
huuru udwh shuirupdqfhv +rq dq DZJQ fkdqqho, ri d odujh qxpehu ri svhxgr0
udqgrp lqwhuohdyhuv wr wkhlu LGV ydoxhv1 Lq dgglwlrq/ wuxqfdwhg xqlrq erxqgv
rq wkh iudph0huuru udwh suredelolw| iru hdfk lqwhuohdyhu zdv fdofxodwhg1 Wzr
lqwhuohdyhu vl}hv zhuh xvhg/ 438 dqg 833 elwv1

Iljxuh 8 vkrzv d vfdwwhu sorw ri wkh wuxqfdwhg xqlrq erxqgv7 dqg LGV
ydoxhv iru 533 4380elw lqwhuohdyhuv1 Wkh LGV ydoxhv duh qrupdol}hg zlwk wkh
orzhvw irxqg ydoxh/ vlqfh wkh LGV lv d uhodwlyh frpsdulvrq1 Lw lv revhuyhg wkdw
wkh ehvw shuiruplqj lqwhuohdyhuv kdyh orz ydoxhv rq erwk wkh LGV phdvxuh dqg
wkh wuxqfdwhg xqlrq erxqg1 Lw lv ixuwkhu qrwhg wkdw lqwhuohdyhuv wkdw kdyh d
orz ydoxh rq rqh phdvxuh exw kljk rq wkh rwkhu/ shuirup/ lq wklv fdvh/ dprqj
wkh 43( zruvw shuiruplqj lqwhuohdyhuv1 Wklv uhvxow vwuhvv wkh idfw wkdw erwk wkh
glvwdqfh vshfwuxp ri d wxuer frgh dqg lwv vxlwdelolw| wr eh lwhudwlyho| ghfrghg
duh lpsruwdqw lvvxhv zkhq lw frphv wr udqnlqj wkh shuirupdqfh ri lqwhuohdyhuv
xvhg lq wxuer frghv1 Wkh iudph0huuru udwhv ri wkh 533 wxuer frghv udqjh iurp
4�43�6 wr 7�43�6 dw d vljqdo0wr0qrlvh udwlr ri 518 gE/ diwhu 53 ghfrglqj lwhudwlrqv1
Wkh frqvwlwxhqw hqfrghuv kdyh jhqhudwru sro|qrpldov +4/ 4:248,rfw1

Wkh frqyhujhqfh udwh ri wkh lwhudwlyh ghfrglqj lv dovr d�hfwhg e| wkh fruuh0
odwlrq surshuwlhv ri wkh h{wulqvlf lqirupdwlrq1 Iljxuh 9 vkrzv d vfdwwhu sorw ri

7Wkh erxqg lv wuxqfdwhg diwhu Kdpplqj glvwdqfh 551
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Iljxuh 9= Vfdwwhu sorw ri wkh LGV ydoxhv dqg wkh uhtxluhg qxpehu ri ghfrglqj
lwhudwlrqv iru d iudph0huuru udwh ri 8 � 43�6/ iru 533 4380elw svhxgr0udqgrp
lqwhuohdyhuv1

wkh qrupdol}hg LGV ydoxhv dqg wkh uhtxluhg qxpehu ri ghfrglqj lwhudwlrqv iru
d iudph0huuru udwh ri 8 � 43�61

Dv svhxgr0udqgrp lqwhuohdyhuv lqfuhdvh lq vl}h/ wkh yduldwlrq lq wkhlu LGV
ydoxhv whqg wr glplqlvk1 Wkhuhiruh/ wkh LGV phdvxuh lv prvwo| vxlwdeoh iru vpdoo
svhxgr0udqgrp lqwhuohdyhuv/ lq wkh udqjh ri 433 wr 833 elwv1 Wkh fruuhvsrqglqj
vfdwwhu sorwv lq Iljxuhv 8 dqg 9 iru wkh 8330elw svhxgr0udqgrp lqwhuohdyhuv
duh vlplodu wr wkh rqhv vkrzq iru wkh 4380elw lqwhuohdyhuv/ exw zlwk d orzhu
vljql�fdqfh ri wkh LGV phdvxuh1

Iljxuh : vkrzv wkh iudph0huuru udwh shuirupdqfhv dqg LGV ydoxhv ri irxu
ghvljqhg 9730elw lqwhuohdyhuv hydoxdwhg iru wkh XPWV vwdqgdugl}dwlrq ^8` +Lqw1
&4 lv d svhxgr0udqgrp lqwhuohdyhu/ wkh rwkhuv duh ghvljqhg,1 Dovr lq wklv fdvh/
wkhuh lv d fruuhvsrqghqfh ehwzhhq orz LGV ydoxhv dqg jrrg huuru fruuhfwlqj
shuirupdqfhv1 Wkh wxuer frghv lq wklv h{dpsoh xvh ;0vwdwh hqfrghuv dqg ;
ghfrglqj lwhudwlrqv1

7 Frqfoxvlrqv

Wkh fruuhodwlrq surshuwlhv ri wkh h{wulqvlf lqirupdwlrq lq dq lwhudwlyh ghfrghu
kdyh ehhq vwxglhg1 Wkhvh fruuhodwlrq surshuwlhv ghshqgv rq wkh sduwlfxodu
fkrlfh ri lqwhuohdyhu/ zklfk wkhuhiruh lq xhqfh wkh shuirupdqfh ri lwhudwlyh
ghfrglqj1 Dq lwhudwlyh ghfrglqj vxlwdelolw| phdvxuh zdv suhvhqwhg dqg lqyhv0
wljdwhg/ lqwhqghg dv d frpsohphqw wr wkh glvwdqfh vshfwuxp zkhq udqnlqj
lqwhuohdyhu shuirupdqfhv1 Vlpxodwlrq uhvxowv lqglfdwh wkdw wkh LGV lv uhodwhg wr
erwk wkh frqyhujhqfh udwh dqg �qdo iudph0huuru udwh ri wxuer frghv1 Lw lv jlyhq



WXUER FRGHV= FRUUHODWHG H[WULQVLF LQIRUPDWLRQ 464

43
�5

43
�4

43
�6

43
�7

43
�8

318 413 418 513

Lqw1�&4/�LGV@4145
Lqw1�&5/�LGV@413:
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Iljxuh := Vlpxodwhg iudph0huuru udwhv ri ghvljqhg 9730elw lqwhuohdyhuv/ dqg wkhlu
LGV ydoxhv1

lq d forvhg irup h{suhvvlrq dqg uhtxluhv qr vlpxodwlrqv zklfk pdnhv lw xvhixo
iru lqwhuohdyhu ghvljq dqg udqnlqj1

Uhihuhqfhv

^4` Fodxgh Ehuurx dqg Dodlq Jodylhx{1 Qhdu rswlpxp huuru fruuhfwlqj frg0
lqj dqg ghfrglqj= Wxuer0Frghv1 LHHH Wudqvdfwlrqv rq Frppxqlfdwlrqv/
77+43,=4594�45:4/ Rfwrehu 4<<91

^5` V1 Grolqdu dqg G1 Glyvdodu1 Zhljkw glvwulexwlrqv iru wxuer frghv xvlqj
udqgrp dqg qrqudqgrp shupxwdwlrqv1 WGD surjuhvv uhsruw 750455/ Mhw
sursxovlrq Ode1/ Sdvdghqd/ FD/ Dxjxvw 4<<81

^6` S1 Mxqj dqg P1 P1 Qdvvkdq1 Frpsuhkhqvlyh frpsdulvrq ri wxuer0frgh
ghfrghuv1 Lq LHHH Yhklfxodu Whfkqrorj| Frqihuhqfh1 Fklfdjr/ XVD/ Mxo|
4<<81

^7` M1 Krnihow/ R1 Hgiruv/ dqg W1 Pdvhqj1 Dvvhvvlqj lqwhuohdyhu vxlwdelolw| iru
wxuer frghv1 Lq Qruglf Udglr V|psrvlxp1 Vdowvmùedghq/ Vzhghq/ Rfwrehu
4<<;1

^8` Dqghuv Khqulnvvrq/ Mrkdq Krnihow/ dqg Ryh Hgiruv1 Hydoxdwlrq ri dq lq0
whuohdyhu ghvljq dojrulwkp iru wxuer frghv lq XPWV1 Wgrf 74<2<;/ HWVL
VPJ5 XPWV O4 H{shuw Jurxs/ Phhwlqj qr :/ Vzhghq/ Rfw1 4<<;1
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^9` O1 Shuh}/ M1 Vhjkhuv/ dqg G1 M1 Frvwhoor Mu1 D glvwdqfh vshfwuxp lqwhusuhwd0
wlrq ri wxuer frghv1 LHHH Wudqvdfwlrqv rq Lqirupdwlrq Wkhru|/ 75+9,=49<;�
4:3</ Qryhpehu 4<<91

^:` Q1 Zlehuj1 Frghv dqg ghfrglqj rq jhqhudo judskv/ Dsulo 4<<91 Sk1G1 wkhvlv/
Olqnùslqj Xqlyhuvlw|/ Vzhghq +LVVQ 36780:857/ LVEQ <40:;:40:5<0<,1



Sdshu LY

D Wxuer Frgh Lqwhuohdyhu Ghvljq Fulwhulrq Edvhg rq
wkh Shuirupdqfh ri Lwhudwlyh Ghfrglqj

Mrkdq Krnihow/ Ryh Hgiruv dqg Wruohly Pdvhqj

Dffhswhg iru sxeolfdwlrq/ LHHH Frppxqlfdwlrqv Ohwwhuv



467



D Wxuer Frgh Lqwhuohdyhu Ghvljq Fulwhulrq
Edvhg rq wkh Shuirupdqfh ri Lwhudwlyh Ghfrglqj

Mrkdq Krnihow/ Ryh Hgiruv dqg Wruohly Pdvhqj

Devwudfw

Wkh shuirupdqfh ri d Wxuer frgh lv ghshqghqw rq wzr frgh surshuwlhv= lwv glv0
wdqfh vshfwuxp dqg lwv vxlwdelolw| wr eh lwhudwlyho| ghfrghg1 Erwk wkhvh surshuwlhv
duh lq xhqfhg e| wkh fkrlfh ri lqwhuohdyhu xvhg lq wkh wxuer hqfrghu1 Wklv sd0
shu suhvhqwv dq lqwhuohdyhu ghvljq fulwhulrq wkdw irfxvhv rq wkh shuirupdqfh ri
lwhudwlyh ghfrglqj/ edvhg rq wkh fruuhodwlrq surshuwlhv ri wkh h{wulqvlf lqsxwv1
Lqwhuohdyhuv ghvljqhg zlwk wkh sursrvhg fulwhulrq dfklhyh yhu| frpshwlwlyh shu0
irupdqfhv/ erwk lq whupv ri frqyhujhqfh udwhv dqg huuru fruuhfwlqj fdsdelolwlhv1

4 Lqwurgxfwlrq

Vlqfh wkh lqwurgxfwlrq ri wxuer frghv ^4`/ txlwh dq h�ruw kdv ehhq pdgh wr
�qg jrrg lqwhuohdyhu ghvljq phwkrgrorjlhv1 Prvw ri wkhvh h�ruwv kdyh ehhq
gluhfwhg wrzdugv �qglqj lqwhuohdyhuv wkdw |lhog frghv zlwk lpsuryhg glvwdqfh
vshfwud/ d qdwxudo ghvljq fulwhulrq zkhq pd{lpxp olnholkrrg ghfrglqj lv hp0
sor|hg1 Wxuer frghv duh krzhyhu ghfrghg lwhudwlyho|/ zklfk lv vxerswlpdo wr
pd{lpxp olnholkrrg ghfrglqj1 Wklv surpswv iru dq dgglwlrqdo ghvljq fulwhulrq=
plqlpl}dwlrq ri wkh shuirupdqfh ghwhulrudwlrq gxh wr lwhudwlyh ghfrglqj1

Vrph suhylrxvo| sursrvhg lqwhuohdyhu ghvljq fulwhuld uhvxow lq jrrg lwhud0
wlyh ghfrglqj shuirupdqfh/ iru h{dpsoh V0udqgrp lqwhuohdyhuv ^5`1 Wkhvh duh
vhpl0udqgrp lqwhuohdyhuv iru zklfk shupxwdwlrqv uhvxowlqj lq cvkruw f|fohv* duh
dyrlghg1 D vkruw f|foh rffxuv zkhq wzr elwv duh forvh wr hdfk rwkhu erwk ehiruh
dqg diwhu lqwhuohdylqj1 Lw zdv frqfoxghg lq ^6` wkdw wkhvh vkruw f|fohv lpsdlu wkh
shuirupdqfh ri lwhudwlyh ghfrglqj1 Lq wklv sdshu zh lqyhvwljdwh wkh lq xhqfh
ri vkruw f|fohv xvlqj fruuhodwlrq surshuwlhv ri wkh h{wulqvlf lqirupdwlrq1 Wkhvh
fruuhodwlrq surshuwlhv duh wkhq h{sorlwhg wr irup dq lqwhuohdyhu ghvljq fulwhulrq
wkdw vwulyhv wr pdnh qhdue| h{wulqvlf lqsxwv dv xqfruuhodwhg dv srvvleoh1
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5 Fruuhodwlrq Surshuwlhv ri wkh H{wulqvlf Lqiru0
pdwlrq

Wkh vriw rxwsxw iurp hdfk frqvwlwxhqw ghfrghu fdq eh glylghg lqwr wkuhh sduwv>
wkh h{wulqvlf rxwsxw/ d zhljkwhg yhuvlrq ri wkh v|vwhpdwlf lqsxw/ dqg d frs| ri
wkh lqsxw d sulrul lqirupdwlrq ^4/ 7`1 Lq wklv frqwh{w zh irfxv rq wkh surshuwlhv
ri wkh h{wulqvlf rxwsxw/ vlqfh wklv lv wkh sduw wkdw lv xvhg dv d sulrul lqirupdwlrq
lq wkh qh{w frqvwlwxhqw ghfrghu1 Wkh fruuhodwlrq surshuwlhv ri wkhvh h{wulqvlf
rxwsxwv kdyh uhfhlyhg olwwoh dwwhqwlrq lq wkh olwhudwxuh1 Prvw riwhq/ wkh h{wulqvlf
rxwsxwv2lqsxwv duh dvvxphg wr eh lqghshqghqw ri hdfk rwkhu1 Lq wklv vhfwlrq zh
lqyhvwljdwh wkh fruuhodwlrq surshuwlhv ri wkh h{wulqvlf lqirupdwlrq/ dqg prwlydwh
wkhlu xvh dv sduw ri d ghvljq fulwhulrq lq dq lqwhuohdyhu ghvljq dojrulwkp1 Lq
wkh iroorzlqj/ zh xvh wkh qrwdwlrq Ohl iru h{wulqvlf rxwsxw l/ {l iru lqirupdwlrq
v|pero l +{l 5 i	4j,/ dqg ql iru wkh qrlvh vdpsoh dgghg wr v|vwhpdwlf v|pero
l1

Gxh wr wkh vwuxfwxuh ri d wuhoolv hqfrghu2ghfrghu/ hdfk ghfrghu rxwsxw gh0
shqgv rq d udqjh ri lqsxw qrlvh vdpsohv1 Wkhvh ghshqghqflhv diwhu wkh �uvw
ghfrglqj vwhs duh looxvwudwhg lq Ilj1 4+d,/ zkhuh wkh vrolg olqh vkrzv vlpx0
odwhg4 fruuhodwlrq frh!flhqwv ehwzhhq h{wulqvlf rxwsxw 83 +rxw ri 438, dqg wkh
vhtxhqfh ri qrlvh vdpsohv dgghg wr wkh v|vwhpdwlf vhtxhqfh1 Vlqfh qhdue|
h{wulqvlf rxwsxwv ghshqg rq sduwldoo| wkh vdph lqsxwv/ wkh| duh olnho| wr eh
fruuhodwhg1 Wklv lv frq�uphg lq Ilj1 4+e,/ vkrzlqj wkh fruuhodwlrq ehwzhhq
h{wulqvlf rxwsxw 83 dqg wkh hqwluh vhtxhqfh ri h{wulqvlf rxwsxwv1

Qrz frqvlghu wkh vhfrqg ghfrglqj vwhs1 Wkh h{wulqvlf rxwsxwv iurp wkh
vhfrqg ghfrghu ehfrphv fruuhodwhg zlwk wkh qrlvh vdpsohv wkurxjk wzr ri wkh
lqsxw vhtxhqfhv= wkh v|vwhpdwlf lqsxwv dqg wkh h{wulqvlf lqsxwv1 Frqvhtxhqwo|/
wkh fruuhodwlrq ehwzhhq wkh h{wulqvlf rxwsxw iurp wkh vhfrqg ghfrghu dqg wkh
lqsxw qrlvh vdpsohv lv pruh frpsolfdwhg wkdq diwhu wkh �uvw ghfrghu1 Wkh vrolg
olqh lq Ilj1 4+f, ghslfwv h{dpsohv ri vxfk fruuhodwlrq frh!flhqwv/ dfklhyhg zlwk
d svhxgr0udqgrp lqwhuohdyhu1 Wkh v|vwhpdwlf lqsxwv jlyh ulvh wr wkh fruuhodwlrq
vslnhv/ zkloh hdfk h{wulqvlf lqsxw lqfuhdvhv wkh fruuhodwlrq wr srvlwlrqv lq wkh
qhljkerukrrg ri hdfk vslnh1 Wzr vslnhv wkdw duh forvh wr hdfk rwkhu lqglfdwh
d vkruw f|foh/ uhvxowlqj lq lqfuhdvhg fruuhodwlrq wr wkh qrlvh vdpsohv qhdu wkhvh
vslnhv/ dw wkh h{shqvh ri orzhu fruuhodwlrq wr rwkhu srvlwlrqv1 Li vkruw f|fohv
duh dyrlghg/ wkh fruuhodwlrq ehwzhhq h{wulqvlf rxwsxwv dqg wkh qrlvh vdpsohv lv
lqvwhdg glvwulexwhg dprqj d odujhu sduw ri wkh vhtxhqfh ri qrlvh vdpsohv1 Wklv
zloo eh xvhg lq wkh iroorzlqj wr irup dq lqwhuohdyhu ghvljq fulwhulrq1

4Wkh vrxjkw fruuhodwlrq frh!flhqwv duh sursruwlrqdo wr wkh h{shfwdwlrqv . due�%� u ?�%� o/
zklfk zhuh hvwlpdwhg e| dyhudjlqj vlpxodwhg ydoxhv ri ue�%� u ?�%� ryhu d odujh qxpehu ri
iudphv1
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Iljxuh 4= +d, Fruuhodwlrq ehwzhhq h{wulqvlf rxwsxw 83 iurp wkh �uvw ghfrghu
dqg wkh qrlvh vdpsohv dgghg wr wkh v|vwhpdwlf v|perov1 +e, Dxwrfruuhodwlrq ri
wkh h{wulqvlf rxwsxw vhtxhqfh diwhu wkh �uvw ghfrghu1 +f, Fruuhodwlrq ehwzhhq
h{wulqvlf rxwsxw 83 iurp wkh vhfrqg ghfrghu dqg wkh qrlvh vdpsohv dgghg wr
wkh v|vwhpdwlf v|perov1 Wkh vrolg olqhv fruuhvsrqg wr hpslulfdoo| irxqg frh!0
flhqwv/ zkloh wkh grwwhg olqhv duh forvhg irup dssur{lpdwlrqv1 Doo zhuh rewdlqhg
iru d udwh0426 wxuer frgh zlwk jhqhudwru sro|qrpldov +4:248,rfw dqg d 4380elw
lqwhuohdyhu/ wudqvplwwlqj ryhu dq DZJQ fkdqqho dw He@Q3 @ 4=3 gE1

6 Lqwhuohdyhu Ghvljq

Wkh lqyhvwljdwlrq lq wkh suhylrxv vhfwlrq lqglfdwhv d xvhixo uhodwlrqvkls ehwzhhq
vkruw lqwhuohdyhu f|fohv dqg wkh fruuhodwlrq surshuwlhv ri wkh h{wulqvlf rxwsxwv1
Iru wkh sxusrvh ri lqwhuohdyhu ghvljq/ zh ghvluh d vkruw irup h{suhvvlrq iru
wkh fruuhodwlrq ehwzhhq h{wulqvlf rxwsxwv +iurp wkh vhfrqg ghfrghu, dqg wkh
vhtxhqfh ri qrlvh vdpsohv1 Diwhu vwxg|lqj wkh vlpxodwhg fruuhodwlrq/ zh kdyh
fkrvhq wr xvh wkh iroorzlqj dssur{lpdwlrq5

�
+4,
l>m @

�
dh�fmm�lm li m 9@ l
3 rwkhuzlvh

l> m @ 4> 5> = = = > Q> +4,

iru wkh fruuhodwlrq ehwzhhq Ohl{l dqg qm{m diwhu wkh �uvw ghfrghu1 Wkh grwwhg
olqh lq Ilj1 4+d, vkrzv �+4,83>m> m @ 4> 5> = = = > 438> zlwk d @ 3=56 dqg f @ 3=4;/ zklfk

5Frpsduh zlwk wkh h{srqhqwldoo| ghfd|lqj dxwrfruuhodwlrq ixqfwlrq ri dq Dxwr0Uhjuhvvlyh
surfhvv gulyhq e| zklwh Jdxvvldq qrlvh1
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Iljxuh 5= Looxvwudwlrq ri wkh lqwhuohdyhu pdsslqjv g +p, dqg g�4 +m, > frqwulexw0
lqj wr wkh fruuhodwlrq ehwzhhq qrlvh vdpsoh m dqg h{wulqvlf rxwsxw l1

lv wr eh frpsduhg wr wkh vrolg olqh vkrzlqj wkh vlpxodwhg fruuhodwlrq frh!flhqwv1
Iru wkh fruuhvsrqglqj frh!flhqwv diwhu wkh vhfrqg ghfrghu/ d olqhdu prgho ri
wkh ghfrghu lq zklfk wkh fruuhodwlrq iurp wkh wzr uhohydqw lqsxwv duh dyhudjhg
|lhogv wkh dssur{lpdwlrq

�
+5,
l>m @

v|vwhpdwlf lqsxw

4

5

} �� ~�
4� �g�4+m,�l

�
dh�fmg

�4+m,�lm .

4

5

Q[
p@4

p9@l>g+p,9@m

d5h�f+mg+p,�mm.ml�pm,

� ~} �
h{wulqvlf lqsxwv

> +5,

zkhuh � lv wkh Nurqhfnhu ghowd0ixqfwlrq1 Wkh lqwhuohdyhu lv suhvhqw lq wkh irup
ri g +p,/ dv looxvwudwhg lq Ilj1 51 �

+5,
83>m lv sorwwhg lq Ilj1 4+f, zlwk d grwwhg

olqh/ djdlq wr eh frpsduhg wr wkh vrolg olqh uhsuhvhqwlqj vlpxodwhg fruuhodwlrq
frh!flhqwv1 Hyhq wkrxjk +5, lv d khxulvwlf dssur{lpdwlrq ri wkh wuxh fruuhod0
wlrq frh!flhqwv/ lw lv uhdvrqdeo| dffxudwh dqg suryhv wr eh yhu| xvhixo iru wkh
sxusrvh ri lqwhuohdyhu ghvljq1

D vwudljkwiruzdug lqwhuohdyhu ghvljq surfhgxuh lv wr dvvljq wkh hohphqwv
g+l,> l 5 i4> 5> = = = > Qj/ hohphqw e| hohphqw xqwlo wkh zkroh lqwhuohdyhu lv gh�qhg1
Zkhq fkrrvlqj hdfk qhz lqwhuohdyhu pdsslqj g+l,/ d srvlwlrq lq wkh ruljlqdo
vhtxhqfh lv fkrvhq iru zklfk wkh fruuhodwlrq vwhpplqj iurp wkh douhdg| gh�qhg
pdsslqjv lv orz1 Wklv fruuhodwlrq lv dssur{lpdwhg xvlqj +5,/ zklfk qhhg rqo|
eh fdofxodwhg iru srvlwlrqv m qrw douhdg| fkrvhq1 Iru wkhvh srvlwlrqv/ g�4+m, lv
qrw |hw gh�qhg/ dqg khqfh wkh �uvw whup ri +5,/ dh�fmg

�4+m,�lm/ grhv qrw h{lvw1
Dv d frqvhtxhqfh/ wkh plqlpl}dwlrq lv shuiruphg dv

g+l, @ dujplq
m5O

[
h�f+mg+p,�mm.ml�pm,> +6,

zkhuh wkh vxppdwlrq lv fduulhg rxw ryhu wkh douhdg| gh�qhg lqwhuohdyhu hoh0
phqwv g+p,1 Wkh vhw O lv wkh shuplvvleoh srvlwlrqv wr fkrrvh iurp1 Lw frqwdlqv
wkh vwloo qrw dvvljqhg srvlwlrqv lq wkh ruljlqdo vhtxhqfh/ h{fhsw iru wkrvh holp0
lqdwhg e| rwkhu +rswlrqdo, ghvljq fulwhuld1 Rwkhu ghvljq fulwhuld fdq lqfoxgh
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Iljxuh 6= Looxvwudwlrq ri shupxwdwlrq pdwulfhv iru wkuhh w|shv ri lqwhuohdyhuv
+833 elwv,1 Hdfk grw fruuhvsrqgv wr d rqh lq wkh shupxwdwlrq pdwul{1 +d,
Svhxgr0udqgrp/ +e, V0udqgrp/ dqg +f, fruuhodwlrq ghvljqhg lqwhuohdyhu1

vshfl�f glvwdqfh vshfwuxp uhvwulfwlrqv dqg2ru wuhoolv whuplqdwlrq frqvlghudwlrqv
^8`1 Wkh xvh ri vxfk fulwhuld lv krzhyhu eh|rqg wkh vfrsh ri wklv sdshu1

Wkh uhvxow ri xvlqj wkh fruuhodwlrq fulwhulrq lq wkh ghvljq lv looxvwudwhg lq Ilj1
6/ zklfk vkrzv wkh shupxwdwlrq pdwulfhv iru d svhxgr0udqgrp/ dq V0udqgrp
dqg d fruuhodwlrq ghvljqhg lqwhuohdyhu1 Hdfk grw lq wkhvh sorwv lqglfdwh d rqh lq
wkh shupxwdwlrq pdwul{> wzr grwv wkdw duh qhdu hdfk rwkhu fruuhvsrqg wr d vkruw
f|foh/ zklfk lq wxuq lqglfdwhv wkdw wzr qhdue| h{wulqvlf lqsxwv duh fruuhodwhg1
Lq jhqhudo/ svhxgr0udqgrp lqwhuohdyhuv fuhdwh d odujh dprxqw ri vkruw f|fohv/
zkhuhdv wkhvh duh dyrlghg zlwk V0udqgrp dqg fruuhodwlrq0ghvljqhg lqwhuohdyhuv1

7 Shuirupdqfh Hydoxdwlrq

Wkh sursrvhg ghvljq fulwhulrq zdv hydoxdwhg e| frpsdulqj elw dqg iudph huuru
udwh shuirupdqfhv ri udwh0426 wxuer frghv xvlqj ydulrxv zhoo nqrzq w|shv ri
lqwhuohdyhuv/ vxfk dv svhxgr0udqgrp/ V0udqgrp ^5`/ eorfn kholfdo vlploh ^9`/ ru0
glqdu| eorfn lqwhuohdyhuv/ dv zhoo dv lqwhuohdyhuv ghvljqhg iru rswlpl}hg glvwdqfh
vshfwuxp1 Wkh fruuhodwlrq0ghvljqhg lqwhuohdyhuv uhvxowhg lq erwk wkh idvwhvw gh0
frglqj frqyhujhqfh +dovr vwxglhg lq ^:`, dqg wkh ehvw dv|pswrwlf shuirupdqfh1
Wklv lv h{hpsol�hg lq Ilj1 7+d,/ vkrzlqj wkh iudph0huuru udwh shuirupdqfhv ri
wzr 8450elw lqwhuohdyhuv= rqh fruuhodwlrq0ghvljqhg dqg rqh glvwdqfh vshfwuxp
ghvljqhg1 Qrwh wkdw wkh fruuhodwlrq0ghvljqhg lqwhuohdyhu |lhogv d vljql�fdqwo|
orzhu huuru  rru/ ghvslwh lwv orzhu plqlpxp Kdpplqj glvwdqfh +5: yhuvxv 65,1

Zkloh Ilj1 7+d, suhvhqwv uhvxowv iru 8450elw lqwhuohdyhuv rqo|/ lw lv ri frxuvh
lqwhuhvwlqj wr lqyhvwljdwh wkh shuirupdqfhv iru d zlgh udqjh ri lqwhuohdyhu vl}hv1
Wklv lv grqh lq Ilj1 7+e,/ zkhuh zh vkrz uhtxluhg VQUv iru lqwhuohdyhu vl}hv
udqjlqj iurp 438 wr 73<9 elwv/ dw d iudph huuru udwh ri 43�71 Wkh shuirupdqfh
jdlqv dfklhyhg zlwk fruuhodwlrq ghvljqhg lqwhuohdyhuv ryhu wkh V0udqgrp6 lq0

6 E�c7� M tE�fDc .� c E2ffc b� c EDffc �2� c E�fffc �.� c EefbSc e2��
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whuohdyhuv duh dssur{lpdwho| 314 gE iru vpdoo dqg phglxp vl}h lqwhuohdyhuv1
Vlqfh jrrg lqwhuohdyhuv whqg wr shuirup forvh wr wkh orzhu erxqg7 / wkh urrp
iru lpsuryhphqwv lv vpdoo1

Iljxuh 7= +d, Frpsdulvrq ri frqyhujhqfh udwhv dqg iudph huuru udwhv iru d
fruuhodwlrq ghvljqhg dqg d glvwdqfh vshfwuxp ghvljqhg lqwhuohdyhu/ erwk 845
elwv orqj1 +e, Shuirupdqfh frpsdulvrq ri wxuer frghv xvlqj wkuhh w|shv ri
lqwhuohdyhuv1 Wkh sorw vkrzv wkh plqlpxp uhtxluhg vljqdo0wr0qrlvh udwlr iru d
iudph huuru udwh ri 43�7 xvlqj ;0vwdwh frqvwlwxhqw hqfrghuv dqg 43 ghfrglqj
lwhudwlrqv/ dv zhoo dv d vskhuh0sdfnlqj orzhu erxqg1

7Vskhuh0sdfnlqj orzhu erxqgv iru xqfrqvwudlqhg0lqsxw/ xqfrqvwudlqhg0rxwsxw fkdqqhov ^;`1
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8 Frqfoxvlrq

D qhz lqwhuohdyhu ghvljq fulwhulrq iru wxuer frghv kdv ehhq suhvhqwhg1 Lq frq0
wudvw wr suhylrxv ghvljq fulwhuld/ zklfk frqfhqwudwh rq wkh glvwdqfh vshfwud/
wkh edvlv ri wkh sursrvhg fulwhulrq lv wkh fruuhodwlrq surshuwlhv ri wkh h{wulq0
vlf lqirupdwlrq1 Wkh fruuhodwlrq fulwhulrq fdq eh wkrxjkw ri dv d vriw0yhuvlrq
ri wkh V0udqgrp ghvljq fulwhulrq1 Wkh vsuhdglqj dvvrfldwhg zlwk wkhvh ghvljq
fulwhuld uhvxowv lq wzr idyrudeoh surshuwlhv= frpshwlwlyh glvwdqfh vshfwud dqg
orz fruuhodwlrq ehwzhhq qhdue| h{wulqvlf lqsxwv1 Vlpxodwlrq uhvxowv lqglfdwh d
idvwhu ghfrglqj frqyhujhqfh dv zhoo dv dq lpsuryhg dv|pswrwlf shuirupdqfh
iru lqwhuohdyhuv ghvljqhg zlwk wkh suhvhqwhg fulwhulrq1 Wkh frpsxwdwlrqdo frp0
soh{lw| ri wkh sursrvhg fulwhulrq lv yhu| orz/ zklfk doorzv iru txlfn ghvljq ri
odujh lqwhuohdyhuv1

Uhihuhqfhv
^4` F1 Ehuurx dqg D1 Jodylhx{/ �Qhdu rswlpxp huuru fruuhfwlqj frglqj dqg

ghfrglqj= Wxuer0Frghv/� LHHH Wudqvdfwlrqv rq Frppxqlfdwlrqv/ yro1 77/
ss1 4594�45:4/ Rfwrehu 4<<91

^5` V1 Grolqdu dqg G1 Glyvdodu/ �Zhljkw glvwulexwlrqv iru wxuer frghv xvlqj
udqgrp dqg qrqudqgrp shupxwdwlrqv1� WGD surjuhvv uhsruw 750455/ Mhw
sursxovlrq Ode1/ Sdvdghqd/ FD/ Dxjxvw 4<<81

^6` Q1 Zlehuj/ �Frghv dqg ghfrglqj rq jhqhudo judskv/� Dsulo 4<<91 Sk1G1
wkhvlv/ Olqnùslqj Xqlyhuvlw|/ Vzhghq +LVVQ 36780:857/ LVEQ <40:;:40:5<0
<,1

^7` S1 Mxqj dqg P1 P1 Qdvvkdq/ �Frpsuhkhqvlyh frpsdulvrq ri wxuer0frgh
ghfrghuv/� lq LHHH Yhklfxodu Whfkqrorj| Frqihuhqfh/ Fklfdjr/ XVD/ Mxo|
4<<81

^8` M1 Krnihow/ R1 Hgiruv/ dqg W1 Pdvhqj/ �D vxuyh| rq wuhoolv whuplqdwlrq
dowhuqdwlyhv iru wxuer frghv/� lq LHHH Yhklfxodu Whfkqrorj| Frqihuhqfh/
Krxvwrq/ Wh{dv/ XVD/ Pd| 4<<<1

^9` D1 V1 Eduexohvfx dqg V1 V1 Slhwurerq/ �Whuplqdwlqj wkh wuhoolv ri wxuer0
frghv lq wkh vdph vwdwh/� Hohfwurqlfv Ohwwhuv/ yro1 64/ ss1 55�56/ Mdqxdu|
4<<81

^:` M1 Krnihow/ R1 Hgiruv/ dqg W1 Pdvhqj/ �Rq wkh frqyhujhqfh udwh ri lwhu0
dwlyh ghfrglqj/� lq LHHH Joredo Whohfrppxqlfdwrqv Frqihuhqfh/ V|gqh|/
Dxvwudold/ Qryhpehu 4<<;1

^;` V1 Grolqdu/ G1 Glyvdodu/ dqg I1 Sroodud/ �Wxuer frgh shuirupdqfh dv d
ixqfwlrq ri frgh eorfn vl}h/� lq Lqwhuqdwlrqdo V|psrvlxp rq Lqirupdwlrq
Wkhru|/ Ervwrq/ XVD/ Dxjxvw 4<<;1
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Sdshu Y

Lqwhuohdyhu Vwuxfwxuhv iru Wxuer Frghv zlwk Uhgxfhg
Vwrudjh Phpru| Uhtxluhphqw

Mrkdq Krnihow/ Ryh Hgiruv dqg Wruohly Pdvhqj

LHHH Yhklfxodu Whfkqrorj| Frqihuhqfh
Dpvwhugdp/ Kroodqg/ 4<<<

f�4<<< LHHH1 Uhsulqwhg zlwk shuplvvlrq1
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Lqwhuohdyhu Vwuxfwxuhv iru Wxuer Frghv zlwk
Uhgxfhg Vwrudjh Phpru| Uhtxluhphqw

Mrkdq Krnihow/ Ryh Hgiruv dqg Wruohly Pdvhqj

Devwudfw

Wklv sdshu ghvfulehv wzr lqwhuohdyhu vwuxfwxuhv wkdw uhgxfh wkh phpru| uhtxluh0
phqw iru wkh vwrudjh ri lqwhuohdyhu uxohv1 Wkh �uvw vwuxfwxuh r�hu phpru|
uhgxfwlrqv ri pruh wkdq 83(/ frpsduhg wr vwrulqj wkh hqwluh lqwhuohdyhu yhf0
wru1 Wkh vhfrqg vwuxfwxuh lv xvhixo zkhq d udqjh ri lqwhuohdyhu vl}hv duh wr eh
vwruhg/ r�hulqj phpru| uhgxfwlrqv dv|pswrwlfdoo| dssurdfklqj 83(1 E| frp0
elqlqj wkh wzr vwuxfwxuhv/ d wrwdo phpru| uhgxfwlrq ri dssur{lpdwho| :8( lv
dfklhyhg1 Wklv lv rewdlqhg zlwkrxw dq| vljql�fdqw uhgxfwlrq ri wkh huuru fru0
uhfwlqj shuirupdqfh ri wkh frghv1

4 Lqwurgxfwlrq

D wxuer frgh w|slfdoo| frqvlvwv ri wzr uhfxuvlyh hqfrghuv lq sdudooho/ vhsdudwhg
e| dq lqwhuohdyhu ^4` dv vkrzq lq Ilj1 41 Wkh ghvljq sdudphwhuv ri d wxuer frgh
duh sulpdulo| wkh jhqhudwru sro|qrpldov ri wkh frqvwlwxhqw hqfrghuv/ qrupdoo|
fkrvhq wr eh lghqwlfdo/ dqg wkh sduwlfxodu fkrlfh ri lqwhuohdyhu pdsslqj1 Wkh
lvvxh ri fkrrvlqj jhqhudwru sro|qrpldov lv glvfxvvhg lq iru h{dpsoh ^5/ 6/ 7`/
zkloh iru lqwhuohdyhu ghvljq vwudwhjlhv dqg lqwhuohdyhu vwuxfwxuhv/ vhh iru h{dpsoh
^8/ 9/ :/ ;/ <`1

Lq vrph dssolfdwlrqv/ zkhq pdq|/ dqg srvvleo| odujh/ lqwhuohdyhuv duh xvhg/
wkh lpsohphqwdwlrq frpsoh{lw| wr jhqhudwh wkh lqwhuohdyhu uxohv lv ri lpsru0
wdqfh1 Iru h{dpsoh/ lq wkh vwdqgdugl}dwlrq ri XPWV/ vxfk frqvlghudwlrqv kdyh
dfklhyhg vljql�fdqw dwwhqwlrq1 Wkhuh duh edvlfdoo| wzr dssurdfkhv wkdw fdq
eh xvhg wr orzhu wkh lpsohphqwdwlrq frpsoh{lw| ri lqwhuohdyhu uxohv= hlwkhu e|
xvlqj dojheudlf lqwhuohdyhuv wkdw fdq eh jhqhudwhg lq uhdo wlph/ ru e| lpsrv0
lqj vwuxfwxuhv rq wkh lqwhuohdyhuv/ zklfk uhgxfh wkh vwrudjh uhtxluhphqw ri wkh
lqwhuohdyhu uxohv1

Wklv sdshu suhvhqwv wzr lqwhuohdyhu vwuxfwxuhv wkdw uhgxfh wkh dprxqw ri
phpru| uhtxluhg wr vwruh lqwhuohdyhu uxohv1 Wkh �uvw vwuxfwxuh lv uhihuuhg wr dv
dq rgg0hyhq v|pphwulf vwuxfwxuh/ zklfk uhgxfhv wkh phpru| uhtxluhphqw zlwk
voljkwo| pruh wkdq 83( frpsduhg wr vwrulqj wkh hqwluh lqwhuohdyhu yhfwru1 Wkh
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Iljxuh 4= H{dpsoh ri d wxuer frgh hqfrghu/ xvlqj frqvwlwxhqw hqfrghuv zlwk
jhqhudwru sro|qrpldov +4:@48,rfw=

vhfrqg vwuxfwxuh/ h{sdqghg lqwhuohdyhuv/ lv xvhixo zkhq d vhulhv ri lqwhuohdyhuv
zlwk vl}hv ri wkh irup 5n{> n @ 3> 4> 5> = = = / zkhuh { lv wkh vl}h ri wkh vpdoohvw
ghvluhg lqwhuohdyhu/ duh wr eh vwruhg1 Zkhq d vhulhv ri lqwhuohdyhuv duh ghvljqhg
zlwk wkh h{sdqvlrq fulwhulrq/ lw lv vx!flhqw wr vwruh wkh odujhvw lqwhuohdyhu
rqo|/ r�hulqj phpru| vdylqjv dssurdfklqj 83(1 Iruwxqdwho|/ wkh lqwhuohdyhu
vwuxfwxuhv fdq eh frpelqhg/ zlwk d wrwdo phpru| uhtxluhphqw uhgxfwlrq ri
dssur{lpdwho| :8(/ frpsduhg wr vwrulqj doo wkh lqwhuohdyhu yhfwruv1

Qdwxudoo|/ hyhu| lqwhuohdyhu uhvwulfwlrq uhgxfhv wkh ghvljq iuhhgrp/ dqg
khuhe|/ srvvleo|/ ghwhulrudwhv wkh shuirupdqfh ri wkh lqwhuohdyhuv1 Krzhyhu/
vlpxodwlrqv vkrz wkdw lqwhuohdyhuv zlwk wkh vwuxfwxuhv suhvhqwhg lq wklv sdshu
shuirup hvvhqwldoo| wkh vdph dv xqfrqvwudlqhg lqwhuohdyhuv/ li ghvljqhg dssur0
suldwho|1

5 Lqwhuohdyhu vwuxfwxuhv

Ohw wkh lqwhuohdyhu uxoh eh uhsuhvhqwhg e| d yhfwru ri Q lqwhjhuv/ �@^�+4,
�+5, = = = �+Q,`/ zkhuh �+l, @ m lqglfdwhv wkdw lqsxw srvlwlrq l lv lqwhuohdyhg
wr srvlwlrq m/ dqg Q lv wkh vl}h ri wkh lqwhuohdyhu1 Wkh lqwhuohdyhu vwuxfwxuhv
suhvhqwhg lq wklv sdshu lpsrvh fhuwdlq uhvwulfwlrqv rq wkh shuplvvleoh fkrlfhv
ri wkh pdsslqjv �+l,1 Iluvw/ zh ghvfuleh wzr gl�huhqw uhvwulfwlrqv wkdw lqglylg0
xdoo| r�hu lpsohphqwdwlrq vlpsol�fdwlrqv/ dqg wkhuhdiwhu wkhvh uhvwulfwlrqv duh
phujhg lqwr d frpelqhg vwuxfwxuh/ r�hulqj wrwdo vwrudjh vdylqjv ri dv pxfk dv
:8(1

514 Rgg0hyhq v|pphwulf lqwhuohdyhu vwuxfwxuh

Frqvlghu dq lqwhuohdyhu uxoh wkdw vzdsv sdluv ri srvlwlrqv/ l1h1 d v|pphwulf
lqwhuohdyhu1 Li doo wkh sdluv duh nqrzq/ wkh lqwhuohdyhu uxoh lv nqrzq1 Vlqfh
wkhuh duh rqo| Q25 vxfk sdluv/ li rujdql}hg surshuo|/ wkh vwrudjh ri wkhvh sdluv
uhtxluhv ohvv phpru| wkdq vwrulqj dq hqwluh lqwhuohdyhu yhfwru zlwkQ dgguhvvhv1
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Iljxuh 5= H{dpsoh ri dq ;0elw rgg0hyhq v|pphwulf lqwhuohdyhu1 Hdfk rgg sr0
vlwlrq lq wkh lqsxw vhtxhqfh lv pdsshg wr dq hyhq srvlwlrq/ dqg ylfh yhuvd1
Ixuwkhu/ li lqsxw l lv pdsshg wr srvlwlrq m/ wkhq lqsxw m lv pdsshg wr srvlwlrq
l +v|pphwu|,1

Rqh srvvleoh rujdql}dwlrq vwudwhj| lv wr uhtxluh hyhu| srvlwlrq lq wkh �uvw kdoi ri
wkh lqsxw vhtxhqfh wr eh vzdsshg zlwk d srvlwlrq lq wkh vhfrqg kdoi1 Krzhyhu/
wklv uhvwulfwlrq vhyhuho| uhgxfhv wkh ghvljq iuhhgrp ri wkh lqwhuohdyhu/ qrwdeo|
ghwhulrudwlqj wkh huuru fruuhfwlqj shuirupdqfh ri wkh frgh1 Wkhuh duh krzhyhu
rwkhu vhtxhqfh sduwlwlrqv wkdw |lhog d vlpsoh rujdql}dwlrq ri wkh vzdsslqj sdluv/
zlwkrxw ghjudglqj wkh lqwhuohdyhu shuirupdqfh1 Rqh vxfk sduwlwlrq lv wr vzds
hyhu| rgg srvlwlrq zlwk dq hyhq srvlwlrq/ dqg ylfh yhuvd1 Wklv lqwhuohdyhu
vwuxfwxuh/ ghqrwhg rgg0hyhq v|pphwulf/ lv wkxv dfklhyhg zlwk wkh iroorzlqj
wzr uhvwulfwlrqv=

41 lprg5 9@ � +l,prg5>;l +rgg wr hyhq,/

51 �+l, @ m , �+m, @ l +v|pphwu|,1

Zlwk wkhvh uhvwulfwlrqv/ lw lv vx!flhqw wr vwruh wkh lqwhuohdyhu uxohv iru doo wkh
rgg srvlwlrqv/ vlqfh e| shuiruplqj vzdsv/ wkh hyhq srvlwlrqhg elwv duh dxwr0
pdwlfdoo| lqwhuohdyhg1

Dvvxph wkdw rqo| wkh rgg srvlwlrqv lq wkh lqwhuohdyhu yhfwru duh vwruhg1 Doo
wkh vwruhg dgguhvvhv duh wkhq hyhq lqwhjhuv/ lpso|lqj wkdw wkh ohdvw vljql�fdqw
elw +OVE, lq wkh elqdu| uhsuhvhqwdwlrq ri hdfk dgguhvv lv dozd|v }hur1 Wkxv/
wkh OVE qhhg qrw eh vwruhg/ zklfk r�huv dgglwlrqdo phpru| vdylqjv li wkh
lqwhuohdyhu uxoh lv vwruhg zlwk fxvwrp pdgh phpru| fhoov1 Wklv vkliw ri wkh
elqdu| uhsuhvhqwdwlrq fruuhvsrqgv wr glylglqj hdfk qxpehu e| 5/ vr wkdw wkh
vwruhg yhfwru frqvlvwv ri Q@5 lqwhjhuv udqjlqj iurp 4 wr Q@51 Wklv yhfwru
zloo lq wkh iroorzlqj eh ghqrwhg ��/ dqg lw lv jlyhq e| �� +l, @ � +5l� 4, @5> l 5
i4> 5> = = = > Q@5j1

Dv dq h{dpsoh/ wkh vzdsslqj sdluv ri dq ;0elw rgg0hyhq v|pphwulf lqwhu0
ohdyhu duh looxvwudwhg lq Ilj1 51 Wkh vkrzq lqwhuohdyhu yhfwru lv �@^9 6 5 : ; 4
7 8`/ dqg wkh uhgxfhg phpru|0uhtxluhphqw yhfwru lv ��@^6 4 7 5`1

Wkh lpsohphqwdwlrq ri wkh lqwhuohdylqj uxoh ri dq rgg0hyhq v|pphwulf lqwhu0
ohdyhu lv vwudljkwiruzdug= hohphqwv dw hyhq srvlwlrqv duh lqwhuohdyhg e| vwrulqj
wkhp vhtxhqwldoo| dqg uhdglqj wkhp lq wkh rughu vshfl�hg e| ��> hohphqwv dw rgg
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Iljxuh 6= Lpsohphqwdwlrq h{dpsoh ri dq ;0elw rgg0hyhq v|pphwulf lqwhuohdyhu1
Wkh lqwhuohdyhu uxoh lv vwruhg e| wkh 70hohphqw yhfwru ��@^6 4 7 5`1

srvlwlrqv duh lqwhuohdyhg e| vwrulqj wkhp lq wkh rughu vshfl�hg e| �� dqg uhdglqj
wkhp vhtxhqwldoo|1 Dv dq h{dpsoh/ zh vwxg| wkh lqwhuohdylqj ri wkh h{wulqvlf
rxwsxwv surgxfhg e| wkh �uvw frqvwlwxhqw ghfrghu1 Iru looxvwudwlyh sxusrvhv/ lw
lv vxlwdeoh wr sduwlwlrq wkh phpru| xvhg wr vwruh wkh h{wulqvlf lqirupdwlrq eh0
wzhhq wkh ghfrghuv lqwr wzr orjlfdoo| vhsdudwhg phpru| duhdv/ D dqg E1 Zlwk
wkhvh/ rgg h{wulqvlf rxwsxwv rq wkh irup 5q�4> q 5 i4> 5> = = = > Q@5j duh vwruhg
dw dgguhvv �� +q, lq phpru| D/ zkloh hyhq rxwsxwv/ 5q> q 5 i4> 5> = = = > Q@5j/
duh vwruhg dw dgguhvv q lq phpru| E1 Wkh vhfrqg frqvwlwxhqw ghfrghu shu0
irupv d vlplodu dfwlrq zkhq uhdglqj lwv h{wulqvlf lqsxwv= rgg lqsxwv duh uhdg
iurp phpru| E dw dgguhvv �� +q,/ dqg hyhq lqsxwv duh uhdg iurp phpru| D dw
dgguhvv q1 Vxfk dq lqwhuohdyhu lpsohphqwdwlrq lv looxvwudwhg lq Ilj1 61 Wkh
ghlqwhuohdyhu lpsohphqwdwlrq lv lghqwlfdo/ gxh wr wkh v|pphwulf surshuw|1

515 H{sdqghg lqwhuohdyhu vwuxfwxuh

Wkh h{sdqghg lqwhuohdyhu lv dovr d vwuxfwxuh zkhuh wkh pdsslqjv duh uhvwulfwhg
wr wzr vhsdudwh sduwlwlrqv ri wkh lqsxw vhtxhqfh1 Lq wkh fdvh ri wkh rgg0hyhq
sduwlwlrqlqj lq wkh suhylrxv vhfwlrq/ wkh pdsslqjv zhuh frqvwudlqhg wr eh iurp
rqh vhw wr wkh rwkhu1 Zh zloo qrz vwxg| wkh ehqh�wv ri lqvwhdg uhtxlulqj wkh
pdsslqjv wr eh zlwklq hdfk ri wkh wzr vhwv1 Wkh dgydqwdjh ri wklv uhvwulfwlrq
lv wkdw wkh uhvxowlqj lqwhuohdyhu fdq eh ylhzhg dv d frpelqdwlrq ri wzr vhsdudwh
lqwhuohdyhuv/ hdfk kdoi wkh vl}h ri wkh frpelqhg lqwhuohdyhu1 Dvvxph wkdw wkh wzr
vhwv frqvlvw ri wkh rgg dqg hyhq srvlwlrqv uhvshfwlyho|1 Wkhq/ e| xvlqj hyhu|
vhfrqg hohphqw lq wkh vwruhg lqwhuohdyhu yhfwru/ dq lqwhuohdyhu kdoi dv odujh dv
wkh ruljlqdo lqwhuohdyhu lv dfklhyhg1 Qdwxudoo|/ lw lv srvvleoh wr uhtxluh wkdw
dovr wkh pdsslqjv ri wkh qhz/ vpdoohu lqwhuohdyhu duh uhvwulfwhg wr dgglwlrqdo/
vlplodu/ sduwlwlrqv1 Dv orqj dv wklv uhtxluhphqw lv ixo�oohg/ vpdoohu dqg vpdoohu
lqwhuohdyhuv fdq eh surgxfhg/ e| vlpso| xvlqj hyhu| vhfrqg hohphqw lq wkh
qhduhvw odujhu lqwhuohdyhu1

D vwudljkwiruzdug zd| ri frqvwuxfwlqj d vhulhv ri h{sdqghg lqwhuohdyhuv lv
wr vwduw zlwk wkh vpdoohvw ghvluhg lqwhuohdyhu vl}h/ dqg h{sdqg wklv e| lqvhuwlqj
xqgh�qhg hohphqwv ehwzhhq wkh douhdg| h{lvwlqj srvlwlrqv lq wkh lqwhuohdyhu1
Wkh qhz/ xqgh�qhg srvlwlrqv duh wkhq dvvljqhg zlwk pdsslqjv dffruglqj wr
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Iljxuh 7= +d, H{sdqvlrq ri d 70elw lqwhuohdyhu wr dq ;0elw lqwhuohdyhu/ dqg +e,
H{sdqvlrq ri wkh ;0elw lqwhuohdyhu wr d 490elw lqwhuohdyhu1 Erwk wkh ruljlqdo
70elw dqg wkh lqwhuphgldwh ;0elw lqwhuohdyhuv fdq eh uhwulhyhg iurp wkh �qdo
490elw lqwhuohdyhu1

vrph lqwhuohdyhu ghvljq fulwhuld/ lqghshqghqw ri wkh uhvwulfwlrqv lpsrvhg e| wkh
h{sdqvlrq vwuxfwxuh1 Diwhu wkh h{sdqghg lqwhuohdyhu lv ghvljqhg/ ixuwkhu h{0
sdqvlrqv fdq eh shuiruphg xqwlo wkh odujhvw ghvluhg lqwhuohdyhu vl}h lv rewdlqhg1
Wzr vxfk h{sdqvlrqv duh vkrzq lq Ilj1 7/ �uvw iurp d 70elw lqwhuohdyhu wr dq
;0elw/ dqg wkhq iurp wkh ;0elw wr d 490elw lqwhuohdyhu1

Wkh dgydqwdjh ri h{sdqglqj lqwhuohdyhuv dv ghvfulehg lv wkh uhgxfwlrq ri
vwrudjh phpru| uhtxluhg iru wkh lqwhuohdyhu uxohv> wkh h{sdqghg 490elw lqwhu0
ohdyhu lq Ilj1 5+e, fdq eh xvhg wr lqwhuohdyh 70elw/ ;0elw dqg 490elw vhtxhqfhv1
Wklv lqwhuohdyhu vwuxfwxuh lv wkxv xvhixo zkhq d udqjh ri lqwhuohdyhu vl}hv duh
wr eh vwruhg1 Wkh dprxqw ri vwrudjh phpru| vdyhg dssurdfkhv 83(/ dv wkh
qxpehu ri lqwhuohdyhu vl}hv lqfuhdvhv1

516 H{sdqghg rgg0hyhq v|pphwulf lqwhuohdyhuv

Wkh ghvfulehg vwuxfwxuhv fdq eh phujhg lqwr d frpelqhg lqwhuohdyhu vwuxfwxuh
zklfk lv erwk h{sdqghg dqg rgg0hyhq v|pphwulf1 Gxh wr wkh frqwudglfwru|
frqvwudlqwv rq wkh rgg2hyhq vxevhwv/ wkh h{sdqvlrq qhhg wr eh prgl�hg frp0
sduhg wr wkh ghvfulswlrq deryh1 Rqh zd| wr pdlqwdlq wkh rgg0hyhq surshuw| lq
dq h{sdqghg lqwhuohdyhu lv wr lqvhuw wzr xqgh�qhg hohphqwv diwhu hyhu| vhfrqg
hqwu| lq wkh ruljlqdo lqwhuohdyhu1 Wklv prgl�fdwlrq hqvxuhv wkdw hdfk hohphqw
rq dq hyhq srvlwlrq lq wkh ruljlqdo lqwhuohdyhu uhpdlqv rq dq hyhq srvlwlrq
diwhu h{sdqvlrq/ dqg ylfh yhuvd1 Wkxv/ li wkh ruljlqdo lqwhuohdyhu phhwv wkh
rgg0hyhq v|pphwulf frqvwudlqwv/ dqg li wkh dvvljqphqw ri wkh lqvhuwhg hohphqwv
lv shuiruphg zlwk wkhvh uhvwulfwlrqv/ wkh qhz lqwhuohdyhu zloo eh dq h{sdqghg/
rgg0hyhq v|pphwulf lqwhuohdyhu1 Wkh h{sdqvlrq ri dq ;0elw rgg0hyhq v|pphwulf
lqwhuohdyhu wr d 490elw rgg0hyhq v|pphwulf lqwhuohdyhu lv looxvwudwhg lq Ilj1 81



483 LQWHUOHDYHU VWUXFWXUHV

Iljxuh 8= Dq lqwhuohdyhu h{sdqvlrq wkdw suhvhuyhv wkh rgg0hyhq v|pphwulf
surshuwlhv ri dq lqwhuohdyhu1 Lqvwhdg ri lqvhuwlqj rqh xqdvvljqhg hohphqw diwhu
hyhu| ruljlqdo lqwhuohdyhu hqwu|/ wzr xqdvvljqhg hohphqwv duh lqvhuwhg diwhu hyhu|
vhfrqg ruljlqdo hqwu|1

Wkh h{sdqghg dqg ghvljqhg 490elw lqwhuohdyhu lq Ilj1 8 fdq eh vwruhg rq
kdugzduh dv ��49@^8 ; : 9 4 5 6 7`1 Iru wkhvh vpdoo lqwhuohdyhu vl}hv/ wkh uh0
vwulfwlrqv lpsrvhg rq wkh lqwhuohdyhuv uhgxfh wkh ghvljq iuhhgrp vxevwdqwldoo|1
Krzhyhu/ zkhq ghvljqlqj lqwhuohdyhuv zlwk pruh uhdvrqdeoh vl}hv +dw ohdvw rqh
kxqguhg elwv,/ wkh lpsrvhg uhvwulfwlrqv gr qrw vhyhuho| uhgxfh wkh ghvljq iuhh0
grp ri wkh lqwhuohdyhuv1

Wkh lpsohphqwdwlrq ri h{sdqghg rgg0hyhq v|pphwulf lqwhuohdyhuv lv lghq0
wlfdo wr wkh rgg0hyhq v|pphwulf lpsohphqwdwlrq � zlwk wkh dgglwlrq wkdw wkh
vdph kdugzduh fdq eh xvhg iru d udqjh ri lqwhuohdyhu vl}hv1 Lqwhuohdylqj ri 490/
;0 dqg 70elw vhtxhqfhv zlwk wkh lqwhuohdyhu lq Ilj1 8 duh looxvwudwhg lq Ilj1 91
Wkh rqo| gl�huhqfh ehwzhhq lqwhuohdylqj dq ;0elw vhtxhqfh lqvwhdg ri d 490elw
vhtxhqfh lv wkdw wkh lqwhuohdyhu lqgh{0frxqwhu lv forfnhg wzlfh ehwzhhq hdfk qhz
elw wr eh vwruhg2uhdg1 Wklv krogv dovr iru wkh lqgh{0frxqwhu iru wkh vhtxhqwldoo|
vwruhg2uhdg elwv/ zklfk qrz xvh dgguhvvhv 4> 6> 8> = = = / lqvwhdg ri 4> 5> 6> = = = 1

6 Vlpxodwlrq uhvxowv

Wkh huuru fruuhfwlqj shuirupdqfhv ri wxuer frghv xvlqj lqwhuohdyhuv zlwk wkh
ghvfulehg vwuxfwxuhv kdyh ehhq vlpxodwhg iru DZJQ fkdqqhov1 Zh xvh udwh0426
wxuer frghv zlwk xs wr 48 ghfrglqj lwhudwlrqv/ zkhuh hdfk frqvwlwxhqw ghfrghu
hpsor| wkh orj0PDS ghfrglqj dojrulwkp1 Wkh jhqhudwru sro|qrpldov ri wkh
frqvwlwxhqw hqfrghuv zhuh +4/ 4:248,rfw= Wkh �uvw hqfrghu zdv whuplqdwhg zlwk
wdlo elwv/ zkloh wkh vhfrqg hqfrghu zdv wuxqfdwhg lq dq xqnqrzq vwdwh1

Vlpxodwlrqv zhuh shuiruphg zlwk lqwhuohdyhuv ri vl}hv 653/ 973/ 45;3/ 5893
dqg 8453 elwv1 Wkh 6530elw lqwhuohdyhu lv dq rgg0hyhq v|pphwulf lqwhuohdyhu/
zkloh doo wkh uhvw duh h{sdqghg/ rgg0hyhq v|pphwulf1 Dvlgh iurp wkhvh lq0
whuohdyhu uhvwulfwlrqv/ wkh lqwhuohdyhuv zhuh ghvljqhg wr |lhog jrrg fruuhodwlrq
surshuwlhv ri wkh h{wulqvlf lqirupdwlrq ^<`/ dv zhoo dv jrrg glvwdqfh surshuwlhv
ri wkh uhvxowlqj wxuer frghv1 Wkh elw0 dqg iudph0huuru udwh uhvxowv diwhu ; dqg
48 ghfrglqj lwhudwlrqv duh vkrzq lq Ilj1 : dqg Ilj1 ; uhvshfwlyho|1 Lq wkhvh
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Iljxuh 9= Lpsohphqwdwlrq ri d 490elw h{sdqghg rgg0hyhq v|pphwulf lqwhuohdyhu/
xvhg wr lqwhuohdyh +d,490elw0/ +e, ;0elw0 dqg +f, 70elw lqsxw vhtxhqfhv1 Iru hdfk
vwhs grzq lq lqsxw vhtxhqfh ohqjwk/ wkh forfn vshhg ri wkh lqgh{ frxqwhu iru �� lv
grxeohg1 Iru h{dpsoh/ zkhq lqwhuohdylqj wkh 70elw vhtxhqfh/ wkh rqo| dgguhvvhv
xvhg lq �� lv 8 dqg 41

�jxuhv/ wkh vwuxfwxuhg lqwhuohdyhuv duh ghqrwhg HRHV0FGL> h{sdqghg rgg0hyhq
v|pphwulf/ fruuhodwlrq ghvljqhg lqwhuohdyhu1 Dv d shuirupdqfh uhihuhqfh/ zh xvh
lqwhuohdyhuv ghvljqhg frpsohwho| zlwkrxw vwuxfwxuh uhvwulfwlrqv/ ghqrwhg FGL1
Wklv w|sh ri lqwhuohdyhuv kdyh vkrzq yhu| frpshwlwlyh shuirupdqfhv lq frpsdu0
lvrq wr lqwhuohdyhuv ghvljqhg e| pdq| rwkhu ghvljq vwudwhjlhv/ vhh iru h{dpsoh
^</ 43`1 Zkhq rqo| rqh olqh lv ylvleoh lq wkh shuirupdqfh sorwv/ lw lv ehfdxvh wkh
shuirupdqfhv duh uljkw rq wrs ri hdfk rwkhu1 Wkh uhvxowv lqglfdwh wkdw wkh suh0
vhqwhg lqwhuohdyhu vwuxfwxuhv kdyh hvvhqwldoo| qr lq xhqfh rq wkh shuirupdqfh
ri wkh frpsduhg wxuer frghv/ dv orqj dv wkh lqwhuohdyhuv duh surshuo| ghvljqhg1

Zh suhvhqw khuh rqo| wkh shuirupdqfhv ri lqwhuohdyhuv ghvljqhg zlwk erwk
wkh h{sdqghg dqg wkh rgg0hyhq v|pphwulf uhvwulfwlrqv1 Krzhyhu/ lqwhuohdyhuv
ghvljqhg zlwk rqo| rqh ri wkh frqvwudlqwv/ dv suhvhqwhg lq Vhfwlrq 514 dqg 515
uhvshfwlyho|/ shuirup wkh vdph dv wkh shuirupdqfhv vkrzq lq Ilj1 : dqg Ilj1
;1

7 Glvfxvvlrq dqg frqfoxvlrqv

Wkh frqfhsw ri suxqlqj lqwhuohdyhuv zhuh glvfxvvhg lq ^:`1 Zkhq suxqlqj lqwhu0
ohdyhuv/ yhu| kljk lqwhuohdyhu vl}h judqxodulw| lv dfklhyhg e| glvuhjduglqj wkh
lqwhuohdyhu pdsslqjv wr srvlwlrqv deryh wkh vl}h ri wkh ghvluhg lqwhuohdyhu1 Iru
h{dpsoh/ d 8:30elw lqwhuohdyhu lv rewdlqhg e| glvuhjduglqj doo wkh hohphqwv wkdw
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Iljxuh := Vlpxodwhg elw0 dqg iudph0huuru udwhv diwhu ; ghfrglqj lwhudwlrqv ri
udwh0426 wxuer frghv ri ydulrxv lqwhuohdyhu vl}hv/ rq dq DZJQ fkdqqho1 Wkh
h{sdqghg rgg0hyhq v|pphwulf +HRHV0FGL, lqwhuohdyhuv shuirup hvvhqwldoo|
dv zhoo dv wkh lqwhuohdyhuv ghvljqhg hqwluho| zlwkrxw wkh vwuxfwxuh uhvwulfwlrqv
+FGL,1
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Iljxuh ;= Vlpxodwhg elw0 dqg iudph0huuru udwhv diwhu 48 ghfrglqj lwhudwlrqv/
ri udwh0426 wxuer frghv ri ydulrxv lqwhuohdyhu vl}hv/ rq dq DZJQ fkdqqho1
Wkh h{sdqghg rgg0hyhq v|pphwulf +HRHV0FGL, lqwhuohdyhuv shuirup hvvhq0
wldoo| dv zhoo dv wkh lqwhuohdyhuv ghvljqhg hqwluho| zlwkrxw wkh vwuxfwxuh uhvwulf0
wlrqv +FGL,1
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duh odujhu wkdq 8:3 lq wkh qhduhvw odujhu lqwhuohdyhu/ l1h1 wkh 9730elw lqwhuohdyhu
lq rxu fdvh1 Krzhyhu/ iru wkh lqwhuohdyhuv hydoxdwhg lq wklv sdshu zh irxqg wkdw
wkh fruuhodwlrq surshuwlhv ri wkh h{wulqvlf lqirupdwlrq duh ehwwhu suhvhuyhg/ li
wkh suxqlqj lv shuiruphg dw erwk hqgv ri dq lqwhuohdyhu1 Wklv phdqv wkdw
hohphqwv erwk ehorz dqg deryh d fhuwdlq qxpehu/ ghshqglqj rq wkh ghvluhg
lqwhuohdyhu vl}h/ duh glvuhjdughg1

Wkh vwrudjh ri dq h{sdqghg rgg0hyhq v|pphwulf lqwhuohdyhu ri vl}h 8453
elwv uhtxluhv 5893 dgguhvvhv wr eh vwruhg/ hdfk dgguhvv uhsuhvhqwhg e| 45 elwv1
Wklv dprxqwv wr dssur{lpdwho| 6=4 �437 phpru| fhoov1 Dv ghvfulehg/ wklv lqwhu0
ohdyhu fdq eh xvhg wr lqwhuohdyh doo vhtxhqfhv zlwk ohqjwkv rq wkh irup 8453@5n>
n @ 3> 4> 5> = = = / grzq wr wkh vl}h ri wkh ruljlqdo lqwhuohdyhu xvhg iru wkh �uvw h{0
sdqvlrq1 Dvvxplqj lqvwhdg wkdw lqwhuohdyhuv zlwk vl}hv udqjlqj iurp 653 wr 8453
elwv duh wr eh vwruhg xvlqj xqvwuxfwxuhg lqwhuohdyhuv/ wkhvh lqwhuohdyhuv uhtxluh
d wrwdo ri

S7

n@3
653 � 5n 	orj5

�
653 � 5n�
 � 4=5 � 438 phpru| fhoov iru vwrudjh1

Wkh uhgxfwlrq xvlqj wkh h{sdqghg rgg0hyhq v|pphwulf lqwhuohdyhu lv wkxv :7(
lq whupv ri vwrudjh duhd1 Ixuwkhupruh/ vzlwfklqj ehwzhhq lqwhuohdyhu vl}hv lv
yhu| hdvlo| lpsohphqwhg e| vkliwlqj wkh elwv lq wkh lqwhuohdyhu lqgh{ frxqwhu wr
wkh ohiw/ rqh srvlwlrq iru hdfk vwhs grzq lq lqwhuohdyhu vl}h1 Vlpxodwlrqv vkrz
wkdw wkh suhvhqwhg lqwhuohdyhu frqvwudlqwv kdyh hvvhqwldoo| qr lq xhqfh rq wkh
huuru fruuhfwlqj shuirupdqfhv ri wkh frghv1

Uhihuhqfhv
^4` F1 Ehuurx dqg D1 Jodylhx{/ �Qhdu rswlpxp huuru fruuhfwlqj frglqj dqg ghfrglqj=

Wxuer0Frghv/� LHHH Wudqvdfwlrqv rq Frppxqlfdwlrqv/ yro1 77/ ss1 4594�45:4/
Rfwrehu 4<<91

^5` V1 Ehqhghwwr dqg J1 Prqwruvl/ �Ghvljq ri sdudooho frqfdwhqdwhg frqyroxwlrqdo
frghv/� LHHH Wudqvdfwlrqv rq Frppxqlfdwlrqv/ yro1 77/ ss1 8<4�933/ Pd| 4<<91

^6` V1 Ehqhghwwr/ U1 Jduhoor/ dqg J1 Prqwruvl/ �D vhdufk iru jrrg frqyroxwlrqdo
frghv wr eh xvhg lq wkh frqvwuxfwlrq ri wxuer frghv/� LHHH Wudqvdfwlrqv rq
Frppxqlfdwlrqv/ yro1 79/ Vhs1 4<<;1

^7` G1 Glyvdodu dqg U1 M1 PfHolhfh/ �H�hfwlyh iuhh glvwdqfh ri wxuer frghv/� Hohf0
wurqlf Ohwwhuv/ yro1 65/ Ihe1 4<<91

^8` V1 Grolqdu dqg G1 Glyvdodu/ �Zhljkw glvwulexwlrqv iru wxuer frghv xvlqj udq0
grp dqg qrqudqgrp shupxwdwlrqv1� WGD surjuhvv uhsruw 750455/ Mhw sursxovlrq
Ode1/ Sdvdghqd/ FD/ Dxjxvw 4<<81

^9` V1 Fur}lhu/ M1 Orgjh/ S1 Jxlqdqg/ dqg D1 Kxqw/ �Shuirupdqfh ri wxuer frghv
zlwk uhodwlyh sulph dqg jroghq lqwhuohdylqj vwudwhjlhv/� lq Vl{wk Lqwhuqdwlrqdo
Preloh Vdwhoolwh Frqihuhqfh/ Rwwdzd/ Fdqdgd/ Mxqh 4<<<1

^:` P1 Hur} dqg D1 U1 Kdpprqv/ �Rq wkh ghvljq ri suxqdeoh lqwhuohdyhuv iru wxuer
frghv/� lq Yhklfxodu Whfkqrorj| Frqihuhqfh/ Krxvwrq/ XVD/ Pd| 4<<<1

^;` D1 V1 Eduexohvfx dqg V1 V1 Slhwurerq/ �Whuplqdwlqj wkh wuhoolv ri wxuer0frghv lq
wkh vdph vwdwh/� Hohfwurqlfv Ohwwhuv/ yro1 64/ ss1 55�56/ Mdqxdu| 4<<81
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^<` M1 Krnihow/ R1 Hgiruv/ dqg W1 Pdvhqj/ �Lqwhuohdyhu ghvljq iru wxuer frghv edvhg
rq wkh shuirupdqfh ri lwhudwlyh ghfrglqj/� lq LHHH Lqwhuqdwlrqdo Frqihuhqfh rq
Frppxqlfdwlrqv/ Ydqfrxyhu/ EF/ Fdqdgd/ Mxqh 4<<<1

^43` D1 Khqulnvvrq/ M1 Krnihow/ dqg R1 Hgiruv/ �Hydoxdwlrq ri dq lqwhuohdyhu ghvljq
dojrulwkp iru wxuer frghv lq XPWV1� Wgrf 74<2<;/ HWVL VPJ5 XPWV O4
H{shuw Jurxs/ Phhwlqj qr :/ Vzhghq/ Rfw1 4<<;1
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Rq wkh Wkhru| dqg Shuirupdqfh ri Wuhoolv Whuplqdwlrq
Phwkrgv iru Wxuer Frghv

Mrkdq Krnihow/ Ryh Hgiruv dqg Wruohly Pdvhqj

Vxeplwwhg wr
LHHH Mrxuqdo rq Vhohfwhg Duhdv lq Frppxqlfdwlrqv

Vxeplwwhg Dsulo 5333
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Rq wkh Wkhru| dqg Shuirupdqfh ri Wuhoolv
Whuplqdwlrq Phwkrgv iru Wxuer Frghv

Mrkdq Krnihow/ Ryh Hgiruv dqg Wruohly Pdvhqj

Devwudfw

Wkh shuirupdqfh ri d Wxuer frgh lv lq jhqhudo vhyhuho| ghjudghg li qr wuhoolv
whuplqdwlrq lv hpsor|hg1 Wklv sdshu lqyhvwljdwhv wkh lpsolfdwlrqv ri wkh fkrlfh
ri wuhoolv whuplqdwlrq phwkrg iru Wxuer frghv/ dqg h{sodlqv wkh ruljlq ri wkh
shuirupdqfh ghjudgdwlrq riwhq h{shulhqfhg zlwkrxw wuhoolv whuplqdwlrq1 Dq h!0
flhqw phwkrg wr ghulyh wkh glvwdqfh vshfwuxp ri Wxuer frghv iru gl�huhqw wuhoolv
whuplqdwlrq phwkrgv lv suhvhqwhg1 Ixuwkhu/ zh suhvhqw lqwhuohdyhu ghvljq uxohv
wkdw duh wdloruhg wr hdfk whuplqdwlrq phwkrg1 Xvlqj lqwhuohdyhuv ghvljqhg zlwk
wkhvh uhvwulfwlrqv/ zh ghprvwudwh wkdw wkh shuirupdqfh gl�huhqfh ehwzhhq ydu0
lrxv whuplqdwlrq phwkrgv duh yhu| vpdoo/ lqfoxglqj qr wuhoolv whuplqdwlrq dw
doo1 Iru h{dpsoh/ zh ghprqvwudwh d Wxuer frgh zlwk d 8330elw lqwhuohdyhu wkdw
h{klelw qr vljq ri dq huuru  rru iru iudph huuru udwhv dv orz dv 43�;/ hyhq
wkrxjk qr wuhoolv whuplqdwlrq lv hpsor|hg1

4 Lqwurgxfwlrq

Wxuer frghv duh lq jhqhudo lpsohphqwhg dv wzr uhfxuvlyh frqyroxwlrqdo hqfrghuv
lq sdudooho/ zkhuh wkh lqsxw wr wkh vhfrqg hqfrghu lv dq lqwhuohdyhg yhuvlrq ri
wkh ruljlqdo lqirupdwlrq vhtxhqfh ^4/ 5`1 Dw wkh ehjlqqlqj ri hdfk lqirupdwlrq
eorfn/ wkh hqfrghuv duh lqlwldol}hg wr wkhlu }hur0vwdwhv1 Vlploduo|/ lw lv ghvludeoh
wr irufh wkh hqfrghuv edfn wr wkh }hur0vwdwh dw wkh hqg ri wkh lqirupdwlrq
eorfn/ dq rshudwlrq nqrzq dv wuhoolv whuplqdwlrq1 Iru ihhgiruzdug frqyroxwlrqdo
hqfrghuv/ wklv lv uhdglo| dfklhyhg e| dsshqglqj }hurv/ nqrzq dv wdlo elwv/ dw wkh
hqg ri wkh hqfrghu lqsxw vhtxhqfh1 Krzhyhu/ wkh uhfxuvlyh surshuw| ri wkh
frqvwlwxhqw hqfrghuv xvhg lq Wxuer frghv lpsolhv d vwdwh0ghshqghqf| rq wkhvh
wdlo elwv/ dqg khqfh/ lqglylgxdo wdlo vhtxhqfhv duh uhtxluhg iru hdfk frqvwlwxhqw
hqfrghu1

Wkh sureohp ri wuhoolv whuplqdwlrq iru Wxuer frghv kdv ehhq dgguhvvhg e|
pdq| dxwkruv1 Lq wkh ruljlqdo Wxuer frgh sursrvhg e| Ehuurx hw do1 ^5`/ wkh
wuhoolv ri wkh �uvw hqfrghu zdv whuplqdwhg lq wkh }hur vwdwh zkloh wkh vhfrqg
hqfrghu zdv wuxqfdwhg lq dq xqnqrzq vwdwh1 Vlqfh wkhq/ ydulrxv whfkqltxhv

48<
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kdyh ehhq suhvhqwhg zklfk doorz erwk hqfrghuv wr eh whuplqdwhg lq wkhlu }hur
vwdwhv1 H{dpsohv ri vxfk whfkqltxhv duh= orfdwlrq ri lqsxw srvlwlrqv wkdw vhs0
dudwho| lq xhqfh wkh �qdo vwdwhv ri erwk hqfrghuv ^6`/ lqwhuohdyhu uhvwulfwlrqv
wkdw whuplqdwh wkh vhfrqg hqfrghu lq wkh vdph vwdwh dv wkh �uvw hqfrghu ^7/ 8`/
wdlo0elwlqj Wxuer frghv ^9`/ dqg srvw lqwhuohdyhu  xvklqj ^:`1 Qdwxudoo|/ lw lv
dovr dq rswlrq wr wuxqfdwh erwk hqfrghuv zlwkrxw dq| wuhoolv whuplqdwlrq dw doo/
dv lqyhvwljdwhg iru h{dpsoh lq ^;/ <`1 Dgglwlrqdo uhsruwv rq wuhoolv whuplqdwlrq
iru Wxuer frghv duh irxqg lq/ dprqj rwkhuv/ ^43/ 44`1

Wkh shuirupdqfh ri d wuhoolv whuplqdwlrq phwkrgv lv/ wr ydulrxv h{whqwv/
ghshqghqw rq wkh sduwlfxodu lqwhuohdyhu xvhg lq wkh Wxuer hqfrghu � d idfw uduho|
dfnqrzohgjhg lq wkh olwhudwxuh1 Wklv ghshqghqf| lv wkh uhvxow ri lqwhuohdyhu hgjh
h�hfwv ^45`1 Wkhvh hgjh h�hfwv ghjudgh wkh glvwdqfh vshfwuxp ri Wxuer frghv lq
vlwxdwlrqv zkhuh dw ohdvw rqh ri wkh hqfrghu wuhoolvhv lv wuxqfdwhg lq dq xqnqrzq
vwdwh1 Wkh ghjuhh ri glvwdqfh vshfwuxp ghjudgdwlrq lv kljko| ghshqghqw rq wkh
sduwlfxodu fkrlfh ri lqwhuohdyhu1 Wkxv/ wkh shuirupdqfh ri d wuhoolv whuplqdwlrq
phwkrg lv wkh uhvxow ri wkh frpelqdwlrq ri wkh whuplqdwlrq phwkrg dqg wkh
hgjh h�hfwv suhvhqw iru wkh sduwlfxodu lqwhuohdyhu xvhg1

Wklv sdshu ghvfulehv lqwhuohdyhu hgjh h�hfwv lq ghwdlo/ dqg ghprqvwudwhv
krz gl�huhqw whuplqdwlrq phwkrgv duh xqhtxdoo| vhqvlwlyh wr wkh skhqrphqrq1
D phwkrg wr fdofxodwh wkh glvwdqfh vshfwuxp ri Wxuer frghv iru gl�huhqw wuho0
olv whuplqdwlrq phwkrgv lv suhvhqwhg1 Ixuwkhu/ zh ghvfuleh krz wkh lqwhuohdyhu
hgjh h�hfwv fdq eh dyrlghg e| phdqv ri vrsklvwlfdwhg lqwhuohdyhu ghvljq/ khuhe|
vljql�fdqwo| uhgxflqj wkh qhhg iru wuhoolv whuplqdwlrq1 Xvlqj lqwhuohdyhuv gh0
vljqhg vshfl�fdoo| iru hdfk whuplqdwlrq phwkrg/ zh lqyhvwljdwh wkh huuru fru0
uhfwlqj shuirupdqfhv ri gl�huhqw whuplqdwlrq vfkhphv1 Wkh lqyhvwljdwhg wuhoolv
whuplqdwlrq phwkrgv duh= qr whuplqdwlrq dw doo/ whuplqdwlrq ri wkh �uvw hqfrghu
rqo|/ whuplqdwlrq ri erwk hqfrghuv zlwk srvw lqwhuohdyhu  xvklqj ^:`/ whuplqd0
wlrq ri erwk hqfrghuv xvlqj erwk vhoi0whuplqdwlqj lqwhuohdyhuv ^7/ 8` dqg gxdo
whuplqdwlrq ^6`1

D w|slfdo Wxuer frgh hqfrghu lv ghslfwhg lq Ilj1 41 Wkh frqvwlwxhqw hq0
frghuv duh udwh 424 uhfxuvlyh frqyroxwlrqdo hqfrghuv zlwk p phpru| hohphqwv
dqgP @ 5p vwdwhv1 Wkh wzr hqfrghuv duh olqnhg e| dq lqwhuohdyhu ri ohqjwk Q /
vr wkdw hyhu| eorfn ri Q lqirupdwlrq elwv hqwhulqj wkh vhfrqg frqvwlwxhqw hq0
frghu lv dq lqwhuohdyhg/ ru shupxwhg/ yhuvlrq ri wkh ruljlqdo Q 0elw lqirupdwlrq
eorfn1 Ghshqglqj rq wkh ghjuhh ri sxqfwxulqj shuiruphg rq wkh wzr sdulw|
vhtxhqfhv/ wkh ryhudoo frgh udwh fdq eh ydulhg iurp 426 wr 4241

Gxh wr wkh lqwhuohdyhu/ wkh ryhudoo vwdwh vsdfh ri wkh hqfrghu ehfrphv sur0
klelwlyho| odujh iru pd{lpxp olnholkrrg ghfrglqj1 Krzhyhu/ d uhdvrqdeo| orz
frpsoh{lw| ghfrglqj lv rewdlqhg e| lwhudwlyho| ghfrglqj wkh frghv jhqhudwhg
e| wkh �uvw dqg vhfrqg frqvwlwxhqw hqfrghuv/ uhvshfwlyho|1 Wkh ghfrglqj ri wkh
frqvwlwxhqw frghv uhtxluhv d vriw0lq2vriw0rxw ghfrglqj dojrulwkp/ surylglqj d
srvwhulrul suredelolwlhv +DSSv, ri wkh v|perov lq wkh ghfrghg vhtxhqfh1 Rqh
vxfk dojrulwkp lv wkh EFMU dojrulwkp ^46`/ zklfk surylghv rswlpdo DSSv rq d
v|pero0e|0v|pero edvlv1 Gxh wr wkh frpsdudeo| kljk frpsoh{lw| ri wkh EFMU
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Iljxuh 4= Wxuer hqfrghu vwuxfwxuh1

dojrulwkp/ vriw0rxwsxw dojrulwkpv edvhg rq wkh Ylwhuel dojrulwkp +VRYD, kdv
ehhq ghyhorshg ^47/ 48`1 Lq rxu vlpxodwlrqv ri Wxuer frghv/ zh xvh 48 ghfrglqj
lwhudwlrqv hpsor|lqj wkh ixoo EFMU dojrulwkp/ lpsohphqwhg lq wkh orjdulwkplf
grpdlq ^49`1 Ixuwkhu/ doo wudqvplvvlrq lv ryhu wkh dgglwlyh zklwh Jdxvvldq qrlvh
+DZJQ, fkdqqho1

Wklv sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5/ zh uhvwdwh wkh wkhru|
uhtxluhg wr rewdlq wkh glvwdqfh vshfwuxp ri wkh hqvhpeoh ri Wxuer frghv/ dqg
suhvhqw dq h!flhqw phwkrg wr lqfoxgh wkh h�hfwv ri gl�huhqw wuhoolv whuplqdwlrq
phwkrgv lq wkhvh fdofxodwlrqv1 Lq Vhfwlrq 6/ zh lqyhvwljdwh wkh lpsolfdwlrqv ri
xvlqj vshfl�f lqwhuohdyhuv/ zkrvh shuirupdqfhv ghyldwh vljql�fdqwo| iurp wkdw
ri wkh hqvhpeoh ri doo lqwhuohdyhuv1 Lq Vhfwlrq 7/ zh glvfxvv wkh lvvxh ri ghfrghu
lqlwldol}dwlrq iru wkh fdvh zkhq wkh wuhoolv lv wuxqfdwhg lq dq xqnqrzq vwdwh1
Ilqdoo|/ zh vxppdul}h rxu lqyhvwljdwlrq lq Vhfwlrq 8/ zklfk lv iroorzhg e| dq
dsshqgl{ ghvfulelqj lqwhuohdyhu ghvljq uhvwulfwlrqv wkdw duh wdloruhg iru vshfl�f
fkrlfhv ri wuhoolv whuplqdwlrq phwkrgv1

5 Lq xhqfh ri Wuhoolv Whuplqdwlrq rq wkh Glv0
wdqfh Vshfwuxp

Wkh vwdqgdug phwkrg xvhg iru shuirupdqfh dvvhvvphqw ri Wxuer frghv/ dv iru
frqyhqwlrqdo eorfn0 dqg frqyroxwlrqdo frghv/ lv wr fdofxodwh wkh Kdpplqj glv0
wdqfh vshfwuxp ri wkh frgh1 Zlwk wkh glvwdqfh vshfwuxp/ ru/ htxlydohqwo|/ wkh
zhljkw glvwulexwlrq/ orzhu dqg xsshu erxqgv rq wkh huuru fruuhfwlqj shuiru0
pdqfh fdq eh ghulyhg1 Krzhyhu/ wkh fdofxodwlrq ri wkh glvwdqfh vshfwuxp ri d
Wxuer frgh lqyroyhv wdnlqj wkh sduwlfxodu lqwhuohdyhu xvhg lqwr dffrxqw/ d wdvn
wkdw ehfrphv surklelwlyho| frpsoh{ iru uhdvrqdeo| odujh lqwhuohdyhu vl}hv1 D
ohvv frpsxwdwlrqdoo| ghpdqglqj phwkrg zdv lqwurgxfhg e| Ehqhghwwr hw do1 lq
^4:`/ zkhuh wkh| suhvhqwhg d phwkrg wr ghulyhg wkh dyhudjh glvwdqfh vshfwuxp
iru wkh hqvhpeoh ri doo lqwhuohdyhuv ri d fhuwdlq ohqjwk1 Lq wklv vhfwlrq zh vxp0
pdul}h wkh phwkrg suhvhqwhg lq ^4:`/ dqg suhvhqw dq h!flhqw phwkrg wr lqfoxgh
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wkh lq xhqfhv ri gl�huhqw wuhoolv whuplqdwlrq phwkrgv1
Ehqhghwwr hw do1 lqwurgxfhg ^4:` wkh lqsxw0uhgxqgdqf| zhljkw hqxphudwlqj

ixqfwlrq +LUZHI,

D +Z>], /
Q[
z@3

q�Q[
m@3

Dz>mZ
z]m > +4,

iru dq +q>Q,0frgh/ zkhuh Q lv wkh ohqjwk ri wkh lqwhuohdyhu dqg q lv wkh frgh0
zrug ohqjwk1 Dz>m lv wkh qxpehu ri frghzrugv zlwk lqsxw zhljkw z dqg sdulw|
zhljkw m/ dqg Z dqg ] duh gxpp| yduldeohv1 Dw wklv srlqw/ zh uhvwulfw wkh
frh!flhqwv Dz>m wr lqfoxgh wuhoolv sdwkv wkdw vwduw iurp wkh }hur vwdwh dqg hqg
lq wkh }hur vwdwh diwhu Q wuhoolv wudqvlwlrqv1 Wkh wuhoolv sdwkv wkdw gr qrw hqg
lq wkh }hur vwdwh zloo eh wuhdwhg vhsdudwho| lq Vhfwlrq 5141

Vlqfh erwk frqvwlwxhqw hqfrghuv lq d Wxuer frgh vkduh wkh vdph lqsxw zhljkw
z/ hyhu| frghzrug wkdw ehorqj wr d Wxuer frgh lv d frpelqdwlrq ri wzr frq0
vwlwxhqw frgh frghzrugv wkdw erwk uhvxow iurp zhljkw z lqsxw vhtxhqfhv1 Lw
lv wkhuhiruh frqyhqlhqw wr gh�qh wkh frqglwlrqdo zhljkw hqxphudwlqj ixqfwlrq
+FZHI,

Dz +], /
q�Q[
m@3

Dz>m]
m > z @ 3> 4> = = = > n>

zklfk hqxphudwhv wkh qxpehu ri frghzrugv ri ydulrxv sdulw| zhljkwv m/ frq0
glwlrqhg rq d fhuwdlq lqsxw0zhljkw z1 Wkh FZHI ri wkh �uvw dqg vhfrqg
frqvwlwxhqw hqfrghuv duh ghqrwhg DF4

z +], dqg DF5

z +], uhvshfwlyho|/ dqg wkh
FZHI ri wkh ryhudoo Wxuer frgh DWFz +],1 Lqwurgxflqj d suredelolvwlf lqwhu0
ohdyhu frqvwuxfwlrq fdoohg d xqlirup lqwhuohdyhu/ iru zklfk doo glvwlqfw pdsslqjv
duh htxdoo| suredeoh/ Ehqhghwwr hw do1 rewdlqhg wkh FZHI ri wkh hqvhpeoh ri
doo Wxuer frghv xvlqj lqwhuohdyhuv zlwk ohqjwk Q dv

DWFz +], @
DF4

z +],DF5

z +],�
Q
z

� >

zkhuh 4
1�

Q
z

�
lv wkh suredelolw| wkdw d vshfl�f zhljkw0z vhtxhqfh lv pdsshg wr

dqrwkhu/ vshfl�f/ zhljkw0z vhtxhqfh1 Ilqdoo|/ wkh pxowlsolflwlhv dg ri frghzrugv
zlwk Kdpplqj zhljkw g lv dfklhyhg dv

dg @
Q[
z@4

DWFz>g�z> +5,

zkhuh DWFz>g�z duh wkh frh!flhqwv lq wkh Wxuer frgh FZHI/ l1h1 DWFz +], /Sq�Q

m@3 DWFz>m]
m 1 Qrwh wkdw/ gxh wr wkh dyhudjlqj ri wkh hqvhpeoh ri glvwdqfh

vshfwud/ hdfk pxowlsolflw| dg dqg DWFz>m duh qrw qhfhvvdulo| lqwhjhuv1
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4 3 33 3 33

3 3 3 3 3

3 3

3 3 3 3 3

3 3 3 3 33

3 3 3 3 3

3

3 3 3 34

4

4

4

4

Lqi1�vht1

Wuhoolv�ri
vhfrqg�hqfrghu

Wuhoolv�ri
iluvw�hqfrghu

Lqwhuohdylqj
Lqwhuohdyhg
lqi1�vht1

Iljxuh 5= H{dpsoh ri dq lqwhuohdyhu dqg dq lqirupdwlrq vhtxhqfh surgxflqj
wzr orz zhljkw sdulw| vhtxhqfhv/ dqg wkxv d orz zhljkw frgh zrug1

Wkh glvwdqfh vshfwuxp rewdlqhg zlwk +5, fdq eh xvhg wr ghulyh dq xsshu
erxqg rq wkh huuru fruuhfwlqj shuirupdqfh1 Iru DZJQ fkdqqhov dqg pd{lpxp
olnholkrrg ghfrglqj/ wkh huuru udwh shuirupdqfh lv xsshu erxqghg e|

SIHU �
[
g

dgT

#u
g
5UHe
Q3

$
> +6,

zkhuh SIHU lv wkh iudph ru eorfn huuru udwh/ T +�, lv wkh xsshu wdlo suredelolw|
ri d qrupdol}hg Jdxvvldq udqgrp yduldeoh/ U lv wkh frgh udwh/ He lv wkh hqhuj|
shu lqirupdwlrq elw dqg Q3 lv vlqjoh0vlghg qrlvh vshfwudo ghqvlw|1 Qrwh wkdw wkh
erxqg +6, lv ydolg iru wkh hqvhpeoh ri doo lqwhuohdyhuv zlwk d fhuwdlq ohqjwk> d
vlqjoh vshfl�f lqwhuohdyhu pd| shuirup erwk zruvh dqg ehwwhu wkdq wkh hqvhpeoh
xsshu erxqg1 Iru wkh elw huuru udwh shuirupdqfh/ wkh xqlrq erxqg lv

SEHU �
[
z

[
m

z

Q
DWFz>mT

#u
+z . m,

5UHe
Q3

$
= +7,

Zkhq ghulylqj wkh FZHI ri wkh frqvwlwxhqw frghv ri Wxuer frghv/ lw lv
frpprq wr wdnh rqo| wkh huuru hyhqwv wkdw hqg xs lq wkh }hur vwdwh lqwr df0
frxqw1 Wklv fruuhvsrqgv wr wdnlqj rqo| }hur0whuplqdwlqj lqsxw vhtxhqfhv lqwr
frqvlghudwlrq1 Iljxuh 5 ghslfwv vxfk d frpelqdwlrq ri lqwhuohdyhu dqg lqsxw
vhtxhqfh/ iru zklfk d zhljkw06 lqsxw vhtxhqfh lv }hur0whuplqdwlqj erwk ehiruh
dqg diwhu lqwhuohdylqj1 Ghshqglqj rq wkh phwkrg ri wuhoolv whuplqdwlrq/ frgh0
zrugv pljkw dovr h{lvw wkdw ruljlqdwh iurp wuhoolv sdwkv wkdw gr qrw hqg xs lq
wkh }hur vwdwh diwhu Q wuhoolv wudqvlwlrqv1 Vlqfh wkhvh frghzrugv fdq eh wkrxjkw
ri dv ehlqj wkh uhvxow ri wkh wuxqfdwlrq lpsrvhg e| wkh lqwhuohdyhu/ wkh| duh
uhihuuhg wr dv lqwhuohdyhu hgjh h�hfwv ^45`1 Lq wkh qh{w vhfwlrq zh ghvfuleh dq
h!flhqw phwkrg iru wdnlqj wkh lqwhuohdyhu hgjh h�hfwv lqwr dffrxqw/ iru ydulrxv
Wxuer frgh wuhoolv whuplqdwlrq phwkrgv1
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514 Lqwhuohdyhu Hgjh H�hfwv

Lqwhuohdyhu hgjh h�hfwv uhihu wr wkh lpsolfdwlrqv rq wkh glvwdqfh vshfwuxp uh0
vxowlqj iurp wkh eorfn sduwlwlrqlqj ri wkh lqsxw vhtxhqfh/ dv wkh uhvxow ri d
olplwhg0ohqjwk lqwhuohdyhu1 Gxh wr wklv wuxqfdwlrq/ orz zhljkw sdulw| zrugv fdq
eh jhqhudwhg hyhq wkrxjk wkh hqfrghu lqsxw vhtxhqfhv gr qrw irufh wkh hqfrghuv
edfn wr wkh }hur vwdwhv1 Lq whupv ri zhljkw hqxphudwlqj ixqfwlrqv/ wklv phdqv
wkdw zh uhtxluh nqrzohgjh qrw rqo| ri wkh qxpehu ri wuhoolv sdwkv wkdw ohdg wr
wkh }hur vwdwh diwhu wkh odvw wudqvlwlrq/ exw dovr ri wkh qxpehu ri sdwkv wkdw ohdg
wr wkh rwkhu vwdwhv1 Wklv fdq eh rewdlqhg e| sduwlwlrqlqj wkh LUZHI lq +4,
lqwr d vwdwh0ghshqghqw frxqwhusduw/ zklfk hqxphudwhv wkh qxpehu ri sdwkv wkdw
ohdg wr wuhoolv vwdwh v/ kdylqj lqsxw zhljkw z dqg sdulw| zhljkw m1 Dq h!flhqw
phwkrg wr �qg wkh vwdwh0ghshqghqw LUZHI ri d frqyroxwlrqdo hqfrghu ydolg
diwhu w wuhoolv wudqvlwlrqv lv wr h{whqg wkh LUZHI ri wkh vdph hqfrghu rewdlqhg
iru w� 4 wudqvlwlrqv1 Ohw Dw>v>z>m ghqrwh wkh qxpehu ri sdwkv wkdw ohdg wr vwdwh
v diwhu w wuhoolv wudqvlwlrqv/ kdylqj lqsxw zhljkw z dqg sdulw| zhljkw m1 Edvhg
rq wkh hqfrghu wuhoolv/ wkh vwdwh ghshqghqw LUZHI lv uhfxuvlyho| fdofxodwhg dv

Dw>v>z>m @
4[

x@3

Dw�4>V+v>x,>z�x>m�S +V+v>x,>x,>

zkhuh V +v> x, lv wkh vwdwh wkdw ohdgv wr vwdwh v zkhq wkh lqsxw v|pero lv x/
dqg S +V +v> x, > x, lv wkh sdulw| zhljkw ri wkh fruuhvsrqglqj wuhoolv wudqvlwlrq1
Wkh uhfxuvlyh surfhgxuh lv lqlwldol}hg zlwk D3>v>z>m @ 3 ;v>z> m/ h{fhsw iru
D3>3>3>3 @ 4/ zklfk fruuhvsrqgv wr dq hqfrghu lqlwldol}hg lq wkh }hur vwdwh1

Ohw HF4

z>m dqg H
F5

z>m ghqrwh wkh pxowlsolflwlhv ri frghzrugv wkdw fruuhvsrqg wr
wuhoolv sdwkv wkdw gr qrw hqg xs lq wkh }hur vwdwh diwhu hqfrglqj ohqjwk0Q lqsxw
eorfnv/ iru frqvwlwxhqw frgh F4 dqg F5 uhvshfwlyho|1 Wkhvh pxowlsolflwlhv irup
wkh fruuhvsrqglqj FZHIv dffruglqj wrHFo

z +], @
Sq�Q

m@3 HFo
z>m]

m > o @ 4> 51 Wkh
ryhudoo FZHIv/ lqfoxglqj erwk }hur0whuplqdwlqj frghzrugv dqg hgjh h�hfwv/
duh wkhq rewdlqhg dv �DFoz +], @ DFoz +], . HFo

z +], > dqg wkh uhvxowlqj FZHI
iru wkh Wxuer frgh lv

�DWFz +], @

�
DF4

z +], .HF4

z +],
� �
DF5

z +], .HF5

z +],
�

�
Q
z

� = +8,

Zkhq frpsdulqj gl�huhqw whuplqdwlrq phwkrgv/ lw lv looxvwudwlyh wr vhsdudwh
wkh sduw ri wkh glvwdqfh vshfwuxp wkdw ruljlqdwhv iurp hgjh h�hfwv/ l1h1

HWF
z +], @

DF4

z +],HF5

z +], .HF4

z +],DF5

z +], .HF4

z +],HF5

z +],�
Q
z

� > +9,

vr wkdw �DWFz +], @ DWFz +], . HWF
z +], = Wkh gl�huhqfh lq wkh �DWFz +],=v iru

gl�huhqw wuhoolv whuplqdwlrq phwkrgv lv lq wkh zd| wkh HFo
z>m=v duh fdofxodwhg1

Wklv lv wuhdwhg lq wkh vxevhtxhqw sdudjudskv1
Zh vhsdudwh wkh wuhoolv whuplqdwlrq phwkrgv lqwr wkuhh sulqflsdo fodvvhv=



WUHOOLV WHUPLQDWLRQ 498

41 Qr whuplqdwlrq ri hlwkhu frqvwlwxhqw hqfrghu1

51 Whuplqdwlrq ri wkh �uvw frqvwlwxhqw hqfrghu1

61 Whuplqdwlrq ri erwk frqvwlwxhqw hqfrghuv1

Qrwh wkdw wkhvh fodvvhv uhihu wr wkh wuhoolv vlwxdwlrqv diwhu hqfrglqj vhtxhqfhv
wkdw duh Q elwv orqj/ l1h1 wkh ohqjwk ri wkh lqwhuohdyhu1

Fodvv L1 Qr wuhoolv whuplqdwlrq

Zlwk qr wuhoolv whuplqdwlrq ri hlwkhu frqvwlwxhqw hqfrghu/ wkh pxowlsolflwlhv ri
frghzrugv wkdw fruuhvsrqg wr lqwhuohdyhu hgjh h�hfwv duh fdofxodwhv e| vxpplqj
wkh qxpehu ri sdwkv wkdw hqg lq qrq0}hur vwdwhv diwhu Q wuhoolv wudqvlwlrqv/ l1h1

HF4

z>m @
5p4�4[
v@4

DF4

Q>v>z>m> dqg

HF5

z>m @
5p5�4[
v@4

DF5

Q>v>z>m>

zkhuh p4 dqg p5 duh wkh qxpehu ri phpru| hohphqwv lq hqfrghu 4 dqg 5/
uhvshfwlyho|1 Wkh ryhudoo glvwdqfh vshfwuxp lqfoxglqj hgjh h�hfw frghzrugv/
�DWFz +],/ dv zhoo dv wkh hgjh h�hfw glvwdqfh vshfwuxp rqo|/ HWF

z +],/ lv fdofx0
odwhg xvlqj +8, dqg +9,1

Dq lpsruwdqw dqg iuhtxhqwo| xvhg vxefodvv ri qr wuhoolv whuplqdwlrq lv srvw
lqwhuohdyhu  xvklqj/ sursrvhg lq ^:`1 Zlwk wklv phwkrg/ erwk hqfrghuv duh
 xvkhg lqghshqghqwo| ri hdfk rwkhu/ diwhu hqfrglqj wkhluQ0elw lqsxw vhtxhqfhv1
Wkh frpelqdwlrq ri wkh zhljkw vshfwud ri wkh frqvwlwxhqw hqfrghuv lv wkhq
vlplodu wr wkh fdvh ri qr wuhoolv whuplqdwlrq/ vlqfh wkh wuhoolvhv duh qrw whuplqdwhg
e| wkh hqg ri wkhlu ohqjwk0Q lqsxw vhtxhqfhv1 Krzhyhu/ h{wud frghzrug zhljkw
lv dgghg dv d frqvhtxhqfh ri wkh hqfrghu  xvklqjv1 Wklv lv dffrxqwhg iru e|
dgglqj wkh zhljkw ri wkh  xvk elwv dqg wkh fruuhvsrqglqj sdulw| elwv wr wkh
sdulw| zhljkw lq wkh LUZHIv1 Pruh suhflvho|/

HF4

z>m @
5p4�4[
v@4

DF4

Q>v>z>m�I4+v,

HF5

z>m @
5p5�4[
v@4

DF5

Q>v>z>m�I5+v,
>

zkhuh Io +v, > o @ 4> 5> lv wkh vxp ri wkh zhljkw ri wkh  xvk elwv dqg sdulw| elwv
jhqhudwhg zkhq iruflqj wkh hqfrghu wr wkh }hur vwdwh iurp vwdwh v1
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Fodvv LL1 Whuplqdwlrq ri wkh �uvw hqfrghu

E| dsshqglqj p4 wdlo elwv wr wkh lqsxw vhtxhqfh vr wkdw wkh �uvw hqfrghu lv
whuplqdwhg lq wkh }hur vwdwh/ wkh hgjh h�hfw frghzrugv duh hqwluho| uhpryhg
iurp wkh �uvw hqfrghu1 Qrwh wkdw wkh wdlo elwv duh lqfoxghg lq wkh vhtxhqfh wkdw
hqwhuv wkh lqwhuohdyhu/ dqg wkdw wkhlu Kdpplqj zhljkw lv lqfoxghg lq wkh lqsxw
zhljkw z= Iru wkh vhfrqg hqfrghu/ wkh vlwxdwlrq lv lghqwlfdo wr wkh fdvh ri qr
wuhoolv whuplqdwlrq1 Khqfh/

HF4

z>m @ 3

HF5

z>m @
5p5�4[
v@4

DF5

Q>v>z>m=

Fodvv LLL1 Whuplqdwlrq ri erwk hqfrghuv

Lw lv dovr srvvleoh wr whuplqdwh erwk frqvwlwxhqw hqfrghuv lq wkh }hur vwdwhv1
Wzr gl�huhqw zd|v ri dfklhylqj wklv lv uhsruwhg lq wkh olwhudwxuh=

41 E| lpsrvlqj lqwhuohdyhu uhvwulfwlrqv/ wkh vhfrqg hqfrghu fdq eh irufhg wr
hqg xs lq wkh vdph vwdwh dv wkh �uvw hqfrghu ^7/ 8`1 Lw lv wkhq vx!flhqw wr
dsshqg wdlo elwv dffruglqj wr whuplqdwlrq fodvv LL/ lq rughu wr whuplqdwh
erwk hqfrghuv lq wkh }hur vwdwhv1 Wkh qhfhvvdu| lqwhuohdyhu uhvwulfwlrqv
duh

� +l,prgO @ l> l @ 4> 5> = = = > Q> +:,

zkhuh � +l, lv wkh srvlwlrq ri lqsxw elw l diwhu lqwhuohdylqj/ dqg O lv wkh
shulrg ri wkh lpsxovh uhvsrqvh ri wkh frqvwlwxhqw hqfrghuv +dvvxphg wr
eh lghqwlfdo,1 Iroorzlqj wkh whuplqrorj| lq ^8`/ wklv phwkrg lv uhihuuhg wr
dv xvlqj vhoi0whuplqdwlqj lqwhuohdyhuv1

51 E| lghqwli|lqj vshfl�f/ lqwhuohdyhu ghshqghqw/ lqsxw srvlwlrqv lw lv srvvl0
eoh wr irufh wkh frqvwlwxhqw hqfrghuv wr wkhlu }hur vwdwhv lqghshqghqwo|
ri hdfk rwkhu ^6`1 Wklv lv dfklhyhg zlwkrxw dq| uhvwulfwlrqv rq wkh fkrlfh
ri lqwhuohdyhu/ exw zlwk d voljkw lqfuhdvh lq wkh qxpehu ri lqsxw elwv
ghglfdwhg iru wuhoolv whuplqdwlrq +q whuplqdwlrq elwv duh uhtxluhg/ zkhuh
pd{ +p4>p5, � q � p4 . p5,1 Iroorzlqj wkh whuplqrorj| lq ^6`/ wklv
phwkrg lv uhihuuhg wr dv gxdo whuplqdwlrq1

Hyhq wkrxjk wkh vhfrqg phwkrg uhvxow lq d voljkwo| kljkhu udwh orvv/ lw kdv
wkh dgydqwdjh ri qrw lpsrvlqj uhvwulfwlrqv rq wkh lqwhuohdyhu ghvljq1

Zlwk erwk hqfrghuv whuplqdwhg lq wkhlu }hur vwdwhv/ doo hgjh h�hfw frghzrugv
duh hqwluho| uhpryhg1 Frqvhtxhqwo|/ HF4

z>m @ HF5

z>m @ 3/ vr wkdw HWF
z +], @ 3

dqg �DWFz +], @ DWFz +], =
Iljxuh 6+d, vkrzv wkh orzhu sduwv ri wkh hgjh h�hfw glvwdqfh vshfwud iru wkh

ghvfulehg whuplqdwlrq phwkrgv/ iru d Wxuer frgh zlwk lqwhuohdyhu ohqjwk 833



WUHOOLV WHUPLQDWLRQ 49:

elwv dqg frqvwlwxhqw hqfrghuv zlwk ihhgedfn dqg jhqhudwru sro|qrpldov 48; dqg
4:;> uhvshfwlyho|1 Dv h{shfwhg/ �qr whuplqdwlrq� uhvxowv lq wkh zruvw glvwdqfh
vshfwuxp/ vljql�fdqwo| lpsuryhg e| whuplqdwlqj wkh �uvw hqfrghu dqg srvw
lqwhuohdyhu  xvklqj1 Qdwxudoo|/ vlqfh whuplqdwlrq ri erwk hqfrghuv hqwluho| uh0
pryhv wkh lqwhuohdyhu hgjh h�hfwv/ wkhuh h{lvw qr hgjh h�hfw frghzrugv1 Iljxuh
6+e, vkrzv wkh fruuhvsrqglqj wrwdo glvwdqfh vshfwud/ lqfoxglqj erwk ruglqdu|
dqg hgjh h�hfw frghzrugv1 Iljxuh 7 vkrzv wkh xqlrq erxqg rq wkh iudph huuru
udwhv dfklhyhg zlwk +6,/ fruuhvsrqglqj wr wkh glvwdqfh vshfwud lq Iljxuh 6+e,1
Dv h{shfwhg/ wkh xqlrq erxqg glyhujhv dw d vljqdo0wr0qrlvh udwlr forvh wr wkh
fxw0r� udwh/ zklfk lv 5136 gE iru udwh 426 frglqj1 Dovr vkrzq lq Iljxuh 7 duh
wkh vlpxodwhg shuirupdqfhv ri d odujh qxpehu ri udqgrpo| fkrvhq lqwhuohdyhuv/
xvlqj wkh ghvfulehg wuhoolv whuplqdwlrq phwkrgv1 Wkh vlpxodwhg shuirupdqfhv
udqn lq wkh vdph rughu dv suhglfwhg e| wkh ghulyhg glvwdqfh vshfwud> krzhyhu/
wkh vlpxodwlrq uhvxowv duh dfwxdoo| deryh wkh ghulyhg xqlrq erxqgv1 Wklv lv qrw
dq lqfrqvlvwhqf|/ ehdulqj lq plqg wkdw wkh xqlrq erxqg lv ydolg iru pd{lpxp
olnholkrrg ghfrglqj/ zkloh wkh vlpxodwlrq uhvxowv duh rewdlqhg zlwk vxerswlpdo
lwhudwlyh ghfrglqj1

6 Lqwhuohdyhu Hgjh H�hfwv zlwk Qrq0Xqlirup
Lqwhuohdyhuv

Hyhq wkrxjk fdofxodwlqj wkh dyhudjh glvwdqfh vshfwuxp iru wkh gl�huhqw whupl0
qdwlrq phwkrgv jlyhv d jrrg lqvljkw wr wkh lvvxhv ri wuhoolv whuplqdwlrq/ lw lv
lpsruwdqw wr nhhs lq plqg zkdw wkh phwkrg grhv � l1h1 wkh dyhudjlqj ryhu wkh
hqwluh hqvhpeoh ri lqwhuohdyhuv kdylqj d fhuwdlq ohqjwk1 Dv dq h{dpsoh ri zkhq
wkh dyhudjlqj phwkrg frlqflgh srruo| zlwk lqglylgxdo lqwhuohdyhu shuirupdqfhv/
zh vwxg| lq wklv vhfwlrq ruglqdu| eorfn lqwhuohdyhuv1 Zlwk vxfk lqwhuohdyhuv/ lq
zklfk wkh lqsxw vhtxhqfh duh zulwwhq urz0zlvh dqg uhdg froxpq0zlvh/ wkh yhu|
odvw lqsxw srvlwlrq uhpdlqv dw wkh odvw srvlwlrq dovr diwhu lqwhuohdylqj1 Khqfh/
zlwk qr wuhoolv whuplqdwlrq/ wkh plqlpxp glvwdqfh ri wkh frgh lv 6 uhjdugohvv
ri wkh lqwhuohdyhu ohqjwk dqg wkh fkrlfh ri frpsrqhqw hqfrghuv1 Li srvw lq0
whuohdyhu  xvklqj lv hpsor|hg/ wkh plqlpxp glvwdqfh lv lqfuhdvhg wr 46 +iru
ihhgedfn dqg jhqhudwru sro|qrpldov 48; dqg 4:;/ uhvshfwlyho|,/ djdlq uhjdug0
ohvv ri wkh lqwhuohdyhu ohqjwk1 Hyhq wkrxjk 46 lv frqvlghudeo| odujhu wkdq 6/
lw lv vwloo d srru plqlpxp glvwdqfh iru lqwhuohdyhuv ri uhdvrqdeoh ohqjwkv/ vd|
deryh 433 elwv1 Dv d frpsdulvrq/ wkh plqlpxp glvwdqfhv zkhq whuplqdwlqj
wkh �uvw hqfrghu dqg whuplqdwlqj erwk hqfrghuv lv 5; +zlwk pxowlsolflw| 7:6,/
zkhq xvlqj d 8330elw eorfn lqwhuohdyhu zlwk 53 urzv dqg 58 froxpqv1 Iljxuh 8
vkrzv vlpxodwhg iudph huuru udwh shuirupdqfhv iru wkhvh frghv/ dorqj zlwk wkhlu
uhvshfwlyh iuhh glvwdqfh dv|pswrwhv ^4;`1 Wkh srru shuirupdqfh iru qr wuhoolv
whuplqdwlrq iroorzv/ dv ghvfulehg/ iurp wkh vhyhuh hgjh h�hfw wkdw dq ruglqdu|
eorfn lqwhuohdyhu uhvxowv lq1

Wkh sduwlfxodu lq xhqfh iurp wkh hgjh h�hfw wkdw dulvh zkhq xvlqj rugl0
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Iljxuh 6= Dyhudjh zhljkw glvwulexwlrqv iru Wxuer frghv xvlqj wkh hqvhpeoh ri
doo 8330elwv lqwhuohdyhuv/ iru irxu gl�huhqw wuhoolv whuplqdwlrq phwkrgv1 Wkh frq0
vwlwxhqw hqfrghuv xvh ihhgedfn dqg sdulw| sro|qrpldov 48; dqi 4:;/ uhvshfwlyho|1
+d, Wkh sduw ri wkh zhljkw glvwulexwlrq wkdw uhvxow iurp lqwhuohdyhu hgjh h�hfwv
rqo|1 +e, Wkh hqwluh zhljkw glvwulexwlrq/ lqfoxglqj erwk hgjh h�hfw frghzrugv
dqg ruglqdu| frghzrugv iru zklfk erwk hqfrghuv hqg lq wkh }hur vwdwh1

qdu| eorfn lqwhuohdyhuv fdq eh vlqjohg rxw e| frpsdulqj zlwk wkh shuirupdqfhv
dfklhyhg zlwk uhyhuvhg eorfn lqwhuohdyhuv ^4<`1 Zkhq xvlqj uhyhuvhg eorfn lq0
whuohdyhuv/ wkh lqwhuohdyhg vhtxhqfh lv uhdg lq uhyhuvhg rughu/ vwduwlqj iurp wkh
odvw froxpq dqg wkh odvw urz1 Wklv surfhgxuh h�hfwlyho| uhpryhv wkh lqwhuohdyhu
hgjh h�hfwv/ wkhuhe| vljql�fdqwo| lpsurylqj wkh shuirupdqfh ri qr whuplqdwlrq
dqg srvw lqwhuohdyhu  xvklqj1 Wkh shuirupdqfh ri d 8330elw uhyhuvhg eorfn lq0
whuohdyhu/ xvlqj wkh gl�huhqw whuplqdwlrq phwkrgv/ duh vkrzq lq wkh xsshu sduw
ri Iljxuh 91 Dv vhhq/ wkhuh lv hvvhqwldoo| qr gl�huhqfh lq wkh shuirupdqfhv ri
wkh gl�huhqw whuplqdwlrq phwkrgv1

Lw lv zhoo nqrzq wkdw lw lv srvvleoh wr ghvljq lqwhuohdyhuv wkdw shuirup ehwwhu
wkdq erwk ruglqdu| eorfn lqwhuohdyhuv dqg uhyhuvhg eorfn lqwhuohdyhuv1 Prvw lq0
whuohdyhu ghvljq phwkrgv ghvfulehg lq wkh olwhudwxuh duh edvhg rq ghvljq fulwhuld
wkdw vwulyh wr dyrlg lqwhuohdyhu pdsslqjv wkdw fruuhvsrqg wr orz zhljkw frgh0
zrugv surgxfhg e| }hur0whuplqdwlqj lqsxw vhtxhqfhv/ dv h{hpsol�hg lq Iljxuh
51 Krzhyhu/ lqwhuohdyhuv ghvljqhg zlwkrxw frqvlghudwlrqv wr wkh hgjh h�hfwv
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Iljxuh 7= Xqlrq erxqg r� wkh iudph huuru udwh shuirupdqfhv dfklhyhg zlwk wkh
gl�huhqw wuhoolv whuplqdwlrq phwkrgv/ iru 8330elw lqwhuohdyhuv1 Wkh frqvwlwxhqw
hqfrghuv xvh ihhgedfn dqg jhqhudwru sro|qrpldov 48; dqi 4:;/ uhvshfwlyho|1 Dovr
vkrzq duh vlpxodwhg shuirupdqfhv/ dfklhyhg e| vlpxodwlqj d odujh qxpehu ri
udqgrpo| fkrvhq lqwhuohdyhuv1

pd| uhvxow lq orz zhljkw hgjh h�hfw frghzrugv1 Dv d frqvhtxhqfh/ frpsdu0
lvrqv ehwzhhq gl�huhqw wuhoolv whuplqdwlrq phwkrgv pd| eh fruuxswhg gxh wr
wkh vwrfkdvwlf suhvhqfh ri wkh hgjh h�hfwv1

Lq rughu wr hydoxdwh wkh shuirupdqfhv ri wkh wuhoolv whuplqdwlrq phwkrgv
zkhq xvlqj lqwhuohdyhuv zlwk jrrg shuirupdqfh/ zh kdyh ghvljqhg lqwhuohdyhuv
zlwk vshfl�f fulwhuld wkdw wdujhw wkh lqwhuohdyhu hgjh h�hfwv1 Wkh hgjh h�hfw
fulwhuld duh xvhg dv d vxssohphqw wr dq lqwhuohdyhu ghvljq dojrulwkp wkdw xvh
erwk ruglqdu| glvwdqfh vshfwuxp fulwhuld +vxfk dv lq ^53`,/ dv zhoo dv d fulwh0
ulrq edvhg rq wkh fruuhodwlrq surshuwlhv ri wkh h{wulqvlf lqirupdwlrq ^54`1 Wkh
lqwhuohdyhu ghvljq uhvwulfwlrqv wkdw dyrlg lqwhuohdyhu hgjh h�hfwv duh ghvfulehg
lq Dsshqgl{ D1

Wkh shuirupdqfh ri 8330elw lqwhuohdyhuv ghvljqhg vshfl�fdoo| iru hdfk whu0
plqdwlrq phwkrg duh vkrzq lq Iljxuh 9/ e| wkh wzr orzhu vhwv ri fxuyhv1 Wkh
ehvw shuirupdqfhv duh dfklhyhg zlwk gxdo whuplqdwlrq/ whuplqdwlrq ri wkh �uvw
hqfrghu/ dqg srvw lqwhuohdyhu  xvklqj1 Wkh huuru  rruv ri wkhvh frghv duh qrw
uhdfkhg hyhq iru elw huuru udwhv dv orz dv 43�<1 Wkh voljkw ghjudgdwlrq lq shu0
irupdqfhv dfklhyhg zlwk qr whuplqdwlrq dqg vhoi0whuplqdwlqj lqwhuohdyhuv duh
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Iljxuh 8= Vlpxodwhg iudph huuru shuirupdqfhv iru Wxuer frghv xvlqj 8330elw
eorfn lqwhuohdyhuv +53 urzv e| 58 froxpqv, dqg ihhgedfn dqg sdulw| sro|qrpldov
48; dqg 4:;1 Wkuhh whuplqdwlrq phwkrgv duh vkrzq= qr whuplqdwlrq/ srvw
lqwhuohdyhu  xvklqj/ dqg whuplqdwlrq ri wkh �uvw hqfrghu1

erwk gxh wr lpsolfdwlrqv uhjduglqj wkh lqwhuohdyhu ghvljq1 Iru wkh fdvh ri qr
whuplqdwlrq/ wkh qxpehu ri hgjh h�hfwv frghzrugv wr dyrlg lq wkh lqwhuohdyhu
ghvljq ehfrphv yhu| odujh/ uhvxowlqj lq d kljk frpsxwdwlrqdo frpsoh{lw|1 Rq
wkh rwkhu kdqg/ zkhq ghvljqlqj vhoi0whuplqdwlqj lqwhuohdyhuv/ wkh lqwhuohdyhu
uhvwulfwlrqv +:, vhyhuho| olplw wkh ghvljq iuhhgrp1 Wkhuhiruh/ lw ehfrphv gl!0
fxow wr ghvljq vhoi0whuplqdwlqj lqwhuohdyhuv wkdw shuirup dv zhoo dv lqwhuohdyhuv
ghvljqhg zlwkrxw wkhvh uhvwulfwlrqv1

Dq lpsruwdqw sdudphwhu uhjduglqj wkh frpsxwdwlrqdo frpsoh{lw| ri lqwhu0
ohdyhu ghvljq lv wkh ohqjwk ri wkh shulrg ri wkh hqfrghu lpsxovh uhvsrqvhv/ l1h1
O1 Wkh odujhu wkh ohqjwk ri wkh shulrg O/ wkh vpdoohu wkh frpsxwdwlrqdo frp0
soh{lw| uhtxluhg wr ghvljq dq lqwhuohdyhu zlwk d vshfl�hg plqlpxp glvwdqfh1
Ixuwkhu/ wkh pxowlsolflwlhv ri frghzrugv zlwk zhljkwv mxvw deryh wkh plqlpxp
glvwdqfh zloo lq jhqhudo eh odujhu iru d frgh zlwk orzhu O1 Iljxuh : vkrzv wkh
shuirupdqfhv ri wzr Wxuer frghv wkdw xvh frqvwlwxhqw hqfrghuv zlwk 6 dqg 7
phpru| hohphqwv uhvshfwlyho|1 Wkh fruuhvsrqglqj shulrgv ri wkh hqfrghu lp0
sxovh uhvsrqvhv duh : dqg 481 Wklv lqglfdwhv wkdw zh vkrxog h{shfw d ehwwhu
dv|pswrwlf shuirupdqfh iru wkh Wxuer frgh zlwk 7 phpru| hohphqwv/ zklfk lv
vxssruwhg e| wkh shuirupdqfhv vkrzq lq Iljxuh :1 Qrwh wkdw wkhuh lq qr lqgl0
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Iljxuh 9= Huuru udwh shuirupdqfhv ri Wxuer frghv xvlqj 8330elw lqwhuohdyhuv
wkdw gr qrw uhvxow lq lqwhuohdyhu hgjh h�hfwv1 Wkh frqvwlwxhqw hqfrghuv xvh
ihhgedfn dqg sdulw| sro|qrpldov 48; dqg 4:;> uhvshfwlyho|1

fdwlrq ri dq huuru  rru iru wklv Wxuer frgh/ hyhq wkrxjk qr wuhoolv whuplqdwlrq
lv hpsor|hg1 Ixuwkhu/ qrwh wkdw wkh Wxuer frgh zlwk ihzhu phpru| hohphqwv/
dqg wkxv orzhu ghfrglqj frpsoh{lw|/ shuirup ehwwhu iru d udwkhu odujh dqg lp0
sruwdqw sduw ri wkh VQU udqjh1 Wklv ehkdylru kdv ehhq revhuyhg iru h{dpsoh lq
^55`> krzhyhu/ wkh h{sodqdwlrq iru wklv vrphzkdw vxusulvlqj ehkdylru uhpdlqv
wr eh suhvhqwhg1

7 Glvfxvvlrq rq Ghfrglqj Lqlwldol}dwlrq

Rqh ri wkh lvvxhv ri wuhoolv whuplqdwlrq iru Wxuer frghv lv wkh lqlwldol}dwlrq ri
wkh edfnzdug uhfxuvlrq lq wkh EFMU dojrulwkp/ vhh iru h{dpsoh ^56/ 57/ 58`1 Lq
hvvhqfh/ wkh d srvwhulrul suredelolwlhv surgxfhg e| wkh EFMU dojrulwkp iru d
fhuwdlq wuhoolv wudqvlwlrq lv lq xhqfhg e| wkuhh txdqwlwlhv xvhg lq wkh ghfrglqj/
xvxdoo| ghqrwhg �/ � dqg �1 Wkh �0 dqg �0ydoxhv fdq eh lqwhusuhwhg dv vwdwh
suredelolwlhv/ zkloh wkh �0ydoxhv uhsuhvhqw eudqfk wudqvlwlrq suredelolwlhv lq wkh
wuhoolv1 Wkh �0ydoxhv dw d jlyhq wlph w duh edvhg vroho| rq wkh fkdqqho vwdwlvwlfv
uhfhlyhg iru v|pero w1 Lq frqwudvw/ wkh vwdwh suredelolwlhv � dw wlph w vxppdul}hv
wkh uhfhlyhg fkdqqho vwdwlvwlfv iurp wlph 3 xs wr w1 Vlploduo|/ wkh �0ydoxhv duh
edvhg rq wkh fkdqqho vwdwlvwlfv iurp wlph w.4 wloo wkh hqg ri wkh eorfn/ l1h1 wr



4:5 WUHOOLV WHUPLQDWLRQ

-0.5 0 0.5 1 1.5 2 2.5
10

-10

10
-9

10
-8

10
-7

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

E
b
/N

0
 (dB)

E
rr

or
 r

at
e

5.3 107 simulated⋅
frames, 1 frame error

FE
R

 LO
W

E
R

 B
O

U
N

D

C
U

T
-O

F
F

 R
A

T
E

FER

BER
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Iljxuh := Shuirupdqfh ri Wxuer frghv zlwkrxw wuhoolv whuplqdwlrq/ iru frqvwl0
wxwhqw hqfrghuv zlwk 6 dqg 7 phpru| hohphqwv1 Erwk hqfrghuv xvh 8330elw
lqwhuohdyhuv ghvljqhg iru qr wuhoolv whuplqdwlrq1

wlph Q 1 Wkh �0 dqg �0ydoxhv duh frpsxwhg uhfxuvlyho|/ d surfhgxuh uhihuuhg
wr dv wkh iruzdug dqg wkh edfnzdug uhfxuvlrq/ uhvshfwlyho|1

Vlqfh wkh frqvwlwxhqw hqfrghuv duh lqlwldol}hg lq wkhlu }hur vwdwhv ehiruh hdfk
lqirupdwlrq eorfn lv hqfrghg/ lw lv vwudljkwiruzdug wr lqlwldol}h wkh �0ydoxhv
iru wlph 3= vwdwh }hur lv dvvljqhg suredelolw| 4/ zkloh doo wkh rwkhu vwdwhv duh
dvvljqhg suredelolw| 31 Li wkh frqvwlwxhqw hqfrghuv duh whuplqdwhg lq wkhlu }hur
vwdwhv/ wkh �0ydoxhv duh lqlwldol}hg lq wkh vdph pdqqhu1 Krzhyhu/ zkhq xvlqj
qr wuhoolv whuplqdwlrq/ ru whuplqdwlrq ri wkh �uvw hqfrghu rqo|/ wkhuh duh dw ohdvw
rqh wuhoolv iru zklfk wkh �qdo vwdwh lv xqnqrzq1

Dw ohdvw wzr phwkrgv wr ghdo zlwk wkh vwdwh0xqfhuwdlqw| kdv ehhq sursrvhg
lq wkh olwhudwxuh1 Lq wkh ruljlqdo Wxuer frgh sdshu ^4`/ Ehuurx hw do1 sursrvhg
wr lqlwldol}h wkh �0ydoxhv zlwk htxdo suredelolwlhv/ l1h1 4@P / zkhuh P lv wkh
qxpehu ri vwdwhv lq wkh wuhoolv1 Dqrwkhu srvvlelolw| lv wr xvh wkh �qdo �0ydoxhv
rewdlqhg iurp wkh iruzdug uhfxuvlrq/ dv hydoxdwhg iru h{dpsoh lq ^56`1 Krzhyhu/
wklv phwkrg lv lq ylrodwlrq zlwk wkh ghulyhg h{suhvvlrq iru wkh �0ydoxhv/ zklfk
vwdwhv wkdw wkh| vkrxog ghshqg rqo| rq fkdqqho vwdwlvwlfv iurp wkh suhvhqw wlph
xs wr wkh hqg ri wkh eorfn1 E| xvlqj wkh �qdo �0ydoxhv iru lqlwldol}dwlrq/ wkh
�0ydoxhv ehfrph ghshqghqw rq wkh fkdqqho vwdwlvwlfv uhfhlyhg gxulqj wkh hqwluh
eorfn1
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Iljxuh ;= Frpsdulvrq ri wkh iudph0 dqg elw huuru udwh shuirupdqfhv iru wzr
gl�huhqw lqlwldol}dwlrq phwkrgv iru wkh edfnzdug uhfxuvlrq lq wkh EFMU dojr0
ulwkp/ zkhq qr wuhoolv whuplqdwlrq lv hpsor|hg1 Lqwhuohdyhu ohqjwk= 833 elwv/
hqfrghu sro|qrpldov= +4:248,;1

Iljxuh ; vkrzv vlpxodwhg huuru udwh shuirupdqfhv ri wkh suhylrxvo| xvhg
Wxuer frgh xvlqj d 8330elw lqwhuohdyhu zlwk qr wuhoolv whuplqdwlrq dqg frq0
vwlwxhqw hqfrghuv zlwk sro|qrpldov 48; +ihhgedfn, dqg 4:; +sdulw|,1 Wkh lql0
wldol}dwlrq iru wkh edfnzdug uhfxuvlrq/ l1h1 wkh �0ydoxhv/ duh shuiruphg zlwk wkh
diruhphqwlrqhg phwkrgv1 Iru orz vljqdo0wr0qrlvh udwlrv/ wkhuh lv qr ghwhfwdeoh
gl�huhqfh lq wkh huuru fruuhfwlqj shuirupdqfhv1 Krzhyhu/ dw phglxp dqg kljk
VQUv/ wkh ghfrghu wkdw xvhv htxlsuredeoh lqlwldo vwdwhv shuirup ehwwhu wkdq
wkh ghfrghu wkdw xvh wkh �qdo �0ydoxhv iru lqlwldol}dwlrq/ hvshfldoo| lq whupv ri
elw huuru udwh1 Wkhvh vlpxodwlrqv duh lq djuhhphqw zlwk wkh deryh uhdvrqlqj/
fodlplqj wkdw wkh lqlwldo �0ydoxhv vkrxog qrw ghshqg rq wkh �0ydoxhv iurp wkh
iruzdug uhfxuvlrq1

8 Frqfoxvlrqv

Lq wklv sdshu/ zh kdyh glvfxvvhg fhqwudo dvshfwv ri wuhoolv whuplqdwlrq phwk0
rgv iru Wxuer frghv1 Dq h!flhqw phwkrg wr fdofxodwh Wxuer frgh glvwdqfh
vshfwud iru wkh hqvhpeoh ri lqwhuohdyhuv/ lqfoxglqj wkh h�hfwv ri wkh fkrlfh ri
whuplqdwlrq phwkrg/ kdv ehhq suhvhqwhg1 Wklv phwkrg looxvwudwhv wkh uhvxow ri
lqwhuohdyhu hgjh h�hfwv/ wkxv doorzlqj iru edvlf xqghuvwdqglqj ri wkh surshuwlhv
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wkdw jryhuq wkh shuirupdqfh ri d vshfl�f whuplqdwlrq phwkrg1 Iru wkh hqvhp0
eoh ri lqwhuohdyhuv/ lw lv hylghqw wkdw lw lv hvvhqwldo iru wkh frgh shuirupdqfh
wkdw vrph nlqg ri wuhoolv whuplqdwlrq lv xvhg1

Wkh shuirupdqfh gl�huhqfhv ehwzhhq frpprqo| xvhg whuplqdwlrq phwkrgv/
vxfk dv whuplqdwlrq ri wkh �uvw hqfrghu rqo|/ srvw lqwhuohdyhu  xvklqj/ dqg gxdo
whuplqdwlrq/ lv lq jhqhudo vpdoo1 Krzhyhu/ h{dpsohv duh vkrzq iru zklfk wkh
gl�huhqfhv duh vxevwdqwldo/ h{sodlqhg e| wkh idfw wkdw wkh gl�huhqw phwkrgv
duh qrw htxdoo| vhqvlwlyh wr lqwhuohdyhu hgjh h�hfwv1 Khqfh/ zh vwuhvv wkh lp0
sruwdqfh ri wkh frpelqdwlrq ri wkh fkrlfh ri wuhoolv whuplqdwlrq phwkrg dqg
wkh fkrlfh ri lqwhuohdyhu1 Lq sduwlfxodu/ zh suhvhqw lqwhuohdyhu ghvljq jxlgholqhv
wkdw duh wdloruhg wr wkh fkrvhq whuplqdwlrq phwkrg1 Lw lv ghprqvwudwhg wkdw
iru lqwhuohdyhuv ghvljqhg zlwk vxfk ghvljq fulwhuld/ wkh shuirupdqfhv ri wkh gli0
ihuhqw whuplqdwlrq phwkrgv duh qhduo| lqglvwlqjxlvkdeoh/ dovr zkhq xvlqj qr
wuhoolv whuplqdwlrq dw doo1 Lq idfw/ zh ghprqvwudwh Wxuer frghv xvlqj qr wuhoolv
whuplqdwlrq dqg 833�elw lqwhuohdyhuv wkdw vkrz qr vljq ri dq huuru  rru/ hyhq
dw iudph huuru udwhv dv orz dv 43�;1

Dsshqgl{ D

Lq wklv dsshqgl{ zh suhvhqw lqwhuohdyhu ghvljq uhvwulfwlrqv wkdw dlp wr dyrlg
lqwhuohdyhu hgjh h�hfwv1 Wkh uhvwulfwlrqv rq wkh lqwhuohdyhu ghvljq ghshqgv rq
wkh fkrvhq phwkrg ri wuhoolv whuplqdwlrq1 Wr vwduw zlwk/ vlqfh whuplqdwlrq ri
erwk hqfrghuv frpsohwho| uhpryhv doo hgjh h�hfwv/ wklv phwkrg uhtxluhv qr
lqwhuohdyhu ghvljq uhvwulfwlrqv1 Iru wkh rwkhu wzr fodvvhv ri wuhoolv whuplqdwlrq/
wkh lqwhuohdyhu ghvljq lqfoxghv uhvwulfwlrqv edvhg rq wkh sduwlfxodu fkrlfh ri
whuplqdwlrq phwkrg1

Iru wkh sxusrvh ri ghvfulelqj wkh lqwhuohdyhu ghvljq uhvwulfwlrqv/ zh glv0
wlqjxlvk ehwzhhq wkuhh sulqflsdo w|shv ri lqwhuohdyhu hgjh h�hfwv= +W|sh L,
wuxqfdwlrq zkhuh wkh �uvw hqfrghu lv lq d qrq0}hur vwdwh/ +W|sh LL, wuxqfdwlrq
zkhuh wkh vhfrqg hqfrghu lv lq d qrq0}hur vwdwh/ dqg +W|sh LLL, wuxqfdwlrq
zkhuh erwk hqfrghuv duh lq qrq0}hur vwdwhv1 Wkh wkuhh w|shv ri hgjh h�hfwv duh
looxvwudwhg lq Iljxuh <1

Ohw wkh frpsrqhqw hqfrghuv eh uhsuhvhqwhg e| wkh jhqhudwruv J4 +G, @
J4s+G,
J4i +G,

dqg J5 +G, @ J5s+G,
J5i +G,

> uhvshfwlyho|/ dqg wkhlu lqsxw vhtxhqfhv e| [ +G,

dqg [3 +G, +[ 3 +G, lv wkxv wkh lqwhuohdyhg yhuvlrq ri [ +G,,1 Doo }hur0whupl0
qdwlqj lqsxw vhtxhqfhv duh glylvleoh e| wkh ihhgedfn sro|qrpldo/ l1h1 [ +G, @
\ +G,Ji +G, > zkhuh ghj\ +G, � ghj[ +G,1 Wkxv/ wkh sdulw| vhtxhqfh lv
[ +G,J4 +G, @ \ +G,J4s +G,1 Ixuwkhu/ ohw l4> l5> l6> = = = dqg l34> l

3

5> l
3

6> = = = gh0
qrwh wkh srvlwlrqv ri wkh �uvw/ vhfrqg/ wklug/ dqg vr rq/ lqsxw rqhv ehiruh dqg
diwhu lqwhuohdylqj/ vr wkdw [ +G, @

SQ�4
n@3 G

ln dqg [3 +G, @
SQ�4

n@3 G
l3n 1 Il0

qdoo|/ wkh Kdpplqj zhljkw ri d vhtxhqfh/ ru wkh fruuhvsrqglqj sro|qrpldo
uhsuhvhqwdwlrq/ lv ghqrwhg zK +�,1
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Iljxuh <= H{dpsohv ri wkuhh w|shv ri lqwhuohdyhu hgjh h�hfwv= wuxqfdwlrq ri
wkh �uvw wuhoolv lq d qrq0}hur vwdwh +W|sh L,/ wuxqfdwlrq ri wkh vhfrqg wuhoolv lq
d qrq0}hur vwdwh +W|sh LL,/ dqg wuxqfdwlrq ri erwk wuhoolvhv lq qrq0}hur vwdwhv
+W|sh LLL,1
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Wkh wrwdo frghzrug zhljkw ri d Wxuer frgh frghzrug lv

g @ z .zK +k[ +G,J4 +G,lQ, . zK +k[3 +G,J5 +G,lQ, >
zkhuh z lv wkh lqsxw zhljkw/ dqg k�lQ ghqrwhv wuxqfdwlrq ri doo whupv lq d
sro|qrpldo iru zklfk wkh G0h{srqhqw lv odujhu wkdq ru htxdo wr Q 1 Wkh frp0
soh{lw| uhtxluhg wr fkhfn +dqg dyrlg, doo wkh qhfhvvdu| lqwhuohdyhu pdsslqjv
jurzv udslgo| zlwk lqfuhdvlqj lqsxw zhljkw z1 Iruwxqdwho|/ wkh suredelolw| ri
hgjh h�hfwv uhvxowlqj lq orz zhljkw frghzrugv ghfuhdvhv zlwk lqfuhdvhg lqsxw
zhljkw1 Wklv lv hvshfldoo| wuxh zkhq ghvljqlqj lqwhuohdyhuv zlwk vrph vruw ri
vsuhdglqj fulwhulrq/ vxfk dv wkh V0udqgrp ghvljq ^45` ru wkh fruuhodwlrq fulwh0
ulrq ^54`1 Zlwk vxfk fulwhuld/ zh kdyh irxqg lw vx!flhqw wr fkhfn iru pdsslqjv
ri lqsxw vhtxhqfhv zlwk zhljkw z @ 5> 6 dqg 71 Ixuwkhu/ wkh vsuhdglqj fulwhulrq
uholhyh wkh qxpehu ri lqsxw vhtxhqfhv wkdw qhhg wr eh fkhfnhg iru z @ 6 dqg
7= Frqvhtxhqwo|/ wkh lqwhuohdyhu ghvljq uhvwulfwlrqv zh suhvhqw lq wkh iroorzlqj
uholhv rq d vsuhdglqj fulwhulrq ehlqj xvhg lq wkh lqwhuohdyhu ghvljq1

Iljxuh 43 vkrzv wkh sulqflsdo dsshdudqfhv ri W|sh L hgjh h�hfw lqwhuohdyhu
pdsslqjv wkdw d vsuhdglqj fulwhulrq idlov wr dyrlg1 Iru doo vxfk lqsxw vhtxhqfhv/
wkh lqwhuohdyhu ghvljq vkrxog hqvxuh wkdw

zK +k[ +G,J4 +G,lQ, . zK +[3 +G,J5 +G,, ? gghvljq �z>

zkhuh gghvljq lv wkh wdujhwhg plqlpxp glvwdqfh ri wkh ryhudoo Wxuer frgh1 Wkh
lqsxw vhtxhqfhv [ +G, dqg [3 +G, duh frqvwudlqhg wr eh rq wkh irupv jlyhq
lq wkh xsshu sduw ri Wdeoh 4/ zklfk vxppdul}hv wkh fkdudfwhulvwlfv ri W|sh L
hgjh h�hfw lqsxw vhtxhqfhv1 Iru zhljkw05 dqg zhljkw07 lqsxw vhtxhqfhv/ wkh
vhtxhqfh fkdudfwhul}dwlrq lv edvhg vroho| rq wkh shulrgv ri wkh hqfrghu lp0
sxovh uhvsrqvhv/ l1h1 O4 dqg O51 Iru zhljkw06 lqsxwv/ wkh }hur0whuplqdwlqj
vhtxhqfhv duh lqvwhdg fkdudfwhul}hg e| d vhw ri ixqgdphqwdo }hur0whuplqdwlqj
zhljkw06 vhtxhqfhv1 Doo wkh h{lvwlqj zhljkw06 }hur0whuplqdwlqj lqsxw vhtxhqfhv
fdq eh h{suhvvhg xvlqj rqh ri wkhvh ixqgdphqwdo vhtxhqfhv1 Wkhvh duh lq wxuq
uhsuhvhqwhg e| wkh vhwv ri frqvwdqwv !o4dqg !o5> o @ 4> 5> = = = > opd{zkhuh opd{
lv wkh qxpehu ri vxfk ixqgdphqwdo vhtxhqfhv wkdw h{lvw iru d fhuwdlq ihhg0
edfn sro|qrpldo1 Pruh suhflvho|/ hyhu| }hur0whuplqdwlqj zhljkw06 lqsxw fdq
eh zulwwhq dv Gq

�
4 .G!o4.n4O .G!o5.n5O

�
/ zkhuh q> n4 dqg n5 duh lqwh0

jhuv1 Ydoxhv ri !o4/ !o5/ iru wkh prvw frpprq hqfrghuv zlwk 5�7 phpru|
hohphqwv/ duh jlyhq lq Wdeoh 51 Iru h{dpsoh/ dq hqfrghu zlwk ihhgedfn sro|qr0
pldo 4.G6.G7 +56 lq rfwdo uhsuhvhqwdwlrq,/ hyhu| }hur0whuplqdwlqj zhljkw06
lqsxw vhtxhqfh fdq eh zulwwhq rq rqh ri wkh irupv Gq

�
4 .G4.:n4 .G45.:n5

�
>

Gq
�
4 .G5.:n4 .G<.:n5

�
ru Gq

�
4 .G8.:n4 .G43.:n5

�
1

W|sh LL dqg W|sh LLL hgjh h�hfwv duh wuhdwhg wkh vdph zd| dv W|sh L hgjh
h�hfwv1 Wkh fkdudfwhul}dwlrq ri wkh lqsxw vhtxhqfhv wkdw fruuhvsrqg wr W|sh
LL dqg W|sh LLL hgjh h�hfwv lv jlyhq lq wkh plggoh dqg orzhu sduw ri Wdeoh 41

Wkh lqwhuohdyhu ghvljq frqvwudlqwv suhvhqwhg khuh fdq eh lpsohphqwhg zlwk
vx!flhqwo| orz frpsxwdwlrqdo frpsoh{lw| wr doorz iru ghvljq ri odujh lqwhu0
ohdyhuv1 Wkh prvw ghpdqglqj frqvwudlqwv dulvh zkhq qr wuhoolv whuplqdwlrq lv
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Iljxuh 43= H{dpsohv ri W|sh L hgjh h�hfw lqwhuohdyhu pdsslqjv qrw dyrlghg e|
d vsuhdglqj lqwhuohdyhu ghvljq fulwhulrq/ iru +d, zhljkw05/ +e, zhljkw06/ dqg +f,
zhljkw07 lqsxw vhtxhqfhv1
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z Fkdudfwhulvwlfv ri [ +G, Fkdudfwhulvwlfv ri [3 +G,

5 l5 � l4prgO4 9@ 3 l35 � l34prgO5 @ 3

W|sh L 6 l5 � l4prgO4 @ 3
Gl3

4 .Gl3
5 .Gl3

6

@ Gq+4.
G!o4.n4O5 .G!o5.n5O5,

7
l5 � l4prgO4 @ 3

l7 � l6prgO4 9@ 3

l35 � l34prgO5 @ 3

l37 � l36prgO5 @ 3

5 l5 � l4prgO4 @ 3 l35 � l34prgO5 9@ 3

W|sh LL 6
Gl4 .Gl5 .Gl6

@ Gq+4.
G!o4.n4O4 .G!o5.n5O4,

l35 � l34prgO5 @ 3

7
l5 � l4prgO4 @ 3

l7 � l6prgO4 @ 3

l35 � l34prgO5 @ 3

l37 � l36prgO5 9@ 3

5 l5 � l4prgO4 9@ 3 l35 � l34prgO5 9@ 3
W|sh LLL 6 l5 � l4prgO4 @ 3 l35 � l34prgO5 @ 3

7
l5 � l4prgO4 @ 3

l7 � l6prgO4 9@ 3

l35 � l34prgO5 @ 3

l37 � l36prgO5 9@ 3

Wdeoh 4= Fkdudfwhul}dwlrq ri orz zhljkw lqsxw vhtxhqfhv wkdw fdq fdxvh orz
zhljkw hgjh h�hfw frghzrugv/ qrw dyrlghg e| xvlqj d vsuhdglqj fulwhulrq lq wkh
lqwhuohdyhu ghvljq1

xvhg/ vlqfh doo wkh w|shv ri hgjh h�hfwv pxvw eh dyrlghg1 Zkhq whuplqdwlqj wkh
�uvw hqfrghu/ erwk W|sh L dqg W|sh LLL hgjh h�hfwv duh uhpryhg/ wkxv uhgxflqj
wkh lqwhuohdyhu ghvljq frpsoh{lw| frqvlghudeo|1

1

Uhihuhqfhv
^4` F1 Ehuurx/ D1 Jodylhx{/ dqg S1 Wklwlpdmvklpd/ �Qhdu Vkdqqrq olplw huuru0

fruuhfwlqj frglqj dqg ghfrglqj= Wxuer Frghv/� lq Surf1 4<<6 LHHH Lq0
whuqdwlrqdo Frqihuhqfh rq Frppxqlfdwlrq +LFF,/ ss1 4397�43:3/ Jhqhyd/
Vzlw}huodqg/ Pd| 4<<61

^5` F1 Ehuurx dqg D1 Jodylhx{/ �Qhdu rswlpxp huuru fruuhfwlqj frglqj dqg
ghfrglqj= Wxuer0Frghv/� LHHH Wudqvdfwlrqv rq Frppxqlfdwlrqv/ yro1 77/
ss1 4594�45:4/ Rfwrehu 4<<91

^6` S1 Jxlqdqg dqg M1 Orgjh/ �Wuhoolv whuplqdwlrq iru wxuer hqfrghuv/� lq 4:wk
Elhqqldo V|ps1 Rq Frppxqlfdwlrqv/ Nlqjvwrq/ Fdqdgd/ Pd| 4<<71

^7` D1 V1 Eduexohvfx dqg V1 V1 Slhwurerq/ �Whuplqdwlqj wkh wuhoolv ri wxuer0
frghv lq wkh vdph vwdwh/� Hohfwurqlfv Ohwwhuv/ yro1 64/ ss1 55�56/ Mdqxdu|
4<<81
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p Ji O o !o4 !o5
5 8 5 0 0 0

: 6 4 4 5
6 44 6 0 0 0

46 : 4 4 8
48 : 4 4 6
4: 7 0 0 0

7 54 7 0 0 0
56 48 4 4 45

5 5 <
6 8 43

p Ji O o !o4 !o5
7 58 9 4 5 7

5: : 0 0 0
64 48 4 4 7

5 5 ;
6 8 43

66 9 0 0 0
68 : 0 0 0
6: 8 0 0 0

Wdeoh 5= Ixqgdphqwdo }hur0whuplqdwlqj zhljkw06 vhtxhqfhv iru uhfxuvlyh hq0
frghuv zlwk ihhgedfn sro|qrpldo Ji +lq rfwdo uhsuhvhqwdwlrq,1

^8` P1 Kdwwrul/ M1 Pxud|dpd/ dqg U1 M1 PfHolhfh/ �Svhxgr0udqgrp dqg vhoi0
whuplqdwlqj lqwhuohdyhuv iru wxuer frghv/� lq Zlqwhu 4<<; Lqirupdwlrq
Wkhru| Zrunvkrs/ Vdq Glhjr/ XVD/ Iheuxdu| 4<<;1

^9` V1 Fur}lhu/ S1 Jxlqdqg/ M1 Orgjh/ dqg D1 Kxqw/ �Frqvwuxfwlrq dqg shu0
irupdqfh ri qhz wdlo0elwlqj wxuer frghv/� lq 90wk Lqwhuqdwlrqdo Zrunvkrs
rq Gljlwdo Vljqdo Surfhvvlqj Whfkqltxhv iru Vsdfh Dssolfdwlrqv +GVS *<;,/
Qrrugzlmn/ Wkh Qhwkhuodqgv/ Vhswhpehu 4<<;1

^:` G1 Glyvdodu dqg I1 Sroodud/ �Wxuer frghv iru SFV dssolfdwlrqv/� lq LHHH
Lqwhuqdwlrqdo Frqihuhqfh rq Frppxqlfdwlrqv/ Qhz \run/ XVD/ 4<<81

^;` P1 F1 Uhhg dqg V1 V1 Slhwurerq/ �Wxuer0frgh whuplqdwlrq vfkhphv dqg d
qryho dowhuqdwlyh iru vkruw iudphv/� lq Vhyhqwk LHHH Lqwhuqdwlrqdo V|psr0
vlxp rq Shuvrqdo/ Lqgrru dqg Preloh Frppxqlfdwlrqv/ Qhz \run/ XVD/
4<<91

^<` M1 Krnihow/ R1 Hgiruv/ dqg W1 Pdvhqj/ �D vxuyh| rq wuhoolv whuplqdwlrq
dowhuqdwlyhv iru wxuer frghv/� lq LHHH Yhklfxodu Whfkqrorj| Frqihuhqfh/
Krxvwrq/ Wh{dv/ XVD/ Pd| 4<<<1

^43` Z1 M1 Eodfnhuw/ H1 N1 Kdoo/ dqg V1 J1 Zlovrq/ �Wxuer frgh whuplqdwlrq
dqg lqwhuohdyhu frqglwlrqv/� Hohfwurqlfv Ohwwhuv/ yro1 64/ ss1 53;5�53;7/
Qryhpehu 4<<81

^44` R1 Mrhuvvhq dqg K1 Ph|u/ �Whuplqdwlqj wkh wuhoolv ri wxuer frghv/� Hohf0
wurqlfv Ohwwhuv/ yro1 63/ ss1 45;8�45;9/ Dxjxvw 4<<71

^45` V1 Grolqdu dqg G1 Glyvdodu/ �Zhljkw glvwulexwlrqv iru wxuer frghv xvlqj
udqgrp dqg qrqudqgrp shupxwdwlrqv1� WGD surjuhvv uhsruw 750455/ Mhw
sursxovlrq Ode1/ Sdvdghqd/ FD/ Dxjxvw 4<<81



4;3 WUHOOLV WHUPLQDWLRQ

^46` O1 U1 Edko/ M1 Frfnh/ I1 Mholqhn/ dqg M1 Udyly/ �Rswlpdo ghfrglqj ri
olqhdu frghv iru plqlpl}lqj v|pero huuru udwh/� LHHH Wudqvdfwlrqv rq
Lqirupdwlrq Wkhru|/ ss1 5;7�5;9/ Pdufk 4<:71

^47` M1 Kdjhqdxhu dqg S1 Krhkhu/ �D ylwhuel dojrulwkp zlwk vriw0ghflvlrq rxw0
sxwv dqg lwv dssolfdwlrqv/� lq Jorehfrp 4<;</ ss1 7:414�7:41:/ Gdoodv/
Wh{dv/ XVD/ Qryhpehu 4<;<1

^48` M1 Kdjhqdxhu/ H1 R�hu/ dqg O1 Sdsnh/ �Lwhudwlyh ghfrglqj ri elqdu| eorfn
dqg frqyroxwlrqdo frghv/� LHHH Wudqvdfwlrqv rq Lqirupdwlrq Wkhru|/
yro1 75/ ss1 75<�778/ Pdufk 4<<91

^49` S1 Urehuwvrq/ H1 Ylooheuxq/ dqg S1 Krhkhu/ �D frpsdulvrq ri rswlpdo dqg
vxe0rswlpdo pds ghfrglqj dojrulwkpv rshudwlqj lq wkh orj grpdlq/� lq
LHHH Lqwhuqdwlrqdo Frqihuhqfh rq Frppxqlfdwlrqv/ Vhdwwoh/ XVD/ 4<<81

^4:` V1 Ehqhghwwr dqg J1 Prqwruvl/ �Xqyhlolqj wxuer frghv= Vrph uhvxowv rq
sdudooho frqfdwhqdwhg frglqj vfkhphv/� LHHH Wudqvdfwlrqv rq Lqirupdwlrq
Wkhru|/ yro1 75/ ss1 73<�75;/ Pdufk 4<<91

^4;` O1 Shuh}/ M1 Vhjkhuv/ dqg G1 M1 F1 Mu1/ �D glvwdqfh vshfwuxp lqwhusuhwd0
wlrq ri wxuer frghv/� LHHH Wudqvdfwlrqv rq Lqirupdwlrq Wkhru|/ yro1 75/
ss1 49<;�4:3</ Qryhpehu 4<<91

^4<` K1 Khu}ehuj/ �Pxowlohyho wxuer frglqj zlwk vkruw lqwhuohdyhuv/� LHHH
Mrxuqdo rq Vhohfwhg Duhdv lq Frppxqlfdwlrqv/ ss1 636�63</ Iheuxdu|
4<<;1

^53` M1 Krnihow dqg W1 Pdvhqj/ �Phwkrglfdo lqwhuohdyhu ghvljq iru wxuer frghv/�
lq Lqwhuqdwlrqdo V|psrvlxp rq Wxuer Frghv ) Uhodwhg Wrslfv/ Euhvw/
Iudqfh/ Vhswhpehu 4<<:1

^54` M1 Krnihow/ R1 Hgiruv/ dqg W1 Pdvhqj/ �D wxuer frgh lqwhuohdyhu ghvljq
fulwhulrq edvhg rq wkh shuirupdqfh ri lwhudwlyh ghfrglqj/� LHHH Frppx0
qlfdwlrqv Ohwwhuv/ yro1 7/ Pd| 53331

^55` R1 \1 Wdnhvklwd/ R1 P1 Froolqv/ S1 F1 Pdvvh|/ dqg G1 M1 Frvwhoor/ �D qrwh
rq dv|pphwulf wxuer0frghv/� Frppxqlfdwlrqv Ohwwhuv/ yro1 6/ ss1 53;5�
53;7/ Pdufk 4<<<1

^56` S1 Urehuwvrq/ �Looxplqdwlqj wkh vwuxfwxuh ri frgh dqg ghfrghu ri sdudooho
frqfdwhqdwhg uhfxuvlyh v|vwhpdwlf +wxuer, frghv/� lq Surfhhglqjv Jorehfrp
*<7/ ss1 45<;�4636/ Ghf1 4<<71

^57` P1 F1 Uhhg dqg V1 V1 Slhwurerq/ �Wxuer0frgh whuplqdwlrq vfkhphv dqg d
qryho dowhuqdwlyh iru vkruw iudphv/� lq Surf1 Lqwhuqdwlrqdo V|psrvlxp rq
Shuvrqdo/ Lqgrru dqg Preloh Udglr Frppxqlfdwlrqv 4<<9/ Wdlshl/ Wdlzdq/
Rfwrehu 4<<91



WUHOOLV WHUPLQDWLRQ 4;4

^58` V1 Ehqhghwwr/ G1 Glyvdodu/ J1 Prqwruvl/ dqg I1 Sroodud/ �Vriw0rxwsxw gh0
frglqj dojrulwkpv iru frqwlqxrxv ghfrglqj ri sdudooho frqfdwhqdwhg frqyr0
oxwlrqdo frghv/� lq Surfhhglqjv ri Lqwhuqdwlrqdo Frqihuhqfh rq Frppxql0
fdwlrqv/ LFF 4<<9/ ss1 445�44:/ 4<<<1


