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Wkh �uvw sod|hu wr pdnh d edg pryh orvhv wkh jdph1

Mdsdqhvh suryhue1

4 Lqwurgxfwlrq

Jdph wkhru| vx�huv/ olwhudoo|/ iurp d edg qdph1 Jdph wkhru|/ dw ohdvw
dv dssolhg wr lqgxvwuldo hfrqrplfv/ lv qr pruh wkh wkhru| ri jdphv wkdq
lpdjlqdu| qxpehuv duh lpdjlqdu|1 Dq| hohfwulfdo hqjlqhhu zloo whvwli| wkdw
wkh dqdo|vlv ri lpdjlqdu| qxpehuv kdv lpsruwdqw uhdo0zruog lpsolfdwlrqv/
dqg dq| lqgxvwuldo hfrqrplvw zloo whvwli| wkdw jdph wkhru| kdv lpsruwdqw
uhdo0zruog lpsolfdwlrqv1 Lw pljkw eh pruh dssursuldwh wr odeho wkh glvflsolqh
wkdw lv fdoohg jdph wkhru| �lqwhudfwlyh ghflvlrq wkhru|� +Dxpdqq/ 4<;:, ru
+dw ohdvw dv uhjdugv dssolfdwlrqv wr lqgxvwuldo hfrqrplfv, �wkhru| ri vwudwhjlf
ulydou|1� Exw qdphv ri glvflsolqhv/ olnh qdphv ri shrsoh/ duh lqkhulwhg1 Lw lv
ehwwhu wr wu| wr xqghuvwdqg wkh glvflsolqh udwkhu wkdq wr wu| wr uhqdph lw1
Khuh zh frqvlghu wkh hohphqwv ri jdph wkhru| wkdw kdyh ehhq prvw xvhixo iru
lqgxvwuldo hfrqrplfv14

5 Prgholqj lqwhudfwlyh ehkdylru

Vxssrvh wkdw wkh Pdu{ eurwkhuv phhw iru d srnhu jdph1 Zkdw zrxog zh
qhhg wr gr wr irupdoo| dqdo|}h wkh jdphB5

Wr ehjlq zlwk/ zh zrxog kdyh wr lghqwli| wkh sod|huv � Jurxfkr/ Fklfr/
Kdusr/ dqg Nduo1 Zh zrxog kdyh wr vshfli| wkh uxohv ri wkh jdph= dfhv duh
kljk/ ghxfhv duh orz/ dqg vr rq1 Vrphwlphv sduwlfxodu sod|huv fdq vhohfw wkh
uxohv ri wkh jdph +li wkh ghdohu zlvkhv/ kh fdq pdnh rqh0h|hg mdfnv zlog,1
Wkh flufxpvwdqfhv xqghu zklfk wklv zrxog eh srvvleoh/ dqg wkh xqlyhuvh ri
uxohv iurp zklfk wkh ghdohu frxog vhohfw/ zrxog kdyh wr eh lqglfdwhg1 Wkh
uxohv ri wkh jdph lqfoxgh wkh surfhgxuh iru vhohfwlqj wkh ghdohu dqg wkh rughu
ri sod| � �uvw wkh sod|hu wr wkh lpphgldwh ohiw ri wkh ghdohu/ qh{w wkh sod|hu
wr wkh lpphgldwh ohiw ri wkh vhfrqg sod|hu/ hwf1 Zh zrxog kdyh wr vshfli| wkh
fkrlfhv ru rswlrqv dydlodeoh wr hdfk sod|hu � wr sdvv/ wr gudz fdugv/ wr dqwh/

4Vhh Iulhgpdq +4<::> 4<;6e/ fk1 <> 4<;9,> Dxpdqq +4<;8d,> Vkxeln +4<;4,> Wluroh
+4<;6/ 4<;;,> Ilvkhu +4<;<, yhuvxv Vkdslur +4<;<,> Ixghqehuj dqg Wluroh +4<;<,> Udvpxvhq
+4<;<,> Nuhsv +4<<3d/ e,> Vxwwrq +4<<3,> dqg Urwk +4<<4,1 Vhh dovr wkh iroorzlqj hqwulhv
lq Hdwzhoo hw do1 +4<;:,= frrshudwlyh htxloleulxp> frrshudwlyh jdphv> fruhv> jdph wkhru|>
jdphv zlwk lqfrpsohwh lqirupdwlrq> Qdvk htxloleulxp> odujh hfrqrplhv> qrq0frrshudwlyh
jdphv> roljrsro| dqg jdph wkhru|> sulvrqhu*v glohppd> uhshdwhg jdphv> Vkdsoh| ydoxh1

5Iru d fdsvxoh vxppdu| ri wkh uxohv ri srnhu/ vhh Elqpruh +4<<3/ s1 <9,1
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wr fdoo/ wr irog/ dqg vr rq1 Zh zrxog kdyh wr vshfli| wkh zd| wkh zlqqlqjv ru
orvvhv ri hdfk sod|hu � wkh sd|r�v � ghshqg rq wkh vwudwhjlhv ri doo sod|huv1

Zh zrxog kdyh wr vshfli| zkdw hdfk sod|hu nqrzv1 Hdfk sod|hu nqrzv
zkr wkh rwkhu sod|huv duh/ dqg hdfk sod|hu nqrzv wkh uxohv1 Hdfk sod|hu
nqrzv krz wkh ghdohu lv ghwhuplqhg/ dqg hdfk sod|hu nqrzv klv rzq fdugv1
Dw dq| srlqw lq d kdqg ri srnhu/ hdfk sod|hu nqrzv zkdw doo suhfhglqj sod|huv
kdyh grqh lq wkdw kdqg1 Zh zrxog kdyh wr vshfli| wkh sd|r� ru uhzdug wr
hdfk sod|hu � zkdw kh ru vkh zrxog jhw/ dv d ixqfwlrq ri klv ru khu vwudwhj|
dqg ri wkh vwudwhjlhv ri doo rwkhu sod|huv1

Wklv lv txlwh d orw/ exw zh duh qrw grqh |hw1 Zkdw zh kdyh ghvfulehg lv
shukdsv vx!flhqw wr fkdudfwhul}h d vlqjoh kdqg ri srnhu1 Exw dq hyhqlqj ri
srnhu zloo ruglqdulo| lqfoxgh pdq| kdqgv1 Ehkdylru lq dq hyhqlqj ri +vd|,
453 kdqgv ri srnhu pd| eh gl�huhqw iurp ehkdylru iru d vlqjoh kdqg ri srnhu1
Lq d jdph wkdw frqvlvwv ri pdq| vlqjoh kdqgv ri srnhu/ d sod|hu pljkw eox� lq
hduo| kdqgv wr hvwdeolvk d uhsxwdwlrq wkdw frxog eh h{sorlwhg lq odwhu kdqgv1

Iru vxfk dq h{sdqghg jdph/ zh zrxog kdyh wr lqfoxgh lq wkh uxohv ri wkh
jdph wkrvh uxohv wkdw ghwhuplqh krzpdq| kdqgv duh sod|hg1 Wkh ghvfulswlrq
ri lqirupdwlrq dovr fkdqjhv iru wkh h{sdqghg jdph1 Lq dq hyhqlqj ri srnhu/
wkh lqirupdwlrq dydlodeoh wr hdfk sod|hu lv juhdwhu wkdq iru d vlqjoh kdqg �
lq dq hyhqlqj ri srnhu/ hdfk sod|hu nqrzv zkdw doo sod|huv kdyh grqh lq doo
suhfhglqj kdqgv/ dv zhoo dv zkdw doo sod|huv kdyh grqh lq wkh fxuuhqw kdqg1
Wklv h{sdqghg lqirupdwlrq vhw fuhdwhv wkh srvvlelolw| iru eox!qj phqwlrqhg
deryh1

Zh pd| qhhg wr frqvlghu d vwloo pruh h{sdqghg jdph1 Wkh Pdu{ eurwkhuv
pd| phhw rqfh d zhhn � hyhu| Vdwxugd| qljkw � wr sod| srnhu1 Lq wklv fdvh/
wkh jdph lv uhdoo| d odujh vhulhv ri kdqgv ri srnhu/ vsuhdg ryhu vhyhudo zhhnv1
Zh zrxog zdqw wr h{sdqg wkh olvw ri sod|huv wr lqfoxgh srwhqwldo sod|huv �
]hssr/ iru h{dpsoh � zkr pljkw vkrz xs rq dq| sduwlfxodu Vdwxugd| qljkw1
Rqfh zh dgplw wkh srvvlelolwlhv ri srwhqwldo sod|huv dqg vxffhvvlyh hyhqlqjv
ru urxqgv ri sod|/ zh kdyh wr frqvlghu wkh srvvlelolw| wkdw wkh jdph pljkw jr
rq iruhyhu/ hyhq wkrxjk wkh lghqwlwlhv ri wkh sod|huv pljkw fkdqjh16

Srnhu lv wrr gl!fxow d jdph wr dqdo|}h iru suhvhqw sxusrvhv17 Exw lw
rxjkw wr eh uhfrjql}hg wkdw srnhu/ dv ghvfulehg deryh/ kdv pxfk lq frpprq
� dw ohdvw lq d irupdo vhqvh � zlwk roljrsro|1 Lq roljrsro|/ wkhuh duh d olplwhg
qxpehu ri dfwxdo dqg srwhqwldo sod|huv � �upv1 Wkh| nqrz wkh uxohv1 Hdfk
�up ruglqdulo| nqrzv lwv rzq �kdqg� � lwv frvwv/ lwv pdunhw � dqg kdv rqo|
jxhvvhv ru lqihuhqfhv derxw wkh �kdqgv� � frvwv dqg pdunhwv � ri rwkhu �upv1

6Uhfdoo wkh pxvlfdoJx|v dqg Groov/ zklfk uhyroyhv durxqg �wkh orqjhvw0uxqqlqj  rdwlqj
fuds jdph lq wkh Flw| ri Qhz \run1�

7Iru dqdo|vhv ri yhuvlrqv ri srnhu/ vhh yrq Qhxpdqq dqg Prujhqvwhuq +4<77,> Qdvk
+4<84,> Oxfh dqg Udl�d +4<8:/ s1 789,1
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Hdfk �up pxvw pdnh ghflvlrqv derxw fxuuhqw dfwlrqv � wkh fxuuhqw �kdqg�
� exw nqrzv wkdw wkh jdph � wkh vhdufk iru sur�w � zloo jr rq1 Dqg li wkh
sod|huv duh �upv/ zklfk kdyh olyhv ri lqghwhuplqdwh ohqjwk/ lw lv uhdvrqdeoh
wr frqvlghu jdphv wkdw jr rq iruhyhu1

6 Irupdo uhsuhvhqwdwlrqv ri d jdph

Wkh hohphqwv ri wkh srnhu jdph ghvfulehg deryh lqfoxgh

41 d olvw ri sod|huv>

51 d vshfl�fdwlrq ri dfwlrqv dydlodeoh wr hdfk sod|hu dw hdfk srlqw lq wkh
jdph>

61 wkh uhodwlrq ehwzhhq dfwlrqv dqg sd|r�v>

71 wkh lqirupdwlrq vwuxfwxuh ri wkh jdph � zkdw hdfk sod|hu nqrzv/ zkhq
kh nqrzv lw/ dqg zkdw hdfk sod|hu nqrzv derxw zkdw hdfk rwkhu sod|hu
nqrzv1

81 rwkhu uxohv ri wkh jdph � frqfhuqlqj vkx"lqj/ fxwwlqj wkh ghfn/ ghwhu0
plqlqj wkh ghdohu/ dqg vr rq1

Ghshqglqj rq wkh sxusrvh iru zklfk d jdph lv ehlqj dqdo|}hg/ vrph
ri wkhvh hohphqwv zloo eh pruh lpsruwdqw wkdq rwkhuv1 Fruuhvsrqglqj wr
wkhvh gl�huhqfhv lq hpskdvlv/ jdph wkhrulvwv kdyh ghyhorshg wkuhh zd|v ri
ghvfulelqj d jdph � wkh h{whqvlyh irup/ wkh vwudwhjlf irup/ dqg wkh frdolwlrqdo
irup1

Hdfk kljkoljkwv gl�huhqw dvshfwv ri d jdph/ dqg hdfk pd| eh prvw xvh0
ixo ghshqglqj rq wkh sureohp dw kdqg1 Zh frq�qh rxu dwwhqwlrq khuh wr
wkh h{whqvlyh dqg vwudwhjlf irupv/ zklfk duh prvw zlgho| xvhg lq lqgxvwuldo
hfrqrplfv18

614 Wkh h{whqvlyh irup9

Wkh h{whqvlyh irup surylghv wkh prvw frpsuhkhqvlyh ghvfulswlrq ri d jdph1
Lw surylghv d frpsohwh vshfl�fdwlrq ri wkh lqwhudfwlyh surfhvv ri d jdph +Vkx0
eln/ 4<;8/ s1 <4,1

8Vkxeln +4<;4/ 4<;:,> Iulhgpdq +4<;9/ ss1 47�;,1
9Iru glvfxvvlrqv ri wkh h{whqvlyh irup/ vhh yrq Qhxpdqq +4<5;,/ Nxkq +4<86,/ Oxfh

dqg Udl�d +4<8:/ ss1 77�<,/ Iulhgpdq +4<::/ ss1 479�;> 4<;9/ s1 44,> Vkxeln +4<;4/
5;:�<> 4<;5/ fk1 6,1 Iru irupdo gh�qlwlrqv lq d uhvhdufk frqwh{w/ vhh Vhowhq +4<:7/ ss1
58�:, ru Nuhsv dqg Zlovrq +4<;5d/ ss1 ;98�<,1
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Dv dq h{dpsoh/ frqvlghu wkh h{whqvlyh irup ri d jdph wkdw lv ulfk lq
ohvvrqv iru lqgxvwuldo hfrqrplfv � wkh Sulvrqhuv* Glohppd1: Vfrwodqg \dug
kdv fdoohg lq Surihvvru Prulduw| dqg Frorqho Prudq iru txhvwlrqlqj lq frq0
qhfwlrq zlwk d qxpehu ri khlqrxv fulphv1 Dv wkh lqyhvwljdwlrq kdv surfhhghg
xqghu wkh vnloohg vxshuylvlrq ri Lqvshfwru Ohvwudgh/ krzhyhu/ hylghqfh lv d olw0
woh zhdn1 Wkh wzr vxvshfwv duh txhvwlrqhg vhsdudwho|/ dqg duh qrw shuplwwhg
wr frppxqlfdwh1

Lq wklv jdph/ wkhuh duh wzr sod|huv= Surihvvru Prulduw| dqg Frorqho
Prudq1 Hdfk sod|hu kdv rqh wxuq/ dqg wkh wxuqv duh vlpxowdqhrxv1 Vlpxowd0
qhrxv sod| qhhg qrw phdq wkdw sod|v duh pdgh dw wkh vdph lqvwdqw ri wlph/
dowkrxjk lw pd| phdq wklv iru vrph jdphv +vhh Sureohp D14 dqg wkh ghvfuls0
wlrq ri vflvvruv�sdshu�vwrqh,1 Wkh hvvhqwldo hohphqw ri vlpxowdqhrxv sod| lv
wkdw hdfk sod|hu pryhv zlwkrxw nqrzlqj wkh pryh ri wkh rwkhu1

Hdfk sod|hu kdv wzr srvvleoh vwudwhjlhv � wr pdlqwdlq dq dlu ri rxwudjhg
lqqrfhqfh +�L ghpdqg wr vhh p| vrolflwru dw rqfh$, ru wr fudyhqo| frqihvv +�*h
*dugo| vfuhdphg zkhq L *lw *lp zlwk p| *dwfkhw/ jxy*qru�,1

Li erwk sod|huv pdlqwdlq lqqrfhqfh/ wkhq Vfrwodqg \dug kdv rqo| hqrxjk
hylghqfh wr sxw wkhp rq suredwlrq iru d |hdu1 Wklv zloo lqwhuihuh vrphzkdw
zlwk wkhlu surihvvlrqdo dfwlylwlhv exw lv pxfk suhihuuhg wr jrlqj wr sulvrq1

Li rqo| rqh sod|hu frqihvvhv/ kh zloo eh sodfhg rq suredwlrq iru vl{ prqwkv/
zkloh wkh rwkhu zloo eh vhqw wr sulvrq iru �yh |hduv1 Li erwk sod|huv frqihvv/
wkh| zloo erwk eh vhqw wr sulvrq iru wzr |hduv1

Prvw ri wkh hvvhqwldo hohphqwv ri wkh Sulvrqhuv* Glohppd jdph fdq eh
looxvwudwhg zlwk wkh jdph wuhh vkrzq lq Iljxuh 41

Wkh jdph wuhh ehjlqv dw ghflvlrq qrgh (�/ zkhuh lw lv wkh pryh ri Surihv0
vru Prulduw|1 Wzr eudqfkhv/ hdfk uhsuhvhqwlqj d srvvleoh dfwlrq/ ohdg iurp
(� wr Frorqho Prudq*v lqirupdwlrq vhw � wkh fduwrxfkh frqwdlqlqj ghflvlrq
qrghv (2 dqg (�1 Wkh eudqfk rq wkh ohiw/ odehohg L/ vkrzv wkh frxuvh ri wkh
jdph li Surihvvru Prulduw| fkrrvhv wr pdlqwdlq klv lqqrfhqfh1 Wkh eudqfk
rq wkh uljkw/ odehohg F/ vkrzv wkh frxuvh ri wkh jdph li Surihvvru Prulduw|
frqihvvhv1

Zkhq wkh jdph uhdfkhv Frorqho Prudq*v ghflvlrq vhw/ kh nqrzv wkdw lw
lv klv wxuq/ exw kh grhv qrw nqrz Surihvvru Prulduw|*v pryh � kh grhv qrw
nqrz zkhwkhu kh lv dw (2 ru (�1 Kh rqo| nqrzv kh lv lq klv lqirupdwlrq vhw
+zklfk/ dv qrwhg e| Vkxeln +4<;4/ s1 5;;,/ lw zrxog eh pruh dssursuldwh wr
fdoo d �odfn0ri0lqirupdwlrq vhw�,1

Dv dq dqdo|wlfdo ghylfh/ wkh lqirupdwlrq vhw shuplwv xv wr prgho vlpxo0

:D{hourg +4<;7/ s1 549, dwwulexwhv wkh Sulvrqhu*v Glohppd jdph wr Phuuloo Iorrg dqg
Phoylq Guhvkhu1 Iru glvfxvvlrqv/ vhh Oxfh dqg Udl�d +4<8:,/ D{hourg +4<;7,/ Dqwkrq|
+4<;9/ ss1 599�<,/ Udsrsruw +4<;:,/ dqg Udvpxvhq +4<;</ s1 6;,1
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Iljxuh 4= Jdph wuhh iru wkh Sulvrqhuv* Glohppd= (�/ (2/ dqg (�/ ghflvlrq
qrwhv> A�/ A2/ A�/ dqg Ae/ whuplqdo qrghv> (� +Surihvvru Prulduw|,/ (2 dqg
(� +Frorqho Prudq,/ lqirupdwlrq vhwv> vwudwhjlhv/ frqihvv +�� ru pdlqwdlq
lqqrfhqfh +U,> sd|r� yhfwruv/ �uvw hohphqw vkrzv suredwlrq ru sulvrq wlph
iru Surihvvru Prulduw|/ vhfrqg hohphqw suredwlrq ru sulvrq wlph iru Frorqho
Prudq1

:



wdqhrxv pryhv1 Zh frxog uhodeho Iljxuh 4/ sodflqj Frorqho Prudq dw (�

dqg Surihvvru Prulduw| dw wkh lqirupdwlrq vhw frqwdlqlqj (2 dqg (�/ dqg
wkh jdph wuhh zrxog uhsuhvhqw wkh vdph h{whqvlyh jdph1 Wkh hvvhqwldo hoh0
phqw lv wkdw qhlwkhu sod|hu nqrzv wkh rwkhu*v pryh zkhq kh pdnhv klv rzq
ghflvlrq1

Wklv h{dpsoh looxvwudwhv d pruh jhqhudo srlqw= jdph wuhhv duh qrw xqltxh1
Lw lv riwhq wkh fdvh wkdw gl�huhqw jdph wuhhv fdq eh gudzq wr uhsuhvhqw wkh
vdph jdph lq h{whqvlyh irup1

Wkhuh duh irxu eudqfkhv iurp Frorqho Prudq*v lqirupdwlrq vhw � wzr iurp
(2 dqg wzr iurp (�1 Vlqfh d sod|hu grhv qrw nqrz h{dfwo| zkhuh kh lv lq
klv lqirupdwlrq vhw/ klv fkrlfhv pxvw eh vshfl�f wr wkh lqirupdwlrq vhw udwkhu
wkdq wr ghflvlrq qrghv zlwklq wkh lqirupdwlrq vhw1 Wkxv wkh vdph qxpehu ri
eudqfkhv/ lqglfdwlqj wkh vdph fkrlfhv/ pxvw ghvfhqg iurp hdfk ghflvlrq qrgh
lq dq lqirupdwlrq vhw1 Wkh eudqfkhv jrlqj wr wkh ohiw lqglfdwh wkh frxuvh ri
wkh jdph li Frorqho Prudq pdlqwdlqv dq dlu ri rxwudjhg lqqrfhqfh/ zkloh wkh
eudqfkhv jrlqj wr wkh uljkw vkrz wkh frxuvh ri wkh jdph li Frorqho Prudq
fudyhqo| frqihvvhv1

Wkh irxu eudqfkhv frplqj iurp Frorqho Prudq*v lqirupdwlrq vhw ohdg wr
irxu whuplqdo qrghv � A�/ A2/ A�/ dqg Ae1 Wkh jdph pxvw hqg dw rqh ri wkhvh
qrghv1 Wkh froxpq sd|r� yhfwru ehorz hdfk qrgh vkrzv wkh sd|r�v wr wkh
wzr sod|huv li wkh jdph hqgv dw wkdw qrgh1 Sod|huv duh prghohg dv vhhnlqj
wr pd{lpl}h wkhlu sd|r�v1 Sd|r�v duh wkxv h{suhvvhg dv qhjdwlyh qxpehuv/
vlqfh sulvrq ru suredwlrq wlph lv d edg/ qrw d jrrg1 Wkh xsshu hohphqw lq
wkh yhfwru lv Surihvvru Prulduw|*v sd|r�/ dqg wkh orzhu hohphqw lv Frorqho
Prudq*v sd|r�1 Iru h{dpsoh/ dw A2 Surihvvru Prulduw| kdv pdlqwdlqhg klv
lqqrfhqfh exw Frorqho Prudq kdv frqihvvhg1 Li wkh jdph hqgv dw A2/ Surihvvru
Prulduw| jrhv wr mdlo iru �yh |hduv/ zkloh Frorqho Prudq uhfhlyhv vl{ prqwkv
+425 |hdu, suredwlrq1

61414 Lqirupdwlrq frqfhswv

Wkh h{whqvlyh irup lqfoxghv d frpsohwh ghvfulswlrq ri wkh lqirupdwlrq fkdu0
dfwhulvwlfv ri wkh jdph1 Vrph ri wkh lqirupdwlrq fkdudfwhulvwlfv fdq eh looxv0
wudwhg rq wkh jdph wuhh> rwkhuv fdqqrw1

Shuihfw uhfdoo Li sod|huv dozd|v uhphpehu wkhlu rzq pryhv dqg rwkhu lq0
irupdwlrq ri zklfk wkh| zhuh rqfh dzduh/ wkhq wkh jdph lv rqh ri shuihfw
uhfdoo1 Rwkhuzlvh/ lw lv d jdph ri lpshuihfw uhfdoo1;

;Vkxeln +4<;5/ ss1 6:�;,> Iulhgpdq +4<;9/ ss1 <�43,1
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Iljxuh 5= Jdph wuhh iru rqh sod| ri Rggv ) Hyhqv1

<



Iljxuh 6= Jdph wuhh iru wzr sod|v ri Rggv ) Hyhqv zlwk lpshuihfw uhfdoo

Iljxuh 5 vkrzv d jdph wuhh iru rqh urxqg ri Rggv ) Hyhqv1 Wzr sod|huv
vlpxowdqhrxvo| krog rxw dq| qxpehu ri �qjhuv rq wkhlu uljkw kdqgv1 Wkh
srvvleoh vwudwhjlhv duh wr krog rxw dq rgg qxpehu ru dq hyhq qxpehu ri
�qjhuv1 Li wkh wrwdo qxpehu ri �qjhuv lv hyhq/ sod|hu 4 zlqv dqg sod|hu 5
sd|v sod|hu 4 d hxur1 Li wkh wrwdo qxpehu ri �qjhuv lv rgg/ sod|hu 5 zlqv
dqg sod|hu 4 sd|v sod|hu 5 d hxur1 Dv zlwk wkh lqirupdwlrq vhw iru Frorqho
Prudq lq Iljxuh D14/ wkh lqirupdwlrq vhw iru sod|hu 5 lq Iljxuh 5 lqglfdwhv
wkdw zkhq sod|hu 5 pdnhv klv pryh kh grhv qrw nqrz wkh pryh ri sod|hu 41

Iljxuh 6 vkrzv d jdph wuhh iru d uhshdwhg jdph wkdw frqvlvwv ri wzr urxqgv
ri Rggv ) Hyhqv zlwk lpshuihfw uhfdoo1< Wkh �uvw wzr od|huv ri Iljxuh 6 duh
hvvhqwldoo| wkh vdph dv Iljxuh 51 Wkh whuplqdo qrghv A�/ A2/ A�/ dqg Ae lq
Iljxuh 5 kdyh ehhq uhodehohg dv ghflvlrq qrghv (e/ (D/ (S/ dqg (. lq Iljxuh
61 Dw dq| ri wkhvh ghflvlrq qrghv/ lw lv sod|hu 4*v pryh1

Sod|hu 4*v vlwxdwlrq/ kdoizd| wkurxjk wkh jdph/ lv wkh vdph dw ghflvlrq
qrghv (e dqg (. � kh lv dkhdg F41 Lq Iljxuh 5/ wkhvh ghflvlrq qrghv duh
lq wkh vdph lqirupdwlrq vhw � sod|hu 4 grhv qrw glvwlqjxlvk ehwzhhq (e dqg
(. zkhq kh pdnhv klv fkrlfh lq wkh �qdo urxqg1 Kh grhv qrw uhphpehu wkh
vhtxhqfh ri pryhv wkdw sxw klp dkhdg lq wkh jdph � kh rqo| nqrzv wkdw kh lv
dkhdg1 Vlploduo|/ (D dqg (S duh lq d glvwlqfw lqirupdwlrq vhw � rqh lq zklfk
sod|hu 4 lv ehklqg F41

<Vwudwhjlhv khuh duh rughuhg wulsohv1 +R>H>R, phdqv sod|hu 4 sod|v rgg rq klv �uvw
pryh/ hyhq rq klv vhfrqg pryh li kh lv dkhdg F4/ dqg rgg rq klv vhfrqg pryh li kh lv
ehklqg F41
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Vlqfh wkh sod|huv pryh vlpxowdqhrxvo| lq wkh vhfrqg urxqg ri wkh jdph/
sod|hu 5 frxog kdyh xs wr irxu lqirupdwlrq vhwv1 Rqh lqirupdwlrq vhw zrxog
frqwdlq (H dqg (b/ rqh zrxog frqwdlq (�f dqg (�2/ rqh zrxog frqwdlq (�2

dqg (��/ dqg rqh zrxog frqwdlq (�e dqg (�D1 Iru vxfk d jdph/ sod|hu 5
zrxog kdyh shuihfw uhfdoo � kh zrxog nqrz zkhwkhu kh zdv dkhdg ru ehklqg/
dqg zrxog nqrz zkhwkhu klv suhylrxv pryh zdv rgg ru hyhq1 Iru wkh jdph
wuhh lq Iljxuh 6/ krzhyhu/ sod|hu 5 kdv rqo| wzr lqirupdwlrq vhwv1

Rqh � frqwdlqlqj ghflvlrq qrghv (H/ (b/ (�e/ dqg (�D � vkrzv qrghv
zkhuh sod|hu 5 lv ehklqg dw wkh vwduw ri wkh vhfrqg urxqg1 Wklv fruuhvsrqgv
wr wkh idfw wkdw sod|hu 4 lv dkhdg dw qrghv (e dqg (.1 Sod|hu 5*v rwkhu
lqirupdwlrq vhw � frqwdlqlqj ghflvlrq qrghv (�f/ (��/ (�2/ dqg (�� � vkrzv
qrghv dw zklfk sod|hu 5 lv dkhdg dw wkh vwduw ri wkh vhfrqg urxqg1 Iru wkh
jdph vkrzq lq Iljxuh 6/ sod|hu 5 grhv qrw uhphpehu wkh suhflvh vhtxhqfh ri
pryhv zkhq kh wdnhv klv vhfrqg wxuq � kh rqo| nqrzv zkhwkhu kh lv dkhdg
ru ehklqg dw wkdw srlqw lq wkh jdph1

Shuihfw Lqirupdwlrq Li hyhu| lqirupdwlrq vhw frqwdlqv h{dfwo| rqh ghfl0
vlrq qrgh/ wkhq lqirupdwlrq lv vdlg wr eh shuihfw1 Li lqirupdwlrq lv shuihfw/ d
sod|hu nqrzv h{dfwo| zkhuh kh lv lq wkh jdph wuhh zkhqhyhu lw lv klv wxuq1 Li
vrph ghflvlrq vhwv frqwdlq pruh wkdq rqh ghflvlrq qrgh/ dv lq Iljxuh 5/ wkhq
lqirupdwlrq lv lpshuihfw1

Lpshuihfw lqirupdwlrq frpprqo| dulvhv lq roljrsro|1 Iru h{dpsoh/ Vwljohu
+4<97, lghqwl�hv d sduwlfxodu nlqg ri dv d sureohp iru frooxvlrq xqghu roljrsro|
zkhq frooxglqj �upv duh xqdeoh wr prqlwru hdfk rwkhuv* rxwsxwv1 Li d frooxg0
lqj �up qrwlfhv d ghfolqh lq lwv vdohv/ wkdw ghfolqh pd| uh hfw qr pruh wkdq
wkh frqwlqxrxv udqgrp pryhphqw ri fxvwrphuv iurp rqh vxssolhu wr dqrwkhu1
Dowhuqdwlyho|/ wkh ghfolqh pd| uhvxow iurp vhfuhw sulfh fxwv r�huhg e| vrph
rwkhu �up wkdw lv sduw| wr wkh frooxvlyh djuhhphqw1 Li zh zhuh wr ghvfuleh
wklv lq whupv ri d jdph wuhh/ zh zrxog slfwxuh wkh w|slfdo �up dv prylqj dw
dq lqirupdwlrq vhw frqwdlqlqj wzr ghflvlrq qrghv1 Dw rqh ghflvlrq qrgh/ doo
�upv kdyh pdlqwdlqhg wkh frooxvlyh djuhhphqw1 Dw wkh rwkhu ghflvlrq qrgh/
dw ohdvw rqh �up kdv eurnhq wkh djuhhphqw1 Lqirupdwlrq lv lpshuihfw ehfdxvh
dw lwv lqirupdwlrq vhw wkh �up grhv qrw nqrz zkhuh lw lv lq wkh lqirupdwlrq
vhw � lw grhv qrw nqrz zkhwkhu ulydov duh fkhdwlqj ru qrw1

Frpsohwh lqirupdwlrq Dqrwkhu hvvhqwldo glvwlqfwlrq lv wkdw ehwzhhq frp0
sohwh dqg lqfrpsohwh lqirupdwlrq1 Li lqirupdwlrq lv frpsohwh/ hdfk sod|hu
nqrzv hyhu|wklqj wkhuh lv wr nqrz derxw wkh vwuxfwxuh ri wkh jdph � qrw rqo|
klv rzq fkrlfhv dw klv rzq lqirupdwlrq vhwv/ exw dovr wkh fkrlfhv dydlodeoh
wr rwkhu sod|huv dw wkhlu lqirupdwlrq vhwv1 Lq d jdph ri frpsohwh lqirupd0
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wlrq/ wkh sod|hu nqrzv wkh jdph wuhh dqg hyhu|wklqj hovh wkdw lv sduw ri wkh
h{whqvlyh irup1

Kduvdq|l +4<9:�;, vkrzv wkdw lw lv srvvleoh wr uhsodfh d jdph ri lqfrp0
sohwh lqirupdwlrq zlwk d fruuhvsrqglqj jdph ri frpsohwh exw lpshuihfw lq0
irupdwlrq1 Iru h{dpsoh/ frqvlghu Vwljohu*v prgho ri frooxvlrq lq roljrsro|1
Sod|huv pryh vlpxowdqhrxvo|1 Hdfk sod|hu ghflghv wr dgkhuh wr wkh frooxvlyh
djuhhphqw ru wr ghihfw1 Hdfk sod|hu nqrzv wkdw ghpdqg lv kljk ru orz/ exw
grhv qrw nqrz zklfk1 Wklv lv d jdph ri lqfrpsohwh lqirupdwlrq/ vlqfh sod|huv
gr qrw nqrz wkh vwdwh ri ghpdqg zkhq wkh| pdnh wkhlu pryhv1

(� +Qdwxuh,

(2 (�

(e (D (S (.

A� A2 A� Ae AD AS A. AH

D G D G D G D G

D G D G

Ilup 4

Ilup 5
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Zu ' �hEorz ghpdqg� �� Zu ' �hEkljk ghpdqg�

Iljxuh 7= D pryh e| qdwxuh lq Vwljohu*v frooxvlrq jdph> � lqglfdwhv sod|hu dg0
khuhv wr frooxvlyh djuhhphqw/ ( lqglfdwhv sod|hu ghihfwv iurp frooxvlyh djuhh0
phqw1

Wklv jdph ri lqfrpsohwh lqirupdwlrq lv htxlydohqw wr wkh frpsohwh exw
lpshuihfw lqirupdwlrq jdph vkrzq lq Iljxuh 71 Khuh wkh �uvw pryh ehorqjv
wr dq devwudfw sod|hu/ qdwxuh/ zkr +iurp wkh srlqw ri ylhz ri wkh sod|huv, vhwv
ghpdqg dw hlwkhu d kljk ohyho ru d orz ohyho1 Lq wklv uhirupxodwhg jdph/ lw lv
qdwxudo wr wklqn ri sod|huv lqghshqghqwo| pd{lpl}lqj wkhlu h{shfwhg sd|r�v/
xvlqj wkh suredelolwlhv wkh| dvvljq wr hdfk ri qdwxuh*v pryhv1 +Sd|r�v/ zklfk
vkrxog iroorz wkh whuplqdo qrghv/ kdyh ehhq ohiw xqvshfl�hg1, Wkh dgydqwdjh
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ri wklv irupxodwlrq lv wkdw lw doorzv dqdo|vlv ri jdphv zkhuh sod|huv gr qrw
nqrz hyhu|wklqj wkhuh lv wr nqrz derxw wkh vwuxfwxuh ri wkh jdph143

Frpprq nqrzohgjh44 Forvho| uhodwhg wr wkh glvwlqfwlrq ehwzhhq frp0
sohwh dqg lqfrpsohwh lqirupdwlrq lv wkh vshfl�fdwlrq ri frpprq nqrzohgjh1
Frpprq nqrzohgjh lqfoxghv doo idfwv wkdw duh nqrzq wr doo sod|huv/ wkdw duh
nqrzq wr eh nqrzq wr doo sod|huv/ wkdw duh nqrzq wr eh nqrzq wr eh nqrzq
wr doo sod|huv/ dqg vr rq1 Wklv lv dq lq�qlwh uhjuhvv1 Wkh vwuxfwxuh ri wkh
jdph lwvhoi/ dw ohdvw xs wr wkh nlqg ri Kduvdq|l wudqvirupdwlrq looxvwudwhg lq
Iljxuh 7/ lv wdnhq wr eh frpprq nqrzohgjh1 Udwlrqdolw| ri sod|huv lv dovr
wdnhq wr eh frpprq nqrzohgjh1

Vxppdu| Wkh h{whqvlyh irup ri d jdph frqvlvwv ri

41 wkh lqlwldo frqglwlrqv ri wkh jdph/ lqfoxglqj d vshfl�fdwlrq ri frpprq
nqrzohgjh>

51 wkh jdph wuhh dqg glylvlrq ri wkh jdph wuhh lqwr lqirupdwlrq vhwv +zklfk
lqfoxghv uxohv iru ghwhuplqlqj zkrvh wxuq lw lv dqg wkh pryhv dydlodeoh
wr d sod|hu zkhqhyhu lw lv klv wxuq,>

61 wkh lqirupdwlrq d sod|hu kdv zkhqhyhu lw lv klv wxuq>

71 wkh sd|r�v wr hdfk sod|hu dv d ixqfwlrq ri wkh pryhv ri doo sod|huv1

Lq hvvhqfh/ wkh h{whqvlyh irup lv dq h{kdxvwlyh ghvfulswlrq ri doo hohphqwv
ri wkh jdph1 D jdph lq h{whqvlyh irup lv vdlg wr eh �qlwh li lw kdv d �qlwh
qxpehu ri sod|huv/ hdfk ri zklfk pryhv dw d �qlwh qxpehu ri srlqwv dqg kdv
d �qlwh qxpehu ri pryhv dw hdfk srlqw1

615 Wkh vwudwhjlf irup45

Wkh vwudwhjlf irup ri d jdph hpskdvl}hv wkh uhodwlrqvkls ehwzhhq vwudwhjlhv
dqg sd|r�v/ dqg ohdyhv wkh ghwdlo ri wkh h{whqvlyh irup dvlgh1 Wkh vwudwhjlf
irup ri d jdph kdv wkuhh hohphqwv=

43Vhh Nuhsv dqg Vshqfh +4<;8, iru d glvfxvvlrq ri wkh xvh ri Kduvdq|l*v phwkrg lq
lqgxvwuldo hfrqrplfv1

44Vhh Dxpdqq +4<:9,/ Plojurp +4<;4,/ Eudqghqexujhu dqg Ghnho +4<;<,/ Uxelqvwhlq
+4<;<d,/ dqg Elqpruh dqg Eudqghqexujhu +4<<3,1

45Iru glvfxvvlrqv ri wkh vwudwhjlf ru qrupdo irup/ vhh yrq Qhxpdqq dqg Prujhqvwhuq
+4<77,/ Oxfh dqg Udl�d +4<8:/ Fkv 6 dqg :,/ Iulhgpdq +4<;6e/ ss1 544�5> 4<;9/ Fk1 5,/
Vkxeln +4<;4/ ss1 5;<�<4> 4<;5/ Fk1 6,/ Dxpdqq +4<;:/ s1 793,/ Kduulqjwrq +4<;:/ s1
994,1
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41 wkh vhw ri sod|huv>

51 wkh vhw ri sxuh vwudwhjlhv dydlodeoh wr hdfk sod|hu>

61 d ixqfwlrq iru hdfk sod|hu vkrzlqj klv sd|r� dv d ixqfwlrq ri klv rzq
vwudwhj| dqg wkh vwudwhjlhv ri doo rwkhu sod|huv1

Lw lv srvvleoh/ dqg riwhq frqyhqlhqw iru �qlwh jdphv/ wr looxvwudwh wkh vwudwh0
jlf irup e| d sd|r� pdwul{1 Iljxuh 8 vkrzv wkh sd|r� pdwul{ iru wkh Sulv0
rqhuv* Glohppd jdph looxvwudwhg lq h{whqvlyh irup lq Iljxuh 41 Wkh vlghv
ri wkh pdwul{ duh odehohg zlwk wkh qdphv ri wkh sod|huv1 Wkh urzv ri wkh
pdwul{ jlyh wkh srvvleoh sxuh vwudwhjlhv ri Surihvvru Prulduw|> wkh froxpqv
ri wkh pdwul{ jlyh wkh srvvleoh sxuh vwudwhjlhv ri Frorqho Prudq1 Wkh hoh0
phqwv ri wkh pdwul{ � sdluv ri qxpehuv � vkrz wkh sd|r�v wkdw uhvxow iurp
gl�huhqw frpelqdwlrqv ri vwudwhjlhv1 Wkh sd|r� pdwul{ frpsdfwo| glvsod|v
wkh hohphqwv ri wkh ri wkh jdph1

Surihvvru

Prulduw|

Frorqho Prudq

Rxwudjhg
Lqqrfhqfh

Fudyhq
Frqihvvlrq

Rxwudjhg
Lqqrfhqfh

Fudyhq
Frqihvvlrq

��c�� �Dc��*2

��*2c�D �2c�2

Iljxuh 8= Sd|r� pdwul{ iru wkh Sulvrqhuv* Glohppd jdph1 Urzv vkrz vwudwh0
jlhv ri Surihvvru Prulduw|/ froxpqv vkrz vwudwhjlhv ri Frorqho Prudq1 Wkh
�uvw hohphqw lq hdfk hqwu| vkrzv wkh sd|r� ri Surihvvru Prulduw|/ wkh vhfrqg
hohphqw lq hdfk hqwu| vkrzv wkh sd|r� ri Frorqho Prudq1

D sxuh vwudwhj| lv d sodq iru d sod|hu*v dfwlrqv wkurxjkrxw wkh frxuvh ri
wkh jdph1 Zkhq hdfk sod|hu kdv d vlqjoh lqirupdwlrq vhw/ dv lq d vlqjoh urxqg
ri wkh Sulvrqhuv* Glohppd jdph/ hdfk sod|hu*v sxuh vwudwhj| lv wkh vdph dv
lwv pryh dw wkdw lqirupdwlrq vhw1 Zkhq d sod|hu kdv pruh wkdq rqh wxuq
lq d jdph/ wkhq d sxuh vwudwhj| vshfl�hv zkdw wkh sod|hu zloo gr dw hdfk

47



lqirupdwlrq vhw1 D sxuh vwudwhj| lv d frpelqdwlrq ri pryhv/ rqh pryh iru
hdfk lqirupdwlrq vhw1

Pl{hg vwudwhjlhv duh ghulyhg iurp sxuh vwudwhjlhv1 Ohw 7� eh wkh vhw ri
doo srvvleoh sxuh vwudwhjlhv iru sod|hu �1 D pl{hg vwudwhj| Z� lv d suredelolw|
glvwulexwlrq ryhu 7�1 Li wkhuh duh wkuhh hohphqwv lq 7� � r�/ r2/ dqg r� �
wkhq d suredelolw| glvwulexwlrq ryhu 7� lv d yhfwru ri wkuhh qxpehuv � vd|/
EZ�c Z2c Z�� � hdfk qrqqhjdwlyh/ wkdw dgg xs wr xqlw|1 Wkh �uvw hohphqw ri
wkh yhfwru jlyhv wkh suredelolw| wkdw sod|hu � zloo sod| r�/ wkh vhfrqg hohphqw
jlyhv wkh suredelolw| wkdw sod|hu � zloo sod| r2/ dqg wkh wklug hohphqw jlyhv
wkh suredelolw| wkdw sod|hu � zloo sod| r�1

Ohw �� eh wkh vhw ri doo vxfk pl{hg vwudwhjlhv1 Rqh ri wkh hohphqwv ri
�� lv d �pl{hg vwudwhj|� E�c fc f�/ xqghu zklfk wkh suredelolw| wkdw sod|hu �
sod|v r� lv 4 dqg wkh suredelolw| wkdw sod|hu � sod|v hlwkhu ri wkh rwkhu wzr
vwudwhjlhv lq 7� lv 31 Wkxv �� lqfoxghv sxuh vwudwhjlhv dv vshfldo fdvhv ri pl{hg
vwudwhjlhv1 Exw �� lqfoxghv wuxo| udqgrp vwudwhjlhv dv zhoo1 E�*�c 2*�c f� lv
d pl{hg vwudwhj| zklfk kdv sod|hu � sod| r� zlwk suredelolw| 426/ r2 zlwk
suredelolw| 526/ dqg r� zlwk suredelolw| 31

Pl{hg vwudwhjlhv dulvh qdwxudoo| dv ghvfulswlyh ghylfhv lq jdphv zlwk sod|0
huv ri olplwhg udwlrqdolw| dqg jdphv zlwk udwlrqdo sod|huv zkhuh wkh idfw wkdw
sod|huv duh udwlrqdo lv qrw frpprq nqrzohgjh1 Li sod|huv iroorz sxuh vwudwh0
jlhv exw wkhuh lv vrph fkdqfh wkdw hdfk sod|hu zloo pdnh d plvwdnh/ wkhq hdfk
sod|hu fdq prgho wkh rwkhuv dv li wkh| iroorz pl{hg vwudwhjlhv1 Pl{hg vwudwh0
jlhv dovr dulvh qdwxudoo| dv d ghylfh iru hqvxulqj wkh h{lvwhqfh ri htxloleulxp
lq jdphv iru zklfk wkhuh duh qr htxloleuld lq sxuh vwudwhjlhv1

Iljxuh 9 looxvwudwhv wkh vwudwhjlf irup iru d uhshdwhg jdph ru vxshujdph
pdgh xs ri wzr urxqgv ri Rggv ) Hyhqv lq zklfk hdfk sod|hu pxvw ghflgh
pryhv iru erwk urxqgv dw wkh vwduw ri wkh jdph1 Hdfk sod|hu kdv wzr wxuqv/
dqg hdfk sod|hu*v sxuh vwudwhj| vshfl�hv wzr pryhv � rqh iru wkh sod|hu*v �uvw
wxuq dqg rqh iru wkh sod|hu*v vhfrqg wxuq1 Wkxv r� ' E�c��/ r2 ' E�c.� lv
d frpelqdwlrq ri vwudwhjlhv dffruglqj wr zklfk sod|hu 4 sod|v dq rgg qxpehu
ri �qjhuv lq hdfk urxqg zkloh sod|hu 5 sod|v dq rgg qxpehu ri �qjhuv lq wkh
�uvw urxqg dqg dq hyhq qxpehu ri �qjhuv lq wkh vhfrqg urxqg1 Dv vkrzq lq
wkh sd|r� pdwul{/ erwk sod|huv euhdn hyhq li wkhvh vwudwhjlhv duh sod|hg1

Wkh vwudwhjlf irup pdvnv pxfk ri wkh ghwdlo ri wkh pryh dqg lqirupdwlrq
vwuxfwxuh ri wkh jdph wkdw lv suhvhqw lq wkh h{whqvlyh irup1 Lw kljkoljkwv wkh
uhodwlrqvkls ehwzhhq zkdw rqh sod|hu grhv/ zkdw rwkhu sod|huv gr/ dqg zkdw
hdfk sod|hu uhfhlyhv1 Wkh frvw ri wklv hpskdvlv lv d fhuwdlq orvv ri lqirupdwlrq
derxw wkh xqghuo|lqj vwuxfwxuh ri wkh jdph1
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Iljxuh 9= Sd|r� pdwul{ iru wzr urxqgv ri Rggv ) Hyhqv1 Urzv vkrz
vwudwhjlhv ri sod|hu 4/ froxpqv vkrz vwudwhjlhv ri sod|hu 51 Wkh �uvw hohphqw
lq hdfk hqwu| vkrzv wkh sd|r� ri sod|hu 4/ wkh vhfrqg hohphqw wkh sd|r� ri
sod|hu 51
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7 Vroxwlrq frqfhswv

Zh kdyh rxwolqhg wkh ghvfulswlrq ri jdphv lq h{whqvlyh dqg vwudwhjlf irup1
Qrz zh wxuq rxu dwwhqwlrq wr zkdw pljkw uhdvrqdeo| eh h{shfwhg wr kdsshq
zkhq d jdph lv sod|hg � wr wkh dqdo|vlv ri vroxwlrqv ri d jdph1

Dv idu dv jdph wkhru| lv frqfhuqhg/ wkh whup �vroxwlrq� jlyhv d plvohdglqj
lpsuhvvlrq ri dxwrpdwlflw| ru h{dfwlwxgh/ sduwlfxoduo| iru wkrvh zlwk d fhuwdlq
edfnjurxqg lq pdwkhpdwlfv1 Li zh duh dvnhg iru vroxwlrqv wr wkh htxdwlrq

%2 � � ' fc +4,

wkhuh lv uhdoo| qrw pxfk ohhzd| lq irupxodwlqj d uhvsrqvh1 Wkh vroxwlrqv duh
n� dqg ��1 Wkhvh duh wkh ydoxhv ri % iru zklfk htxdwlrq +4, lv fruuhfw/ dqg
wkdw lv wkdw146

Zkhq zh wdon derxw vroxwlrqv wr qrqfrrshudwlyh jdphv/ wklqjv duh e|
qr phdqv vr dxwrpdwlf1 Iru d vwudwhjlf jdph/ d vroxwlrq lv d froohfwlrq ri
vwudwhjlhv � rqh iru hdfk sod|hu � wkdw lw lv uhdvrqdeoh ru sodxvleoh wr wklqn
zrxog eh sod|hg1 Zkdw lv sodxvleoh zloo ghshqg fulwlfdoo| rq wkh dprxqw
ri lqirupdwlrq dqg wkh ghjuhh ri uhdvrqlqj srzhu ru frpsxwlqj delolw| wkdw
sod|huv duh dvvxphg wr kdyh1 Vroxwlrq frqfhswv wkdw dsshdu uhdvrqdeoh xq0
ghu frqglwlrqv ri frpsohwh dqg shuihfw lqirupdwlrq dqg xqolplwhg uhdvrqlqj
srzhu vrphwlphv |lhog xqdwwudfwlyh uhvxowv zkhq wkhvh dvvxpswlrqv duh uh0
od{hg1 Pxfk lqwhuhvwlqj zrun lv lqyroyhg lq uh�qlqj vroxwlrq frqfhswv wr ghdo
zlwk jdphv sod|hg xqghu frqglwlrqv ri olplwhg lqirupdwlrq dqg ohvv wkdq
frpsohwh uhdvrqlqj delolw|1

714 Qrqfrrshudwlyh htxloleulxp � sxuh vwudwhjlhv

Zh ehjlq e| dvvxplqj frpsohwh dqg xqolplwhg uhdvrqlqj delolw|1 Wkh gh�q0
lqj fkdudfwhulvwlf ri d qrqfrrshudwlyh jdph lv wkdw sod|huv duh xqdeoh wr
pdnh elqglqj frpplwphqwv derxw wkh vwudwhjlhv wkh| zloo sod|1 Li elqglqj
frpplwphqwv duh lpsrvvleoh/ wkhq iru d froohfwlrq ri vwudwhjlhv wr eh d vrox0
wlrq ri wkh jdph/ hyhu| sod|hu pxvw eh zloolqj wr sod| klv ru khu sduw ri wkh
froohfwlrq1 Hdfk sod|hu pxvw suhihu wr sod| klv sduw ri wkh sursrvhg htxlole0
ulxp vwudwhj|/ jlyhq wkdw doo rwkhu sod|huv sod| wkhlu sduwv ri wkh sursrvhg
htxloleulxp vwudwhj|1 Rwkhuzlvh/ vrph sod|hu zrxog fkdqjh klv vwudwhj| dqg
wkh jdph zrxog iroorz d frxuvh gl�huhqw iurp wkdw vshfl�hg e| wkh sursrvhg
htxloleulxp vwudwhj|1

46Ri frxuvh/ lw lv rqo| wudlqlqj wkdw pdnhv wkhvh vroxwlrqv vhhp dxwrpdwlf1 Frqwhp0
sodwlrq ri htxdwlrqv olnh +4, ohg wr wkh dqdo|vlv ri qhjdwlyh qxpehuv> frqwhpsodwlrq ri
htxdwlrqv olnh {5 . 4 @ 3 ohg wr wkh dqdo|vlv ri lpdjlqdu| qxpehuv1 Vr lw jrhv1
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Wkh irupdol}dwlrq ri wklv lghd ohdgv wr wkh frqfhsw ri d htxloleulxp1 D
yhfwru ri sxuh vwudwhjlhv rW ' ErW�c r

W

2c � � � c r
W

?� lv vdlg wr eh d qrqfrrshudwlyh
htxloleulxp iru dq ?0shuvrq jdph lq vwudwhjlf irup li iru hyhu| sod|hu � +� '
�c 2c � � � c ?,/ rW� pd{lpl}hv sod|hu �*v sd|r�/ jlyhq wkdw doo rwkhu sod|huv sod|
wkh sxuh vwudwhjlhv vshfl�hg e| rW1

Irupdoo|/ ohw ErW*r�� eh wkh yhfwru r
W zlwk r� vxevwlwxwhg iru rW� =

ErW*r�� ' ErW�c � � � c r
W

�3�c r�c r
W

�n����c r
W

?�� +5,

Wkhq rW lv d qrqfrrshudwlyh iru dq ?0sod|hu jdph li

R�Er
W� � R�Er

W*r�� ;r� 5 7� dqg ;� 5 �c +6,

zkhuh 7� lv wkh vhw ri sxuh vwudwhjlhv rshq wr sod|hu �/ R�E�� lv sod|hu �*v sd|r�
ixqfwlrq/ dqg � lv wkh vhw ri sod|huv1

Wkh dvvxpswlrq ri frpsohwh lqirupdwlrq hqwhuv lq wkdw hdfk sod|hu lv
dvvxphg wr nqrz wkh htxloleulxp vwudwhjlhv ri doo rwkhu sod|huv1 Iru uhodwlyho|
vlpsoh jdphv/ olnh d vlqjoh sod| ri wkh Sulvrqhuv* Glohppd/ wklv lv shukdsv
frqfhlydeoh1 Iru frpsoh{ jdphv lq zklfk d vwudwhj| vshfl�hv d sod|hu*v pryh
zkhqhyhu lw lv klv wxuq/ wkh dvvxpswlrq lv xquhdolvwlf1 Wkh dvvxpswlrq ri
xqolplwhg uhdvrqlqj delolw| hqwhuv lq wkdw hdfk sod|hu lv dvvxphg wr eh deoh
wr fdofxodwh dq lqglylgxdo vwudwhj| wkdw pd{lpl}hv klv uhwxuq/ jlyhq wkdw
rwkhu sod|huv iroorz wkhlu rzq qrqfrrshudwlyh htxloleulxp vwudwhjlhv1 Wklv
dvvxpswlrq wrr lv xqolnho| wr eh phw xqohvv wkh jdph lv uhodwlyho| vlpsoh147

Dovr suhvhqw lv wkh lghd wkdw hdfk sod|hu vhhnv wr pd{lpl}h klv sd|r�1 Li
rW� pd{lpl}hv sod|hu �*v sd|r�/ wkhq sod|hu � lv dvvxphg wr eh zloolqj wr sod|
rW� 1

Wkh prghuq dqdo|vlv ri qrqfrrshudwlyh htxloleulxp ehjlqv zlwk Qdvk
+4<83/ 4<84,1 Wkh Qdvk vroxwlrq frqfhsw zdv lq d fhuwdlq vhqvh dqwlflsdwhg
e| wkdw ri Frxuqrw +4;6;,1 Lq wkh Frxuqrw prgho ri txdqwlw|0vhwwlqj gxrsro|/
hdfk �up slfnv wkh rxwsxw wkdw pd{lpl}hv lwv rzq sur�w/ jlyhq wkh rxwsxw ri
lwv ulydo1 Wkh htxloleulxp rxwsxw ri hdfk �up lv d ehvw uhso| wr wkh htxloleulxp
rxwsxw ri wkh rwkhu1 Lq jdph wkhruhwlf whupv/ wkh �up*v vwudwhj| lv lwv rxwsxw
ohyho/ wkh �up*v sd|r� lv lwv sur�w1 Frxuqrw htxloleulxp lv d qrqfrrshudwlyh
htxloleulxp dv gh�qhg deryh � hdfk �up pd{lpl}hv lwv rzq sur�w/ jlyhq

47Vhh Qdvk +4<86/ s1 463,=

Hdfk sod|hu lv dvvxphg ixoo| lqiruphg rq wkh vwuxfwxuh ri wkh jdph dqg rq wkh
xwlolw| ixqfwlrq ri klv fr0sod|hu = = = Wkhvh lqirupdwlrq dvvxpswlrqv vkrxog eh
qrwhg/ iru wkh| duh qrw jhqhudoo| shuihfwo| ixo�oohg lq dfwxdo vlwxdwlrqv1 Wkh
vdph jrhv iru wkh ixuwkhu dvvxpswlrq zh qhhg wkdw wkh sod|huv duh lqwhooljhqw/
udwlrqdo lqglylgxdov1
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wkh rxwsxwv ri rwkhu �upv1 Iru wklv uhdvrq/ qrqfrrshudwlyh htxloleulxp lv
vrphwlphv fdoohg Qdvk0Frxuqrw htxloleulxp/ sduwlfxoduo| lq wkh frqwh{w ri
prghov ri txdqwlw|0vhwwlqj roljrsro|1

Wr looxvwudwh wkh qrwlrq ri d qrqfrrshudwlyh htxloleulxp/ frqvlghu wkh
sd|r� pdwul{ iru d vlqjoh urxqg ri wkh Sulvrqhuv* Glohppd jdph +Iljxuh 8,1
Li Surihvvru Prulduw| fkrrvhv wr pdlqwdlq klv lqqrfhqfh/ wkhq Frorqho Prudq
pd{lpl}hv klv sd|r� +plqlpl}hv klv wlph rq suredwlrq ru lq mdlo, e| fudyhqo|
frqihvvlqj1 Vlploduo|/ wkh vwudwhj| sdlu lq zklfk erwk sulvrqhuv pdlqwdlq
lqqrfhqfh lv qrw d qrqfrrshudwlyh htxloleulxp1

Li Frorqho Prudq fkrrvhv wr fudyhqo| frqihvv/ wkhq Surihvvru Prulduw|
pd{lpl}hv klv sd|r� e| fudyhqo| frqihvvlqj dv zhoo +wklv pdnhv klv vhqwhqfh
wzr |hduv udwkhu wkdq �yh |hduv,1 Vlploduo|/ qhlwkhu vwudwhj| sdlu lq zklfk rqh
sulvrqhu pdlqwdlqv lqqrfhqfh zkloh wkh rwkhu frqihvvhv lv d qrqfrrshudwlyh
htxloleulxp1 Wkh qrqfrrshudwlyh htxloleulxp ri wkh Sulvrqhuv* Glohppd lv
wkh vwudwhj| sdlu lq zklfk erwk sod|huv frqihvv/ dqg erwk sod|huv jr wr mdlo
iru wzr |hduv/ hyhq wkrxjk e| frrshudwlqj wkh| frxog jhw r� zlwk d |hdu*v
suredwlrq hdfk1
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Iljxuh := Sd|r� pdwul{ iru rqh urxqg ri Rggv ) Hyhqv1 Urzv vkrz vwudwhjlhv
ri sod|hu 4/ froxpqv vkrz vwudwhjlhv ri sod|hu 51 Wkh �uvw hohphqw lq hdfk
hqwu| vkrzv wkh sd|r� ri sod|hu 4/ wkh vhfrqg hohphqw lq hdfk hqwu| vkrzv
wkh sd|r� ri sod|hu 51

Lw lv hdv| wr yhuli| wkdw wkhuh duh jdphv wkdw gr qrw kdyh dq htxloleulxp lq
sxuh vwudwhjlhv1 Iljxuh : vkrzv wkh sd|r� pdwul{ iru d vlqjoh urxqg ri Rggv
) Hyhqv1 Wkh vwudwhj| sdlu E�__c�__� lv qrw d qrqfrrshudwlyh htxloleulxp=
li sod|hu 4 fkrrvhv �__/ sod|hu 5 zloo pd{lpl}h klv rzq sd|r� e| sod|lqj
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.�e?1 Lq wkh vdph zd|/ E.�e?c.�e?� lv qrw d qrqfrrshudwlyh htxloleulxp=
li sod|hu 4 sod|v .�e?/ sod|hu 5 zloo suhihu wr sod| �__1 Exw E�__c.�e?�
lv qrw d qrqfrrshudwlyh htxloleulxp hlwkhu= li sod|hu 5 sod|v .�e?/ sod|hu 4
zloo suhihu wr sod| .�e? dv zhoo1

715 Qrqfrrshudwlyh htxloleulxp � pl{hg vwudwhjlhv

Wkh sureohp ri qrqh{lvwhqfh ri htxloleulxp fdq eh kdqgohg e| h{whqglqj
zkdw zh phdq e| d vwudwhj| wr doorz iru udqgrp pryhv1 Wklv lpsolhv d
fruuhvsrqglqj dowhudwlrq lq wkh gh�qlwlrq ri d qrqfrrshudwlyh htxloleulxp1

Zh kdyh gh�qhg pl{hg vwudwhjlhv Z� dv suredelolw| glvwulexwlrqv ryhu wkh
vhw ri d sod|hu*v sxuh vwudwhjlhv/ 7�1 Zh fdq h{whqg wkh gh�qlwlrq ri qrqfr0
rshudwlyh htxloleulxp iurp sxuh vwudwhjlhv wr pl{hg vwudwhjlhv1 D yhfwru ri
pl{hg vwudwhjlhv ZW ' EZW�c Z

W

2c � � � c Z
W

?� lv vdlg wr eh d qrqfrrshudwlyh htxl0
oleulxp iru dq ?0shuvrq qrqfrrshudwlyh jdph lq vwudwhjlf irup li iru hyhu|
sod|hu � E� ' �c 2c � � � c ?�/ ZW� pd{lpl}hv sod|hu �*v h{shfwhg sd|r�/ jlyhq wkdw
doo rwkhu sod|huv sod| wkh pl{hg vwudwhjlhv lq ZW1

Iru h{dpsoh/ frqvlghu d vlqjoh urxqg ri Rggv ) Hyhqv1 Sod|hu 4*v h{0
shfwhg sd|r� lv wkh vxp ri sod|hu 4*v sd|r�v iru hdfk vwudwhj| sdlu pxowlsolhg
e| wkh suredelolwlhv wkdw wkh vwudwhjlhv lq wkh sdlu duh fkrvhq=

.E��� '
�Z�E�__�Z2E�__�� �Z�E�__�Z2E.�e?�

��Z�E.�e?�Z2E�__� n �Z�E.�e?�Z2E.�e?��
+7,

Vxssrvh Z2E�__� ' Z2E.�e?� ' �*2/ wkdw lv/ vxssrvh sod|hu 5 sod|v
�__ ru .�e? udqgrpo| exw zlwk htxdo suredelolw|1 Wkhq sod|hu 4*v h{shfwhg
uhwxuq lv

.E��� ' fc +8,

zklfk grhv qrw ghshqg rq Z�E�__� dqg Z�E.�e?�1 Wkxv dq| ydoxhv ri
Z�E�__� dqg Z�E.�e?� zloo pd{lpl}h sod|hu 4*v h{shfwhg uhwxuq +suredelo0
lwlhv pxvw eh qrqqhjdwlyh dqg dgg xs wr xqlw|,1 Wkh pd{lpxp h{shfwhg
uhwxuq lv }hur1 Lq sduwlfxodu/ Z�E�__� ' Z�E.�e?� ' �*2 zloo pd{lpl}h
sod|hu 4*v h{shfwhg uhwxuq1

E| h{dfwo| wkh vdph vruw ri dujxphqw/ li Z�E�__� ' Z�E.�e?� ' �*2/
wkhq Z2E�__� ' Z2E.�e?� ' �*2 zloo pd{lpl}h sod|hu 5*v h{shfwhg uhwxuq
+dqg sod|hu 5*v pd{lpxp h{shfwhg uhwxuq zloo eh }hur,1 Wkxv Z�E�__� '
Z�E.�e?� ' Z2E�__� ' Z2E.�e?� ' �*2 lv d qrqfrrshudwlyh htxloleulxp lq
pl{hg vwudwhjlhv iru d vlqjoh urxqg ri Rggv ) Hyhqv1
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Lq wklv htxloleulxp/ lw lv dv li hdfk sod|hu wrvvhv d idlu frlq ehiruh wkh
jdph lv sod|hg1 Li wkh frlq frphv xs khdgv/ wkh sod|hu sod|v dq rgg qxpehu
ri �qjhuv1 Li wkh frlq frphv xs wdlov/ wkh sod|hu sod|v dq hyhq qxpehu ri
�qjhuv1 Hdfk sod|hu h{shfwv wr euhdn hyhq1

Qdvk +4<84, vkrzv wkdw doo qrqfrrshudwlyh jdphv zlwk d �qlwh qxpehu
ri sod|huv dqg d �qlwh qxpehu ri vwudwhjlhv kdyh d pl{hg0vwudwhj| qrqfrrs0
hudwlyh htxloleulxp148 Wkxv wkh sureohp ri qrqh{lvwhqfh ri htxloleulxp grhv
qrw dulvh li sod|huv duh shuplwwhg wr xvh pl{hg vwudwhjlhv1

Exw htxloleuld lq pl{hg vwudwhjlhv duh pruh iudjloh � ohvv sodxvleoh �
wkdq htxloleuld lq sxuh vwudwhjlhv1 Iru h{dpsoh/ frqvlghu wkh vwudwhj| sdlu
E�J?serrc �J?serr�/ wkh xqltxh htxloleulxp lq sxuh vwudwhjlhv ri wkh Sulv0
rqhuv* Glohppd jdph1 Lw lv sodxvleoh wkdw li wklv htxloleuld lv uhdfkhg lw zloo
eh vhoi0hqiruflqj � lw lv lq wkh lqwhuhvw ri hdfk sod|hu wr iroorz klv sduw ri
wklv vwudwhj| sdlu/ dqg rqo| klv sduw ri wklv vwudwhj| sdlu/ jlyhq wkdw wkh
rwkhu sulvrqhu grhv wkh vdph1 Exw iru d vlqjoh urxqg ri Rggv ) Hyhqv/
li sod|hu 5 sod|v wkh pl{hg vwudwhj| Z2E�__� ' Z2E.�e?� ' �*2/ wkhq
dq| udqgrp vwudwhj| zloo pd{lpl}h sod|hu 4*v h{shfwhg uhwxuq/ qrw mxvw
Z�E�__� ' Z�E.�e?� ' �*2 +Dxpdqq/ 4<;8d/ ss1 76�7,1 Lq sduwlfxodu/
sod|hu 4 frxog mxvw dv zhoo sod| d sxuh vwudwhj| +sod| �__ zlwk fhuwdlqw|/ iru
h{dpsoh, dqg vwloo h{shfw wr euhdn hyhq1

Iurp d ohvv whfkqlfdo srlqw ri ylhz/ dqg zlwk vshfl�f uhihuhqfh wr dssolfd0
wlrqv ri jdph wkhru| wr lqgxvwuldo hfrqrplfv/ prghov ri �up ghflvlrq pdnlqj
lq zklfk �upv duh vxssrvhg wr ghflgh zkdw wr gr udqgrpo| � lq h�hfw/ e|
wrvvlqj frlqv � duh qrw lqwxlwlyho| dsshdolqj1 Prghov lq zklfk �upv slfn
rxwsxw ru orfdwlrq udqgrpo| gr qrw vlw zhoo1 Zh vkdoo vhh/ krzhyhu/ wkdw
pl{hg vwudwhjlhv dulvh qdwxudoo| lq jdph wkhruhwlf prghov xqghu frqglwlrqv
ri lqfrpsohwh dqg lpshuihfw lqirupdwlrq1

716 Vxejdph0shuihfw htxloleulxp

Iljxuh ; vkrzv d vlpsoh jdph lq h{whqvlyh dqg vwudwhjlf irup1 Hdfk sod|hu
kdv rqh lqirupdwlrq vhw/ dqg hdfk lqirupdwlrq vhw frqvlvwv ri d vlqjoh ghflvlrq
qrgh1 Wkxv wkh jdph lv rqh ri shuihfw lqirupdwlrq1 Wkh jdph ehjlqv dw
ghflvlrq qrgh (�/ zkhuh sod|hu 4 pd| fkrrvh ohiw +u, ru uljkw +-,1 Li sod|hu
4 sod|v uljkw/ hdfk sod|hu uhfhlyhv F51 Li sod|hu 4 sod|v ohiw/ wkh jdph pryhv
wr ghflvlrq qrgh (2/ zkhuh sod|hu 5 pd| fkrrvh ohiw ru uljkw/ zlwk wkh sd|r�v
lqglfdwhg1

Wklv jdph kdv wzr qrqfrrshudwlyh htxloleuld � Eucu� dqg E-c-�1 Zh

48Iru d irupdo dqdo|vlv ri frqglwlrqv iru wkh h{lvwhqfh ri htxloleulxp lq qrqfrrshudwlyh
jdphv/ vhh Iulhgpdq +4<;9/ Fk1 5,1
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Sod|hu 5

H{whqvlyh Irup Vwudwhjlf Irup

Iljxuh ;= D jdph wr looxvwudwh vxejdph0shuihfw htxloleulxp> u lqglfdwhv ohiw/
- lqglfdwhv uljkw1 Vrxufh= Vhowhq ^4<98/ Iljxuh L`1

fdq vkrz wklv irupdoo| e| h{dplqlqj wkh sod|huv* h{shfwhg sd|r�v iru pl{hg
vwudwhjlhv1 Zulwh Zu� iru wkh suredelolw| wkdw sod|hu 4 zloo slfn ohiw/ Z-� iru
wkh suredelolw| wkdw sod|hu 4 zloo slfn uljkw/ dqg vr rq1

Wkh h{shfwhg sd|r�v ri wkh wzr sod|huv duh

M� ' �Zu�Z
u
2 n fZu�Z

-
2 n 2Z-� ' 2 n �Zu�2Z

u
2 � 2Zu� +9,

M2 ' �Zu�2Z
u
2 n fZu�2Z

-
2 n 2Z-� ' 2 n Zu�2Z

u
2 � 2Zu� +:,

+xvlqj wkh lghqwlw| Zu� n Z-� � � wr holplqdwh Z-� iurp wkh h{suhvvlrqv iru wkh
sd|r�v,1

Vxssrvh sod|hu 4 fkrrvhv ohiw1 Wkhq Zu� ' � dqg sod|hu 5*v h{shfwhg sd|r�
lv M2 ' Zu2 1 Wr pd{lpl}h klv h{shfwhg sd|r�/ sod|hu 5 vkrxog pdnh Zu2 dv
odujh dv srvvleoh1 Khqfh sod|hu 5 vkrxog vhw Zu2 ' � dqg sod| ohiw dv zhoo1

Qrz vxssrvh sod|hu 5 sod|v ohiw/ vr wkdw Zu2 ' �1 Sod|hu 4*v h{shfwhg
uhwxuq lv M� ' �Zu� 1 Wr pd{lpl}h klv h{shfwhg sd|r�/ sod|hu 4 vkrxog pdnh
Zu� dv odujh dv srvvleoh/ vhw Zu� ' �/ dqg sod| ohiw1 Wklv vkrzv wkdw Eucu� lv
d qrqfrrshudwlyh htxloleulxp1

Qrz vxssrvh sod|hu 5 slfnv uljkw/ vr wkdw Zu2 ' f1 Wkhq sod|hu 4*v h{0
shfwhg sd|r� lv M� ' 2 � 2Zu� 1 Wr pd{lpl}h wklv sd|r�/ sod|hu 4 vkrxog
pdnh Zu� dv vpdoo dv srvvleoh/ wkdw lv/ sod|hu 4 vkrxog vhw Zu� ' f dqg sod|
uljkw1

Zkdw li Zu� ' f/ vr wkdw sod|hu 4 sod|v uljkw zlwk fhuwdlqw|B Wkhq sod|hu
5*v h{shfwhg sd|r� lv M2 ' 2/ lqghshqghqw ri sod|hu 5*v vwudwhj|1 Dq| pl{hg

55



vwudwhj| ri sod|hu 5 zloo pd{lpl}h 5*v h{shfwhg sd|r�/ li 4 sod|v uljkw1 Lq
sduwlfxodu/ sod|lqj uljkw zloo pd{lpl}h 5*v h{shfwhg sd|r�1 Wklv vkrzv wkdw
E-c-� lv dovr d qrqfrrshudwlyh htxloleulxp iru wkh jdph vkrzq lq Iljxuh ;1

H{dplqlqj wkh sd|r� pdwul{ lq Iljxuh ;/ lw lv hylghqw wkdw sod|hu 5 zloo
suhihu wkh htxloleulxp E-c-� wr Eucu�1 Lq wkh iruphu/ 5*v sd|r� lv F5/ lq wkh
odwwhu rqo| F41 Exw zkdw zrxog sod|hu 4 kdyh wr eholhyh derxw wkh zd| sod|hu
5 zrxog ehkdyh lq rughu iru E-c-� wr eh d fuhgleoh vroxwlrqB Iru E-c-� wr eh
d sodxvleoh vroxwlrq/ 4 zrxog kdyh wr eholhyh wkdw sod|hu 5/ li dw ghflvlrq qrgh
5/ zrxog sod| -1 Exw li wkh jdph uhdfkhv (2/ sod|hu 5 kdv qr krsh ri jhwwlqj
wr whuplqdo qrgh 61 Li wkh jdph vkrxog uhdfk (2/ wkh ehvw sod|hu 5 fdq gr iru
klpvhoi lv sod| ohiw/ wdnh wkh F4 sd|r�/ dqg zdon dzd| juxpeolqj1 Iru E-c-�
wr eh d fuhgleoh vroxwlrq/ sod|hu 4 zrxog kdyh wr eholhyh wkdw sod|hu 5 zrxog
suhihu d sd|r� ri }hur wr d sd|r� ri F4/ li wkh jdph vkrxog uhdfk (21 Lw lv
xquhdvrqdeoh wr h{shfw sod|hu 4 wr eholhyh wklv/ zklfk pdnhv lw xquhdvrqdeoh
wr uhjdug E-c-� dv d vroxwlrq wr wkh jdph lq Iljxuh ;/ hyhq wkrxjk E-c-�
lv d qrqfrrshudwlyh htxloleulxp lq sxuh vwudwhjlhv1

Vhowhq +4<98, pdnhv wkh iroorzlqj revhuydwlrq1 Li erwk sod|huv duh dw (2

+qhyhu plqg krz wkh| jrw wkhuh,/ wkhq lw lv srvvleoh wr wklqn ri wkh sduw ri
wkh jdph wuhh wkdw eudqfkhv rxw iurp (2 dv uhsuhvhqwlqj d jdph lq lwv rzq
uljkw/ d jdph wkdw lv d frpsrqhqw ri wkh ruljlqdo jdph1 Iurp wklv srlqw
ri ylhz/ wkh sureohp zlwk E-c-� dv d vroxwlrq wr wkh ruljlqdo jdph lv wkdw
E-c-� frpplwv sod|hu 5 wr d vwudwhj| wkdw sod|hu 5 zrxog suhihu wr dyrlg lq
wkh jdph ehjlqqlqj dw (21

Gh�qh d vxejdph ri d jdph lq h{whqvlyh irup dv dq| vhw ri qrghv dqg
eudqfkhv zklfk/ vwduwlqj iurp vrph ghflvlrq qrgh/ lv lwvhoi d jdph lq h{whqvlyh
irup1 Wkh lqlwldo qrgh ri wkh vxejdph pxvw eh wkh rqo| ghflvlrq qrgh lq lwv
lqirupdwlrq vhw1 Li dq| lqirupdwlrq vhw lv uhdfkhg iurp wkh lqlwldo qrgh/ doo
qrghv lq wkh lqirupdwlrq vhw pxvw eh uhdfkdeoh iurp wkh lqlwldo qrgh149

Zh fdq wkhq gh�qh d vxejdph shuihfw qrqfrrshudwlyh htxloleulxp lq sxuh
vwudwhjlhv dv d sxuh vwudwhj| frpelqdwlrq wkdw lv d qrqfrrshudwlyh htxlole0
ulxp iru hyhu| vxejdph ri wkh ruljlqdo jdph1 Vxejdph shuihfwlrq uhtxluhv
vwudwhjlhv wr eh sulydwho| rswlpdo hyhq iurp ghflvlrq qrghv lq wkh jdph wkdw
zloo qrw eh uhdfkhg li wkh vwudwhjlhv duh sod|hg1 Iru wkh jdph looxvwudwhg lq
Iljxuh ;/ rqo| Eucu� lv d vxejdph shuihfw qrqfrrshudwlyh htxloleulxp1

49Iru irupdo gh�qlwlrqv ri d vxejdph/ vhh Vhowhq +4<:8/ ss1 65�6, ru Nuhsv dqg Zlovrq
+4<;5d/ ss1 ;9;�<,1
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717 Wuhpeolqj0kdqg shuihfw htxloleulxp

Lpsrvlqj vxejdph shuihfwlrq dv dq htxloleulxp frqglwlrq pd| holplqdwh d
qxpehu ri lpsodxvleoh qrqfrrshudwlyh htxloleuld � wkrvh wkdw frpplw d sod|hu
wr pryhv kh zrxog eh xqzloolqj wr pdnh iurp vrph srlqwv lq wkh jdph wuhh1
Wkhuh duh rwkhu zd|v ri dssurdfklqj wkh vdph sureohp1
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Iljxuh <= D jdph wuhh wr looxvwudwh wuhpeolqj0kdqg shuihfw htxloleulxp1 u
lqglfdwhv ohiw/ - lqglfdwhv uljkw1

Iljxuh < looxvwudwhv d jdph lq h{whqvlyh irup +gxh wr Vhowhq/ 4<:8,1 Wkhuh
duh wkuhh sod|huv lq wkh jdph1 Wkh jdph lv rqh ri shuihfw uhfdoo exw lpshuihfw
lqirupdwlrq1 Sod|huv 4 dqg 5 hdfk kdyh dq lqirupdwlrq vhw wkdw frqvlvwv ri
mxvw rqh ghflvlrq qrgh/ exw sod|hu 6*v lqirupdwlrq vhw kdv wzr ghflvlrq qrghv1
Li sod|hu 6*v lqirupdwlrq vhw lv uhdfkhg/ kh grhv qrw nqrz zkhwkhu sod|hu 4
kdv sod|hg u +vr wkdw sod|hu 6 lv dw (�, ru sod|hu 4 kdv sod|hg - dqg sod|hu
5 kdv sod|hg u +vr wkdw sod|hu 6 lv dw (e,1 Wkh jdph lq Iljxuh < kdv rqo|
rqh vxejdph � lwvhoi14:

4:G5 fdqqrw eh wkh lqlwldo qrgh ri d vxejdph � li zh vwduw dw G5 dqg sod| ohiw/ zh uhdfk
sod|hu 6*v lqirupdwlrq vhw1 Exw sod|hu 6*v lqirupdwlrq vhw frqwdlqv G6/ zklfk fdqqrw eh
uhdfkhg vwduwlqj iurp G51
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71714 Qrqfrrshudwlyh htxloleuld iru wkh xqshuwxuehg jdph

Wkhuh duh wzr w|shv ri qrqfrrshudwlyh htxloleuld lq pl{hg vwudwhjlhv iru wkh
jdph vkrzq lq Iljxuh <1

Wkh sod|huv* h{shfwhg sd|r�v duh
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�� Z-�

�
Z-� n Z-�

�
�� Z-2

� �
�� Z-�

�
n Z-� Z

-
2

+43,

+xvlqj wkdw idfw wkdw d vlqjoh sod|hu*v suredelolwlhv ri prylqj ohiw dqg ri
prylqj uljkw pxvw dgg xs wr rqh wr h{suhvv h{shfwhg sd|r�v vroho| lq whupv
ri wkh suredelolwlhv ri prylqj uljkw,1

Qrz frqvlghu wkh ghulydwlyh ri hdfk sod|hu*v h{shfwhg sd|r� zlwk uhvshfw
wr klv rzq suredelolw| ri prylqj uljkw=

YM�

YZ-�
' Z-2 n Z-� � eZ-2 Z

-
� +44,

YM2

YZ-2
' Z-�

�
�� eZ-�

�
+45,

YM�

YZ-�
' 2� Z-�

�
�� Z-2

�
� +46,

Wkh uljkw0kdqg vlgh ri +44, lv hlwkhu }hur/ srvlwlyh ru qhjdwlyh1 Li wkh
uljkw0kdqg vlgh ri +44, lv }hur/ YM�*YZ

-
� lv }hur/ sod|hu 4*v h{shfwhg sd|r� lv

qrw d�hfwhg e| lwv vwudwhj|/ dqg zh fdq frvwohvvo| dvvxph wkdw sod|hu 4 zloo
eh zloolqj wr sod| zkdwhyhu vwudwhj| lv lqglfdwhg lq fdvhv zkhq YM�*YZ

-
� lv

hlwkhu vwulfwo| srvlwlyh ru vwulfwo| qhjdwlyh1
Li wkh uljkw0kdqg vlgh ri +44, lv srvlwlyh/ YM�*YZ

-
� lv srvlwlyh/ dqg wr

pd{lpl}h klv h{shfwhg sd|r�/ sod|hu 4 vkrxog pdnh Z-� dv odujh dv srvvleoh
� sod|hu 4 vkrxog sod| uljkw1 Li wkh uljkw0kdqg vlgh ri +44, lv qhjdwlyh/
YM�*YZ

-
� lv qhjdwlyh/ dqg wr pd{lpl}h klv h{shfwhg sd|r�/ sod|hu 4 vkrxog

pdnh Z-� dv vpdoo dv srvvleoh � sod|hu 4 vkrxog sod| ohiw1 Zh frqvlghu wkh
wzr fdvhv lq wxuq1
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Fdvh 4= YM�

YZ-
�

� f/ Z-� ' � Li Z-� ' �/ wkhq +45, ehfrphv

YM2

YZ-2
' �� eZ-� � +47,

Li Z-� 	 f/ wkhq YM2*YZ
-
2 lv srvlwlyh/ dqg sod|hu 5 vkrxog pdnh Z-2 dv

odujh dv srvvleoh/ frqvlvwhqw zlwk vwd|lqj lq Fdvh 4/ wkdw lv/ frqvlvwhqw zlwk
nhhslqj YM�*YZ

-
� � f1

Li Z-� ' � dqg f � Z-� � �*e/ wkhq +44, ehfrphv

YM�

YZ-�
' �� �Z-� �

�

e
c +48,

zklfk lv srvlwlyh1 Wkxv Z-� ' �/ Z-2 ' �/ f � Z-� �
�

e
lv frqvlvwhqw zlwk ehlqj

lq Fdvh 4/ dqg Z-� ' �/ Z-2 ' �/ pd{lpl}h wkh h{shfwhg sd|r�v ri sod|huv 4
dqg 5/ jlyhq wkdw sod|hu 6*v vwudwhj| idoov lq wkh lqglfdwhg udqjh1

Qrz wxuq wr sod|hu 6*v vwudwhj|1 Li Z-� ' Z-2 ' �/ +46, ehfrphv

YM�

YZ-�
' f� +49,

Wkxv li sod|huv 4 dqg 5 sod| uljkw/ dq| ydoxh ri Z-� zloo pd{lpl}h sod|hu 6*v
h{shfwhg sd|r�1 Wkh uhdvrq lv hylghqw iurp Iljxuh <= li sod|huv 4 dqg 5
sod| uljkw/ wkhq sod|hu 6*v ghflvlrq vhw lv qhyhu uhdfkhg1

Lw iroorzv wkdw rqh w|sh ri qrqfrrshudwlyh htxloleulxp iru wkh jdph lq
Iljxuh < kdv sod|huv 4 dqg 5 fkrrvlqj uljkw dqg sod|hu 6 fkrrvlqj uljkw zlwk
suredelolw| qrw juhdwhu wkdq rqh0txduwhu=

Z-� ' �/ Z-2 ' �/ f � Z-� �
�

e
� +4:,

Fdvh 5= YM�

YZ-
�

� f/ Z-� ' f

Li Z-� ' f/ wkhq +45, dqg +46, ehfrph

YM2

YZ-2
' f

YM�

YZ-�
' 2 : f� +4;,

Vlqfh YM�*YZ
-
� lv srvlwlyh/ sod|hu 6 vkrxog pdnh Z-� dv odujh dv srvvleoh/

frqvlvwhqw zlwk ehlqj lq Fdvh 51 Li Z-� ' �/ wkhq

YM�

YZ-�
' �� �Z-2 c +4<,

dqg wklv zloo eh qhjdwlyh/ dv uhtxluhg lq Fdvh 5/ surylghg Z-2 � �*�1
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Iurp +4;,/ li sod|hu 4 sod|v ohiw dq| ydoxh ri Z-2 zloo pd{lpl}h sod|hu 5*v
h{shfwhg sur�w1 Djdlq/ wkh uhdvrq lv hylghqw iurp Iljxuh <1 Li sod|hu 4
sod|v ohiw/ sod|hu 5*v lqirupdwlrq vhw +ghflvlrq qrgh (2, lv qhyhu uhdfkhg1

Wkxv d vhfrqg w|sh ri qrqfrrshudwlyh htxloleulxp iru wkh jdph vkrzq
lq Iljxuh < kdv sod|hu 4 fkrrvlqj ohiw/ sod|hu 6 fkrrvlqj uljkw/ dqg sod|hu 5
fkrrvlqj uljkw zlwk d suredelolw| ri dw ohdvw rqh0wklug=

Z-� ' f/
�

�
� Z-2 � �/ Z-� ' �� +53,

Uhdvrqdeohqhvv ri wkh htxloleuld Slfn d vshfl�f Fdvh 5 htxloleulxp=
Z-� ' f/ Z-2 ' �/ Z-� ' �1 Sod|hu 4 sod|v u/ zkloh sod|huv 5 dqg 6 sod| -1
Jlyhq wkdw sod|hu 4 pryhv ohiw/ wkhuh lv qr gl!fxow| zlwk sod|hu 5*v sduw ri
wklv htxloleulxp vwudwhj|= sod|hu 5*v lqirupdwlrq vhw lv qhyhu uhdfkhg1 Exw
li/ vrphkrz/ wkh jdph zhuh dw (2 dqg sod|hu 5 uhdoo| eholhyhg wkdw sod|hu 6
zrxog sod| -/ lv lw uhdvrqdeoh wr h{shfw sod|hu 5 wr sod| -B E| sod|lqj ohiw
iurp (2/ sod|hu 5 zrxog pryh wkh jdph wr (e1 Li sod|hu 6 frpsolhv zlwk klv
sduw ri wkh htxloleulxp vwudwhj|/ dqg sod|v - iurp (e/ wkhq sod|hu 5 hqgv xs
zlwk F7/ zkloh sod|hu 5 jhwv rqo| F4 e| sod|lqj - iurp (21

Wkh gl!fxow| zlwk Fdvh 5 htxloleuld lv wkdw wkh| suhvfuleh xquhdvrqdeoh
ehkdylru iru sod|hu 5 li klv lqirupdwlrq vhw vkrxog eh uhdfkhg1 Wklv grhv
qrw suhyhqw wkhp iurp ehlqj qrqfrrshudwlyh htxloleuld/ ehfdxvh li wkh| duh
iroorzhg wkhq sod|hu 5*v lqirupdwlrq vhw lv qrw uhdfkhg1 Lw grhv suhyhqw wkhp
iurp ehlqj uhdvrqdeoh qrqfrrshudwlyh htxloleuld= zh rxjkw wr h{shfw wkdw
sod|hu 5 zloo dfw lq klv rzq vhoi0lqwhuhvw/ jlyhq wkdw kh kdv d fkdqfh wr dfw
dw doo1 Fdvh 5 htxloleuld vxssrvh wkdw sod|hu 5 zloo dfw djdlqvw klv rzq vhoi0
lqwhuhvw/ li kh kdv d fkdqfh wr dfw1

71715 Wkh shuwxuehg jdph

Wkh uhdvrq wkdw fdvh 5 htxloleuld vkrz xs lq wkh h{dpsoh deryh lv ehfdxvh
sod|huv duh dvvxphg wr eh devroxwho| udwlrqdo/ dqg hdfk sod|hu lv dvvxphg wr
pdnh ghflvlrqv lq wkh nqrzohgjh wkdw rwkhu sod|huv duh devroxwho| udwlrqdo1
Exw qr pdwwhu krz frq�ghqw rqh lv lq rqh*v rzq delolw| wr dvvhvv idfwv/
fdofxodwh wkh rggv/ dqg pdnh ghflvlrqv/ wkhuh duh pdq| vlwxdwlrqv � suhflvho|
wkrvh ri frpsohwh dqg lpshuihfw lqirupdwlrq � zkhq lw vhhpv lpsuxghqw wr
dvvxph wkdw rwkhu sod|huv duh dovr frpsohwho| udwlrqdo +Vhowhq/ 4<:8> 4<;8>
Urvhqwkdo/ 4<;4,1

Vhowhq +4<:8, prghov wkh srvvlelolw| ri luudwlrqdo ehkdylru e| dgglqj wr
wkh jdph d vpdoo suredelolw| wkdw sod|huv zloo pdnh d plvwdnh1 Lq vxfk d
jdph/ qr pryh kdv }hur suredelolw|1 Hyhq li d ixoo| udwlrqdo sod|hu zrxog
suhihu qrw wr pdnh d pryh/ lq wkh shuwxuehg jdph wkh pryh pljkw rffxu e|

5:



plvwdnh1 Lq vxfk d shuwxuehg jdph wkhuh lv dozd|v vrph srvvlelolw|/ krzhyhu
voljkw/ wkdw hyhu| lqirupdwlrq vhw zloo eh uhdfkhg1 Wklv uxohv rxw htxloleuld
vlplodu wr wkh fdvh 5 w|sh iru wkh jdph vkrzq lq Iljxuh </ htxloleuld wkdw kdyh
d sod|hu pdnlqj d pryh kh zrxog qrw fduh wr pdnh dw klv rzq lqirupdwlrq vhw
ehfdxvh kh lv devroxwho| fhuwdlq wkdw klv lqirupdwlrq vhw zloo qrw eh uhdfkhg1

Diwhu fdofxodwlqj wkh qrqfrrshudwlyh htxloleuld lq wkh shuwxuehg jdph/
rqh fdq ohw wkh suredelolw| wkdw huuruv rffxu jr wr }hur1 Wkh uhvxowlqj htxl0
oleuld iru wkh ruljlqdo jdph � fdoohg wuhpeolqj kdqg shuihfw qrqfrrshudwlyh
htxloleuld � gr qrw doorz luudwlrqdo ehkdylru dw xquhdfkhg lqirupdwlrq vhwv/
ehfdxvh lq wkh jdph zlwk wuhpeohv wkhuh lv vrph suredelolw| wkdw hyhu| lq0
irupdwlrq vhw lv uhdfkhg1

Lq wkh shuwxuehg yhuvlrq ri wkh jdph vkrzq lq Iljxuh </ wkh suredelolwlhv
wkdw sod|huv zloo pryh ohiw ru uljkw gl�hu iurp wkh suredelolwlhv lq wkh xqghu0
o|lqj +xqshuwxuehg, jdph e| d whup wkdw uh hfwv wkh fkdqfh wkdw d sod|hu
zloo pdnh d plvwdnh1 Zulwh wkh suredelolwlhv lq wkh shuwxuehg jdph dv

eZu� ' E�� 0�Zu� n 0^u eZ-� ' E�� 0�Z-� n 0^- +54,

eZu2 ' E�� 0�Zu2 n 0^u eZ-2 ' E�� 0�Z-2 n 0^- +55,

eZu� ' E�� 0�Zu� n 0^u eZ-� ' E�� 0�Z-� n 0^-� +56,

Khuh d �kdw� ghqrwhv wkh suredelolw| ri d pryh lq wkh shuwxuehg jdph1 ^u

lv wkh suredelolw| ri d pryh wr wkh ohiw lv d sod|hu pdnhv d plvwdnh> ^- lv wkh
suredelolw| ri d pryh wr wkh uljkw li wkh sod|hu pdnhv d plvwdnh1 Qdwxudoo|/
^u n ^- � �1 Ilqdoo|/ 0 lv wkh suredelolw| ri pdnlqj d plvwdnh1

Lq wkh shuwxuehg jdph/ wkh suredelolw| wkdw d sod|hu pryhv wr wkh ohiw
lv d zhljkwhg dyhudjh ri wkh suredelolw| wkdw wkh sod|hu lqwhqgv wr pryh ohiw
dqg wkh suredelolw| wkdw wkh sod|hu pryhv ohiw e| plvwdnh1 Zh dvvxph 0 wr
eh vpdoo1 Dv 0 jrhv wr }hur/ wkh shuwxuehg jdph uhgxfhv wr wkh xqghuo|lqj/
xqshuwxuehg/ jdph1

Wkh suredelolwlhv ri pryhv lq wkh xqghuo|lqj jdph pxvw olh ehwzhhq }hur
dqg rqh1 Iurp +54,�+56,/ wklv lpsolhv wkh iroorzlqj erxqgv rq suredelolwlhv
ri pryhv lq wkh shuwxuehg jdph=

0^- � eZ-� � �� 0^u +57,

0^- � eZ-2 � �� 0^u +58,

0^- � eZ-� � �� 0^u� +59,
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Wkhuh duh fruuhvsrqglqj erxqgv lpsolhg iru wkh suredelolwlhv ri pryhv wr wkh
ohiw lq wkh shuwxuehg jdph1 Doo pryhv lq wkh shuwxuehg jdph kdyh srvlwlyh
suredelolw|1

Dv zh uhpdunhg deryh/ lw lv qrw dw �uvw hqfrxqwhu lqwxlwlyho| sodxvleoh wr
prgho sod|huv dv pdnlqj udqgrp pryhv1 Exw vxssrvh doo sod|huv iroorz sxuh
vwudwhjlhv lq wkh xqghuo|lqj jdph1 Li hdfk sod|hu wklqnv wkhuh lv d fkdqfh
wkdw rwkhu sod|huv zloo pdnh d plvwdnh/ wkhq kh zloo wuhdw wkh rwkhu sod|huv
dv li wkh| duh iroorzlqj pl{hg vwudwhjlhv1 Wkh udqgrpqhvv dvfulehg wr wkh
fkrlfhv ri rwkhuv frphv iurp wkh eholhi wkdw wkh| pljkw huu/ qrw iurp wkh
eholhi wkdw wkhlu dfwlrqv duh lqkhuhqwo| udqgrp1 Vr orqj dv sod|huv pljkw
pdnh plvwdnhv/ rqh fdq mxvwli| dq lqwhuhvw lq pl{hg vwudwhjlhv1

Sod|hu 6*v vwudwhj| Uhwxuqlqj wr wkh dqdo|vlv ri wkh shuwxuehg jdph/
h{shfwhg sd|r�v kdyh wkh vdph irup dv +;,�+43,/ vxevwlwxwlqj suredelolwlhv lq
wkh shuwxuehg jdph +kdwwhg suredelolwlhv, iru suredelolwlhv lq wkh xqghuo|lqj
jdph1 Vlploduo|/ wkh ghulydwlyhv ri hdfk sod|hu*v h{shfwhg sd|r� zlwk uhvshfw
wr klv rzq vwudwhj| suredelolw| lq wkh shuwxuehg jdph kdyh wkh vdph irup
dv lq +44,�+46,=

YM�

YeZ-�
' eZ-2 n eZ-� � eeZ-2 eZ-� +5:,

YM2

YeZ-2
' eZ-�

�
�� eeZ-�

�
+5;,

YM�

YeZ-�
' 2� eZ-�

�
�� eZ-2

�
� +5<,

Lw lv hylghqw iurp +5;, wkdw eZ-� ' �*e lv d fulwlfdo ydoxh/ vlqfh lw pdnhv
YM2*YeZ-2 ' f1 Ixuwkhu/ e| dqdorj| zlwk fdvh 4 vroxwlrqv wr wkh xqghuo|lqj
jdph/ zh duh ohg wr vxvshfw wkdw eZ-� � �*e zloo eh sduw ri d vroxwlrq1 Ohw xv
ehjlq e| dvvxplqj eZ-� : �*e dqg vhhnlqj d frqwudglfwlrq1

Li eZ-� : �*e/ wkhq +5;, lpsolhv wkdw YM2*YeZ-2 	 f1 Lw iroorzv wkdw sod|hu
5 vkrxog pdnh eZ-2 dv vpdoo dv srvvleoh1 Lq wkh shuwxuehg jdph/ wklv phdqv
kh vkrxog vhw eZ-2 ' 0^-1

Vxevwlwxwlqj wklv ydoxh lq +5:,/ zh rewdlq

YM�

YeZ-�
' 0^- n eZ-�

�
�� e0^-

�
� +63,

5<



Rq wkh uljkw0kdqg vlgh ri +63,/ 0^- dqg eZ-� duh srvlwlyh1 Wkh �qdo h{suhvvlrq/
� � e0^-/ zloo eh srvlwlyh iru 0 vx!flhqwo| vpdoo +iru h{dpsoh/ iru 0 	 �*e>
uhfdoo wkdw f � ^u � �,1

Vlqfh zh dvvxph 0 wr eh vpdoo/ zh fdq wdnh wkh uljkw0kdqg vlgh ri +63, wr
eh srvlwlyh1 Wr pd{lpl}h klv h{shfwhg sd|r� lq wkh shuwxuehg jdph/ sod|hu
4 vkrxog pdnh eZ-� dv odujh dv srvvleoh/ zklfk phdqv eZ-� ' �� 0^u1

Vxevwlwxwlqj eZ-� ' �� 0^u dqg eZ-2 ' 0^- lqwr +5<,/ zh rewdlq

YM�

YeZ-�
' �� n 0

�
�^u n ^- � 0^u^-

�
� +64,

Wkh uljkw0kdqg vlgh lv qhjdwlyh iru 0 vx!flhqwo| vpdoo1 Wr pd{lpl}h klv
h{shfwhg uhwxuq/ wkhuhiruh/ sod|hu 6 vkrxog pdnh lv eZ-� dv vpdoo dv srvvleoh1
Exw wklv frqwudglfwv rxu lqlwldo dvvxpswlrq wkdw eZ-� : �*e1 Zh kdyh wkhuhiruh
hvwdeolvkhg wkdw eZ-� � �*e1

Qrz vxssrvh wkdw eZ-� 	 �*e1 Iurp +5;,/ YM2*YeZ-2 : f/ vr sod|hu 5
vkrxog pdnh eZ-2 ' �� 0^u wr pd{lpl}h klv h{shfwhg sur�w1

Zulwh +5:, dv

YM�

YeZ-�
' eZ-2

�
�� eeZ-�

�
n eZ-� c +65,

zklfk lv srvlwlyh iru eZ-� 	 �*e1 Wkxv sod|hu 4 vkrxog vhw eZ-� ' � � 0^u wr
pd{lpl}h klv h{shfwhg uhwxuq1

Vxevwlwxwh eZ-� ' �� 0^u lqwr +5<, wr rewdlq

YM�

YeZ-�
' 0^u

�
� n 0^u

�
: f� +66,

Wr pd{lpl}h klv sd|r�/ sod|hu 6 vkrxog pdnh eZ-� dv odujh dv srvvleoh1 Exw
wklv frqwudglfwv rxu lqlwldo dvvxpswlrq wkdw eZ-� 	 �*e1

Zh kdyh wkhuhiruh hvwdeolvkhg wkdw wkh rqo| srvvleoh qrqfrrshudwlyh htxl0
oleulxp ydoxh iru eZ-� lq wkh shuwxuehg jdph lv �*e1 Ohw xv h{dplqh wkh
htxloleulxp vwudwhjlhv ri wkh rwkhu sod|huv/ jlyhq eZ-� ' �*e1

Vwudwhjlhv ri sod|huv 4 dqg 5 Vxevwlwxwh eZ-� ' �*e lqwr +5:, dqg +5;, wr
rewdlq

YM�

YeZ-�
'

�

e
: f +67,

YM2

YeZ-2
' f� +68,
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Iurp +67,/ sod|hu 4 vkrxog pdnh eZ-� dv odujh dv srvvleoh wr pd{lpl}h klv
h{shfwhg uhwxuq1 Vxevwlwxwh eZ-� ' �� 0^u lqwr +5<, wr rewdlq

YM�

YeZ-�
' 20^u �

�
�� 0^u

� eZu2 � +69,

Lq rughu iru sod|hu 6 wr eh zloolqj wr sod| eZ-� ' �*e +zklfk zh kdyh douhdg|
ghwhuplqhg wr eh wkh rqo| srvvleoh htxloleulxp ydoxh,/ wkh uljkw0kdqg vlgh ri
+69, pxvw htxdo }hur/ lq zklfk fdvh sod|hu 6*v uhwxuq lv lqghshqghqw ri klv
vwudwhj|1 Vhwwlqj +69, htxdo wr }hur/ zh rewdlq

eZ-2 ' ��
20^u

�� 0^u
+6:,

dv wkh htxloleulxp ydoxh iru eZ-2 lq wkh shuwxuehg jdph1 E| +68,/ sod|hu 5 zloo
eh zloolqj wr sod| wklv vwudwhj| li wkh rwkhu wzr sod|huv pdnh wkh lqglfdwhg
fkrlfhv1

Lq vxppdu|/ wkh qrqfrrshudwlyh htxloleulxp vwudwhjlhv lq wkh shuwxuehg
jdph duh

eZ-� ' �� 0^u eZ-2 ' ��
20^u

�� 0^u
eZ-� '

�

e
� +6;,

Li dq| wzr ri wkh sod|huv iroorz wkh lqglfdwhg vwudwhjlhv/ wkhq wkh uhpdlq0
lqj sod|hu zloo pd{lpl}h klv h{shfwhg uhwxuqhg e| iroorzlqj klv sduw ri wkh
vwudwhj| jlyhq lq +6;,1

Dv 0 jrhv wr }hur/ wkh suredelolw| ri dq huuru lq wkh shuwxuehg jdph
ehfrphv vpdoohu dqg vpdoohu1 Lq wkh olplw/ vhwwlqj 0 ' f lq +6;,/ zh rewdlq
wkh xqltxh wuhpeolqj0kdqg shuihfw htxloleulxp vwudwhj| iru wkh jdph vkrzq
lq Iljxuh <=

eZ-� ' � eZ-2 ' � eZ-� '
�

e
� +6<,

Wkh wuhpeolqj0kdqg htxloleulxp vwudwhj| iru wkh xqghuo|lqj jdph lv d Fdvh
4 qrqfrrshudwlyh htxloleulxp1 Fdvh 5 qrqfrrshudwlyh htxloleuld duh hqwluho|
uxohg rxw1

718 Vhtxhqwldo htxloleulxp

Wkh xqvdwlvidfwru| qdwxuh ri vrph qrqfrrshudwlyh htxloleuld iru wkh jdph lq
Iljxuh < lqyroyhv htxloleulxp vwudwhjlhv iru sod|huv zkrvh lqirupdwlrq vhwv
duh qhyhu uhdfkhg1 Vhowhq +4<:8, ghdov zlwk wklv e| dgglqj vpdoo huuruv wr
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pryhv1 Nuhsv dqg Zlovrq +4<;5d, wdnh d gl�huhqw dssurdfk wr wkh vdph
sureohp1 Wkh| h{solflwo| prgho wkh eholhiv sod|huv krog dw gl�huhqw srlqwv
lq wkh jdph wuhh1 Wkh| uhtxluh vwudwhjlhv wr pd{lpl}h h{shfwhg sd|r�v iurp
dq| lqirupdwlrq vhw lq wkh wuhh/ jlyhq wkh sod|hu*v eholhiv derxw zkhuh kh lv
lq wkh lqirupdwlrq vhw li wkh lqirupdwlrq vhw lv uhdfkhg1 Dw wkh vdph wlph/
wkh| uhtxluh d sod|hu*v eholhiv derxw zkhuh kh lv lq dq lqirupdwlrq vhw wr eh
frqvlvwhqw zlwk vwudwhjlhv ehlqj sod|hg1

Wkh uhvxowlqj vhtxhqwldo htxloleulxp lqfoxghv erwk vwudwhjlhv dqg eholhiv
+Nuhsv dqg Zlovrq/ 4<;5e/ s1 58:,=4;

Wkhuh duh wkuhh edvlf sduwv wr wkh gh�qlwlrq ri d vhtxhqwldo
htxloleulxp=

+d, Zkhqhyhu d sod|hu pxvw fkrrvh dq dfwlrq/ wkdw sod|hu kdv
vrph suredelolw| dvvhvvphqw ryhu wkh qrghv lq lwv lqirupdwlrq vhw/
uh hfwlqj zkdw wkh sod|hu eholhyhv kdv kdsshqhg vr idu1

+e, Wkhvh dvvhvvphqwv duh frqvlvwhqw zlwk wkh k|srwkhvl}hg
htxloleulxp vwudwhj|1 Iru h{dpsoh/ wkh| vdwlvi| Ed|hv* uxoh zkhq0
hyhu lw dssolhv1

+f, Vwduwlqj iurp hyhu| lqirupdwlrq vhw/ wkh sod|hu zkrvh wxuq
lw lv wr pryh lv xvlqj d vwudwhj| wkdw lv rswlpdo iru wkh uhpdlqghu ri
wkh jdph djdlqvw wkh k|srwkhvl}hg ixwxuh pryhv ri lwv rssrqhqw
+jlyhq e| wkh vwudwhjlhv, dqg wkh dvvhvvphqw ri sdvw pryhv e|
rwkhu sod|huv � � �

71814 Wkh frqvlvwhqf| ri eholhiv lq vhtxhqwldo htxloleulxp

Frqvlghu wkh jdph vkrzq lq Iljxuh 431 Sod|hu 4 kdv wkuhh srvvleoh pryhv �
ohiw/ fhqwhu/ ru uljkw1 Li sod|hu 4 fkrrvhv ohiw ru fhqwhu/ wkhq wkh jdph pryhv
wr sod|hu 5*v lqirupdwlrq vhw1 Exw wkh jdph lv rqh ri lpshuihfw lqirupdwlrq �
rqfh dw klv lqirupdwlrq vhw/ sod|hu 5 grhv qrw nqrz zkhwkhu kh lv dw ghflvlrq

4;Vhh dovr Nuhsv dqg Zlovrq +4<;5d/ s1 ;:4,

Wklv lv wkh vxevwdqfh ri vhtxhqwldo udwlrqdolw|= Wkh vwudwhj| ri hdfk sod|hu
vwduwlqj iurp wkhuh dffruglqj wr vrph dvvhvvphqw ryhu wkh qrghv lq wkh lq0
irupdwlrq vhw dqg wkh vwudwhjlhv ri hyhu|rqh hovh1

dqg Nuhsv +4<;:/ s1 8;9,

Wkh edvlf lghd lv wkdw ehkdylrxu lq doo sduwv ri d jdph wuhh vkrxog eh udwlr0
qdol}hg e| vrph eholhiv dv wr wkh sod| ri wkh jdph wkdw duh qrw frqwudglfwhg
e| zkdw wkh sod|hu nqrzv iru vxuh1

Iru d irupdo gh�qlwlrq/ vhh Nuhsv dqg Zlovrq +4<;5d/ s1 ;:5,1
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qrgh (2 ru ghflvlrq qrgh (�1 D vhtxhqwldo htxloleulxp vshfl�hv wkh eholhiv
wkdw sod|hu 5 hqwhuwdlqv derxw klv orfdwlrq li klv lqirupdwlrq vhw lv uhdfkhg1
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Iljxuh 43= D jdph wr looxvwudwh vhtxhqwldo htxloleulxp1 u lqglfdwhv ohiw/ �
lqglfdwhv fhqwhu/ - lqglfdwhv uljkw1 Vrxufh= Nuhsv ) Zlovrq +4<;5d/ Iljxuh
4,1

Ed|hv* uxoh � zklfk uhodwhv frqglwlrqdo dqg xqfrqglwlrqdo suredelolwlhv �
lpsrvhv fhuwdlq frqvwudlqwv rq wkhvh eholhiv/ li lw fdq eh dssolhg1 Wkxv lq
Iljxuh 43/ wkh xqfrqglwlrqdo suredelolw| ri ehlqj dw (2 lv wkh surgxfw ri wkh
suredelolw| ri ehlqj dw (2 jlyhq wkdw wkh jdph lv lq sod|hu 5*v lqirupdwlrq
vhw dqg wkh suredelolw| ri ehlqj lq wkh sod|hu 5*v lqirupdwlrq vhw=

�hEdw (2� ' �hEdw (2mdw (2 ru (�� �hEdw (2 ru(��� +73,

Exw zh fdq slq grzq wzr rxw ri wkuhh ri wkh whupv lq +73,/ zklfk zloo doorz
xv wr jhw dw wkh wklug � �hEdw (2mdw (2 ru (��/ wkh suredelolw| lpsolhg e| wkh
vwudwhjlhv wkdw sod|hu 5 lv dw (2 li wkh jdph uhdfkhv sod|hu 5*v lqirupdwlrq
vhw1

Li wkh jdph lv dw (2/ wkhq wkh jdph pxvw hqg dw A�ru A21 Wkxv wkh
xqfrqglwlrqdo suredelolw| ri ehlqj dw (2 lv wkh vdph dv wkh suredelolw| wkdw
wkh jdph hqgv dw A�ru A21 Lq wkh vdph zd|/ li wkh jdph lv lq sod|hu 5*v
lqirupdwlrq vhw/ wkhq wkh jdph pxvw hqg dw rqh ri wkh whuplqdo qrghv A�/ A2/
A�/ ru Ae1 Wkxv wkh xqfrqglwlrqdo suredelolw| wkdw wkh jdph uhdfkhv sod|hu
5*v lqirupdwlrq vhw lv wkh vdph dv wkh suredelolw| wkdw wkh jdph hqgv dw rqh
ri A�/ A2/ A�/ ru Ae1
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Wkxv zh fdq uhzulwh +73, dv

>E(2� ' �hEdw (2mdw (2 ru(��

'
Suredelolw| ri uhdfklqj whuplqdo qrghv wkdw iroorz (2

Suredelolw| ri uhdfklqj whuplqdo qrghv wkdw iroorz sod|hu 5*v lqirupdwlrq vhw
+74,

'
�h EA�� n �h EA2�

�h EA�� n �h EA2� n �h EA�� n �h EAe�
'

�h EA�� n �h EA2�

�� �h EAD�

Wkh suredelolwlhv ri uhdfklqj wkh �yh whuplqdo qrghv duh lpsolhg e| wkh
sod|huv* vwudwhjlhv=

�h EA�� ' Zu�Z
u
2 �h EA2� ' Zu�Z

-
2

�h EA�� ' Z�� Z
u
2 �h EAe� ' Z�� Z

-
2

�h EAD� ' Z-�

� +75,

Vxevwlwxwlqj +75, lqwr +74,/ zh rewdlq wkh frqglwlrqdo suredelolwlhv ri
ehlqj dw (2 dqg (�/ jlyhq wkdw wkh jdph lv lq sod|hu 5*v lqirupdwlrq vhw/ dv
lpsolhg e| wkh sod|hu*v vwudwhjlhv=

> E(2� '
Zu�

Zu� n Z��
> E(�� '

Z��
Zu� n Z��

c +76,

zkhuh > E(2� lv wkh frqglwlrqdo suredelolw| ri ehlqj dw (2 dqg > E(2� lv wkh
frqglwlrqdo suredelolw| ri ehlqj dw (�1 Qdwxudoo|/ > E(2� n > E(�� � �1 Li
sod|hu 5 lv lq klv lqirupdwlrq vhw/ kh pxvw eh dw (2 ru (�1

Iurp hlwkhu +74, ru +76,/ zh vhh d olplwdwlrq wr wkh vfrsh ri Ed|hv* uxoh
uxoh1 Li Ed|hv* uxoh lv wr eh xvhg wr gh�qh sod|hu 5*v eholhiv/ Z-� pxvw eh ohvv
wkdq 41 Rwkhuzlvh/ lw zloo eh lpsrvvleoh wr fduu| rxw wkh glylvlrq uhtxluhg
e| +76,1 Li Z-� @ 4/ wkhq vwudwhjlhv lpso| wkdw wkh jdph zloo qrw uhdfk
sod|hu 5*v lqirupdwlrq vhw1 Li vwudwhjlhv lpso| wkdw wkh jdph zloo qrw uhdfk
sod|hu 5*v lqirupdwlrq vhw/ wkhq vwudwhjlhv fdqqrw eh xvhg wr gh�qh frqglwlrqdo
suredelolwlhv zlwklq sod|hu 5*v lqirupdwlrq vhw1 Wklv lv d vshfl�f h{dpsoh ri
d jhqhudo fkdudfwhulvwlf ri Ed|hvldq h{shfwdwlrqv +Elqpruh/ 4<<3/ s1 ;;, =4<

4<Vhh dovr Elqpruh +4<<4, dqg Ixghqehuj dqg Wluroh +4<<4,1
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Ed|hvldq sulqflsohv gr qrw lq wkhpvhoyhv surylgh dq dghtxdwh
irxqgdwlrq iru jdph wkhru|1 Wkh hvvhqwldo uhdvrq lv wkdw �Ed|hvldq
udwlrqdolw|� lv frqfhuqhg rqo| zlwk wkh frqvlvwhqf| ri wkh eholhiv
khog e| sod|huv1 Lw kdv qrwklqj wr vd| derxw wkh ruljlqv ri vxfk
v|vwhpv ri eholhiv1

Nuhsv dqg Zlovrq +4<;5d/ s1 ;:6, dujxh

Zkdw kdsshqv zkhq d sod|hu uhdfkhv dq lqirupdwlrq vhw � � � zlwk
^wkh suredelolw| ri doo whuplqdo vxffhvvru qrghv` @ 3B Lw lv sodx0
vleoh wr vxssrvh wkdw wkh sod|hu zloo frqvwuxfw vrph k|srwkhvlv
dv wr krz wkh jdph kdv ehhq sod|hg/ lq wkh irup ri d vwudwhj|
� � � wkdw vdwlv�hv ^wkh suredelolw| ri doo vxffhvvru qrghv` : f dqg
wkhq xvh ^wklv qhz vwudwhj|` dqg Ed|hv* uxoh wr frpsxwh ^eholhiv`
iru ^ghflvlrq qrghv lq wkh lqirupdwlrq vhw`1

dqg frqwlqxh +4<;5d/ ss1 ;:6�7,=

Il{ d sod|hu �1 Klv �sulpdu| k|srwkhvlv� dv wr krz wkh jdph
zloo eh sod|hg lv Z/ dqg � � � kh dssolhv Z wr frpsxwh ^eholhiv`
zkhqhyhu srvvleoh1 Zh pljkw dvvxph wkdw zkhq Z grhv qrw dsso|
� zkhq kh frphv wr dq lqirupdwlrq vhw � � � zlwk ^wkh suredelolw|
ri doo whuplqdo vxffhvvru qrghv` ' f � wkhq kh kdv d �vhfrqg prvw
olnho| k|srwkhvlv� ZE2� wkdw kh dwwhpswv wr dsso|1 Li wkdw idlov/
kh wulhv klv �wklug prvw olnho| k|srwkhvlv� ZE��/ dqg vr rq1 � � �
wkh vhtxhqfh ri �dowhuqdwlyh k|srwkhvhv= lv lqghshqghqw ri ^wkh
sduwlfxodu lqirupdwlrq vhw` ZE2� lv wkh sod|hu*v vhfrqg prvw olnho|
k|srwkhvlv iru doo ^klv lqirupdwlrq vhwv`1 D ixuwkhu vwuhqjwkhqlqj
ri wklv uhtxluhv wkdw doo sod|huv xvh wkh vdph �qlwh vhtxhqfh ^ri
dowhuqdwlyh k|srwkhvhv`1 Wklv uhtxluhphqw lv lq wkh vslulw ri wkh
�frpprq nqrzohgjh� k|srwkhvlv ri Qdvk htxloleulxp � li wkhuh
duh udwlrqdo vhfrqgdu| k|srwkhvhv/ wkh| vkrxog eh xqdqlprxvo|
khog/ mxvw dv lv wkh sulpdu| k|srwkhvlv Z1

Wkxv wkh gh�qlwlrq ri vhtxhqwldo htxloleulxp lpsrvhv vwurqj dvvxpswlrqv
derxw frqvlvwhqf| ri vwudwhjlhv dqg eholhiv1 Nuhsv dqg Zlovrq +4<;5d/ s1
;:9, dfnqrzohgjh wkdw wkhvh uhtxluhphqwv pljkw eh ryhuo| vwurqj153 Exw
wkhvh dvvxpswlrqv ohdg wr d zd| ri prgholqj vwudwhjlf ehkdylru wkdw �wv lqwr
wkh iudphzrun ri ghflvlrq wkhru| +Nuhsv dqg Zlovrq/ 4<;5d/ s1 ;97,1

53Iru ixuwkhu glvfxvvlrq/ vhh ydq Gdpph +4<;:/ ss1 43;�<,1
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71815 Vhtxhqwldo htxloleulxp iru wkh jdph ri Iljxuh 43

Iru wkh jdph vkrzq lq Iljxuh 73/ wkh h{shfwhg sd|r�v ri wkh wzr sod|huv duh

M� ' Zu� E�Z
u
2 � 2Z-2 �� Z�� +77,

M2 ' �
�
Zu2 n 2Z-2

�
>E(2� n 2Z-2 E(��� +78,

Li Zu2 ' �/ wkhq sod|hu 4*v h{shfwhg sd|r� ehfrphv

M� ' �Zu� � Z�� � +79,

Li sod|hu 4 nqrzv 5 zloo sod| ohiw/ wkhq 4*v fkrlfhv duh wr hqg xs dw A�dqg
froohfw F6 ru wr hqg xs dw A� dqg orvh F41 Fohduo|/ 4*v ehvw vwudwhj| lv wr
sod| ohiw154

Rq wkh rwkhu kdqg/ li 4 sod|v ohiw/ wkhq 5*v eholhiv duh gh�qhg e| Ed|hv*
uxoh � 5 nqrzv kh lv dw (2 +iurp +76,/ li Zu2 ' �/ wkhq >E(2� ' �,1 Klv
h{shfwhg sd|r� lv wkhq

M2 ' �
�
Zu2 n 2Z-2

�
� +7:,

Sod|hu 5/ zkr hylghqwo| zloo qrw hqmr| wklv jdph yhu| pxfk/ fdq sod| ohiw
dqg orvh F4 ru sod| uljkw dqg orvh F51 Klv ehvw vwudwhj| lv wr sod| ohiw1

Wkxv >E(2� ' �/ >E(�� ' f/ Zu� ' Zu2 ' �/ lv d vhtxhqwldo htxloleulxp iru
wkh jdph vkrzq lq Iljxuh 431

71816 Vhtxhqwldo htxloleulxp iru wkh jdph ri Iljxuh <

Wkh xqltxh wuhpeolqj0kdqg htxloleulxp iru wkh jdph vkrzq lq Iljxuh </
Z-� ' Z-2 ' �/ Z-� ' �*e/ lv dovr d vhtxhqwldo htxloleulxp vxssruwhg e| wkh
eholhi >E(�� ' �*�1 Exw >E(�� ' �/ >E(e� ' f/ Z-� ' f/ �*� � Z-2 � � lv
dovr d vhtxhqwldo htxloleulxp iru wkh jdph vkrzq lq Iljxuh <1

Wklv lv d vshfl�f h{dpsoh ri d pruh jhqhudo skhqrphqrq1 Nuhsv dqg
Zlovrq +4<;5d/ vhfwlrq :, vkrz wkdw hyhu| wuhpeolqj kdqg lv d vhtxhqwldo
htxloleulxp/ exw qrw ylfh yhuvd1 Wkh| gh�qh d zhdn vhtxhqwldo htxloleulxp dv
rqh lq zklfk wkhuh duh vrph xqxvhg vwudwhjlhv wkdw gr dv zhoo/ lq wkh vhqvh
ri pd{lpl}lqj vrph sod|hu*v h{shfwhg sd|r�/ dv vwudwhjlhv wkdw duh xvhg1
Vhtxhqwldo htxloleuld wkdw duh qrw zhdn duh vwulfw1

Lq wkh vhfrqg vhtxhqwldo htxloleulxp iru wkh jdph lq Iljxuh </ dq| vwudwhj|
ri sod|hu 5 zloo pd{lpl}h klv h{shfwhg sd|r�1 Kh lv olplwhg wr wkh udqjh

54Irupdoo|/ 4*v ghflvlrq vkrxog eh prghohg dv d frqvwudlqhg rswlpl}dwlrq sureohp � wr
pd{lpl}h wkh h{shfwhg sd|r�/ vxemhfw wr wkh frqvwudlqw wkdw �O

4
. �F

4
. �U

4
� 41
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�*� � Z-2 � � ehfdxvh wklv uhvwulfwlrq lv qhfhvvdu| wr lqgxfh sod|hu 4 wr
vhw Z-� ' f1 Exw dv idu dv sod|hu 5 lv frqfhuqhg/ kh zrxog eh mxvw dv zhoo
r� sod|lqj vwudwhjlhv lq wkh udqjh f � Z-2 	 �*� � wkhvh vwudwhjlhv dovr
pd{lpl}h klv h{shfwhg sd|r�1

Nuhsv dqg Zlovrq +4<;5d/ wkhruhp 6, vkrz wkdw vwulfw vhtxhqwldo htxlole0
uld duh dovr wuhpeolqj kdqg shuihfw htxloleuld1

Lw lv rqo| zhdn vhtxhqwldo htxloleuld wkdw pd| idlo wr eh wuhpeolqj kdqg
htxloleuld1

8 Vxshujdphv55

D vxshujdph lv d jdph wkdw lv exlow xs rxw ri uhshwlwlrqv ri vrph vlpsohu/
frpsrqhqw jdph1 D jdph lq zklfk irxu shrsoh sod| 433 urxqgv ri srnhu lv
d vxshujdph> vr lv d jdph wkdw frqvlvwv ri wzr urxqgv ri Rggv ) Hyhqv1

S
o
d
|
h
u

4

Sod|hu 5

Frrshudwh

Ghihfw

Frrshudwh Ghihfw

�c � fc e

ec f �c �

Jhqhurxv

Vho�vk

L wdnh L jlyh

f �

� f

Iljxuh 44= Sd|r� pdwulfhv iru d Sulvrqhuv* Glohppd jdph dqg ghfrpsrvhg
jdph zlwk fdvk sd|r�v1 Vrxufh= Vhowhq +4<:;/ Iljxuh 7/ Iljxuh 43,1

Iljxuh 44 vkrzv d yhuvlrq ri wkh Sulvrqhuv* Glohppd jdph zlwk sd|r�v
h{suhvvhg lq fdvk udwkhu wkdq sulvrq wlph1 Li erwk sod|huv frrshudwh/ hdfk
uhfhlyhv F61 Li 4 sod|hu ghihfwv zkloh wkh rwkhu sod|hu frrshudwhv/ wkh ghihfw0
lqj sod|hu uhfhlyhv F7 zkloh wkh frrshudwlqj sod|hu uhfhlyhv qrwklqj1 Li erwk
sod|huv ghihfw/ hdfk uhfhlyhv F41

55Vhh Oxfh dqg Udl�d +4<8:/ ss1 <:�435,> Vhowhq +4<:;/ ss1 75�86,> Dxpdqq +4<;8e,>
Iulhgpdq +4<;9/ Fkv 6 dqg 7,> Kduulqjwrq +4<;:d,> Phuwhqv +4<;:d/ e,> dqg Vderxuldq
+4<;<,1
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Wklv jdph fdq eh ghvfulehg lq dqrwkhu zd| zklfk |lhogv lqvljkw lqwr wkh
lqfhqwlyhv idflqj wkh sod|huv1 Hdfk sod|hu fdq eh wkrxjkw ri dv kdylqj wzr
vwudwhjlhv1 Li d sod|hu fkrrvhv wkh jhqhurxv vwudwhj|/ wkhq wkh rwkhu sod|hu
uhfhlyhv F61 Li d sod|hu fkrrvhv wkh vho�vk vwudwhj|/ kh klpvhoi uhfhlyhv F41

Lw iroorzv wkdw li erwk sod|huv fkrrvh wkh jhqhurxv vwudwhj|/ wkhq erwk
uhfhlyh F61 Exw li erwk sod|huv fkrrvh wkh vho�vk vwudwhj|/ wkhq erwk uh0
fhlyh F41 Li rqh sod|hu fkrrvhv wkh vho�vk vwudwhj| dqg rqh sod|hu fkrrvhv
wkh jhqhurxv vwudwhj|/ wkhq wkh vho�vk sod|hu uhfhlyhv F7 zkloh wkh jhqhurxv
sod|hu uhfhlyhv qrwklqj1 Wkxv wkh sd|r�v lq wklv ghfrpsrvhg jdph duh lghq0
wlfdo wr wkrvh vkrzq lq wkh vwdqgdug Sulvrqhuv* Glohppd sd|r� pdwul{1 Wkh
ghfrpsrvhg irup ri wkh jdph lv dovr vkrzq lq Iljxuh 441

Wkh vlwxdwlrq idflqj wkh sod|huv lv wkh vdph dv lq wkh hduolhu yhuvlrq ri
wkh Sulvrqhuv* Glohppd jdph +Iljxuh 44,1 Wkh qrqfrrshudwlyh htxloleulxp
lv E(eseS|c(eseS|� +ru E7e,s�r�c 7e,s�r��,1 \hw lw lv fohdu wkdw hdfk sod|hu
zrxog eh lqglylgxdoo| ehwwhu r� li erwk sod|huv frrshudwh +duh jhqhurxv,1

Lw lv whpswlqj wr wklqn wkdw wklv rxwfrph pljkw fkdqjh li wkh jdph lv
uhshdwhg1 Rqh pljkw wklqn wkdw ryhu wlph sod|huv frxog ohduq wr wuxvw hdfk
rwkhu/ wkdw wkh| frxog ohduq iurp h{shulhqfh wkdw frrshudwlrq zdv pruh uh0
zduglqj wkdq ghihfwlrq/ frxog hvwdeolvk uhsxwdwlrqv iru frrshudwlyh ehkdylru
+jhqhurvlw|,/ dqg vr rq1 Li wkh qxpehu ri uhshwlwlrqv lv �qlwh dqg sod|huv duh
frpsohwho| udwlrqdo/ krzhyhu/ wklv lv qrw wkh fdvh1

Vxssrvh wkh jdph lq Iljxuh 44 lv uhshdwhg whq wlphv1 Sod|huv vhhn wr
pd{lpl}h wkhlu wrwdo sd|r� ryhu wkh 43 urxqgv1 Hdfk sod|hu*v vwudwhj| lv d
yhfwru vshfli|lqj klv pryh lq hdfk ri wkh 43 urxqgv1

Ehjlq zlwk wkh �qdo urxqg dqg zrun edfnzdug1 Li wkh sod|huv duh dw
wkh vwduw ri wkh whqwk urxqg/ wkhq wkh| duh lq h{dfwo| wkh vdph vlwxdwlrq dv
wkh| zrxog eh lq d vlqjoh urxqg ri wkh jdph1 Exw zh douhdg| nqrz wkdw wkh
rqo| qrqfrrshudwlyh htxloleulxp iru d vlqjoh urxqg ri wkh Sulvrqhuv* Glohppd
lv E(eseS|c(eseS|�1 Wkxv hdfk sod|hu*v htxloleulxp vwudwhj| pxvw vshfli|
ghihfwlrq lq wkh �qdo urxqg1

Qrz frqvlghu wkh qlqwk urxqg1 Dw wklv srlqw/ wkh whqwk urxqg lv ri qr
frqvhtxhqfh � zh douhdg| nqrz wkdw sod|huv pxvw ghihfw lq wkh whqwk urxqg1
Exw wkhq dw wkh vwduw ri wkh qlqwk urxqg wkh sod|huv duh lq h{dfwo| wkh vdph
vlwxdwlrq dv wkh| zrxog eh lq d vlqjoh urxqg ri wkh jdph1 Wkh vdph orjlf ohdgv
wr wkh vdph dqvzhu= sod|huv* htxloleulxp vwudwhjlhv pxvw vshfli| ghihfwlrq lq
wkh qlqwk urxqg1

Zh fdq uhshdw wklv dujxphqw/ prylqj edfnzdug/ xqwlo zh uhdfk wkh �uvw
urxqg1 Dw wklv srlqw/ ghihfwlrq lv vshfl�hg iru urxqgv 5 wkurxjk 431 Wkh
rqo| srvvleoh qrqfrrshudwlyh htxloleulxp pryh iru wkh �uvw urxqg lv wkhuhiruh
E(eseS|c(eseS|�1 E| edfnzdug lqgxfwlrq/ zh frqfoxgh wkdw wkh qrqfrrshu0
dwlyh htxloleulxp iru wkh 430urxqg vxshujdph kdv hdfk sod|hu ghihfw lq hdfk
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urxqg1 Hdfk sod|hu froohfwv F43/ dowkrxjk zlwk frrshudwlrq wkh| frxog hduq
F63 hdfk1

Zkdw gulyhv wklv edfnzdug lqgxfwlrq dujxphqw lv wkh dvvxpswlrq wkdw
wkh qxpehu ri uhshwlwlrqv lv �qlwh1 Vxssrvh wkh jdph vkrzq lq Iljxuh 44
lv uhshdwhg dq lq�qlwh qxpehu ri wlphv/ dqg wkdw sod|huv pd{lpl}h wkh glv0
frxqwhg suhvhqw ydoxh ri wkhlu sd|r�v1 Lq wkdw fdvh/ E(eseS|c(eseS|� lq hdfk
shulrg uhpdlqv d qrqfrrshudwlyh htxloleulxp1 Exw lq wkh lq�qlwho|0uhshdwhg
jdph/ wkhuh duh rwkhu qrqfrrshudwlyh htxloleuld dv zhoo1

Uhfdoo wkdw d vwudwhj| vshfl�hv wkh sod|hu*v pryh lq hdfk shulrg1 Gh�qh
wkh iroorzlqj wuljjhu vwudwhj| +Udgqhu/ 4<;3,/ uhfxuvlyho|=

41 frrshudwh lq shulrg 4>

51 lq odwhu shulrgv/ frrshudwh li wkh rwkhu sod|hu frrshudwhg lq wkh suhylrxv
shulrg>

61 li wkh rwkhu sod|hu ghihfwv/ ghihfw lq doo vxevhtxhqw shulrgv1

Wkh vwudwhj| sdlu lq zklfk erwk sod|huv iroorz wklv wuljjhu vwudwhj| fdq
eh d qrqfrrshudwlyh htxloleulxp iru wkh lq�qlwho| uhshdwhg ri wkh jdph lq
Iljxuh 441

Wr vkrz wklv/ vxssrvh sod|hu 4 sod|v wkh wuljjhu vwudwhj|1 Lv lw lq sod|hu
5*v lqwhuhvw wr iroorz wkh wuljjhu vwudwhj|/ ru wr ghihfw lq wkh �uvw urxqgB
Li sod|hu 5 iroorzv wkh wuljjhu vwudwhj|/ klv sd|r� +dvvxplqj sd|phqwv duh
uhfhlyhg dw wkh hqg ri wkh shulrg, lv

�(T|o�}}eo '
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+zkhuh o lv wkh lqwhuhvw udwh xvhg wr glvfrxqw sd|r�v,1 Li sod|hu 5 ghihfwv/ kh
uhfhlyhv pruh lq wkh �uvw shulrg/ exw ohvv hdfk shulrg wkhuhdiwhu1 Klv sd|r�
iurp ghihfwlqj lq wkh �uvw urxqg lv
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� +7<,

Wkh gl�huhqfh ehwzhhq sd|r�v lv

�(T|o�}}eo � �(Tghihfw '
2� o

oE� n o�
� +83,

Li wkh lqwhuhvw udwh lv yhu| kljk/ wkh sod|hu sxwv juhdw zhljkw rq wkh
dgglwlrqdo hxur uhfhlyhg lq wkh ghihfwlrq shulrg/ dqg ohvv � juhdwo| glvfrxqwhg
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� zhljkw rq lqfrph orvw lq odwhu shulrgv1 Li wkh lqwhuhvw udwh lv vx!flhqwo|
orz/ frrshudwlrq ehdwv ghihfwlrq1

Exw wkh orjlf wkdw dssolhv wr sod|hu 5 dovr dssolhv wr sod|hu 41 Li sod|hu 5
sod|v wkh wuljjhu vwudwhj|/ wkhq sod|hu 4 zloo �qg lw lq klv lqwhuhvw wr sod| wkh
wuljjhu vwudwhj| dv zhoo1 Wkxv lq lq�qlwho| uhshdwhg qrqfrrshudwlyh jdphv lw
lv srvvleoh wr rewdlq wkh frrshudwlyh uhvxow/ xqohvv lqwhuhvw udwhv duh wrr kljk1

Wklv lv d vshfl�f h{dpsoh ri d jhqhudo uhvxow nqrzq dv wkh Iron Wkhruhp/
vr fdoohg ehfdxvh lwv h{dfw ruljlqv duh xqnqrzq156 Wkh Iron Wkhruhp lv
wkdw qrqfrrshudwlyh ehkdylru lq d uhshdwhg jdph fdq vxvwdlq dq| vwudwhj|
surgxflqj lqglylgxdo sd|r�v wkdw h{fhhg qrqfrrshudwlyh sd|r�v lq wkh vwdjh
jdph li wkh lqwhuhvw udwh lv vx!flhqwo| vpdoo1

Wkhuh lv d ixqgdphqwdo gl�huhqfh ehwzhhq �qlwho| dqg lq�qlwho| uhshdwhg
jdphv1 Lq dq lq�qlwho| uhshdwhg jdph/ wkhuh lv dozd|v d wrpruurz1 Wkhuh lv
dozd|v vrphwklqj wkdw zloo eh orvw/ wrpruurz/ e| ghihfwlqj wrgd|1 Wkhuh lv
dozd|v d pdujlqdo frvw wr ghihfwlqj � ixwxuh orvw lqfrph � wr eh vhw djdlqvw
wkh fxuuhqw pdujlqdo ehqh�w iurp ghihfwlqj1 Lq d �qlwho| uhshdwhg jdph/
wkhuh lv dozd|v rqh shulrg � wkh odvw rqh � lq zklfk wkhuh lv qr wrpruurz1
Lq wkh odvw shulrg ri d �qlwho| uhshdwhg jdph/ wkhuh lv d pdujlqdo ehqh�w wr
ghihfwlqj exw qr pdujlqdo frvw1 Qrw vxusulvlqjo|/ lw sd|v wr ghihfw lq wkh �qdo
shulrg1 Dqg wklv uhvxow/ e| / gulyhv wkh dqdo|vlv doo wkh zd| edfn wr wkh lqlwldo
shulrg157

Dowhuqdwlyho|/ frrshudwlrq pd| dulvh lq wkh Sulvrqhuv* Glohppd li wkh
sod|huv duh udwlrqdo exw wkh idfw wkdw sod|huv duh udwlrqdo lv qrw frpprq
nqrzohgjh1 Nuhsv hw do1 +4<;5, frqvlghu �qlwh uhshwlwlrqv ri d prgl�hg Sulv0
rqhuv* Glohppd jdph lq zklfk rqh sod|hu eholhyhv wkhuh lv d vpdoo suredelolw|
wkdw wkh rwkhu sod|hu/ lqvwhdg ri pd{lpl}lqj klv sd|r�/ lv sod|lqj d Wlw0iru0
Wdw vwudwhj|1 Xqghu d Wlw0iru0Wdw vwudwhj|/ d sod|hu ehjlqv e| frrshudwlqj
dqg wkhuhdiwhu sod|v zkdwhyhu klv ulydo sod|hg lq wkh suhylrxv shulrg1 Wkh|
vkrz wkdw lq vhtxhqwldo htxloleulxp wkh qxpehu ri urxqgv lq zklfk rqh ru
wkh rwkhu sod|hu ghihfwv lv erxqghg deryh e| d olplw wkdw lv lqghshqghqw ri
wkh qxpehu ri urxqgv sod|hg1 Wklv vkrzv wkdw/ h{fhsw iru d �qlwh qxpehu ri
shulrgv/ frrshudwlyh ehkdylru fdq hphujh li d sod|hu wklqnv klv ulydo pljkw
ehkdyh frrshudwlyho|1

Wkh xqghuo|lqj orjlf lv pxfk wkh vdph dv lq wkh lq�qlwh uhshwlwlrq fdvh1
Li d sod|hu eholhyhv wkdw klv ulydo pljkw ehkdyh frrshudwlyho|/ wkhq vrphwklqj

56Dxpdqq +4<;8d/ s1 79> 4<;:/ s1 79;,> Iulhgpdq +4<;9/ ss1 436�7,1 Vhh dovr Iulhgpdq
+4<<3, dqg Ixghqehuj dqg Ohylqh +4<<3,1

57Lw lv srvvleoh wr vxvwdlq frrshudwlyh rxwfrphv lq �qlwh jdphv li wkh xqghuo|lqj vlqjoh0
shulrg jdph kdv pruh wkdq rqh qrqfrrshudwlyh htxloleulxp1 Lq wklv fdvh/ zkdw lv orvw e|
ghihfwlqj lv wkh gl�huhqfh ehwzhhq sd|r�v dw wkh pruh uhpxqhudwlyh dqg wkh ohvv uhpxqhu0
dwlyh htxloleuld1 Vhh Ehqrlw dqg Nulvkqd +4<;8,/ Iulhgpdq +4<;8,1
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pljkw eh orvw e| ghihfwlqj1 Exw wkhq ghihfwlrq zloo qrw rffxu li wkh h{shfwhg
pdujlqdo frvw ri ghihfwlrq � orvw h{shfwhg ixwxuh lqfrph � lv vx!flhqwo| juhdw1
Dw ohdvw lq wkh hduo| urxqgv ri wkh jdph/ lw zloo sd| wr frrshudwh li |rx
wklqn |rxu ulydo pljkw uhvsrqg wr frrshudwlrq e| frrshudwlqj1 Rqfh djdlq/
wkhuh duh flufxpvwdqfhv xqghu zklfk frrshudwlyh rxwfrphv fdq eh vxvwdlqhg
wkurxjk qrqfrrshudwlyh vwudwhjlhv1

9 H{shulphqwdo jdphv58

Vlpsoh jdphv ohqg wkhpvhoyhv wr frqwuroohg h{shulphqwdwlrq lq oderudwru|
vlwxdwlrqv1 H{shulphqwdo vxemhfwv fdq eh pdgh wr sod| djdlqvw hdfk rwkhu/ ru
djdlqvw frpsxwhu surjudpv ghvljqhg wr iroorz sduwlfxodu vwudwhjlhv1 Sd|r�v
fdq eh ydulhg/ dv fdq wkh zd| wkh jdph lv suhvhqwhg wr wkh vxemhfwv1 Wkh
uhvxowv ri wkh sod| fdq eh frpsduhg zlwk wkhruhwlfdo suhglfwlrqv1

Ri sduwlfxodu lqwhuhvw/ lq ylhz ri rxu glvfxvvlrq ri uhshdwhg jdphv/ duh
wkh uhvxowv ri h{shulphqwv wkdw uhshdw wkh Sulvrqhuv* Glohppd jdph +Fropdq/
4<;5/ ss1 448�9,=59

wkh prvw vwulnlqj jhqhudo �qglqj lv xqgrxewhgo| wkh ^Ghihfw/ Gh0
ihfw` orfn0lq h�hfw1 � � � Zkhq wkh jdph lv uhshdwhg pdq| wlphv
wkhuh lv d whqghqf| iru orqj uxqv ri ^Ghihfw` fkrlfhv e| erwk sod|0
huv wr rffxu1

� � � wkuhh skdvhv w|slfdoo| rffxu lq d orqj vhulhv ri uhshwlwlrqv1
Rq wkh �uvw wuldo/ wkh sursruwlrq ri frrshudwlyh � � � fkrlfhv lv
w|slfdoo| voljkwo| juhdwhu wkdq 425/ exw wklv lv iroorzhg e| d udslg
ghfolqh lq frrshudwlrq +d �vrehulqj shulrg�,1 Diwhu dssur{lpdwho|
63 uhshwlwlrqv/ frrshudwlyh fkrlfhv ehjlq wr lqfuhdvh vorzo| lq
iuhtxhqf| +d �uhfryhu| shulrg�,/ xvxdoo| uhdfklqj d sursruwlrq lq
h{fhvv ri 93 shu fhqw e| wuldo 6331

Wkhvh uhvxowv vhhp d fohdu uhixwdwlrq ri wkh suhglfwlrqv ri qrqfrrshudwlyh
jdph wkhru| frqfhuqlqj frrshudwlrq lq �qlwh jdphv1 Dw ohdvw/ wkh| uhixwh
suhglfwlrqv ri �qlwh prghov wkdw dvvxph sod|huv duh ixoo| udwlrqdo1 Dv zh
kdyh vhhq deryh/ lq d �qlwh Sulvrqhuv* Glohppd vxshujdph wkh rqo| qrq0
frrshudwlyh htxloleulxp kdv erwk sod|huv fkrrvlqj E(eseS|c(eseS|� lq doo
urxqgv1 Wkh idfw wkdw h{shulphqwv w|slfdoo| vkrz d orqj lqlwldo vhulhv ri
E(eseS|c(eseS|� sod|v grhv qrw ylqglfdwh wkh wkhruhwlfdo suhglfwlrq li wklv

58Vhh Sorww +4<;5/ 4<;<,> Fropdq +4<;5,> Vkxeln +4<;4/ ss1 649�:,> Nuhsv +4<;:,>
Udsrsruw +4<;:,> dqg Vplwk +4<<3,1

59Vhh dovr Vhowhq dqg Vwrhfnhu +4<;9,1
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lqlwldo vhulhv lv iroorzhg e| d shulrg ri ohduqlqj dqg dq hyhqwxdo shulrg ri
lpshuihfw frrshudwlrq1

Wkhvh uhvxowv rffxu zkhwkhu ru qrw sod|huv duh lqiruphg lq dgydqfh ri wkh
qxpehu ri sod|v +Udsrsruw/ 4<;:/ s1 <:8,1 Li wkh qxpehu ri sod|v lv �qlwh exw
xqnqrzq/ wkh h{shulphqw wdnhv rq dvshfwv ri dq lq�qlwh jdph +Vhowhq/ 4<;;e/
s1 83, � wkhuh pljkw dozd|v eh dqrwkhu urxqg/ wkhuh pljkw eh d wrpruurz1
Iru wklv fodvv ri h{shulphqwv/ wkh uhvxowv uhsruwhg deryh fdq eh wdnhq dv ylq0
glfdwlqj wkh suhglfwlrqv ri qrqfrrshudwlyh jdph wkhru| dv dssolhg wr lq�qlwh
vxshujdphv= qrqfrrshudwlyh ehkdylru fdq vxvwdlq frrshudwlyh rxwfrphv lq
vxfk jdphv1

Rwkhu dvshfwv ri h{shulphqwdo uhvxowv udlvh txhvwlrqv derxw wkh suhglf0
wlrqv ri prghov wkdw uho| rq wkh dvvxpswlrq ri vxshu0udwlrqdolw|1 Lq rqh zd|
ru dqrwkhu/ wkhvh uhvxowv doo vxjjhvw wkdw wkh rxwfrphv ri vxshujdphv duh
d�hfwhg e| wklqjv wkdw zrxog qrw pdwwhu li sod|huv zhuh frpsohwho| udwlrqdo1

Iru h{dpsoh/ frqvlghu wkh wzr zd|v ri ghvfulelqj wkh jdph vkrzq lq Ilj0
xuh 441 Wkh| duh devroxwho| htxlydohqw> vwudwhjlhv dqg sd|r�v duh h�hfwlyho|
wkh vdph/ dowkrxjk wkh| duh jlyhq gl�huhqw lqwhusuhwdwlrqv1 Wkh vwdqgdug
sd|r� pdwul{ suhvhqwv wkh vwudwhjlhv lq whupv ri frrshudwlrq ru qrqfrrs0
hudwlrq1 Wkh ghfrpsrvhg sd|r� pdwul{ suhvhqwv wkh vwudwhjlhv lq whupv ri
jhqhurxv ru vho�vk ehkdylru1 H{shulphqwdo hylghqfh frq�upv wkdw frrshud0
wlyh ehkdylru vkrzv xs pruh riwhq li wkh jdph lv suhvhqwhg lq ghfrpsrvhg
irup +Fropdq/ 4<;5/ ss1 453�4,1 Shukdsv sod|huv jhw dq dgglwlrqdo xwlolw|
rxw ri ihholqj jhqhurxv/ ru shukdsv wkh| dyrlg d glvxwlolw| e| qrw dsshdulqj
vho�vk1 Lq dq| hyhqw/ lw vhhpv fohdu wkdw wkh zd| wkh jdph lv suhvhqwhg d�hfwv
wkh rxwfrph ri wkh jdph1

Wkh srvvlelolw| wkdw sod|huv* sd|r�v pljkw ghshqg rq krz wkh| ihho derxw
wkh jdph lpsolhv wkdw wkh h{shulphqwhu fdqqrw uhdoo| frqwuro wkh +D{hourg/
4<;7/ ss1 44:�;,1 Wkh ryhudoo sd|r� lv d frpelqdwlrq ri wkh prqhwdu| sd|r�
dqg wkh zd| wkh sod|hu ihhov derxw wkh vwudwhj| sxuvxhg1 D{hourg +4<;7/
ss1 :6�;:, suhvhqwv d idvflqdwlqj fdvh vwxg| ri wkh hphujhqfh ri frrshudwlyh
ehkdylru dprqj rssrvlqj irufhv gxulqj wuhqfk zduiduh lq wkh Iluvw Zruog
Zdu1 Wkh h{dpsoh vhhpv fohduo| frqvlvwhqw zlwk wkh lqwhusuhwdwlrq wkdw
diwhu vxvwdlqhg shulrgv ri frrshudwlrq/ vroglhuv fdph wr sodfh d ydoxh rq
frrshudwlyh ehkdylru iru lwv rzq vdnh/ ryhu dqg deryh wkh h�hfw frrshudwlrq
kdg rq wkhlu fkdqfhv ri vxuylydo1 Vhowhq +4<:;/ ss1 7:�<, vkrzv irupdoo|
wkdw vhfrqgdu| xwlolwlhv ri wklv nlqg fdq ohdg wr wkh hphujhqfh ri frrshudwlyh
ehkdylru lq �qlwh uhshwlwlrqv ri wkh Sulvrqhuv* Glohppd jdph1

D{hourg*v +4<;7, Sulvrqhuv* Glohppd wrxuqdphqwv duh dovr zruwk| ri phq0
wlrq1 D{hourg lqylwhg jdph wkhrulvwv wr vxeplw surjudpv wr eh xvhg wr sod|
uhshdwhg urxqgv ri wkh Sulvrqhuv* Glohppd jdph1 Hdfk surjudp zdv wr sod|
djdlqvw hyhu| surjudp vxeplwwhg +lqfoxglqj lwvhoi,1 Wkh surjudp zlwk wkh
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odujhvw ryhudoo vfruh zrxog eh ghfoduhg wkh zlqqhu Lq wkh �uvw wrxuqdphqw/
sod|huv zhuh wrog wkdw wkhuh zrxog eh 533 urxqgv1 Lq wkh vhfrqg wrxuqd0
phqw +khog diwhu uhohdvlqj wkh uhvxowv ri wkh �uvw wrxuqdphqw,/ wkh qxpehu ri
urxqgv sod|hg zdv udqgrp/ zlwk h{shfwhg ydoxh 5331 Lq erwk wrxuqdphqwv/
d vlqjoh sod|hu iroorzhg wkh Wlw0iru0Wdw vwudwhj|/ dqg lq erwk wrxuqdphqwv/
Wlw0 iru0Wdw kdg wkh odujhvw vfruh1

Wlw0iru0Wdw lv d vhpl0frrshudwlyh vwudwhj|1 Lw ehjlqv e| frrshudwlqj dqg
uhvsrqgv wr frrshudwlrq e| frrshudwlrq/ exw lw dovr uhvsrqgv wr ghihfwlrq e|
ghihfwlrq1 D ghihfwlqj ulydo fdq jdlq iru rqh shulrg/ e| ghihfwlqj/ exw diwhu
wkdw d Wlw0iru0Wdw rssrqhqw zloo ghihfw dv zhoo1 Wkh rqo| zd| wkh ruljlqdo
ghihfwru fdq lqgxfh d Wlw0iru0Wdw ulydo wr uhwxuq wr frrshudwlrq lv e| pdnlqj
d frrshudwlyh pryh/ nqrzlqj wkdw iru wkh urxqg lq zklfk wkh frrshudwlyh
pryh lv pdgh wkh Wlw0iru0Wdw sod|hu zloo ghihfw1

Wklv zloo fdqfho wkh ghihfwru*v lqlwldo jdlq/ exw fkdqjhv wkh sdwwhuq ri
pryhv edfn wr E�JJReo@|ec �JJReo@|e�1 Wkh ehvw d ulydo fdq gr djdlqvw Wlw0
iru0Wdw lv wr zlq e| rqh pryh +iru h{dpsoh/ e| frrshudwlqj rq hyhu| urxqg
h{fhsw wkh odvw dqg wkhq ghihfwlqj/ ru e| ghihfwlqj rq wkh �uvw urxqg dqg
ghihfwlqj lq hyhu| urxqg wkhuhdiwhu,1

H{shulphqwdo whvwv ri vlpsoh jdphv vxjjhvw wkdw prghov wkdw dvvxph
ixoo| udwlrqdo ehkdylru duh qrw dghtxdwh ghvfulswlyh ghylfhv1 Lq h{shulphqwdo
jdphv/ sod|huv gr qrw phqwdoo| mxps dkhdg 533 urxqgv/ fdofxodwh rswlpdo
qrqfrrshudwlyh ehkdylru lq wkdw urxqg/ dqg zrun edfnzdug1 H{shulphqwdo
sod|huv dfw lq zd|v wkdw vxjjhvw wkdw wkh| gr qrw dvvxph wkdw wkhlu ulydov duh
ixoo| udwlrqdo dqg wkdw wkh| pd{lpl}h xwlolw| ixqfwlrqv wkdw jr eh|rqg wkh
vshfl�hg sd|r� pdwul{ ri wkh jdph1

: Frqfoxvlrq

Jdph wkhru| r�huv hfrqrplfv/ dqg lqgxvwuldo hfrqrplfv lq sduwlfxodu/ d
iudphzrun iru dqdo|}lqj lqwhudfwlyh ehkdylru1 Uhdo0zruog roljrsrolvwlf pdu0
nhwv fdq eh wkrxjkw ri dv qrqfrrshudwlyh jdphv � hdfk sod|hu vhhnlqj wr pd{0
lpl}h d sd|r� wkdw ghshqgv lq sduw rq wkh dfwlrqv ri rwkhu sod|huv1 Prghov
ri roljrsro| dv jdphv lq h{whqvlyh irup dqg lq vwudwhjlf irup duh dovr zd|v ri
wklqnlqj derxw wkh uhdvrqdeohqhvv ri wkh dvvxpswlrqv wkh prghohu kdv pdgh
derxw wkh zd| sod|huv ehkdyh1

Wkh edvlf vroxwlrq frqfhsw iru qrqfrrshudwlyh jdphv � Qdvk qrqfrrs0
hudwlyh htxloleulxp � hpskdvl}hv wkh uhtxluhphqw wkdw htxloleuld eh vhoi0
hqiruflqj1 Odwhu uh�qhphqwv/ vxfk dv vxejdph shuihfwlrq/ wuhpeolqj0kdqg
htxloleulxp/ dqg vhtxhqwldo htxloleulxp/ h{whqg wklv lghd wr jdphv ri lp0
shuihfw lqirupdwlrq1 H{whqvlrqv wr uhshdwhg jdphv vkrz wkdw frrshudwlyh
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rxwfrphv fdq hphujh iurp qrqfrrshudwlyh ehkdylru1
Jdph wkhru| dggv srzhuixo wrrov wr wkh dqdo|wlfdo phwkrgv dydlodeoh wr

lqgxvwuldo hfrqrplvwv1 Exw +Vkxeln/ 4<;4/ s1 645,

Lw lv lpsruwdqw wr ehdu lq plqg wkdw wkuhh gl�huhqw vnloov duh
fdoohg iru lq wkh lqyhvwljdwlrq ri roljrsrolvwlf pdunhwv1 Wkh| duh
wkh vnloov ri wkh hfrqrplvw dw ghvfulelqj hfrqrplf lqvwlwxwlrqv dqg
dfwlylwlhv dqg vhohfwlqj wkh uhohydqw yduldeohv dqg uhodwlrqvklsv>
wkh vnloov ri wkh prghohu lq irupxodwlqj d pdwkhpdwlfdo vwuxfwxuh
wkdw uh hfwv wkh shuwlqhqw dvshfwv ri wkh hfrqrplf skhqrphqrq>
dqg wkh vnloov ri wkh dqdo|vw lq ghgxflqj wkh surshuwlhv ri wkh
pdwkhpdwlfdo v|vwhp wkdw kdv ehhq irupxodwhg1

Jdph wkhru| r�huv udwkhu pruh wr wkh vhfrqg dqg wkh wklug ri wkhvh vnloov
wkdq wr wkh �uvw1 Iru jdph wkhru| wr pdnh wkh juhdwhvw srvvleoh frqwulex0
wlrq wr lqgxvwuldo hfrqrplfv/ lw lv hvvhqwldo wkdw hfrqrplf dqdo|vlv qrw eh
ryhuzkhophg e| wkh whfkqlfdo vnloov uhtxluhg1
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; Sureohpv

D41 Wkhvh duh wkh uxohv ri vflvvruv�sdshu�vwrqh=
41 Wzr sod|huv vlpxowdqhrxvo| pdnh vkdshv zlwk wkhlu kdqgv1
51 Wkh vkdshv duh
+d, vflvvruv � wzr �qjhuv vsuhdg dsduw>
+e, sdshu � sdop idflqj grzq>
+f, vwrqh � d �vw1
61 Li erwk sod|huv pdnh wkh vdph vljq/ qr rqh zlqv1 Rwkhuzlvh/ wkh zlqqhu

lv ghwhuplqhg dffruglqj wr wkh uxohv
+d, vflvvruv fxwv sdshu>
+e, sdshu fryhuv vwrqh>
+f, vwrqh eoxqwv vflvvruv1
Wkh zlqqhu ri d urxqg uhfhlyhv 4 hxur1
+d, Vxssrvh wzr sod|huv sod| d vlqjoh urxqg ri vflvvruv0sdshu0vwrqh1 Gudz

wkh jdph wuhh iru wkh h{whqvlyh irup dqg wkh sd|r� pdwul{ iru wkh vwudwhjlf
irup1

+e, Vxssrvh wkh sod|huv sod| d vxshujdph wkdw frqvlvwv ri dq lq�qlwh
qxpehu ri urxqgv ri vflvvruv0sdshu0vwrqh1 Lv wkhuh dq htxloleulxp vwudwhj|
iru wkh vxshujdphB

Vhh yrq Qhxpdqq/ Mrkq dqg Prujhqvwhuq +4<77/ s1 <7/ s1 444,1

D5 Frqvlghu d Sulvrqhuv* Glohppd jdph zlwk jhqhudo fdvk sd|r�v/ dv lq
Iljxuh 451

S
o
d
|
h
u

4

Sod|hu 5

Frrshudwh

Ghihfw

Frrshudwh Ghihfw

-c- 7c A

Ac 7 �c �

Iljxuh 45= Sd|r� pdwul{ iru wkh Sulvrqhuv* Glohppd jdph zlwk jhqhudo fdvk
sd|r�v1
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Glvfxvv wkh frqglwlrqv A : - : � : 7 dqg - : EA n 7�*21 Vhh D{hourg
+4<;7/ ss1 <�43,1

D6 Iljxuh 6 +Nuhsv dqg Zlovrq/ 4<;5d/ Iljxuh ;, looxvwudwhv d jdph lq h{0
whqvlyh irup1
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Sod|hu 5
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Sod|hu 4

Iljxuh 46= Jdph wuhh iru sureohp D61

+d, Vkrz wkdw wkh iroorzlqj vwudwhjlhv duh Qdvk htxloleuld dqg vxejdph
shuihfw Qdvk htxloleuld=

+4, Z�E@� ' �/ Z2E�� ' �/ Z�E@�� ' �
+5, Z�EK� ' �/ Z2E�� ' �/ Z�EK�� ' �
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+Klqw= Iluvw fdofxodwh wkh uhdol}dwlrq suredelolwlhv � wkh suredelolwlhv ri
wkh gl�huhqw whuplqdo rxwfrphv1 Wkhq fdofxodwh wkh h{shfwhg sd|r�v ri wkh
wkuhh sod|huv1 Wkhq vkrz/ iru +4, dqg +5, deryh/ wkdw li dq| wzr sod|huv pdnh
wkh lqglfdwhg fkrlfhv/ wkh uhpdlqlqj sod|hu pd{lpl}hv klv h{shfwhg sd|r� e|
pdnlqj wkh lqglfdwhg fkrlfh1,

+e, Vkrz wkdw Z�EK� ' �/ Z2E�� ' �/ Z�EK�� ' � lv d wuhpeolqj0kdqg
shuihfw htxloleulxp dqg d vhtxhqwldo htxloleulxp1

+Klqw= iru wkh odwwhu/ xvh wkh uhdol}dwlrq suredelolwlhv ri wkh whuplqdo
qrghv iurp wkh dqvzhu wr +d, wr frpsxwh wkh suredelolwlhv ri wkh ghflvlrq
qrghv dffruglqj wr Ed|hv* uxoh1 Wkhq frpsxwh wkh h{shfwhg sd|r�v ri wkh
wkuhh sod|huv dqg vkrz wkdw hdfk sod|hu pd{lpl}hv klv h{shfwhg sd|r� e|
pdnlqj wkh lqglfdwhg fkrlfh1,

Uhpdunv= Wkh jdph pd| ehjlq dw Ghflvlrq qrgh (� ru dw ghflvlrq qrgh
(e1 Wkh lqlwldo dvvhvvphqw ri wkh suredelolw| wkdw wkh jdph ehjlqv dw (� lv
4� ' �*21 Wkh lqlwldo dvvhvvphqw ri wkh suredelolw| wkdw wkh jdph ehjlqv dw
(e lv 4e ' �� 4� ' �*21 Urz yhfwruv jlyh sd|r�v1
D7 Iljxuh 47 +Nuhsv dqg Zlovrq/ 4<;5d/ Iljxuh 47, looxvwudwhv d jdph lq
h{whqvlyh irup1
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Iljxuh 47= Jdph wuhh iru sureohp D71

+d, Vkrz wkdw Z�E-�/ Z2Eo� ' � lv d vhtxhqwldo htxloleulxp1
+e, Vkrz wkdw Z�Eu�/ Z2E,� ' � lv d vhtxhqwldo htxloleulxp1
Glvfxvv1
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< Uhihuhqfhv

Dqwkrq|/ Slhuv Jroxp lq wkh Jhduv1 Qhz \run= Edoodqwlqh Errnv/ 4<;91

Dxpdqq/ Urehuw M1 �Djuhhlqj wr glvdjuhh/� Dqqdov ri Vwdwlvwlfv 7/ 4<:9/
ss1 4569�<1

� �Zkdw lv jdph wkhru| wu|lqj wr dffrpsolvkB/� lq Nhqqhwk M1 Duurz dqg
Vhssr Krqndsrkmd/ hglwruv/ Iurqwlhuv ri Hfrqrplfv1 R{irug= Edvlo
Eodfnzhoo/ 4<;8d/ ss1 5;�:91

� �Uhshdwhg jdphv/� lq Jhrujh L1 Ihlzho/ hglwru/ Lvvxhv lq frqwhpsrudu|
plfurhfrqrplfv dqg zhoiduh1 Orqgrq= Pdfploodq/ 4<;8e/ ss1 53<�751

� �Jdph wkhru|/� lq Mrkq Hdwzhoo/ Pxuud| Plojdwh/ dqg Shwhu Qhzpdq/
hglwruv/ Wkh Qhz Sdojudyh1 Orqgrq= Pdfploodq Suhvv Olplwhg/ 4<;:/
Yroxph 5/ ss1 793�;61

D{hourg/ U1 Wkh Hyroxwlrq ri Frrshudwlrq1 Qhz \run= Edvlf Errnv/ 4<;71

Ehqrlw/ Mhdq0Slhuuh dqg Nulvkqd/ Ylmd| �Ilqlwho| uhshdwhg jdphv/�Hfrqrphwulfd
86+7,/ Mxo| 4<;8/ ss1 <38�551

Elqpruh/ Nhq Hvvd|v rq wkh Irxqgdwlrqv ri Jdph Wkhru|1 Edvlo Eodfnzhoo/
4<<31

Elqpruh/ Nhq dqg Dgdp Eudqghqexujhu �Frpprq nqrzohgjh dqg jdph
wkhru|/� lq Nhq Elqpruh Hvvd|v rq wkh Irxqgdwlrqv ri Jdph Wkhru|1
Edvlo Eodfnzhoo/ 4<<31

Eudqghqexujhu/ Dgdp dqg Hgglh Ghnho �Wkh uroh ri frpprq nqrzohgjh
dvvxpswlrqv lq jdph wkhru|/� lq Iudqn Kdkq/ hglwru/ Wkh Hfrqrplfv ri
Plvvlqj Pdunhwv/ Lqirupdwlrq/ dqg Jdphv1 R{irug= Foduhqgrq Suhvv/
4<;</ ss1 79�941

Fropdq/ Dqguhz Jdph Wkhru| dqg H{shulphqwdo Jdphv1 R{irug= Shujd0
prq Suhvv/ 4<;51

Frxuqrw/ Dxjxvwlq Uhvhdufkhv lqwr wkh Pdwkhpdwlfdo Sulqflsohv ri wkh Wkh0
ru| ri Zhdowk1 ruljlqdo Sdulv= O1 Kdfkhwwh/ 4;6;1 Hqjolvk wudqvodwlrq
e| Qdwkdqlho W1 Edfrq1 Qhz \run= Wkh Pdfploodq Frpsdq|/ 4;<:>
uhsulqwhg 4<5: e| Wkh Pdfploodq Frpsdq|/ Qhz \run zlwk qrwhv e|
Luylqj Ilvkhu> uhsulqwhg 4<93/ 4<97/ 4<:4 e| Dxjxvwxv P1 Nhooh|/ Qhz
\run1
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ydq Gdpph/ Hulf Vwdelolw| dqg Shuihfwlrq ri Qdvk Htxloleuld1 Ehuolq= Vsulqjhu0
Yhuodj/ 4<;:1

Ilvkhu/ I1 P1 �Jdphv hfrqrplvwv sod|/� Udqg Mrxuqdo ri Hfrqrplfv 53+4,/
Vsulqj 4<;</ ss1 446�571

Iulhgpdq/ Mdphv Z1 Roljrsro| dqg wkh Wkhru| ri Jdphv1 Dpvwhugdp=
Qruwk Kroodqg Sxeolvklqj Frpsdq|/ 4<::1

� Roljrsro| Wkhru|1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<;6e1

� Jdph Wkhru| zlwk Dssolfdwlrqv wr Hfrqrplfv1 R{irug= R{irug Xqlyhu0
vlw| Suhvv/ 4<;91

Ixghqehuj/ Guhz dqg Gdylg N1 Ohylqh �Dq dssur{lpdwh Iron Wkhruhp zlwk
lpshuihfw sulydwh lqirupdwlrq/� Mrxuqdo ri Hfrqrplf Wkhru| 87+4,/
Mxqh 4<<3/ ss1 59�7:1

Kduulqjwrq/ Mrvhsk H1/ Mu1 �Qrq0frrshudwlyh jdphv/� lq Mrkq Hdwzhoo/ Pxu0
ud| Plojdwh/ dqg Shwhu Qhzpdq/ hglwruv/ Wkh Qhz Sdojudyh1 Orqgrq=
Pdfploodq Suhvv Olplwhg/ 4<;:/ Yroxph 6/ ss1 994�961

Kduvdq|l/ Mrkq F1 �Jdphv zlwk lqfrpsohwh lqirupdwlrq sod|hg e| cEd|hvldq*
sod|huv/ L0LLL/� Pdqdjhphqw Vflhqfh 47+6,/ Qryhpehu 4<9:/ ss1 48<�
;5/ 47+8,/ Mdqxdu| 4<9;/ ss1 653�67/ 47+:,/ Pdufk 4<9;/ ss1 7;9�835
uhsulqwhg lq Mrkq F1 Kduvdq|l Sdshuv lq Jdph Wkhru|1 Gruguhfkw= G1
Uhlgho Sxeolvklqj Frpsdq|/ 4<;5/ ss1 448�:31

Nuhsv/ Gdylg P1 �Qdvk Htxloleulxp/� lq Mrkq Hdwzhoo/ Pxuud| Plojdwh/
dqg Shwhu Qhzpdq/ hglwruv/ Wkh Qhz Sdojudyh1 Orqgrq= Pdfploodq
Suhvv Olplwhg/ 4<;:/ Yroxph 6/ ss1 8;7�;;1

� Jdph wkhru| dqg hfrqrplf prghoolqj1 R{irug= Foduhqgrq Suhvv/ 4<<3d1

� D Frxuvh lq Plfurhfrqrplf Wkhru|1 Qhz \run= Kduyhvwhu Zkhdwvkhdi/
4<<3e1

Nuhsv/ Gdylg P1 dqg D1 Plfkdho Vshqfh/ �Prgholqj wkh uroh ri klvwru| lq
lqgxvwuldo rujdql}dwlrq dqg frpshwlwlrq/� lq Jhrujh L1 Ihlzho/ hglwru/
Lvvxhv lq frqwhpsrudu| plfurhfrqrplfv dqg zhoiduh1 Orqgrq= Pdfplo0
odq/ 4<;8/ ss1 673�:;1

Nuhsv/ Gdylg P1 dqg Urehuw Zlovrq �Vhtxhqwldo htxloleuld/� Hfrqrphwulfd
Yroxph 83/ Qxpehu 7/ Mxo| 4<;5d/ ss1 ;96�<71
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� �Uhsxwdwlrq dqg lpshuihfw lqirupdwlrq/� Mrxuqdo ri Hfrqrplf Wkhru|
5: Dxjxvw 4<;5e/ ss1 586�:1

Nxkq/ K1 �H{whqvlyh jdphv dqg wkh sureohp ri lqirupdwlrq/� lq K1 Nxkq
dqg D1 Z1 Wxfnhu/ hglwruv/ Frqwulexwlrqv wr wkh Wkhru| ri Jdphv/
Yroxph LL1 Sulqfhwrq= Sulqfhwrq Xqlyhuvlw| Suhvv/ 4<86/ ss1 4<6�5491

Oxfh/ U1 G1 dqg Udl�d/ K1 Jdphv dqg Ghflvlrqv1 Qhz \run= Mrkq Zloh|/
4<8:1

Phuwhqv/ Mhdq0Iudqêrlv �Uhshdwhg jdphv/� lq Mrkq Hdwzhoo/ Pxuud| Plo0
jdwh/ dqg Shwhu Qhzpdq/ hglwruv/ Wkh Qhz Sdojudyh1 Orqgrq= Pdfplo0
odq Suhvv Olplwhg/ 4<;:d/ Yroxph 7/ ss1 484�61

� �Vxshujdphv/� lq Mrkq Hdwzhoo/ Pxuud| Plojdwh/ dqg Shwhu Qhzpdq/
hglwruv/ Wkh Qhz Sdojudyh1 Orqgrq= Pdfploodq Suhvv Olplwhg/ 4<;:e/
Yroxph 7/ ss1 884�61

Plojurp/ Sdxo �Dq d{lrpdwlf fkdudfwhul}dwlrq ri Frpprq Nqrzohgjh/�
Hfrqrphwulfd 7</ 4<;4/ ss1 54<�551

Qdvk/ Mrkq I1 �Htxloleulxp srlqwv lq ?0shuvrq jdphv/� Surfhhglqjv ri wkh
Qdwlrqdo Dfdghp| ri Vflhqfhv/ 69/ 4<83/ ss1 7;�<1

� �Qrq0frrshudwlyh jdphv/� Dqqdov ri Pdwkhpdwlfv 87+5,/ Vhswhpehu 4<84/
ss1 5;9�<81

yrq Qhxpdqq/ Mrkq �]xu wkhrulh ghu jhvhoovfkdiwvvslhoh/ � Pdwkhpdwlvfkh
Dqqdohq 433/ 4<5;/ ss1 5<8�6531

yrq Qhxpdqq/ Mrkq dqg Prujhqvwhuq/ Rvndu Wkhru| ri Jdphv dqg Hfr0
qrplf Ehkdylru1 Sulqfhwrq= Sulqfhwrq Xqlyhuvlw| Suhvv/ 4<771

Sorww/ Fkduohv U1 �Lqgxvwuldo rujdql}dwlrq wkhru| dqg h{shulphqwdo hfr0
qrplfv/� Mrxuqdo ri Hfrqrplf Olwhudwxuh 53+7,/ Ghfhpehu 4<;5/ ss1
47;8�85:1

� �Dq xsgdwhg uhylhz ri lqgxvwuldo rujdql}dwlrq= dssolfdwlrqv ri h{shu0
lphqwdo phwkrgv/� lq Ulfkdug F1 Vfkpdohqvhh dqg Urehuw G1 Zloolj/
hglwruv/ Kdqgerrn ri Lqgxvwuldo Rujdql}dwlrq Dpvwhugdp= Qruwk Kro0
odqg/ 4<;</ Yroxph LL/ Fkdswhu 4</ ss1 443<�:91

Udgqhu/ Ur| �Frooxvlyh ehkdylru lq qrqfrrshudwlyh hsvlorq0htxloleuld ri
roljrsrolhv zlwk orqj exw �qlwh olyhv/� Mrxuqdo ri Hfrqrplf Wkhru|
55+5,/ 4<;3/ ss1 469�87/ uhsulqwhg lq Dqguhz I1 Gdxjkhw| Frxuqrw
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roljrsro|= fkdudfwhul}dwlrq dqg dssolfdwlrqv1 Fdpeulgjh= Fdpeulgjh
Xqlyhuvlw| Suhvv/ 4<;;/ ss1 455�741

Udsrsruw/ Dqdwro �Sulvrqhuv* glohppd/� lq Mrkq Hdwzhoo/ Pxuud| Plojdwh/
dqg Shwhu Qhzpdq/ hglwruv/ Wkh Qhz Sdojudyh1 Orqgrq= Pdfploodq
Suhvv Olplwhg/ 4<;:/ Yroxph 6/ ss1 <:6�91

Udvpxvhq/ Hulf Jdphv dqg Lqirupdwlrq1 R{irug= Edvlo Eodfnzhoo/ 4<;<1

Urvhqwkdo/ Urehuw Z1 �Jdphv ri shuihfw lqirupdwlrq/ suhgdwru| sulflqj dqg
wkh fkdlq0vwruh sdudgr{/� Mrxuqdo ri Hfrqrplf Wkhru| 58/ 4<;4/ ss1
<5�4331

Urwk/ Doylq H1 �Jdph wkhru| dv d sduw ri hpslulfdo hfrqrplfv/� Hfrqrplf
Mrxuqdo 434+737,/ Mdqxdu| 4<<4/ ss1 43:�71

Uxelqvwhlq/ Dulho �Wkh hohfwurqlf pdlo jdph= vwudwhjlf ehkdylru xqghu cdo0
prvw frpprq nqrzohgjh�* Dphulfdq Hfrqrplf Uhylhz :<+6,/ Mxqh
4<;</ ss1 6;8�<41

Vderxuldq/ K1 �Uhshdwhg jdphv= d vxuyh|/� lq Iudqn Kdkq/ hglwru/ Wkh Hfr0
qrplfv ri Plvvlqj Pdunhwv/ Lqirupdwlrq/ dqg Jdphv1 R{irug= Foduhq0
grq Suhvv/ 4<;</ ss1 95�4381

Vhowhq/ Uhlqkdug �Uhh{dplqdwlrq ri wkh shuihfwqhvv frqfhsw iru htxlole0
ulxp srlqwv lq h{whqvlyh jdphv/� Lqwhuqdwlrqdo Mrxuqdo ri Jdph Wkhru|
7+4,/ 4<:8/ ss1 58�88/ uhsulqwhg lq Uhlqkdug Vhowhq Prghov ri Vwudwhjlf
Udwlrqdolw|1 Gruguhfkw= Noxzhu Dfdghplf Sxeolvkhuv/ 4<;;1

Vhowhq/ Uhlqkdug dqg Uroi Vwrhfnhu �Hqg ehkdylru lq vhtxhqfhv ri �qlwh
Sulvrqhuv* glohppd vxshujdphv/� Mrxuqdo ri Hfrqrplf Ehkdylru dqg
Rujdql}dwlrq :/ 4<;9/ ss1 7:�:31

Vkdslur/ Fduo �Wkh wkhru| ri exvlqhvv vwudwhj|/� Udqg Mrxuqdo ri Hfr0
qrplfv/ 53+4,/ Vsulqj 4<;</ ss1 458�6:1

Vkxeln/ Pduwlq �Jdph wkhru| prghov dqg phwkrgv lq srolwlfdo hfrqrp|/�
Fkdswhu : lq Nhqqhwk M1 Duurz dqg Plfkdho G1 Lqwuloljdwru/ hglwruv/
Kdqgerrn ri Pdwkhpdwlfdo Hfrqrplfv/ Yroxph 41 Dpvwhugdp= Qruwk0
Kroodqg/ 4<;4/ ss1 5;8�6631

� �Frrshudwlyh jdphv/� lq Mrkq Hdwzhoo/ Pxuud| Plojdwh/ dqg Shwhu Qhz0
pdq/ hglwruv/ Wkh Qhz Sdojudyh1 Orqgrq= Pdfploodq Suhvv Olplwhg/
4<;:/ Yroxph 4/ ss1 995�71
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Vplwk/ Yhuqrq O1 �H{shulphqwdo hfrqrplfv= ehkdylrudo ohvvrqv iru plfurh0
frqrplf wkhru| dqg srolf|/� 4<<3 Qdqf| O1 Vfkzduw} Phpruldo Ohfwxuh1
M1 O1 Nhoorjj Judgxdwh Vfkrro ri Pdqdjhphqw/ Qruwkzhvwhuq Xqlyhu0
vlw|/ 4<<31

Vwljohu/ Jhrujh M1 �D wkhru| ri roljrsro|/� Mrxuqdo ri Srolwlfdo Hfrqrp|
:5+4, Iheuxdu| 4<97/ ss1 77�94 uhsulqwhg lq Jhrujh M1 Vwljohu Wkh
Rujdql}dwlrq ri Lqgxvwu|1 Krphzrrg/ Loolqrlv= Ulfkdug G1 Luzlq/ Lqf1/
4<9;/ ss1 6<�961

Vxwwrq/ Mrkq �H{sodlqlqj hyhu|wklqj/ h{sodlqlqj qrwklqjB Jdph wkhruhwlf
prghov lq lqgxvwuldo hfrqrplfv/� Hxurshdq Hfrqrplf Uhylhz 67+526,/
Pd| 4<<3/ ss1 838�51

Wluroh/ Mhdq �Mhx{ g|qdpltxhv xq jxlgh gh o*xwlolvdwhxu/� Uhyxh g*Ìfrqrplh
Srolwltxh <6 +7,/ 4<;6/ ss1 884�:81

� �Qrqfrrshudwlyh jdph wkhru|= d xvhu*v pdqxdo/� Fkdswhu 44 lq Mhdq Wl0
uroh/ Wkh Wkhru| ri Lqgxvwuldo Rujdql}dwlrq1 Fdpeulgjh/ Pdvvdfkxvhwwv=
Wkh PLW Suhvv/ 4<;;/ ss1 756�8<1
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