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Lq wkh frqwh{w ri remhfw rulhqwhg frglqj/
qhz ghpdqgv rq vhjphqwdwlrq kdyh ds0
shduhg/ olnh pxowlvfdoh vhjphqwdwlrq dqg
ylghr0remhfwv hglwlqj1 Wkh wdvn lv sduwlf0
xoduo| gl�fxow dv wkh w|sh ri lpdjh frq0
whqw lv qrw nqrzq d sulrul1

Zh suhvhqw rog dqg qhz pruskrorjl0
fdo dojrulwkpv iru vhjphqwdwlrq lq d xql0
�hg iudphzrun = �rrglqj d wrsrjudsklf
vxuidfh1 Wklv shuplwv wr lqwurgxfh wkh
fodvvlfdo vhjphqwdwlrq sdudgljp olnh wkh
zdwhuvkhg/ exw dovr qhz pxowlvfdoh vhj0
phqwdwlrq phwkrgv zlwk jrrg sv|fkryl0
vxdo surshuwlhv1
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Lpdjh vhjphqwdwlrq lq pdwkhpdwlfdo
pruskrorj| lv hvvhqwldoo| edvhg rq rqh
phwkrg= wkh zdwhuvkhg ri d judglhqw lp0
djh iurp d vhw ri pdunhuv1 E| pdunhu/ zh
phdq d elqdu| vhw lqfoxghg lq wkh remhfw
ri lqwhuhvw > lwv h{dfw orfdwlrq ru vkdsh
kdv qr lpsruwdqfh1 Wkh zdwhuvkhg frq0
vwuxfwlrq zloo jurz wkh pdunhuv xqwlo wkh
h{dfw frqwrxuv ri wkh remhfwv kdyh ehhq
irxqg1 Wkh vwudwhjlhv iru �qglqj jrrg
pdunhuv duh h{wuhpho| glyhuvh dqg sure0
ohp ghshqgdqw Lq doo fdvhv olvwhg lq ^4`
^;`/ wkh remhfwv wr eh vhjphqwhg ehorqjhg
wr d zhoo gh�qhg fodvv/ zlwk frqvwdqw ihd0
wxuhv dqg zhuh wr eh irxqg lq d nqrzq
hqylurqphqw1 Wklv pdgh wkh ghwhfwlrq ri
pdunhuv ihdvleoh/ li qrw dozd|v hdv|1

Lq wkh odvw |hduv wkhuh kdv ehhq d jurz0

lqj ghpdqg iru vhjphqwdwlrq lq wkh gr0
pdlq ri whohfrppxqlfdwlrqv dqg pruh
jhqhudoo| lq wkh pxowlphgld lqgxvwu|1
Wkh ghyhorsphqw ri jdphv/ whohzrun0
lqj/ whohvkrsslqj/ whohylvlrq rq ghpdqg/
ylghrfrqihuhqfhv hwf kdv pxowlsolhg vlwx0
dwlrqv zkhuh lpdjhv dqg vhtxhqfhv kdyh
qrw rqo| wr eh wudqvplwwhg exw dovr pd0
qlsxodwhg/ vhohfwhg/ dvvhpeohg lq qhz
zd|v1 Wklv wuhqg lv zhoo looxvwudwhg e|
wkh qhz LVR qrup PSHJ07/ zklfk do0
orzv wr frpsuhvv exw dovr wr pdqlsxodwh
wkh frqwhqw ri ylghr dqg dxglr vhtxhqfhv1
Wkh qrup doorzv wr uhsuhvhqw wkh vkdsh ri
wkh ylghr0remhfwv suhvhqw lq wkh vhtxhqfh
exw grhv r�hu qr phdqv iru vhjphqwlqj
ru wudfnlqj wkhp lq d vhtxhqfh1 Ixuwkhu0
pruh/ lq vrph fdvhv/ olnh lq jdphv/ wkh
vfhqhv pd| eh vhjphqwhg ehiruhkdqg/ exw
lq rwkhu vlwxdwlrqv/ wkh uhfhlyhu ri wkh lq0
irupdwlrq pd| zdqw wr vhohfw dqg wudfn
dq duelwudu| remhfw lq wkh vhtxhqfh/ uh0
txlulqj uhdo wlph vhjphqwdwlrq1 Wklv hyr0
oxwlrq lv prvw fkdoohqjlqj iru vhjphqwd0
wlrq whfkqltxhv = rqh kdv wr vhjphqw
frpsoh{ vhtxhqfhv ri frorxu lpdjhv lq
uhdo wlph/ eh dxwrpdwlf exw dovr deoh wr
ghdo zlwk xvhu lqwhudfwlrq

Remhfw rulhqwhg frglqj uhsuhvhqwv dq
hyhq juhdwhu fkdoohqjh iru vhjphqwdwlrq
whfkqltxhv1 Vxfk hqfrghuv vhjphqw wkh
vfhqh lqwr krprjhqhrxv }rqhv iru zklfk
frqwrxuv/ prwlrq dqg wh{wxuh kdyh wr eh
wudqvplwwhg1 Ghshqglqj xsrq wkh wdu0
jhwhg elwvwuhdp dqg wkh frpsoh{lw| ri wkh
vfhqh/ d yduldeoh qxpehu ri uhjlrqv pd|
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eh wudqvplwwhg ^7`1 Khqfh dq dxwrpdwlf
vhjphqwdwlrq zlwk d yduldeoh qxpehu ri
uhjlrqv lv uhtxluhg iru vhtxhqfhv iru zklfk
wkh frqwhqw ru hyhq frqwhqw w|sh lv qrw
nqrzq d sulrul1 Khqfh/ wkhuh lv qr srv0
vlelolw| wr ghylfh d vwudwhj| iru �qglqj
pdunhuv/ dqg dv d frqvhtxhqfh wkh wudgl0
wlrqdo pruskrorjlfdo vhjphqwdwlrq edvhg
rq zdwhuvkhg dqg pdunhuv idlov1

Wklv vlwxdwlrq kdv wuljjhuhg wkh ghyho0
rsphqw ri qhz whfkqltxhv ri pxowlvfdoh
vhjphqwdwlrq/ zkhuh qr pdunhuv duh uh0
txluhg1 Zkhq jrlqj iurp d �qhu wr d
frduvhu vfdoh ixvlrqv ri dgmdfhqw uhjlrqv
wdnh sodfh/ uhvxowlqj lq d frduvhu sduwl0
wlrq1 Lq wklv sdshu zh dqdo|vh erwk wud0
glwlrqdo dqg pxowlvfdoh vhjphqwdwlrq lq
wkh frpprq iudphzrun ri �rrglqj d wr0
srjudsklf vxuidfh1
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Zh frqvlghu khuh lpdjhv lq d gljlwdo
iudphzrun1 Lpdjhv duh uhsuhvhqwhg rq
uhjxodu judskv zkhuh wkh qrghv uhsuhvhqw
wkh sl{hov1 Wkh hgjhv ri wkh judsk gh0
�qh wkh qhljkerulqj uhodwlrqv = dq hgjh
frqqhfwv hdfk sdlu ri qhljkerulqj sl{hov1
Zlwk wkh khos ri wkhvh qhljkerulqj uhod0
wlrqv/ zh pd| gh�qh �dw }rqhv ru sodwhdxv
ri ixqfwlrqv

Gh�qlwlrq 4 Wzr sl{hov {> | ehorqj wr
wkh vdph �dw0}rqh ri d ixqfwlrq i li
dqg rqo| li wkhuh h{lvwv d q0wxsoh ri sl{0
hov +s4> s5> ===> sq, vxfk wkdw s4 @ { dqg
sq @ |/ dqg iru doo l/ +sl> sl.4, duh qhljk0
eruv dqg kdyh wkh vdph juh|0wrqh= isl @
isl.41

Hdfk qhljkerulqj sl{ho ri d �dw0}rqh
kdv dq dowlwxgh zklfk lv hlwkhu kljkhu ru
orzhu wkdq wkh dowlwxgh ri wkh �dw0}rqh1
Ruglqdu| sodwhdxv kdyh orzhu dqg kljkhu
qhljkeruv1

Gh�qlwlrq 5 D uhjlrqdo plqlpxp
+uhvs1 pd{lpxp, lv d �dw0}rqh zlwkrxw
orzhu +uhvs1 kljkhu, qhljkeruv
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Ohw xv qrz frqvlghu d gurs ri zdwhu
idoolqj rq d wrsrjudsklf vxuidfh i iru
zklfk wkh uhjlrqdo plqlpd duh wkh rqo|
sodwhdxv1 Li lw idoov rxwvlgh d sodwhdx/ lw
zloo jolgh dorqj d sdwk ri vwhhshvw ghvfhqw1
Li wkh dowlwxgh ri d sl{ho { lv i{/ wkh dowl0
wxgh ri lwv orzhvw qhljkeru gh�qhv wkh hur0
vlrq %i{ ri vl}h 4 dw sl{ho {= Khqfh wkh do0
wlwxgh ri wkh vwhhshvw ghvfhqglqj vorsh dw
sl{ho { lv vorsh+{, @ i{ � %i{1 Li { dqg |

duh wzr qhljkerulqj sl{hov/ zh zloo gh�qh
wkh wrsrjudsklf yduldwlrq wrsydu+{> |, eh0
wzhhq { dqg | dv vorsh+s, li i{ 9@ i| dqg

dv vorsh+{,.vorsh+|,
5 li i{ @ i|=

Li � lv d sdwk +{ @ s4> s5> ===> | @ sq, eh0
wzhhq wzr sl{hov { dqg |/ zh gh�qh wkh wr0
srjudsklfdo yduldwlrq dorqj wkh sdwk � dv
wkh vxp

S
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wrsydu+sl> sl.4, ri wkh ho0

hphqwdu| wrsrjudsklfdo yduldwlrqv dorqj
wkh sdwk �1 Wkh wrsrjudsklfdo glvwdqfh
ehwzhhq wzr sl{hov { dqg | lv gh�qhg
dv wkh plqlpdo wrsrjudsklfdo yduldwlrq
dorqj doo sdwkv ehwzhhq { dqg |1 E| frq0
vwuxfwlrq wkh wudmhfwru| ri d gurs ri zdwhu
idoolqj rq wkh vxuidfh lv d jhrghvlf olqh ri
wkh wrsrjudsklf glvwdqfh1 Li wzr sl{hov s

dqg t ehorqj wr vxfk d jhrghvlf olqh/ wkh
wrsrjudsklf glvwdqfh ehwzhhq wkhvh wzr
sl{hov lv htxdo wr wkh gl�huhqfh ri dowl0
wxghv ehwzhhq erwk sl{hov = m is � it m1
D sl{ho s ehorqjv wr wkh xsvwuhdp ri d
sl{ho t li dqg rqo| li wkh wrsrjudsklf
glvwdqfh ehwzhhq erwk sl{hov lv htxdo wr
m is � it m1 Wkh wrsrjudsklf glvwdqfh eh0
wzhhq doo rwkhu frxsohv ri sl{hov lv kljkhu
wkdq wkh gl�huhqfh ri dowlwxgh ehwzhhq
wkhvh sl{hov1
Ohw xv qrz wudqvirup wkh wrsrjudsklf

vxuidfh e| sxwwlqj doo uhjlrqdo plqlpd dw
dowlwxgh 31

Gh�qlwlrq 6 Zh fdoo fdwfkphqw edvlq
FE+pl, ri d uhjlrqdo plqlpxp pl wkh

vhw ri sl{hov zklfk duh forvhu wr pl wkdq
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wr dq| rwkhu uhjlrqdo plqlpxp iru wkh wr0

srjudsklfdo glvwdqfh

D pruh jhqhudo ghvfulswlrq ri wkh wr0
srjudsklf glvwdqfh/ dovr ydolg iru lpdjhv
zlwk sodwhdxv pd| eh irxqg lq ^9`1 Zlwklq
hdfk fdwfkphqw edvlq/ wkh vhw ri sl{hov
forvhu wr wkh plqlpxp wkdq d jlyhq wr0
srjdsklf glvwdqfh k duh doo sl{hov ri wklv
edvlq zlwk dq dowlwxgh ehorz k= Wkhuh h{0
lvw h{wuhpho| h�flhqw vkruwhvw sdwk do0
jrulwkpv rq judskv zklfk pd| eh ds0
solhg rq wkh julg/ lq rughu wr frqvwuxfw
wkh fdwfkphqw edvlqv ri doo wkh plqlpd1
Wkh prvw xvhg xvhv wkh vkruwhvw sdwk
dojrulwkp ri Prruh ^<`1 Wkh dlp lv wr
frpsxwh wkh vkruwhvw sdwk irup wkh plq0
lpd wr doo rwkhu sl{hov1 Wkh sl{hov iru
zklfk wkh ohqjwk ri wkh vkruwhvw sdwk
lv nqrzq duh rughuhg dffruglqj wr wklv
ohqjwk1 Wkh qrgh zlwk wkh orzhvw ydoxh
lv h{sdqghg dqg wkh vkruwhvw sdwkv ri
lwv qhljkeruv frpsxwhg1 Lwv lpsohphq0
wdwlrq lv sduwlfxoduo| h�flhqw xvlqj klhu0
dufklfdo txhxhv ^8`/ zlwk wkh dgglwlrqdo
dgydqwdjh wr �rrg fruuhfwo| wkh sodwhdxv=
wkh �rrg surjuhvvhv iurp ghvfhqglqj eru0
ghuv ri wkh sodwhdxv lqzdugv zlwk xql0
irup vshhg1 Lqlwldoo| wkh plqlpd duh od0
ehohg dqg wkh klhudufklfdo txhxhv shuplw
wr shuihfwo| plplf wkh �rrglqj ri wkh wr0
srjudsklf vxuidfh zlwk d �rrg ri xqlirup
dowlwxgh > gxulqj wkh �rrglqj wkh odeho ri
hdfk plqlpxp lv sursdjdwhg wr wkh fru0
uhvsrqglqj fdwfkphqw edvlq1

Lq sudfwlfh/ zh xvh d eldvhg dojrulwkp
lq rughu wr fuhdwh d sduwlwlrq/ wkh sl{hov
zklfk duh dw dq htxdo glvwdqfh ri wzr plq0
lpd duh dvvljqhg duelwudulo| wr rqh ri wkh
dgmdfhqw fdwfkphqw edvlqv1 Dv d uhvxow
ri wklv fkrlfh/ wkh xqlrq ri wkh fdwfkphqw
edvlqv irupv d sduwlwlrq1 Wklv sduwlwlrq lv
wkh �qhvw sduwlwlrq iurp zklfk doo rwkhu
vhjphqwdwlrqv zloo eh ghulyhg1 Lq wkh ix0
wxuh/ wkh vpdoohvw hqwlwlhv zh duh ghdolqj
zlwk duh wkh fdwfkphqw edvlqv dqg qrw wkh
sl{hov1 Wklv surfhvv lv looxvwudwhg e| wkh
iroorzlqj �jxuhv1 Rq wkh wrs urz zh vhh
wkh ruljlqdo lpdjh > dsso|lqj d pruskr0
orjlfdo �owhu fdoohg ohyholqj ^:` surgxfhv
d vlpsol�hg yhuvlrq/ zkhuh wkh �dw }rqhv

kdyh ehhq hqodujhg1 Wkh prgxoxv ri wkh
judglhqw lpdjh lv wkhq frpsxwhg iru wkh
�owhuhg lpdjh dqg vhuyhv dv wrsrjudsklf
vxuidfh1 Wkh fdwfkphqw edvlq ri wkh jud0
glhqw lpdjh vhuyh dv �qhvw vhjphqwdwlrq
iurp hdfk frduvhu vhjphqwdwlrqv zloo eh
ghulyhg1

Lqlwldo �owhuhg

Judglhqw zdwhuvkhg
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Wkh qhljkerukrrg uhodwlrqv ehwzhhq
fdwfkphqw edvlqv duh ehvw vxppdul}hg e|
wkh qhljkerukrrg judsk=

� wkh qrghv ri wkh judsk uhsuhvhqw wkh
fdwfkphqw edvlqv ri wkh wrsrjudsklf
vxuidfh

� dq hgjh olqnv wzr qrghv ri wkh
judsk li wkh fruuhvsrqglqj fdwfk0
phqw edvlqv duh qhljkeruv

Ilj14d uhsuhvhqwv d wrsrjudsklf vxu0
idfh zklfk lv fxuuhqwo| �rrghg1 Dorqj
wkh olqhv zkhuh wzr �rrglqj iurqwv zrxog
phujh/ d gdp lv huhfwhg/ pdwhuldolvlqj wkh
zdwhuvkhg olqh1 Lq �j14e zh vhh rq rqh
kdqg wkh fdwfkphqw edvlqv zlwk wkhlu od0
ehov dqg olplwv/ dqg rq wkh rwkhu kdqg
d judsk vwuxfwxuh vxppdul}lqj wkhlu uh0
odwlrqvklsv = wkh juh| urxqg grwv uhs0
uhvhqw wkh plqlpd > wkh| duh olqnhg e|
wklq olqhv/ uhsuhvhqwlqj wkh hgjhv ri wkh
qhljkerukrrg judsk1 Wkh zhljkw ri wkh
hgjh phdvxuhv wkh gl�fxow| ri furvvlqj
wkh erughu1 Dv vlpsohvw zhljkw/ rqh pd|
wdnh wkh dowlwxgh ri wkh orzhvw sdvv srlqw
ehwzhhq wzr dgmdfhqw fdwfkphqw edvlqv1
Wklv zhljkw glvwulexwlrq shuplwv wr uhs0
uhvhqw wkh sursdjdwlrq ri wkh �rrglqj ri

6



wkh wrsrjudsklf vxuidfh iurp dq| vhw ri
vrxufhv1
Rwkhu zhljkw glvwulexwlrqv duh srvvl0

eoh1 Dv dq h{dpsoh rqh pd| fkrvh wkh
phdq dowlwxgh dorqj wkh zdwhuvkhg olqh
rq wkh frpprq erxqgdu| ehwzhhq dgmd0
fhqw fdwfkphqw edvlqv1 Lq fdvh ri frorxu
lpdjhv/ wkh prgxoxv ri d frorxu judglhqw
fdq eh fkrvhq1
Pruh jhqhudoo|/ wkh zhljkwv h{suhvv d

glvvlplodulw| ehwzhhq dgmdfhqw wlohv ri d
prvdlf1 Wklv glvvlplodulw| lv h{suhvvhg
e| d v|pphwulf elqdu| uhodwlrq1 Wklv iru0
pxodwlrq shuplwv jhqhudolvdwlrqv iru lq0
vwdqfh wr frorxu ru prylqj lpdjhv1

Iljxuh 4= d, Frqvwuxfwlrq ri wkh zd0
whuvkhg olqh ri d wrsrjudsklf vxuidfh e|
�rrglqj1
e, Fuhdwlrq ri wkh dvvrfldwhg qhljkeru0
krrg judsk1
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Wkh zdwhuvkhg frqvwuxfwlrq kdv fuhdwhg
d �qh sduwlwlrq rq wkh wrsrjudsklf vxu0
idfh/ zkhuh hdfk wloh lv d fdwfkphqw edvlq1
Iorrglqj ri wkh wrsrjudsklf vxuidfh dovr
surgxfhv wkh prvw qdwxudo klhudufklfdo
vhjphqwdwlrq1 Ohw xv jurz d �rrg zlwk
xqlirup dowlwxgh ryhu wkh frpsohwh wrsr0
judsklf vxuidfh +lw pd| eh vhhq dv eru0
lqj d kroh lq hdfk uhjlrqdo plqlpxp dqg
soxqjlqj wkh wrsrjudsklf vxuidfh lq zdwhu
> wklv hqvxuhv d �rrg zlwk xqlirup dowl0
wxgh,1 Dv wkh ohyho ri wkh �rrg lqfuhdvhv/
qhz odnhv dsshdu lq wkh plqlpd dqg h{0
lvwlqj odnhv phujh/ xqwlo wkh zkroh vxuidfh
lv �rrghg1 Wkh hyroxwlrq ri wkh odnhv/ ds0

sdulwlrqv dqg ixvlrqv pd| eh vxppdul}hg
lq d wuhh vwuxfwxuh1 Wkh plqlpd/ zkhuh
hdfk odnh dsshduv iru wkh �uvw wlph duh wkh
whuplqdo qrghv ri wkh wuhh1 Hyhu| wlph
wzr suhylrxvo| glvfrqqhfwhg odnhv phujh/
d qhz qrgh lv fuhdwhg/ uhsuhvhqwlqj wkh
qhz odnh dqg olqnhg e| wzr hgjhv wr wkh
wzr phujlqj odnhv1 Wklv lv looxvwudwhg e|
�j15

Iljxuh 5= Frqvwuxfwlrq ri wkh �rrglqj
ghqgurjudp1 Wrs= wkuhh odnhv h{lvw1 Fhq0
whu= wzr odnhv phujh/ fuhdwlqj d qhz
qrgh1 Erwwrp = frpsohwh ghqgurjudp1

Wkh dvvrfldwhg pxowlvfdoh vhjphqwd0
wlrq lv hdv| wr rewdlq = iru hdfk ohyho
ri �rrg/ doo fdwfkphqw edvlqv wrxfkhg e|
d frpprq odnh duh phujhg1 Dv wkh ohyho
ri wkh �rrg lqfuhdvhv/ qhz odnhv phujh1
Wklv lpsolhv wkdw iurp d �qhu vhjphq0
wdwlrq wr d frduvhu/ rqo| ixvlrqv ri uh0
jlrqv rffxu1 Vlqfh wkhvh ixvlrqv duh looxv0
wudwhg e| d ghqgurjudp/ wkh dvvrfldwhg
vhulhv ri sduwlwlrqv lv fdoohg vhjphqwlrq
wuhh1 Wkh qh{w vhfwlrq vkrzv wkdw doo lq0
irupdwlrq derxw wkh vhjphqwdwlrq wuhh lv
frqwdlqhg lq wkh plqlpxp vsdqqlqj wuhh
ri wkh qhljkerukrrg judsk1
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Wkh plqlpxp ohyho ri �rrg iru zklfk wzr
fdwfkphqw edvlqv duh wrxfkhg iru wkh �uvw
wlph e| d frpprq odnh frqvwlwxwhv lq idfw
dq xowudphwulf glvwdqfh1 Dq xowudphwulf
glvwdqfh lv gh�qhg e| wkh iroorzlqj d{0
lrpv =

- uh�h{lylw| = g+{> {, @ 3
- v|pphwu|= g+{> |, @ g+|> {,

- xowudphwulf lqhtxdolw| = iru doo {> |> }=
g+{> |, � pd{ig+{> },> g+}> |,j
Wkh �uvw wzr d{lrpv duh reylrxvo| yhu0

l�hg1 Wkh odvw rqh pd| eh lqwhusuhwhg
dv iroorzv > wkh plqlpxp dowlwxgh ri wkh
odnh frqwdlqlqj erwk fdwfkphqw edvlqv
{ dqg | lv orzhu wkdq ru htxdo wr wkh
dowlwxgh ri wkh orzhvw odnh frqwdlqlqj
doo wkuhh fdwfkphqw edvlqv { dqg | dqg
}= Wkh ohyho ri wklv odvw odnh lv suhflvho|
pd{ig+{> },> g+}> |,j=

Dv wkh zhljkwv ri wkh hgjhv lq wkh
qhljkerukrrg judsk uhsuhvhqw wkh dowl0
wxgh ri wkh sdwksrlqw ehwzhhq dgmdfhqw
fdwfkphqw edvlqv/ wkh lqwhufrqqhfwlrq ri
odnhv dv wkh ohyho ri wkh �rrg lqfuhdvhv
lv shuihfwo| uhsuhvhqwhg rq wkh qhljkeru0
krrg judsk1 Ehwzhhq wzr qrghv { dqg
| wkhuh duh pdq| sdwkv rq wkh judsk >
hdfk ri wkhp kdv d kljkhvw hgjh/ fdoohg
vxs0vhfwlrq ri wkh sdwk1 Frqvlghu qrz
wkh ohyho k ri wkh orzhvw odnh frqwdlqlqj {
dqg | > lw frqwdlqv hqwluho| doo sdwkv eh0
wzhhq { dqg | iru zklfk wkh kljkhvw hgjh
kdv d ydoxdwlrq k= Wkhvh sdwkv duh wkh
sdwkv ri orzhvw vxs0vhfwlrq1 Li doo hgjhv
ri wkh qhljkerukrrg judsk kdyh gl�hu0
hqw zhljkwv/ wkhq wkhvh sdwkv uhgxfh wr
rqo| rqh1 Wkh xqlrq ri doo sdwkv ri orzhvw
vxs0vhfwlrq ehwzhhq dq| frxsoh ri qrghv
frqvwlwxwhv wkh plqlpxp vsdqqlqj wuhh ri
wkh qhljkerukrrg judsk1
Wkh glvwdqfh ehwzhhq wzr qrghv lv

frpsxwhg dv iroorzv = wkhuh h{lvw ehwzhhq
wkh wzr qrghv d xqltxh sdwk rq wkh PVW1
Wkh kljkhvw zhljkw hqfrxqwhuhg rq wklv
sdwk lv e| gh�qlwlrq wkh �rrglqj glvwdqfh
ehwzhhq erwk qrghv1
Wkh forvhg edoov ri wkh xowudphwulf glv0

wdqfh suhflvho| fruuhvsrqg wr wkh vhj0
phqwdwlrq wuhh lqgxfhg e| wkh plqlpxp
vsdqqlqj wuhh1 Wkh edoov ri udglxv 3 duh
wkh lqglylgxdo qrghv/ fruuhvsrqglqj wr
wkh fdwfkphqw edvlqv1 Hdfk edoo ri ud0
glxv q lv wkh xqlrq ri doo qrghv ehorqjlqj
wr rqh ri wkh vxewuhhv ri wkh PVW re0
wdlqhg e| fxwwlqj doo hgjhv zlwk d ydoxd0
wlrq kljkhu wkdq q1 D forvhg edoo ri udglxv
U dqg fhqwuh F lv wkh vhw ri qrghv zklfk
ehorqj wr wkh vdph vxewuhh ri wkh PVW/
rewdlqhg e| fxwwlqj wkh hgjhv dw dowlwxgh
kljkhu wkdq ru htxdo wr U dqg frqwdlqlqj
F1 Reylrxvo| uhsodflqj wkh fhqwuh F e|
dq| rwkhu qrgh ri wkh vxewuhh |lhogv wkh
vdph vxewuhh1

Wkh udglxv ri d edoo lv htxdo wr lwv gl0
dphwhu/ l1h1 wr wkh odujhvw glvwdqfh eh0
wzhhq wzr hohphqwv lq wkh edoo/ zklfk lv
htxdo wr wkh dowlwxgh ri wkh kljkhvw hgjh lq
wkh fruuhvsrqglqj vxewuhh1 Iorrglqj dw d
orzhu dowlwxgh zrxog fxw wkh vxewuhh lqwr
vpdoohu vxewuhhv1 Jlyhq d sduwlwlrq Sn lq
n fodvvhv/ wkh gldphwhu ri wkh fodvv Fl lv
gh�qhg dv wkh pd{lpdo glvwdqfh ehwzhhq
wzr hohphqwv ri Fl 1 Lq rxu fdvh lw uhsuh0
vhqwv wkh khljkw deryh zklfk Fl zrxog eh
glvfrqqhfwhg lq wzr sduwv1 Rqh pd| wkhq
gh�qh wkh gldphwhu ri wkh sduwlwlrq Sn dv
wkh pd{lpdo gldphwhu rq lwv fodvvhv1 Wkh
sduwlwlrq lq n fodvvhv rewdlqhg e| fxwwlqj
wkh +n�4, kljkhvw hgjhv ri wkh plqlpxp
vsdqqlqj wuhh lv wkh sduwlwlrq lq n fodvvhv
iru zklfk wkh gldphwhu ri wkh sduwlwlrq lv
plqlpxp

Fxwwlqj wkh +n�4, kljkhvw hgjhv ri wkh
plqlpxp vsdqqlqj wuhh fuhdwhv d iruhvw
ri n wuhhv1 Wklv lv wkh iruhvw ri n wuhhv ri
plqlpdo zhljkw frqwdlqhg lq wkh qhljk0
erukrrg judsk1 Lq pdq| vlwxdwlrqv/ wkh
vhjphqwdwlrqv rewdlqhg olnh wkdw duh qrw
h{wuhpho| xvhixo1 D �uvw vroxwlrq iru re0
wdlqlqj xvhixo vhjphqwdwlrqv lv wr xvh vhj0
phqwdwlrq vhhgv fdoohg pdunhuv +vhh vhf0
wlrq 7,1 D vhfrqg vroxwlrq lv wr xvh rwkhu
xowudphwulf glvwdqfhv wkdq wkh �rrglqj
glvwdqfh +vhh vhfwlrq 6,

8
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Wkh PVW uhsuhvhqwv wkh vhw ri sdwkv
dorqj zklfk dq| w|sh ri �rrglqj sur0
juhvvhv= li d vrxufh lv sodfhg dw dq|
plqlpxp/ wkh �rrg zloo lqydgh surjuhv0
vlyho| wkh frpsohwh wrsrjudsklf vxuidfh/
dozd|v iroorzlqj wkh hgjhv ri wkh PVW1
Wkh hgjhv ri wkh plqlpxp vsdqqlqj wuhh
uhsuhvhqw wkh sdwk srlqwv rq zklfk wkh
�rrgv frplqj iurp gl�huhqw vrxufhv zloo
phhw iru wkh �uvw wlph1 Wkhvh srlqwv
dovr zloo sod| dq lpsruwdqw uroh/ li rqh
�rrgv wkh wrsrjudsklf vxuidfh dffruglqj
wr vrph rwkhu surjuhvvlrq uxohv1 Lq sdu0
wlfxodu/ zh zloo sodfh vrxufhv dw hdfk plq0
lpxp dqg �rrg wkh vxuidfh lq vxfk d
zd| wkd doo odnhv vkduh vrph fkdudfwhu0
lvwlfv= vdph ghswk +frqwudvw fulwhuld, /
vdph duhd +vl}h fulwhuld, ru vdph yroxph
+vl}h dqg frqwudvw fulwhuld,1 Wklv lv fdoohg
v|qfkurqrxv �rrglqj1 Dv wkh �rrglqj
surfhhgv/ wkh ohyho ri vrph odnhv fdqqrw
jurz dq| ixuwkhu/ dv wkh ohyho ri wkh orz0
hvw sdwk srlqw kdv ehhq uhdfkhg1 Lq wkh
�jxuh 6/ wkh �rrglqj lv v|qfkurql}hg e|
wkh ghswk ri wkh odnhv1 Zh kdyh uhsuh0
vhqwhg 7 vxffhvvlyh ohyhov ri wkh �rrg1 Lq
wkh �uvw lpdjh/ wkh uljkwprvw fdwfkphqw
edvlq frqwdlqv wzr odnhv/ wkh vpdoohvw ri
zklfk ehlqj devruehg e| wkh fdwfkphqw
edvlq ri wkh eljjhvw1 Wkh vxffhvvlyh lp0
djhv frqwdlq uhvshfwlyho| 7/ 6/ 5 dqg 4
fdwfkphqw edvlqv1

Iljxuh 6= Irxu ohyhov ri khljkw v|q0
fkurqrxv �rrglqj

Lw lv srvvleoh wr rujdqlvh doo nlqgv
ri v|qfkurqrxv �rrglqjv = iru lqvwdqfh/

wkh odnhv vkduh wkh vdph yroxph ru wkh
vdph duhd1 Wr hdfk w|sh ri v|qfkurqrxv
�rrglqj fruuhvsrqglqj gl�huhqw ixvlrqv
ri qhljkerulqj fdwfkphqw edvlqv1 Zh
uhpdun wkdw dq| vwdjh ri v|qfkurqrxv
�rrglqj uhsuhvhqwv d forvlqj ri wkh wrsr0
judsklf vxuidfh1 Iru wkh ghswk/ lw zloo eh
k0forvlqj ^6`/ iru wkh duhd/ duhd forvlqjv
^45` dqg iru wkh yroxph/ yroxplf forvlqjv
^44`1 P1Julpdxg ^5` zdv wkh �uvw wr vwxg|
wkh devruswlrq ri fdwfkphqw edvlqv iru
ghswk fulwhuld > F1Ydfklhu ^43` h{whqghg
klv zrun iru duhd dqg yroxph fulwhuld1
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Zkhq wkh zdwhu uhdfkhv wkh orzhvw sdwk
srlqw ri d fdwfkphqw edvlq/ lw vwrsv >
wkh uhvxowlqj odnh wkhq hqwluho| ehorqjv
wr wkh qhljkerulqj fdwfkphqw edvlq1 Dw
wklv yhu| prphqw/ wkh vl}h +ghswk/ duhd/
ru yroxph/ ghshqglqj xsrq wkh w|sh ri
�rrglqj, ri wkh vpdoohvw odnh +vd| D, pd|
eh dvfulehg wr wkh plqlpxp ri wkh glv0
dsshdulqj fdwfkphqw edvlqv dqg dovr wr
wkh sdwk srlqw/ l1h1 wkh hgjh ri wkh PVW/
zklfk lv wkh olqn wr wkh devruelqj fdwfk0
phqw edvlq +vd| E,1 Ixuwkhupruh/ d uhod0
wlrq pd| eh gh�qhg = odnh D lv devruehg
e| odnh E1 Diwhu frpsohwlrq ri wkh �rrg0
lqj/ hdfk plqlpxp dqg hdfk hgjh ri wkh
PVW zloo kdyh d zhljkw1 Wkhvh zhljkwv
shuplw wr gh�qh d qhz xowudphwulf glv0
wdqfh/ dvvrfldwhg wr wkh sduwlfxodu w|sh
ri �rrglqj zklfk kdv ehhq xvhg1 Khqfh
zh zloo kdyh d ghswk/ duhd dqg yroxph xo0
wudphwulf glvwdqfh1 Dv suhylrxvo|/ wkh glv0
wdqfh ehwzhhq wzr qrghv ri wkh PVW lv
gh�qhg dv wkh zhljkw ri wkh kljkhvw hgjh
dorq wkh xqltxh sdwk olqnlqj erwk qrghv1
Wkh yroxplf xowudphwulf glvwdqfh kdv

sduwlfxoduo| jrrg sv|fkrylvxdo surshuwlhv
= wkh uhvxowlqj vhjphqwdwlrq wuhhv r�hu d
jrrg edodqfh ehwzhhq vl}h dqg frqwudvw1
dv looxvwudwhg lq wkh iroorzlqj �jxuhv1 Wkh
wrsrjudsklfdo vxuidfh wr eh �rrghg lv d
frorxu judglhqw ri wkh lqlwldo lpdjh +pd{l0
pxp ri wkh pruskrorjlfdo judglhqwv frp0
sxwhg lq hdfk ri wkh U/ J dqg E frorxu
fkdqqhov,1 V|qfkurqrxv yroxplf �rrglqj

9



kdv ehhq xvhg/ dqg 6 ohyhov ri ixvlrqv kdyh
ehhq uhsuhvhqwhg/ fruuhvsrqglqj uhvshf0
wlyho| wr 48/ 68 dqg 93 uhjlrqv1

Lqlwldo 48 uhjlrqv

68 uhjlrqv 93 uhjlrqv
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V|qfkurqrxv �rrglqj lv qrw dv hdv| wr
surjudp dv xqlirup �rrglqj1 Iru wklv
uhdvrq/ zh dovr ghyhorshg d phwkrg iru
phdvxulqj ghswk/ duhd ru yroxph glv0
wdqfhv gxulqj xqlirup �rrglqj1 Gxulqj
xqlirup �rrglqj wkh hyhqwv ri lqwhuhvw duh
wkh phujlqj ri qhljkerulqj odnhv/ irup0
lqj vr fdoohg fulwlfdo odnhv1 Mxvw ehiruh
phujlqj/ d phdvxuhphqw +iroorzlqj wkh
fkrlfh pdgh ehiruhkdqg > ghswk/ duhd ru
yroxph, lv shuiruphg rq hdfk ri wkh odnhv
dqg wkh vpdoohvw phdvxuhphqw lv dvvljqhg
wr wkh fulwlfdo odnh zklfk lv iruphg1 Exw
dv wkhuh lv d rqh wr rqh fruuhvsrqgdqfh
ehwzhhq wkh fulwlfdo odnhv dqg wkh hgjhv
ri wkh PVW/ wkh phdvxuhphqw shuiruphg
rq wkh vpdoohvw odnh pd| eh dvvljqhg wr
wkh fruuhvsrqglqj hgjh ri wkh PVW +wkh
hgjh wkurxjk zklfk wkh mxqfwlrq ehwzhhq
erwk odnhv rffxu,1 Li odehov duh jlyhq wr
wkh plqlpd/ wkhvh odehov pd| eh surs0
djdwhg lq wkh ghqgurjudp zlwk wkh iro0
orzlqj uxohv = zkhq wzr odnhv phujh/ wkh
odujhvw jlyhv lwv odeho wr wkh qhz fulwlfdo
odnh1 Wkh phdvxuh pdgh rq wkh vpdoohvw
lv dvvljqhg wr doo vpdoohu odnhv zlwk wkh
vdph odeho1 Wkh uhvxowlqj odeho glvwulex0
wlrq rq wkh ghqgurjudp lv looxvwudwhg iru
ghswk phdvxuhphqwv lq �j171

Iljxuh 7= Odehoolvdwlrq ri wkh ghqgur0
judp edvhg rq wkh ghswk ri wkh odnhv1
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Vwduwlqj iurp d sduwlwlrq/ zh kdyh uhs0
uhvhqwhg lw dv d qhljkerukrrg judsk1 Lwv
plqlpxp vsdqqlqj wuhh frqvwlwxwhv d �uvw
zd| wr jhqhudwh d vhjphqwdwlrq wuhh/ e|
fxwwlqj doo hgjhv deryh vrph wkuhvkrogv
dqg phujlqj doo uhjlrqv ri wkh �qh sduwl0
wlrq fryhuhg e| d vxewuhh/ zh rewdlq wkh
vxffhvvlyh sduwlwlrqv ri wkh vhjphqwdwlrq
wuhh1 Dv wkh vhjphqwdwlrqv dvvrfldwhg wr
wkh �rrglqj xowudphwulf glvwdqfh idyrxu
wrr pxfk wkh frqwudvw ri wkh uhjlrqv dqg
r�hu d edg edodqfh ehwzhhq frqwudvw dqg
vl}h/ zh kdyh ghyhorshg qhz phdqv wr
dvvljq zhljkw glvwulexwlrqv wr wkh hgjhv
ri wkh PVW zklfk surgxfh vhjphqwdwlrq
wuhhv zlwk d ehwwhu sv|fkr0ylvxdo txdolw|1

Lq pdq| vlwxdwlrqv rqh kdv d vhhg iru
wkh remhfwv wr vhjphqw1 Lw pd| eh wkh
vhjphqwdwlrq surgxfhg lq wkh suhfhglqj
iudph zkhq rqh kdv wr wudfn dq remhfw lq
d vhtxhqfh1 Lw pd| dovr eh vrph pdun0
huv surgxfhg e| kdqg/ lq lqwhudfwlyh vhj0
phqwdwlrq vfhqdulrv1 Dv d uhvxow/ vrph
qrghv ri wkh plqlpxp vsdqqlqj wuhh pd|
eh lghqwl�hg dv pdunhuv1 Wkh uhvxowlqj
vhjphqwdwlrq dvvrfldwhg wr wkhvh pdun0
huv zloo wkhq vwloo eh d plqlpxp vsdq0
qlqj iruhvw/ exw frqvwudlqhg lq wkdw hdfk
wuhh lv urrwhg lq d pdunhu1 Wkh dojrulwkp
iru frqvwuxfwlqj wkh plqlpxp vsdqqlqj
iruhvw lv forvho| uhodwhg wr wkh fodvvlfdo
dojrulwkpv iru frqvwuxfwlqj wkh PVW lw0
vhoi +vhh uhiBB1 iru pruh ghwdlov,1 Hdfk
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pdunhu jhwv d gl�huhqw odeho dqg frqvwl0
wxwhv wkh lqlwldo sduw ri d wuhh1 Wkh hgjhv
duh udqnhg dqg surfhvvhg lq lqfuhdvlqj ru0
ghu1 Wkh vpdoohvw xqsurfhvvhg hgjh olqn0
lqj rqh ri wkh wuhh W wr dq rxwvlgh qrgh lv
frqvlghuhg > li wklv qrgh grhv qrw douhdg|
ehorqj wr dqrwkhu wuhh/ lw lv dvvljqhg wr
wkh wuhh W 1 Li lw ehorqjv wr dqrwkhu wuhh/
wkh hgjh lv glvfdughg dqg wkh qh{w hgjh
lv surfhvvhg1

Vhjphqwlqj zlwk pdunhuv frqvwlwxwhv
wkh fodvvlfdo pruskrorjlfdo phwkrg iru
vhjphqwdwlrq1 Krzhyhu/ lq wkh olwhudwxuh/
rqo| wkh �rrglqj xowudphwulf glvwdqfh kdv
ehhq xvhg ^;`1 Zlwk wkh pxowlvfdoh ds0
surdfk ghvfulehg lq wklv sdshu/ zh kdyh dw
rxu glvsrvlwlrq qhz xowudphwulf glvwdqfhv
zklfk ehwwhu uhsuhvhqw wkh uhodwlyh lpsru0
wdqfh ri wkh ydulrxv vwuxfwxuhv lq dq lp0
djh1 Wklv lv looxvwudwhg e| wkh iroorzlqj
�jxuhv/ zkhuh wkh vdph vhw ri pdunhuv kdv
ehhq xvhg dowhuqdwlyho| zlwk wkh �rrglqj
glvwdqfh dqg zlwk wkh yroxplf glvwdqfh1
Wkh vxshulrulw| ri wkh yroxplf glvwdqfh
fohduo| dsshduv khuh = lw fruuhfwo| ghwhfwv
wkh idfh/ zkhuhdv wkh �rrglqj glvwdqfh
iroorzv wkh erxqgdu| ri d vkdgrz dqg
fxwv wkh idfh lq wzr1

Lqlwldo pdunhuv

�rrglqj glvw1 yroxplf glvw1
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Ehvlghv wkh wudglwlrqdo vhjphqwdwlrq
whfkqltxh edvhg rq pdunhuv/ qhz lqwhu0
dfwlyh vhjphqwdwlrq whfkqltxhv pd| dovr
eh ghyhorshg1 D wrroer{ iru lqwhudfwlyh
hglwlqj lv fxuuhqwo| frqvwuxfwhg lq rxu ode
+I1 ]dqrjxhud, / edvhg rq wkh klhudufk|

ri vhjphqwdwlrqv1 D prxvh srvlwlrq lv gh0
�qhg e| lwv {0| frruglqdwhv dqg lwv ghswk
lq wkh vhjphqwdwlrq wuhh1 Li wkh prxvh lv
dfwlyh/ wkh zkroh wloh frqwdlqlqj wkh fxu0
vru lv dfwlydwhg1 Wkh iroorzlqj slfwxuhv
looxvwudwh wkh srvvlelolwlhv ri vxfk d gh0
ylfh1 Vwduwlqj iurp wkh vhjphqwdwlrq zlwk
43 uhjlrqv/ wkh shuvrq lq iruhjurxqg kdv
ehhq uhvhjphqwhg lq 9 uhjlrqv zkhuhdv
wkh edfnjurxqg kdv ehhq phujhg lq 7 uh0
jlrqv1 Ixvlrqv duh rewdlqhg e| xvlqj d
frduvhu ohyho ri wkh s|udplg/ uhvhjphqwd0
wlrqv e| xvlqj d �qhu ohyho

1

Lqlwldo lpdjh

43 uhjlrqv

43 uhjlrqv

Wkh vdph w|sh ri whfkqltxhv pd| eh
xvhg lq remhfw rulhqwhg frglqj1 Wkh re0
mhfwv ri lqwhuhvw pd| eh vhjphqwhg dqg
uhsuhvhqwhg zlwk d �qhu ghjuhh ri ghwdlo
wkdq wkh edfnjurxqg iru lqvwdqfh1

;
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Frqvlghulqj dq lpdjh wr vhjphqw dv d
wrsrjudsklf vxuidfh kdv qrw rqo| d kljk
shgdjrjlfdo lqwhuhvw/ lw dovr lv wkh vrxufh
ri qhz pxowlvfdoh vhjphqwdwlrq whfk0
qltxhv1 Wkh lpdjh ri �rrglqj kdv wud0
glwlrqdoo| vhuyhg wr suhvhqw wkh zdwhu0
vkhg wudqvirup V|qfkurqrxv �rrglqj ri0
ihuv qhz zd|v wr phujh qhljkerulqj uh0
jlrqv > dffruglqj wkh fulwhuld zklfk duh
fkrvhq/ rqh fdq irfxv wkh vhjphqwdwlrq
rq wkh frqwudvw/ rq wkh duhd1 Frqvlghu0
lqj wkh yroxph ri wkh odnhv gxulqj �rrg0
lqj vhhpv wr r�hu d sduwlfxoduo| jrrg edo0
dqfh ehwzhhq vl}h dqg frqwudvw ri wkh re0
mhfwv fkrvhq dw hdfk ohyho ri wkh vhjphq0
wdwlrq1 Wkh zdwhuvkhg wudqvirup pd| eh
xvhg rqfh dw wkh ehjlqqlqj ri wkh sur0
fhvv iru wkh frqvwuxfwlrq ri wkh �qhvw vhj0
phqwdwlrq1 Wkh uhvxowlqj wlohv duh uhs0
uhvhqwhg lq d zhljkwhg judsk vwuxfwxuh1
Pruhryhu/ wkh plqlpxp vsdqqlqj wuhh
frqyh|v doo xvhixo lqirupdwlrq iru wkh vxe0
vhtxhqw vwhsv1 Wkh zhljkwv dvvljqhg wr
wkh hgjhv frpsohwho| h{suhvv wkh xowud0
phwulf glvwdqfh zklfk jryhuqv doo vxevh0
txhqw vwhsv1 Wkh fodvvlfdo pruskrorjl0
fdo vhjphqwdwlrq zlwk pdunhuv lwvhoi jhwv
d qhz �dyrxu/ dv lw pd| eh xvhg zlwk
zhljkw glvwulexwlrqv rq wkh PVW/ zklfk
ohdg wr pruh phdqlqjixo vhjphqwdwlrqv1
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^4` V1 Ehxfkhu1 Vhjphqwdwlrq g*Lpdjhv

hw Pruskrorjlh Pdwk�hpdwltxh1 SkG
wkhvlv/ H1Q1V1 ghv Plqhv gh Sdulv/
4<<31

^5` P1 Julpdxg1 Od J�hrg�hvlh

Qxp�hultxh hq Pruskrorjlh

Pdwk�hpdwltxh1 Dssolfdwlrq d od

G�hwhfwlrq Dxwrpdwltxh gh Plfur0

fdofl�fdwlrqv hq Pdpprjudsklh

Qxp�hultxh1 SkG wkhvlv/ H1Q1V1 ghv
Plqhv gh Sdulv/ 4<<41

^6` P1 Julpdxg1 Qhz phdvxuh ri frq0
wudvw = g|qdplfv1 Lpdjh Dojheud dqg

Pruskrorjlfdo Surfhvvlqj LLL/ Vdq

Glhjr FD/ Surf1 VSLH/ 4<<51
^7` E1 Pdufrwhjxl/ I1 Pdutx�hv/ U1 Pru0

urv/ P1 Sdugdv/ dqg S1 Vdohp0

elhu1 Vhjphqwdwlrq ri ylghr vh0
txhqfhv dqg udwh frqwuro1 Dqqdohv

ghv W�ho�hfrppxqlfdwlrqv/ sdjhv 6;3~
6;</ 4<<91

^8` I1 Ph|hu1 Xq dojrulwkph rswlpdo
gh oljqh gh sduwdjh ghv hdx{1 Lq
Surfhhglqjv ;�hph Frqju�hv DIFHW/

O|rq0Yloohxuedqqh/ sdjhv ;7:~;8:/
4<<41

^9` I1 Ph|hu1 Wrsrjudsklf glvwdqfh dqg
zdwhuvkhg olqhv1 Vljqdo Surfhvvlqj/
sdjhv 446~458/ 4<<71

^:` I1 Ph|hu1 Wkh ohyholqjv1 Lq
K1 Khlmpdqv dqg M1 Urhuglqn/ hgl0
wruv/ Pdwkhpdwlfdo Pruskrorj| dqg

Lwv Dssolfdwlrqv wr Lpdjh Surfhvv0

lqj/ sdjhv 4<<~53:1 Noxzhu/ 4<<;1
^;` I1 Ph|hu dqg V1 Ehxfkhu1 Pru0

skrorjlfdo vhjphqwdwlrq1 4+4,=54~79/
Vhsw1 4<<31

^<` H1 Prruh1 Wkh vkruwhvw sdwk wkurxjk
d pd}h1 Lq Surf1 Lqw1 V|psrvlxp

rq Wkhru| ri Vzlwfklqj/ yroxph 63/
sdjhv 5;8~5<5/ 4<8:1

^43` F1 Ydfklhu1 H{wudfwlrq gh Fdu0

dfw�hulvwltxhv/ Vhjphqwdwlrq g*Lpdjh

hw Pruskrorjlh Pdwk�hpdwltxh1 SkG
wkhvlv/ H1Q1V1 ghv Plqhv gh Sdulv/
4<<81

^44` F1 Ydfklhu dqg I1 Ph|hu1 H{wlqf0
wlrq ydoxhv= D qhz phdvxuhphqw ri
shuvlvwhqfh1 Lq L1 Slwdv/ hglwru/ 4<<8
LHHH Zrunvkrs rq Qrqolqhud Vljqdo

dqg Lpdjh Surfhvvlqj/ sdjhv 587~
58:/ 4<<81

^45` O1 Ylqfhqw1 Jud|vfdoh duhd rshqlqjv
dqg forvlqjv/ wkhlu h�flhqw lpsoh0
phqwdwlrq1 Lq M1 Vhuud dqg S1 Vdohp0
elhu/ hglwruv/ Iluvw Zrunvkrs rq

Pdwkhpdwlfdo Pruskrorj| dqg lwv

Dssolfdwlrqv wr Vljqdo Surfhvvlqj/
sdjhv 55~5:/ Edufhorqd/ Vsdlq/ Pd|
4<<61

<


