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Dqqd Fkduq|

Vxeplwwhg wr wkh Ghsduwphqw ri Hohfwulfdo Hqjlqhhulqj dqg Frpsxwhu Vflhqfh
rq Mxqh 63/ 4<<</ lq sduwldo ixo�oophqw ri wkh

uhtxluhphqwv iru wkh ghjuhh ri
Grfwru ri Sklorvrsk|

Devwudfw

Wklv glvvhuwdwlrq lqyhvwljdwhv d qxpehu ri lvvxhv uhodwhg wr surylglqj Txdolw| ri Vhuylfh
jxdudqwhhv lq lqsxw0ex�huhg furvvedu vzlwfkhv zlwk vshhgxs1 Lw lv vkrzq wkdw vshhgxs
ri 7 lv vx!flhqw wr hqvxuh 433( dv|pswrwlf wkurxjksxw zlwk dq| pd{lpdo pdwfklqj
dojrulwkp hpsor|hg e| wkh duelwhu1 Lw lv dovr ghprqvwudwhg wkdw wkh furvvedu dufklwhfwxuh
lv fdsdeoh ri surylglqj ghod| jxdudqwhhv frpsdudeoh wr wkrvh nqrzq iru rxwsxw0ex�huhg
vzlwfk dufklwhfwxuh1 Vhyhudo dojrulwkpv zklfk hqvxuh gl�huhqw ghod| jxdudqwhhv zlwk
gl�huhqw ydoxhv ri vshhgxs duh suhvhqwhg dqg dqdo|}hg1

Wkhvlv Vxshuylvru= Gu1 Gdylg G1 Fodun
Wlwoh= Vhqlru Uhvhdufk Vflhqwlvw/ Oderudwru| iru Frpsxwhu Vflhqfh
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Dfnqrzohgjphqwv
L zrxog olnh wr wkdqn p| wkhvlv dgylvru/ Gdylg Fodun/ zkr kdv jlyhq ph d shuihfw

frpelqdwlrq ri jxlgdqfh/ vxssruw dqg lqghshqghqfh1 Klv whfkqlfdo frpphqwv kdyh dozd|v

ehhq ri juhdw ydoxh/ dqg klv shuvrqdo jxlgdqfh kdv ehhq dq lqvsludwlrq wr ph1 L wkdqn

klp iru doo wkh khos kh jdyh ph lq zulwlqj wklv wkhvlv1 Dvlgh iurp pdnlqj lw d pxfk pruh

xqghuvwdqgdeoh grfxphqw/ kh vxjjhvwhg wkh srvvlelolw| ri d jhqhudol}dwlrq ri Wkhruhp 53

lq Fkdswhu 8/ zklfk ohg wr d pruh jhqhudo uhvxow ri Wkhruhp 5<1

L dp judwhixo wr p| wkhvlv uhdghuv Urehuw Jdoodjhu dqg Edodml Sudekdndu iru wkhlu

jhqxlqh lqwhuhvw lq p| zrun1 Urehuw Jdoodjhu kdv khoshg ph vljql�fdqwo| lpsuryh wkh

txdolw| ri wkh suhvhqwdwlrq ri p| zrun1 Klv hqfrxudjhphqw kdv ehhq ri wuhphqgrxv

lpsruwdqfh wr ph1 L wkdqn Edodml Sudekdndu iru pdq| ydoxdeoh glvfxvvlrqv zh kdg

lq wkh frxuvh ri zrun rq wklv wkhvlv1 Klv zrun zlwk Qlfn PfNhrzq rq ILIR rxwsxw0

ex�huhg vzlwfk hpxodwlrq lq frpelqhg lqsxw0rxwsxw ex�huhg furvveduv kdv ehhq d vrxufh

ri lpsruwdqw lqvljkw rq wkh sureohpv frqvlghuhg lq wklv wkhvlv1 Pdq| ri wkh surriv lq wklv

glvvhuwdwlrq duh vlplodu lq vslulw wr wkh phwkrgrorj| xvhg lq wkhlu hduolhu zrun1

L wkdqn p| froohdjxhv S1 Nulvkqd/ Qdlplvk Sdwho dqg Ere Vlpfrh dw Gljlwdo Htxls0

phqw Frusrudwlrq iru wkh pdq| vwlpxodwlqj glvfxvvlrqv zh kdg zkloh zrunlqj wrjhwkhu

rq furvvedu duelwudwlrq lvvxhv lq wkh vxpphu ri 4<<:1

L dp judwhixo wr Gljlwdo Htxlsphqw Frusrudwlrq dqg Fdeohwurq V|vwhpv iru wkh jhq0

hurxv vxssruw ri p| judgxdwh vwxglhv1

L wkdqn Mrq Ehqqhww dqg Grqsdxo Vwhskhqv iru wkhlu lqvljkwixo frpphqwv rq wkh

hduolhu gudiwv ri wklv wkhvlv1

Dqg odvw exw qrw ohdvw/ L wkdqn p| idplo| iru wkhlu oryh/ xqghuvwdqglqj dqg xq|lhoglqj

vxssruw1
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Frqwhqwv

4 Lqwurgxfwlrq <

414 Prwlydwlrq dqg Edfnjurxqg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <

415 Suhylrxv Zrun Uhodwhg wr Wudglwlrqdo Furvvedu Vzlwfkhv1 1 1 1 1 1 1 1 1 1 45

41514 Surylglqj Edqgzlgwk Jxdudqwhhv lq wkh Furvvedu Dufklwhfwxuh1 1 45

41515 Uhvxowv Uhodwhg wr Surylglqj Ghod| Jxdudqwhhv lq Furvvedu Vzlwfkhv1 48

416 Rxwolqh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49

5 Vrph Ghod| Surshuwlhv ri Orrvho| Vkdshg Wud!f lq Lqsxw0Ex�huhg

Furvveduv zlwk Olplwhg Vshhgxs 4;

514 Suholplqdulhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;

515 Edqgzlgwk dqg Ghod| Jxdudqwhhv iru Duelwudu| Pd{lpdo Pdwfklqj Srolflhv1 53

516 Uhgxflqj wkh Vshhgxs wr V:5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:

6 Ghod| Jxdudqwhhv iru Shu0Iorz Vkdshg Wud!f 63

614 Wkh Qhfhvvlw| ri Iorz Lvrodwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63

615 Dfklhylqj Shu0fhoo Ghod| Erxqgv zlwk Iorz Lvrodwlrq1 1 1 1 1 1 1 1 1 1 1 1 64

61514 Wkh Edvlf Lghd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64

61515 Wkh Txhxhlqj Vwuxfwxuh dw wkh Lqsxw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 65

61516 Wkh Lqsxw Udwh0Frqwuroohg Vfkhgxohu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67

61517 Wkh Duelwhu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68

61518 Wkh Rxwsxw Fkdqqho Dufklwhfwxuh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:
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616 Frqvlghudwlrqv iru Fkrrvlqj Lqsxw Dqg Rxwsxw Vfkhgxohuv 1 1 1 1 1 1 1 1 6:

61614 D Erxqg rq wkh Lqsxw Vfkhgxolqj Ghod| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75

61615 D Erxqg rq Duelwudwlrq Ghod| +Wkh Fdvh ri Vshhgxs V:5,1 1 1 1 77

61616 DErxqg rq wkh Rxwsxw Ghod| +Wkh Fdvh ri d Fhoo0vzlwfklqj Qhwzrun, 79

61617 Erxqgv rq wkh Djjuhjdwh Ghod| dqg Rxwjrlqj Wud!f Exuvwlqhvv 1 7;

61618 Vzlwfklqj Ghod| lq d Sdfnhw Qhwzrun1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<

617 Ghod| Erxqgv iru Vpdoo Vshhgxs Ydoxhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 85

7 Fkrrvlqj Lqsxw dqg Rxwsxw Vfkhgxohuv 88

714 Zk| Xvh D Udwh0Frqwuroohu dw wkh LqsxwB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 88

715 Rshudwlrq ri UF0ZI2T1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8:

71514 Wkh Fhoo UF0ZI2T1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8:

71515 Wkh Lqsxw vfkhgxohu edvhg rq UF0ZI2T1 1 1 1 1 1 1 1 1 1 1 1 1 1 93

71516 Vzlwfklqj Ghod| Erxqgv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 96

8 Duelwudwlrq Ghod| Erxqgv Lqghshqghqw ri wkh Vzlwfk Vl}h1 98

814 D Olplwdwlrq ri Duelwudwlrq Edvhg rq Lqsxw Vfkhgxolqj Wlphv1 1 1 1 1 1 1 98

81414 Wkh Edvlf Dojrulwkp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 99

81415 D Ghod| Erxqg iru Vshhgxs 7 ' S1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9:

81416 D Ghod| Erxqg iru d Udqjh ri Vshhgxs Ydoxhv 0 d Jhqhudol}dwlrq1 :4

81417 Uhgxflqj wkh Frpsoh{lw| ri wkh Duelwhu1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :6

81418 Xvlqj Rwkhu Udwh0Frqwuroohuv dw wkh Duelwhu1 1 1 1 1 1 1 1 1 1 1 1 1 ;6

9 Surylglqj Iru Gl�huhqw Fodvvhv ri Vhuylfh ;;

914 Frh{lvwhqfh ri Jxdudqwhhg Iorzv zlwk Rwkhu Fodvvhv ri Vhuylfh 1 1 1 1 1 ;;

915 Surylglqj Idlu Vhuylfh iru �orzhu judgh� Iorzv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <5

: Vxppdu| dqg Glvfxvvlrq <:

:14 Vxppdu| ri wkh Frqwulexwlrqv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <:
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:15 Uhodwlrqvkls Wr wkh Odwhvw Uhvxowv lq Surylglqj Ghod| Jxdudqwhhv Lq

Furvvedu Dufklwhfwxuhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <;

:16 Duhdv iru Ixwxuh Uhvhdufk 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 434

:



Olvw ri Iljxuhv

504 H{dpsoh ri Xqghuxwlol}dwlrq Fdxvhg e| d Pd{lpdo Pdwfklqj Dojrulwkp1

Iorz 6 dfklhyhv rqo| 83( ri lwv edqgzlgwk1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54

604 Ex�hulqj dqg vfkhgxolqj vwuxfwxuh dw wkh lqsxw fkdqqho1 Wklv h{dpsoh

fruuhvsrqgv wr d vzlwfk zlwk 6 rxwsxw fkdqqhov1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 66

605 Rxsxw fkdqqho dufklwhfwxuh1 Uhdvvhpeo| txhxhv +lqglfdwhg e| d grwwhg

olqh erxqgdu|, duh qhhghg lq sdfnhw qhwzrunv exw vkrxog eh rplwwhg lq

fhoo0vzlwfklqj qhwzrunv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6;

606 Wkh Vzlwfk Dufklwhfwxuh Iru Wlph0Vwdps Edvhg Duelwudwlrq1 D �{� vzlwfk

zlwk d vlqjoh sruw shu rxwsxw fkdqqho lv vkrzq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6<

804 Vzlwfk dufklwhfwxuh zlwk d udwh0frqwuroohg duelwhu1 Wkh vtxduhv lq wkh

duelwhu ghqrwh wkh orjlfdo hqwulhv/ rqh shu lqsxw2rxwsxw sdlu1 Wkh| duh uh0

ihuuhg wr dv �yluwxdo txhxhv�/ vlqfh wkh| orjlfdoo| fruuhvsrqg wr wkh yluwxdo

txhxhv ri wkh wlphvwdps0edvhg dufklwhfwxuh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :8

904 Dufklwhfwxuh iru frpelqhg vfkhgxolqj ri �orzhu judgh� dqg jxdudqwhhg

 rzv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <7
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Fkdswhu 4

Lqwurgxfwlrq

414 Prwlydwlrq dqg Edfnjurxqg

Lq wkh odvw ghfdgh wkhuh kdv ehhq d ydvw dprxqw ri zrun rq surylglqj vhuylfh jxdudqwhhv

lq Lqwhjudwhg Vhuylfhv Qhwzrunv1 Wkh qhhg wr vxssruw d odujh ydulhw| ri dssolfdwlrqv

zlwk glyhuvh txdolw| ri vhuylfh +TrV, uhtxluhphqwv vxfk dv yrlfh/ ylghr0rq0ghpdqg/ uhdo0

wlph ylghr frqihuhqflqj hwf1/ dorqj zlwk wkh ghyhorsphqw ri �ehu0rswlfv whfkqrorj|/ kdyh

ixhohg wkh qhhg iru kljk0fdsdflw| kljk0vshhg vzlwfklqj whfkqrorjlhv zklfk duh fdsdeoh ri

surylglqj kljk0txdolw| TrV1 Lw kdv ehhq zlgho| dffhswhg wkdw vfkhgxolqj phfkdqlvpv vxfk

dv Zhljkwhg Idlu Txhxlqj duh qhhghg iru surylglqj kljk0txdolw| TrV1 D odujh qxpehu

ri vfkhgxolqj phfkdqlvpv zlwk ydulrxv ghjuhhv ri lpsohphqwdwlrq frpsoh{lw| dqg TrV

jxdudqwhhv vxfk dv ^5`/ ^7`/ ^<`/ ^43`/ ^53`/ ^58`/ ^5;`/ hwf1 kdyh uhfhqwo| ehhq ghyhorshg1 \hw/

wkh ydvw pdmrulw| ri wklv zrun kdv ehhq grqh lq wkh frqwh{w ri rxwsxw0ex�huhg vzlwfkhv1 Lq

rxwsxw ex�huhg vzlwfkhv d fhoo duulylqj dw dq lqsxw sruw lv lpphgldwho| iruzdughg wr lwv

rxwsxw/ zkhuh lw lv ex�huhg xqwlo lw fdq eh wudqvplwwhg ryhu wkh dssursuldwh rxwsxw olqn1

Wkh rughu ri wudqvplvvlrq ri fhoov zdlwlqj dw wkh rxwsxw lv frqwuroohg e| d vfkhgxohu1 Wkh

edqgzlgwk dqg ghod| jxdudqwhhv wkdw fdq eh surylghg ghshqg vroho| rq wkh surshuwlhv ri

wklv vfkhgxohu dqg wkh vkdsh ri wud!f dw wkh hqwu| wr wkh vzlwfk1 Lq sduwlfxodu/ pdq| ri

wkhZIT0olnh dojrulwkpv vxfk dv ^5`/ ^7`/ ^53`/ ^58` duh fdsdeoh ri hqvxulqj wkdw hdfk sdfnhw
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fdq eh jxdudqwhhg d erxqg rq wkh djjuhjdwh ghod| zklfk lv rqo| d ixqfwlrq ri wkh  rz*v

rzq qhjrwldwhg udwh dqg lwv rzq exuvwlqhvv dw wkh hqwu| wr wkh vzlwfk/ lqghshqghqwo| ri

wkh ehkdylru ru wkh qxpehu ri rwkhu  rzv1 Rwkhu dojrulwkpv vxfk dv ^<`/ ^43` dwwhpsw

wr wudgh0r� lpsohphqwdwlrq frpsoh{lw| iru ohvv vwulqjhqw jxdudqwhhv +h1j1 wkh ghod| pd|

ghshqg rq wkh qxpehu ri  rzv lq wkh vfkhgxohu,1

Zkloh wkh rxwsxw0ex�huhg dufklwhfwxuh dsshduv wr eh hvshfldoo| frqyhqlhqw iru surylg0

lqj TrV jxdudqwhhv/ lw kdv d vhulrxv olplwdwlrq= erwk wkh vzlwfk ideulf dqg wkh phpru|

dw wkh rxwsxw ri wkh vzlwfk pxvw eh fdsdeoh ri uxqqlqj dw ohdvw dw wkh djjuhjdwh vshhg ri

doo lqsxwv dfurvv wkh vzlwfk1 Jlyhq wkh fxuuhqw vwdwh ri whfkqrorj|/ dw pxowl0jljdelw dqg

whudelw vshhgv lw ehfrphv surklelwlyh wr exlog rxwsxw0ex�huhg vzlwfkhv1 Pruhryhu/ wkh

udwh dw zklfk whfkqrorjlfdoo| dydlodeoh phpru| vshhgv jurz dsshduv wr eh vxevwdqwldoo|

odjjlqj ehklqg wkh jurzwk udwh ri surfhvvru vshhgv1 Khqfh/ lw lv olnho| wkdw phpru| vshhg

olplwdwlrqv zloo uhpdlq d erwwohqhfn lq wkh iruhvhhdeoh ixwxuh dv zhoo1

Dv d uhvxow/ pdq| sudfwlfdo kljk0vshhg lpsohphqwdwlrqv duh edvhg rq wkh lqsxw0

ex�huhg furvvedu dufklwhfwxuh ^4;`/ ^5<`/ ^63`1 Lq wklv dufklwhfwxuh/ ex�hulqj rffxuv dw

wkh lqsxwv/ dqg wkh vshhg ri wkh phpru| grhv qrw qhhg wr h{fhhg wkh vshhg ri d vlqjoh

lqsxw1 Jlyhq wkh fxuuhqw vwdwh ri wkh duw/ wklv dufklwhfwxuh lv zlgho| frqvlghuhg wr eh

vxevwdqwldoo| pruh vfdodeoh wkdq rxwsxw0ex�huhg vzlwfkhv1 Krzhyhu/ wkh furvvedu dufkl0

whfwxuh lwvhoi suhvhqwv pdq| whfkqlfdo fkdoohqjhv wkdw qhhg wr eh ryhufrph lq rughu wr

surylgh edqgzlgwk dqg ghod| jxdudqwhhv1

Wkh furvvedu dufklwhfwxuh hpsor|v d vhw ri surjudppdeoh lqwhufrqqhfwv ehwzhhq wkh

lqsxwv dqg wkh rxwsxwv1 Lw w|slfdoo| dvvxphv wkdw gdwd lv sdfnhwl}hg lqwr fhoov ri wkh

vdph vl}h1 Zkloh wklv dvvxpswlrq lv wuxh iru fhoo0vzlwfklqj qhwzrunv vxfk dv DWP/ wklv

lv fohduo| qrw wkh fdvh iru yduldeoh sdfnhw vl}h qhwzrunv vxfk dv LS dqg Hwkhuqhw1 Dv

d uhvxow/ li d furvvedu vzlwfk lv xvhg lq d yduldeoh0vl}h qhwzrun/ sdfnhwv duh w|slfdoo|

iudjphqwhg lqwr �{hg0vl}h fhoov dw wkh lqsxw/ dqg fhoov duh uh0dvvhpeohg lqwr sdfnhwv dw

wkh rxwsxw1 Xsrq duulydo wr wkh vzlwfk/ fhoov duh ex�huhg dw wkh lqsxw/ zkhuh wkh| zdlw

xqwlo wkh| fdq eh wudqvplwwhg wr wkh rxwsxw1 Wkh fhoov duh glvsdwfkhg wr wkh rxwsxwv lq
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d v|qfkurql}hg pdqqhu1 Wkdw lv/ wlph lv glylghg lqwr fhoo vorwv1 Lq hdfk fhoo vorw/ vrph

fhoov duh wudqvihuuhg iurp wkh lqsxwv wr wkh rxwsxwv1 Xqolnh dq rxwsxw ex�huhg vzlwfk

zkhuh d fhoo iurp hdfk lqsxw fdq eh vlpxowdqhrxvo| wudqvplwwhg wr wkh vdph rxwsxw/ wkh

vhw ri fhoov wkdw fdq eh vlpxowdqhrxvo| wudqvplwwhg iurp lqsxwv wr rxwsxwv lq d furvvedu

pxvw vdwlvi| wkh vr0fdoohg furvvedu frqvwudlqw= Dw dq| srlqw lq wlph/ hdfk rxwsxw fdq rqo|

dffhsw gdwd iurp d vlqjoh lqsxw/ zklfk pxvw frqfxuuhqwo| eh wudqvplwwlqj gdwd rqo| wr

wkdw rxwsxw1 Dowkrxjk xqghu wkh lghdo flufxpvwdqfhv lw pd| eh srvvleoh wr wudqvplw d fhoo

iurp hdfk exv| lqsxw +ru wr hdfk exv| rxwsxw, dw wkh vdph wlph/ wkh furvvedu frqvwudlqw

pd| vxevwdqwldoo| uhgxfh dfklhydeoh wkurxjksxw1 Wkh ehqh�w/ krzhyhu/ lv wkdw gxh wr wkh

furvvedu frqvwudlqw wkh phpru| dw wkh rxwsxw qhhg qrw uxq idvwhu wkdq dw wkh vshhg ri

wkh lqsxw/ zklfk lv fohduo| dq dgydqwdjh frpsduhg wr wkh rxwsxw0ex�huhg vzlwfk/ zkhuh

wkh rxwsxw qhhgv wr uxq ? wlphv idvwhu +zkhuh ? lv wkh qxpehu ri lqsxwv lq wkh vzlwfk,1

Wkh rwkhu vlgh ri wkh frlq krzhyhu/ lv wkdw wkh furvvedu frqvwudlqw lv dovr wkh pdlq fdxvh

ri wkh gl!fxow| lq surylglqj erwk edqgzlgwk dqg ghod| jxdudqwhhv lq wklv dufklwhfwxuh1

Wklv lvvxh zloo ehfrph fohdu iurp wkh vxevhtxhqw glvfxvvlrq1

Uhfhqwo|/ d qhz dufklwhfwxudo dssurdfk kdv ehhq vxjjhvwhg lq ^55`/ zklfk dwwhpswv

wr ryhufrph wklv gl!fxow| e| holplqdwlqj wkh furvvedu frqvwudlqw dqg wkh ryhukhdg iru

iudjphqwdwlrq dqg uh0dvvhpeo|/ zkloh pdnlqj xvh ri wkh ehqh�wv ri wkh furvvedu dufklwhf0

wxuh1 Lq wklv dssurdfk/ wkh furvvedu lwvhoi frqwdlqv dgglwlrqdo lqwhuqdo ex�hulqj zlwk d

vpdoo dprxqw ri ex�hulqj shu lqsxw0rxwsxw sdlu1 Hdfk lqsxw fdq vfkhgxoh lwv fhoov lqgh0

shqghqwo| dqg fdq sxw wkhp lqwr wkh dssursuldwh lqwhuqdo vzlwfk ex�hu zlwkrxw ihdu ri

frq lfwlqj zlwk rwkhu lqsxwv1 Wkh rxwsxwv/ lq wxuq/ fdq sxoo wkh fhoov rxw ri wkhvh ex�huv

lqghshqghqwo| ri hdfk rwkhu1 Lq rughu wr dyrlg ryhu rzlqj wkhvh ex�huv/ wkh vzlwfk hp0

sor|v d edfn0suhvvxuh phfkdqlvp zklfk vwrsv wkh lqsxw iurp wudqvplwwlqj qhz fhoov xqwlo

vsdfh ehfrphv dydlodeoh wkhuh1 Lw lv vkrzq wkdw zlwk dssursuldwh vfkhgxolqj phfkdqlvpv

dw wkh lqsxwv dqg wkh rxwsxwv/ dv zhoo dv dq dssursuldwh edfn0suhvvxuh phfkdqlvp/ vxfk

d ex�huhg furvvedu dufklwhfwxuh lv fdsdeoh ri surylglqj edqgzlgwk dqg ghod| jxdudqwhhv

frpsdudeoh wr wkrvh dydlodeoh iru rxwsxw0ex�huhg vzlwfkhv1

44



Zkloh wklv dufklwhfwxuh pd| kdyh vrph dsshdolqj surshuwlhv/ lw uhtxluhv xvh ri d qrq0

vwdqgdug furvvedu dqg  rz frqwuro phfkdqlvpv lqwhjudo wr wkh gdwdsdwk ri wkh furvvedu

lwvhoi1 Wudglwlrqdo furvveduv kdyh wkh dsshdo ri ehlqj frpphufldoo| dydlodeoh dqg duh frq0

fhswxdoo| vlpsohu vlqfh qr lqwhuqdo ex�hulqj ru  rz frqwuro lv uhtxluhg lqwhuqdoo|1 Dv d

uhvxow/ wklv glvvhuwdwlrq frqfhqwudwhv rq lqyhvwljdwlqj wkh phdqv iru surylglqj TrV jxdu0

dqwhhv lq d wudglwlrqdo furvvedu1 Wkh qh{w Vhfwlrq surylghv dgglwlrqdo edfnjurxqg rq wkh

vfkhgxolqj dojrulwkpv dqg dufklwhfwxuhv iru wudglwlrqdo furvveduv dqg ixuwkhu prwlydwhv

wkh zrun suhvhqwhg lq wklv glvvhuwdwlrq1

415 Suhylrxv Zrun Uhodwhg wr Wudglwlrqdo Furvvedu

Vzlwfkhv1

41514 Surylglqj Edqgzlgwk Jxdudqwhhv lq wkh Furvvedu Dufkl0

whfwxuh1

Rqh ri wkh roghvw dqg shukdsv ehvw0sxeolfl}hg uhvxowv uhjduglqj wkh olplwdwlrqv ri dq

lqsxw0txhxhg furvvedu vzlwfk zlwk uhvshfw wr lwv delolw| wr surylgh dq| edqgzlgwk jxdu0

dqwhhv ehorqjv wr Nduro hw1do1 ^47`1 Lw zdv vkrzq lq wklv zrun wkdw iru wkh fdvh zkhq wkhuh

lv d vlqjoh ILIR txhxh dw hdfk lqsxw lw lv lpsrvvleoh wr hqvxuh kljk wkurxjksxw wr wkh

vzlwfk gxh wr wkh vr0fdoohg khdg0ri0wkh0olqh +KRO, eorfnlqj1 Lq sduwlfxodu/ iru xqlirup

udqgrp duulydov ri lqsxw wud!f/ wkh dfklhydeoh wkurxjksxw lv rqo| 8;19(1

KRO eorfnlqj uhvxowv iurp d vlwxdwlrq lq zklfk vhyhudo lqsxwv kdyh wkh KRO fhoo lq

wkhlu ILIR txhxhv ghvwlqhg wr wkh vdph rxwsxw1 Gxh wr wkh furvvedu frqvwudlqw/ rqo|

rqh ri wkhvh lqsxwv fdq vhqg wr wkh rxwsxw/ zkloh wkh rwkhu lqsxwv uhpdlq lgoh hyhq li

wkhuh duh fhoov lq wkhlu ILIR +txhxhg ehklqg wkh KRO fhoo, wkdw duh ghvwlqhg wr fxuuhqwo|

lgoh rxwsxwv1 Rqh zd| ri uhgxflqj wkh h�hfw ri KRO0eorfnlqj lv wr lqfuhdvh wkh vshhg

ri wkh vzlwfk ideulf frpsduhg wr wkh vshhg ri wkh lqsxw2rxwsxw fkdqqho1 Li wkh vzlwfk

ideulf fdq uxq 7 wlphv idvwhu wkdq dq lqglylgxdo lqsxw ru rxwsxw/ lw lv vdlg wkdw wkh vzlwfk
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kdv d vshhgxs ri 71 Wkhuh kdyh ehhq d qxpehu ri vwxglhv vxfk dv ^9`/^46` zklfk vkrzhg

wkdw dq lqsxw0ex�huhg furvvedu zlwk d vlqjoh ILIR dw wkh lqsxw fdq dfklhyh derxw <<(

wkurxjksxw xqghu fhuwdlq dvvxpswlrqv rq wkh lqsxw wud!f vwdwlvwlfv iru vshhgxs lq wkh

udqjh ri e� D1 D pruh uhfhqw vlpxodwlrq vwxg| ^44` vxjjhvwhg wkdw vshhgxs dv orz dv 2

pd| eh vx!flhqw wr rewdlq shuirupdqfh frpsdudeoh wr wkdw ri rxwsxw0ex�huhg vzlwfkhv1

Krzhyhu/ doo wkhvh uhvxowv duh ri vwdwlvwlfdo udwkhu wkdq ghwhuplqlvwlf qdwxuh dqg duh

olplwhg e| vshfl�f dvvxpswlrqv rq wkh duulydo glvwulexwlrq1

Dqrwkhu zd| ri holplqdwlqj KRO0eorfnlqj lv e| fkdqjlqj wkh txhxhlqj vwuxfwxuh dw

wkh lqsxw1 Lqvwhdg ri pdlqwdlqlqj d vlqjoh ILIR dw wkh lqsxw/ d vhsdudwh txhxh iru hdfk

rxwsxw fdq eh pdlqwdlqhg dw hdfk lqsxw1 Wkh duelwudwlrq sureohp wkhq uhgxfhv wr wkdw

ri frpsxwlqj d pdwfklqj rq d el0sduwlwh judsk +vhh/ iru h{dpsoh ^4`,1 Lw fdq eh vkrzq

wkdw zlwk wklv txhxhlqj vwuxfwxuh/ hyhq zlwkrxw dq| vshhgxs/ d qxpehu ri duelwudwlrq

dojrulwkpv/ doo ri zklfk duh edvhg rq frpsxwlqj d zhljkwhg pd{lpxp pdwfklqj4/ hqvxuh

433( dv|pswrwlf wkurxjksxw iru lqghshqghqw duulydov ^49`1 Krzhyhu/ wkh frpsoh{lw| ri

frpsxwlqj wkh pd{lpxp pdwfklqj dw hdfk duelwudwlrq hsrfk lv txlwh kljk1 Dv d uhvxow/

pdq| ri wkh sudfwlfdo duelwudwlrq phfkdqlvpv duh edvhg rq frpsxwlqj d pd{lpdo pdwfk0

lqj5 vxfk dv lq ^4`1 Zkloh frpsxwlqj d pd{lpdo pdwfklqj lv jhqhudoo| vxevwdqwldoo| hdvlhu

wkdq frpsxwlqj d pd{lpxp pdwfklqj/ pd{lpdo pdwfklqj lqwurgxfhv d sureohp ri lwv

rzq1 Lw wxuqv rxw wkdw wkh vlpsoh dojrulwkpv vxfk dv ^4`/^57` pd| qr orqjhu dfklhyh 433(

wkurxjksxw/ hyhq zkhq qr lqsxwv dqg qr rxwsxwv duh ryhuerrnhg1 Wkh orvv ri edqgzlgwk

fdq eh txlwh vxevwdqwldo lq wkh devhqfh ri vshhgxs1 Dq h{dpsoh ri dq lqwxlwlyho| idlu

duelwudwlrq phfkdqlvp zklfk idlov wr hqvxuh d 433( edqgzlgwk jxdudqwhh/ hyhq zkhq

wkh lqsxw udwhv ri doo  rzv duh vxfk wkdw qr lqsxw dqg qr rxwsxw lv ryhuerrnhg/ lv jlyhq

4D +zhljkwhg, pd{lpxp pdwfklqj rq d elsduwlwh judsk lv gh�qhg dv d vhw ri hgjhv ehwzhhq lqsxw
dqg rxwsxw yhuwlfhv zlwk wkh pd{lpxp qxpehu ri hgjhv +wrwdo zhljkw, dprqj doo srvvleoh vhwv vdwlvi|lqj
wkh frqvwudlqw wkdw dq| yhuwh{ lq wkh judsk lv dgmdfhqw wr dw prvw rqh hgjh lq wkh vhw1

5D pd{lpdo pdwfklqj rq d el0sduwlwh judsk lv gh�qhg dv d vhw ri hgjhv ehwzhhq lqsxw dqg rxwsxw
yhuwlfhv vxfk wkdw wkh frqvwudlqw wkdw dq| yhuwh{ lq wkh judsk lv dgmdfhqw wr dw prvw rqh hgjh lq wkh
vhw krogv/ dqg qr pruh hgjhv fdq eh dgghg wr wkh vhw zlwkrxw ylrodwlqj wkh deryh frqvwudlqw1 Fohduo|/
dq| pd{lpxp pdwfklqj lv dovr d pd{lpdo pdwfklqj/ exw d pd{lpdo pdwfklqj pd| qrw eh d pd{lpxp
pdwfklqj1
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lq Fkdswhu 51 Lq idfw/ wr wkh ehvw ri p| nqrzohgjh qr dojrulwkp edvhg rq pd{lpdo +exw

qrw pd{lpxp, pdwfklqj lv nqrzq wr jxdudqwhh 433( wkurxjksxw zlwkrxw vshhgxs iru

duelwudu| lqsxw wud!f1

Krzhyhu/ lw kdv ehhq hpslulfdoo| nqrzq wkdw lqfuhdvlqj wkh vshhgxs idfwru wr 5 ds0

shduv wr sudfwlfdoo| holplqdwh wklv sureohp1 Lw lv lqwhuhvwlqj wr qrwh khuh d srwhqwldo

olqndjh ri wklv h�hfw wr d zhoo0nqrzq uhvxow iurp judsk wkhru| vwdwlqj wkdw wkh vl}h

+zhljkw, ri dq| pd{lpdo pdwfklqj lv qr ohvv wkdq kdoi ri wkh vl}h +zhljkw, ri wkh pd{l0

pxp pdwfklqj1 Wklv uhvxow lqwxlwlyho| vxjjhvwv wkdw dw dq| pdwfklqj skdvh dq dojrulwkp

edvhg rq frpsxwlqj d pd{lpdo pdwfklqj zrxog vhqg qr ohvv wkdq kdoi ri wkh fhoov wkdw

zrxog eh vhqw li wkh pd{lpxppdwfklqj zrxog eh frpsxwhg/ lpso|lqj wkdw zlwk vshhgxs

idfwru ri 5 rqh vkrxog eh deoh wr vhqg dw ohdvw dv pdq| fhoov zlwk d pd{lpxp pdwfklqj dv

lv vhqw zlwk d pd{lpxp pdwfklqj lq wkh devhqfh ri wkh vshhgxs61 Ghvslwh wklv lqwxlwlrq

dqg hpslulfdo uhvxowv/ lw lv xqfohdu zkhwkhu lq idfw lw lv wuxh wkdw dq| pd{lpdo pdwfklqj

dojrulwkp zrxog hqvxuh 433( wkurxjksxw zlwk vshhgxs ri 51

Dq lpsruwdqw euhdnwkurxjk lq xqghuvwdqglqj wkh h�hfw ri wkh vshhgxs rq wkh shu0

irupdqfh ri wkh vzlwfk fdph lq ^54`/ zkhuh lw zdv vkrzq wkdw wkhuh h{lvwv d pd{lpdo

pdwfklqj dojrulwkp lq d furvvedu zlwk vshhgxs 7 ' e wkdw/ xqghu duelwudu| wud!f dv0

vxpswlrqv/ fdq hpxodwh/ ru vwulfwo| plplf/ wkh ehkdylru ri dq rxwsxw0ex�huhg vzlwfk

zlwk d vlqjoh ILIR shu rxwsxw1 Ghvslwh wkh wkhruhwlfdo lpsruwdqfh ri wklv uhvxow/ wkh

dojrulwkp suhvhqwhg wkhuh dsshduv wrr frpsoh{ wr eh ihdvleoh lq sudfwlfh1 Dqrwkhu dojr0

ulwkp ghvfulehg lq ^4<` kdv ehhq vkrzq wr hpxodwh d ILIR rxwsxw0ex�huhg vzlwfk zlwk

vshhgxs 7 ' � ^56`1 Rqh vlpsoh frqvhtxhqfh ri wkhvh uhvxowv lv wkdw dv orqj dv qr lqsxw

dqg qr rxwsxw lv ryhuerrnhg/ lw lv srvvleoh wr jxdudqwhh d 433( wkurxjksxw wr doo  rzv1

6Dq reylrxv  dz lq wklv dujxphqw lv wkdw jlyhq lghqwlfdo lqsxwv/ zlwk wkh h{fhswlrq ri wkh �uvw
pdwfklqj hsrfk/ wkh pd{lpdo pdwfklqj dojrulwkp +zlwk wkh vshhgxs ri 5, dqg wkh pd{lpxp pdwfklqj
dojrulwkp +zlwkrxw vshhgxs, vhh gl�huhqw vhwv ri fhoov +gl�huhqw elsduwlwh judskv, iru zklfk wkh pdwfklqj
lv uhtxluhg/ dqg wkhuhiruh lw lv xqfohdu krz wr frpsduh wkh qxpehu ri fhoov vhqw1

47



41515 Uhvxowv Uhodwhg wr Surylglqj Ghod| Jxdudqwhhv lq Furvv0

edu Vzlwfkhv1

Zlwk uhodwlrq wr surylglqj vwulfw ghod| jxdudqwhhv iru furvvedu vzlwfkhv/ vxusulvlqjo|

olwwoh sulru zrun lv nqrzq lq wklv frqwh{w1 Shukdsv wkh rqo| nqrzq dssurdfk wr wklv

sureohp sulru wr wkh uhvxowv ri wklv glvvhuwdwlrq lv edvhg rq wkh r�0olqh frpsxwdwlrq ri

d vfkhgxoh zklfk lv frpsxwhg dw frqqhfwlrq vhwxs wlph ^4`/ ^45`1 Wkh frpsxwdwlrq ri

wkh vfkhgxoh lv txlwh frpsolfdwhg dqg lv wkhuhiruh w|slfdoo| grqh lq vriwzduh1 Vlqfh wkh

vfkhgxoh qhhgv wr eh uhfrpsxwhg hyhu| wlph d qhz frqqhfwlrq vwduwv xs/ wklv dssurdfk lv

edvlfdoo| xqvxlwdeoh lq d g|qdplfdoo| fkdqjlqj hqylurqphqw zkhuh qhz  rzv fdq frph

dqg jr txlwh iuhtxhqwo|1 Dqrwkhu olplwdwlrq ri wklv dssurdfk lv wkh qhfhvvlw| wr vhyhuho|

olplw wkh vxssruwhg udwh judqxodulw| lq rughu wr olplw wkh vl}h ri wkh vfkhgxoh1 Wklv ohdgv

wr odfn ri  h{lelolw| lq vxssruwlqj d udqjh ri dssolfdwlrqv zlwk khwhurjhqhrxv edqgzlgwk

uhtxluhphqwv1

Uhfhqwo|/ dq lpsruwdqw uhvxow lq surylglqj erwk edqgzlgwk dqg ghod| jxdudqwhhv lq

d furvvedu kdv ehhq uhsruwhg lq ^:` dqg ^59`7/ zkhuh lw zdv vkrzq wkdw 7 ' 2 vx!fhv qrw

rqo| iru hpxodwlqj dq rxwsxw0ex�huhg ILIR vzlwfk/ exw dovr iru hpxodwlqj dq rxwsxw0

ex�huhg vzlwfk zlwk d ZIT0olnh vfkhgxohu1 Wklv lpsolhv wkdw wkh furvvedu dufklwhfwxuh

lv wkhruhwlfdoo| fdsdeoh ri surylglqj ghod| jxdudqwhhv lghqwlfdo wr wkh ehvw dydlodeoh iru

rxwsxw0ex�huhg vzlwfkhv1 Krzhyhu/ wkh frpsoh{lw| ri wkhvh dojrulwkpv dsshduv wr eh sur0

klelwlyh iru sudfwlfdo uhdo0wlph kljk0vshhg lpsohphqwdwlrqv1 D pruh ghwdlohg glvfxvvlrq

ri wkh uhodwlrqvkls ri wklv zrun wr wkh uhvxowv ri wklv glvvhuwdwlrq lv ghihuuhg wloo Fkdswhu

:1

Wkxv/ wkhuh vwloo dsshduv wr eh d qhhg iru sudfwlfdo phdqv iru surylglqj vwulfw ghod|

jxdudqwhhv lq wkh furvvedu dufklwhfwxuh1 Wklv glvvhuwdwlrq lqyhvwljdwhv wkh sureohp ri

surylglqj vxfk jxdudqwhhv1

7Xqiruwxqdwho|/ wkhuh lv dq huuru lq wkh dojrulwkp sxeolvkhg lq ^59`1 Sohdvh uhihu wr
kwws=22zzz1fv1fpx1hgx2�lvwrlfd2lztrv<;0�{1kwps iru d glvfxvvlrq ri wkh huuru1
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416 Rxwolqh

Wkh uhpdlqghu ri wklv glvvhuwdwlrq fdq eh rxwolqhg dv iroorzv1 Fkdswhu 5 lv ghglfdwhg

wr lqyhvwljdwlqj wkh frqglwlrqv vx!flhqw iru surylglqj 433( edqgzlgwk jxdudqwhhv lq

furvveduv zlwk olplwhg vshhgxs zkhuh duelwudwlrq lv edvhg rq d frpsxwdwlrq ri d pd{lpdo

pdwfklqj dojrulwkp1 Lw zloo eh vkrzq wkhuh wkdw wkh vshhgxs 7 : e lv vx!flhqw wr hqvxuh

wkdw dq| pd{lpdo pdwfklqj dojrulwkp jxdudqwhhv wkdw hdfk  rz dfklhyhv �ffI ri lwv

edqgzlgwk dv orqj dv qr lqsxw dqg qr rxwsxw lv ryhuerrnhg1 Lw zloo dovr eh vkrzq wkdw

wkhuh h{lvw pd{lpdo pdwfklqj dojrulwkpv zklfk dfklhyh wkh vdph edqgzlgwk jxdudqwhhv

zlwk d orzhu vshhgxs ydoxh1 Lq sduwlfxodu/ d pd{lpdo pdwfklqj dojrulwkp surylglqj d

433( edqgzlgwk jxdudqwhh zlwk vshhgxs 7 ' 2 lv ghvfulehg dw wkh hqg ri Fkdswhu 51

Fkdswhuv 6/ 7 dqg 8 duh ghglfdwhg wr lqyhvwljdwlqj vhyhudo dojrulwkpv wkdw hqvxuh

ghwhuplqlvwlf ghod| jxdudqwhhv lq d furvvedu dufklwhfwxuh1 Lw lv ghprqvwudwhg wkdw wkh

dufklwhfwxuh qhhghg wr surylgh vxfk jxdudqwhhv fdq eh frqfhswxdoo| vxeglylghg lqwr wkuhh

uhodwlyho| lqghshqghqw exloglqj eorfnv= d TrV0fdsdeoh vfkhgxohu hpsor|hg e| wkh lqsxw

fkdqqhov/ d TrV0fdsdeoh vfkhgxohu hpsor|hg e| wkh rxwsxw fkdqqhov/ dqg dq duelwhu zklfk

frpsxwhv d pd{lpdo pdwfklqj ehwzhhq wkh lqsxwv dqg wkh rxwsxwv1 Lw lv vkrzq wkdw zkloh

wkhvh wkuhh slhfhv ri wkh dufklwhfwxuh fdq eh ghvljqhg lqghshqghqwo| ri hdfk rwkhu/ wkh

uhvxowlqj ghod| jxdudqwhhv zloo vwurqjo| ghshqg rq wkh surshuwlhv ri hdfk lqglylgxdo slhfh

lq d suhglfwdeoh zd|1 Lq sduwlfxodu/ Fkdswhu 6 lv ghglfdwhg wr ghvfulelqj d v|vwhp lq

zklfk wkh lqsxwv dqg wkh rxwsxwv uxq lqghshqghqw TrV0fdsdeoh vfkhgxohuv/ zkloh wkh

duelwhu frpsxwhv d pd{lpdo pdwfklqj e| dwwhpswlqj wr jlyh suhihuhqfh wr wkrvh fhoov

zklfk kdyh ehhq vfkhgxohg e| wkh lqsxw vfkhgxohu hduolhu1 Lw lv vkrzq wkdw dv d uhvxow ri

vxfk duelwudwlrq srolf| wkh zruvw fdvh ghod| jxdudqwhhv ghshqg olqhduo| rq wkh vl}h ri wkh

vzlwfk1 Fkdswhu 7 lv ghglfdwhg wr d glvfxvvlrq rq krz wkh surshuwlhv ri wkh lqsxw dqg

rxwsxw vfkhgxohuv d�hfw wkh ghod| jxdudqwhhv wkdw fdq eh rewdlqhg dfurvv wkh vzlwfk1 Lw

lv ghprqvwudwhg krz wkh dffxudf| ri erwk wkh lqsxw dqg wkh rxwsxw vfkhgxohuv d�hfw wkh

ryhudoo jxdudqwhhv wkdw fdq eh surylghg1 Lw lv ixuwkhu dujxhg wkdw lq rughu wr doorz iru

vx!flhqwo| wljkw ghod| jxdudqwhhv lq wklv frqwh{w/ wkh lqsxw vfkhgxohu vkrxog surylgh d

49



udwh0frqwuroohg vhuylfh1 Lq sduwlfxodu lw lv vkrzq wkdw d udwh0frqwuroohg yhuvlrq ri ZI2T

^7` lv zhoo0vxlwhg iru wklv sxusrvh ehfdxvh ri lwv kljk dffxudf|1

Lq Fkdswhu 8/ lw lv vkrzq wkdw lw lv srvvleoh wr surylgh ghwhuplqlvwlf ghod| jxdudqwhhv

zklfk duh lqghshqghqw ri wkh vl}h ri wkh vzlwfk1 Dq duelwudwlrq phfkdqlvpzklfk surylghv

wljkw ghod| jxdudqwhhv zlwk wkh vshhgxs ri 7 ' S lv ghvfulehg lq ghwdlo1

Fkdswhu 9 lv ghglfdwhg wr d glvfxvvlrq rq krz wr dffrpprgdwh erwk  rzv uhtxlulqj

vwulfw ghod| jxdudqwhhv dqg wud!f uhtxlulqj d orzhu judgh ri vhuylfh lq wkh furvvedu dufkl0

whfwxuh1 D vlpsoh vfkhgxolqj phfkdqlvp lv ghvfulehg zklfk surylghv ghod| jxdudqwhhv wr

ghod|0vhqvlwlyh  rzv zkloh hqvxulqj wkdw �orzhu judgh� wud!f ixoo| xwlol}hv wkh edqgzlgwk

xqxvhg e| jxdudqwhhg wud!f1 Lw lv dovr vkrzq wkdw phfkdqlvpv vlplodu wr wkrvh ghvfulehg

lq Fkdswhuv 608 fdq eh xvhg wr hqvxuh wkdw edqgzlgwk lv glvwulexwhg idluo| dprqj wkh

�orzhu judgh�  rzv1

Ilqdoo|/ Fkdswhu : vxppdul}hv wkh uhvxowv ri wklv glvvhuwdwlrq dqg rxwolqhv duhdv iru

ixwxuh uhvhdufk1
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Fkdswhu 5

Vrph Ghod| Surshuwlhv ri Orrvho|

Vkdshg Wud!f lq Lqsxw0Ex�huhg

Furvveduv zlwk Olplwhg Vshhgxs

514 Suholplqdulhv

Zh frqvlghu dq lqsxw0ex�huhg ?{6 furvvedu zlwk vshhgxs 7� Khuh ? lv wkh qxpehu ri

lqsxw fkdqqhov/ 6 lv wkh qxpehu ri rxwsxw fkdqqhov1 Hdfk lqsxw dqg rxwsxw fkdqqho

fdq kdyh rqh ru pruh4 sruwv/ hdfk sruw ehlqj frqqhfwhg wr dq lqsxw ru rxwsxw olqn1

Zh pdnh vhyhudo dvvxpswlrqv rq wkh dufklwhfwxuh ri wkh furvvedu/ doo ri zklfk duh wkh

vwdqgdug surshuwlhv ri d furvvedu vzlwfk/ zlwk wkh h{fhswlrq ri wkh uhtxluhphqw wkdw wkh

duelwudwlrq dojrulwkp lv d pd{lpdo pdwfklqj dojrulwkp5=

41 wkh fdsdflw| ri hdfk lqsxw dqg hdfk rxwsxw fkdqqho lv wkh vdph +zh ghqrwh lw e|

�,> iru frqyhqlhqfh zh fkrrvh wkh xqlw ri wlph vxfk wkdw � ' � Se,,r
�?�| |�6e

(

4Wkh xvh ri vhyhudo sruwv shu fkdqqho lv w|slfdoo| prwlydwhg e| wkh qhhg ri pxowlsoh{lqj vhyhudo vorz
olqnv lqwr rqh kljk0vshhg fkdqqho1

5Lq sudfwlfh pdq| vlpsoh duelwudwlrq dojrulwkpv frpsxwh rqo| vhyhudo lwhudwlrqv ri d pd{lpdo pdwfk0
lqj/ idoolqj vkruw ri frpsohwh frpsxwdwlrq1
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51 wkh fdsdflw| +vshhg, ri wkh vzlwfk ideulf lv 7 � � wlphv juhdwhu wkdq wkh vshhg ri

hdfk fkdqqho +7 lv dvvxphg wr eh d udwlrqdo qxpehu,>

61 hdfk lqsxw kdv vrph ex�hu vwuxfwxuh wr krog duulylqj wud!f xqwlo lw fdq eh glv0

sdwfkhg wr wkh rxwsxwv6>

71 hdfk rxwsxw kdv vrph txhxlqj vwuxfwxuh wr dffrpprgdwh srwhqwldoo| exuvw| wud!f

duulylqj iurp wkh lqsxwv>

81 wkh duelwhu rshudwhv lq pdwfklqj skdvhv> wkh gxudwlrq ri d pdwfklqj skdvh lv �

7

xqlwv ri wlph( lq jhqhudo qr dvvxpswlrqv duh pdgh rq v|qfkurql}dwlrq ehwzhhq wkh

vzlwfk forfn dqg wkh lqsxw +rxwsxw, fkdqqho forfn> wkh ehjlqqlqj ri d pdwfklqj

skdvh zloo eh dovr uhihuuhg wr dv pdwfklqj rssruwxqlw|>

91 gxulqj hdfk pdwfklqj skdvh d vhw ri fhoov lv fkrvhq wr vdwlvi| wkh vr0fdoohg furvvedu

frqvwudlqw=

dw prvw rqh fhoo fdq ohdyh dq| lqsxw fkdqqho dqg dw prvw rqh fhoo fdq hqwhu dq|

rxwsxw fkdqqho gxulqj d vlqjoh pdwfklqj skdvh>

:1 wkh duelwudwlrq srolf| lv pd{lpdo pdwfklqj >

;1 wkrvh fhoov zklfk duulyhg dw ru ehiruh wkh ehjlqqlqj ri d pdwfklqj skdvh fdq eh

frqvlghuhg iru duelwudwlrq gxulqj wklv skdvh1

Wkhuh frxog eh d qxpehu ri pd{lpdo pdwfklqj srolflhv1 Lq wkh frqwh{w ri furvvedu

duelwudwlrq/ wkh vwdqgdug judsk0wkhruhwlf gh�qlwlrq ri pd{lpdo pdwfklqj fdq eh htxlyd0

ohqwo| irupxodwhg dv iroorzv=

Gh�qlwlrq 4 Dq duelwudwlrq srolf| lv fdoohg d pd{lpdo pdwfklqj srolf| l� dw wkh hqg ri

dq| pdwfklqj skdvh dq| fhoo ex�huhg dw dq| lqsxw � ghvwlqhg iru dq| rxwsxw � uhpdlqv dw

6Lq sulqflsoh wkh ex�huv fdq eh orfdwhg dw wkh sruw ohyho ru fkdqqho ohyho1 Iru uhdvrqv wkdw zloo vkruwo|
ehfrph fohdu lw lv pruh frqyhqlhqw wr dvvxph wkdw wkh ex�huv duh dw wkh fkdqqho ohyho1
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wkh lqsxw li dqg rqo| li gxulqj wklv pdwfklqj skdvh vrph rwkhu fhoo kdv ehhq wudqvplwwhg

hlwkhu iurp lqsxw � dqg2ru wr rxwsxw ��

Gh�qlwlrq 5 Wkh wlph uhtxluhg wr wudqvplw rqh fhoo dw fkdqqho vshhg lv fdoohg d fhoo vorw1

Xqohvv h{solflwo| vwdwhg rwkhuzlvh/ d fhoo vorw lv xvhg dv d xqlw ri wlph1 Wkh xqlw ri

udwh +vshhg, lv fkrvhq dv Se,,
Se,, r,J|

/ vr wkdw wkh lqsxw2rxwsxw fkdqqho vshhg lv � ' � Se,,
Se,, r,J|

�

515 Edqgzlgwk dqg Ghod| Jxdudqwhhv iru Duelwudu|

Pd{lpdo Pdwfklqj Srolflhv1

Wkh pdlq uhvxow ri wklv Vhfwlrq lv wkdw dv orqj dv wkh lqfrplqj udwhv7 ri doo  rzv8 duh

ihdvleoh +l1h1 qr lqsxw dqg qr rxwsxw fkdqqho +sruw, lv ryhuerrnhg lq wkh vhqvh wkdw wkh

vxp ri udwhv ri doo  rzv vkdulqj wkh fkdqqho +sruw, grhv qrw h{fhhg lwv fdsdflw|,/ dqg

dv orqj dv wkh frpelqhg exuvwlqhvv ri wud!f duulylqj wr dq| lqsxw dqg dq| rxwsxw lv

erxqghg/ wkhq d �{hg vshhgxs zklfk lv lqghshqghqw ri wkh vl}h ri wkh vzlwfk vx!fhv wr

hqvxuh wkdw dq| pd{lpdo pdwfklqj srolf| fdq jxdudqwhh wkdw hdfk  rz lv hqvxuhg �ffI

ri lwv wkurxjksxw1

Wr hpskdvl}h wkh vljql�fdqfh ri wklv uhvxow qrwh wkdw pdq| vlpsoh duelwudwlrq dojr0

ulwkpv frpsxwlqj d pd{lpdo pdwfklqj lq wkh devhqfh ri vshhgxs Ewkdw lv/ zlwk 7 ' ��

fdqqrw surylgh d �ffI edqgzlgwk jxdudqwhh hyhq iru ihdvleoh udwh dvvljqphqwv +hyhq

zkhq wkh duulydov duh lghdoo| vsdfhg dffruglqj wr wkh dvvljqhg ihdvleoh udwhv/ l1h1 zlwk qr

exuvwlqhvv dw doo,1 Pruhryhu/ wr wkh ehvw ri p| nqrzohgjh qr uhvxowv duh nqrzq derxw

dq| pd{lpdo pdwfklqj dojrulwkp +zklfk lv qrw dw wkh vdph wlph d pd{lpxp pdwfklqj,

zklfk fdq surylgh vxfk jxdudqwhhv zlwk 7 ' �� Wkh iroorzlqj h{dpsohv vkrz krz vlpsoh

pd{lpdo pdwfklqj dojrulwkpv pd| idlo wr hqvxuh 433( wkurxjksxw iru ihdvleoh udwhv1

7Wkh udwh ri d  rz lv wr eh suhflvho| gh�qhg odwhu
8D  rz lv gh�qhg dv d vrxufh0ghvwlqdwlrq sdlu zlwk dq dvvrfldwhg wudqvplvvlrq udwh1
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flow 4
rate 0.5

flow 3
rate 0.5

flow 2
rate 0.25

flow 1
rate 0.25

input 1 input 3input 2

output 1 output 3output 2

Iljxuh 504= H{dpsoh ri Xqghuxwlol}dwlrq Fdxvhg e| d Pd{lpdo Pdwfklqj Dojrulwkp1
Iorz 6 dfklhyhv rqo| 83( ri lwv edqgzlgwk1

Frqvlghu d furvvedu vzlwfk lq d fhoo0vzlwfklqj qhwzrun zlwk wkuhh lqsxwv dqg wkuhh

rxwsxwv1 Doo lqsxwv dqg rxwsxwv duh ri xqlw fdsdflw|1 Wkhuh duh wkuhh  rzv +ghqrwhg

s�c s2c s�, duulylqj dw lqsxw 4/ ghvwlqhg wr rxwsxwv 4/ 5 dqg 6 uhvshfwlyho|1 Iorz se duulyhv

dw lqsxw 6 dqg lv ghvwlqhg wr rxwsxw 61 Wkhuh duh qr rwkhu  rzv1 Iorzv s� dqg s2 duh

dvvljqhg udwhv 3158/ zkloh  rzv s� dqg se duh dvvljqhg udwhv 3181 Qrwh wkdw vxfk udwh

dvvljqphqw lv ihdvleoh vlqfh qr lqsxw dqg qr rxwsxw lv ryhuerrnhg1 Dvvxph iru vlpsolflw|

wkdw hdfk  rz duulyhv iurp d vhsdudwh sk|vlfdo olqn +l1h1 lqsxw fkdqqho 4 kdv wkuhh lqsxw

sruwv, vr wkdw wkh duulydov ri doo  rzv duh lghdoo| vsdfhg= d fhoo ri  rzv s� dqg se duulyhv

hyhu| vhfrqg fhoo vorw/ dqg d fhoo ri  rzv s� dqg s2 duulyhv hyhu| irxuwk vorw/ vwduwlqj iurp

wlph }hur1 Wklv frq�jxudwlrq lv vkrzq lq Iljxuh 5041

Dw hdfk fhoo vorw d pd{lpdo pdwfklqj lv frpsxwhg e| wkh iroorzlqj lwhudwlyh uh0

txhvw2judqw surwrfro1 Lqlwldoo| hdfk lqsxw fkrrvhv rqh ri lwv  rzv e| vrph uxoh dqg

vhqgv d uhtxhvw wr wkh dssursuldwh rxwsxw1 Zkhq dq rxwsxw uhfhlyhv rqh ru pruh uh0
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txhvwv lw fkrrvhv rqh ri wkh uhtxhvwv e| vrph uxoh dqg vhqgv d judqw wr wkh dssursuldwh

lqsxw1 Li lqsxw � uhfhlyhv d judqw iurp rxwsxw �/ wkh sdlu E�c �� lv dgghg wr wkh pdwfklqj

dqg lv uhpryhg iurp frqvlghudwlrq iru wkh gxudwlrq ri wkh fxuuhqw frpsxwdwlrq ri wkh

pd{lpdo pdwfklqj1 Lw lv vdlg lq wklv fdvh wkdw wkh lqsxw � dqg wkh rxwsxw � kdyh ehhq

pdwfkhg1 Wkh uhtxhvw2judqw h{fkdqjh lv uhshdwhg xqwlo qr pruh pdwfkhv fdq eh pdgh1

Wkh wzr h{dpsohv glvfxvvhg ehorz gl�hu lq wkh uxohv e| zklfk wkh lqsxwv dqg wkh

rxwsxwv ghwhuplqh wkh  rz wr vhqg uhtxhvw2judqw iru1 Lq wkh �uvw h{dpsoh lqsxw � fkrrvhv

 rzv s�c s2c s� zlwk sulrulwlhv �c 2/ dqg � uhvshfwlyho| +� ehlqj wkh kljkhvw sulrulw|,/ zkloh

rxwsxw � fkrrvhv  rzv s� dqg se zlwk sulrulwlhv e dqg �� Lq wklv fdvh  rz s� zklfk vkrxog

eh fkrvhq hyhu| rwkhu fhoo vorw rq wkh dyhudjh zloo lq idfw eh frqvlvwhqwo| vfkhgxohg rqo|

hyhu| irxuwk vorw/ wkxv orvlqj DfI ri lwv edqgzlgwk1

Wkh orvv ri edqgzlgwk lq wklv h{dpsoh lv qrw wkdw vxusulvlqj vlqfh  rz s� lv wuhdwhg

dw frqvlvwhqwo| orzhu sulrulw| wkdq lwv frpshwlwlrq dw wkh lqsxw dqg rxwsxw fkdqqhov1

D orw pruh vxusulvlqj lv wkh idfw wkdw hyhq lqwxlwlyho| �idlu� dojrulwkpv fdq uhvxow lq

d vlplodu orvv ri edqgzlgwk1 Wr vhh wklv frqvlghu dqrwkhu h{dpsoh zkhuh hdfk lqsxw

fkdqqho xvhv d urxqg0urelq vfkhgxoh wr fkrrvh d  rz wr vhqg d uhtxhvw iru1 Hdfk rxwsxw

orjlfdoo| pdlqwdlqv dq hqwu| iru hdfk ri wkh lqsxwv dqg d urxqg0urelq srlqwhu iru wkh

lqsxwv1 Hdfk lqsxw vhqgv d uhtxhvw wr wkh duelwhu iru wkh txhxh fxuuhqwo| qh{w lq lwv

urxqg0urelq vfkhgxoh +vnlsslqj doo txhxhv zklfk kdyh qr fhoov lq wkhp,1 Li wkh rxwsxw

uhfhlyhv rqh ru pruh uhtxhvwv/ lw vhqgv edfn d judqw iru wkh lqsxw dsshdulqj qh{w lq lwv

urxqg0urelq vfkhgxoh +vnlsslqj doo wkh lqsxwv iru zklfk lw kdv qr uhtxhvwv,1 Rqfh d sdlu

E�c �� kdv ehhq pdwfkhg/ erwk lqsxw � dqg rxwsxw � dgydqfh wkhlu urxqg0urelq srlqwhuv

dqg uhpryh wkhpvhoyhv iurp wkh fxuuhqw frpsxwdwlrq ri wkh pd{lpdo pdwfklqj1 Wkh

pdwfklqj surfhvv lwhudwhv dv ghvfulehg deryh1

Vwhsslqj wkurxjk wklv dojrulwkp iru wkh irxu  rzv lq wkh frq�jxudwlrq zlwk wkh lghdo

duulydo wlphv dv ghvfulehg deryh rqh fdq yhuli| wkdw  rz s� fdq dfklhyh rqo| udwh f�2D

udwkhu wkdq lwv lqsxw udwh f�D/ wkxv orrvlqj DfI ri lwv edqgzlgwk1 Wklv uhvxow fdq eh

lqwxlwlyho| h{sodlqhg dv iroorzv1 Gxh wr wkh frqwhqwlrq dw rxwsxw �  rz s� lv fkrvhq e|
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lwv rxwsxw rqo| DfI ri wkh wlph vlqfh lw frpshwhv zlwk  rz se1 Krzhyhu/ DfI ri doo wkh

wlphv zkhq s� lv fkrvhq e| lwv rxwsxw/ lw orrvhv wkh frqwhqwlrq zlwk  rzv s� dqg s2 dw lwv

lqsxw1

Wklv h{dpsoh ghprqvwudwhv wkdw uhshdwhg duelwudwlrq frq lfwv lq wkh devhqfh ri

vshhgxs fdq fdxvh frqvlvwhqw orvv ri edqgzlgwk hyhq iru dq lqwxlwlyho| idlu duelwudwlrq

dojrulwkp1

D srvvleoh dssurdfk wr holplqdwh wkh orvv ri edqgzlgwk gxh wr duelwudwlrq frq lfwv

lv wr xvh vshhgxs1 Lq idfw/ lw kdv ehhq hpslulfdoo| nqrzq wkdw lqfuhdvlqj wkh vshhgxs

wr 7 ' 2 dsshduv wr sudfwlfdoo| holplqdwh wkh orvv ri edqgzlgwk1 Krzhyhu/ lw kdv vr idu

ehhq xqnqrzq krz pxfk vshhgxs lv uhdoo| qhhghg wr hqvxuh qr orvv ri edqgzlgwk1 Rqh

ri wkh jrdov ri wklv Fkdswhu lv wr lqyhvwljdwh wkh ydoxhv ri vshhgxs vx!flhqw wr holplqdwh

wklv sureohp iru dq| pd{lpdo pdwfklqj duelwudwlrq dojrulwkp1

Qh{w/ lw lv qhfhvvdu| wr irupdol}h wkh qrwlrqv ri udwh ihdvlelolw| zlwk olplwhg exuvwlqhvv1

Frqvlghu �uvw wkh fdvh zkhq doo  rzv s duh ohdn|0exfnhw frqvwudlqhg ^5:` zlwk sdudphwhuv

Eos c Ks �1 Wkdw lv/ lq dq| lqwhuydo d|�c |2� wkh dprxqw ri gdwd �s E|�c |2� ri d  rz s duulylqj

dw wkh vzlwfk vdwlv�hv

�s E|�c |2� � os E|2 � |�� n Ks +514,

Khuh os lv wkh  rz*v dvvljqhg udwh +zklfk lv w|slfdoo| qhjrwldwhg dw frqqhfwlrq vhwxs,/

zkloh Ks lv wkh olplw rq wkh pd{lpxp exuvwlqhvv ri wkh  rz1 Wkh frqirupdqfh ri lqsxw

wud!f wr d ohdn| exfnhw lv wkh vwdqgdug dvvxpswlrq iru wkh vr0fdoohg jxdudqwhhg  rzv/

zklfk duh w|slfdoo| uhtxluhg wr vkdsh wkhlu wud!f dw wkh hqwu| wr wkh qhwzrun1 Dvvxplqj

rxwsxw0ex�huhg vzlwfkhv zlwk ZIT0olnh vfkhgxohuv lqvlgh wkh qhwzrun/ lw fdq eh vkrzq

wkdw li d  rz frqirupv wr d ohdn| exfnhw dw wkh hqwu| wr wkh qhwzrun/ lw dovr frqirupv

wr d ohdn| exfnhw zlwk wkh vdph udwh +exw srwhqwldoo| odujhu exuvw vl}h, dw wkh hqwu| wr

dq| vzlwfk lqvlgh wkh qhwzrun ^53`1 Dv zloo eh vkrzq odwhu/ wkh vfkhgxolqj dojrulwkpv

frqvlghuhg lq wklv glvvhuwdwlrq iru lqsxw0ex�huhg furvvedu vzlwfkhv dovr hqvxuh wkdw d  rz

vkdshg e| d ohdn| exfnhw dw wkh hqwu| wr wkh qhwzrun frqirupv wr d ohdn| exfnhw zlwk wkh

vdph udwh exw srwhqwldoo| odujhu exuvwlqhvv dw wkh hqwu| wr dq| vzlwfk lqvlgh wkh qhwzrun1
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Lq wklv frqwh{w udwh ihdvlelolw| phdqv wkdw wkh vxp ri dvvljqhg udwhv os ri doo  rzv

vkdulqj d sduwlfxodu vzlwfk fkdqqho +lqsxw ru rxwsxw, grhv qrw h{fhhg wkh fdsdflw| ri wklv

fkdqqho1 Lw lv hdv| wr vhh wkdw jlyhq d pd{lpxp qxpehu � ri  rzv vxssruwhg e| wkh

vzlwfk dqg d erxqg K rq lqglylgxdo  rz exuvwlqhvv/ wkh wrwdo dprxqw ��E|�c |2� ri wud!f

duulylqj dw wkh lqsxw wr wkh vzlwfk lq dq| lqwhuydo d|�c |2� dqg vkdulqj hlwkhu dq| lqsxw ru

dq| rxwsxw fkdqqho � vdwlv�hv

��E|�c |2� � �E|2 � |�� n K� +515,

Lq wkh fdvh ri wud!f zlwk ohvv vwulqjhqw TrV uhtxluhphqwv/ vxfk dv ehvw h�ruw/ wud!f

pd| qrw eh vkdshg dw wkh qhwzrun hqwu|/ dqg wkh qrwlrq ri dq dvvljqhg udwh pd| qrw

eh phdqlqjixo1 Iru wklv w|sh ri wud!f frqjhvwlrq frqwuro dojrulwkpv duh w|slfdoo| xvhg

wr hqvxuh wkdw gdwd lv qrw orvw gxh wr ex�hu ryhuordg1 Wkh ghjuhh zlwk zklfk wklv jrdo

lv dfklhyhg ydulhv juhdwo| zlwk wkh w|sh ri frqjhvwlrq frqwuro dojrulwkp xwlol}hg lq wkh

qhwzrun1 Lw lv dvvxphg krzhyhu wkdw wkh frqjhvwlrq frqwuro dojrulwkp lv �jrrg hqrxjk�/

zklfk phdqv wkdw/ jlyhq d vx!flhqw ex�hu vl}h/ qr gdwd lv orvw1 Wklv fdq eh irupdol}hg e|

dvvxplqj wkdw wkhuh h{lvwv vrph +srwhqwldoo| odujh exw �qlwh, ydoxh� zklfk lv lqghshqghqw

ri wlph/ vxfk wkdw lqsxw wud!f vkdulqj dq| lqsxw +ru dq| rxwsxw, � lq wkh vzlwfk vdwlv�hv

wkh frqvwudlqw

��E|�c |2� � �E|2 � |�� n� +516,

iru dq| lqwhuydo d|�c |2�� Wkh ydoxh � lq wklv fdvh ghwhuplqhv wkh ex�hu uhtxluhphqwv ri

wkh frqjhvwlrq frqwuro dojrulwkp1

Qrwh wkdw +516, grhv qrw lpso| wkdw dq lqglylgxdo  rz frqirupv wr d sduwlfxodu udwh

+vxfk dv wkh udwh os lq wkh fdvh ri ohdn|0exfnhw frqvwudlqhg  rzv,1 Lqvwhdg/ lw lv rqo|

uhtxluhg wkdw wkh frpelqhg udwh ri doo  rzv vkdulqj d sduwlfxodu fkdqqho grhv qrw h{fhhg

wkh fdsdflw| ri wkdw fkdqqho e| pruh wkdq d �{hg erxqg � lq dq| lqwhuydo ri wlph1 Wkdw

lv/ wkh frqglwlrq +515, lv d vshfldo +vwurqjhu, fdvh ri +516,1 Wklv Fkdswhu dvvxphv rqo|

wkdw +516, lv vdwlv�hg/ zlwkrxw uhtxlulqj vkdslqj wkh wud!f ri dq| lqglylgxdo  rz1
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Wkh pdlq uhvxow ri wklv Fkdswhu lv wkh idfw wkdw iru dq| vshhgxs 7 : e dq| pd{lpdo

pdwfklqj duelwudwlrq srolf| hqvxuhv 433( wkurxjksxw iru wud!f vdwlvi|lqj dvvxpswlrq

+516,1

Wklv idfw lv suryhg e| vkrzlqj wkdw hdfk fhoo lv gholyhuhg wr lwv rxwsxw zlwklq d

fhuwdlq �{hg erxqg diwhu lwv duulydo wr wkh vzlwfk1 Wklv lpphgldwho| lpsolhv wkdw wkh udwh

dw zklfk dq|  rz hqwhuv lwv rxwsxw lv dv|pswrwlfdoo| wkh vdph dv lwv lqsxw udwh wr wkh

vzlwfk1 Dvvxplqj wkdw wkh rxwsxw fkdqqho hpsor|v dq| ri wkh nqrzq vfkhgxohuv zklfk

suhvhuyh wkh dv|pswrwlf udwhv ri wkh  rzv lq wkh frqwh{w ri dq rxwsxw0ex�huhg vzlwfkhv

+vxfk dv ILIR/ ZIT/ hwf1,/ lw iroorzv wkdw d  rz lv jxdudqwhhg lwv edqgzlgwk dfurvv wkh

vzlwfk1

Wkh iroorzlqj Wkhruhp vwdwhv wkdw hdfk fhoo lv gholyhuhg wr wkh rxwsxw zlwklq d fhuwdlq

erxqg diwhu lwv duulydo=

Wkhruhp 6 Li lqsxw wud!f vdwlv�hv dvvxpswlrq +516,/ wkhq/ jlyhq d vx!flhqwo| odujh

ex�hu vl}h/ iru dq| vshhgxs 7 : e dqg dq| pd{lpdo pdwfklqj duelwudwlrq srolf| d fhoo

duulylqj wr wkh lqsxw dw wlph | zloo eh gholyhuhg wr wkh rxwsxw e| wlph |n 2�3�
73e

n �

7
1

Iluvw/ wkh iroorzlqj vlpsoh Ohppd zloo eh suryhg=

Ohppd 7 Wkh qxpehu ri pdwfklqj rssruwxqlwlhv �E|c | n �� rffxuulqj lqvlgh dq| lq0

whuydo d|c |n �� vdwlv�hv

�7 � � � �E|c |n �� +517,

Surri ri Ohppd 71

Wkh Ohppd iroorzv lpphgldwho| iurp wkh revhuydwlrq wkdw dw ohdvw e�7f�� pdwfklqj

skdvhv +hdfk ri ohqjwk �

7
xqlwv ri wlph, pxvw eh ixoo| frqwdlqhg lq dq lqwhuydo ri ohqjwk

�� Wklv lpsolhv wkdw wkh qxpehu ri pdwfklqj rssruwxqlwlhv +zklfk fruuhvsrqg wr wkh

erxqgdulhv ri pdwfklqj skdvhv, lqvlgh dq| lqwhuydo ri ohqjwk �7 pxvw eh dw ohdvw e�7f �

�7 � �� �

Surri ri Wkhruhp 61
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Lw zloo qrz eh vkrzq wkdw d fhoo duulylqj dw wlph | zloo eh fkrvhq e| wkh duelwhu qr odwhu

wkdq e| wlph |n(1 Vlqfh lw wdnhv h{dfwo| wlph �

7
wr gholyhu d fhoo iurp wkh lqsxw wr wkh

rxwsxw dw wkh vshhg ri wkh vzlwfk ideulf/ wkh vwdwhphqw ri wkh Wkhruhp iroorzv1 Vxssrvh

wkdw wkhuh h{lvwv d fhoo iru zklfk wkh duelwudwlrq ghod| erxqg ( lv ylrodwhg1 Slfn d fhoo S

zlwk wkh hduolhvw duulydo wlph ri doo vxfk �ylrodwlqj� fhoov +euhdnlqj wlhv duelwudulo|,1 Ohw

| ghqrwh wkh wlph ri lwv duulydo1 Wkhq/ vlqfh S ylrodwhg lwv ghod| erxqg (c dqg vlqfh fhoov

duh vfkhgxohg rqo| dw wkh glvfuhwh fhoo0wlph erxqgdulhv/ lw pxvw eh wkdw wkhuh h{lvwv dq

0f : f vxfk wkdw iru dq| f 	 0 � 0f wkh fhoo S lv vwloo dw lwv lqsxw dw wlph |n(n 0� Vlqfh

wkh srolf| lv d pd{lpdo pdwfklqj/ lq rughu iru S qrw wr eh vfkhgxohg dw ru ehiruh wlph

|n(/ lw pxvw eh wkdw dqrwkhu fhoo iurp lqsxw � dqg2ru ghvwlqhg wr rxwsxw � zdv fkrvhq

e| wkh duelwhu dw hyhu| duelwudwlrq hsrfk lq wkh lqwhuydo d|c |n(o� Wkhuhiruh/ e| Ohppd 7

lw pxvw eh wkdw dw ohdvw (7�� rwkhu fhoov hlwkhu iurp lqsxw � ru2dqg ghvwlqhg wr rxwsxw �

zhuh fkrvhq e| wkh duelwhu lq wkh lqwhuydo d|c |n(o� Lw zloo eh vkrzq qrz wkdw wkhuh frxog

qrw eh dv pdq| fhoov dydlodeoh wr wkh duelwhu lq wklv lqwhuydo1 Qrwh wkdw/ e| dvvxpswlrq/

S lv wkh �uvw fhoo wr plvv lwv ghdgolqh (/ dqg wkhuhiruh doo wkh fhoov zklfk duulyhg ehiruh

wlph | � ( pxvw kdyh douhdg| ehhq vfkhgxohg e| wlph |1 Wkhuhiruh/ hdfk fhoo wkdw fdq

vwloo eh dw wkh lqsxw dw wlph | pxvw kdyh duulyhg lq wkh lqwhuydo d| � (c |o1 Wkhuhiruh/

hdfk frpshwlqj fhoo wkdw frxog eh dydlodeoh wr wkh duelwhu lq wkh lqwhuydo d|c |n(o pxvw

kdyh duulyhg lq wkh lqwhuydo d|�(c |n(o dqg pxvw hlwkhu vkduh lqsxw � ru rxwsxw � zlwk

S1 Iurp +516,/ wkh qxpehu ri vxfk fhoov duulylqj lq d| � (c | n (o � d| � (c | n ( n 0�

fdq eh dw prvw e( n 2� n 20� Wklv lqfoxghv S lwvhoi/ frxqwhg erwk dw lwv lqsxw dqg lwv

rxwsxw1 Wkhuhiruh wkh wrwdo qxpehu ri fhoov frpshwlqj zlwk S pljkw kdyh lq wkh lqwhuydo

d| � (c | n (o lv dw prvw e( n 20 n 2� � 2� Li wkh qxpehu ri fhoov zklfk fdq srvvleo|

suhyhqw S iurp ehlqj vfkhgxohg dw ru ehiruh wlph |n( lv ohvv wkdq wkh plqlpdo qxpehu

ri duelwudwlrq rssruwxqlwlhv lq wkh lqwhuydo d|c | n( n 0�c wkhq qr fhoo fdq eh ghod|hg dw

wkh lqsxw e| pruh wkdq (� Khqfh/ li wkh lqhtxdolw|

e( n 20n 2� � 2 	 (7 � � +518,

59



lv vdwlv�hg/ wkhq fhoo S fdqqrw uhpdlq dw wkh lqsxw dw wlph |n(1 Uhzulwlqj +518, dv

(E7 � e� : 2� � � n 20

dqg fkrrvlqj 0 vx!flhqwo| vpdoo/ dqg 7 : ec lw fdq eh hdvlo| vhhq wkdw +518, lv vdwlv�hg

li ( : 2�3�
73e

1 Khqfh wkh fhoo S fdqqrw uhpdlq dw wkh lqsxw orqjhu wkdq 2�3�
73e

diwhu lw kdv

ehhq vfkhgxohg e| lwv lqsxw vfkhgxohu� �

516 Uhgxflqj wkh Vshhgxs wr V:5

Wkh uhvxow ri wkh suhylrxv Vhfwlrq lv wkdw 7 : e lv vx!flhqw wr hqvxuh hdfk  rz �ffI

edqgzlgwk jxdudqwhh +zlwk erxqghg shu0fhoo ghod|, zlwk dq| pd{lpdo pdwfklqj dojr0

ulwkp1 Krzhyhu/ lw lv qrw wkh fdvh wkdw wkh frqglwlrq 7 : e lv qhfhvvdu| iru dq| pd{lpdo

pdwfklqj dojrulwkp wr surylgh vxfk jxdudqwhh1 Lw zloo qrz eh vkrzq wkdw d sduwlfxodu

pd{lpdo pdwfklqj srolf| fdq jlyh wkh vdph duelwudwlrq ghod| erxqg +dqg khqfh 433(

edqgzlgwk jxdudqwhh, zlwk dq| 7 : 21 Wkh lghd khuh lv txlwh vlpsoh 0 wr glvdoorz fhoov

zklfk duulyh odwhu wr frpshwh zlwk hduolhu duulydov/ wkxv uhgxflqj wkh dprxqw ri srwhqwldo

�frpshwlwlrq� dqg wkhuhiruh wkh vshhgxs uhtxluhg wr wudqvihu doo srvvleoh �frpshwlwlrq�1

Wr gr vr/ frqvlghu wkh iroorzlqj dojrulwkp=

Roghvw Fhoo Iluvw pd{lpdo pdwfklqj +RFI,= Xsrq duulydo hdfk fhoo lv �vwdpshg� zlwk

wkh wlph ri lwv duulydo1 Dw hdfk pdwfklqj skdvh wkh duelwhu grhv wkh iroorzlqj= Lw

fkrrvhv wkh fhoo zlwk wkh roghvw vwdps dqg dggv lwv lqsxw dqg rxwsxw wr wkh pdwfk1

Lw wkhq uhpryhv iurp frqvlghudwlrq doo fhoov zlwk wkh vdph lqsxw dqg2ru rxwsxw dqg

uhshdwv wkh suhylrxv vwhs xqwlo qr pruh fhoov fdq eh dgghg1

Wkhruhp 8 Li wkh lqsxw wud!f vdwlv�hv dvvxpswlrq +516,/ wkhq wkh ��8 duelwudwlrq

srolf| lq d furvvedu zlwk vshhgxs 7 : 2 hqvxuhv wkdw dq| fhoo duulylqj dw wlph | zloo eh

gholyhuhg wr lwv rxwsxw qr odwhu wkdq e| wlph |n 2�3�
732

n �

7
�
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Wkh uhgxfwlrq lq wkh uhtxluhg vshhgxs lv hqdeohg e| wkh idfw wkdw gxh wr duelwudwlrq

edvhg rq RFI/ fhoov duulylqj diwhu vrph fhoo S fdqqrw eh S*v frpshwlwlrq/ ehfdxvh wkh|

kdyh d odwhu wlphvwdps1 Wkh surri jlyhq ehorz lv frqfhswxdoo| yhu| vlplodu wr wkdw ri

Wkhruhp 61

Surri1

Mxvw dv lq wkh suhylrxv Vhfwlrq lw zloo eh vkrzq wkdw dq| fhoo zloo eh vfkhgxohg qr

odwhu wkdq ( ' 2�3�
732

diwhu lwv duulydo1 Vxssrvh lw lv qrw wkh fdvh1 Wkhq wkhuh pxvw h{lvw

dw ohdvw rqh fhoo wkdw duulyhg dw vrph wlph 1 dqg zdv qrw vfkhgxohg e| wlph 1n( 1 Ohw |

eh wkh hduolhvw duulydo wlph ri doo vxfk fhoov dqg ohw S ghqrwh d fhoo zklfk duulyhg dw wlph |

dqg uhpdlqhg dw wkh lqsxw dw wlph |n(� Vlqfh fhoov duh vfkhgxohg e| wkh lqsxw vfkhgxohu

rqo| dw glvfuhwh fhoo vorw erxqgdulhv/ lw pxvw eh wkdw wkhuh h{lvwv vrph 0f : f vxfk wkdw

iru dq| f 	 0 	 0f wkh fhoo S lv vwloo dw wkh lqsxw dw wlph | n 01 Mxvw dv lq wkh surri

ri Wkhruhp 6 lw zloo eh vkrzq wkdw wklv fdqqrw kdsshq ehfdxvh wkhuh duh qrw hqrxjk

�frpshwlqj� fhoov wr suhyhqw S iurp ehlqj vfkhgxohg dw ru ehiruh wlph |n(1 Wkh fuxfldo

revhuydwlrq khuh lv wkdw e| wkh rshudwlrq ri wkh RFI dojrulwkp d fhoo zlwk wlphvwdps |

zklfk lv zdlwlqj dw lqsxw � dqg lv ghvwlqhg wr rxwsxw � lv qrw vfkhgxohg dw d pdwfklqj

skdvh erxqgdu| l� d fhoo zlwk d vpdoohu ru htxdo wlphvwdps lv vfkhgxohg hlwkhu iurp lqsxw

� ru2dqg iurp vrph rwkhu lqsxw ghvwlqhg wr rxwsxw �1 Wkhuhiruh/ qr fhoov duulylqj diwhu

wlph | fdq suhyhqw S iurp ehlqj vfkhgxohg +vlqfh wkhlu wlphvwdpsv duh juhdwhu wkdq wkdw

ri S,1 Dv d uhvxow/ wkh rqo| fhoov wkdw frqvwlwxwh S*v �frpshwlwlrq� duh wkrvh zklfk duulyhg

dw � � |� Vlqfh lw zdv dvvxphg wkdw S lv wkh �uvw fhoo wr plvv lwv vfkhgxolqj ghdgolqh ri

(/ lw pxvw eh wkh fdvh wkdw dq| fhoo duulylqj ehiruh | � ( lv douhdg| vfkhgxohg e| wlph

|1 Khqfh/ wkh rqo| �frpshwlwlrq� ri S duh wkrvh fhoov zklfk duulyhg wr lqsxw � ru2dqg wr

rxwsxw � lq wkh lqwhuydo d|�(c |o1 E| wkh wud!f dvvxpswlrq 516 dw prvw ( n�n 0 fhoov

fdq duulyh dw dq| lqsxw �c dqg dw prvw (n�n 0 ri fhoov fdq duulyh dw doo lqsxwv ghvwlqhg

wr rxwsxw � lq dq| lqwhuydo d|�(c |o � d|�(c |n 0�1 Wklv lqfoxghv S lwvhoi/ frxqwhg erwk

dw lwv lqsxw dqg lwv rxwsxw1 Wkhuhiruh/ wkh wrwdo dprxqw ri S*v frpshwlwlrq lv erxqghg

e| 2( n 2� n 20� 2�
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E| Ohppd 7 wkhuh duh dw ohdvw (7 � � pdwfklqj skdvh erxqgdulhv lq wkh lqwhuydo

d|c |n(o1 Lq rughu iru S wr uhpdlq dw lwv lqsxw dw wlph |n(c dw ohdvw rqh frpshwlqj fhoo

pxvw eh vfkhgxohg dw hyhu| pdwfklqj skdvh erxqgdu| lq wkh lqwhuydo d|c |n(o/ dqg vr lw

pxvw eh wkdw 2(n 2� n 20� 2 � (7 � �� Krzhyhu/ lw lv hdv| wr vhh wkdw iru 7 : 2 dqg

vx!flhqwo| vpdoo 0/ iru dq| ( : 2�3�
732

lq idfw 2(n2�� 2 	 (7 � �� Wklv frqwudglfwlrq

vkrzv wkdw dv orqj dv 7 : 2/ dq| fhoo lv vfkhgxohg e| wkh duelwhu qr odwhu wkdq wlph 2�3�
732

diwhu lwv duulydo wr wkh lqsxw1 Qrwlqj wkdw lw wdnhv h{dfwo| �

7
xqlwv ri wlph wr wudqvplw wkh

fhoo dfurvv wkh vzlwfk frpsohwhv wkh surri ri wklv Wkhruhp1 �

Fruroodu| 9 Iru dq| vshhgxs 7 ' 2 n 0c 0 : f wkh pdwfklqj duelwudwlrq srolf| edvhg

rq RFI hqvxuhv 433( edqgzlgwk jxdudqwhhv wr doo  rzv/ dv orqj dv wud!f vdwlv�hv wkh

dvvxpswlrq +516,1

Lw fdq eh hdvlo| vhhq wkdw wkh Wkhruhp krogv dovr li wkh �wlphvwdps� lv dq| prqrwrq0

lfdoo| lqfuhdvlqj ixqfwlrq ri duulydo wlph1
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Fkdswhu 6

Ghod| Jxdudqwhhv iru Shu0Iorz

Vkdshg Wud!f

614 Wkh Qhfhvvlw| ri Iorz Lvrodwlrq

Lq wkh suhylrxv Vhfwlrq wkh erxqgv rq wkh ghod| lqfxuuhg e| dq| fhoo iurp wkh wlph ri

lwv duulydo dw dq lqsxw sruw ri wkh vzlwfk wr wkh wlph lw lv gholyhuhg wr lwv rxwsxw sruw

zhuh rewdlqhg dv d ixqfwlrq ri wkh vshhgxs dqg wkh pd{lpxp exuvw vl}h � wkdw frxog

eh h{shulhqfhg e| wkh wrwdolw| ri doo  rzv dw d jlyhq lqsxw ru rxwsxw1 Wkh suhvhqfh ri d

vlqjoh plvehkdyhg  rz fdq pdnh� xqdffhswdeo| odujh/ d�hfwlqj ghod|v ri �zhoo0ehkdyhg�

 rzv1 Hyhq zkhq hdfk lqglylgxdo  rz lv zhoo ehkdyhg/ l1h1 li wkh ghjuhh ri wkh lqglylgxdo

 rz exuvwlqhvv lv uhodwlyho| vpdoo/ wkh frpelqhg exuvwlqhvv ri doo  rzv pxowlsoh{hg wr d

sduwlfxodu rxwsxw ru lqsxw fdq eh txlwh odujh1 Dw wkh lqsxw wkh fxpxodwlyh exuvwlqhvv

fdq eh txlwh odujh hvshfldoo| lq wkh fdvh zkhq wkh wrwdo fdsdflw| ri doo lqfrplqj sruwv dw

dq lqsxw h{fhhgv wkh lqsxw fkdqqho fdsdflw|41 Vlqfh wkh wrwdo fdsdflw| ri doo lqsxw olqnv

lv w|slfdoo| pxfk odujhu wkdq wkdw ri d vlqjoh rxwsxw olqn/ wkh frpelqhg exuvwlqhvv dw wkh

4Wkh fkdqqho fdsdflw| fdq eh ryhuerrnhg/ iru h{dpsoh/ li vhyhudo olqnv pxowlsoh{hg lqwr d vlqjoh
fkdqqho duh ohdvhg wr gl�huhqw xvhuv zklfk duh qrw h{shfwhg wr vlpxowdqhrxvo| xwlol}h wkh hqwluh edqgzlgwk
ohdvhg wr wkhp1 Lq wklv fdvh ryhuerrnlqj ri fkdqqho fdsdflw| pd| eh ghvluhg wr dfklhyh kljkhu fkdqqho
xwlol}dwlrq gxh wr vwdwlvwlfdo pxowlsoh{lqj1
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rxwsxw fdq eh txlwh odujh hyhq zkhq wkh frpelqhg lqsxw olqn edqgzlgwk grhv qrw h{fhhg

wkh lqsxw fkdqqho fdsdflw|1 Wkhuh lv dq reylrxv qhfhvvlw| wr surwhfw zhoo0ehkdyhg  rzv

iurp plvehkdyhg rqhv/ dqg lq jhqhudo wr plqlpl}h wkh h�hfw ri wkh fxpxodwlyh exuvwlqhvv

rq wkh shuirupdqfh ri lqglylgxdo  rzv1

Wkh lvvxh ri surylglqj vxfk  rz lvrodwlrq kdv ehhq zlgho| glvfxvvhg lq wkh olwhudwxuh lq

wkh frqwh{w ri surylglqj TrV lq rxwsxw0ex�huhg vzlwfkhv1 W|slfdo dssurdfkhv wr dfklhyh

vxfk lvrodwlrq lqfoxgh shu0 rz ex�hulqj dqg d TrV0 fdsdeoh vfkhgxohu hpsor|lqj dZIT0

olnh vhuylfh glvflsolqh vxfk dv lq ^5`/ ^53`/ hwf1 Wklv Vhfwlrq zloo glvfxvv krz wr dfklhyh wkh

jrdo ri  rz lvrodwlrq dqg frqvhtxhqwo| ghwhuplqlvwlf ghod| erxqgv iru lqglylgxdo  rzv

zklfk duh lqghshqghqw ri wkh exuvwlqhvv ri rwkhu  rzv lq wkh frqwh{w ri lqsxw0ex�huhg

furvveduv1

615 Dfklhylqj Shu0fhoo Ghod| Erxqgv zlwk Iorz Lvr0

odwlrq1

61514 Wkh Edvlf Lghd

Dv lv zhoo xqghuvwrrg iurp wkh h{lvwlqj zrun rq surylglqj TrV lq d qhwzrun ri rxwsxw0

ex�huhg ru vkduhg phpru| vzlwfkhv/ surylvlrqlqj shu0 rz txhxhlqj dqg d TrV0fdsdeoh

vfkhgxohu dw doo txhxlqj srlqwv lq wkh qhwzrun fdq |lhog hqg0wr0hqg TrV jxdudqwhhv iru

doo zhoo0ehkdyhg  rzv1 Lw dsshduv rqo| qdwxudo wkdw wklv lv dovr wuxh iru lqsxw0ex�huhg

furvveduv1 Dv fdq eh hdvlo| vhhq/ lq dq lqsxw0ex�huhg furvvedu zlwk vshhgxs wkhuh duh

lq idfw wzr txhxlqj srlqwv 0 dw wkh lqsxw dqg dw wkh rxwsxw1 Dq lpphgldwh h{whqvlrq

ri wkh suhylrxv TrV zrun zrxog eh wr surylgh shu0 rz txhxhv erwk dw wkh lqsxw dqg dw

wkh rxwsxw1 Lw lv ohvv fohdu krz wr gr wkh vfkhgxolqj wr hqvxuh wkdw duelwudwlrq frq lfwv

fdxvhg e| lqsxw2rxwsxw frqwhqwlrq kdyh plqlpdo h�hfw rq wkh uhvxowlqj TrV jxdudqwhhv

wkdw fdq eh hqvxuhg iru doo  rzv1 Lw wxuqv rxw wkdw wr hqvxuh wkdw wkh ghod|v h{shulhqfhg

e| dq lqglylgxdo  rz duh lqghshqghqw ri wkh frpelqhg exuvwlqhvv/ d srolf| frqfhswxdoo|
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vlplodu wr wkh Roghvw Fhoo Iluvw srolf| ghvfulehg lq wkh suhylrxv Fkdswhu fdq eh hpsor|hg

lq frpelqdwlrq zlwk whfkqltxhv ghyhorshg iru surylglqj TrV lq rxwsxw0ex�huhg vzlwfkhv1

Wkh pdlq lghd khuh lv wr prgli| wkh �duulydov� ri lqglylgxdo  rzv e| sdvvlqj wkhp

wkurxjk d TrV0fdsdeoh udwh0frqwuroohg vfkhgxohu1 Rqo| fhoov douhdg| ��owhuhg wkurxjk�

d udwh0frqwuroohu duh frqvlghuhg frqfhswxdoo| �duulyhg� wr wkh vzlwfk dqg duh wkhuhiruh

holjleoh iru duelwudwlrq1 Zkhq d fhoo �hphujhv� iurp vxfk d udwh0frqwuroohg vfkhgxohu/ lw lv

lpphgldwho| dvvljqhg d wlphvwdps1 Wkh duelwhu xvhv wkh �roghvw wlphvwdps �uvw� srolf|/

zklfk lv mxvw RFI glvfxvvhg lq Vhfwlrq 516 lq zklfk wkh dfwxdo duulydo wlphv duh uhsodfhg

e| wkh wlphv d fhoo lv uhohdvhg iurp wkh lqsxw udwh frqwuroohu1 Lq wkh uhpdlqghu ri wklv

Vhfwlrq wklv zloo eh ghvfulehg lq pruh ghwdlo1

61515 Wkh Txhxhlqj Vwuxfwxuh dw wkh Lqsxw

Dw hdfk lqsxw wkhuh duh shu0 rz txhxhv1 Hdfk txhxh kdv d udwh dvvrfldwhg zlwk lw/

zklfk lv w|slfdoo| dvvljqhg wr wkh  rz dw frqqhfwlrq vhwxs wlph1 Lq d fhoo0vzlwfklqj

qhwzrun/ zkhq fhoov duulyh wr wkh vzlwfk/ wkh| duh vlpso| sodfhg lqwr wkh fruuhvsrqglqj

txhxhv1 Lq d sdfnhw0vzlwfklqj qhwzrun/ duulylqj sdfnhwv duh iudjphqwhg lqwr fhoov5/ dqg

wkh fhoov duh dgghg wr wkh fruuhvsrqglqj shu0 rz txhxh/ zkhuh wkh| zdlw xqwlo wkh| fdq

eh wudqvplwwhg wr wkh rxwsxw fkdqqho1 Lq dgglwlrq wr txhxhv shu  rz/ wkhuh duh dovr shu

rxwsxw txhxhv dw hdfk lqsxw 0 rqh shu rxwsxw1 Dffruglqj wr d vwdqgdug frqyhqwlrq wkh|

duh uhihuuhg wr dv yluwxdo rxwsxw txhxhv1 Xqolnh wkh  rz txhxhv zklfk frqwdlq fhoov/ wkh

yluwxdo rxwsxw txhxhv frqwdlq srlqwhuv wr fhoov dv zloo eh h{sodlqhg ehorz1 Ghqrwh e| ^s

wkh txhxh fruuhvsrqglqj wr  rz s� Ixuwkhu/ ghqrwh e| '�� wkh yluwxdo rxwsxw txhxh dw

5Wkhuh duh vhyhudo srvvleoh zd|v ri shuiruplqj iudjphqwdwlrq li wkh sdfnhw vl}h lv qrw d pxowlsoh ri d
fhoo vl}h1 Rqh lv jhqhudoo| uhihuuhg wr dv sdgglqj/ zkhq wkh odvw fhoo lv sdgghg e| vrph vshfldo �gxpp|�
v|perov1 Zkloh ehlqj wkh vlpsohvw/ wklv phwkrg kdv d glvdgydqwdjh ri zdvwlqj srwhqwldoo| dv pxfk dv
kdoi wkh vzlwfk edqgzlgwk +li wkh vl}h ri doo sdfnhwv lv d vpdoo � orqjhu wkdq wkh fhoo vl}h,1 Lq wklv fdvh rqh
fdq xvh zkdw lv xvxdoo| uhihuuhg dv �fhoo0vwx!qj�1 Lq wklv phwkrg gdwd iurp wkh ehjlqqlqj ri wkh qh{w
sdfnhw lv dwwdfkhg wr wkh hqg ri wkh suhylrxv sdfnhw1 Zkloh wklv dssurdfk pd| eh ehqh�fldo lq fhuwdlq
fdvhv/ lw lqwurgxfhv dgglwlrqdo frpsoh{lw| lq shuiruplqj iudjphqwdwlrq dqg uhdvvhpeo|1 Pruhryhu/ wkh
ehqh�w lq vdyhg wkurxjksxw ghshqgv rq wkh dvvxpswlrqv derxw wkh sdfnhw ohqjwk glvwulexwlrq/ zklfk duh
qrw dozd|v nqrzq1 Wklv wkhvlv zloo dvvxph d vlpsoh iudjphqwdwlrq zlwk sdgglqj/ lq prvw fdvhv ljqrulqj
d srwhqwldo orvv ri edqgzlgwk wkdw pd| eh dvvrfldwhg zlwk lw1
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Iljxuh 604= Ex�hulqj dqg vfkhgxolqj vwuxfwxuh dw wkh lqsxw fkdqqho1 Wklv h{dpsoh
fruuhvsrqgv wr d vzlwfk zlwk 6 rxwsxw fkdqqhov1

lqsxw � fruuhvsrqglqj wr rxwsxw �� Hdfk txhxh ^s lv dvvljqhg d udwh os fruuhvsrqglqj wr

wkh udwh dvvljqhg wr  rz s 1 Dvvxph wkdw wkh shu0 rz txhxhv dw hdfk lqsxw duh jurxshg

dffruglqj wr wkh ghvwlqdwlrq rxwsxw/ vr wkdw hdfk jurxs ri  rz txhxhv lv dvvrfldwhg zlwk

d sduwlfxodu yluwxdo rxwsxw txhxh1 Hdfk yluwxdo rxwsxw txhxh '�� lv dovr dvvljqhg d udwh

-�� zklfk lv wkh vxp ri wkh dvvljqhg udwhv ri doo  rzv dw wkh lqsxw ghvwlqhg iru wkh rxwsxw

dvvrfldwhg zlwk wklv txhxh/ l1h1 -�� '
S

s <� os c zkhuh s $ � ghqrwhv �s lv ghvwlqhg wr

��1 Wkh vfkhgxolqj phfkdqlvp wkdw ghwhuplqhv wkh rughu ri wudqvplvvlrq ri fhoov dfurvv

wkh vzlwfk wr wkhlu ghvwlqdwlrq rxwsxw fkdqqho lv ghvfulehg lq wkh qh{w wzr Vhfwlrqv1 Wkh

txhxlqj vwuxfwxuh iru d vlqjoh lqsxw lv vkrzq lq Iljxuh 6041

Iuhtxhqwo|/ lw zloo eh frqyhqlhqw wr lpdjlqh wkdw dw wlph }hur wkh  rz txhxhv duh

lq�qlwho| edfnorjjhg zlwk lpdjlqdu| �gxpp|� fhoov1 Zkhq d uhdo fhoo duulyhv dw wkh

lqsxw/ lw uhsodfhv wkh forvhvw gxpp| fhoo wr wkh khdg ri lwv  rz*v txhxh1 Wkh vfkhgxolqj
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phfkdqlvpv ghvfulehg ehorz gr qrw glvwlqjxlvk ehwzhhq gxpp| dqg uhdo fhoov1 Zkhq

d gxpp| fhoo lv fkrvhq wr eh wudqvplwwhg wr wkh rxwsxw fkdqqho +dv ghvfulehg lq wkh

Vhfwlrqv ehorz,/ lw lv vlpso| uhpryhg iurp wkh  rz txhxh1

61516 Wkh Lqsxw Udwh0Frqwuroohg Vfkhgxohu

Wkh jrdo ri d udwh0frqwuroohg vfkhgxohu orfdwhg dw dq lqsxw fkdqqho/ zklfk zloo eh ghqrwhg

e| V
U�� c lv wr hqvxuh wkdw wkh fhoov ri hdfk  rz s ehfrph dydlodeoh iru duelwudwlrq zlwk

wkh iuhtxhqf| fruuhvsrqglqj wr wkh  rz*v udwh os�� V
U�� lv frqvwuxfwhg lq d klhudufklfdo

pdqqhu 0 wkh wrs ohyho ri wkh klhudufk| hqvxuhv wkdw hdfk yluwxdo rxwsxw txhxh '�� lv

fkrvhq zlwk wkh iuhtxhqf| -�� fruuhvsrqglqj wr wkh frpelqhg udwh ri doo  rzv lq wkh

jurxs fruuhvsrqglqj wr wklv yluwxdo rxwsxw txhxh1 Pruh vshfl�fdoo|/ wkh wrs ohyho ri wkh

klhudufk| dw lqsxw fkdqqho � frqvlvwv ri d udwh0frqwuroohu/ zklfk lv ghqrwhg e| V^E��1 Hyhu|

fkdqqho fhoo wlph wklv udwh0frqwuroohu V^E�� fkrrvhv d sduwlfxodu '���

Dw wkh vhfrqg ohyho ri wkh klhudufk| wkhuh duh  rz0ohyho udwh0frqwuroohuv dw hdfk lqsxw

fkdqqho/ rqh iru hdfk jurxs ri  rzv dw hdfk lqsxw � fruuhvsrqglqj wr d jlyhq rxwsxw

�/ ghqrwhg e| VsE�c ��� Wkh jrdo ri wkh vhfrqg ohyho ri wkh klhudufk| lv wr hqvxuh wkdw

hdfk  rz zlwklq wkh jurxs lv fkrvhq zlwk wkh iuhtxhqf| fruuhvsrqglqj wr wkh  rz*v udwh1

Zkhq '�� lv fkrvhq e| V^E��c wkh VsE�c �� fruuhvsrqglqj wr wkh fkrvhq � lv lqyrnhg wr

fkrrvh d sduwlfxodu  rz s 1 Dw wklv wlph d srlqwhu wr wkh qh{w vr idu xqvfkhgxohg6 fhoo

ri wkh fkrvhq  rz s lv dgghg wr wkh wdlo ri wkh yluwxdo rxwsxw txhxh '��1 Wkh orfdwlrq

ri vfkhgxohuv 7^ dqg Vs zlwk uhvshfw wr wkh txhxhlqj vwuxfwxuh dw wkh lqsxw lv vkrzq lq

Iljxuh 6041

Wkh wlph lqvwdqfh zkhq V^E�� fkrrvhv txhxh '�� zloo eh uhihuuhg wr dv wkh vfkhgxolqj

rssruwxqlw| ri wkh yluwxdo rxwsxw txhxh '��� Zkhq d srlqwhu wr d fhoo lv dgghg wr wkh

dssursuldwh yluwxdo rxwsxw txhxh/ wklv fhoo lv vdlg wr eh vfkhgxohg e| wkh vfkhgxohu V
U�� �

Lw lv lpsruwdqw wr xqghuvwdqg wkdw d fhoo zklfk kdv ehhq vfkhgxohg e| V
U�� pd| qrw

6Wkdw lv/ wkh fhoo lq wkh  rz txhxh iru zklfk qr srlqwhu kdv |hw ehhq dgghg wr wkh fruuhvsrqglqj
yluwxdo rxwsxw txhxh1
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eh wudqvihuuhg wr lwv rxwsxw lpphgldwho|/ exw pd| uhpdlq lq lwv txhxh xqwlo wkh duelwhu

fkrrvhv lw/ dv ghvfulehg lq wkh qh{w Vhfwlrq1

Lq jhqhudo/ d ydulhw| ri udwh0frqwuroohuv fdq eh xvhg iru vfkhgxohuv V^ dqg Vs dw wkh

wzr ohyhov ri wkh klhudufklfdo vfkhgxohu V
U�� � Dv zloo eh vkrzq lq wkh Vhfwlrqv ehorz

wkh surshuwlhv ri wkhvh vfkhgxohuv ghwhuplqh wkh ghod| d fhoo fdq h{shulhqfh dw wkh lqsxw

fkdqqho1

61517 Wkh Duelwhu

Wklv Vhfwlrq ghvfulehv krz wkh fhoov duh uhpryhg iurp wkh lqsxw fkdqqho� Wkh vfkhgxohu

uhvsrqvleoh iru wklv uhprydo lv fdoohg wkh duelwhu1 Dw hdfk pdwfklqj rssruwxqlw| wkh

duelwhu frpsxwhv d pd{lpdo pdwfklqj dprqj wkh fhoov srlqwhg wr e| wkh KRO srlqwhuv lq

wkh yluwxdo rxwsxw txhxhv1 Rqfh d yluwxdo rxwsxw txhxh lv dgghg wr wkh fxuuhqw pdwfklqj/

wkh KRO fhoo ri wkh  rz txhxh ^s srlqwhg e| wkh KRO srlqwhu lq wklv yluwxdo rxwsxw txhxh

lv wudqvplwwhg wr wkh rxwsxw fkdqqho/ dw zklfk srlqw wklv fhoo lv uhpryhg iurp wkh  rz

txhxh/ dqg wkh srlqwhu wr lw lv uhpryhg iurp wkh yluwxdo rxwsxw txhxh1 Wkh jrdo ri wkh

duelwhu lv wr hqvxuh wkdw hdfk yluwxdo txhxh '�� lv sroohg +dgghg wr wkh pdwfklqj, zlwk

wkh iuhtxhqf| fruuhvsrqglqj wr lwv udwh -��1

Wr dfklhyh wklv jrdo/ wkh duelwhu xvhv d yduldqw ri wkh RFI dojrulwkp ghvfulehg lq

wkh suhylrxv Fkdswhu1 Frqfhswxdoo|/ lpdjlqh wkdw dq| wlph d srlqwhu wr d  rz txhxh lv

dgghg wr d yluwxdo rxwsxw txhxh/ d wlphvwdps fruuhvsrqglqj wr wkh wlph ri wklv hyhqw

lv vwruhg dorqj zlwk wkh srlqwhu1 Dw hdfk duelwudwlrq hsrfk/ wkh duelwhu frpsxwhv wkh

pd{lpdo pdwfklqj dprqj doo yluwxdo rxwsxw txhxhv e| fkrrvlqj wkh roghvw wlphvwdps dw

wkh khdg ri doo yluwxdo rxwsxw txhxhv dw doo lqsxwv xvlqj wkhvh wlphvwdpsv/ dv lq wkh RFI

dojrulwkp ghvfulehg lq wkh suhylrxv Fkdswhu1

Krzhyhu/ vxfk dq dssurdfk suhvhqwv wkh iroorzlqj lpsohphqwdwlrq gl!fxow|1 Vlqfh

wkh duelwhu qhhgv wr kdyh dffhvv wr wkh KRO wlphvwdpsv ri doo yluwxdo rxwsxw txhxhv dw

hdfk pdwfklqj skdvh/ vwrulqj wkh wlphvwdpsv lq wkh yluwxdo rxwsxw txhxhv zrxog uhtxluh

frppxqlfdwlqj ?{6 wlphvwdpsv iurp wkh lqsxw fkdqqho wr wkh duelwhu hyhu| pdwfklqj
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skdvh1 Lw wxuqv rxw wkdw rqh fdq vxevwdqwldoo| uhgxfh wkh frppxqlfdwlrq ryhukhdg e|

vwrulqj wkh wlphvwdpsv gluhfwo| lq wkh duelwhu1 Lq wklv lpsohphqwdwlrq/ wkh duelwhu pdlq0

wdlqv d txhxh @�� fruuhvsrqglqj wr hdfk lqsxw0rxwsxw fkdqqho sdlu1 Lqlwldoo| doo txhxhv

duh hpsw|1 Wkh txhxhv @�� duh �oohg zlwk wlphvwdpsv/ fruuhvsrqglqj wr wkh wlph dw

zklfk wkh lqsxw vfkhgxohu V^E�� dw lqsxw � fkrrvhv wkh fruuhvsrqglqj '��� Uhfdoo wkdw

wkh lqsxw vfkhgxohuv rshudwh dw fkdqqho vshhgv/ dqg wkhuhiruh hyhu| fkdqqho fhoo vorw wkh

lqsxw qhhgv wr frppxqlfdwh wkh dssursuldwh lqirupdwlrq wr wkh duelwhu1 Rqh zd| lv wr

vwudljkwiruzdugo| wudqvplw wkh wlphvwdps zlwk wkh txhxh lqgh{ wr wkh duelwhu1 Krzhyhu/

lw lv hdv| wr vhh wkdw lw vx!fhv wr wudqvplw wkh lqgh{ dorqh +zklfk zrxog w|slfdoo| uh0

txluh d vpdoohu qxpehu ri elwv,/ vlqfh wkh duelwhu fdq vlpso| dgg wkh fxuuhqw wlph wr wkh

txhxh @�� fruuhvsrqglqj wr wklv lqgh{1 Wkxv/ wkh dgglwlrq ri wlphvwdpsv wr wkh duelwhu

txhxh rffxuv rqfh shu fkdqqho fhoo wlph/ zkhq rqh wlphvwdps pxvw eh dgghg shu lqsxw

fkdqqho1 Wkh uhprydo ri wlphvwdpsv rffxuv rqfh shu pdwfklqj skdvh dv iroorzv1 Dw hdfk

pdwfklqj rssruwxqlw| wkh duelwhu frpsxwhv d pd{lpdo pdwfklqj dv ghvfulehg ehorz1 Lw

fkrrvhv @�� zlwk wkh roghvw KRO wlphvwdps/ dggv wkh fruuhvsrqglqj '�� wr wkh pdwfk/

dqg uhpryhv wkh KRO wlphvwdps iurp @��� Lw wkhq uhpryhv iurp frqvlghudwlrq doo txhxhv

zlwk wkh vdph lqsxw dqg2ru rxwsxw dqg uhshdwv wkh suhylrxv vwhs xqwlo qr pruh txhxhv

fdq eh dgghg wr wkh pdwfklqj1 Rqfh wkh pdwfklqj lv frpsohwh/ wkh duelwhu qrwl�hv wkh

lqsxwv zklfk '�� duh fkrvhq lq wkh fxuuhqw pdwfklqj1 Wkh KRO fhoov lq wkh yluwxdo rxwsxw

txhxhv fruuhvsrqglqj wr wklv pdwfklqj duh wkhq wudqvplwwhg wr wkh rxwsxw fkdqqhov1

Wkh wlph lqvwdqfh zkhq wkh duelwhu fkrrvhv d sduwlfxodu yluwxdo rxwsxw txhxh lv uh0

ihuuhg wr dv wkh duelwudwlrq rssruwxqlw| ri wklv yluwxdo rxwsxw txhxh/ ru/ htxlydohqwo|/ wkh

duelwudwlrq rssruwxqlw| ri wkh lqsxw2rxwsxw fkdqqho sdlu fruuhvsrqglqj wr wkh yluwxdo

txhxh1 Wkh duelwudwlrq hsrfk dw zklfk d fhoo +srwhqwldoo| gxpp|, ri vrph  rz lv fkrvhq

iru wudqvplvvlrq wr lwv rxwsxw fkdqqho lv uhihuuhg wr dv wkh duelwudwlrq rssruwxqlw| ri wklv

 rz1
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61518 Wkh Rxwsxw Fkdqqho Dufklwhfwxuh1

Dvvxph wkdw wkhuh pd| eh vhyhudo sk|vlfdo olqnv rxwjrlqj iurp d sduwlfxodu rxwsxw fkdq0

qho/ zlwk dq rxwsxw sruw dvvrfldwhg zlwk hdfk olqn1 Lq d fhoo0vzlwfklqj qhwzrun vxfk dv

DWP/ zkhuh qr iudjphqwdwlrq dqg uhdvvhpeo| ixqfwlrq lv uhtxluhg/ d fhoo duulylqj iurp

dq lqsxw wr wkh rxwsxw fkdqqho lv lpphgldwho| sodfhg lq wkh dssursuldwh ex�hu dw wkh sruw

fruuhvsrqglqj wr lwv ghvwlqdwlrq olqn1 Lq wkh fdvh ri sdfnhw0vzlwfklqj qhwzrunv/ dvvxph

wkdw xsrq duulydo wr wkh rxwsxw/ fhoov duh sodfhg lq uh0dvvhpeo| txhxhv1 Rqfh doo fhoov

ri d sdfnhw kdyh ehhq froohfwhg lq wkh txhxh/ wkh sdfnhw lv dvvhpeohg dqg sodfhg lq wkh

fruuhvsrqglqj sdfnhw txhxh dw wkh ghvwlqdwlrq sruw1

Dvvxph wkdw hdfk rxwsxw sruw R hpsor|v shu0 rz ex�hulqj dqg d TrV0fdsdeoh vfkhg0

xohu VJER�1 Wkhuh lv vxevwdqwldo  h{lelolw| lq wkh fkrlfh ri d sduwlfxodu VJER�� rqh fdq

fkrrvh iurp d odujh duvhqdo ri TrV0fdsdeoh vfkhgxohuv dydlodeoh iru rxwsxw0ex�huhg du0

fklwhfwxuhv vxfk dv ^5`/ ^53`/ hwf1 Wkh fkrlfh ri d vfkhgxohu gh�qhv wkh sruwlrq ri ghod|

fruuhvsrqglqj wr d fhoo2sdfnhw uhvlghqfh dw wkh rxwsxw1 Wkh dufklwhfwxuh ri wkh rxwsxw

fkdqqho lv vkrzq lq Iljxuh 6051

Ilqdoo|/ wkh hqwluh vzlwfk dufklwhfwxuh ghvfulehg lq wklv Fkdswhu lv vkrzq lq Iljxuh

6061

616 Frqvlghudwlrqv iru Fkrrvlqj Lqsxw Dqg Rxwsxw

Vfkhgxohuv

Wkh wrwdo ghod| ri d fhoo lq d vzlwfk lv wkh frpelqhg ghod| lw h{shulhqfhv lq wkh lqsxw

fkdqqho dqg wkh rxwsxw fkdqqho1 Wkh uhpdlqghu ri wklv Fkdswhu zloo h{dplqh wkh ghshq0

ghqfh ri wkh lqsxw dqg rxwsxw ghod| frpsrqhqwv rq wkh surshuwlhv ri wkh lqsxw dqg wkh

rxwsxw vfkhgxohuv iru wkh fdvh ri wlphvwdps0edvhg duelwudwlrq ghvfulehg deryh1

Uhfdoo wkdw lq wkh dojrulwkp frqvlghuhg lq wklv Fkdswhu wkh lqsxw ghod| ri d fhoo kdv

wzr orjlfdo frpsrqhqwv1 Wkh �uvw frpsrqhqw/ zklfk zloo eh uhihuuhg wr dv wkh lqsxw
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Iljxuh 605= Rxsxw fkdqqho dufklwhfwxuh1 Uhdvvhpeo| txhxhv +lqglfdwhg e| d grwwhg
olqh erxqgdu|, duh qhhghg lq sdfnhw qhwzrunv exw vkrxog eh rplwwhg lq fhoo0vzlwfklqj
qhwzrunv1
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Iljxuh 606= Wkh Vzlwfk Dufklwhfwxuh Iru Wlph0Vwdps Edvhg Duelwudwlrq1 D �{� vzlwfk
zlwk d vlqjoh sruw shu rxwsxw fkdqqho lv vkrzq1
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vfkhgxolqj ghod| lq V
U�� / lv wkh wlph hodsvhg iurp wkh duulydo ri d fhoo dw wkh lqsxw

fkdqqho dqg wkh wlph d srlqwhu wr wklv fhoo lv dgghg wr wkh dssursuldwh yluwxdo rxwsxw

txhxh1 Wkh vhfrqg frpsrqhqw/ zklfk zloo eh uhihuuhg wr dv wkh duelwudwlrq ghod|/ lv wkh

wlph hodsvhg iurp wkh prphqw wkh srlqwhu wr wkh fhoo lv dgghg wr wkh wdlo ri wkh yluwxdo

rxwsxw txhxh dqg wkh wlph fhoo lv uhpryhg iurp wkh  rz txhxh dqg wudqvplwwhg wr wkh

rxwsxw1

Lw wxuqv rxw wkdw erwk ri wkhvh frpsrqhqwv vwurqjo| ghshqg rq wkh surshuwlhv ri d

sduwlfxodu udwh0frqwuroohg vfkhgxohu V
U�� hpsor|hg dw wkh lqsxw/ dqg pruh vshfl�fdoo|

rq wkh dffxudf| zlwk zklfk wkh udwh0frqwuroohu dssur{lpdwhv wkh lghdo � xlg� vfkhgxohu1

Lqwxlwlyho|/ wkh txdolw| ri d jhqhulf udwh0frqwuroohu fdq eh ghvfulehg dv iroorzv1 Frq0

vlghu vrph udwh0frqwuroohu rshudwlqj dw xqlw vshhg rq ?  rzv s zlwk udwhv os vdwlvi|lqjS
s os � �� Li fhoov zhuh lq�qlwho| glylvleoh/ lw zrxog eh srvvleoh wr vhuyh hdfk  rz s vr

wkdw lq dq| lqwhuydo ri ohqjwk | hdfk  rz s zrxog eh r�huhg h{dfwo| |os xqlwv vhuylfh1

Vxfk lghdol}hg vhuylfh lv uhihuuhg wr dv wkh �lghdo� ru � xlg� vhuylfh dw udwh os 1 Krzhyhu/

gxh wr wkh glvfuhwh qdwxuh ri wkh v|vwhp/ wkh dprxqw ri vhuylfh zklfk fdq eh dfwxdoo|

r�huhg wr d  rz zloo gl�hu iurp wkh lghdo vhuylfh1 Wkh erxqg rq glvfuhsdqf| ehwzhhq

wkh lghdo dqg wkh dfwxdo vhuylfh r�huhg wr d  rz e| wkh vfkhgxohu fdq eh ylhzhg dv d

phdvxuh ri wkh txdolw| ri wkh udwh0frqwuroohu1

Wr txdqwli| wklv qrwlrq/ ghqrwh e| �sE|�c |2� wkh dprxqw ri dfwxdo vhuylfh r�huhg wr

 rz s lq wkh wlph lqwhuydo d|�c |2�c zkhuh wkh wlph lv phdvxuhg lq fkdqqho fhoo vorwv/ dqg

wkh dprxqw ri vhuylfh lv phdvxuhg lq fhoov1 Vxssrvh wkdw iru doo  rzv s wkh udwh0frqwuroohu

hqvxuhv wkdw wkh iroorzlqj frqvwudlqwv duh vdwlv�hg iru doo wlphv |�c |2=

�sE|�c |2� � E|2 � |��os n. +614,

�sE|�c |2� � E|2 � |��os � . +615,

zkhuh . � f dqg . � f duh lqghshqghqw ri wlph dqg wkh  rz s 1 Wkh erxqgv . dqg .

fdq eh ylhzhg dv wkh phdvxuh ri wkh dffxudf| ri wkh udwh0frqwuroohu= wkh vpdoohu wkhvh
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erxqgv/ wkh ehwwhu wkh udwh0frqwuroohu1 Lw lv hdv| wr vhh wkdw wkh phdqlqj ri . dqg . lv

krz pxfk pruh ru ohvv vhuylfh +lq xqlwv ri zrun vxfk dv fhoov ru elwv, wkh udwh0frqwuroohu

jlyhv d  rz frpsduhg wr lwv lghdo  xlg vhuylfh dw lwv udwh1 Wkhuh duh vhyhudo nqrzq udwh0

frqwuroohuv vdwlvi|lqj +614, dqg +615, zlwk gl�huhqw ydoxhv ri . dqg .1 Vrph ri wkhvh

vfkhgxohuv zloo eh glvfxvvhg lq wkh qh{w Fkdswhu1

Htxlydohqwo|/ rqh fdq dovr orrn dw wkh dffxudf| ri d udwh0frqwuroohu iurp wkh srlqw

ri ylhz ri wlph glvfuhsdqf| udwkhu wkdq ri vhuylfh glvfuhsdqf|1 Frqvlghu d vhtxhqfh ri

fhoov ri d  rz s zlwk dvvljqhg udwh os� Li wkh  rz zhuh vhuylfhg dv d  xlg/ vwduwlqj iurp

wlph }hur/ wkh &0wk fhoo E& � f� zrxog vwduw vhuylfh h{dfwo| dw wlph &
os
+surylghg ri frxuvh

wkh fhoo lv wkhuh wr eh vhuyhg,1 Wkh lghdo udwh0frqwuroohu zrxog jlyh wkh  rz d vhuylfh

rssruwxqlw| h{dfwo| hyhu| �

os
xqlwv ri wlphc vr wkdw wkh &0wk vhuylfh rssruwxqlw| lv r�huhg

wr wkh  rz h{dfwo| dw wlph |& ' &
os

+uhjdugohvv zkhwkhu d fhoo ri d  rz lv dfwxdoo| wkhuh

ru qrw,1 Li wkh uhdo udwh0frqwuroohu r�huv lwv vfkhgxolqj rssruwxqlwlhv dw vrph wlphv �&c

wkh wlph glvfuhsdqf| fdq eh gh�qhg vlpso| dv wkh gl�huhqfh ehwzhhq wkh lghdo dqg wkh

dfwxdo wlph ri d vhuylfh rssruwxqlw| |& � �&� Wkh dffxudf| ri d udwh0frqwuroohu fdq qrz

eh fkdudfwhul}hg dv d erxqg rq wklv wlph gl�huhqfh1

Zkloh wkh wlph dqg vhuylfh glvfuhsdqf| fdq eh xvhg lqwhufkdqjhdeo|/ lq prvw fdvhv lw

zloo eh pruh frqyhqlhqw wr xvh wkh vhuylfh glvfuhsdqf| erxqgv +614, dqg +615,1

Lw fdq eh lqwxlwlyho| h{shfwhg wkdw wkh erxqg rq wkh ghod| d fhoo fdq lqfxu lq wkh

lqsxw udwh0frqwuroohg vfkhgxohu ghshqgv rq wkh orzhu erxqg rq vhuylfh glvfuhsdqf| .1

Vshfl�fdoo|/ lw lv vkrzq lq wkh qh{w Vhfwlrq wkdw wkh lqsxw vfkhgxolqj ghod| ri dq|  rz

ghshqgv rq wkh ydoxh . ri wkh wzr0ohyho klhudufklfdo vfkhgxohu V
U�� / dv zhoo dv wkh

lqglylgxdo exuvwlqhvv ri wkh  rz dw wkh lqsxw wr wkh vzlwfk1 Ixuwkhu/ lq Vhfwlrq 61615 d

ohvv lqwxlwlyh uhvxow lv suryhg= wkh erxqg rq duelwudwlrq ghod| ghshqgv rq wkh ydoxh . ri

wkh wrs ohyho udwh0frqwuroohu V^ lq wkh vfkhgxohu VU�� 1 Wr glvwlqjxlvk vhuylfh glvfuhsdqf|

erxqgv ri wkh vfkhgxohu V^ iurp wkrvh ri wkh wzr0ohyho vfkhgxohu VU�� / ghqrwh wkh erxqgv

fruuhvsrqglqj wr V^ e| .U' dqg .
U'
/ dqg wkh erxqgv . dqg . fruuhvsrqglqj wr V

U��e|

.U�� dqg .
U��

uhvshfwlyho|1 Lw zloo eh vkrzq wkdw lq wkh iudphzrun ghvfulehg lq wklv
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Fkdswhu wkh duelwudwlrq ghod| erxqg lv dovr d ixqfwlrq ri wkh qxpehu ri fkdqqhov lq wkh

vzlwfk1

Lw vkrxog eh fohdu wkdw rqfh d fhoo kdv hqwhuhg wkh rxwsxw fkdqqho/ lwv ghod| ghshqgv

rq wkh surshuwlhv ri wkh rxwsxw vfkhgxohu1 Lw lv dvvxphg wkdw wkh rxwsxw vfkhgxohu lv

vrph TrV0fdsdeoh vfkhgxohu/ iru h{dpsoh rqh ri wkh ZIT0olnh vfkhgxohuv vxfk dv SJSV

^53`1 Iru wkhvh vfkhgxohuv lw lv nqrzq wkdw wkh ghod| erxqg ghshqgv rqo| rq wkh dvvljqhg

udwh +zhljkw, ri d  rz dqg lwv lqglylgxdo exuvwlqhvv1 Lw lv vkrzq lq Vhfwlrq 61616 wkdw wkh

erxqg rq wkh exuvwlqhvv ri dq|  rz dw wkh hqwu| wr wkh rxwsxw fkdqqho lv ghwhuplqhg e|

wkh dffxudf| ri wkh lqsxw udwh0frqwuroohu1

Zkloh lw lv srvvleoh wr hpsor| erwk zrun0frqvhuylqj dqg qrq0zrun0frqvhuylqj vfkhg0

xohuv dw wkh rxwsxw/ wkh fdvh frqvlghuhg lq wklv Vhfwlrq lv zkhq wkh rxwsxw vfkhgxohu lv d

qrq0zrun0frqvhuylqj udwh0frqwuroohu vdwlvi|lqj +614, dqg +615, zlwk vrph ydoxhv ri .��|

dqg .
��|

1 Wkh fdvh ri zrun0frqvhuylqj vfkhgxohuv dw wkh rxwsxw zloo eh frqvlghuhg odwhu1

Wkh erxqgv rq wkh rxwsxw ghod| duh ghulyhg lq Vhfwlrq 61616 ehorz1

Ilqdoo|/ wkh erxqg rq wkh wrwdo vzlwfk ghod| lv ghulyhg lq Vhfwlrq 61617/ zkhuh wud!f

exuvwlqhvv dw wkh rxwsxw ri wkh vzlwfk lv dovr ghvfulehg1

61614 D Erxqg rq wkh Lqsxw Vfkhgxolqj Ghod|

Frqvlghu d jhqhulf vfkhgxohu vdwlvi|lqj +615, rshudwlqj dw xqlw vshhg rq vrph  rzv zlwk

udwh dvvljqphqwv vdwlvi|lqj
S

s os � �1 Wkh qh{w Wkhruhp jlyhv dq xsshu erxqg rq

wkh ghod| dq| fhoo fdq h{shulhqfh lq vxfk d vfkhgxohu1 Dv fdq eh h{shfwhg/ wklv erxqg

ghshqgv rq . +krz pxfk ehklqg wkh lghdo vhuylfh d  rz fdq eh lq wkh vfkhgxohu, dqg

wkh ghjuhh ri exuvwlqhvv ri wklv  rz dw wkh lqsxw wr wkh vfkhgxohu1 Dowkrxjk wklv uhvxow

lv udwkhu vwudljkwiruzdug/ lw zloo eh uhshdwhgo| xvhg lq wklv wkhvlv dqg wkhuhiruh lv vwdwhg

dv d vhsdudwh wkhruhp1

Wkhruhp : Li  rz s lv frqvwudlqhg e| d ohdn| exfnhw zlwk sdudphwhuv Eoc K� dw wkh lqsxw

wr d vfkhgxohu vdwlvi|lqj +615,/ wkhq hdfk fhoo lv vfkhgxohg qr odwhu wkdq wlph Kn.

o
diwhu

lwv duulydo1
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Surri1

Frqvlghu vrph fhoo S duulylqj dw vrph wlph | wr wkh txhxh ri  rz s 1 Vxssrvh �uvw

wkdw S vwduwv d exv| shulrg ri wklv  rz1 Wkhq S lv vfkhgxohg dw wkh �uvw vfkhgxolqj

rssruwxqlw| ri  rz s rffxuulqj dw ru diwhu wlph |1 E| +615, iru dq| 0 : f wkh vfkhgxohu

pxvw vwduw vhuylfh ri dw ohdvw rqh fhoo lq wkh lqwhuydo d|c | n .n0

o
� / zklfk lpsolhv wkdw S

zloo eh vfkhgxohg qr odwhu wkdq dw wlph |n .n0

o
1 Vlqfh 0 fdq eh fkrvhq duelwudulo| vpdoo/

wklv lpsolhv wkh vwdwhphqw ri wkh Wkhruhp1

Vxssrvh qrz wkdw S lv qrw wkh �uvw fhoo lq d exv| shulrg ri  rz s / dqg ohw |f eh

wkh ehjlqqlqj ri wkh exv| shulrg frqwdlqlqj |1 Frqvlghu dq| wlph � � | dw zklfk S

vwloo uhpdlqv lq wkh txhxh1 E| +615, lq wkh lqwhuydo d|fc � o � d|fc �� wkh  rz s pxvw kdyh

uhfhlyhg dw ohdvw E� � |f�o � . vfkhgxolqj rssruwxqlwlhv +lq xqlwv ri vhuylfh,1 Vlqfh wkh

txhxh ri s kdv ehhq frqwlqxrxvo| qrq0hpsw| lq wkh lqwhuydo d|fc ��/ dw ohdvw E|f� ��o�.

fhoov kdyh ehhq vhuyhg1 Qrwh wkdw doo ri wkhvh fhoov pxvw kdyh duulyhg wr wkh txhxh ri s

sulru wr wkh duulydo ri S dw wlph |1 Vlqfh wkh  rz lv frqvwudlqhg e| d ohdn|0exfnhw Eoc K�c

wkhuh frxog kdyh ehhq dw prvw E|� |f�on K fhoov +lqfoxglqj S, zklfk frxog duulyh ehiruh S

lq wkh frqvlghuhg exv| shulrg1 Wkhuhiruh/ lw pxvw eh wkdw E|� |f�o n K � E� � |f�o � .c

zklfk lpsolhv wkdw iru dq| wlph � dw zklfk S frxog vwloo eh lq wkh txhxh � � | n .nK

o
�

Wkhuhiruh/ wkh zdlwlqj wlph lq txhxh lv erxqghg e| .nK

o
� �

Wkhruhp : lpphgldwho| lpsolhv wkdw lq wkh frqwh{w ri wkh lqsxw vfkhgxohu VU�� c jlyhq

wkh ohdn| exfnhw sdudphwhuv EKc o� dw wkh lqsxw wr wkh vzlwfk +zklfk lv dvvxphg lqghshq0

ghqw ri wkh lqwhuqdo vzlwfk dufklwhfwxuh,/ wkh lqsxw vfkhgxolqj ghod| lv ixoo| ghwhuplqhg

e| wkh erxqg .U�� ri wkh vfkhgxohu VU�� 1 Wkdw lv/ ghqrwlqj wkh lqsxw vfkhgxolqj ghod|

e| (U�� / Wkhruhp : |lhogv

(U�� �
Kn.U��

o
+616,

Qrwh wkdw lq dgglwlrq wr jlylqj d erxqg rq wkh lqsxw ghod|/ Wkhruhp : dovr jlyhv

wkh erxqg rq wkh rxwsxw ghod| dv d ixqfwlrq ri .��| dqg wkh exuvwlqhvv ri wkh  rz

dw wkh hqwu| wr wkh rxwsxw fkdqqho1 Krzhyhu/ wkh rxwsxw ghod| ghshqgv rq wkh ohdn|0

exfnhw sdudphwhuv ri wkh  rz*v wud!f dv lw hqwhuv wkh rxwsxw fkdqqho1 Wkh odwwhu/ dv
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zloo eh vkrzq/ ghshqgv rq wkh surshuwlhv ri wkh lqsxw udwh frqwuroohg vfkhgxohu dqg wkh

duelwudwlrq srolf|1 D pruh ghwdlohg glvfxvvlrq ri wklv lvvxh lv ghod|hg wloo Vhfwlrq 616161

61615 D Erxqg rq Duelwudwlrq Ghod| +Wkh Fdvh ri Vshhgxs

V:5,1

Lq wklv Vhfwlrq erxqgv rq wkh ghod| lqfxuuhg e| hdfk fhoo zklfk duh gxh wr furvvedu

duelwudwlrq frq lfwv duh ghulyhg1 Wklv ghod| lv vshfl�fdoo| gxh wr wkh frqvwudlqw ri wkh

furvvedu dufklwhfwxuh1 Wkh delolw| wr olplw lw lq d wlpho| pdqqhu lv ylwdoo| lpsruwdqw wr

hqvxuh vwulfw edqgzlgwk dqg ghod| jxdudqwhhv1 Lw zloo eh vkrzq khuh wkdw iru wkh vlpsoh

duelwudwlrq dojrulwkp ghvfulehg lq Vhfwlrq 61517 deryh lw lv srvvleoh wr hqvxuh wkdw hdfk

fhoo lv gholyhuhg wr lwv rxwsxw zlwklq d fhuwdlq erxqg iurp wkh wlph wklv fhoo lv uhohdvhg

e| wkh lqsxw udwh0frqwuroohg vfkhgxohu1 Dv zloo eh vkrzq/ wklv erxqg ghshqgv rq wkh vl}h

ri wkh vzlwfk dqg wkh vshhgxs idfwru1 Pruh lpsruwdqwo|/ lw zloo eh vkrzq wkdw wklv ghod|

dovr ghshqgv rq wkh surshuwlhv ri wkh lqsxw udwh0frqwuroohg vfkhgxohu VU�� ghvfulehg lq

Vhfwlrq 61516/ dqg pruh vshfl�fdoo| rq wkh surshuwlhv ri wkh wrs0ohyho vfkhgxohu V^ lq

V
U�� �

Wkh qh{w Wkhruhp jlyhv wkh erxqg rq wkh duelwudwlrq ghod| dv d ixqfwlrq ri wkh erxqg

.
U'

ri wkh wrs0ohyho vfkhgxohu V^ dw wkh lqsxw1 Wkh erxqg dovr ghshqgv rq wkh vshhgxs

ri wkh vzlwfk ideulf dqg wkh vl}h ri wkh vzlwfk1

Wkhruhp ; Li wkh udwh0frqwuroohuv V^ hpsor|hg dw wkh wrs ohyho ri lqsxw vfkhgxohuv V
U��

vdwlvi| surshuw| +614, +zlwk xsshu erxqg rq wkh vhuylfh glvfuhsdqf| ri V^ lq +614, ghqrwhg

e| .
U'
�c wkhq iru duelwudu| udwlrqdo vshhgxs 7 : 2/ zlwk qr dvvxpswlrq rq v|qfkurql}d0

wlrq ehwzhhq wkh fhoo vorw forfn dqg wkh skdvh forfn +qr doljqphqw ri skdvhv lq fhoo vorwv,

wkh duelwudwlrq ghod| ri dq| fhoo lv xsshu erxqghg e|

(� '
.

U'
E?� �� n �

7 � 2
+617,

zkhuh ? lv wkh qxpehu ri lqsxw fkdqqhov lq wkh vzlwfk1
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Qrwh wkdw vlqfh wkh vfkhgxohuv V^ rshudwh rq wkh yluwxdo rxwsxw txhxhv/ wkh erxqgv

+614, dqg +615, vkrxog eh ylhzhg dv wkh gl�huhqfh lq vhuylfh uhfhlyhg e| wkh djjuhjdwh

ri doo  rzv pxowlsoh{hg wr wklv yluwxdo rxwsxw txhxh frpsduhg wr wkh lghdo vhuylfh wkh

txhxh vkrxog kdyh uhfhlyhg li lw zhuh vfkhgxohg lghdoo| dw wkh djjuhjdwh udwh dvvljqhg wr

wklv yluwxdo rxwsxw txhxh1

Surri1

Vxssrvh wklv lv qrw wkh fdvh1 Wkhq wkhuh pxvw h{lvw d fhoo zklfk zdv vfkhgxohg e| lwv

vfkhgxohu VU�� dw lwv lqsxw dw vrph wlph 1 dqg zdv qrw vfkhgxohg e| wkh duelwhu dw ru

ehiruh wlph 1n(�1 Ohw | eh wkh vpdoohvw vxfk 1 dw zklfk dq| vxfk fhoo zdv vfkhgxohg e|

dq| ri wkh lqsxw vfkhgxohuv VU�� / dqg ghqrwh vxfk hduolhvw �ylrodwlqj� fhoo e| S1 Ohw � dqg

� eh S*v lqsxw dqg rxwsxw uhvshfwlyho|1 Vlqfh wkh duelwhu fkrrvhv fhoov rq wkh �vpdoohvw

wlphvwdps �uvw� edvlv/ dqg vlqfh wkh wlphvwdps ri d fhoo lv lwv vfkhgxolqj wlph xqghu

wkh VU�� vfkhgxohu/ qr fhoo zklfk zdv vfkhgxohg e| lwv VU�� vfkhgxohu diwhu wlph | frxog

suhyhqw S iurp ehlqj fkrvhq e| wkh duelwhu1 Ixuwkhu/ e| wkh fkrlfh ri S/ qr fhoo vfkhgxohg

e| lwv VU�� vfkhgxohu sulru wr wlph |�(� fdq uhpdlq dw lwv lqsxw dw wlph |1 Wkhuhiruh/

wkh rqo| �frpshwlwlrq� zklfk frxog suhyhqw S iurp ehlqj fkrvhq e| wkh duelwhu xs wr

dqg lqfoxglqj wlph |n(� duh wkrvh fhoov wkdw zhuh vfkhgxohg e| V
U�� dw S*v lqsxw lq wkh

lqwhuydo d| �(�c |o/ dqg wkrvh fhoov ghvwlqhg wr rxwsxw � wkdw zhuh vfkhgxohg e| V
U��dw

doo rwkhu lqsxwv lq wklv lqwhuydo1 Vlqfh (� lv phdvxuhg lq xqlwv ri fkdqqho fhoo vorwv/ dqg

| lv d fhoo vorw erxqgdu|/ wkhuh duh dw prvw (� n � fhoo vorw erxqgdulhv lq wkh lqwhuydo

d|�(�c |o� Vlqfh vfkhgxohuv VU�� pdnh wkhlu vfkhgxolqj ghflvlrqv dw fhoo vorw erxqgdulhv

rqo|/ wkhuh duh dw prvw(�n� fhoov vfkhgxohg e| V
U�� lq wkh lqwhuydo d|�(�c |oc lqfoxglqj

S lwvhoi1 Qrwh qrz wkdw wkh rqo| wlphv zkhq d fhoo ghvwlqhg wr rxwsxw � iurp vrph lqsxw

�
�

fdq eh vfkhgxohg e| lwv vfkhgxohu VU�� pxvw fruuhvsrqg wr wkh wlphv zkhq wkh wrs0ohyho

vfkhgxohu V^E�
�

� dw lwv lqsxw fkrrvhv wkh yluwxdo txhxh '�
�

�� Vlqfh wkh V^E�
�

� duh dvvxphg wr

vdwlvi| wkh surshuw| +614,/ dqg vlqfh wkh vfkhgxolqj ghflvlrqv dw doo lqsxwv duh pdgh rqo|

dw glvfuhwh wlph erxqgdulhv/ lw pxvw eh wkdw wkh yluwxdo txhxh '�
�

� zdv vfkhgxohg e| V^E�
�

�

dw prvw E(�n0�-��n.
U'

wlphv/ +dqg khqfh dw prvw E(�n0�-��n.
U'

fhoov ghvwlqhg wr
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rxwsxw � zhuh vfkhgxohg e| V
U�� � dw dq| lqsxw �

�

lq wkh lqwhuydo d|�(�c |o � d|�(�c |n0�

iru dq| duelwudulo| vpdoo ydoxh ri 01 Wkhuhiruh/ wkh pd{lpxp qxpehu ri fhoov �frpshwlqj�

zlwk S fdqqrw h{fhhg (� n E(� n 0�
S

�� -�
�

� n.
U'
E?� �� � 2(� n E?� ��.

U'
n 01 E|

Ohppd 7/ wkhuh duh dw ohdvw (�7� � duelwudwlrq rssruwxqlwlhv lq wkh lqwhuydo d|c |n(�o1

Lw lv hdv| wr vhh wkdw iru 7 : 2c fkrrvlqj vx!flhqwo| vpdoo 0c iru dq| (� : E?3��.
U'

n�
732

lw

pxvw eh wkdw (�7 � � : 2(� n E?� ��.
U'

n 0/ dqg vr wkh qxpehu ri pdwfklqj skdvhv

h{fhhgv wkh qxpehu ri frpshwlqj fhoov� Wkhuhiruh/ S frxog qrw uhpdlq dw wkh lqsxw dw

|n(�1 Wkh rewdlqhg frqwudglfwlrq suryhv wkh Wkhruhp1 �

Qrwh wkdw wkh duelwudwlrq ghod| lv vwudljkwiruzdugo| d�hfwhg e| wkh dffxudf| ri wkh

lqsxw vfkhgxohu1

61616 DErxqg rq wkh Rxwsxw Ghod| +Wkh Fdvh ri d Fhoo0vzlwfklqj

Qhwzrun,

Wklv Vhfwlrq frqvlghuv wkh rxwsxw ghod| ri d vzlwfk lq d fhoo vzlwfklqj qhwzrun/ zkhuh

wkh rxwsxw vfkhgxohu rshudwhv gluhfwo| rq fhoov udwkhu wkdq rq uh0dvvhpeohg sdfnhwv1 Wkh

glvfxvvlrq ri wkh rxwsxw ghod| lq d sdfnhw0vzlwfklqj qhwzrun lv ghod|hg wloo Vhfwlrq 616181

Dv iroorzv iurp Wkhruhp :/ wkh rxwsxw ghod| lv gh�qhg e| wkh ydoxh .��| ri wkh

vfkhgxohu hpsor|hg dw wkh rxwsxw dqg wkh ohdn| exfnhw sdudphwhuv ri d  rz dw wkh hqwu|

wr wkh rxwsxw fkdqqho1 Zkloh wkh iruphu lv hqwluho| ghwhuplqhg e| wkh fkrlfh ri wkh rxwsxw

vfkhgxohu/ dv zloo qrz eh vkrzq/ wkh odwwhu lv d ixqfwlrq ri wkh duelwudwlrq ghod| +dqg

khqfh wkh duelwudwlrq dojrulwkp, dqg wkh dffxudf| ri wkh lqsxw udwh0frqwuroohg vfkhgxohu1

Pruh vshfl�fdoo|/ wkh iroorzlqj Wkhruhp krogv=

Wkhruhp < Li wkh lqsxw udwh0frqwuroohu vdwlv�hv +614, zlwk zrun glvfuhsdqf| erxqg .
U��

c

dqg li wkh duelwudwlrq ghod| lv erxqghg e| vrph wlph0lqghshqghqw (�c wkhq wkh  rz zklfk

frqirupv wr d ohdn| exfnhw zlwk sdudphwhuv Eoc K� dw wkh hqwu| wr wkh vzlwfk frqirupv wr

d ohdn| exfnhw zlwk sdudphwhuv Eoc(� n.
U��

� dw lwv hqwu| wr wkh rxwsxw fkdqqho1

Surri ri Wkhruhp <1
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Frqvlghu dq duelwudu| lqwhuydo d|�c |2o1 Vlqfh lw wdnhv h{dfwo| wlph �
7
+lq fkdqqho fhoo

wlphv, wr pryh d fhoo iurp wkh lqsxw wr wkh rxwsxw fkdqqho lq d vzlwfk zlwk vshhgxs 7/

dq| fhoo hqwhulqj wkh rxwsxw dw vrph wlph � 5 d|�c |2o zdv vfkhgxohg e| wkh duelwhu dw wlph

� � �
7
5 d|� �

�
7
c |2 �

�
7
o� Vlqfh wklv fhoo frxog kdyh vshqw dw prvw wlph (� diwhu lw sdvvhg

lwv lqsxw udwh0frqwuroohu/ lw frxog sdvv wkh lqsxw udwh0frqwuroohu dq|zkhuh lq wkh lqwhuydo

d� � �
7
� (�c � o� Wkhuhiruh/ d fhoo duulylqj wr wkh rxwsxw fkdqqho lq wkh lqwhuydo d|�c |2o

frxog kdyh sdvvhg wkh lqsxw udwh0frqwuroohu dq|zkhuh lq wkh lqwhuydo d|��
�
7
�(�c |2�

�
7
o�

E| Wkhruhp 44 wkhuh frxog eh dw prvw E|2� |�n(��on.
U��

� E|2� |��on(�n.
U��

vxfk fhoov +wkh lqhtxdolw| iroorzlqj iurp wkh idfw wkdw wkh vxp ri doo udwhv dvvljqhg wr doo

 rzv grhv qrw h{fhhg wkh fdsdflw| ri dq lqsxw ru rxwsxw fkdqqho/ zklfk lv dvvxphg wr eh

xqlw/ lpso|lqj o � �,1 Wkhuhiruh/ e| wkh gh�qlwlrq ri wkh ohdn| exfnhw wkh wud!f ri dq|

 rz frqirupv wr d ohdn| exfnhw zlwk sdudphwhuv Eoc(� n.
U��

� dv lw hqwhuv wkh rxwsxw

fkdqqho1 �

Wkhruhpv : dqg < qrz lpphgldwho| |lhog

Wkhruhp 43 Wkh ghod| dw wkh rxwsxw fkdqqho ri dq| fhoo ri d  rz zlwk dvvljqhg udwh o

vdwlv�hv

(��| �
(� n.

U��
n.��|

o
+618,

zkhuh (� lv wkh erxqg rq duelwudwlrq ghod|/ .
U��

lv wkh zrun glvfuhsdqf| erxqg ri wkh

lqsxw udwh0frqwuroohg vfkhgxohu +614,c dqg .��| lv wkh zrun glvfuhsdqf| erxqg ri wkh rxwsxw

vfkhgxohu lq +615,1

Ilqdoo|/ wkh iroorzlqj vlpsoh idfw fkdudfwhul}hv wkh exuvwlqhvv ri d  rz rq wkh rxwsxw

ri d jhqhulf udwh0frqwuroohu1 Wklv idfw iroorzv vwudljkwiruzdugo| iurp +614,=

Wkhruhp 44 Li wkh vfkhgxohu vdwlv�hv +614, wkhq wkh  rz lv frqvwudlqhg e| d ohdn| exfnhw

zlwk sdudphwhuv Eoc .� dw wkh rxwsxw iurp wkh vfkhgxohu1

Surri1

7:



Frqvlghu dq| lqwhuydo d|�c |2o dw wkh rxwsxw iurp wkh vfkhgxohu1 Wkh ghsduwxuh ri fhoov

iurp wkh vhuyhu lv r�vhw e| d �{hg wlph lqwhuydo iurp wkh vfkhgxolqj wlph +zkhuh wkh r�vhw

lv vlpso| wkh wlph uhtxluhg wr wudqvplw rqh fhoo dw wkh vshhg ri wkh vhuyhu,1 E| +614,/ dw

prvw oE|2�|��n. fhoov frxog kdyh ehhq vhuyhg lq wklv lqwhuydo/ zklfk lpphgldwho| lpsolhv

wkh vwdwhphqw ri wkh Wkhruhp1 �

61617 Erxqgv rq wkh Djjuhjdwh Ghod| dqg Rxwjrlqj Wud!f

Exuvwlqhvv

Wkh uhvxowv ri wkh suhylrxv wkuhh Vhfwlrqv zloo qrz eh xvhg wr ghulyh wkh erxqg rq wkh

wrwdo ghod| wkurxjk wkh vzlwfk ri dq|  rz zkrvh exuvwlqhvv lv frqvwudlqhg dw wkh lqsxw

wr wkh vzlwfk1 Wklv erxqg lv lqghshqghqw ri wkh qxpehu ri ru wkh ehkdylru ri dq| rwkhu

 rzv1

Wkhruhp 45 Iru dq| vshhgxs 7 : 2 wkh wrwdo vzlwfklqj ghod| ri d dq| fhoo ri d  rz

frqvwudlqhg e| d ohdn| exfnhw Eoc K� dw wkh hqwu| wr wkh vzlwfk vdwlv�hv

( �
Kn.U�� n.

U��
n.��|

o
n E� n

�

o
�
.
U'
E?� �� n �

7 � 2
n

�

7
n

�

�J�|
+619,

zkhuh .U�� dqg .
U��

duh zrun glvfuhsdqf| erxqgv lq +614, dqg +615, ri wkh lqsxw

udwh0frqwuroohg vfkhgxohu V
U�� / .

U'
lv wkh xsshu zrun glvfuhsdqf| erxqg lq +614, ri wkh

wrs0ohyho vfkhgxohu V^ dw wkh lqsxw/ .
��| lv wkh orzhu zrun glvfuhsdqf| erxqg lq +615, ri

wkh rxwsxw vfkhgxohu/ ? lv wkh qxpehu ri lqsxw fkdqqhov lq wkh vzlwfk/ dqg �J�| lv wkh

fdsdflw| ri wkh rxwsxw olqn ri wklv  rz1

Surri ri Wkhruhp 451

Wkh djjuhjdwh ghod| dw wkh vzlwfk lv vlpso| wkh vxp ri wkh lqsxw vfkhgxolqj ghod|

(U�� / wkh duelwudwlrq ghod|(�c wkh rxwsxw vfkhgxolqj ghod|(��|/ soxv wkh wlph uhtxluhg

wr wudqvplw rqh fhoo dfurvv wkh vzlwfk dw wkh vshhg ri wkh vzlwfk ideulf/ dqg dovr soxv wkh

wlph uhtxluhg wr wudqvplw rqh fhoo dw wkh vshhg ri wkh rxwjrlqj olqn1 Dvvxplqj wkdw wkh

7;



sursdjdwlrq ghod| dfurvv wkh vzlwfk lv qhjoljleoh/ wkh wlph wr wudqvplw wkh fhoo dfurvv wkh

vzlwfk lv vlpso| �
7
� Wkh wlph wr wudqvplw d fhoo ryhu wkh rxwsxw olqn lv �

���|
�

Frpelqlqj wkh erxqgv +616, dqg +618, rq (U�� dqg (��| |lhogv

( �
Kn.U�� n.

U��
n.��|

o
n E� n

�

o
�(� n

�

7
n

�

�J�|
+61:,

Xvlqj +617, lpphgldwho| lpsolhv wkh vwdwhphqw ri wkh Wkhruhp1 �

Lw lv hdv| wr vhh wkdw Wkhruhp 45 txdqwl�hv wkh lqwxlwlrq wkdw wkh pruh dffxudwh wkh

vfkhgxohuv dw wkh lqsxw dqg rxwsxw fkdqqhov/ wkh vpdoohu wkh ghod| erxqg1

Wkhuhiruh/ hpsor|lqj dffxudwh vfkhgxohuv dw wkh lqsxw dqg wkh rxwsxw dsshduv hvvhq0

wldo1 Wkh qh{w Fkdswhu glvfxvvhv vrph nqrzq vfkhgxohuv dqg wkhlu dffxudf|1

Ilqdoo|/ Wkhruhp 44 lpphgldwho| lpsolhv wkdw wkh wud!f ri d  rz dw wkh rxwsxw iurp

wkh vzlwfk vdwlv�hv wkh iroorzlqj Wkhruhp=

Wkhruhp 46 Wkh wud!f dw wkh rxwsxw ri wkh vzlwfk frqirupv wr d ohdn| exfnhw Eoc .
��|

�

Qrwh wkdw wkh exuvwlqhvv ri wkh wud!f dw wkh rxwsxw ri wkh vzlwfk grhv qrw ghshqg

rq dq|wklqj exw wkh xsshu erxqg rq vhuylfh glvfuhsdqf| ri wkh rxwsxw vfkhgxohu1 Wklv

surshuw| iroorzv iurp wkh dvvxpswlrq wkdw wud!f lv uhvkdshg dw wkh rxwsxw/ vr wkh pruh

uhvkdslqj lv ghvluhg/ wkh pruh dffxudwh wud!f vkdshu vkrxog eh hpsor|hg dw wkh rxwsxw1

61618 Vzlwfklqj Ghod| lq d Sdfnhw Qhwzrun1

Wkh suhylrxv Vhfwlrq zdv ghglfdwhg wr wkh ghulydwlrq ri d vzlwfklqj ghod| erxqg lq d

fhoo0vzlwfklqj qhwzrun vxfk dv DWP1 Lq wkh fdvh ri d sdfnhw vzlwfklqj qhwzrun/ krzhyhu/

lw lv w|slfdoo| wkh sdfnhw ghod| wkdw lv ri lqwhuhvw1

Uhfdoo wkdw lq d sdfnhw0vzlwfklqj qhwzrun dv vrrq dv d sdfnhw duulyhv wr wkh lqsxw

fkdqqho lw lv iudjphqwhg lqwr fhoov1 Zkhq wkh fhoov uhdfk wkh rxwsxw fkdqqho/ wkh| duh

uhdvvhpeohg lqwr sdfnhwv dqg rqo| wkhq duh sdvvhg wkurxjk wkh rxwsxw vfkhgxohu1

Wklv Vhfwlrq h{dplqhv wkh frpsrqhqwv ri wkh wrwdo vzlwfklqj ghod| iru d sdfnhw1 Lw

lv dvvxphg wkdw dq xsshu erxqg u4@ rq wkh ohqjwk ri d sdfnhw lv nqrzq/ dqg wkdw wkh

7<



wlph uhtxluhg wr iudjphqw d sdfnhw lv erxqghg e| A8-�C 1 Vlploduo|/ lw lv dvvxphg wkdw

wkh uhdvvhpeo| ghod| dw wkh rxwsxw +rqfh doo wkh fhoov ri d sdfnhw kdyh douhdg| duulyhg

wkhuh, lv dovr erxqghg e| A-7���

Zkhq d sdfnhw lv iudjphqwhg lqwr fhoov/ w|slfdoo| vrph khdghu lqirupdwlrq qhhgv wr eh

dgghg wr hdfk fhoo wr doorz fruuhfw uhdvvhpeo| dw wkh rxwsxw1 Ixuwkhupruh/ li wkhuh lv qrw

hqrxjk gdwd lq wkh sdfnhw wr �oo dq lqwhjhu qxpehu ri fhoov/ wkh odvw fhoo pd| eh �sdgghg�

e| vrph gxpp| elwv1 Doo wkhvh lvvxhv lqwurgxfh dgglwlrqdo edqgzlgwk ryhukhdg/ zklfk

d�hfwv erwk wkh h�hfwlyh �fhoo edqgzlgwk� dqg �fhoo exuvw vl}h� ri d  rz1

Wkh dprxqw ri ryhukhdg vwurqjo| ghshqgv rq wkh sduwlfxodu dojrulwkpv xvhg iru iudj0

phqwdwlrq dqg uhdvvhpeo| +h1j1 zkhwkhu lw lv doorzhg wr sxw gdwd iurp wkh hqg ri rqh

sdfnhw dqg wkh ehjlqqlqj ri wkh qh{w sdfnhw lq rqh fhoo,1 Ixuwkhupruh/ wkh ryhukhdg gh0

shqgv rq wkh glvwulexwlrq ri wkh sdfnhw vl}h1 Wklv glvvhuwdwlrq grhv qrw frqvlghu vshfl�f

iudjphqwdwlrq dqg uhdvvhpeo| dojrulwkpv/ dqg wkhuhiruh wklv ryhukhdg lv qrw txdqwl�hg1

Lqvwhdg lw lv dvvxphg wkdw wkh dvvljqhg udwh dv zhoo dv wkh exuvw vl}h lq wkh lqsxw ohdn|

exfnhw sdudphwhuv duh douhdg| dgmxvwhg wr dffrpprgdwh wklv ryhukhdg1 Qdpho|/ li d  rz

frqirupv wr d �sdfnhw� ohdn| exfnhw zlwk sdudphwhuv EoRc KR� dw wkh lqsxw/ wkhvh sdud0

phwhuv duh dgmxvwhg wr Eoc K� zkhuh o � oRc dqg w|slfdoo| K � KR� Lw lv dvvxphg wkdw wkh

qhjrwldwlrq ri �sdfnhw udwhv� oR dw frqqhfwlrq vhwxs wdnhv lqwr dffrxqw wkh iudjphqwd0

wlrq ryhukhdg/ vr wkdw wkh �fhoo udwhv� os ri doo  rzv vkdulqj dq lqsxw fkdqqho vwloo vdwlvi|S
s os � �c zkloh wkh �sdfnhw udwhv� oRs ri doo  rzv vkdulqj dq rxwsxw olqn ri fdsdflw|

���| vdwlvi|
S

s o
R
s � ���| � ��

Zlwk wklv lq plqg/ wkh uhvw ri wklv Vhfwlrq zloo rshudwh zlwk wkh douhdg| dgmxvwhg

�fhoo� ohdn| exfnhw sdudphwhuv Eoc K��

Frqvlghu qrz wkh �uvw dqg wkh odvw fhoo ri d sdfnhw/ zklfk duh ghqrwhg e| Ss dqg S,�

Vlqfh wkhvh fhoov duh sduw ri wkh vdph sdfnhw/ wkhlu duulydo wr wkh vzlwfk rffxuuhg dw wkh

vdph wlph +lw lv dvvxphg wkdw wkh sdfnhw lv ixoo| duulyhg zkhq lwv odvw elw kdv duulyhg/

dqg wkdw doo fhoov ri d sdfnhw �duulyh� wr wkh vzlwfk vlpxowdqhrxvo| dw wkh hqg ri wkh

iudjphqwdwlrq surfhvv,1 Wkhuhiruh/ wkh sdfnhw vfkhgxolqj ghod| lv vlpso| wkh vfkhgxolqj
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ghod| ri lwv odvw fhoo/ dqg wkhuhiruh/ Wkhruhp : lpsolhv wkdw iru wkh sdfnhw fdvh (U��

vdwlv�hv +616,1

Vlqfh wkh sdfnhw lv frqvlghuhg duulyhg dw wkh rxwsxw zkhq lwv odvw elw duulyhv dw wkh

rxwsxw/ lw lv hdv| wr vhh wkdw wkh sdfnhw duulyhv wr wkh rxwsxw fkdqqho qr odwhu wkdq

(8-�C n (U�� n (� n �
7
c zklfk lv wkh erxqg rq wkh wrwdo lqsxw vfkhgxolqj dqg wkh

duelwudwlrq ghod| ri wkh odvw fhoo soxv wkh wlph uhtxluhg wr wudqvplw wkh odvw fhoo dw wkh

vshhg ri wkh vzlwfk1 Qrwh wkdw lqsxw vfkhgxolqj ghod|/ dqg wkh duelwudwlrq ghod| ri doo

wkh suhylrxv fhoov ri wkh sdfnhw duh �klgghq� lq wkh erxqg (U��n (� vlqfh e| wkh wlph

wkh odvw fhoo ri d sdfnhw lv fkrvhq e| wkh duelwhu/ doo wkh suhylrxv fhoov pxvw kdyh ehhq

wudqvplwwhg wr wkh rxwsxw1

Ilqdoo|/ wkh sdfnhw ghod| dw wkh rxwsxw lv qrz hydoxdwhg1

Qrwh wkdw Wkhruhp < uhjduglqj wkh pd{lpxp exuvw ri wkh ohdn| exfnhw sdudphwhuv ri

d  rz dw wkh hqwu| wr wkh rxwsxw fkdqqho frqwlqxhv wr krog/ vlqfh wkh vl}h ri wkh pd{lpxp

exuvw diwhu sdfnhwv kdyh ehhq uhdvvhpeohg fdqqrw h{fhhg wkh vl}h ri wkh pd{lpxp exuvw

lq fhoov +ehiruh wkh fhoo khdghuv lv vwulsshg r� dqg srvvleoh sdgglqj uhpryhg,1

Lw lv dvvxphg wkdw mxvw dv lq wkh fdvh ri d fhoo vfkhgxohu dw wkh rxwsxw/ wkh rxwsxw

sdfnhw vfkhgxohu vdwlv�hv +614, dqg +615,/ zkhuh wkh erxqgv .
��|

dqg .��| pd| ghshqg

rq wkh erxqgv rq wkh vl}h ri wkh sdfnhw71 Jlyhq wklv dvvxpswlrq/ wkh surri ri Wkhruhp

43 krogv zlwkrxw prgl�fdwlrq +h{fhsw uhsodflqj wkh zrug �fhoo� e| �sdfnhw�,/ dqg vr

wkh rxwsxw vfkhgxolqj ghod| lv erxqghg e| (-7�� n (��|/ zlwk (��| vdwlvi|lqj +618,1

Ilqdoo|/ lw wdnhv dw prvw u4@ 

���|
wlph xqlwv wr wudqvplw d sdfnhw ryhu wkh rxwsxw olqn1

Frpelqlqj wkh erxqgv iru (U�� / (� dqg (��| lpphgldwho| lpsolhv wkdw wkh erxqg

(R wrwdo ghod| ri sdfnhw lq wkh vzlwfk lv jlyhq

(R � (8-�C n(-7�� n +61;,

7Dq h{dpsoh ri d sdfnhw vfkhgxohu vdwlvi|lqj +614, dqg +615,/ zlwk wljkw erxqgv H
Rxw

dqg HRxw zloo
eh jlyhq lq wkh qh{w fkdswhu1
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617 Ghod| Erxqgv iru Vpdoo Vshhgxs Ydoxhv1

Vr idu wkh ghod| erxqgv kdyh ehhq rewdlqhg iru d vzlwfk zlwk vshhgxs 7 : 2� Vlqfh

wkh kljkhu wkh vshhgxs/ wkh pruh h{shqvlyh wkh vzlwfk/ wklv Vhfwlrq lqyhvwljdwhv wkh

srvvlelolw| ri surylglqj edqgzlgwk dqg ghod| jxdudqwhhv zlwk vpdoo vshhgxs ydoxhv1 Lq

sduwlfxodu/ wkh ydoxhv ri vshhgxs � � 7 � 2 duh frqvlghuhg khuh1

Lw wxuqv rxw wkdw hyhq iru vpdoo vshhgxs ydoxhv rqh fdq vwloo hqvxuh fhuwdlq ghod|

erxqgv dv orqj dv wkh wrwdo udwhv ri doo  rzv uhtxlulqj ghod| jxdudqwhhv vkdulqj dq lqsxw ru

dq rxwsxw fkdqqho duh uhvwulfwhg wr d fhuwdlq iudfwlrq ri wkh fkdqqho edqgzlgwk1 Qdpho|/

lw lv vkrzq wkdw wkh wrwdo vzlwfklqj ghod| ri dq| fhoo lv erxqghg dv orqj dv iru dq| lqsxw

fkdqqho � dqg rxwsxw fkdqqho � wkh udwhv ri jxdudqwhhg  rzv duh uhvwulfwhg wr vdwlvi| wkh

iroorzlqj frqglwlrqv=

[
�

-�� 	 kc +61<,

[
�

-�� 	 k

zkhuh f 	 k 	 7
2
dqg -�� lv wkh frpelqhg udwh ri doo  rzv ghvwlqhg iurp lqsxw � wr rxwsxw

�1

Uhvwulfwlqj wkh udwhv ri jxdudqwhhg  rzv wr d sruwlrq ri wkh fkdqqho edqgzlgwk fohduo|

ohdgv wr edqgzlgwk xqghu0xwlol}dwlrq lq wkh devhqfh ri dq| rwkhu fodvvhv ri vhuylfh1 Krz0

hyhu/ li ehvw0h�ruw wud!f lv xvhg dorqj zlwk wkh jxdudqwhhg wud!f/ wkhq wkh edqgzlgwk

xqxvhg e| wkh jxdudqwhhg  rzv fdq eh xvhg e| ehvw0h�ruw wud!f1

Zlwk wklv lq plqg/ wkh ghod| erxqgv iru wkh vpdoohu ydoxhv ri vshhgxs zloo qrz eh

ghulyhg1

Iluvw/ qrwh wkdw wkh lqsxw dqg rxwsxw ghod|v (U�� dqg (��| duh qrw d�hfwhg e| wkh

ydoxh ri wkh vshhgxs1 Khqfh/ lw lv rqo| qhhghg wr rewdlq wkh duelwudwlrq ghod| erxqg/
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zklfk lv jlyhq e| wkh iroorzlqj Wkhruhp=

Wkhruhp 47 Li wkh udwh0frqwuroohuv V^ dw wkh wrs ohyho ri wkh vfkhgxohuv V
U�� vdwlvi|

surshuw| +614,/ dqg li wkh udwhv ri doo  rzv duh uhvwulfwhg dv wr vdwlvi| +61<, zlwk k 	 7
2
/

wkhq iru duelwudu| vshhgxs lq wkh udqjh � � 7 � 2/ zlwk qr dvvxpswlrq rq v|qfkurql}dwlrq

ehwzhhq wkh fhoo vorw forfn dqg wkh skdvh forfn/ wkh duelwudwlrq ghod| (� ri dq| fhoo lv

erxqghg iurp deryh e| .
U'

E6n?3��
732k

Surri1

Vxssrvh wkdw wkh vwdwhphqw ri wkh Wkhruhp lv idovh/ dqg fkrrvh d fhoo S zlwk wkh

hduolhvw vfkhgxolqj wlph | xqghu lwv 7^ vfkhgxohu/ iru zklfk wkh duelwudwlrq ghod| erxqg

lv ylrodwhg1 Ohw � dqg � eh S*v lqsxw dqg rxwsxw fkdqqhov uhvshfwlyho|1 Vlqfh wkhuh duh dw

ohdvw (�7 � � pdwfklqj rssruwxqlwlhv lq wkh lqwhuydo d|c |n(�o/ lq rughu iru S wr qrw eh

vfkhgxohg e| dqg lqfoxglqj wlph |n(� lw pxvw eh wkdw d fhoo iurp lqsxw � dqg2ru d fhoo

ghvwlqhg wr rxwsxw � zlwk wlphvwdpsv vpdoohu wkdq ru htxdo wr | +zklfk lv wkh wlphvwdps

ri S, pxvw eh fkrvhq e| wkh duelwhu lq hdfk ri wkhvh pdwfklqj rssruwxqlwlhv1 Khqfh/

wkhuh pxvw eh dw ohdvw (�7 � � �frpshwlqj� fhoov dydlodeoh lq wkh lqwhuydo ^|c | n (�o1

Qrwh dv lq wkh surri ri Wkhruhp 47 wkdw dq| frpshwlqj fhoo pxvw eh vfkhgxohg e| lwv 7^

vfkhgxohu lq wkh lqwhuydo d|�(�c |o/ vlqfh dq| fhoo vfkhgxohg ehiruh |�(� pxvw eh jrqh

e| | e| wkh dvvxpswlrq wkdw S lv wkh �uvw fhoo wr ylrodwh wkh duelwudwlrq ghod| erxqg (�/

dqg dq| fhoo vfkhgxohg e| V
U�� diwhu wlph | fdqqrw suhyhqw S iurp ehlqj fkrvhq e| wkh

duelwhu gxh wr wkh �vpdoohvw wlphvwdps �uvw� duelwudwlrq srolf|1 Vlqfh wkh wlph zkhq d

fhoo lv vfkhgxohg e| V
U�� pxvw fruuhvsrqg wr wkh wlph zkhq wkh fruuhvsrqglqj yluwxdo

rxwsxw txhxh lv fkrvhq e| V^c dqg vlqfh doo wkh vfkhgxohuv V^ vdwlvi| +614,/ lw phdqv wkdw

dw prvw E0 n(��
S

� -�� n6. 	 E0 n(��k n6. fhoov fdq eh vfkhgxohg e| wkh lqsxw

vfkhgxohu VU�� dw lqsxw �/ lqfoxglqj S lwvhoi/ dqg dw prvw E0n(��
S

�
� -�� n E?� ��. 	

E0 n (��k n E? � ��. fhoov ghvwlqhg wr � fdq eh vfkhgxohg dw doo rwkhu lqsxwv lq wkh

lqwhuydo d| � (�c |o � d| � (�c | n 0� iru dq| duelwudu| vpdoo ydoxhv ri 01 Wkhuhiruh/

wkh wrwdo qxpehu ri frpshwlqj fhoov lv erxqghg e| 2E(� n 0�k n E6 n ? � ��. � ��
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Lq rughu iru S qrw wr eh vfkhgxohg e| wkh duelwhu dw ru ehiruh (�/ lw pxvw eh wkdw

2(�knE6n?���.��n20k : (�7��� Lw lv hdv| wr vhh wkdw iru dq| k 	 7
2
c fkrrvlqj

vx!flhqwo| vpdoo 0c wklv fdqqrw eh wuxh iru dq| (� : .E6n?3��
732k

wklv fdqqrw eh wuxh iru

dq| k 	 7
2
� Wkh rewdlqhg frqwudglfwlrq suryhv wkh vwdwhphqw ri wkh Wkhruhp1 �

Wkh djjuhjdwh vzlwfklqj ghod| erxqg fdq qrz eh lpphgldwho| rewdlqhg iurp lqhtxdo0

lw| +61:, xvlqj wkh ydoxh .E6n?3��
732k

iru d erxqg rq (��
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Fkdswhu 7

Fkrrvlqj Lqsxw dqg Rxwsxw

Vfkhgxohuv

714 Zk| Xvh D Udwh0Frqwuroohu dw wkh LqsxwB

Lq jhqhudo d zrun0frqvhuylqj vfkhgxohu zklfk lv qhyhu lgoh dv orqj dv lw kdv zrun wr gr

kdv d orw ri lqwxlwlyh dsshdo vlqfh lw holplqdwhv xqqhfhvvdu| orvv ri edqgzlgwk1 Krzhyhu/

lw wxuqv rxw wkdw lq wkh frqwh{w ri wkh sduwlfxodu wlphvwdps0edvhg duelwudwlrq phfkdqlvp

ghvfulehg lq wkh suhylrxv Fkdswhu d udwh frqwuroohu dw wkh lqsxw |lhogv vxevwdqwldoo|

vpdoohu ghod| erxqgv frpsduhg wr wkrvh zklfk fdq eh rewdlqhg li d zrun0frqvhuylqj

vfkhgxohu lv xvhg1 Lqwxlwlyho|/ wklv iroorzv iurp wkh idfw wkdw iru d udwh0frqwuroohu/ wkh

xsshu erxqg rq vhuylfh glvfuhsdqf| +zklfk lq wxuq gh�qhv wkh duelwudwlrq ghod| erxqg,

grhv qrw ghshqg rq wkh vkdsh ri wkh lqfrplqj wud!f/ zkloh dv zloo eh vkrzq ehorz/ iru

d zrun0frqvhuylqj vfkhgxohu wklv erxqg lv dw ohdvw olqhdu zlwk wkh frpelqhg exuvwlqhvv ri

doo rwkhu wud!f ghvwlqhg wr wkh vdph rxwsxw� Lq dgglwlrq wr |lhoglqj d odujhu ghod| erxqg/

wklv lv txlwh xqghvludeoh vlqfh lw mhrsdugl}hv wkh sulqflsoh ri  rz lvrodwlrq= d  rz zlwk d

vpdoo exuvwlqhvv pd| eh d�hfwhg e| d odujh exuvw ri vrph rwkhu +srwhqwldoo| plvehkdyhg,

 rz dw vrph rwkhu lqsxw1 Lq frqwudvw/ li d udwh0frqwuroohu lv xvhg dw wkh lqsxw/ wkh ghod|

erxqg ri d  rz grhv qrw ghshqg rq wkh exuvwlqhvv ri dq| rwkhu  rzv1
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Wr jhw pruh lqwxlwlrq rq wklv/ frqvlghu wkh iroorzlqj h{dpsoh1 Frqvlghu dq ?{?

vzlwfk lq d fhoo0vzlwfklqj qhwzrun zlwk d zrun0frqvhuylqj vfkhgxohu dw hdfk lqsxw/ dqg

dvvxph wkdw wkh duelwudwlrq phfkdqlvp lv wlphvwdps0edvhg dv ghvfulehg lq Vhfwlrq 615171

Vxssrvh ixuwkhu wkdw wkhuh duh ? n �  rzv odehoohg �c 2���? n � vkdulqj d vlqjoh rxwsxw1

Iorzv � dqg 2 duh iurp lqsxw �/ hdfk zlwk dvvljqhg udwh �*2?/ zkloh  rzv �c e���?c ?n �

duh iurp lqsxwv 2c �c ���?/ hdfk zlwk dvvljqhg udwh �*?1 Qrwh wkdw wklv udwh dvvljqphqw lv

ihdvleoh/ vlqfh qr lqsxw ru rxwsxw +hdfk ri xqlw fdsdflw|, lv ryhuerrnhg1 Vxssrvh ixuwkhu

wkdw dw wkh lqsxw wr wkh vzlwfk doo  rzv 2c ����?n � frqirup wr ohdn| exfnhwv Eoc K� zlwk

wkh vdph exuvwlqhvv K/ zkloh  rz � kdv exuvwlqhvv K�� Vxssrvh dw wlph }hur K fhoov ri hdfk

ri  rzv 2c �c ���?n� duulyh wr wkhlu fruuhvsrqglqj lqsxwv1 Wkh| duh vfkhgxohg e| wkh lqsxw

vfkhgxohuv lq d ILIR rughu/ vr wkdw wkh K0wk fhoo lv vfkhgxohg dw wlph K1 Vlqfh doo fhoov lq

wkh vzlwfk vkduh d vlqjoh rxwsxw/ rqo| d vlqjoh fhoo fdq eh fkrvhq e| wkh duelwhu dw hdfk

pdwfklqj rssruwxqlw|1 Wkhuhiruh/ lq K fhoo wlphv h{dfwo| K7 fhoov fdq eh vhqw dfurvv wkh

vzlwfk/ dqg dw wlph K ?K� K7 fhoov zloo vwloo uhpdlq dw wkhlu lqsxwv1 Doo ri wkhvh fhoov zloo

kdyh wlphvwdpsv qrw h{fhhglqj K/ vlqfh wkh| zhuh vfkhgxohg e| wkh lqsxw vfkhgxohuv e|

wlph K1 Vxssrvh qrz wkdw dw wlph K n � d vlqjoh fhoo ri  rz 4 duulyhv dw lqsxw �1 Lw zloo

eh lpphgldwho| vfkhgxohg e| wkh lqsxw vfkhgxohu dqg zloo eh dvvljqhg wlphvwdps Kn �1

Vlqfh lw zloo kdyh wkh odujhvw wlphvwdps dprqj doo fhoov dfurvv wkh vzlwfk/ doo vkdulqj wkh

vdph rxwsxw/ lw zloo kdyh wr zdlw xqwlo doo wkh rwkhu fhoov duh wudqvplwwhg wr wkh rxwsxw/

|lhoglqj wkh wrwdo lqsxw soxv duelwudwlrq ghod| ri ?K3K7
7

' ?K
7
�K� Dv fdq eh vhhq/ wklv ghod|

lv sursruwlrqdo wr ? wlphv wkh exuvw vl}h ri wkh rwkhu  rzv1 Lq frqwudvw/ li d wzr0ohyho

udwh0frqwuroohg vfkhgxohu zlwk frqvwdqw zrun glvfuhsdqf| erxqgv zhuh xvhg dw wkh lqsxw/

wkh wrwdo lqsxw soxv duelwudwlrq ghod| zrxog eh jlyhq e| K�n.
U��

o
n .

U'
E?3��n�
732

c zklfk grhv

qrw ghshqg rq wkh frpelqhg exuvwlqhvv ?K ri rwkhu  rzv dw doo1 Wklv h{dpsoh looxvwudwhv

wkdw iru wkh vzlwfk ri wkh vdph vl}h dqg vshhgxs/ lq wkh suhvhqfh ri vrph  rzv zlwk odujh

exuvwlqhvv K/ xvlqj d udwh0frqwuroohg vfkhgxohu zlwk frqvwdqw vhuylfh glvfuhsdqf| erxqgv

lv ehqh�fldo frpsduhg wr xvlqj d zrun0frqvhuylqj vfkhgxohu1

Dq h{dpsoh ri d udwh0frqwuroohg vfkhgxohu zlwk d vpdoo erxqg rq vhuylfh glvfuhsdqf|
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lv glvfxvvhg lq wkh uhvw ri wklv Fkdswhu1

Qrwh �qdoo| wkdw wkh frqvlghudwlrqv glvfxvvhg lq wklv Vhfwlrq kdyh qr h�hfw rq zkhwkhu

d udwh0frqwuroohu ru d zrun0frqvhuylqj vfkhgxohu lv fkrvhq dw wkh rxwsxw fkdqqho1 Wkhuh

dsshduv wr eh qr ryhuzkhoplqj dgydqwdjh ri rqh dssurdfk yhuvxv wkh rwkhu1

715 Rshudwlrq ri UF0ZI2T1

Wkh udwh0frqwuroohuv dw wkh lqsxw dqg rxwsxw fkdqqhov/ zklfk zloo eh xvhg lq wklv Fkdswhu/

duh edvhg rq wkh vr0fdoohg UF0ZI2T ^7`/ zklfk lv d udwh0frqwuroohg yhuvlrq ri ZI2T

^5`1 Wkh fkrlfh ri UF0ZI2T lv prwlydwhg e| lwv kljk dffxudf|/ |lhoglqj vpdoo vhuylfh

glvfuhsdqf| erxqgv1 Wkh qh{w Vhfwlrq lv ghglfdwhg wr wkh ghvfulswlrq ri UF0ZI2T dqg

lwv edvlf surshuwlhv1

71514 Wkh Fhoo UF0ZI5T1

Wkh ghvfulswlrq ri UF0ZI2T suhvhqwhg khuh lv htxlydohqw wr wkdw ri ^7`1 Wkh vfkhgxohu

pdlqwdlqv wzr vwdwh yduldeohv shu  rz= rs dqg ss 1 Wkhvh yduldeohv kdyh wkh phdqlqj

ri wkh lghdo vwduwlqj dqg �qlvklqj wudqvplvvlrq wlph ri wkh KRO fhoo ri ^s c zkhuh wkh

lghdo wlph lv frpsxwhg lq uhihuhqfh wr wkh  rz*v � xlg� prgho/ lq zklfk fhoov ri wklv  rz

duh lq�qlwho| glylvleoh dqg wkh  rz lv wudqvplwwhg frqwlqxrxvo| dw wkh frqvwdqw udwh os �

Lqlwldoo| rs ' fc ss ' �Se,,
os

iru doo  rzv s / zkhuh wkh udwhv ri wkh  rzv duh phdvxuhg lq

fhoov shu xqlw wlph1 Lq dgglwlrq/ UF0ZI2T pdlqwdlqv d vlqjoh yduldeoh ?J�c zklfk lv

vlpso| htxdo wr wkh fxuuhqw uhdo wlph1 Li wkh vhuyhu fdsdflw| lv � fhoov2xqlw wlph/ wkhq

?J� lqfuhdvhv e| � Se,,
�

hdfk vfkhgxolqj rssruwxqlw|/ ehfdxvh lw wdnhv h{dfwo| � Se,,
�

xqlwv

ri wlph wr wudqvplw d fhoo dw vshhg �1 Doo  rzv vdwlvi|lqj wkh frqglwlrq rs � ?J� duh

uhihuuhg wr dv holjleoh  rzv dw wlph ?J�1 Dw hdfk fhoo vorw erxqgdu| UF0ZI2T slfnv wkh

 rz zlwk wkh vpdoohvw �qlvk wlph ss dprqj doo holjleoh  rzv1 Li d  rz s lv fkrvhq dw wkh

8:



fxuuhqw fhoo erxqgdu|/ lwv vwdwh yduldeohv duh xsgdwhg dv

rs + rs n
�

os
+714,

ss + ss n
�

os
� +715,

Li d  rz lv qrw fkrvhq/ lwv vwdwh yduldeohv uhpdlq xqfkdqjhg1 Lq frqwudvw zlwk d qrq0udwh0

frqwuroohg yhuvlrq ri ZI2T/ wkh  rz lv vfkhgxohg uhjdugohvv ri zkhwkhu lw dfwxdoo| kdv d

fhoo ru qrw1 Li d  rz lv vfkhgxohg zkhq wkhuh lv qr fhoo lq lw/ wkh  rz vlpso| plvvhv wkh

vfkhgxolqj rssruwxqlw| +exw qrwh wkdw wkh vwdwh yduldeohv ri wkh  rz duh xsgdwhg dv li

wkh fhoo zhuh wkhuh,1

Wkh iroorzlqj Wkhruhp dqg Fruroodulhv fkdudfwhul}h wkh dffxudf| ri UF0ZI2T=

Wkhruhp 48 Iru doo & � �/ wkh &0wk vfkhgxolqj rssruwxqlw| xqghu UF0ZI2T ri d  rz

zlwk dvvljqhg udwh o rffxuv lq wkh lqwhuydo d&3�
o
c &
o
o�

Wklv Wkhruhp fdq eh ghulyhg iurp wkh uhvxowv lq ^5`/ ^7`1 Ehorz lv dq dowhuqdwlyh surri

ghulyhg iurp wkh surshuwlhv ri SJSV ^53`1

Surri ri Wkhruhp 481

Frqvlghu �uvw wkh fdvh zkhq wkh v|vwhp lv ixoo| errnhg/ l1h1
S

s os ' �� Wkh rshudwlrq

ri UF0ZI2T lv lqghshqghqw ri dq| duulydo sdwwhuq/ vlqfh wkh vfkhgxolqj rssruwxqlwlhv

rffxu dv li iru doo & � � wkh &0wk fhoo zrxog duulyh h{dfwo| dw lwv lghdo duulydo wlph

&3�
o
� Wkhuhiruh/ iru wkh ixoo| errnhg fdvh wkh rshudwlrq ri UF0ZI2T lv htxlydohqw wr wkh

rshudwlrq ri SJSV xqghu wkh lghdo duulydov ri doo fhoov ri doo  rzv1 Wkhruhp 414 ri ^53`

lpsolhv wkdw lq d ixoo| errnhg SJSV vfkhgxohu rshudwlqj dw xqlw vshhg rq xqlw vl}h sdfnhwv

+fhoov, duulylqj h{dfwo| dw wkhlu lghdo duulydo wlph/ wkh &0wk fhoo �qlvkhv lwv wudqvplvvlrq qr

odwhu wkdq dw wlph &
o
n�� Vlqfh lw wdnhv h{dfwo| xqlw wlph wr wudqvplw d fhoo dw xqlw vshhg/

lw phdqv wkdw wkh &0wk vfkhgxolqj rssruwxqlw| +l1h1 wkh wlph dw zklfk wkh &0wk fhoo ehjlqv

lwv wudqvplvvlrq, rffxuv qr odwhu wkdq dw wlph &
o
/ zkhuh o lv wkh udwh dvvljqhg wr wklv  rz1

Pruhryhu/ vlqfh xqghu wkh frqvlghuhg lghdo duulydo sdwwhuq wkh &0wk fhoo duulyhv h{dfwo| dw
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wlph &3�
o
c lw fohduo| fdqqrw eh wudqvplwwhg ehiruh wkdw wlph1 Khqfh/ xqghu SJSV zlwk

lghdo duulydov lq wkh ixoo| errnhg fdvh/ wkh &0wk vfkhgxolqj rssruwxqlw| ri dq|  rz rffxuv

lq wkh lqwhuydo d&3�
o
c &
o
oc lpphgldwho| |lhoglqj wkh vwdwhphqw ri wkh Wkhruhp iru wkh ixoo|

errnhg UF0ZI2T vfkhgxohu1

Lw uhpdlqv wr vkrz wkdw wkh Wkhruhp lv wuxh iru wkh fdvh zkhq
S

s os 	 �� Frqvlghu

d gxpp|  rz +zklfk zloo eh ghqrwhg e| hs zlwk udwh ho ' � �
S

s os � Dvvxph wkdw wkh

�gxpp|� fhoov ri wklv �gxpp|�  rz duulyh dw wkhlu lghdo duulydo wlphv1 Ohw �sE&� dqg

|s E&� ghqrwh wkh wlph ri wkh &0wk vfkhgxolqj rssruwxqlw| ri vrph  rz s xqghu UF0ZI2T

lq wkh suhvhqfh ri wkh gxpp|  rz dqg zlwkrxw lw/ uhvshfwlyho|1 Qrwh wkdw iru doo & wkh

ydoxhv ri yduldeohv rs dqg ss dvvljqhg dw wkh &0wk xsgdwh ri wkhvh yduldeohv gr qrw ghshqg

rq wkh wlph ri wkh xsgdwh ru wkh vwdwh yduldeohv ri dq| rwkhu  rz lq wkh v|vwhp1 Wkhuhiruh/

dowkrxjk wkh suhvhqfh ri wkh gxpp|  rz pd| fkdqjh wkh vfkhgxolqj wlphv ri wkh uhdo

 rzv/ lw fdqqrw fkdqjh wkh uhodwlyh vfkhgxolqj rughu ri wkh uhdo  rzv1 Wklv lpsolhv wkdw

wkh suhvhqfh ri wkh gxpp|  rz fdq rqo| fdxvh wkh &0wk vfkhgxolqj rssruwxqlw| ri d

uhdo  rz wr rffxu odwhu wkdq wkdw lq wkh devhqfh ri wkh gxpp|  rz1 Khqfh/ iru doo &

|s E&� � �s E&�� Dv vkrzq deryh/ iru wkh ixoo| errnhg fdvh �sE&� 5 d&3�
o
c &
o
oc dqg khqfh

|s E&� � �sE&� � &
o
� Rq wkh rwkhu kdqg/ e| rshudwlrq ri wkh dojrulwkp qr fhoo fdq eh

vfkhgxohg ehiruh lwv holjlelolw| wlph/ lpso|lqj |sE&� �
&3�
o
� Khqfh/ |s E&� 5 d&3�

o
c &
o
o� �

Fruroodu| 49 Vhuylfh glvfuhsdqf| erxqgv ri dq UF0ZI2T vfkhgxohu vdwlvi| .-�`82' '

2 fhoov dqg .
-�`82'

' 2 fhoov1

Surri ri Fruroodu| 491

Lw zloo eh vkrzq ehorz wkdw wkh qxpehu ri vfkhgxolqj rssruwxqlwlhv +phdvxuhg lq

fhoov, ri d  rz zlwk dvvljqhg udwhv o zklfk fdq rffxu lq dq| lqwhuydo d|�c |2�/ zklfk zh

ghqrwh e| �oE|�c |2�/ vdwlv�hv

E|2 � |��o � 2 	 �oE|�c |2� 	 E|2 � |��o n 2 +716,

Vlqfh E|2 � |��o lv wkh dprxqw ri �lghdo� vhuylfh zklfk vkrxog eh uhfhlyhg lq  xlg dw udwh
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o/ wkh vwdwhphqw ri wkh Fruroodu| zloo iroorz1

Ohw 63�
o

� |� 	
6
o
c 6nR3�

o
� |2 	

6nR
o

c iru vrph 6 � fc R � �� Fohduo|/

R� �

o
'

6n R� �

o
�

6

o
	 |2 � |� 	

6n R

o
�

6� �

o
'

Rn �

o
+717,

E| Wkhruhp 48 doo vfkhgxolqj rssruwxqlwlhv ri wkh frqvlghuhg  rz lqgh{hg 6n�/6n

2c ���6n R� � pxvw rffxu lq wkh lqwhuydo d|�c |2o� Vlqfh wkhuh duh dw ohdvw R� � ri wkhp/ lw

pxvw eh wkdw �oE|�c |2� � R� �� Lq frqmxqfwlrq zlwk +717, wklv lpsolhv wkdw

�oE|�c |2� � R� � : E|2 � |��o � 2

zklfk lv wkh ohiwkdqg vlgh ri +716,1 Rq wkh rwkhu kdqg/ e| Wkhruhp 48 rqo| vfkhgxolqj

rssruwxqlwlhv ri wkh frqvlghuhg  rz qxpehuhg6c6n�c ����6nR fdq srvvleo| rffxu lq wkh

lqwhuydo d|�c |2�� Vlqfh wkhuh duh dw prvw Rn� ri wkrvh/ lw pxvw eh wkdw �oE|�c |2� � Rn��

Lq frqmxqfwlrq zlwk +717, wklv lpsolhv wkdw

�oE|�c |2� � Rn � 	 E|2 � |��o n 2

zklfk lv wkh uljkwkdqg vlgh ri +716,1 �

71515 Wkh Lqsxw vfkhgxohu edvhg rq UF0ZI5T1

Wkh lqsxw udwh0frqwuroohg vfkhgxohu zdv ghvfulehg lq wkh suhylrxv Fkdswhu dv d wzr0

ohyho klhudufklfdo vfkhgxohu lq zklfk wkh wrs ohyho vfkhgxohu frqwurov wkh lqsxw wr wkh

yluwxdo rxwsxw txhxhv/ dqg wkh vhfrqg ohyho vfkhgxohuv rshudwh rq shu0 rz txhxhv1 Lq

wklv frqwh{w/ dq UF0ZI2T vfkhgxohu lv xvhg dw wkh wrs ohyho ri wkh klhudufk| wr duelwudwh

dprqj yluwxdo rxwsxw txhxhv dw hdfk lqsxw +wkdw lv/ doo V^E�� vfkhgxohuv duh UF0ZI2T

vfkhgxohuv dv ghvfulehg lq wkh suhylrxv Vhfwlrq,1

Dw wkh vhfrqg ohyho ri wkh klhudufk| dw lqsxw � wkhuh duh ? UF0ZI2T vfkhgxohuv

Vs E����/ rqh iru hdfk ri wkh ? rxwsxw fkdqqhov1 Xqolnh wkh wrs0ohyho vfkhgxohu/ VsE�c ��
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grhv qrw rshudwh lq uhdo wlph/ exw udwkhu lv lqyrnhg dq| wlph wkh wrs0ohyho UF0ZI2T

fkrrvhv wkh yluwxdo rxwsxw txhxh '��� Wkh rqo| glvwlqfwlrq ehwzhhq wkh rshudwlrq ri wkh

vhfrqg0ohyho vfkhgxohuv VsE�c �� dqg wkh qrq0klhudufklfdo UF0ZI2T ghvfulehg deryh lv lq

wkh phdqlqj dqg wkh ydoxh ri wkh yduldeoh ?J�c zklfk zh zloo ghqrwh � wr glvwlqjxlvk

iurp wkh yduldeoh ?J� ri wkh wrs ohyho ri wkh klhudufk| 1 Zkloh ?J� lv vlpso| wkh uhdo

wlph lq wkh wrs0ohyho vfkhgxohu/ lq VsE�c �� � dgydqfhv e| �
-��

rqo| dw wkh wlphv zkhq '��

lv fkrvhq e| wkh wrs0ohyho vfkhgxohu/ diwhu wkh vfkhgxolqj ghflvlrq ri VsE�c �� lv pdgh1

Pruh vshfl�fdoo|/ lqlwldoo| ?J� ' � ' f� Li dw uhdo wlph ?J� ' | wkh wrs0ohyho UF0ZI2T

fkrrvhv '��c wkhq Vs E�c �� fkrrvhv wkh  rz zlwk wkh vpdoohvw ss ri doo ri lwv  rzv zlwk

rs � �c dqg wkhq xsgdwhv � # �n �
-��

� Wkh yduldeoh � zloo eh uhihuuhg wr dv �vlpxodwhg

wlph� wr glvwlqjxlvk lw iurp wkh uhdo wlph1

Wkhruhp 4: Iru doo & � � wkh &0wkh vfkhgxolqj rssruwxqlw| ri  rz s zlwk dvvljqhg udwh

os xqghu wkh wzr0ohyho klhudufklfdo UF0ZI2T rffxuv lq wkh lqwhuydo ^&3�
os

c &n�
os
`

Wklv Wkhruhp fdq eh ghulyhg iurp wkh uhvxowv ri ^6` iru klhudufklfdo ZIT vfkhgxohuv1

D pruh gluhfw surri lv jlyhq ehorz1

Surri ri Wkhruhp 4:1

Frqvlghu d vfkhgxohu Vs E�c �� lq wkh klhudufk| dqg ohw |�c |2c ���� eh wkh vhtxhqfh ri uhdo

wlphv fruuhvsrqglqj wr wkh wlph hsrfkv zkhq yduldeohv rs dqg ss fkdqjhg iru dw ohdvw

rqh  rz lq wkh vfkhgxohu1 Ohw ��c �2c ���� eh wkh fruuhvsrqglqj ydoxhv ri wkh vlpxodwhg wlph

yduldeoh � ri wklv vfkhgxohu1 E| rshudwlrq ri wkh dojrulwkp �� ' fc �2 '
�
-��

c �����& '
&3�
-��

�

Frqvlghu qrz dq lvrodwhg ZI2T vfkhgxohu rshudwlqj rq wkh vdph  rzv zlwk wkh vdph

udwh dvvljqphqwv rq d olqn ri fdsdflw| -��� Ohw h|� ' fch|2 ' �
-��

c ����h|& ' &3�
-��

c ���� eh

wkh uhdo wlphv fruuhvsrqglqj wr �fhoo wlphv� dw wklv olqn vshhg1 Lw lv hdv| wr vhh wkdw

dowkrxjk wkh uhdo wlphv |�c |2c ���� pd| gl�hu iurp h|�ch|2�����cwkh vhtxhqfh ri vlpxodwhg wlphv
��c �2c ��� lv lghqwlfdo wr h|�ch|2������1 Ixuwkhupruh/ e| rshudwlrq ri wkh dojrulwkp wkh ydoxhv

ri yduldeohv rs dqg ss dw wlphv |�c |2c ���� iru wkh vfkhgxohu lq wkh klhudufk| duh lghqwlfdo

wr wkh fruuhvsrqglqj ydoxhv ri wkhvh yduldeohv dw wlphv h|�ch|2������ iru wkh lvrodwhg ZI2T

vfkhgxohu1
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Frqvlghu qrz wkh uhdo wlph |& ri wkh &0wk vfkhgxolqj rssruwxqlw| ri  rz s zlwk wkh

Vs E�c �� vfkhgxohu1 Wklv wlph fdq rffxu rqo| dw d wlph zkhq wkh fruuhvsrqglqj '�� lv

vfkhgxohg xqghu wkh wrs0ohyho UF0ZI2T1 Ohw wklv eh wkh 60wk vfkhgxolqj rssruwxqlw| ri

'�� xqghu wkh wrs0ohyho UF0ZI2T1 E| Wkhruhp 48 dssolhg wr wkh wrs ohyho UF0ZI2T/

6� �

-��

� |& �
6

-��

+718,

E| rshudwlrq ri wkh dojrulwkp/ wkh yduldeoh � ri VsE�c �� dw wlph |& +dw wkh wlph wkh

vfkhgxolqj ghflvlrq lv pdgh/ ehiruh wkh xsgdwh ri �, zklfk zh ghqrwh dv �E|&� lv jlyhq e|

�E|&� '
6� �

-��

+719,

Dsso|lqj Wkhruhp 48 wr wkh Vs E�c �� rshudwlqj lq lvrodwlrq rq d olqn ri fdsdflw| -��

zh jhw
& � �

os
� �E|&� �

&

os
+71:,

+719, dqg +71:, lpso|
& � �

os
-�� n � � 6 �

&

os
-�� n �

zklfk/ wrjhwkhu zlwk +718, |lhogv

& � �

os
�

6� �

-��

� |& �
6

-��

�
&

os
n

�

-��

�
& n �

os

zkhuh wkh odvw lqhtxdolw| iroorzv iurp wkh idfw wkdw -�� � os c vlqfh -�� lv wkh vxp ri udwhv

ri doo  rzv ghvwlqhg iurp � wr �� Wklv frpsohwhv wkh surri ri wkh Wkhruhp1 �

Fruroodu| 4; Vhuylfh glvfuhsdqf| erxqgv ri d wzr0ohyho klhudufklfdo UF0ZI2T vdwlvi|

. ' � fhoov dqg . ' � fhoov1

Surri ri Fruroodu| 4;1

Wkh surri lv yhu| vlplodu wr wkdw ri Fruroodu| 491 Lw zloo eh vkrzq wkdw wkh qxpehu

�oE|�c |2� ri vfkhgxolqj rssruwxqlwlhv ri d  rz zlwk dvvljqhg udwhv o zklfk fdq rffxu lq
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dq| lqwhuydo d|�c |2o vdwlv�hv

E|2 � |��o � � 	 �oE|�c |2� 	 E|2 � |��o n � +71;,

Vlqfh E|2 � |��o lv wkh dprxqw ri �lghdo� vhuylfh zklfk vkrxog eh uhfhlyhg lq  xlg dw udwh

o/ wkh vwdwhphqw ri wkh Fruroodu| zloo iroorz1

Ohw 63�
o

� |� 	
6
o
c 6nR3�

o
� |2 	

6nR
o

c 6 � fc R � �� Fohduo|/

R� �

o
'

6n R� �

o
�

6

o
	 |2 � |� 	

6n R

o
�

6� �

o
'

Rn �

o
+71<,

E| Wkhruhp 4: doo vfkhgxolqj rssruwxqlwlhv ri wkh frqvlghuhg  rz lqgh{hg 6n�/6n

2c ���6n R� 2 ri wkh jlyhq  rz pxvw rffxu lq wkh lqwhuydo d|�c |2o� Vlqfh wkhuh duh dw ohdvw

R � 2 vxfk rssruwxqlwlhv/ lw pxvw eh wkdw �oE|�c |2� � R � 2� Lq frqmxqfwlrq zlwk +71<,

wklv lpsolhv wkdw

�oE|�c |2� � R� 2 : E|2 � |��o � �

zklfk lv wkh ohiwkdqg vlgh ri +71;,1 Rq wkh rwkhu kdqg/ e| Wkhruhp 48 rqo| vfkhgxolqj

rssruwxqlwlhv ri wkh frqvlghuhg  rz qxpehuhg 6 � 2c6 � �c ����6 n R � � fdq srvvleo|

rffxu lq wkh lqwhuydo d|�c |2o� Vlqfh wkhuh duh dw prvw R n 2 ri wkrvh/ lw pxvw eh wkdw

�oE|�c |2� � Rn �� Lq frqmxqfwlrq zlwk +71<, wklv lpsolhv wkdw

�oE|�c |2� � Rn 2 	 E|2 � |��o n �

zklfk lv wkh uljkwkdqg vlgh ri +71;,1 �

71516 Vzlwfklqj Ghod| Erxqgv

Frqvlghu �uvw wkh fdvh ri d fhoo0vzlwfklqj qhwzrun/ dqg dvvxph wkdw wkh rxwsxw fkdqqho

hpsor|v d vlqjoh0ohyho UF0ZI2T vfkhgxohu/ zkloh wkh lqsxw uxqv d wzr0ohyho UF0ZI2T

vfkhgxohu dv glvfxvvhg lq wkh suhylrxv Vhfwlrq1 Wkh duelwudwlrq dojrulwkp xvhv vfkhgxolqj
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wlphv ri wkh lqsxw vfkhgxohu dv glvfxvvhg lq Vhfwlrq 615171 Wkh uhvxowv ri wkh suhylrxv

wzr Vhfwlrqv |lhog .
U��

' .U�� ' �c .U' ' .
U'

' .��| ' 2�

Wkh wrwdo vzlwfklqj ghod| erxqg fdq qrz eh lpphgldwho| rewdlqhg e| vxevwlwxwlqj

wkhvh ydoxhv lqwr wkh jhqhudo ghod| erxqg ri Wkhruhp 45=

Wkhruhp 4< Lq d fhoo0vzlwfklqj qhwzrun/ iru dq| vshhgxs 7 : 2 wkh wrwdo vzlwfklqj

ghod| ri d dq| fhoo ri d  rz frqvwudlqhg e| d ohdn| exfnhw Eoc K� dw wkh hqwu| wr wkh vzlwfk

vdwlv�hv

( �
Kn H

o
n E� n

�

o
�
2?� �

7 � 2
n

�

7
n

�

�J�|

Frqvlghu qrz d sdfnhw0vzlwfklqj qhwzrun1 Lq wklv fdvh d sdfnhw vfkhgxohu lv xvhg dw

wkh rxwsxw1 Vlqfh hlwkhu d udwh0frqwuroohu ru d zrun0frqvhuylqj vfkhgxohu fdq eh xvhg

dw wkh rxwsxw/ vxssrvh wkdw d zrun0frqvhuylqj sdfnhw ZI2T vfkhgxohu lv xvhg dw wkh

rxwsxw1 Dv iroorzv iurp wkh uhvxowv lq ^5`/ lwv ghod| vdwlv�hv (��| ' (`82' �
hKnu4@ 

o
c

zkhuh u4@ lv wkh ohqjwk ri wkh orqjhvw sdfnhw/ dqg hK lv wkh exuvwlqhvv ri wkh  rz dw wkh

lqsxw wr wkh vfkhgxohu +l1h1 dw wkh hqwu| wr wkh rxwsxw fkdqqho,1 Vlqfh wkh lqsxw ghod|

(U�� dqg wkh duelwudwlrq ghod| (� duh wkh vdph dv iru wkh fhoo0vzlwfklqj qhwzrun/ dqg

wkh ohdn|0exfnhw sdudphwhuv ri wkh  rz dw wkh hqwu| wr wkh vzlwfk lv jlyhq e| Wkhruhp

</ wkh wrwdo ghod| lq d sdfnhw vzlwfklqj qhwzrun ehfrphv

(R � (8-�C n(-7�� n

Kn S n 2u4@ 

o
n E� n

�

o
�
2?� �

7 � 2
n

�

7
n

u4@ 

�J�|

zkhuh dv ehiruh (8-�C dqg (-7�� ghqrwh wkh iudjphqwdwlrq dqg uhdvvhpeo| ghod|1
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Fkdswhu 8

Duelwudwlrq Ghod| Erxqgv

Lqghshqghqw ri wkh Vzlwfk Vl}h1

814 DOlplwdwlrq ri Duelwudwlrq Edvhg rq Lqsxw Vfkhgxo0

lqj Wlphv1

Wkh vfkhgxolqj phfkdqlvpv lq wkh suhylrxv Fkdswhuv duh frqfhswxdoo| vlpsoh dqg sur0

ylgh ghwhuplqlvwlf edqgzlgwk dqg ghod| jxdudqwhhv wr ohdn|0exfnhw frqvwudlqhg  rzv

lqghshqghqwo| ri wkh ehkdylru ri wkh rwkhu  rzv1 Wkh pdlq zhdnqhvv ri wkh ghvfulehg

dssurdfk/ krzhyhu/ lv wkdw wkh uhvxowlqj ghod| erxqgv duh d ixqfwlrq ri wkh vl}h ri wkh

vzlwfk1 Zkloh wkh olqhdu ghshqghqfh ri wkh duelwudwlrq ghod| rq wkh vl}h ri wkh vzlwfk

pd| eh dffhswdeoh iru vpdoo vzlwfkhv/ lw fohduo| lv yhu| xqiruwxqdwh zkhq wkh qxpehu ri

lqsxw fkdqqhov ehfrphv odujh1 Lw lv wkhuhiruh ghvludeoh wr ghvljq dojrulwkpv wkdw zrxog

surylgh ghod| jxdudqwhhv lqghshqghqw ri wkh vl}h ri wkh vzlwfk1 Wklv Fkdswhu lv ghglfdwhg

wr d ghvfulswlrq ri dq dojrulwkp zklfk |lhogv ghod| erxqgv lqghshqghqw ri wkh vl}h ri wkh

vzlwfk1

Wkh duelwudwlrq dojrulwkp glvfxvvhg lq wkh suhylrxv Fkdswhuv zdv edvhg rq wkh

wlphvwdpsv fruuhvsrqglqj wr wkh vfkhgxolqj wlphv ri wkh lqsxw udwh0frqwuroohu VU�� 1 Lq
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wklv iudphzrun/ wkh lqsxw vfkhgxohu lv dzduh ri wkh udwh dvvljqphqwv/ zkloh wkh duelwhu

lv frpsohwho| reolylrxv wr wkhp/ uho|lqj rq wkh lqsxwv wr vfkhgxoh gl�huhqw  rzv dw wkh

fruuhfw udwh1 Lw lv wklv �udwh0eolqgqhvv� ri wkh duelwhu wkdw fdxvhv wkh duelwudwlrq ghod|

erxqg wr eh olqhdu lq wkh qxpehu ri lqsxw fkdqqhov1 Wklv fdq eh wulyldoo| vhhq e| frq0

vlghulqj dq h{dpsoh lq zklfk d vlqjoh rxwsxw lv vkduhg e| ?  rzv/ lqgh{hg ����c ? hdfk

duulylqj dw d gl�huhqw lqsxw fkdqqho1 Dvvxph wkdw wkh udwh o� ri  rz � lv yhu| forvh wr

wkh +xqlw, fkdqqho fdsdflw|/ zkloh wkh udwhv o� E� ' 2c ��?� ri doo rwkhu  rzv o� '
�3o�
?3�

duh yhu| forvh wr }hur1 Vxssrvh wkdw d fhoo ri hdfk ri wkh  rzv �c ��? duulyhv dw wlph

}hur wr wkh fruuhvsrqglqj lqsxw fkdqqhov/ dqg duh lpphgldwho| vfkhgxohg e| wkh lqsxw

udwh0frqwuroohuv +lq wkh devhqfh ri dq| rwkhu fhoov dw wkh lqsxwv,1 Wkhq doo ri wkhvh ? fhoov

duh dvvljqhg wkh wlphvwdps | ' f1 Vxssrvh qrz wkdw wkh duelwhu euhdnv wlhv e| fkrrvlqj

wkh lqsxw zlwk wkh odujhvw lqgh{ �uvw1 Wkhq wkh fhoo ri  rz � zloo kdyh wr zdlw ? � �

pdwfklqj skdvhv ehiruh lw fdq eh wudqvplwwhg wr wkh rxwsxw/ vr lwv duelwudwlrq ghod| lv

?3�
7

zklfk lv olqhdu lq ?1 Qrwh wkdw vlqfh wkh udwh ri  rz � lv forvh wr �/ ?3�
7

� ?3�
7

�
o�
c l1h1

wkh duelwudwlrq ghod|/ dv h{suhvvhg lq lghdo lqwhu0vfkhgxolqj lqwhuydov ri wkh  rz/ jurzv

olqhduo| zlwk wkh vl}h ri wkh vzlwfk1

Wkh qh{w vhfwlrq lv ghglfdwhg wr d ghvfulswlrq ri dq dojrulwkp zklfk lv suryhq wr

surylgh d wrwdo vzlwfklqj ghod| erxqg zklfk lv lqghshqghqw ri wkh vl}h ri wkh vzlwfk zlwk

vshhgxs 7 � S1 Lq wklv dojrulwkp wkh duelwhu lv pdgh dzduh ri wkh  rz udwhv1

81414 Wkh Edvlf Dojrulwkp

Zh ehjlq e| ghvfulelqj dq dojrulwkp zklfk lv hdv| wr dqdo|}h exw zklfk vx�huv iurp

kljk frpsoh{lw| ri wkh duelwhu/ vlqfh lw qhhgv wr pdlqwdlq lqglylgxdo vwdwh lqirupdwlrq

iru doo  rzv1 Zh wkhq vkrz krz wr uhgxfh wklv ordg e| glvwulexwlqj vrph ri wkh vwdwh

lqirupdwlrq dqg wkh frpsxwdwlrqdo ordg dprqj wkh lqsxw fkdqqhov1 Frqvlghu �uvw wkh

fdvh zkhq wkh lqsxw fkdqqhov kdyh shu0 rz txhxhv +exw qr yluwxdo rxwsxw txhxhlqj,1

Lq wklv iudphzrun/ wkh lqsxw fkdqqho vlpso| vwruhv wkh duulylqj fhoov lq wkh dssursuldwh

txhxhv zkhuh wkh| zdlw iru wkh duelwhu wr ghflgh zkhq wr wudqvihu wkhp wr wkh rxwsxw1
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Wkh duelwhu pdlqwdlqv wkh iroorzlqj shu0 rz lqirupdwlrq= wkh udwh os ri hdfk  rz s / dqg

wkh lghdo vwduw wlph ri wkh KRO fhoo ri s lq wkh txhxh/ ghqrwhg dv ehiruh e| rs � Dv lq

wkh udwh0frqwuroohg yhuvlrq ri ZI2T ghvfulehg deryh/ zh fdoo  rzv zlwk rs � | holjleoh

dw wlph w1 Lqlwldoo|/ rs ' f� Wkh duelwhu frpsxwhv wkh pd{lpdo pdwfklqj dv iroorzv=

41 li qr holjleoh  rzv/ vwrs/ hovh lqlwldol}h vhw [ ' idoo holjleoh  rzvj(

51 slfn  rz s 5 [ zlwk wkh kljkhvw udwh/ euhdnlqj wlhv duelwudulo|> sxw s lq wkh

pdwfklqj4 dqg xsgdwh rs + rs n
�
os

61 uhpryh iurp [ doo  rzv zlwk wkh vdph lqsxw ru rxwsxw dv wkh  rz s slfnhg lq vwhs

4> li [ ' B/ vwrs/ hovh jr wr vwhs 5

Wklv dojrulwkp zloo eh uhihuuhg wr dv Idvwhvw Udwh Holjleoh Fhoo Iluvw +IUHFI,1 Qrwh

wkdw ehlqj d udwh0frqwuroohu/ IUHFI grhv qrw frqfhuq lwvhoi zlwk zkhwkhu ru qrw wkh  rz

lw vfkhgxohv +sxwv lq wkh pdwfk, dw dq| jlyhq wlph dfwxdoo| kdv d fhoo ru qrw1 Wklv lv

prwlydwhg sulpdulo| e| wkh dvvxpswlrq wkdw jxdudqwhhg wud!f lv uxq dw d kljkhu sulrulw|/

dqg wkdw dq| duelwudwlrq rssruwxqlwlhv plvvhg e| d jxdudqwhhg  rz duh xvhg e| ehvw0h�ruw

wud!f1

81415 D Ghod| Erxqg iru Vshhgxs 7 ' S1

Wkh iroorzlqj Wkhruhp fkdudfwhul}hv wkh dffxudf| ri IUHFI=

Wkhruhp 53 Zlwk vshhgxs 7 � S wkh &0wk vfkhgxolqj rssruwxqlw| ri  rz s zlwk udwh os

xqghu IUHFI rffxuv lq wkh lqwhuydo d&3�
os

c &
os
o�

Surri1 Mxvw dv lq wkh fdvh ri UF0ZI2T/ lw lv frqyhqlhqw wr lpdjlqh wkdw wkh vfkhgxohu

lv edfnorjjhg zlwk �gxpp|� fhoov zklfk duh uhsodfhg e| uhdo fhoov xsrq wkhlu duulydo1 Zh

�uvw vkrz wkdw wkh �uvw vfkhgxolqj rssruwxqlw| ri dq|  rz s rffxuv lq wkh lqwhuydo dfc �
os
o

4Qrwh khuh wkdw lq vwhs 5 d  rz lv fkrvhq +dqg lwv vwduw wlph lv xsgdwhg, hyhq li wkhuh lv dfwxdoo| qr
fhoo lq wkh  rz*v txhxh1
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iru dq| 7 � e� Qrwh wkdw wkh �uvw fhoo ri hdfk  rz ehfrphv holjleoh dw wlph 31 Frqvlghu

dq|  rz s ghvwlqhg iurp lqsxw � wr rxwsxw � dqg vxssrvh wkdw lwv �uvw fhoo S lv qrw

vfkhgxohg xs wr dqg lqfoxglqj wlph �
os
� E| wkh rshudwlrq ri wkh dojrulwkp wklv phdqv

wkdw dw hdfk pdwfklqj skdvh/ dq holjleoh fhoo/ hlwkhu iurp lqsxw � ru ghvwlqhg wr rxwsxw

�c zlwk os � � os zdv vfkhgxohg e| wkh duelwhu1 Qrwh qrz wkdw iru dq| vxfk  rz s
�

c

rqo| fhoov zlwk holjlelolw| wlphv lq wkh lqwhuydo dfc �
os
o fdq suhyhqw S iurp ehlqj vfkhgxohg

lq wkh lqwhuydo dfc �
os
o� Lw lv hdv| wr vhh wkdw iru dq| os � � os wkhuh frxog eh dw prvw

o
s
�

os
n � � 2

o
s
�

os
vxfk fhoov1 Uhfdoolqj wkdw wkh vxp ri udwhv ri doo  rzv dw dq| lqsxw +ru

ghvwlqhg wr dq| rxwsxw, grhv qrw h{fhhg 4/ lw iroorzv wkdw wkhuh duh dw prvw
S

s
� 2

o
s

�

os
� 2

os

fhoov zlwk holjlelolw| wlph qrw h{fhhglqj �
os

dw lqsxw �c zklfk lqfoxghv S lwvhoi1 Wkhuhiruh/

wkh pd{lpxp qxpehu ri S*v frpshwlwruv dw wkh lqsxw lv dw prvw 2
os

� �/ dqg vlploduo|/

wkhuh duh dw prvw 2
os
�� frpshwlqj fhoov ghvwlqhg wr rxwsxw �1 Wkhuhiruh wkhuh duh dw prvw

e
os

� 2 fhoov wkdw fdq suhyhqw S iurp ehlqj vfkhgxohg lq wkh lqwhuydo dfc �
os
o� Rq wkh rwkhu

kdqg/ e| Ohppd 7 wkhuh duh dw ohdvw 7
os

� � pdwfklqj skdvh erxqgdulhv lq wkh lqwhuydo

dfc �
os
oc dqg khqfh wkhuh zloo qrw eh hqrxjk frpshwlqj fhoov iru dq| 7 � e�

Zh qrz vkrz wkdw iru 7 � S wkh vwdwhphqw ri wkh Wkhruhp krogv iru dq| & : � dv zhoo1

Qrwh wkdw e| rshudwlrq ri wkh dojrulwkp d fhoo fdqqrw eh vfkhgxohg ehiruh lwv holjlelolw|

wlph1 Wkhuhiruh/ zh rqo| qhhg wr suryh wkdw wkh &0wk fhoo ri hdfk  rz lv vfkhgxohg ehiruh

&
os
c zklfk lv lwv lghdo �qlvklqj wlph lq  xlg1 Vxssrvh wkdw wkh vwdwhphqw ri wkh Wkhruhp

lv idovh1 Wklv phdqv wkdw wkhuh h{lvwv vrph  rz s dqg vrph & � 2 vxfk wkdw wkh &0wk fhoo

ri s zdv qrw vfkhgxohg e| &
os
� Zh fdoo vxfk fhoo d ylrodwlqj fhoo1 Frqvlghu wkh ylrodwlqj fhoo

S zlwk wkh vpdoohvw holjlelolw| wlph ri doo ylrodwlqj fhoov/ dqg ohw s eh wkh  rz lw ehorqjv

wr1 Dvvxph wkdw s lv ghvwlqhg iurp dq lqsxw � wr dq rxwsxw �1 Ohw & eh S*v lqgh{/ vr

wkdw lwv holjlelolw| wlph lv &3�
os

� Lq rughu iru S wr qrw eh wudqvplwwhg e| lwv ghdgolqh &
os
c lw

pxvw eh wkdw dw hdfk pdwfklqj skdvh erxqgdu| lq wkh lqwhuydo d&3�
os

c &
os
o dq holjleoh fhoo

zlwk idvwhu udwh zdv vfkhgxohg hlwkhu iurp wkh lqsxw �/ dqg2ru wr wkh rxwsxw �1 Qrwh qrz

wkdw e| wkh fkrlfh ri S/ lw pxvw eh wkdw doo fhoov zlwk lghdo �qlvk wlphv ohvv wkdq &3�
os

pxvw

kdyh ehhq wudqvplwwhg e| &3�
os

� Wkhuhiruh/ wkh rqo| �frpshwlwlrq� wr S wkdw fdq suhyhqw
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lw iurp ehlqj vfkhgxohg e| lwv ghdgolqh &
os

duh wkrvh fhoov zkrvh udwhv duh odujhu/ zkrvh

holjlelolw| wlphv gr qrw h{fhhg &
os
/ dqg zkrvh �qlvk wlphv duh dw ohdvw &3�

os
� Lw lv hdv| wr vhh

wkdw iru dq| s
�

zlwk os � � os wkhuh frxog eh dw prvw
o
s

�

os
n 2 � �

o
s

�

os
vxfk fhoov1 Vxpplqj

dv hduolhu wkhvh fhoov ryhu doo  rzv zlwk udwhv os � � os dw S*v lqsxw dqg rxwsxw/ zh vhh

wkdw wkh pd{lpxp dprxqw ri frpshwlwlrq wkdw fdq suhyhqw S iurp ehlqj vfkhgxohg e|

&3�
os

lv dw prvw S
os

� 2c zklfk idoov vkruw ri wkh qxpehu ri pdwfklqj skdvh erxqgdulhv lq

wkh lqwhuydo d&3�
os

c &
os
o/ zklfk lv dw ohdvw S

os
� �� Wkh rewdlqhg frqwudglfwlrq frpsohwhv wkh

surri ri wkh Wkhruhp1 �

Fruroodu| 54 D fhoo ri  rz s duulylqj wr wkh vzlwfk dw wlph | dqg �qglqj ' fhoov lq lwv

txhxh lv gholyhuhg wr wkh rxwsxw qr odwhu wkdq dw wlph |n 'n2
os

n �
7
iru 7 � S�

Surri1

Frqvlghu d fhoo S duulylqj wr wkh vzlwfk dw vrph wlph |1 Vxssrvh �uvw wkdw dw wlph |

wkhuh duh qr rwkhu fhoov lq wkh  rz*v txhxh/ l1h1 ' ' f dqg S vwduwv d exv| shulrg1 Ohw

&3�
os

� | 	 &
os

iru vrph & � �� Vlqfh wkh &0wk vfkhgxolqj rssruwxqlw| ri wklv  rz pljkw

kdyh rffxuuhg sulru wr | lq wkh lqwhuydo d&3�
os

c |�c wkh fhoo S pd| qhhg wr zdlw wloo wkh qh{w

vfkhgxolqj rssruwxqlw|/ zklfk lv jxdudqwhhg wr rffxu lq wkh lqwhuydo d &
os
c &n�
os

oc vr S zloo

eh vfkhgxohg qr odwhu wkdq dw wlph |n 2
os
c dqg zloo eh gholyhuhg wr lwv rxwsxw dw prvw e|

|n 2
os

n �
7
�

Vxssrvh qrz wkdw' : f dw wlph |c l1h1 wkh fhoo S duulyhv wr d exv| txhxh1 Ohw S�c S2���S'

eh wkh vhtxhqfh ri fhoov lq wkh txhxh dkhdg ri S/ vwdulqj iurp wkh khdg0ri0wkh0olqh fhoo1

Xvlqj wkh vdph dujxphqw dv deryh/ lw pxvw eh wkdw fhoo S� lv vfkhgxohg e| wlph
&n�
os

c zklfk

lpsolhv wkdw fhoo S2 zloo eh vfkhgxohg dw wkh qh{w vfkhgxolqj rssruwxqlw| e| wlph &n2
os

c

dqg/ lqgxfwlyho|/ fhoo S' zloo eh vfkhgxohg e| wlph &n'
os

c dqg �qdoo| wkh fhoo S lwvhoi zloo

eh vfkhgxohg qr odwhu wkdq e| wlph &n'n�
os

� Uhfdoolqj wkdw &3�
os

� | 	 &
os

lw lpphgldwho|

iroorzv wkdw wkh fhoo S lv vfkhgxohg qr odwhu wkdq e| wlph |n 'n2
os

c dqg vr lw lv jxdudqwhhg

wr duulyh wr lwv rxwsxw e| wlph |n 'n2
os

n �
7
� �

Fruroodu| 55 Li wkh lqsxw wud!f ri  rz s zlwk dvvljqhg udwh os frqirupv wr d ohdn|

exfnhw +os c K� wkhq wkh txhxh ri wklv  rz lv erxqghg e| Kn � iru 7 � S1
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Surri1

Vxssrvh wklv lv qrw wkh fdvh1 Wkhq wkhuh pxvw h{lvw vrph wlph | dw zklfk wkhuh duh

dw ohdvw K n 2 fhoov ri wkh frqvlghuhg  rz lq wkh txhxh1 Ohw |f ghqrwh wkh ehjlqqlqj

ri wkh  rz*v exv| shulrg frqwdlqlqj |1 Vlqfh wkh  rz lv frqvwudlqhg e| d ohdn| exfnhw

Eos c K�/ dw prvw E| � |f�os n K n 0os fhoov frxog kdyh duulyhg wr wkh txhxh lq wkh lqwhuydo

d|fc | n 0� iru dq| 0 : f� Rq wkh rwkhu kdqg/ lw iroorzv iurp Wkhruhp 53 wkdw dw ohdvw

E| � |f�os � � vfkhgxolqj rssruwxqlwlhv ri wklv  rz pxvw kdyh rffxuuhg lq wkh lqwhuydo

d|fc |o � d|fc | n 0�� Ixuwkhupruh/ vlqfh wkh txhxh kdv ehhq frqwlqxrxvo| edfnorjjhg lq

wkh lqwhuydo d|fc |oc d fhoo ri wklv  rz zdv dfwxdoo| wudqvplwwhg dw hdfk ri wkhvh vfkhgxolqj

rssruwxqlwlhv1 Wkhuhiruh/ iru dq| 0 : f wkh txhxh lv erxqghg iurp deryh e| Kn�n 0os �

Vlqfh 0 fdq eh fkrvhq duelwudulo| vpdoo/ wkh vwdwhphqw ri wkh Fruroodu| iroorzv1

Wkhvh wzr odvw Fruroodulhv lpphgldwho| lpso| wkh iroorzlqj Wkhruhp=

Wkhruhp 56 Iru dq|  rz frqiruplqj wr d ohdn| exfnhw +os c K� dw wkh lqsxw wr wkh vzlwfk/

wkh ghod| ri dq| fhoo ehwzhhq lwv duulydo wr wkh vzlwfk dqg lwv gholyhu| wr wkh rxwsxw fkdqqho

lv erxqghg e| Kn�
os

n �
7
iru 7 � S�

Wkhruhp 57 Iorz s frqirupv wr d ohdn| exfnhw Eos c 2� dw wkh hqwu| wr wkh rxwsxw fkdqqho

uhjdugohvv ri wkh vkdsh ri lwv wud!f dw wkh lqsxw wr wkh vzlwfk iru 7 � S1

Surri1

Frqvlghu dq| lqwhuydo d|�c |2� dqg ohw

& � �

os
� |� 	

&

os
+814,

& n6� �

os
� |2 	

& n6

os
+815,

iru vrph lqwhjhu & � �c6 � f� E| Wkhruhp 53 dw prvw 6n � fhoov fdq eh vfkhgxohg lq

d|�c |2�� Iurp +814, & : |�os 1 Iurp +815,6 � |2os�&n�� Wkhuhiruh6n� � |2os�&n2 �

E|2�|��osn2� E| gh�qlwlrq wklv lpsolhv wkdw wkh  rz frqirupv wr d ohdn| exfnhw Eos c 2���
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Ilqdoo|/ xvlqj wklv Wkhruhp lq frqmxqfwlrq zlwk Wkhruhpv : dqg 56 |lhogv wkh iroorz0

lqj Wkhruhp=

Wkhruhp 58 Wkh wrwdo vzlwfklqj ghod| ri dq| fhoo ri d  rz frqvwudlqhg e| d ohdn| exfnhw

Eos c K� dw wkh hqwu| wr wkh vzlwfk lv Kn.��|nD
os

n �
7
c zkhuh .��| lv wkh orzhu erxqg rq wkh

zrun glvfuhsdqf| ri wkh rxwsxw vfkhgxohu1

81416 D Ghod| Erxqg iru d Udqjh ri Vshhgxs Ydoxhv 0 d Jhq0

hudol}dwlrq1

Wkh suhylrxv Vhfwlrq ghprqvwudwhg wkdw 7 ' S lv vx!flhqw wr jxdudqwhh wkdw dq|  rz

zlwk udwh o zloo eh hqvxuhg wkdw lwv &�wk vfkhgxolqj rssruwxqlw| zloo rffxu lq wkh lqwhuydo

d&3�
o
c &
o
o� Lq wklv Vhfwlrq lw zloo eh vkrzq wkdw li wkh uhtxluhphqw rq wkh dffxudf| ri wkh

IUHFI duelwudwlrq lv uhod{hg wr uhtxluh wkdw wkh &0wk vfkhgxolqj rssruwxqlw| rffxuv lq

wkh kdoi0lqwhuydo d&3�
o
c &n@

o
� iru vrph @ � fc wkhq d orzhu vshhgxs ydoxh +zklfk ghshqgv

rq wkh ghvluhg ydoxh ri sdudphwhu @, zloo vx!fh wr surylgh vxfk dffxudf|1

Zh qrz suryh wkh iroorzlqj Wkhruhp=

Wkhruhp 59 Iru dq| @ � fc li 7 : en 2
@n�

wkhq wkh &0wk vfkhgxolqj rssruwxqlw| ri  rz

s zlwk dvvljqhg udwh os rffxuv lq wkh lqwhuydo d&3�
os

c &n@
os

��

Surri1

Mxvw dv lq wkh fdvh ri UF0ZI2T/ lw lv frqyhqlhqw wr lpdjlqh wkdw wkh vfkhgxohu

lv edfnorjjhg zlwk �gxpp|� fhoov zklfk duh uhsodfhg e| uhdo fhoov xsrq wkhlu duulydo1

Vxssrvh wkdw wkh vwdwhphqw ri wkh Wkhruhp lv qrw wuxh1 Wkhq wkhuh pxvw h{lvw vrph

fhoo ri vrph  rz s vxfk wkdw wkh vwdwhphqw ri wkh Wkhruhp lv ylrodwhg1 Frqvlghu wkh

fhoo S zlwk wkh hduolhvw holjlelolw| wlph ri doo vxfk ylrodwlqj fhoov ri doo  rzv +euhdnlqj wlhv

duelwudulo|,1 Ohw os eh wkh udwh ri wkh  rz s wr zklfk S ehorqjv/ dqg ohw & � f eh wkh

vhtxhqfh qxpehu ri S/ vr wkdw &3�
os

lv lwv holjlelolw| wlph1 Lq rughu iru S qrw eh vfkhgxohg

lq wkh lqwhuydo d&3�
os

c &n@
os

�c lw pxvw eh wkdw d fhoo hlwkhu iurp S*v lqsxw ru ghvwlqhg wr S*v
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rxwsxw zklfk zdv dovr holjleoh dqg ehorqjhg wr vrph  rz � +zklfk pd| dovr eh s lwvhoi,

zlwk o� � os 1

Qrwh qrz wkdw dq| vxfk fhoo frpshwlqj zlwk S pxvw kdyh ehfrph holjleoh dw vrph wlph

� � &3�3E@n��
os

� Wr vhh wklv/ qrwh wkdw li d fhoo hS ehfdph holjleoh dw vrph wlph � ' 63�
o�

	 &3�3E@n��
os

	 &3�
os

iru vrph 6 � f +dqg zdv qrw |hw vfkhgxohg e| wlph &3�
os

wr ehorqj

wr wkh frpshwlwlrq wr S,/ wkhq hS zloo qrw kdyh ehhq vfkhgxohg lq wkh lqwhuydo d63�
o�

c 6n@
o�

�

ehfdxvh 6n@
o�

' 63�nE@n��
o�

� � n @n�
os

	 &3�3E@n��
os

n @n�
os

' &3�
os

c dqg khqfh hS zrxog eh d

ylrodwlqj fhoo zlwk dq hduolhu holjlelolw| wlph wkdq S/ zklfk zrxog frqwudglfw wkh fkrlfh ri

S1

Dv d uhvxow/ wkh rqo| frpshwlwlrq wkdw frxog suhyhqw S iurp ehlqj vfkhgxohg lq wkh

lqwhuydo d&3�
os

c &n@
os

� pxvw eh wkrvh fhoov wkdw duh

41 holjleoh lq wkh lqwhuydo d&3�3E@n��
os

c &n@
os

�

51 vkduh wkh vdph lqsxw ru rxwsxw zlwk S

61 ehorqj wr  rzv zklfk kdyh udwhv kljkhu wkdq os

Ohw ?� dqg ?J ghqrwh wkh qxpehu ri  rzv zlwk udwhv kljkhu wkdq os dw s *v lqsxw dqg

rxwsxw1 Vlqfh wkh vxp ri doo udwhv vkdulqj dq lqsxw +ru dq rxwsxw, lv erxqghg e| 4/ wkhq

iru doo vxfk  rzv � dw wkh vdph lqsxw zlwk s E?� n ��o � o n
S

�Go�Do o� � �/ dqg khqfh

?� �
�
o
� �c dqg dqdorjrxvo| ?J �

�
o
� ��

Ixuwkhu/ iru dq|  rz zlwk udwh o� wkhuh duh dw prvw 2@n2
os

o� n� fhoov zkrvh holjlelolw|

wlph lv lq wkh lqwhuydo d&3�3E@n��
os

c &n@
os

�1 Wkhuhiruh/ wkhuh duh dw prvw 2@n2
os

S
�Go�Do o� n?�

� 2@n2
os

n �
os
�� ' 2@n�

o
�� frpshwlqj fhoov dw s *v lqsxw/ dqg dw prvw 2@n2

os

S
�Go�Do o� n?J

� 2@n2
os

n �
os

� � ' 2@n�
os

� � dw s *v rxwsxw1 Wkhuhiruh/ wkh wrwdo dprxqw ri frpshwlwlrq

fdqqrw h{fhhg e@nS
os

� 2� Vlqfh wkhuh duh dw ohdvw @n�
os

7� � duelwudwlrq rssruwxqlwlhv lq wkh

lqwhuydo d&3�3E@n��
os

c &n@
os

�/ lq rughu iru S wr eh d ylrodwlqj fhoo lw pxvw eh wkdw @n�
os

7 � � �

e@nS
os

� 2c ru 7 � Ee@nS
os

� ��
os
@n�

� Wkhuhiruh/ dv orqj dv 7 : e n 2
@n�

�
os
@n�

/ wkh dvvxpswlrq

wkdw wkh vwdwhphqw ri wkh Wkhruhp lv lqydolg ohdgv wr d frqwudglfwlrq1 Lq sduwlfxodu/ vlqfh

en 2
@n�

: en 2
@n�

�
os
@n�

wklv phdqv wkdw iru dq| 7 : en 2
@n�

wkh vwdwhphqw ri wkh Wkhruhp
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krogv1 Qrwh wkdw dv @ $ 4c wkh vshhgxs vx!flhqw wr hqvxuh wkdw wkh &0wk vfkhgxolqj

rssruwxqlw| rffxuv lq wkh lqwhuydo d&3�3E@n��
os

c &n@
os

� dv|pswrwlfdoo| dssurdfkhv e� �

Qrwh �qdoo| wkdw iru @ ' f zh rewdlq wkh uhvxow ri wkh suhylrxv Vhfwlrq/ l1h1 wkdw

7 ' S vx!fhv wr hqvxuh wkdw wkh &0wk vfkhgxolqj rssruwxqlw| ri dq|  rz s rffxuv lq wkh

lqwhuydo d&3�
o
c &
o
��

81417 Uhgxflqj wkh Frpsoh{lw| ri wkh Duelwhu1

Prylqj yluwxdo rxwsxw txhxhv wr wkh Duelwhu1

Wkh pdmru gudzedfn ri wkh dojrulwkp ghvfulehg lq wkh suhylrxv Vhfwlrq lv wkdw wkh duelwhu

qhhgv wr pdlqwdlq vwdwh iru/ dqg shuirup wkh duelwudwlrq dprqj/ doo  rzv wudyhuvlqj wkh

hqwluh vzlwfk/ zklfk lv e| idu wrr lpsudfwlfdo1 Zh qrz vkrz krz wr uhgxfh wklv frpsoh{lw|

e| glvwulexwlqj wkh ordg ri shu0 rz vfkhgxolqj dprqj lqsxw sruwv1

Wkh edvlf lghd khuh lv wr jurxs  rzv e| wkh yluwxdo rxwsxw txhxhv dv hduolhu lq Fkdswhu

6/ exw pryh wkh yluwxdo rxwsxw txhxh ohyho udwh0frqwuroohuv V^E�� wr wkh duelwhu1 Pruh

vshfl�fdoo|/ wkh duelwhu pdlqwdlqv d orjlfdo hqwu| iru hdfk lqsxw2rxwsxw sdlu1 Wkhvh hqwulhv

frqwdlq frqfhswxdoo| wkh vdph vwdwh lqirupdwlrq dv wkh udwh0frqwuroohuv V^E�� qhhghg lq

wkh fdvh ri wlphvwdps0edvhg duelwudwlrq1 Lq sduwlfxodu/ frqvlghulqj IUHFI ghvfulehg lq

wkh suhylrxv Vhfwlrq/ wkh vwdwh lqirupdwlrq iru hdfk ri wkh ?{6 hqwulhv dw wkh duelwhu zloo

eh wkh udwhv -�� +zklfk duh wkh vdph dv wkh udwhv dvvljqhg wr wkh yluwxdo rxwsxw txhxhv

dw hdfk lqsxw iru wkh wlphvwdps0edvhg duelwudwlrq/ l1h1 -�� lv wkh vxp ri udwhv ri doo

 rzv ghvwlqhg iurp lqsxw � wr rxwsxw �,/ dqg wkh holjlelolw| wlphv r��� Xqolnh wkh suhylrxv

Vhfwlrq/ zkhuh IUHFI zdv uxq e| wkh duelwhu dw wkh  rz ohyho +dqg frqvhtxhqwo| wkh

duelwhu qhhghg wr pdlqwdlq wkh udwhv dqg wkh holjlelolw| wlphv iru @,,  rzv,/ wkh duelwhu

frqvlghuhg lq wklv Vhfwlrq pdlqwdlqv dqg vfkhgxohv rqo| wkh ?{6 orjlfdo hqwulhv/ hdfk ri

wkhp fruuhvsrqglqj wr dq lqsxw2rxwsxw sdlu1 Iru frqyhqlhqfh/ wkhvh hqwulhv zloo vwloo eh

uhihuuhg wr dv �yluwxdo rxwsxw txhxhv� +wkh txrwhv lqglfdwlqj wkdw wkhvh duh wkh orjlfdo

txhxhv udwkhu wkdq wkh dfwxdo txhxhv,1 Mxvw dv lq wkh suhylrxv Vhfwlrq/ gxulqj hdfk

pdwfklqj skdvh wkh duelwhu lwhudwlyho| frpsxwhv d pd{lpdo pdwfklqj dv iroorzv1 Lw slfnv
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wkh �yluwxdo rxwsxw txhxh� fruuhvsrqglqj wr wkh lqsxw2rxwsxw sdlu E�c �� zlwk wkh idvwhvw

udwh -�� ri doo wkrvh iru zklfk wkh fxuuhqw wlph lv qr ohvv wkdq wkh fxuuhqw holjlelolw| wlph

r��/ dggv lw wr wkh pdwfklqj dqg uhpryhv doo �yluwxdo rxwsxw txhxhv� fruuhvsrqglqj wr wkh

fkrvhq lqsxw dqg rxwsxw1 Lw uhlwhudwhv wklv surfhvv xqwlo qr pruh �yluwxdo rxwsxw txhxhv�

fdq eh dgghg wr wkh pdwfklqj1 Dw wkh hqg ri wkh pdwfklqj skdvh wkh duelwhu whoov wkh

lqsxw fkdqqhov lq wkh fkrvhq pdwfklqj wkh rxwsxw wkh| qhhg wr wudqvplw d fhoo wr1 Li wkh

sdlu E�c �� lv lq wkh fxuuhqw pdwfklqj/ wkhq/ rqfh wkh lqsxw � lv lqiruphg e| wkh duelwhu

wkdw lw fdq vhqg d fhoo wr rxwsxw �/ wkh lqsxw � lqyrnhv wkh dssursuldwh  rz0ohyho vfkhgxohu

Vs E�c ��/ zklfk lq wxuq fkrrvhv wkh fhoo dprqj doo  rz txhxhv dw wklv lqsxw ghvwlqhg wr

wkh rxwsxw �1 Qrwh wkdw mxvw dv lq wkh fdvh ri wkh 50ohyho klhudufklfdo vfkhgxohu lq wkh

wlphvwdps0edvhg dufklwhfwxuh/ wkh vfkhgxohuv VsE�c �� gr qrw rshudwh lq uhdo wlph 0 wkh

qrz yduldeoh ri hdfk ri wkhvh vfkhgxohuv dgydqfhv e| �
-��

zkhq wkh vfkhgxohu lv lqyrnhg/

zkloh doo wkh vwdwh yduldeohv uhpdlq xqfkdqjhg zkhq wkh vfkhgxohu lv qrw lqyrnhg1

Wklv dufklwhfwxuh lv vkrzq lq Ilj1 8041

Ghod| Jxdudqwhhv1

Mxvw dv lq wkh fdvh ri wkh wlphvwdps0edvhg dufklwhfwxuh/ wkh ghod| jxdudqwhhv wkdw fdq

eh hqvxuhg lq wklv dufklwhfwxuh ghshqg rq wkh surshuwlhv ri lqsxw udwh0frqwuroohuv VsE�c ��

dqg rq wkh fkrlfh ri d udwh0frqwuroohu hpsor|hg dw wkh duelwhu1 Wklv vxevhfwlrq jlyhv

wkh erxqg rq wkh vzlwfklqj ghod| lq wkh fdvh zkhq wkh  rz vfkhgxohuv VsE�c �� dw wkh

lqsxw fkdqqho duh UF0ZI2T/ zkloh wkh duelwhu hpsor|v IUHFI1 D pruh jhqhudo fdvh lv

frqvlghuhg dw wkh hqg ri wklv Fkdswhu1

Wkhruhp 5: Li wkh udwh0frqwuroohuv VsE�c �� dw wkh lqsxwv duh UF0ZI2T dqg wkh duelwhu

frpsxwhv wkh pd{lpdo pdwfklqj xvlqj IUHFI dssolhg wr wkh ?{6 yluwxdo rxwsxw txhxhv

wkhq dq| fhoo ri d  rz frqvwudlqhg dw wkh lqsxw wr wkh vzlwfk e| d ohdn|0exfnhw Eos c K� lv

gholyhuhg wr wkh rxwsxw fkdqqho qr odwhu wkdq wlph Kne
os

n �
7
diwhu lwv duulydo wr wkh lqsxw

fkdqqho dv orqj dv wkh vshhgxs 7 � S1
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input links

input ports
flow

 queues

Input 
Channels

Output 
Channels So

“Rate-controlled”Arbiter

Sf Sf Sf
SfSfSf Sf Sf Sf

So So

Iljxuh 804= Vzlwfk dufklwhfwxuh zlwk d udwh0frqwuroohg duelwhu1 Wkh vtxduhv lq wkh duelwhu
ghqrwh wkh orjlfdo hqwulhv/ rqh shu lqsxw2rxwsxw sdlu1 Wkh| duh uhihuuhg wr dv �yluwxdo
txhxhv�/ vlqfh wkh| orjlfdoo| fruuhvsrqg wr wkh yluwxdo txhxhv ri wkh wlphvwdps0edvhg
dufklwhfwxuh1
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Wkh surri ri wklv Wkhruhp lv edvhg rq vhyhudo ohppdv jlyhq ehorz1 Zlwk wkh h{fhs0

wlrq ri vhyhudo ghwdlov wkh surriv ri wkhvh Ohppdv duh yhu| vlplodu wr wkh surriv ri wkh

fruuhvsrqglqj uhvxowv lq wkh suhylrxv Vhfwlrq1

Ohppd 5; Lq wkh frqwh{w ri Wkhruhp 5: wkh &0wk duelwudwlrq hsrfk ri  rz s zlwk dv0

vljqhg udwh os rffxuv lq wkh lqwhuydo d&3�
os

c &n�
os

o�

Surri ri Ohppd 5;1

Wkh surri ri wklv Ohppd lv yhu| vlplodu wr wkdw ri Wkhruhp 481 E| rshudwlrq ri

wkh dojrulwkp/ wkh vwdwh yduldeohv rs dqg ss iru dq|  rz lq dq| ri wkh UF0ZI2T0

edvhg vfkhgxohuv Vs E�c �� gr qrw ghshqg rq wkh wlph wkh| duh xsgdwhg/ exw udwkhu rq

wkh vhtxhqfh qxpehu ri wkh xsgdwh1 Wkhuhiruh/ wkh vhtxhqfh ri wkh ydoxhv ri wkh vwdwh

yduldeohv lq wkh wkhvh vfkhgxohuv zkhq lqyrnhg e| wkh duelwhu lv lqglvwlqjxlvkdeoh iurp

wkh vhtxhqfh ri dq lvrodwhg rqh0ohyho UF0ZI2T vfkhgxohu rshudwlqj lq lvrodwlrq rq  rzv

zlwk wkh vdph udwh dvvljqphqw rq d olqn ri fdsdflw| -��� Frqvlghu wkh uhdo wlph |& ri

wkh &0wk vfkhgxolqj rssruwxqlw| ri vrph  rz s 1 Wklv wlph fdq rffxu rqo| dw wkh wlph

zkhq wkh fruuhvsrqglqj �yluwxdo rxwsxw txhxh� fruuhvsrqglqj wr lqsxw2rxwsxw sdlu E�c ��

lv fkrvhq e| wkh duelwhu1 Ohw wklv eh wkh 60wk duelwudwlrq hsrfk ri wkh �yluwxdo rxwsxw

txhxh� E�c ��1 E| Wkhruhp 53/ wkh 60wk vfkhgxolqj rssruwxqlw| ri dq| �yluwxdo rxwsxw

txhxh� rffxuv lq wkh lqwhuydo ^63�
-��

c 6
-��

o1 Wkhuhiruh

6� �

-��

� |& �
6

-��

+816,

E| rshudwlrq ri wkh dojrulwkp/ wkh yduldeoh � ri VsE�c �� dw wlph |& +dw wkh wlph wkh

vfkhgxolqj ghflvlrq lv pdgh/ ehiruh wkh xsgdwh ri �, zklfk zh ghqrwh dv �E|&� lv jlyhq e|

�E|&� '
6� �

-��

+817,
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Dsso|lqj Wkhruhp 48 wr wkh Vs E�c �� rshudwlqj lq lvrodwlrq rq d olqn ri fdsdflw| -��

zh jhw
& � �

os
� �E|&� �

&

os
+818,

Ixuwkhu/ +817, dqg +818, lpso|

& � �

os
-�� n � � 6 �

&

os
-�� n �

zklfk/ wrjhwkhu zlwk +816, |lhogv

& � �

os
�

6� �

-��

� |& �
6

-��

�
&

os
n

�

-��

�
& n �

os

zkhuh wkh odvw lqhtxdolw| iroorzv iurp wkh idfw wkdw -�� � os c vlqfh -�� lv wkh vxp ri udwhv

ri doo  rzv ghvwlqhg iurp � wr �� Khqfh/ wkh &0wk duelwudwlrq hsrfk ri  rz s rffxuv lq wkh

lqwhuydo d&3�
os

c &n�
os

o� Wklv frpsohwhv wkh surri ri wkh Ohppd1 �

Ohppd 5< Lq wkh frqwh{w ri Wkhruhp 5: d fhoo duulylqj dw wlph | iru d jlyhq  rz s

zlwk d txhxh ri ohqjwk ' zloo eh gholyhuhg wr lwv rxwsxw qr odwhu wkdq dw wlph |n 'n�
os

n �
7
�

Surri ri Ohppd 5<1

Frqvlghu d fhoo S duulylqj wr wkh vzlwfk dw vrph wlph |� Ohw S�c S2���S' eh wkh fhoov lq

wkh txhxh ehiruh S +li S vwduwv d exv| shulrg/ wkhq ' ' f dqg wkhuh duh qr fhoov dkhdg

ri lw lq wkh txhxh,1 Fkrrvh & wr vdwlvi| &3�
os

� | 	 &
os
1 E| Ohppd 5; lw pxvw eh wkdw

wkh &0wk duelwudwlrq hsrfk ri wkh  rz rffxuv lq wkh lqwhuydo ^&3�
os

c &n�
os

oc zkloh wkh &n�0vw

duelwudwlrq hsrfk ri wklv  rz rffxuv lq wkh lqwhuydo ^ &
os
c &n2
os

o� Zkloh wkh �uvw fhoo lq wkh

txhxh pd| kdyh plvvhg wkh &0wk duelwudwlrq hsrfk +li wkh odwwhu rffxuuhg lq wkh lqwhuydo

d&3�
os

c |��c lw zloo eh vfkhgxohg qr odwhu wkdq dw wkh & n �0vw duelwudwlrq hsrfk1 Khqfh/ wkh

�uvw fhoo lq wkh txhxh dw wlph | pxvw eh vfkhgxohg wr eh wudqvplwwhg wr lwv rxwsxw qr

odwhu wkdq e| wlph &n2
os

c zklfk lpsolhv wkdw fhoo S2 zloo eh vfkhgxohg e| wlph &n�
os

c dqg/

lqgxfwlyho|/ fhoo S' zloo eh vfkhgxohg e| wlph &n'n2
os

c dqg �qdoo| wkh fhoo S lwvhoi zloo eh

vfkhgxohg qr odwhu wkdq e| wlph |'n� ' &n'n�
os

� Li S vwduwhg d exv| shulrg/ wkhq S lwvhoi

::



zloo eh vfkhgxohg qr odwhu wkdq dw wlph |�/ dqg vr zloo eh gholyhuhg wr lwv rxwsxw qr odwhu

wkdq dw wlph |�n
�
7
' &n2

os
n �

7
� |n �

os
n �

7
c zklfk suryhv wkh vwdwhphqw ri wkh Ohppd lq

wklv fdvh1 Rwkhuzlvh/ wkh fhoo S lwvhoi zloo eh vfkhgxohg e| wlph |'n� '
&n'n2
os

� |n 'n�
os

c

dqg lv jxdudqwhhg wr duulyh wr lwv rxwsxw e| wlph |n 'n�
os

n �
7
� �

Ohppd 63 Li/ lq wkh frqwh{w ri Wkhruhp 5:/ wkh lqsxw wud!f ri  rz s zlwk dvvljqhg

udwh os frqirupv wr d ohdn| exfnhw +os c K� wkhq wkh txhxh ri wklv  rz lv erxqghg e| Kn21

Surri1

Wkh surri lv vlplodu wr wkh surri ri Fruroodu| 551 Vxssrvh wklv lv qrw wkh fdvh1 Wkhq

wkhuh pxvw h{lvw vrph wlph | dw zklfk wkhuh duh dw ohdvw Kn� fhoov ri wkh frqvlghuhg  rz

lq wkh txhxh1 Ohw |f ghqrwh wkh ehjlqqlqj ri wkh  rz*v exv| shulrg frqwdlqlqj |1 Vlqfh

wkh  rz lv frqvwudlqhg e| d ohdn| exfnhw Eos c K�/ dw prvw E|� |f�os n Kn 0os fhoov frxog

kdyh duulyhg wr wkh txhxh lq wkh lqwhuydo d|fc |n 0� iru dq| 0 : f� Rq wkh rwkhu kdqg/ e|

Ohppd 5;/ dw ohdvw E|� |f�os�2 vfkhgxolqj rssruwxqlwlhv ri wklv  rz pxvw kdyh rffxuuhg

lq wkh lqwhuydo d|fc |o � d|fc | n 0�� Ixuwkhupruh/ vlqfh wkh txhxh kdv ehhq frqwlqxrxvo|

edfnorjjhg lq wkh lqwhuydo d|fc |oc dq dfwxdo fhoo ri wklv  rz zdv vfkhgxohg dw hdfk ri wkhvh

vfkhgxolqj rssruwxqlwlhv1 Wkhuhiruh/ iru dq| 0 : f wkh txhxh lv erxqghg iurp deryh

Kn2n 0os � Vlqfh 0 fdq eh fkrvhq duelwudulo| vpdoo/ wkh vwdwhphqw ri wkh Ohppd iroorzv1

�

Wkh surri ri Wkhruhp 5: qrz iroorzv lpphgldwho| iurp Ohppdv 5; dqg 631

Fruroodu| 64 Lq wkh frqwh{w ri Wkhruhp 5: d  rz zlwk dvvljqhg udwh os frqirupv wr d

ohdn| exfnhw Eos c �� dw wkh hqwu| wr lwv rxwsxw fkdqqho1

Surri ri Fruroodu| 641

Frqvlghu dq| lqwhuydo d|�c |2� dqg ohw

& � �

os
� |� 	

&

os
+819,

& n6� �

os
� |2 	

& n6

os
+81:,

:;



iru vrph lqwhjhu & � �c6 � f� E| Ohppd 5; dw prvw 6 n 2 fhoov fdq eh vfkhgxohg lq

d|�c |2�� Iurp +819, & : |�os 1 Iurp +81:,6 � |2os�&n�� Wkhuhiruh6n2 � |2os�&n� �

E|2�|��osn�� E| gh�qlwlrq wklv lpsolhv wkdw wkh  rz frqirupv wr d ohdn| exfnhw Eos c ����

Fruroodu| 64 lq frqmxqfwlrq zlwk Wkhruhp : lpphgldwho| |lhogv

Fruroodu| 65 Lq wkh frqwh{w ri Wkhruhp 5: wkh rxwsxw ghod| ri dq|  rz lv erxqghg e|

.��|n�
os

zkhuh .��| lv wkh orzhu erxqg rq wkh zrun glvfuhsdqf| ri wkh rxwsxw vfkhgxohu1

Ilqdoo|/ wkh iroorzlqj Wkhruhp jlyhv dq xsshu erxqg rq wkh wrwdo vzlwfklqj ghod|=

Wkhruhp 66 Wkh wrwdo vzlwfklqj ghod| ri dq| fhoo ri d  rz frqvwudlqhg e| d ohdn|0exfnhw

Eos c K� dw wkh hqwu| wr wkh vzlwfk zlwk vshhgxs 7 � Sc zlwk UF0ZI2T dw wkh lqsxw fkdqqhov

dqg d IUHFI0edvhg duelwhu lv erxqghg e| .��|nKnH
os

n �
7
n �

�J�|
zkhuh �J�| lv wkh vshhg ri

wkh rxwsxw olqn1

Wklv Wkhruhp lv suryhg vlpso| e| dgglqj wkh erxqgv jlyhq e| Ohppd 5; dqg Fruro0

odu| 65 dqg dgglqj dq dgglwlrqdo �
�J�|

wr dffrxqw iru wkh wlph uhtxluhg wr wudqvplw rqh

fhoo dw wkh vshhg ri wkh rxwjrlqj olqn1

Vshhgxs Uhtxluhg iru Ghwhuplqlvwlf Ghod| Jxdudqwhhv iru Iudfwlrqdo Olqn

Xwlol}dwlrq1

Wkh uhvxowv ri wkh suhylrxv Vhfwlrq krog iru xs wr 433( errnlqj ri fkdqqho edqgzlgwk

e| jxdudqwhhg  rzv1 Lw zloo qrz eh vkrzq wkdw li wkh wrwdo edqgzlgwk doorfdwhg wr

jxdudqwhhg  rzv grhv qrw h{fhhg d iudfwlrq f 	 k � � ri wkh fdsdflw| ri dq| fkdqqho/ wkhq

wkh vshhgxs 7 � Sk vx!fhv wr hqvxuh ghwhuplqlvwlf edqgzlgwk dqg ghod| jxdudqwhhv1 Iru

h{dpsoh/ dv orqj dv dw prvw kdoi wkh edqgzlgwk ri dq| fkdqqho lv doorfdwhg wr jxdudqwhhg

wud!f/ vshhgxs 7 � � vx!fhv wr hqvxuh ghod| jxdudqwhhv ri wkh suhylrxv Vhfwlrq1

Wklv uhvxow lv edvhg rq d vwudljkwiruzdug jhqhudol}dwlrq ri Wkhruhp 53=

Wkhruhp 67 Li wkh wrwdo edqgzlgwk doorfdwhg wr jxdudqwhhg  rzv vkdulqj dq| fkdqqho

grhv qrw h{fhhg d iudfwlrq f 	 k � �c wkhq zlwk vshhgxs 7 � Sk wkh &0wk vfkhgxolqj

rssruwxqlw| ri  rz s zlwk udwh os xqghu IUHFI rffxuv lq wkh lqwhuydo d&3�
os

c &
os
o�

:<



Surri1 Wkh surri lv doprvw lghqwlfdo wr wkdw ri Wkhruhp 531 Mxvw dv lq wkh fdvh ri

UF0ZI2T/ lw lv frqyhqlhqw wr lpdjlqh wkdw wkh vfkhgxohu lv edfnorjjhg zlwk �gxpp|�

fhoov zklfk duh uhsodfhg e| uhdo fhoov xsrq wkhlu duulydo1 Zh �uvw vkrz wkdw wkh �uvw

vfkhgxolqj rssruwxqlw| ri dq|  rz s rffxuv lq wkh lqwhuydo dfc �
os
o iru dq| 7 � e� Qrwh

wkdw wkh �uvw fhoo ri dq|  rz ehfrphv holjleoh dw wlph 31 Frqvlghu dq|  rz s ghvwlqhg

iurp lqsxw � wr rxwsxw � dqg vxssrvh wkdw lwv �uvw fhoo S lv qrw vfkhgxohg xqwlo diwhu

wlph �
os
� E| wkh rshudwlrq ri wkh dojrulwkp wklv phdqv wkdw dw hdfk pdwfklqj skdvh dq

holjleoh fhoo hlwkhu iurp lqsxw � ru ghvwlqhg wr rxwsxw � zlwk os � � os zdv vfkhgxohg e|

wkh duelwhu1 Qrwh qrz wkdw iru dq| vxfk  rz s
�

c rqo| fhoov zlwk holjlelolw| wlphv lq wkh

lqwhuydo dfc �
os
o fdq suhyhqw S iurp ehlqj vfkhgxohg lq wkh lqwhuydo dfc �

os
o� Lw lv hdv| wr vhh

wkdw iru dq| os � � os wkhuh frxog eh dw prvw
o
s

�

os
n � � 2

o
s

�

os
ri vxfk fhoov1 Uhfdoolqj wkdw

wkh vxp ri udwhv ri doo  rzv dw dq| lqsxw +ru ghvwlqhg wr dq| rxwsxw, grhv qrw h{fhhg k/

lw iroorzv wkdw wkhuh duh dw prvw
S

s
� 2

o
s

�

os
� 2k

os
fhoov zlwk holjlelolw| wlph qrw h{fhhglqj

�
os
dw lqsxw �c zklfk lqfoxghv S lwvhoi1 Wkhuhiruh/ wkh pd{lpxp dprxqw ri S*v frpshwlwlrq

dw wkh lqsxw lv dw prvw 2k
os

� �/ dqg vlploduo|/ wkhuh duh dw prvw 2k
os

� � frpshwlqj fhoov

ghvwlqhg wr rxwsxw �1 Wkhuhiruh wkhuh duh dw prvw ek
os

� 2 fhoov wkdw fdq suhyhqw S iurp

ehlqj vfkhgxohg lq wkh lqwhuydo dfc �
os
o� Rq wkh rwkhu kdqg/ e| Ohppd 7 wkhuh duh dw ohdvw

7
os

� � pdwfklqj skdvh erxqgdulhv lq wkh lqwhuydo dfc �
os
oc dqg khqfh wkhuh zloo qrw eh

hqrxjk frpshwlqj fhoov iru dq| 7 � ek�

Zh qrz vkrz wkdw iru 7 � Sk wkh vwdwhphqw ri wkh Wkhruhp krogv iru dq| & : �

dv zhoo1 Qrwh wkdw e| rshudwlrq ri wkh dojrulwkp d fhoo fdqqrw eh vfkhgxohg ehiruh

lwv holjlelolw| wlph1 Wkhuhiruh/ zh rqo| qhhg wr suryh wkdw wkh &0wk fhoo ri hdfk  rz lv

vfkhgxohg ehiruh &
os
c zklfk lv lwv lghdo �qlvklqj wlph lq  xlg1 Vxssrvh wkdw wkh vwdwhphqw

ri wkh Wkhruhp lv idovh1 Wklv phdqv wkdw wkhuh h{lvwv vrph  rz s dqg vrph & � 2 vxfk

wkdw wkh &0wk fhoo ri s zdv qrw vfkhgxohg e| &
os
�Zh fdoo vxfk fhoo d ylrodwlqj fhoo1 Frqvlghu

wkh ylrodwlqj fhoo S zlwk wkh vpdoohvw holjlelolw| wlph ri doo ylrodwlqj fhoov/ dqg ohw s eh

wkh  rz lw ehorqjv wr1 Dvvxph wkdw s lv ghvwlqhg iurp dq lqsxw � wr dq rxwsxw �1 Ohw &

eh S*v lqgh{/ vr wkdw lwv holjlelolw| wlph lv &3�
os

� Lq rughu iru S wr qrw eh wudqvplwwhg e| lwv
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ghdgolqh &
os
c lw pxvw eh wkdw dw hdfk pdwfklqj skdvh erxqgdu| lq wkh lqwhuydo d&3�

os
c &
os
o dq

holjleoh fhoo zlwk idvwhu udwh zdv vfkhgxohg hlwkhu iurp wkh lqsxw �/ dqg2ru wr wkh rxwsxw

�1 Qrwh qrz wkdw e| wkh fkrlfh ri S/ lw pxvw eh wkdw doo fhoov zlwk lghdo �qlvk wlphv

ohvv wkdq &3�
os

pxvw kdyh ehhq wudqvplwwhg e| &3�
os

� Wkhuhiruh/ wkh rqo| �frpshwlwlrq�

wr S wkdw fdq suhyhqw lw iurp ehlqj vfkhgxohg e| lwv ghdgolqh &
os

duh wkrvh fhoov zkrvh

udwhv duh odujhu/ zkrvh holjlelolw| wlph grhv qrw h{fhhg &
os

/ dqg zkrvh �qlvk wlphv duh dw

ohdvw &3�
os

� Lw lv hdv| wr vhh wkdw iru dq| os � � os wkhuh frxog eh dw prvw
o
s

�

os
n 2 � �

o
s
�

os

ri vxfk fhoov1 Vxpplqj wkhvh fhoov dv ehiruh ryhu doo  rzv zlwk udwhv os � � os dw S*v

lqsxw dqg rxwsxw/ dqg uhfdoolqj wkdw wkh vxp ri udwhv ri doo  rzv vkdulqj d sduwlfxodu

fkdqqho grhv qrw h{fhhg kc zh vhh wkdw wkh pd{lpxp dprxqw ri frpshwlwlrq wkdw fdq

suhyhqw S iurp ehlqj vfkhgxohg e| &3�
os

lv dw prvw Sk
os
�2c zklfk idoov vkruw ri wkh qxpehu ri

pdwfklqj skdvh erxqgdulhv lq wkh lqwhuydo d&3�
os

c &
os
o/ zklfk lv dw ohdvw Sk

os
��� Wkh rewdlqhg

frqwudglfwlrq frpsohwhv wkh surri ri wkh Wkhruhp1 �

Wkh pdlq uhvxow ri wklv Vhfwlrq lv qrz jlyhq e| wkh iroorzlqj Wkhruhp/ wkh surri ri

zklfk lv lghqwlfdo wr wkh surri ri wkh fruuhvsrqglqj uhvxow ri wkh vzlwfklqj ghod| lq wkh

suhylrxv Vhfwlrq jlyhq e| Wkhruhp 67/ dqg lv wkhuhiruh rplwwhg khuh1

Wkhruhp 68 Li wkh wrwdo edqgzlgwk doorfdwhg wr jxdudqwhhg  rzv vkdulqj dq| fkdqqho

grhv qrw h{fhhg d iudfwlrq f 	 k � �cwkh wrwdo vzlwfklqj ghod| ri dq| fhoo ri d  rz

frqvwudlqhg e| d ohdn|0exfnhw Eos c K� dw wkh hqwu| wr wkh vzlwfk zlwk vshhgxs 7 � Skc zlwk

UF0ZI2T dw wkh lqsxw fkdqqhov dqg d IUHFI0edvhg duelwhu lv erxqghg e| .��|nKnH
os

n

�
7
n �

�J�|
zkhuh �J�| lv wkh vshhg ri wkh rxwsxw olqn1

Vrph Lpsohphqwdwlrq0Uhodwhg Lvvxhv1

Zkloh wkh ghwdlov ri lpsohphqwdwlrq duh eh|rqg wkh vfrsh ri wklv glvvhuwdwlrq/ wklv Vhfwlrq

frqwdlqv d eulhi glvfxvvlrq ri wkh nh| lvvxhv uhodwhg wr lpsohphqwdwlrq1

Lw lv lpsruwdqw wr qrwh wkdw lq wkh iudphzrun glvfxvvhg lq wkh suhylrxv wzr vxevhfwlrqv

wkh dprxqw ri frqwuro frppxqlfdwlrq ehwzhhq wkh lqsxw2rxwsxw fkdqqhov dqg wkh duelwhu

lv uhodwlyho| vpdoo1 Zkhq d qhz  rz hqwhuv ru ohdyhv wkh vzlwfk/ wkh duelwhu qhhgv wr eh
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qrwl�hg derxw wkh fkdqjh lq wkh wrwdo udwh dvvljqhg wr wkh dssursuldwh lqsxw2rxwsxw sdlu1

Khqfh/ wkh frppxqlfdwlrq ehwzhhq wkh duelwhu dqg wkh lqsxw fkdqqhov lv vwloo uhtxluhg dw

wkh wlph ri frqqhfwlrq vhwxs1 Lw vkrxog eh qrwhg wkdw iru frqqhfwlrq0rulhqwhg jxdudqwhhg

 rzv lw lv h{shfwhg wkdw wkh gxudwlrq ri d frqqhfwlrq lv pxfk odujhu wkdq wkh vhw0xs2whdu0

grzq wlph/ dqg vr wkh h!flhqw rshudwlrq gxulqj qrupdo rshudwlrq lv kljko| ghvludeoh1

Iru wkh shulrg ri wlph zkhq wkh qxpehu dqg wkh udwhv ri doo  rzv uhpdlqv vwdeoh/ wkh

duelwhu ghvfulehg lq wklv Fkdswhu grhv qrw qhhg dq| lqirupdwlrq iurp wkh lqsxwv wr pdnh

lwv ghflvlrqv vlqfh lw pdlqwdlqv doo wkh vfkhgxolqj yduldeohv orfdoo|1

Qrwh wkdw vlqfh wkh duelwhu lv udwh0frqwuroohg/ lw grhv qrw qhhg wr nqrz zkhwkhu d

sduwlfxodu lqsxw2rxwsxw sdlu dfwxdoo| kdv d fhoo wr wudqvplw1 Li lw fkrrvhv dq lqsxw2rxwsxw

sdlu zklfk fxuuhqwo| kdv qr fhoov wr vhqg/ wkhq wkh fhoo lv vlpso| qrw vhqw51 Wklv lv suhflvho|

zkdw doorzv wkh uhgxfwlrq ri wkh frppxqlfdwlrq ryhukhdg/ zklfk ehfrphv d vxevwdqwldo

erwwohqhfn lq kljk vshhg vzlwfkhv1 Iru h{dpsoh/ wkh frppxqlfdwlrq ryhukhdg lv d pdmru

revwdfoh iru wkh dojrulwkp ghvfulehg lq ^:`1

Hvvhqwldoo|/ wkh rqo| olplwdwlrq ri wkh dssurdfk ghvfulehg lq wklv Fkdswhu lv wkh vshhg

ri wkh duelwhu1 Lq wkh vwudljkwiruzdug vhtxhqwldo lpsohphqwdwlrq wkh frpsoh{lw| shu

pdwfklqj skdvh ri wkh duelwhu lv �E?{6�/ zkhuh ? dqg 6 duh wkh qxpehu ri lqsxw dqg

rxwsxw fkdqqhov lq wkh vzlwfk1 Qrwh wkdw doo nqrzq pd{lpdo pdwfklqj dojrulwkpv kdyh

wkh vdph rughu ri zruvw fdvh frpsoh{lw|1

Dv glvfxvvhg lq wkh Lqwurgxfwlrq/ wkh udwh ri lqfuhdvh lq surfhvvlqj vshhgv dsshduv

wr eh idu dkhdg ri wkh udwh ri wkh lqfuhdvh lq phpru| vshhgv1 Wkhuhiruh/ vkliwlqj wkh

phpru| vshhg erwwohqhfn wr surfhvvlqj vshhg dsshduv wr eh d vxevwdqwldo dgydqfhphqw1

5Qrwh wkdw vxfk �plvvhg� rssruwxqlwlhv kdyh qr h�hfw rq ghod| dqg edqgzlgwk jxdudqwhhv ri dq|
rwkhu  rzv1 Qhyhuwkhohvv/ dw �uvw jodqfh lw pd| vhhp wkdw wklv pd| fdxvh xqqhfhvvdu| orvv ri edqgzlgwk1
Krzhyhu/ wklv ehfrphv ohvv ri d frqfhuq li wkh udwh0frqwuroohg duelwudwlrq lv xvhg wr vfkhgxoh d vxevhw ri
jxdudqwhhg  rzv/ zkloh ehvw0h�ruw wud!f lv vfkhgxohg dw orzhu sulrulw| xvlqj vrph vlpsohu phfkdqlvp1
Wkh lqwhudfwlrq ri jxdudqwhhg dqg ehvw0h�ruw wud!f zloo eh glvfxvvhg lq pruh ghwdlo lq wkh qh{w fkdswhu1
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81418 Xvlqj Rwkhu Udwh0Frqwuroohuv dw wkh Duelwhu1

Vr idu wkh udwh0frqwuroohu hpsor|hg dw wkh duelwhu zdv dvvxphg wr eh IUHFI1 Iru wklv fdvh

lw frxog eh vkrzq wkdw/ zlwk wkh dssursuldwh ydoxh ri vshhgxs/ lw lv jxdudqwhhg wkdw hdfk

lqsxw2rxwsxw sdlu uhfhlyhv lwv duelwudwlrq rssruwxqlwlhv zlwk wkh dssursuldwh iuhtxhqf|

zlwk d yhu| vpdoo glvfuhsdqf| iurp wkh lghdo udwh fruuhvsrqglqj wr wklv lqsxw2rxwsxw

sdlu1 Lq wkh frqwh{w ri wklv Fkdswhu wkh dffxudf| ri wkh duelwhu zlwk uhvshfw wr hdfk

lqsxw2rxwsxw sdlu kdv ehhq h{suhvvhg lq whupv ri wkh glvfuhsdqf| ehwzhhq wkh wlph ri

wkh dfwxdo duelwudwlrq rssruwxqlwlhv dqg wkh lghdo wudqvplvvlrq wlph ri wkh djjuhjdwh

 rz ehwzhhq dq| jlyhq lqsxw2rxwsxw sdlu1 Pruh vshfl�fdoo|/ lw zdv vkrzq wkdw li wkh

wrwdo udwh ri  rzv vkdulqj dq lqsxw2rxwsxw sdlu E�c �� lv -��/ wkhq wkh &0wk duelwudwlrq

rssruwxqlw| ri wklv lqsxw2rxwsxw sdlu rffxuv lq wkh lqwhuydo d&3�
-��

c &
-��

oc zkloh wkh lghdo

wlph ri wkh &0wk duelwudwlrq rssruwxqlw| lv &3�
-��

�

Lq sulqflsoh/ dq| rwkhu udwh0frqwuroohu fdq eh lqfrusrudwhg lqwr wkh duelwhu1 Wkh

dffxudf| ri wklv udwh0frqwuroohu zloo d�hfw wkh vzlwfklqj ghod|v1 Lq idfw/ xvlqj dq dujxphqw

doprvw lghqwlfdo wr wkh surri ri vzlwfklqj ghod| iru IUHFI lq Vhfwlrq 81417/ lw zloo qrz

eh vkrzq wkdw

Wkhruhp 69 Li wkh duelwhu jxdudqwhhv wkdw wkh &0wk duelwudwlrq rssruwxqlw| ri lqsxw2rxwsxw

sdlu rffxuv lq wkh lqwhuydo d&3�3�
-��

c &n�
-��

oc +zkhuh � � f/ � � fc duh frqvwdqwv,/ dqg li wkh

lqsxwv hpsor| UF0ZI2T0edvhg  rz vfkhgxohuv Vs c wkhq wkh wrwdo vzlwfklqj ghod| ri d

 rz frqvwudlqhg e| d ohdn| exfnhw Eos c K� lv xsshu erxqghg e|
.��|nKn�E�n��n.

os
n �

7
n �

�J�|

1

Khuh wkh frqvwdqwv � dqg � fkdudfwhul}h wkh dffxudf| ri wkh duelwhu lq whupv ri wkh

glvfuhsdqf| ehwzhhq wkh wlphv ri wkh lghdo dqg wkh dfwxdo duelwudwlrq rssruwxqlwlhv ri

dq| jlyhq lqsxw2rxwsxw sdlu1 Wkh surri ri wkh Wkhruhp lv edvhg rq vhyhudo ohppdv1

Ohppd 6: Lq wkh frqwh{w ri Wkhruhp 69/ wkh &0wk duelwudwlrq rssruwxqlw| ri  rz s zlwk

dvvljqhg udwh os rffxuv lq wkh lqwhuydo d&3�3�
-��

c &n�n�
-��

o
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Surri ri Ohppd 6:1

E| wkh rshudwlrq ri wkh dojrulwkp wkh vwdwh yduldeohv rs dqg ss iru dq|  rz lq dq|

ri wkh UF0ZI2T0edvhg vfkhgxohuv VsE�c �� gr qrw ghshqg rq wkh wlph wkh| duh xsgdwhg/

exw udwkhu rq wkh vhtxhqfh qxpehu ri wkh xsgdwh1 Wkhuhiruh/ wkh vhtxhqfh ri ydoxhv ri

wkh vwdwh yduldeohv lq wkhvh vfkhgxohuv zkhq lqyrnhg e| wkh duelwhu lv lqglvwlqjxlvkdeoh

iurp wkh vhtxhqfh ri dq lvrodwhg rqh0ohyho UF0ZI2T vfkhgxohu rshudwlqj lq lvrodwlrq rq

 rzv zlwk wkh vdph udwh dvvljqphqw rq d olqn ri fdsdflw| -��� Frqvlghu wkh uhdo wlph |&

ri wkh &0wk vfkhgxolqj rssruwxqlw| ri vrph  rz s 1 Wklv wlph fdq rffxu rqo| dw wkh wlph

zkhq wkh fruuhvsrqglqj �yluwxdo rxwsxw txhxh� fruuhvsrqglqj wr lqsxw2rxwsxw sdlu E�c ��

lv fkrvhq e| wkh duelwhu1 Ohw wklv eh wkh 60wk duelwudwlrq rssruwxqlw| ri wkh �yluwxdo

rxwsxw txhxh� E�c ��1 E| wkh vwdwhphqw ri wkh Wkhruhp/ wkh 60wk vfkhgxolqj rssruwxqlw|

ri dq| �yluwxdo rxwsxw txhxh� rffxuv lq wkh lqwhuydo ^63�3�
-��

c 6n�
-��

o1 Wkhuhiruh

6� �� �

-��

� |& �
6n�

-��

+81;,

E| rshudwlrq ri wkh dojrulwkp/ wkh yduldeoh � ri VsE�c �� dw wlph |& +dw wkh wlph wkh

vfkhgxolqj ghflvlrq lv pdgh/ ehiruh wkh xsgdwh ri �, zklfk zh ghqrwh dv �E|&� lv jlyhq e|

�E|&� '
6� �

-��

+81<,

Dsso|lqj Wkhruhp 48 wr wkh Vs E�c �� rshudwlqj lq lvrodwlrq rq d olqn ri fdsdflw| -��

zh jhw
& � �

os
� �E|&� �

&

os
+8143,

+81<, dqg +8143, lpso|
& � �

os
-�� n � � 6 �

&

os
-�� n �

zklfk/ wrjhwkhu zlwk +81;, |lhogv

& � ���

os
�

& � �

os
�

�

-��

�
6��� �

-��

� |& �
6n�

-��

�
&

os
n

�

-��

n
�

-��

�
& n � n�

os

;7



zkhuh wkh �uvw dqg wkh odvw lqhtxdolwlhv iroorz iurp wkh idfw wkdw -�� � os c vlqfh -�� lv

wkh vxp ri udwhv ri doo  rzv ghvwlqhg iurp � wr �� Khqfh/ wkh &0wk duelwudwlrq rssruwxqlw|

ri  rz s rffxuv lq wkh lqwhuydo d&3�3�
os

c &n�n�
os

o� Wklv frpsohwhv wkh surri ri wkh Ohppd1�

Ohppd 6; Lq wkh frqwh{w ri Wkhruhp 69/ d fhoo duulylqj dw wlph | dqg �qglqj d txhxh

ri ohqjwk ' zloo eh gholyhuhg wr lwv rxwsxw qr odwhu wkdq e| wlph |n 'n�n�n�
os

n �
7
�

Surri ri Ohppd 6;1

Frqvlghu d fhoo S duulylqj wr wkh vzlwfk dw vrph wlph |� Ohw S�c S2���S' eh wkh fhoov lq

wkh txhxh ehiruh S +li S vwduwv d exv| shulrg/ wkhq ' ' f dqg wkhuh duh qr fhoov dkhdg ri lw

lq wkh txhxh,1 Ohw wkh duulydo wlph | ri wkh fhoo S vdwlvi| &3�
os

� | 	 &
os
iru vrph & � �1 E|

wkh suhylrxv Ohppd lw pxvw eh wkdw wkh qh{w duelwudwlrq rssruwxqlw| ri wkh  rz rffxuv

qr odwhu wkdq lq wkh lqwhuydo ^ &
os
c &n�n�n2

os
o� Khqfh/ wkh �uvw fhoo lq wkh txhxh dw wlph |

pxvw eh vfkhgxohg wr eh wudqvplwwhg wr lwv rxwsxw qr odwhu wkdq e| |� '
&n�n�n2

os
c zklfk

lpsolhv wkdw fhoo S2 zloo eh vfkhgxohg e| wlph |2 ' &n�n�n2
os

c dqg/ lqgxfwlyho|/ fhoo S'

zloo eh vfkhgxohg e| wlph |' ' &n�n�n'n�
os

c dqg �qdoo| wkh fhoo S lwvhoi zloo eh vfkhgxohg

qr odwhu wkdq e| wlph |'n� ' &n�n�n'n2
os

� Li S vwduwhg d exv| shulrg/ wkhq S lwvhoi zloo

eh vfkhgxohg qr odwhu wkdq dw wlph |�/ dqg vr zloo eh gholyhuhg wr lwv rxwsxw qr odwhu

wkdq dw wlph |� n
�
7
' &n�n�n2

os
n �

7
� |n �n�n�

os
n �

7
c zklfk suryhv wkh vwdwhphqw ri wkh

Ohppd lq wklv fdvh1 Rwkhuzlvh/ dv glvfxvvhg deryh/ wkh fhoo S zloo eh vfkhgxohg e| wlph

|'n� ' &n'n�n�n2
os

� | n 'n�n�n�
os

c dqg lv jxdudqwhhg wr duulyh wr lwv rxwsxw e| wlph

|n 'n�n�n�
os

n �
7
� �

Ohppd 6< Li/ lq wkh frqwh{w ri Wkhruhp 69/ wkh lqsxw wud!f ri  rz s zlwk dvvljqhg udwh

os frqirupv wr d ohdn| exfnhw +os c K� wkhq wkh txhxh ri wklv  rz lv erxqghg e| Kn�n�n21

Surri ri Ohppd 6<1

Vxssrvh wklv lv qrw wkh fdvh1 Wkhq wkhuh pxvw h{lvw vrph wlph | dw zklfk wkhuh duh dw

ohdvw Kn�n�n� fhoov ri wkh frqvlghuhg  rz lq wkh txhxh1 Ohw |f ghqrwh wkh ehjlqqlqj

ri wkh  rz*v exv| shulrg frqwdlqlqj |1
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Vlqfh wkh  rz lv frqvwudlqhg e| d ohdn| exfnhw Eos c K�/ dw prvw E|� |f�os nKn0os fhoov

frxog kdyh duulyhg wr wkh txhxh lq wkh lqwhuydo d|fc |n0� iru dq| 0 : f� Rq wkh rwkhu kdqg/

e| Ohppd 6:/ dw ohdvw E|� |f�os ���� � 2 vfkhgxolqj rssruwxqlwlhv ri wklv  rz pxvw

kdyh rffxuuhg lq wkh lqwhuydo d|fc |o � d|fc | n 0�� Ixuwkhupruh/ vlqfh wkh txhxh kdv ehhq

frqwlqxrxvo| edfnorjjhg lq wkh lqwhuydo d|fc |oc d fhoo ri wklv  rz zdv dfwxdoo| wudqvplwwhg

dw hdfk ri wkhvh vfkhgxolqj rssruwxqlwlhv1 Wkhuhiruh/ iru dq| 0 : f wkh txhxh lv erxqghg

iurp deryh e| E|� |f�os n Kn 0os � E|� |f�os n�n� n 2 ' Kn�n� n 2� Vlqfh 0 fdq

eh fkrvhq duelwudulo| vpdoo/ wkh vwdwhphqw ri wkh Ohppd iroorzv1 �

Ohppd 73 Lq wkh frqwh{w ri Wkhruhp 69 d  rz zlwk dvvljqhg udwh os frqirupv wr d

ohdn| exfnhw Eos c �n� n �� dw wkh hqwu| wr lwv rxwsxw fkdqqho1

Surri ri Ohppd 731

Frqvlghu dq| lqwhuydo d|�c |2� dqg ohw

& � �

os
� |� 	

&

os
+8144,

& n6� �

os
� |2 	

& n6

os
+8145,

iru vrph lqwhjhu & � �c6 � f� E| Ohppd 6: dw prvw 6 n � n � n 2 fhoov fdq eh

vfkhgxohg lq d|�c |2�� Iurp +8144, & : |�os 1 Iurp +8145, 6 � |2os � & n �� Wkhuhiruh

6 n � n � n 2 � |2os � & n � n � n � � E|2 � |��os n � n � n �� E| gh�qlwlrq wklv

lpsolhv wkdw wkh  rz frqirupv wr d ohdn| exfnhw Eos c �n� n ��� �

Surri ri Wkhruhp 691

Iluvw qrwh wkdw Ohppdv 6: dqg 6< lw lpphgldwho| iroorzv wkdw dq| fhoo ri d  rz frq0

vwudlqhg e| d ohdn| exfnhw Eos c K� dw wkh hqwu| wr wkh vzlwfk lv gholyhuhg wr wkh rxwsxw

fkdqqho qr odwhu wkdq wlph Kn2E�n��nD
os

n �
7
diwhu lwv duulydo� Xvlqj Ohppd 73 lq frqmxqf0

wlrq zlwk Wkhruhp : lpphgldwho| lpsolhv wkdw wkh rxwsxw ghod| ri dq|  rz lv erxqghg

e| .��|n�n�n�
os

zkhuh .��| lv wkh orzhu erxqg rq wkh zrun glvfuhsdqf| ri wkh rxwsxw

vfkhgxohu1 Dgglqj wkhvh erxqgv dqg dgglqj ixuwkhu dq dgglwlrqdo �
�J�|

wr dffrxqw iru wkh
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wlph uhtxluhg wr wudqvplw rqh fhoo dw wkh vshhg ri wkh rxwjrlqj olqn zh rewdlq wkdw wkh

wrwdo vzlwfklqj ghod| lv erxqghg e| .��|nKn�E�n��nH
os

n �
7
n �

�J�|
� �

;:



Fkdswhu 9

Surylglqj Iru Gl�huhqw Fodvvhv ri

Vhuylfh

914 Frh{lvwhqfh ri Jxdudqwhhg Iorzv zlwk Rwkhu Fodvvhv

ri Vhuylfh

Vr idu wkh pdlq hpskdvlv ri wklv wkhvlv kdv ehhq rq surylglqj edqgzlgwk dqg ghod| jxdu0

dqwhhv wr wkh vr0fdoohg jxdudqwhhg  rzv1 Krzhyhu/ wkh uhvxowv ri wkh suhylrxv Fkdswhuv

fdq dovr eh dssolhg wr doorz vxssruw iru  rzv zlwk ohvv vwulqjhqw TrV uhtxluhphqwv dorqj

zlwk jxdudqwhhg  rzv1 Lq sduwlfxodu/ lw lv srvvleoh wr hqvxuh wkdw zkloh wkh jxdudqwhhg

 rzv uhfhlyh wkh jxdudqwhhv surplvhg dw frqqhfwlrq vhwxs/ wkh �orzhu judgh vhuylfh� wudi0

�f �oov xs wkh uhpdlqlqj edqgzlgwk/ hqvxulqj kljk olqn xwlol}dwlrq1 Wklv Vhfwlrq glvfxvvhv

wklv lvvxh lq pruh ghwdlo1

Frqvlghu wkh vzlwfk dufklwhfwxuh ri Fkdswhu 8 +Iljxuh 804,/ zkhuh wkh duelwhu pdlq0

wdlqv d orjlfdo hqwu| shu yluwxdo rxwsxw txhxh dqg xvhv vrph udwh0frqwuroohg duelwudwlrq

phfkdqlvp vxfk dv IUHFI wr frpsxwh d pd{lpdo pdwfklqj1 Uhfdoo wkdw IUHFI frp0

sxwhv d pd{lpdo pdwfklqj rqo| dprqj holjleoh orjlfdo yluwxdo rxwsxw txhxhv1 Wkhuhiruh/

dowkrxjk qr pruh holjleoh txhxhv fdq eh dgghg wr wkh pdwfklqj/ wkhuh pd| vwloo eh vrph

;;



xqpdwfkhg lqsxwv dqg rxwsxwv iru zklfk qr frqqhfwlrqv kdyh ehhq pdgh1 Li wkhuh lv

dq| �orzhu judgh� wud!f/ lw pd| eh srvvleoh wr wudqvplw vrph qxpehu ri wkh �orzhu

judgh� fhoov ehwzhhq wkhvh xqpdwfkhg lqsxwv dqg rxwsxwv1 Wklv revhuydwlrq prwlydwhv

wkh iroorzlqj dssurdfk1 Vxssrvh wkdw wkh vzlwfk uxqv wzr gl�huhqw dojrulwkpv DC dqg

DuC iru jxdudqwhhg dqg �orzhu judgh� wud!f uhvshfwlyho|1 Dvvxph wkdw DC lv uxq dw

vwulfwo| kljkhu sulrulw| wkdq DuCc dqg vxssrvh iru h{dpsoh wkdw DC lv IUHFI/ zkloh

DuC lv dq| duelwudwlrq dojrulwkp zklfk frpsxwhv d pd{lpdo pdwfklqj rq d el0sduwlwh

judsk jlyhq d vhw ri uhtxhvwv iurp d vxevhw ri lqsxwv wr d vxevhw ri rxwsxwv1 H{dpsohv ri

vxfk dojrulwkpv fdq eh VOLS ^4:`/ SLP ^4`/ ZSLP ^57`/ ORRID^4<`/ hwf1 Wkh duelwudwlrq

surfhhgv dv iroorzv1

41 Dw wkh ehjlqqlqj ri d pdwfklqj skdvh/ wkh duelwhu uxqv DC dqg frpsxwhv d pd{0

lpdo pdwfklqj dprqj doo holjleoh orjlfdo yluwxdo rxwsxw txhxhv1 Dw wkh hqg ri wklv

frpsxwdwlrq d vxevhw ri lqsxwv dqg rxwsxwv duh pdwfkhg1 Ohw VC
U dqg VC

� eh wkh

vxevhwv ri doo lqsxwv dqg rxwsxwv pdwfkhg e| DCc dqg ohw VU dqg V� eh wkh vhwv ri

uhpdlqlqj lqsxwv dqg rxwsxwv1

51 Iru wkh fkrvhq lqsxw2rxwsxw sdluv lq vhwv VC
U dqg VC

� wkh  rz0ohyho lqsxw vfkhgxohuv

+h1j1 ZI2T dv ghvfulehg lq wkh suhylrxv Fkdswhu, duh xvhg wr fkrrvh jxdudqwhhg

 rzv fruuhvsrqglqj wr wkh fkrvhq �jxdudqwhhg pdwfklqj�1 Li wkh fkrvhq jxdudqwhhg

 rz*v txhxh lv qrq0hpsw|/ lwv KRO fhoo lv wudqvplwwhg1 Li iru dq| lqsxw2rxwsxw sdlu

E�c �� wkh fkrvhq jxdudqwhhg  rz txhxh lv hpsw|/ wkh lqsxw � dqg wkh rxwsxw � duh

dgghg wr wkh vr idu xqpdwfkhg vhwv VU dqg V��

61 Rqfh doo jxdudqwhhg fhoov fkrvhq lq wkh suhylrxv vwhs duh wudqvplwwhg/ DuC lv lq0

yrnhg wr frpsxwh d pd{lpdo pdwfklqj dprqj wkh uhpdlqlqj xqpdwfkhg vhwv ri

lqsxwv dqg rxwsxwv VU dqg V�c fkrrvlqj vrph vxevhwv VuC
U � VU dqg VuC

� � V� iru

wkh �orzhu0judgh pdwfklqj�1

Qrwh khuh wkdw xqolnh DC zklfk lq wkh ghvfulehg frqwh{w rshudwhv lqghshqghqwo|

ri wkh lqsxw vfkhgxohuv/ DuC lq sulqflsoh pd| lqyroyh vrph dgglwlrqdo frppxqlfdwlrq

;<



ehwzhhq lqsxwv/ rxwsxwv dqg wkh duelwhu/ dv zhoo dv vrph dgglwlrqdo vfkhgxolqj ri �orzhu

judgh� wud!f dw wkh lqsxw fkdqqhov1 Iru h{dpsoh/ wkh urxqg0urelq uhtxhvw2judqw surwrfro

ghvfulehg lq wkh h{dpsoh dw wkh ehjlqqlqj ri Fkdswhu 5 lqyroyhv h{fkdqjlqj uhtxhvw dqg

judqwv/ dv zhoo dv urxqg0urelq vfkhgxolqj dw wkh lqsxwv1 Vlplodu frqwuro frppxqlfdwlrq

dqg vfkhgxolqj lv xvhg lq dojrulwkpv vxfk dv VOLS/ SLP/ hwf1 wkdw frxog eh fkrvhq iru

wklv sxusrvh1

Lw lv hdv| wr vhh wkdw uhjdugohvv ri wkh fkrlfh ri DuC/ wkh duelwudwlrq ri jxdudqwhhg

 rzv lq wklv iudphzrun lq wkh suhvhqfh ri �orzhu judgh� wud!f lv lqglvwlqjxlvkdeoh iurp

wkh fdvh frqvlghuhg lq Fkdswhu 8 lq wkh devhqfh ri �orzhu judgh� wud!f1 Wklv lv d vlpsoh

frqvhtxhqfh ri wkh idfw wkdw jxdudqwhhg  rzv duh wuhdwhg dw d vwulfwo| kljkhu sulrulw| dqg

wkhuhiruh duh frpsohwho| xqd�hfwhg e| wkh suhvhqfh ri wkh �orzhu judgh� wud!f1 Khqfh

wkh iudphzrun ghvfulehg khuh suhvhuyhv doo wkh jxdudqwhhv vkrzq lq Fkdswhu 8 iru wkh

jxdudqwhhg  rzv1

Uhfdoo wkdw wkh uhvxowv ri Fkdswhu 5 lpso| wkdw dv orqj dv wud!f lv uhvwulfwhg e|

vrph wud!f pdqdjhphqw dojrulwkp vr wkdw wkh wrwdo edqgzlgwk frqvxphg e| lw grhv

qrw h{fhhg wkh fdsdflw| dydlodeoh wr lw/ +lq wkh vhqvh wkdw lq dq| lqwhuydo ri wlph ri

ohqjwk | wkh wrwdo dprxqw ri lqsxw wud!f vkdulqj d fkdqqho ri fdsdflw| � grhv qrw

h{fhhg �|n� iru vrph frqvwdqw �,/ wkhq dq| pd{lpdo pdwfklqj dojrulwkp fdq hqvxuh

d 433( edqgzlgwk jxdudqwhh zlwk wkh dssursuldwh vshhgxs1 Qrwh qrz wkdw wkh wzr0ohyho

duelwudwlrq dojrulwkp ghvfulehg lq wklv Vhfwlrq +h1j1 dsso| DC �uvw/ wkhq dsso| DuC

rq uhpdlqlqj lqsxwv dqg rxwsxwv, |lhogv d pd{lpdo pdwfklqj1 Dvvxplqj wkh h{lvwhqfh

ri vrph wud!f pdqdjhphqw dojrulwkp zklfk hqvxuhv wkdw wkhuh h{lvwv vrph frqvwdqw4

�uC vxfk wkdw wkh dprxqw ri lqsxw �orzhu judgh� wud!f �E|�c |2� duulylqj lq dq| lqwhuydo

E|�c |2� qhyhu h{fhhgv wkh olplw

�E|�c |2� � �uCE|2 � |�� n�uC +914,

4Uhfdoo iurp wkh glvfxvvlrq lq fkdswhu 5 wkdw wklv frqvwdqw hvvhqwldoo| ghwhuplqhv wkh ex�hu uhtxluh0
phqwv qhhghg wr hqvxuh wkdw orzhu wud!f vx�huv qr orvv1 Dq h{dpsoh ri d vhuylfh fodvv iru zklfk wklv
dvvxpswlrq krogv lv Dydlodeoh Elw Udwh +DEU, vhuylfh lq DWP1
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+zkhuh �uC ' ���C lv wkh edqgzlgwk dydlodeoh wr ehvw h�ruw  rzv,/ dqg dvvxplqj wkdw

wkh jxdudqwhhg  rzv duh ohdn|0exfnhw frqvwudlqhg dw wkh hqwu| wr wkh vzlwfk/ wkh uhvxowv ri

Fkdswhu 5 wkhq lpphgldwho| lpso| wkdw wkh �orzhu judgh� wud!f fdq eh surylghg d 433(

edqgzlgwk jxdudqwhh dv orqj dv wkh vshhgxs vdwlv�hv 7 � e1 Lq frqmxqfwlrq zlwk wkh

uhvxowv ri Fkdswhu 8 wklv phdqv wkdw 7 � S vx!fhv wr hqvxuh wkdw/ zlwk IUHFI xvhg iru

DCc @?+ pd{lpdo pdwfklqj duelwudwlrq dojrulwkp jxdudqwhhv wkdw �orzhu judgh� wud!f

fdq dfklhyh 433( ri wkh �ohiwryhu� edqgzlgwk �uC� Wklv dvvxphv wkh h{lvwhqfh ri d

wud!f pdqdjhphqw dojrulwkp frqwuroolqj wkh lqsxw udwhv ri wkh �orzhu judgh� wud!f dv

glvfxvvhg deryh1

Lq idfw/ xvlqj wkh uhvxowv ri Fkdswhu 8 uhodwhg wr wkh vshhgxs qhhghg wr hqvxuh ghod|

jxdudqwhhv lq d iudfwlrqdoo| errnhg v|vwhp/ d vwurqjhu vwdwhphqw fdq eh pdgh lq wklv

frqwh{w li wkh dgplvvlrq frqwuro srolf| iru jxdudqwhhg  rzv hqvxuhv wkdw �C � 2

�
�c l1h1 wkh

jxdudqwhhg  rzv duh qrw doorzhg wr errn pruh wkdq wzr wklugv ri dq| fkdqqho fdsdflw|1

Lq wklv fdvh xvlqj IUHFI0edvhg DC zlwk dq| pd{lpdo pdwfklqj dojrulwkp DuC dqg wkh

vshhgxs 7 ' e vx!fhv wr hqvxuh erwk ghwhuplqlvwlf edqgzlgwk dqg ghod| jxdudqwhhv iru

jxdudqwhhg wud!f dv zhoo dv edqgzlgwk jxdudqwhhv iru �orzhu judgh� wud!f/ surylghg wkh

odwwhu lv frqwuroohg e| d wud!f pdqdjhphqw dojrulwkp wr vdwlvi| +914,1 Ixuwkhupruh/ li wkh

RFI0edvhg dojrulwkp glvfxvvhg lq Fkdswhu 5 lv xvhg iru �orzhu judgh� wud!f vfkhgxohu

DuC/ wkhq wkh uhvxowv ri Vhfwlrqv 516 dqg Fkdswhu 8 lpso| wkdw wkh vshhgxs 7 ' 2 vx!fhv

wr surylgh vxfk jxdudqwhhv wr erwk jxdudqwhhg wud!f dqg �orzhu judgh� wud!f dv orqj

dv wkh edqgzlgwk doorfdwhg iru jxdudqwhhg  rzv grhv qrw h{fhhg kdoi ri dq| fkdqqho

edqgzlgwk1

Qrwh �qdoo| wkdw d yhu| vlplodu dssurdfk fdq eh xvhg li wlphvwdps0edvhg duelwudwlrq

glvfxvvhg lq Fkdswhuv 607 lv xvhg iru DC� Dowkrxjk wkh ghod| erxqgv rewdlqhg iru jxdu0

dqwhhg  rzv lq wklv iudphzrun zloo eh zruvh wkdq wkdw iru IUHFI +vlqfh wkh| ghshqg rq

wkh vl}h ri wkh vzlwfk,/ wkh uhvxowv ri Fkdswhuv 6 dqg 7 lpso| wkdw 7 ' e vx!fhv lq wklv

fdvh wr hqvxuh wkdw wkh �orzhu judgh� wud!f fdq eh surylghg wkh edqgzlgwk jxdudqwhh

+dv orqj dv lw grhv qrw h{fhhg wkh edqgzlgwk xqxvhg e| wkh jxdudqwhhg  rzv,/ zkloh
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suhvhuylqj wkh edqgzlgwk dqg ghod| jxdudqwhhv iru wkh jxdudqwhhg wud!f dv ghvfulehg

lq Fkdswhuv 607 hyhq li jxdudqwhhg wud!f rffxslhv d kljk shufhqwdjh ri vrph fkdqqho

edqgzlgwk1

915 Surylglqj Idlu Vhuylfh iru �orzhu judgh� Iorzv

Lq wkh suhylrxv Vhfwlrq lw zdv dvvxphg wkdw �orzhu judgh� wud!f lv pdqdjhg wr hqvxuh

wkdw wkh wrwdo lqsxw udwh ri �orzhu judgh� wud!f grhv qrw h{fhhg wkh dydlodeoh fdsdflw| lq

wkh vhqvh wkdw jlyhq vx!flhqw ex�hu/ qr gdwd lv orvw1 Wklv dvvxpswlrq/ krzhyhu/ glg qrw

dffrxqw iru srwhqwldo suhihuhqwldo wuhdwphqw ri vrph �orzhu judgh�  rzv dw wkh h{shqvh

ri rwkhu ehvw h�ruw wud!f1 Lw lv ghvludeoh wkdw jlyhq lghqwlfdo ghpdqgv/  rzv vkdulqj wkh

vdph fkdqqho2olqn vkrxog eh jlyhq lghqwlfdo vhuylfh e| wkh vzlwfk1

Lq sudfwlfh/ wkh vkduh ri vhuylfh jxdudqwhhg wr d  rz vwurqjo| ghshqgv rq wkh ex�hulqj

dqg vfkhgxolqj srolflhv hpsor|hg e| wkh vzlwfk1 Lq wkh frqwh{w ri wkh furvvedu dufklwhf0

wxuh zlwk yluwxdo rxwsxw txhxhlqj dw wkh lqsxwv/ surylglqj shu0 rz idlu vhuylfh wxuqv

rxw wr eh d vljql�fdqw fkdoohqjh1 Pdq| ri wkh vlpsoh duelwudwlrq dojrulwkpv xvhg lq wkh

lqgxvwu| vxfk dv VOLS ^4:`/ SLP ^4` dwwhpsw wr wuhdw hdfk yluwxdo rxwsxw txhxh idluo|1

Krzhyhu/ wklv pd| uhvxow lq xqidluqhvv wrzdugv lqglylgxdo  rzv1 Vxssrvh iru h{dpsoh

wkdw lqsxw 4 kdv 433  rzv ghvwlqhg wr rxwsxw 4/ zkloh lqsxw 5 kdv rqo| rqh  rz ghvwlqhg

wr wklv rxwsxw1 Dv d uhvxow/ wkh yluwxdo rxwsxw txhxh dw lqsxw 4 ghvwlqhg wr rxwsxw 4

zloo uhsuhvhqw 433  rzv/ zkloh wkh fruuhvsrqglqj yluwxdo rxwsxw txhxh dw lqsxw 5 zloo

uhsuhvhqw d vlqjoh  rz1 Fohduo|/ li wkhvh wzr yluwxdo rxwsxw txhxhv duh hqvxuhg wkh vdph

vhuylfh udwh/ wkhq hdfk ri wkh  rzv dw lqsxw 4 zloo uhfhlyh rqo| f�f� ri wkh vhuylfh uhfhlyhg

e| wkh  rz dw lqsxw 51 Qrwh wkdw wkh  rz iurp lqsxw 5 zloo eh jlyhq kdoi wkh fdsdflw| ri

wkh rxwsxw fkdqqho/ zkloh hdfk ri wkh rwkhu  rzv zloo eh jlyhq rqo| �

2ff
ri wklv fdsdflw|1

Rqh zd| ri fruuhfwlqj wklv sureohp lv wr pdnh wkh duelwudwlrq phfkdqlvp dzduh ri

wkh udwhv dw zklfk wkh �orzhu judgh� yluwxdo rxwsxw txhxhv pxvw eh vhuyhg1 Iru h{dpsoh/

vxssrvh wkdw hdfk  rz lv dvvljqhg d udwh ri 6�?E
�U?R
��?R

c ���|

���|
�c zkhuh �U?R dqg ���| ghqrwh
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wkh dprxqwv ri edqgzlgwk dydlodeoh iru �orzhu judgh� wud!f dw wkh lqsxw dqg rxwsxw

fkdqqhov uhvshfwlyho|/ zkloh ��?R dqg ���| ghqrwh wkh qxpehuv ri �orzhu judgh�  rzv

vkdulqj wkh lqsxw dqg wkh rxwsxw1 Rqfh wklv lv grqh/ rqh fdq dvvljq hdfk �orzhu judgh�

yluwxdo rxwsxw txhxh dw hdfk lqsxw wkh udwh zklfk lv vlpso| wkh vxp ri idlu udwhv ri

doo �orzhu judgh�  rzv1 Qrz/ zh fdq xvh dq| ri wkh dojrulwkpv ghvfulehg lq Fkdswhuv

608 wr duelwudwh dprqj wkh �orzhu judgh� yluwxdo rxwsxw txhxhv dv zhoo1 Vlqfh �orzhu

judgh� wud!f grhv qrw uhtxluh vwulfw ghod| jxdudqwhhv/ rqh fdq xvh d vlpsoh urxqg0urelq

vfkhgxohu iru  rz0ohyho vfkhgxohuv dw wkh lqsxw1 Iru h{dpsoh/ lq wkh devhqfh ri jxdudqwhhg

 rzv rqh fdq xvh wkh vdph dufklwhfwxuh dv vkrzq lq Iljxuh 804/ zkhuh wkh udwh0edvhg

duelwudwlrq ghvfulehg lq Fkdswhu 8 lv xvhg/ zkhuh wkh  rz0ohyho vfkhgxohuv dw hdfk lqsxw

duh urxqg0urelq vfkhgxohuv1 Lw lv hdv| wr vhh wkdw wkh uhvxowv ri Fkdswhu 8 lpso| wkdw lq

wkh devhqfh ri jxdudqwhhg wud!f hdfk yluwxdo rxwsxw txhxh lv hqvxuhg wkh vhuylfh htxdo

wr -uC
�� '

S�U?R

�'� 6�?E
�U?R
��?R

c ���|

���|
�c dqg vr hdfk yluwxdo rxwsxw txhxh zloo eh jlyhq hqrxjk

vhuylfh wr hqvxuh wkdw hdfk  rz fdq uhfhlyh lwv idlu vhuylfh1 Wklv dufklwhfwxuh grhv qrw

frqvlghu wkh frh{lvwhqfh ri �orzhu judgh� wud!f zlwk jxdudqwhhg  rzv1 Lw wxuqv rxw

wkdw rqfh wkh �idlu� udwhv ri �orzhu judgh� wud!f duh hvwlpdwhg/ wkh iroorzlqj vlpsoh

phfkdqlvp fdq eh xvhg1 Frqvlghu wkh dufklwhfwxuh vkrzq lq Iljxuh 904/ zkhuh wkh �orzhu

judgh� dqg wkh jxdudqwhhg duelwudwlrq frh{lvw1

Zh xvh wkh duelwudwlrq phfkdqlvp ri Fkdswhu 8/ zkhuh wkh duelwhu pdlqwdlqv 6{?

orjlfdo yluwxdo rxwsxw txhxh hqwulhv/ zkloh wkh lqsxwv uxq ZI2T  rz vfkhgxohuv iru

jxdudqwhhg wud!f1 Krzhyhu/ wkh udwhv dvvljqhg wr d orjlfdo yluwxdo rxwsxw txhxh '��

duh qrz -�� ' -C
�� n -uC

�� � Wkh duelwudwlrq ehwzhhq wkh orjlfdo yluwxdo rxwsxw txhxhv

surfhhgv h{dfwo| dv ghvfulehg lq Fkdswhu 8/ h1j1 xvlqj IUHFI1 Dw wkh lqsxw fkdqqhov

wkh jxdudqwhhg  rz txhxhv duh vwloo jurxshg e| wkh rxwsxw dv lq Fkdswhu 8/ h{fhsw qrz

wkhuh lv dq dgglwlrqdo �gxpp|� txhxh '(
�� shu hdfk rxwsxw1 Wkh gxpp| txhxh '(

��

lv dvvljqhg wkh -uC
�� c zklfk lv wkh frpelqhg hvwlpdwhg udwh ri doo �orzhu judgh�  rzv

ghvwlqhg iurp lqsxw � wr rxwsxw �1 Hdfk '(
�� lv vfkhgxohg dorqj zlwk rwkhu jxdudqwhhg

 rz txhxhv e| wkh jxdudqwhhg vfkhgxohu Vs E�c �� zklfk lv lqyrnhg dq| wlph wkh duelwhu
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Iljxuh 904= Dufklwhfwxuh iru frpelqhg vfkhgxolqj ri �orzhu judgh� dqg jxdudqwhhg  rzv1

fkrrvhv wkh lqsxw2rxwsxw sdlu E�c ��1 Zkhqhyhu vfkhgxohu Vs E�c �� fkrrvhv wkh �gxpp|�

txhxh/ d urxqg0urelq vfkhgxohu VuCE�c �� lv lqyrnhg wr slfn wkh qh{w qrq0hpsw| txhxh lq

lwv urxqg0urelq vfkhgxoh dprqj wkh �orzhu judgh�  rzv dw wklv lqsxw ghvwlqhg wr rxwsxw

�1 Zkhqhyhu d �uhjxodu� jxdudqwhhg  rz lv vfkhgxohg dqg wkh txhxh ri wklv  rz lv

qrq0hpsw|/ wkh KRO fhoo ri wkdw jxdudqwhhg  rz lv wudqvplwwhg1 Krzhyhu/ li wkh fkrvhq

jxdudqwhhg  rz kdv qr fhoov wr vhqg/ wklv vfkhgxolqj rssruwxqlw| lv �sdvvhg� wr wkh

urxqg0urelq vfkhgxohu VuCE�c �� wr fkrrvh wkh qh{w qrq0hpsw| �orzhu judgh� txhxh1 Qrwh

khuh wkdw zkhq VsE�c �� fkrrvhv wkh gxpp| txhxh '
(
�� c wkh vwdwh yduldeohv ri wkh gxpp|

txhxh duh xsgdwhg dffruglqj wr wkh rshudwlrq ri wkh vfkhgxohu1 Lq frqwudvw/ zkhq d uhdo

 rz txhxh lv fkrvhq/ exw kdv qr fhoov wr vhqg/ lw lv wkh vwdwh yduldeohv ri wkdw uhdo txhxh

zklfk duh xsgdwhg/ zkhuhdv wkh vwdwh ri wkh gxpp| txhxh uhpdlqv wkh vdph1

Lw lv hdv| wr vhh wkdw wkh uhvxowv ri Fkdswhu 8 lpphgldwho| lpso| wkdw wkh edqgzlgwk

dqg ghod| jxdudqwhhv ri doo jxdudqwhhg  rzv uhpdlq dv ghulyhg wkhuh1 Pruhryhu/ hdfk

�gxpp|� txhxh fruuhvsrqglqj wr wkh �orzhu judgh� wud!f lv jxdudqwhhg wr eh vfkhgxohg
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dw ohdvw dw wkh fruuhfw �idlu� udwh -uC
�� � Wkh urxqg0urelq �orzhu judgh� vfkhgxohu lq wxuq

hqvxuhv wkdw doo exv| ehvw0h�ruw txhxhv duh jlyhq dq htxdo vkduh ri wkh wrwdo �orzhu

judgh� vhuylfh udwh1 Khqfh/ wkh dssurdfk ghvfulehg khuh holplqdwhv wkh sureohp ri xqidlu

wuhdwphqw ri vrph  rzv dw wkh h{shqvh ri rwkhu  rzv1

D gudzedfn ri wkh dssurdfk suhvhqwhg khuh iru �orzhu judgh� wud!f lv wkdw lw lv

qrq0zrunfrqvhuylqj1 Dowkrxjk vfkhgxolqj rssruwxqlwlhv xqxvhg e| jxdudqwhhg  rzv duh

sdvvhg wr �orzhu judgh�  rzv/ lw lv vwloo srvvleoh wkdw zkhq d sduwlfxodu lqsxw0rxwsxw sdlu

lv fkrvhq e| wkh pdwfklqj dojrulwkp/ wkhuh pd| eh qr �orzhu judgh� wud!f ehwzhhq wklv

lqsxw dqg rxwsxw dw wkdw wlph1 Ri frxuvh/ wklv sureohp fdq eh holplqdwhg e| uxqqlqj d

vhfrqg urxqg ri �orzhu judgh� duelwudwlrq xvlqj |hw dqrwkhu �orzhu judgh� dojrulwkp dqg

uxq lw dw orzhu sulrulw| dv lq wkh suhylrxv Vhfwlrq wr fkrrvh d pd{lpdo pdwfklqj dprqj

d vxevhw ri lqsxwv dqg rxwsxwv iru zklfk qr fhoov zhuh wudqvplwwhg lq wkh �uvw urxqg1

Krzhyhu/ wklv fohduo| dggv |hw pruh frpsoh{lw|1

Dqrwkhu gudzedfn lq wkh ghvfulehg dssurdfk olhv lq wkh hvwlpdwlrq ri idlu vkduh dv

vlpso| wkh plqlpxp ri dq htxdo vkduh ri wkh lqsxw dqg rxwsxw edqgzlgwk1 Wklv dssurdfk

grhv qrw wdnh lqwr dffrxqw wkh idfw wkdw vrph  rzv pd| qrw eh deoh wr xvh wklv frpsxwhg

idlu vkduh/ zkloh rwkhu  rzv pd| ehqh�w e| vkdulqj wkh sruwlrq ri edqgzlgwk xqxvhg

e| vxfk  rzv1 D gh�qlwlrq ri idluqhvv wkdw fdswxuhv wklv qrwlrq lv wkh vr0fdoohg pd{plq

idluqhvv +vhh iru h{dpsoh ^8`,1 Ohw 8 eh wkh vhw ri doo +�orzhu judgh�,  rzv lq wkh vzlwfk

dqg ohw os ghqrwh wkh lqsxw udwh +ghpdqg, ri  rz s� Dvvxplqj wkdw doo ghpdqgv os duh

nqrzq/ wkh pd{plq idlu edqgzlgwk doorfdwlrq lq wkh frqwh{w ri d furvvedu vzlwfk fdq eh

gh�qhg e| wkh iroorzlqj lwhudwlyh surfhgxuh=

41 Iru hdfk fkdqqho � zlwk �� 9' f frpsxwh -� '
��

��
/ zkhuh �� lv wkh dydlodeoh fdsdflw|

ri fkdqqho �/ dqg �� lv wkh qxpehu ri �orzhu judgh�  rzv vkdulqj wklv fkdqqho

51 Ilqg 6�?sM8c�Eos c -���

61 Li wkh plqlpxp lq wkh suhylrxv vwhs lv os dqg lv dfklhyhg iru vrph  rz+v, s / wkhq

gr wkh iroorzlqj iru doo vxfk  rzv=
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+d, li �c � duh wkh lqsxw dqg rxwsxw fkdqqhov ri s uhvshfwlyho|/ vhw �� # �� � os c

�� # �� � �

+e, dvvljq wkh  rz s lwv ghpdqg os dqg uhpryh s iurp frqvlghudwlrq/ l1h1 vhw

8 # 8qisj

71 Li wkh plqlpxp lq vwhs 5 lv -� dqg dfklhyhg iru vrph fkdqqho �c wkhq iru doo  rzv

s vkdulqj wklv fkdqqho gr wkh iroorzlqj=

+d, li �c � duh wkh lqsxw dqg rxwsxw fkdqqhov ri s uhvshfwlyho|/ vhw �� # �� � -�c

�� # �� � �

+e, dvvljq wkh  rz s udwh-s dqg uhpryh s iurp frqvlghudwlrq/ l1h1 vhw 8 # 8qisj

81 Li 8 9' >/ jr wr vwhs 4> rwkhuzlvh vwrs

Wkh udwh doorfdwlrq rewdlqhg e| wklv surfhgxuh lv fdoohg d pd{plq idlu doorfdwlrq1

Zkloh lw fdswxuhv wkh ghvluh wr doorfdwh wr hdfk  rz qr pruh edqgzlgwk wkdq lw fdq

xvh zkloh suhvhuylqj wkh htxdo vkdulqj ri erwwohqhfn fdsdflw|/ frpsxwlqj wklv doorfdwlrq

lv xqgrxewhgo| pruh frpsolfdwhg wkdq d vlpsoh htxdo vkduh ghvfulehg hduolhu lq wklv

Vhfwlrq1 Lq dgglwlrq wr h{wud frpsxwdwlrqdo frpsoh{lw|/ lw uhtxluhv wkh nqrzohgjh ri wkh

lqsxw udwhv +ghpdqgv, ri doo  rzv1 Zkloh lq vrph fdvhv wklv lqirupdwlrq pd| eh uhdglo|

dydlodeoh +iru h{dpsoh lq wkh Dydlodeoh Elw Udwh +DEU, vhuylfh lq DWP qhwzrunv wkh

udwh lqirupdwlrq lv h{solflwo| zulwwhq lq vshfldo uhvrxufh pdqdjhphqw +UP, fhoov,/ lq d

w|slfdo sdfnhw vzlwfklqj qhwzrun wkh lqsxw udwhv ri  rzv duh qrw nqrzq1 Wr rewdlq wklv

lqirupdwlrq/ rqh zrxog qhhg wr shuirup shu0 rz udwh phdvxuhphqw dw wkh lqsxw wr wkh

vzlwfk/ zklfk lv w|slfdoo| h{shqvlyh dqg gl!fxow wr shuirup dw kljk vshhgv1 Khqfh/ wkhuh

lv dq reylrxv wudgh0r� ehwzhhq wkh frpsoh{lw| ri wkh frpsxwdwlrq ri idlu vkduh dqg wkh

dffxudf| ri wklv frpsxwdwlrq1
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Fkdswhu :

Vxppdu| dqg Glvfxvvlrq

:14 Vxppdu| ri wkh Frqwulexwlrqv1

Wklv glvvhuwdwlrq kdv lqyhvwljdwhg d qxpehu ri lvvxhv uhodwhg wr surylglqj ydulrxv gh0

juhhv ri TrV lq d furvvedu vzlwfk dufklwhfwxuh1 Wr wkh ehvw ri p| nqrzohgjh/ wkh uhvxowv

suhvhqwhg khuh zhuh wkh �uvw wr ghprqvwudwh wkdw lw lv srvvleoh wr surylgh ghwhuplqlv0

wlf ghod| jxdudqwhhv lq furvveduv zlwk vshhgxs zklfk lv lqghshqghqw ri wkh vl}h ri wkh

vzlwfk1 Zkloh uhfhqwo| wkhuh kdyh ehhq qhz uhvxowv zklfk doorz surylglqj hyhq vwulfwhu

ghod| jxdudqwhhv zlwk orzhu vshhgxs ydoxhv lq furvveduv e| vwulfwo| hpxodwlqj dq rxwsxw

ex�huhg vzlwfk/ wkh frpsoh{lw| ri lpsohphqwdwlrq ri wkhvh dojrulwkpv dsshduv wr eh wrr

kljk iru sudfwlfdo kljk vshhg lpsohphqwdwlrqv +vhh wkh qh{w Vhfwlrq iru d pruh ghwdlohg

glvfxvvlrq ri wklv lvvxh,1 Dv d uhvxow/ lw dsshduv wkdw wkh dojrulwkpv iru surylglqj ghod|

jxdudqwhhv ghvfulehg lq wklv glvvhuwdwlrq uhpdlq wkh rqo| nqrzq dojrulwkpv wkdw |lhog

sudfwlfdo kljk vshhg lpsohphqwdwlrqv zkloh dovr surylglqj vwulfw ghod| jxdudqwhhv1

Lw kdv ehhq vkrzq wkdw wkh dufklwhfwxuh zklfk vx!fhv wr surylgh ghwhuplqlvwlf ghod|

jxdudqwhhv wr ohdn|0exfnhw frqvwudlqhg  rzv fdq eh ghfrpsrvhg lqwr wkuhh idluo| lqgh0

shqghqw slhfhv 0 wkh lqsxw dqg rxwsxw fkdqqho vfkhgxohuv dqg wkh duelwhu1 Lw kdv ehhq

vkrzq wkdw zkloh wkhvh slhfhv fdq eh ghvljqhg lqghshqghqwo| ri hdfk rwkhu/ wkh| lqwhu0

dfw lq d suhglfwdeoh zd|/ doorzlqj wkh frpsxwdwlrq ri ghod| jxdudqwhhv uhvxowlqj iurp
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wkh surshuwlhv ri wkh lqglylgxdo slhfhv1 Wkxv/ zkloh doorzlqj lqghshqghqw ghvljq ri wkh

exloglqj eorfnv ri wkh dufklwhfwxuh/ wkh uhvxowv ri wklv wkhvlv dovr surylgh phdqv iru d

txdqwlwdwlyh xqghuvwdqglqj ri krz lpsohphqwdwlrq wudgh0r�v iru dq| sduwlfxodu exloglqj

eorfn d�hfw wkh jxdudqwhhv wkdw fdq eh surylghg e| wkh zkroh dufklwhfwxuh1

Dqrwkhu frqwulexwlrq ri wklv glvvhuwdwlrq kdv ehhq lq ghprqvwudwlqj wkdw rqo| d olp0

lwhg dprxqw ri vshhgxs E7 ' e� vx!fhv wr ryhufrph wkh edqgzlgwk orvv iru dq duelwudu|

pd{lpdo pdwfklqj duelwudwlrq dojrulwkp/ zkloh dovr ghprqvwudwlqj wkdw wkhuh h{lvw pd{l0

pdo pdwfklqj dojrulwkpv zklfk |lhog wkh vdph edqgzlgwk jxdudqwhhv zlwk orzhu vshhgxs

vxfk dv E7 ' 2�1 Lq sduwlfxodu/ wklv uhvxow lpsolhv wkdw wkh edqgzlgwk orvv gxh wr duel0

wudwlrq frq lfw lq dq duelwudu| pd{lpdo pdwfklqj duelwudwlrq dojrulwkp grhv qrw ghshqg

rq wkh vl}h ri wkh vzlwfk/ dqg fdq eh ryhufrph e| lqfuhdvlqj wkh vshhgxs ri wkh vzlwfk

ideulf e| d vpdoo frqvwdqw idfwru1

Lq jhqhudo/ wkh uhvxowv ri wklv glvvhuwdwlrq vxjjhvw wkdw/ frqwudu| wr wkh zlgho| dffhswhg

ylhz wkdw furvveduv duh xqvxlwdeoh iru surylglqj TrV jxdudqwhhv lq Lqwhjudwhg Vhuylfhv

Qhwzrunv/ wklv dufklwhfwxuh lv fdsdeoh ri surylglqj vwulfw edqgzlgwk dqg ghod| jxdudqwhhv

dv orqj dv wkh vzlwfk ideulf kdv d olplwhg vshhgxs/ dqg dq dssursuldwh vfkhgxolqj dufkl0

whfwxuh lv xvhg1 Vlqfh wkh furvvedu dufklwhfwxuh lv zlgho| frqvlghuhg wkh prvw vfdodeoh lq

uhtxluhg phpru| vshhg/ wkh h{lvwhqfh ri lpsohphqwdeoh TrV0fdsdeoh dojrulwkpv iru wklv

dufklwhfwxuh rshq wkh zd| iru sudfwlfdo kljk0vshhg furvvedu lpsohphqwdwlrqv iru prghuq

kljk0vshhg Lqwhjudwhg Vhuylfhv Qhwzrunv1

:15 Uhodwlrqvkls Wr wkh Odwhvw Uhvxowv lq Surylglqj

Ghod| Jxdudqwhhv Lq Furvvedu Dufklwhfwxuhv1

Dv phqwlrqhg hduolhu lq wklv glvvhuwdwlrq/ lw kdv ehhq uhfhqwo| uhsruwhg wkdw lw lv srvvleoh

wr vwulfwo| hpxodwh dq rxwsxw ex�huhg vzlwfk zlwk d ZIT0olnh vfkhgxohu dw wkh rxwsxwv

lq d furvvedu zlwk vshhgxs 7 ' 2� Wkh uhvxowv ri wklv zrun lpso| wkdw iru  rzv zklfk duh

ohdn| exfnhw frqvwudlqhg dw wkh hqwu| wr wkh vzlwfk/ wkh furvvedu dufklwhfwxuh lv fdsdeoh ri
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surylglqj h{dfwo| wkh vdph ghod| jxdudqwhhv dv wkrvh srvvleoh lq rxwsxw0ex�huhg vzlwfkhv1

Lq sduwlfxodu/ vlqfh lw lv srvvleoh wr hpxodwh/ lq sulqflsoh/ dq rxwsxw0ex�huhg vzlwfk

zlwk d ZIT0olnh vfkhgxohu dw wkh rxwsxw/ lw phdqv wkdw lw lv wkhruhwlfdoo| srvvleoh wr

surylgh wljkwhu ghod| jxdudqwhhv wkdq wkrvh rewdlqhg lq wklv glvvhuwdwlrq1 Krzhyhu/ wkh

frpsoh{lw| ri wkh dojrulwkpv iru h{dfw hpxodwlrq dsshduv wr eh surklelwlyho| kljk iru uhdo0

wlph kljk vshhg lpsohphqwdwlrqv1 Ri frxuvh/ wkh sureohp ri surylglqj ghod| jxdudqwhhv

frqvlghuhg lq wklv glvvhuwdwlrq lv d vlpsohu sureohp wkdw wkh pxfkpruh dpelwlrxv sureohp

ri h{dfw hpxodwlrq1 Wkhuhiruh/ lw lv qrw vxusulvlqj wkdw vxevwdqwldoo| vlpsohu vroxwlrqv

fdq eh irxqg iru d vlpsohu sureohp1

Wkh frpsoh{lw| ri lpsohphqwdwlrq ri wkh dojrulwkpv iru h{dfw hpxodwlrq ri dq rxwsxw0

ex�huhg vzlwfk fdq eh frqfhswxdoo| vhsdudwhg lqwr wkuhh sduwv1 Iluvw lv wkh frpsoh{lw| ri

wkh frpsxwdwlrq ri wkh vwdeoh pdwfklqj1 Lq wkh vwudljkwiruzdug yhuvlrq ri wkh dojrulwkpv

ghvfulehg lq ^:`/ wkh duelwhu qhhgv wr frqvlghu fhoov iurp srwhqwldoo| doo  rzv wr frpsxwh

d vwdeoh pdwfklqj1 Krzhyhu/ wklv frpsoh{lw| fdq eh uhgxfhg e| jurxslqj  rzv e| yluwxdo

rxwsxw txhxhv1

D pruh vhulrxv vrxufh ri lpsohphqwdwlrq frpsoh{lw| ri dojrulwkpv iru h{dfw hpxodwlrq

vwhpv iurp wkh idfw wkdw hdfk lqsxw lq wkh uhdo vzlwfk vkrxog eh dzduh ri wkh rughulqj

ri lwv fhoov lq wkhlu uhvshfwlyh rxwsxw vfkhgxohv ri wkh hpxodwhg vzlwfk1 Wklv lpsolhv wkdw

hdfk rxwsxw qhhgv wr eh lpphgldwho| lqiruphg ri doo qhz duulydov zklfk rffxu gxulqj wkh

fxuuhqw fhoo wlph/ frpsxwh wkh srvlwlrq ri doo wkh qhz duulylqj fhoov lq wkh hpxodwhg +ZIT0

olnh, vfkhgxohu/ dqg wkhq qrwli| wkh lqsxwv ri wkh qhzo| frpsxwhg ydoxh1 Lq sduwlfxodu

wklv frxog phdq wkdw hyhq iru d vlqjoh duulydo shu fhoo wlph shu lqsxw +dv lv dvvxphg lq

^:`,/ d vlqjoh rxwsxw pd| qhhg wr lqirup doo lqsxwv ri wkh srvlwlrq ri wkh qhzo| duulyhg

fhoov lq lwv vfkhgxoh1 Wklv lqirupdwlrq pxvw eh uhod|hg wr wkh lqsxwv gxulqj d vlqjoh

pdwfklqj skdvh1 Wkh dvvrfldwhg frqwuro frppxqlfdwlrq ryhukhdg uhsuhvhqwv d vhulrxv

erwwohqhfn zklfk qhhgv wr eh ryhufrph lq rughu wr doorz iru kljk0vshhg lpsohphqwdwlrqv

ri wkh h{dfw hpxodwlrq ri rxwsxw0ex�huhg vzlwfkhv1 Lq frqwudvw/ wkh dssurdfk ghvfulehg

lq wklv glvvhuwdwlrq grhv qrw vx�hu iurp wkh frqwuro frppxqlfdwlrq erwwohqhfn/ vlqfh wkh
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dprxqw ri frppxqlfdwlrq lw uhtxluhv lv qhjoljleoh1

Ilqdoo|/ wkh wklug vrxufh ri frpsoh{lw| ri h{dfw hpxodwlrq lv uhodwhg wr rewdlqlqj dqg

pdlqwdlqlqj wkh lqirupdwlrq wkdw qhhgv wr eh frppxqlfdwhg1 Lq sduwlfxodu/ lw dsshduv

wr uhtxluh wkdw wkh ghsduwxuh wlph ri hdfk fhoo lq wkh hpxodwhg rxwsxw0ex�huhg vzlwfk

lv nqrzq1 Wkh vlwxdwlrq lv pdgh hyhq pruh gl!fxow e| wkh idfw wkdw lq wkh fdvh ri dq

hpxodwhg rxwsxw0ex�huhg vzlwfk zlwk d ZIT0olnh vfkhgxohu/ d vlqjoh duulydo pd| fkdqjh

wkh devroxwh ghsduwxuh wlphv ri doo fhoov douhdg| lq wkh vzlwfk ghvwlqhg wr wkh vdph rxwsxw1

Wklv zloo fdxvh wkh qhfhvvlw| qrw rqo| wr frpsxwh wkh ghsduwxuh wlph ri wkh qhzo| duulyhg

fhoo/ exw dovr wr fkdqjh wkh ghsduwxuh wlphv ri srwhqwldoo| doo fhoov lq wkh furvvedu vzlwfk

ghvwlqhg wr wkh rxwsxw fruuhvsrqglqj wr wkh qhz fhoo1 Doo wklv qhhgv wr eh dffrpsolvkhg lq

d vlqjoh fhoo vorw1 Wkhvh lvvxhv kdyh wr eh dgguhvvhg lq rughu wr doorz uhdo0wlph kljk0vshhg

lpsohphqwdwlrqv ri dojrulwkpv iru h{dfw hpxodwlrq ri rxwsxw0ex�huhg vzlwfk hpsor|lqj

d ZIT0olnh vfkhgxohu1 Wr wkh ehvw ri p| nqrzohgjh/ wkh vroxwlrq wr wklv sureohp lv

fxuuhqwo| xqnqrzq1

Dqrwkhu olplwdwlrq zlwk wkh dssurdfk lq ^:` lv wkh dvvxpswlrq wkdw dw prvw rqh fhoo

fdq duulyh dw dq lqsxw fkdqqho lq rqh fhoo vorw1 Wklv dvvxpswlrq lv txlwh qdwxudo lq

wkh fdvh zkhq wkhuh lv d vlqjoh lqsxw olqn shu lqsxw fkdqqho +ri wkh vdph vshhg dv wkh

fkdqqho,1 Wkh dvvxpswlrq ri d vlqjoh duulydo shu fkdqqho lv hvvhqwldo lq wkh surriv jlyhq

lq ^:`1 Krzhyhu/ lq sudfwlfh lw lv iuhtxhqwo| ghvludeoh wr pxowlsoh{ vhyhudo orzhu0vshhg

olqnv lqwr d kljkhu0vshhg fkdqqho1 Wr dffrpprgdwh vxfk pxowlsoh{lqj/ prvw frpphufldo

vzlwfk ghvljqv dffrpprgdwh vhyhudo olqnv +olqh fdugv, shu fkdqqho1 Lq wklv fdvh/ hyhq li

dgplwwhg udwhv gr qrw h{fhhg wkh fkdqqho fdsdflw|/ pdq| fhoov fdq duulyh dw wkh vdph

lqsxw lq d fhoo wlph/ ylrodwlqj wkh hvvhqwldo dvvxpswlrq lq wkh surriv ri wkh uhvxowv ri ^:`1

Lq frqwudvw/ wkh dssurdfk ghvfulehg lq wklv glvvhuwdwlrq grhv qrw uho| rq wkh dvvxpswlrq

ri d vlqjoh duulydo shu fhoo wlph/ dqg fdq wkhuhiruh hdvlo| dffrpprgdwh pxowlsoh{lqj ri

vhyhudo olqnv rq d vlqjoh fkdqqho1
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:16 Duhdv iru Ixwxuh Uhvhdufk

Zkloh wkh dojrulwkpv iru surylglqj jxdudqwhhg ghod| ghvfulehg lq wklv glvvhuwdwlrq duh/

wr wkh ehvw ri p| nqrzohgjh/ wkh prvw lpsohphqwdeoh dprqj wkh h{lvwlqj zrun/ wkh

frpsoh{lw| ri frpsxwlqj d pd{lpdo pdwfklqj dw wkh duelwhu uhpdlqv txlwh vxevwdqwldo1

Wkh fkdoohqjh lq surylglqj ghod| jxdudqwhhv lq furvveduv kdv ehhq uhgxfhg wr wkh fkdoohqjh

ri exloglqj vx!flhqwo| idvw duelwhuv1 Vlqfh wkh duelwudwlrq dojrulwkpv ghvfulehg khuh

uhtxluhv yhu| olwwoh frqwuro frppxqlfdwlrq/ wkh surfhvvlqj vshhg ri wkh duelwhu lv wkh

pdlq idfwru ghwhuplqlqj wkh vshhg dw zklfk wkhvh dojrulwkpv fdq eh uxq1 Zlwk surfhvvlqj

vshhgv grxeolqj hyhu| |hdu frpsduhg wr dq dssur{lpdwho| 43( |hduo| jurzwk lq phpru|

vshhgv/ vkliwlqj wkh erwwohqhfn iurp phpru| vshhgv wr surfhvvlqj fdsdflw| dsshduv wr

eh d vljql�fdqw dfklhyhphqw1 \hw/ wkhuh lv d orw wr eh grqh lq wklv uhvshfw1 Lw pd|

eh srvvleoh wr �qg h!flhqw kdugzduh lpsohphqwdwlrqv iru wkh duelwudwlrq dojrulwkpv

ghvfulehg khuh1 Wklv zloo holplqdwh wkh frpsxwdwlrqdo erwwohqhfn dqg khqfh uhgxfh wkh

uhtxluhg surfhvvlqj vshhgv1

Ixuwkhu/ lw vhhpv wkdw wkh shuirupdqfh erxqgv rewdlqhg khuh duh txlwh orrvh1 Lw

vhhpv wkdw wkhuh lv pxfk urrp iru ixuwkhu zrun lq ghwhuplqlqj wljkwhu ghod| erxqgv1 Lw

dovr dsshduv wkdw wkhuh pd| h{lvw dojrulwkpv ri vlplodu frpsoh{lw| dqg zlwk vlplodu ghod|

erxqgv zklfk fdq eh dfklhyhg zlwk vpdoohu vshhgxs ydoxhv1 Lq sduwlfxodu/ lw lv frqmhfwxuhg

wkdw xvlqj ZI2T gluhfwo| lq wkh duelwhu lqvwhdg ri IUHFI lq wkh iudphzrun glvfxvvhg

lq Fkdswhu 8 pd| |lhog wkh vdph ghod| erxqgv zlwk vxevwdqwldoo| vpdoohu vshhgxs ydoxh1

Pruh vshfl�fdoo|/ lw lv frqmhfwxuhg wkdw vshhgxs 7 ' 2 lv suredeo| vx!flhqw wr surylgh

wkh vdph ghod| jxdudqwhhv lq wklv fdvh1

Wkh irfxv ri wklv glvvhuwdwlrq kdv ehhq surylglqj TrV jxdudqwhhv iru xqlfdvw wud!f1

Zlwk wkh sursruwlrq ri pxowlfdvw wud!f jurzlqj hyhu| |hdu/ �qglqj vroxwlrqv fdsdeoh ri

vxssruwlqj pxowlfdvw wud!f lq vfdodeoh vzlwfk dufklwhfwxuhv lv qhfhvvdu|1 Surylglqj TrV

jxdudqwhhv iru pxowlfdvw wud!f lq wudglwlrqdo furvvedu vzlwfkhv lv d fkdoohqjlqj sureohp

zklfk uhpdlqv xqvroyhg1 H{whqglqj wkh uhvxowv ri wklv glvvhuwdwlrq wr pxowlfdvw wud!f/

dv zhoo dv �qglqj rwkhu phdqv iru vroylqj wklv sureohp/ lv dq lpsruwdqw duhd iru ixwxuh
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zrun1

Lq jhqhudo/ wkh qhhg iru surylglqj kljk0vshhg vzlwfk lpsohphqwdwlrqv fdsdeoh ri

vxssruwlqj khwhurjhqhrxv wud!f uhtxluhphqwv zkloh kdqgolqj pxowl0jljdelw dqg whud0elw

vshhgv fdoo iru d vhdufk iru |hw vlpsohu dojrulwkpv fdsdeoh ri surylglqj TrV jxdudqwhhv1
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Vhuylfhv Qhwzrunv�/ Pdvvdfkxvhwwv Lqvwlwxwh ri Whfkqrorj|/ Sk1G1 Glvvhuwdwlrq/ Mxqh

4<<71
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^54` E1 Sudekdndu/ Q1PfNhrzq/ �Rq wkh Vshhgxs Uhtxluhg iru Frpelqhg Lqsxw dqg

Rxwsxw Txhxhg Vzlwfklqj�/ Vxeplwwhg wr LQIRFRP*<<

^55` G1Vwhskhqv/ �Lpsohphqwlqj Glvwulexwhg Sdfnhw Idlu Txhxhlqj lq d Vfdodeoh Vzlwfk

Dufklwhfwxuh�/ P1V1 Wkhvlv/ Fduqhjlh0Phorq Xqlyhuvlw|/ Pd| 4<<;

^56` W1 Urghkh�hu/ M1Vd{h/ Gljlwdo Htxlsphqw Frusrudwlrq/ shuvrqdo frppxqlfdwlrq1

^57` G1 Vwloldglv/ D1 Ydupd/ �Surylglqj Edqgzlgwk Jxdudqwhhv lq dq Lqsxw0ex�huhg

Vzlwfk�/ Surf1 LHHH Lqirfrp/ 4<<8

^58` G1 Vwloldglv/ D1 Ydupd/ �Iudph0edvhg Idlu Txhxlhqj= D Qhz Wud!f Vfkhgxolqj

Dojrulwkp iru Sdfnhw0Vzlwfk Qhwzrunv1� Surf1 LHHH LQIRFRP*<91

^59` L1 Vwrlfd/ K1]kdqj/ �H{dfw Hpxodwlrq ri dq Rxwsxw Txhxhlqj Vzlwfk e| d Frpelqhg

Lqsxw Rxwsxw Txhxhlqj Vzlwfk�/ Surf1 LZTRV*<;1

^5:` M1Wxuqhu/ �Qhz Gluhfwlrqv lq Frppxqlfdwlrqv +ru Zklfk Zd| wr wkh Lqirupdwlrq

Djh,�/ LHHH frppxqlfdwlrqv Pdjd}lqh/ 57/ 4<;91

^5;` O1]kdqj/ �D Qhz Dufklwhfwxuh iru Sdfnhw Vzlwfkhg Qhwzrun Surwrfrov�/ Pdvvd0

fkxvhwwv Lqvwlwxwh ri Whfkqrorj|/ Sk1G Glvvhuwdwlrq/ Mxo| 4<;<1

^5<` Dvfhqg Frppxqlfdwlrqv1 JIU idplo| ri Vzlwfkhv1 zzz1dvfhqg1frp

^63` Gljlwdo Htxlsphqw Frusrudwlrq1 JLJDvzlwfk1 zzz1qhwzrunv1gljlwdo1frp
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