
Devwudfw

Lq wklv sdshu zh suhvhqw d vroxwlrq wr wkh sureohp ri sulflqj jxdudqwhhv ri plqlpxp

uhwxuqv rq shqvlrq ixqg frqwulexwlrqv1 Wkhvh jxdudqwhhv h{lvw e| odz lq Frorpeld

dqg fryhu doo shqvlrq ixqg frqwulexwlrqv pdgh wr wkh frxqwu|*v sulydwh shqvlrq ixqg

dgplqlvwudwlrq frpsdqlhv +DISv,1 Dv ri Vhswhpehu 4<<:/ wkh ixqgv zhuh froohfw0

lqj frqwulexwlrqv ri 516 ploolrq d!oldwhv zlwk dq dffxpxodwhg fdslwdo ri 418 eloolrq

grooduv vwduwlqj iurp }hur lq 4<<71 Wzr w|shv ri jxdudqwhhv h{lvw= rq reoljdwru|

frqwulexwlrqv dqg rq yroxqwdu| frqwulexwlrqv1 Wkh vroxwlrqv duh edvhg rq d glvfuhwh

pduwlqjdoh dssurdfk 1 Zh vkrz wkdw erwk jxdudqwhhv duh htxlydohqw wr dq �rswlrq

wr h{fkdqjh1� Krzhyhu/ lq wkh fdvh ri yroxqwdu| frqwulexwlrqv d fhlolqj rq wkh sd|r�

v pxvw eh dgghg1 Xvlqj d glvfuhwh pduwlqjdoh iudphzrun dqg d elqrpldo vroxwlrq zh

ghyhors doo dvshfwv ri wkh prgho wkdw duh qhfhvvdu| iru lwv sudfwlfdo dssolfdwlrq lq

wkh frqwh{w ri wkh shqvlrq ixqg jxdudqwhhv1 Elqrpldo irupxodv duh rewdlqhg iru erwk

irupv ri jxdudqwhhv1 Ehvlghv vroylqj wkh sureohp ri sulflqj wkh jxdudqwhhv r�huhg

e| IRJDILQ/ wkh frqwulexwlrqv lq whupv ri rswlrqv wkhru| ri wklv sdshu duh= l, zh

dgdsw wkh elqrplod prgho ri Uxelqvwhlq ^43` wr uhodwh wkh uhohydqw sdudphwhuv ri wkh

vdph wr d frqwlqxrxv0wlph orjqrupdo surfhvv> ll, zh surylgh d elqrpldo vroxwlrq wr

wkh sureohp ri dq rswlrq wr h{fkdqjh zlwk d fhlolqj 1 Zh wkhq lqyhvwljdwh wkh lqfhq0

wlyhv wkdw wkh fxuuhqw �{hg0sulfh v|vwhp lqwurgxfhv dqg sursrvh srvvleoh v|vwhpv ri

lqfhqwlyhv wkdw fdq eh xvhg wr hqfrxudjh kljkhu0ulvn lqyhvwphqw e| wkh DIS*v dqg

d vkliw ri wkh ixqg*v sruwirolr wr ulvn| htxlw| dqg ghew1 Jlyhq wkh frxqwu|*v h�ruw

wr hqfrxudjh fdslwdo pdunhwv ghyhorsphqw dqg wkh �qdqflqj ri wkh uhdo vhfwru yld

sulydwh �qdqfldo pdunhwv/ wklv vwudwhj| dsshduv wr eh ghvludeoh iurp wkh vrfldo dqg

hfrqrplf srlqw ri ylhz1
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D Glvfuhwh Pduwlqjdoh Prgho ri Shqvlrq Ixqg

Jxdudqwhhv lq Frorpeld=

Sulflqj dqg pdunhw h�hfwv

Nodxv S1 Ilvfkhu4

Zrunlqj Sdshu Qr <;035
Fhqwuh gh uhfkhufkh hq ìfrqrplh hw �qdqfh dsoltxìhv +FUÌID,

Xqlyhuvlwì Odydo/ Txìehf/ FDQDGD

Iheuxdu| 8/ 4<<;

4Uhvhdufkhu dqg Surihvvru ri Ilqdqfh/ FUHID +Odydo Xqlyhuvlw|/ Fdqdgd, dqg Irqgr

gh Jdudqwðdv gh Lqvwlwxflrqhv Ilqdqflhudv +IRJDILQ/ Frorpeld,1 H0pdlo dgguhv= Nodxv1

IlvfkhuCidv1xodydo1fd1 Wklv sdshu lv wkh uhvxow ri d uhvhdufk fduulhg rxw iru IRJDILQ iru wkh

sxusrvh ri sulflqj jxdudqwhhv r�huhg e| wklv lqvwlwxwlrq wr wkh sulydwh shqvlrq ixqg v|vwhp1

L zdqw wr wkdqn yhu| vshfldoo| Rojd Pduld Urguljxh} Xuleh iurp IRJDILQ zlwk zkrp

L vshqw pdq| krxuv vruwlqj rxw ghwdlov dedrxw wkh ixqfwlrqlqj ri wkh jxdudqwhhv dqg zkrvh

h{fhoohqw xqghuvwdqglqj ri wkh lqgxvwu| zdv hvvhqwldo wr ghyhorslqj wklv prgho1 Wkh ylhzv dqg

lqwhusuhwdwlrqv h{suhvvhg lq wklv sdshu duh wkrvh ri wkh dxwkru dqg vkrxog qrw eh dwwulexwhg

wr IRJDILQ1



D Glvfuhwh Pduwlqjdoh Prgho ri Shqvlrq Ixqg Jxdudqwhhv lq
Frorpeld=

Sulflqj dqg pdunhw h�hfwv

4 Lqwurgxfwlrq

Wkh sxusrvh ri wklv sdshu lv wr suhvhqw d glvfuhwh0wlph vroxwlrq wr wkh sureohp ri

sulflqj d �qdqfldo jxdudqwhh rq shqvlrq ixqgv lq Frorpeld dqg wr hydoxdwh wkh sr0

whqwldo h�hfwv ri wkhvh jxdudqwhhv rq pdunhw ghyhorsphqwv1 Lq Frorpeld frqwulexwruv

wr sulydwho| pdqdjhg shqvlrq ixqgv/ wkh Dgplqlvwudgrudv gh Irqgrv gh Shqvlrqhv

+DIS/ dgplqlvwudwruv ri shqvlrq ixqgv,/ duh wkh ehqh�fldulhv ri d jxdudqwhh1 Wklv

jxdudqwhh dvvxuhv frqwulexwruv wkdw wkh| zloo hduq rq wkhlu frqwulexwlrqv d uhwxuq dw

ohdvw dv odujh dv wkdw ri d �v|qwkhwlf sruwirolr� frqvwuxfwhg e| wkh frxqwu|*v Vxshulq0

whqghqw ri Edqnv1 Wkh jxdudqwhh lv surylghg e| wkh Irqgr gh Jdudqwðdv gh Hqwlgdghv

Ilqdqflhudv +IRJDILQ/ khqfhiruwk vlpso| �wkh ixqg�,/ d ixqg wkdw dovr surylghv lq0

vxudqfh wr ghsrvlwruv ri wkh edqnlqj v|vwhp +dqg rwkhu �qdqfldo lqvwlwxwlrqv, xqghu

d v|vwhp ri lqghshqghqwo| pdqdjhg uhvhuyh ixqgv1

Wklv vrphzkdw xqxvxdo duudqjhphqw lv wkh uhvxow ri wkh surfhvv ri vwuxfwxudo

uhirupv wkdw zhuh lqwurgxfhg lq Frorpeld dw wkh ehjlqqlqj ri wkh 4<<3v/ lqfoxglqj

wkh shqvlrq v|vwhp uhirup1 Wkh shqvlrq v|vwhp uhirup vzlwfkhg wkh frxqwu| iurp d

v|vwhp ri �sd|0dv0|rx0jr� wr rqh edvhg rq dffxpxodwhg vdylqjv dqg wudqvihuuhg prvw

ri wkh uhvsrqvlelolwlhv ri pdqdjlqj wkh dffxpxodwlqj ixqgv wr sulydwh vhfwru exvlqhvv1

Krzhyhu/ wkh vdph ohjlvodwlrq pdgh vshfldo surylvlrq pdnlqj wkh vwdwh uhvsrqvleoh iru

jxdudqwhhlqj d plqlpxp shuirupdqfh dqg wkh vhfxulw| ri wkh v|vwhp1 Wklv plqlpxp

shuirupdqfh lv jxdudqwhhg +d sxw rswlrq lvvxhg e| wkh DISv, zlwk wkh fdslwdo dqg

d vshfldo uhvhuyh khog e| wkh DISv1 Zkhq wkh fdslwdo dqg uhvhuyhv ri wkh DISv duh

lqvx!flhqw wr jxdudqwhh wkh plqlpxp uhwxuq/ wkh vwdwh vwhsv lq zlwk d uhlqvxudqfh

+d vhfrqg sxw rswlrq lvvxhg e| wkh vwdwh,1 Wkh pdlq sxusrvh ri wklv lv wr pdnh wkh

v|vwhp �vdih� iru shqvlrq ixqg frqwulexwruv1 Wkh jryhuqphqw/ lq wxuq/ sdvvhg wkh

uhvsrqvlelolw| ri surylglqj wkh uhlqvxudqfh wr wkh ixqg1 Iru wklv uhlqvxudqfh/ wkh

DISv kdyh wr sd| d suhplxp1 Wklv udwkhu frpsolfdwhg vlwxdwlrq zloo eh ghvfulehg lq

ghwdlo ehorz1 Wkh sxusrvh ri wklv sdshu lv wr suhvhqw d sulflqj phfkdqlvp ri wkhvh

jxdudqwhhv edvhg rq rswlrqv wkhru|1 Dv zh zloo vhh/ vlqfh wkhuh duh wzr irupv ri

frqwulexwlrqv dqg wkh jxdudqwhh fryhudjh duh gl�huhqw dqg wkhuh lv dovr wkh rswlrq

lvvxhg e| wkh DISv/ L zloo suhvhqw wkuhh sulflqj phfkdqlvpv1 Doo duh edvhg rq wkh

qrwlrq ri dq �h{fkdqjh rswlrq1� Wkurxjkrxw L xvh d glvfuhwh pduwlqjdoh iudphzrun

zlwk qxphulfdo vroxwlrqv edvhg rq wkh elqrpldo glvwulexwlrq1

Dq| sulflqj phfkdqlvp lqwurgxfhv lqfhqwlyhv wr h{sorlw wkh frqwudfw lq wkh djhqw

dgydqwdjh1 Wkxv/ wzr yhu| uhohydqw dvshfwv wr frqvlghu duh= wkh lqfhqwlyhv wr zklfk

duh vxemhfw wr wkh DISv xqghu wkh suhvhqw sulflqj v|vwhp/ dqg wkh lqfhqwlyhv wkdw wkh

jxdudqwru zrxog olnh wr exlog lqwr dq hyhqwxdo dowhuqdwlyh sulflqj phfkdqlvp1 Wkh

DIS*v kdyh douhdg| exlow d frqvlghudeoh sruwirolr ri dvvhwv/ dqg duh h{shfwhg wr jurz

udslgo| lq wkh ixwxuh pdnlqj wkhp wkh odujhvw vlqjoh vrxufh ri dffxpxodwhg vdylqjv lq

wkh hfrqrp| uhdg| wr eh lqyhvwhg lq ulvn| �qdqfldo dvvhwv1 Li d fkdqjh lv pdgh iurp

4



wkh fxuuhqw �{hg0udwh sulflqj wr d yduldeoh �idlu sulflqj� phfkdqlvp vkrxog wdnh lqwr

frqvlghudwlrq wkh lqfhqwlyhv wkdw zloo hqfrxudjh wkh DIS*v wr vkliw wkhlu sruwirolrv

dvvhwv lqwr pruh ru ohvv ulvn| w|shv ri dvvhwv1 D fkdqjh lq wkh sulflqj phfkdqlvp fdq

wkxv eh ylhzhg dv dq rssruwxqlw| wr lqwurgxfh lqfhqwlyhv wkdw duh frqvlvwhqw zlwk

vrph vrfldoo| ghvludeoh remhfwlyhv1

Wkh rujdql}dwlrq ri wkh sdshu lv dv iroorzv= lq vhfwlrq 5 L suhvhqw d ihz lqvwlwxwlrqdo

dvshfwv ri wkh jxdudqwhhv dqdo|}hg lq wklv sdshu dqg vrph whfkqlfdolwlhv derxw wkh

v|qwkhwlf sruwirolr> lq vhfwlrqv 6 dqg 7 L ghyhors wkh dfwxdo sulflqj h{huflvh ri wzr

gl�huhqw w|shv ri shqvlrq ixqg frqwulexwlrqv> lq vhfwlrq 8 L sulfh wkh rswlrq lvvxhg e|

wkh DISv wr wkhlu phpehuv> lq vhfwlrq 9 L dqdo|}h wkh vhqvlwlylw| ri wklv odwwhu rswlrq

wr wkh pdlq vwdwh yduldeohv/ lqyhvwljdwh wkh lqfhqwlyhv wkh fxuuhqw sulflqj vwuxfwxuh

lqwurgxfh lq wkh rshudwlrq ri wkh DISv dqg sursrvh vfkhphv wkdw fdq eh xvhg wr

lqwurgxfh � yluwxrxv lqfhqwlyhv� wr wkh jxdudqwhh> lq vhfwlrq : L suhvhqw frqfoxvlrqv

dqg srolf| uhfrpphqgdwlrqv wr wkh vwxg|1

414 Wkh frqwulexwlrqv dqg wkh jxdudqwhhv lvvxhg e| IRJDILQ

Wkhuh duh wkuhh w|shv ri frqwulexwlrqv pdgh wr wkh DISv1 Hdfk ri wkhvh w|shv ri

frqwulexwlrqv duh fryhuhg e| d gl�huhqw irup ri jxdudqwhh=

� Reoljdwru| frqwulexwlrqv wr reoljdwru| ixqgv +RFRI,= Wkhvh duh frqwulexwlrqv

wkdw duh sduw ri wkh shqvlrq ixqg duudqjhphqwv wkdw hyhu| hpsor|hu pxvw r�hu wr

lwv hpsor|hhv1 Wkh hpsor|hh pxvw sd| 58( ri wkh frqwulexwlrq rxw ri lwv vdodu|/

dqg wkh uhpdlqlqj :8 pxvw eh surylghg e| wkh hpsor|hu1 Wkhvh frqwulexwlrqv

duh jxdudqwhhg lq 433( ri wkhlu ydoxh lqfoxglqj d uhwxuqv wkdw pxvw eh htxdo ru

h{fhhg wkrvh ri d v|qwkhwlf sruwirolr gh�qhg e| wkh vxshulqwhqghqw ri �qdqfldo

lqvwlwxwlrqv wkdw vxshuylvh wkh DIS*v1

� Yroxqwdu| frqwulexwlrqv wr reoljdwru| ixqgv +YFRI,= Wkhvh frqwulexwlrqv duh

wkrvh wkdw wkh hpsor|hh pdnhv yroxqwdulo|/ ryhu dqg deryh wkh reoljdwru| frp0

srqhqw zlwkrxw sduwlflsdwlrq ri wkh hpsor|hu1 Wkhvh frqwulexwlrqv duh jxdu0

dqwhhg xs wr 483 wlphv wkh frxqwu|*v plqlpxp zdjh/ qrw lqfoxglqj uhwxuqv rq

frqwulexwlrqv1 Wkdw lv/ wkhuh lv dq xsshu olplw rq wkh jxdudqwhh1

� Yroxqwdu| frqwulexwlrqv wr yroxqwdu| ixqgv +YFYI,= Wkhvh duh frqwulexwlrqv wr

wkh shqvlrq ixqg wkdw duh qrw fryhuhg e| dq| jxdudqwhh1 Wkh gl�huhqfh ehwzhhq

wkhvh frqwulexwlrqv dqg wkh suhylrxv rqhv lv wkdw wkh| fdq eh zlwkgudzq zlwkrxw

shqdow| zlwklq 9 prqwkv dqg duh pdqdjhg lq d vhsdudwh ixqg1

Dv ri Ghfhpehu 4<<:/ wkh DIS fryhuhg derxw 518 ploolrq phpehuv pdnlqj RF

zlwk dq dffxpxodwhg fdslwdo ri XV'513 eloolrq/ vwduwlqj iurp d edvh ri }hur lq Dsulo

4<<71 Lq wkh odvw |hdu dorqh wkh qxpehu ri d!oldwhv kdv lqfuhdvhg e| 633/333 dqg

wkh fdslwdo dffxpxodwhg pruh wkdq grxeohg e| 31; eloolrq grooduv1 Ri wkh 518 ploolrq

phpehuv/ dssur{lpdwho| 418( ri d!oldwhv pdnh YFRI dqg kdyh dovr ehhq lqfuhdvlqj

udslgo| +653( lq wkh odvw |hdu/ uhdfklqj XV' 673 ploolrq,1 Wkh dffxpxodwhg fdslwdo ri

YFYI lv qhjoljleoh xs wr qrz1 Lq dq| hyhqw/ wkh| duh qrw fryhuhg e| dq| jxdudqwhh/
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wkxv wkh| fdq eh frqvlghuhg ruglqdu| lqyhvwphqwv lq pxwxdo ixqgv1 Fxuuhqwo|/ wkh

ixqg fkdujhv d �{hg udwh +l1h1 qrw ulvn dgmxvwhg, ri 14:( shu |hdu iru wkh jxdudq0

whh1 Wkh DIS*v duh vxshuylvhg e| wkh Vxshulqwhqghqw ri Edqnv wr zkrp wkh| pxvw

suhvhqw prqwko| uhsruwv edvhg rq d Sodq Xqlfr gh Fxhqwdv +SXF/ xqlirup dffrxqw0

lqj sodq,1 Ghshqglqj rq wkh uhvxowv ri wkh txduwhu/ wkh DIS*v pxvw pdnh d qxpehu

ri wudqvdfwlrqv ehwzhhq wkhlu fdslwdo/ uhvhuyhv dqg wkh dffxpxodwhg dvvhwv wkdw zloo

eh ghvfulehg ehorz1

415 Wkh sulflqj ri wkh jxdudqwhhv

Lw kdv ehfrph lqfuhdvlqjo| srsxodu wr xvh frqwlqjhqw fodlpv dssurdfk wr sulfh gl�huhqw

irupv ri jxdudqwhhv1 Lq wkh frqwh{w ri edqnlqj wkh prvw fodvvlfdo h{dpsoh lv wkh

dssolfdwlrqv ri rswlrqv wkhru| wr sulflqj ghsrvlw lqvxudqfh e| Phuwrq ^<`1 Pruh

uhfhqwo| wkh dssurdfk kdv ehhq pdnlqj lqfxuvlrqv lqwr pruh wudglwlrqdo �hogv ri

lqvxudqfh vxfk dv surshuw|0oldelolw|0lqvxudqfh +Grkhuw| dqg Jduyhq/ ^8`,1 Wklv lv wkh

dssurdfk xvhg lq wklv sdshu1

Wkh jxdudqwhh rq RFRI frqvlvwv ri d surplvh wr wkh DIS frqwulexwruv wkdw wkh|

zloo kdyh hduqhg dw wkh hqg ri hdfk txduwhu ri wkh |hdu/ dq dffxpxodwhg dqqxdo uhwxuq

+uhdol}hg |lhog, ryhu wkh odvw 69 prqwkv +dduR/ s@6 |hduv, dw ohdvw dv odujh dv wkdw ri

d ulvn| �v|qwkhwlf sruwirolr� gh�qhg e| wkh Vxshulqwhqghqw ri Edqnv +VSVE,1 Wklv

jxdudqwhh lv wr vrph h{whqw vlplodu wr vrph ri wkh vr0fdoohg Pdwxulw| Jxdudqwhhv/

zkrvh vroxwlrq zdv slrqhhuhg e| Euhqqdq dqg Vfkzduw} +Eu)Vz/ ^6`, dqg jhqhudo0

l}hg e| Edqlfhoor dqg Ruwx ^4`1 Wklv w|sh ri jxdudqwhh hqvxuh wkdw wkh sd|r� wr

wkh lqyhvwru / dw pdwxulw|/ zloo eh ri dw ohdvw d fhuwdlq vwdwhg dprxqw1 Wkh| duh

sduwlfxoduo| ydoxdeoh lq fdvh ri grzqzdug pdunhwv1 Lq wkh Eu)Vz prgho / rq d vlq0

joh dprxqw lqyhvwhg dw wlph }hur/ wkh lqyhvwru lv jxdudqwhhg wr uhfhlyh dw h{sludwlrq

dw ohdvw wkh jxdudqwhhg dprxqw1 Khqfh wkh ydoxh ri wkh lqyhvwphqw dw h{sludwlrq

lv htxdo wr wkh dfwxdo ydoxh ri wkh ixqgv edvhg rq pdunhw uhwxuqv soxv wkh ydoxh ri

wkh jxdudqwhh1 Krzhyhu/ wkhuh duh vrph lpsruwdqw gl�huhqfhv lq wkh zd| wkhvh wzr

jxdudqwhhv zrun1 Lq wkh fdvh ri wkh jxdudqwhh rq wkh DISv/ wkh jxdudqwhh lv qrw d

�{hg dprxqw exw d plqlpxp uhwxuq rq wkh �v|qwkhwlf sruwirolr1� Wklv sduwlfxodu

ihdwxuh pdnhv wkh jxdudqwhh rq wkh DISv vlplodu wr dq h{fkdqjh rswlrq1 H{fkdqjh

rswlrqv kdyh ehhq vwxglhg e| Pdujudeh ^;` +wkh frqwlqxrxv wlph yhuvlrq, dqg e| Ux0

elqvwhlq ^43`1 Ehvlghv vroylqj wkh sureohp ri sulflqj wkh DIS jxdudqwhh r�huhg e|

wkh ixqg/ wkh frqwulexwlrq lq whupv ri rswlrqv wkhru| ri wklv sdshu lv wkh iroorzlqj= l,

L dgdsw wkh elqrpldo prgho ri Uxelqvwhlq ^43` wr uhodwh wkh uhohydqw sdudphwhuv ri wkh

vdph wr d frqwlqxrxv0wlph orjqrupdo surfhvv/ vrphwklqj rplwwhg lq wkh suhvhqwdwlrq

ri Uxelqvwhlq ^43`> ll, L surylgh d elqrpldo vroxwlrq wr wkh sureohp ri dq rswlrq wr

h{fkdqjh zlwk d fhlolqj +wkh jxdudqwhh rq wkh YFRI, wkdw pd| ru pd| qrw dffhsw d

frqwlqxrxv0wlph vroxwlrq1 Exw �uvw ohw xv suhvhqw wkh VSVE1
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416 Wkh uhwxuq rq wkh v|qwkhwlf sruwirolr ri wkh Vxshulqwhqghqw ri
Edqnv +VSVE,1

Wkh VSVE lv frpsrvhg ri d edvnhw ri dfwxdoo| wudghg vhfxulwlhv dqg vhyhudo lqglfhv
wkdw duh uhsuhvhqwdwlyh ri wkh frxqwu|*v �qdqfldo v|vwhp1 Wkh uhwxuq rq wklv VSVE lv
fdofxodwhg xvlqj wkh iroorzlqj irupxod=

hU7� @
4

5

k
3=< hU�8� .

�
z7+3=< hU7, . +4�z7,+3=<8 hU(,

�l
+4,

zkhuh

�
hU7� @ lv wkh plqlpxp dduR uhtxluhg rq frqwulexwruv* ixqgv>

�
hU�8� @ wkh zhljkwhg dduR ri wkh DIS rshudwlqj lq wkh frxqwu|/ zhljkwhg e|
wkh fdslwdol}dwlrq ri wkh DIS>

�
hU7 @ wkh dduR rq dq lqgh{ ri wkh wkuhh vwrfn h{fkdqjhv lq wkh frxqwu| +Erjrwd/
Fdol dqg Phghoolq,>

�
hU( @ wkh dduR rq d sruwirolr ri wudghg ghew vhfxulwlhv vhohfwhg e| wkh Vxshulq0
whqghqw ri Edqnv dqg uhedodqfhg shulrglfdoo|/ vrph ri wkhvh vhfxulwlhv frqvlvw
ri ulvn iuhh dvvhwv lvvxhg e| wkh Frorpeldq jryhuqphqw dqg wkxv/ zlwk nqrzq
sd|r�/ Us / dw wkh ehjlqqlqj ri wkh uhsruwlqj shulrg1

� z7 @ ^3==8(`> wkh pd{lpxp ri 8( ru wkh sursruwlrq ri vwrfnv khog e| wkh DIS
lq wkh wkuhh vwrfn h{fkdqjhv>

417 Wkh jxdudqwhhv rq wkh RFRI

Dw wkh hqg ri hdfk uhsruwlqj shulrg/ w/ wkh uhwxuq rq wkh frqwulexwruv dvvhwv/ D�c|/ duh
frpsxwhg dv

hU�c| @

% hD�c|

D�c|3R

� 4

& �

R

li U�c| ? U7� / wkh DIS pxvw wudqvihu uhvrxufhv wr phpehuv dffrxqwv xs wr
wkh srlqw ri vhwwlqj U�c| O U7� = Wkhvh uhvrxufhv frph �uvw iurp wkh frpsdq|*v
frqwlqjhqf| uhvhuyhv ri 4( ri wrwdo phpehu*v dvvhwv wkdw wkh DISv pxvw krog e| odz1
Rqfh wklv uhvhuyh lv h{kdxvwhg DISv pxvw xvh lwv fdslwdo1 Wkh udwlr ri plqlpxp
uhtxluhg fdslwdo wr ulvn| phpehuv* dvvhwv lv +4 = 73,1 Lq fdvh ri vkruwidoo ri uhvrxufhv
lq wkhvh wzr dffrxqwv +uhvhuyh dqg fdslwdo,/ wkh frpsdq| lv oltxlgdwhg/ wkh ixqg fryhuv
wkh vkruwidoo dqg wkh frqwulexwruv dvvhwv duh wudqvihuuhg wr rwkhu DISv lq wkh pdunhw1
Lq doo fdvhv/ wkh ydoxh ri wkh frqwulexwruv* dvvhwv dw wkh hqg ri wkh lqvshfwlrq shulrg
pxvw eh vxfk wkdw wkh iroorzlqj uhodwlrq lv vdwlv�hg=57 jD7�

�c|

D�c|3R

� 4

68 �

R

@ hU7�c|
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zkhuh hU7�c| lv wkh plqlpxp dduR1 Wkxv/ zkhq forvlqj d frqwudfw zlwk wkh DIS/

dffruglqj wr wkh uhjlph hvwdeolvkhg e| Odz 433/ d!oldwhv ex|v d qxpehu ri vhuylfhv

lqfoxglqj=

� ixqg pdqdjhphqw vhuylfhv>

� wkh ydoxh ri wkh jxdudqwhh vrog e| wkh DIS>

� wkh sulfh ri wkh +uhlqvxudqfh, jxdudqwhh erxjkw e| wkh DIS iurp IRJDILQ

wkh ehqh�fh ri wkh phpehuv>4

Phpehuv dftxluh wklv vhuylfhv dqg jxdudqwhhv wkurxjk d �{hg frpplvvlrq sdlg dv

d shufhqwdjh ri wkh prqwko| frqwulexwlrqv pdgh wr wkh DISv1 Dv zh zloo vhh odwhu/

wklv �{hg sulflqj vfkhph lqwurgxfhv frqvlghudeoh glvwruwlrqv lq wkh ixqfwlrqlqj ri wkh

v|vwhp1 Zh zloo h{soruh wkhvh glvwruwlrqv lq ghwdlo1

Wkh wzr frqvhfxwlyh jxdudqwhhv surylghg e| wkh DISv dqg wkh ixqg fdq eh ylhzhg

dv d sxw rswlrq vrog e| wkh jxdudqwruv +wkh vkruw srvlwlrqv, wr wkh phpehuv ri wkh

DIS +wkh orqj srvlwlrq,1 Wkhuh duh wzr gl�huhqfhv ehwzhhq wkh wzr rswlrqv= rqh

lv wkh h{huflvh sulfh dqg wkh rwkhu lv wkdw zkloh wkh rswlrq lvvxhg e| wkh ixqg lv d

vwdqgdug rswlrq wr h{fkdqjh/ wkh rqh lvvxhg e| wkh DIS lv dq rswlrq wr h{fkdqjh zlwk

d fhlolqj sd|r�1 Wkhvh wzr rswlrqv wr h{fkdqjh dvvxuh wkh d!oldwh wkdw/ dw wkh hqg

ri hdfk shulrg/ wkh uhwxuq zloo eh dw ohdvw htxdo wr wkh dduR1 Li hD7�
�c|

? hD�c| qrwklqj

kdsshqv dqg wkh rswlrq h{sluhv zruwkohvv1 Li hD7�
�c|

A hD�c| wkh  rzv wr wkh phpehuv duh

+ hD7�
�c|

�
hD�c|,=Wkh sd|r�v ri wkh rswlrq dw h{sludwlrq iru wkh orqj srvlwlrq lv vlpso|=

Pd{

k
3> hD7�

�c|
�

hD�c|

l
+5,

zkhuh hD7�
�c|
> xqolnh lq wkh prgho ri Eu)Vz/ uhsuhvhqwv d vwrfkdvwlf �h{huflvh sulfh�

ri wkh rswlrq1 Wklv vwrfkdvwlf �h{huflvh sulfh� pdnhv wklv jxdudqwhh wkh htxlydohqw ri

wkh rswlrq wr h{fkdqjh1

Wkh lghd ri dq rswlrq wr h{fkdqjh zdv �uvw sursrvhg e| Pdujudeh ^;` lq wkh frq0

wh{w ri ghvljqlqj rswlrqv wr uhzdug vxshulru shuirupdqfh1 Vroxwlrqv iru wkhvh w|sh ri

rswlrqv zhuh surylghg e| Pdujudeh ^;` dqg Uxelqvwhlq ^43`1 Vwxo} ^45` h{dplqhv vlpl0

odu Hxurshdq rswlrqv rq wkh plqlpxp ru pd{lpxp ri wzr ulvn| dvvhwv1 Pdujudeh ^;`

h{dplqhv wkh ydoxh ri dq rswlrq wr h{fkdqjh rqh qrq0glylghqg0sd|lqj ulvn| dvvhw iru

dqrwkhu1 Rqh sureohp suhyhqwlqj wkh gluhfw dssolfdwlrq ri Pdujudeh*v vroxwlrq wr wkh

DIS jxdudqwhh lv wkh dvvxpswlrq wkdw wkh xqghuo|lqj dvvhwv sd| qr glylghqgv1 Zlwk

glylghqgv/ qr dqdo|wlfdo vroxwlrq iru wkh frqwlqxrxv wlph Dphulfdq rswlrq h{lvwv1 Ux0

elqvwhlq ^43`/ surylghv d elqrpldo phwkrgrorj| wr wkh h{fkdqjh rswlrq sureohpv zlwk

glylghqgv1 Lw lv rq wklv prgho wkdw L exlog wkh vroxwlrq wr wkh DIS jxdudqwhh1 Jlyhq

wkdw wkh jxdudqwhh rq RFRI dqg YFRI duh erwk hvvhqwldoo| Hxurshdq rswlrqv/ wkh

vroxwlrq ri Pdujudeh frxog eh dssolhg wr wkh RFRI1 Krzhyhu/ wkh fhlolqj ihdwxuh ri

wkh rswlrq lvvxhg e| wkh DSI dqg rq wkh YFRI suhyhqwv lwv dssolfdwlrq wr wkhvh1

4Wkh DISv duh dovr uhtxluhg wr ex| wr wkh ehqh�fh ri wkh phpehuv d glvdelolw| dqg vxuylydo

lqvxudqfh1
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Rq wkh rwkhu kdqg/ wkh vroxwlrq e| Uxelqvwhlq grhv qrw surylgh wkh olqn ehwzhhq d

frqwlqxrxv wlph surfhvv dqg wkh elqrpldo prgho qru grhv lw vroyh wkh sureohpv ri

sulflqj dq h{fkdqjh rswlrq zlwk fhlolqj1 Iru wkhvh uhdvrqv L vwduw iurp vfudwfk dqg

�qg d elqrpldo vroxwlrq wr erwk wkh jxdudqwhhv zlwk dqg zlwkrxw fhlolqj dqg hvwdeolvk

lwv uhodwlrq zlwk d frqwlqxrxv wlph orjqrupdo surfhvv1

H{fkdqjh rswlrqv duh rswlrqv wkdw frqihu wkh orqj srvlwlrq wkh uljkw wr fkrrvh

ehwzhhq wkh gholyhu| ri hlwkhu ri wzr dvvhwv1 Rqh ri wkh fodvvlfdo h{dpsohv duh gxdo

fxuuhqf| erqgv1 Wkh rzqhu ri vxfk d erqg srvvhvvhv gh uljkw +orqj d fdoo,/ hpehgghg

lq wkh gxdo0erqg/ wr fkrrvh dffhswlqj sd|phqw lq hlwkhu fxuuhqf| \ ru fxuuhqf| [

ghshqglqj xsrq wkh uhodwlyh ydoxhv ri wkh wzr fxuuhqflhv1 Rwkhu duhdv ri dssolfdwlrq

duh pruwjdjh vwdqge| frpplwphqwv/ vwrfn whqghu r�huv/ lqyhvwphqw shuirupdqfh

lqfhqwlyh ihhv +wkh dssolfdwlrq ruljlqdoo| sursrvhg e| Pdujudeh/ ^;`,/ erqg ixwxuh

frqwudfwv/ hwf1

Vlqfh zh duh lqwhuhvwhg lq sulflqj wkh jxdudqwhh lvvxhg e| wkh ixqg/ L zloo irfxv

rxu dwwhqwlrq rq wklv1 Wkh sureohp ri sulflqj wkh rswlrq lvvxhg e| wkh DISv zloo

eh wrxfkhg xsrq wdqjhqwldoo| lq wkh vhfwlrq derxw jxdudqwhhv rq YFRI1 Wkh uhdvrq

lv wkdw erwk duh rswlrqv wr h{fkdqjh zlwk d fhlolqj sd|r� zkhuh wkh rqo| gl�huhqfh

uhvlghv lq wkh h{huflvh sulfh dqg wkh ohyho ri wkh fhlolqj11

Krz grhv wkh rswlrq wr h{fkdqjh �w rxu sureohpB Wkh frqwulexwru ri dq DIS/

dw h{sludwlrq ri wkh jxdudqwhh kdv wkh uljkw wr dffhsw gholyhu| ri hlwkhu/ hD�cA lihD7�
�cA ? hD�cA ru hD7�

�cA lq wkh frqwudu| fdvh1 Lq rwkhu zrugv/ wkh DIS frqwulexwru kdv

wkh uljkw wr rewdlq dvvhw hD7�
�cA lq �h{fkdqjh� iru hD�cA ru ylfhyhuvd1 Frqvlghu wkh rswlrq

ri rewdlqlqj hD7�
�cA lq h{fkdqjh ri dvvhw hD�c|1 Vwduwlqj zlwk rxu htxdwlrq 5 wklv fdq eh

uhsuhvhqwhg dv

S +W , @Pd{

k
3> hD7�

�cA �
hD�cA

l
+6,

Dvvxph wkh rswlrq lv ri Hxurshdq w|sh1 Iurp wkh sd|r� h{suhvvlrq lw lv hylghqw wkdw

wkh h{fkdqjh rswlrq fdq eh ylhzhg dv hlwkhu d fdoo rq hD7�
�cA zlwk d vwulnh sulfh htxdo

wr wkh sulfh ri hD�c| +l1h1 wkh uljkw wr dftxluh dq dvvhw zlwk pdunhw ydoxh hD7�
�cA dw d

sulfh ri hD�c|,/ ru d sxw rq hD�c| zlwk d vwulnh sulfh htxdo wr wkh sulfh ri hD7�
�cA = Dowkrxjk

wkhuh h{lvw d shuihfw htxlydohqw ri erwk irupxodwlrqv/ iru rxu frqwh{w lw vrxqgv pruh

�qdwxudo� wr wklqn lq wkhupv ri wkh vhfrqg irupxodwlrq vlqfh prvw jxdudqwhhv +dqg

ghsrvlw lqvxudqfh lq sduwlfxodu, duh xvxdoo| suhvhqwhg dv sxwv1 Dw pdwxulw|/ wkh rswlrq

lv zruwk dw ohdvw }hur dqg qr pruh wkdq hD7�
�cA = Li dvvhwv

hD7�
�cA dqg hD�c| duh dw ohdvw }hur/

wkhq

3 � S +W , � hD7�
�cA

E| wklqnlqj ri hD7�
�cA dv d qxpphudluh/ wkh vroxwlrq ri wkh sureohp fdq eh vlpsol�hg

frqvlghudeo|1 Wklv lghd zdv vxjjhvwhg wr Pdujudeh ^;` e| Vwhskhq Urvv15 Zlwk hD�c|

5Wkh dgydqwdjhv ri frqyhuwlqj htxdwlrq 5 lqwr htxdwlrq 7 duh pruh wkdq wulyldo1 Wr vwduw zlwk/

li erwk dvvhwv duh forvh lq sulfh wkh gl�huhqfh lv qhdu }hur/ d gl!fxow qxpehu wr kdqgoh/ vshfldoo|

lq wkh elqrpldo frqwh{w1 Iru h{dpsoh/ wkh elqrpldo surfhgxuh ri exloglqj d wuhh zlwk vpdoo xs dqg

grzq vwhsv zrxog froodsvh1 Iru d vwduwlqj ydoxh ri }hur/ qr wuhh fdq eh exlow1 Iru hlwkhu d vpdoo

srvlwlyh ru qhjdwlyh gl�huhqfh/ wkh wuhh zrxog qrw eh deoh wr furvv wkh }hur eduulhu1 Wkxv d sulflqj
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h{suhvvhg lq xqlwv ri hD7�
�c| wkh ydoxh ri wkh frqwulexwruv dvvhwv ehfrph d uhodwlyh hD�c|@hD7�

�c| zlwk d yduldqfh v2 @ �2� � 5����7� . �27� +zkhuh � uhsuhvhqwv wkh fruuhodwlrq

ehwzhhq vhulhv hD�c| dqg hD7�
�c| , dqg h{huflvh sulfh ri 4 @ hD7�

�cA @
hD7�
�cA 1 Pruh vshfl�fdoo|/

glylglqj htxdwlrq 6 e| hD7�
�cA |lhogv

hD7�
�cA �Pd{

%
3> 4�

hD�cAhD7�
�cA

&
+7,

d sxw rswlrq zlwk d �vxemdfhqw� hY�c| @ hD�c|@ hD7�
�c|

+zklfk L zloo fdoo �wkh vxusoxv�, dqg

�h{huflvh sulfh� [ @ 4= Gxh wr wkh uhjxodwru| uhvwulfwlrq wkdw wkh DISv pdnh xs dq|

vkruwidoo lq wkh uhwxuq ri wkh frqwulexwruv* ixqgv dw wkh hq ri wkh lqvshfwlrq shulrg/hY�cf O 3/ l1h1 wkh rswlrq lv/ dw wkh ehjlqqlqj ri wkh iroorzlqj lqvshfwlrq shulrg dozd|v

�rxw0ri0wkh0prqh|�1L h{sodlq wkh vlwxdwlrq lq ghwdlo zlwk wkh khos ri Iljxuh 41

Wkh �jxuh uhsuhvhqwv wkh sd|r� ri wkh kroghu ri d jxdudqwhh ri plqlpxp uhwxuq

rq wkh frqwulexwlrqv pdgh wr wkh DISv wkdw frqvlvwv ri wzr frqvhfxwlyh rswlrqv wr

h{fkdqjh1 Wkh �xqghuo|lqj dvvhw� iru wkhvh wzr srwlrqv lv wkh vxusoxv hY�c|1 Wkh �uvw
rswlrq kdv dq h{huflvh sulfh ri [�8� @ hY�cA @ 4=31 Zkhq hY�cA � 4=3/ wkh DIS

pxvw fryhu wkh gl�huhqfh �uvw zlwk uhvhuyhv +U, dqg wkhq fdslwdo +F,1 Rqfh wkhvh

dffrxqwv kdyh ehhq h{kdxvwhg wkh ixqg frqwlqxhv wr fryhu wkh orvvhv xs wr wkh srlqw

ri uhhvwdeolvklqj wkh uhodwlrq hY�cA @ 4=316 L kdyh gudzq wkh fhlolqj rq wkh DISv*

sd|phqwv zlwk wkh krul}rqwdo DE1 Iurp wkh prphqw wkdw hY�cA idoov ehorz

[�8� @ hY�cA @

� hD7�
�cA � +F .U,

�
@ hD7�

�cA @ 4�
F .UhD7�

�cA

>

lw lv wkh ixqg wkdw frpshqvdwhv wkh phpehuv1 Lq �jxuh 4 L kdyh dovr uhsuhvhqwhg wkh

ydoxh ri wkh rswlrqv dw wkh ehjlqqlqj ri wkh vhphvwhu1 Fxuyh ��� uhsuhvhqwv wkh ydoxh

ri wkh rswlrq lvvxhg e| wkh DIS dqg ���� wkh rqh lvvxhg e| wkh DIS soxv wkh rqh

lvvxhg e| wkh ixqg1 Wkh duhd ehwzhhq ��� dqg ���� uhsuhvhqwv wkh qhw ydoxh ri wkh

rswlrq lvvxhg e| wkh ixqg1 Wkh rswlrq lvvxhg e| erwk wkh DISv dqg wkh ixqg duh

h{dfwo| ri wkh vdph w|sh/ wkh rqo| gl�huhqfh ehlqj wkh h{huflvh sulfh dqg wkdw wkh

rqh lvvxh e| wkh DISv* kdyh d fhlolqj dw +F .U,17

irupxod zrxog |lhog d glvfrqwlqxlw| durxqg }hur1 Iru d voljkw srvlwlyh ydoxh wkh rswlrq zrxog qhyhu
eh h{huflvhg dqg wkxv kdyh d ydoxh ri }hur/ dqg iru d voljkw qhjdwlyh vwduwlqj ydoxh wkh rswlrq zrxog

dozd|v eh h{huflvhg |lhoglqj d srvlwlyh ydoxh wr wkh rswlrq1
6Wklv lpsolhv dovr wkdw/ lq frqwudvw wr edqn vwrfnv ru vwrfnv ri frpsdqlhv lq wkh uhdo vhfwru/ vkduhv

ri DISv duh lq h�hfw sxwv lqvwhdg ri fdoov1
7D �vroxwlrq� wr wkh sureohp ri sulflqj wkh rswlrq lvvxhg e| wkh DISv frxog eh rewdlqhg e| d

urxqg0derxw zd|1 Lw lv hylghqw wkdw wkh wrwdo ydoxh ri wkh orqj srvlwlrq frqvlvwv ri wkh vxppdwlrq ri
wkh ydoxh ri wkh rswlrq lvvxhg e| wkh DISv +zlwk d fhlolqj, soxv wkh ydoxh ri wkh rswlrq lvvxhg e| wkh

ixqg +zlwkrxw fhlolqj,1 Wklv frxog eh uhsuhvhqwhg dv iroorzv1 Ohw wkh ydoxh ri dq rswlrq dv d ixqfwlrq
ri lwv h{huflvh sulfh dqg lwv fhlolqj eh uhsuhvhqwhg dv R�Ee%eoS�re Ro�Sec Se�,�?}�1 Wkhq wkh vlwxdwlrq

mxvw ghvfulehg fdq eh zulwwhq grzq dv

RA E��fc"� ' R�8� E��fc � n-� n R8 E� 3
� n-

h�7�
�cA

c"�

:



Iljxuh 4= Orqj srvlwlrq rq wzr sxwv2jxdudqwhhv +rswlrqv wr h{fkdqjh,=

Wkh �jxuh uhsuhvhqwv wkh sd|r� ri wkh kroghu ri d jxdudqwhh ri plqlpxp uhwxuq

rq wkh frqwulexwlrqv pdgh wr wkh DISv wkdw frqvlvwv ri wzr frqvhfxwlyh rswlrqv wr

h{fkdqjh1 Wkh �xqghuo|lqj dvvhw� iru wkhvh wzr srwlrqv lv wkh udwlr/ hY�c| @ hD�c|@ hD7�
�c|
>

ehwzhhq wkh dfwxdo ydoxh ri wkh frqwulexwru*v dvvhwv/ dqg wkdw wkh| zrxog kdyh li

lqyhvwhg lq wkh v|qwkhwlf sruwirolr VSEVE +�wkh h{fhghqw�,1Wkh �uvw rswlrq kdv dq

h{huflvh sulfh ri [�8� @ hY�cA @ 4=31 Wkh vhfrqg rswlrq/ wkdw lv h{huflvhg zkhq wkh

DIS kdv h{kdxvwhg lwv uhvhuyhv dqg fdslwdo/ kdv dq h{huflvh sulfh ri [�8� @ hY�cA @� hD7�
�cA � +F .U,

�
@ hD7�

�cA =

;



D Qxphulfdo H{dpsoh

Wkh vlwxdwlrq fdq eh pdgh hdvlhu wr xqghuvwdqg zlwk d qxphulfdo h{dpsoh1 L
zloo xvh wklv h{dpsoh wr looxvwudwh hdfk vwhs ri wkh sulflqj surfhvv iru wkh uhvw ri wkh
sdshu1 Dvvxph wkdw wkh qrplqdo ydoxh ri wkh frqwulexwruv* dvvhwv zhuh 433 shvrv
dw wkh ehjlqqlqj ri odvw txduwhu dqg wkh frqwulexwlrqv zhuh 4 shvrv shu prqwk iru
wkh txduwhu/wkdw lv dw d udwh ri �@3134 +4(, shu prqwk1 Wkh uhwxuq rq wkh ulvn|
VSVE wxuqhg rxw wr eh :(181 L dovr dvvxph wkdw dw wkh ehjlqqlqj ri wkh lqvshfwlrq
shulrg hY�cf @ 4=319 Iru vlpsolflw| L vxssrvh wkdw F .U @ 3=3/ wkdw lv/ [�8� @ [ @� hD7�

�cA � 3=3
�
@ hD7�

�cA @ 41 Wkh ydoxh ri wkh phpehuv* dvvhwv soxv frqwulexwlrqv iru wkh

shulrg/ li lqyhvwhg lq d sruwirolr htxlydohqw wr wkh VSVE zrxog kdyh ehhq=

hD7�
�cA @

�
433� +4 . 3=3: . 3=3636,�*�2

�
@ 435=74;

Dvvxph qrz wzr srvvleoh rxwfrphv iru wkh uhdol}hg ydoxh ri wkh frqwulexwlrqv1 D
kljk uhwxuq ri 45( dqg d orz uhwxuq ri 8(1 Wklv |lhogv dvvhw ydoxhv +lqfoxglqj
frqwulexwlrqv,/ hD�c|/ dw wkh hqg ri wkh lqvshfwlrq shulrg ri '436=899 dqg '434=<83/

uhvshfwlyho|1 Lq hdfk fdvh wkh ydoxh ri wkh rswlrq shu shvr ri hD7�
�cA dw pdwxulw| zloo eh

S�2IcA @ Pd{+3> 435=74;� 436=899,

@ Pd{+3>4� +436=899� 435=74;,, @ 3=3

SDIcA @ Pd{+3> 435=74;� 434=<83,

@ Pd{+3>4� +434=<83� 435=74;,, @ 3=3378:

Lq wkh �uvw fdvh wkh rswlrq lv qrw h{huflvhg1 lq wkh vhfrqg fdvh lw lv zlwk d sd|r� ri
3=3378:shvrv shu shvr ri hD7�

�cA wr wkh orqj srvlwlrq ri wkh rswlrq1�

5 Sulflqj wkh ixqg*v jxdudqwhh rq RFRI

L zloo qrz irfxv rq wkh uhlqvxudqfh ru sxw rswlrq erxjkw e| wkh DISv iurp IRJDILQ
+wkh vkruw srvlwlrq lq wkh sxw, wr wkh ehqh�w ri wkhlu phpehuv +wkh orqj srvlwlrq lq
wkh sxw,1 L vwduw zlwk wklv rswlrq ehfdxvh lw lv wkh vlpsohvw1 Dvvxph dq hfrqrp| lq
glvfuhwh wlph1 Wkh wlph vsdfh lv=

Wkh whup rq wkh o1k1v dqg wkh vhfrqg whup rq wkh u1k1v1 duh erwk vwdqgdug rswlrqv wr h{fkdqjh

zlwkrxw fhlolqj zkrvh ydoxhv fdq eh frpsxwhg xvlqj wkh irupxodv ghyhorshg ehorz1 Wkh �uvw whup

rq wkh u1k1v1 uhsuhvhqwv wkh rswlrq lvvxhg e| wkh DISv zlwk d fhlolqj htxdo wr � n -1 Wkh sulfh

ri wkh odwwhu fdq eh rewdlqhg vroylqj iru R�8� E��fc � n -�� Wkdw lv/ wkh vroxwlrq ri wkh rswlrq zlwk
fhlolqj lv htxdo wr wkh gl�huhqfh ehwzhhq wzr rwkhu rswlrq zlwkrxw fhlolqj=

R�8� E��fc � n-�RA E��fc"� ' RA E��fc"�3 R�8� E��fc � n-� n R8 E�3
� n-

h�7�
�cA

c"�

Zh zloo/ qrqhwkhohvv �qg dq h{solflw elqrpldo irupxodh iru wklv sulflqj sureohp1
8Zh duh dvvxplqj devhqfh ri lq dwlrq1
9Wklv vlwxdwlrq zrxog duulyh li l, wkh @@@R ri wkh DIS*v sruwirolr zdv h{dfwo| htxdo wr wkh rqh

ri wkh VSVE/ ru ll, wkh uhwxuq zdv ehorz dqg wkh DIS zdv irufhg wr �pdnh0xs� wkh vkruwidoo dw wkh
ehjlqqlqj ri wkh shulrg1

<



i3> 4> 5> ===> Wj

dqg wkh suredelolw| vsdfh 
 lv �qlwh ri wkh irup


 @ i$�> $2> ===> $�j

Rq wklv vsdfh/ hqgrzhg ri d �0dojheud +
>', L kdyh gh�qhg d suredelolw| vsdfh

S/ vxfk wkdw =

S+i$�j, A 3 ; l @ 4> ===>Q

Wkh suredelolw| vsdfh +
>'>S, lq wxuq lv hqgrzhg ri d �owudwlrq/ I / wkdw lv

ri d idplo| ri lqfuhdvlqj �0dojheudv lq ' uhsuhvhqwlqj wkh +lqfuhdvlqj, lqirupdwlrq

dydlodeoh wr lqyhvwruv dw hdfk srlqw lq wlph1 Lq wklv hqylurqphqw L dvvxph wkh h{lvwhqfh

ri sruwirolrv hD�c| dqg hD7�
�c| / prghohg e| glvfuhwh vwrfkdvwlf surfhvv dgdswhg wr wkh

�owudwlrq I / dqg d ulvn iuhh dvvhw D
s
| / zlwk u| @ 4@D

s
| uhsuhvhqwlqj wkh ulvn iuhh udwh

ri uhwxuq1

Lw lv vwdqgdug wr dvvxph d frpsohwh pdunhw lq zklfk duelwudjh lv qrw srvvleoh

dqg zkhuh frqglwlrqdo dvvhwv fdq eh xqltxho| sulfhg1 Iroorzlqj Kduulvrq dqg Nuhsv

^9` lq vxfk dq hfrqrp|/ wkh ydoxh ri dvvhwv duh pduwlqjdohv:1 Ixuwkhu/ xqghu wkhvh

frqglwlrqv/ lw lv srvvleoh wr dvvrfldwh d frqglwlrqdo uljkw zlwk sd|r� I +]|, wr d sulfh

jlyhq e|

�+[, @ G|H'^I +]A ,` +8,

zkhuh H' lv wkh h{shfwdwlrqv rshudwru uhodwlyh wr wkh ulvn0qhxwudo ru pduwlq0

jdoh sulflqj phdvxuh/ T/ gh�qhg rq wkh suredelolw| vsdfh +
>'> T, dqg G| lv vrph

glvfrxqwlqj surfhvv= Wr �qg wkh pduwlqjdoh suredelolw| phdvxuh T gh�qhg rq wkh

suredelolw| vsdfh +
>'>T, L vhw

:Udwkhu/ l� wkh vsdfh ri pduwlqjdoh phdvxuhv lv qrq0hpsw|/ wkh pdunhw prgho lv vdlg wr eh
ihdvleoh dqg qr rssruwxqlwlhv ri duelwudjh h{lvwv lq wkh pdunhw1 Rqh frxog lqvwhdg xvh d gl�huhqw

vhw ri dvvxpswlrqv wkdw zrxog doorz xv wr surfhhg zlwk wkh sulflqj h{huflvh1 Vshfl�fdoo|/ Euhqqdq
^5` vkrzv +dqg ehiruh/ Uxelqvwhlq ^44` iru wkh Eodfn0Vfkrohv prgho, wkdw d qhfhvvdu| dqg vx!flhqw

frqglwlrq iru ulvn qhxwudo ydoxdwlrq wr krog iru duelwudu| elyduldwh orjqrupdo glvwulexwlrqv lv wkdw wkh

uhsuhvhqwdwlyh lqyhvwru h{klelwv frqvwdqw sursruwlrqdo ulvn dyhuvlrq1 Dowhuqdwlyho|/ d qhfhvvdu| dqg

vx!flhqw frqglwlrq iru ulvn qhxwudo ydoxdwlrq wr krog iru duelwudu| elyduldwh qrupdo glvwulexwlrqv lv

wkdw wkh uhsuhvhqwdwlyh lqyhvwru h{klelwv frqvwdqw devroxwh ulvn dyhuvlrq1 Wkhvh duh txlwh vwdqgdug

dvvxpswlrqv lq wkh frqwh{w ri �qdqfldo dvvhw sulflqj1 Ilqdoo|/ Pdujudeh ^;` dqg Uxelqvwhlq ^43` vkrz

wkdw d khgjh sruwirolr lv srvvleoh1 Lq frqwudvw wr ydqlood rswlrqv duelwudjh sruwirolr/ wklv rqh zloo

eh frpsrvhg ri wkh sruwirolrv j�7�
�c| dqg h��c| udwkhu wkdq rqh ulvn| dvvhw dqg rqh ulvnohvv dvvhw1 Wr

uhsolfdwh/ wkh sruwirolr*vvv ydoxh dw wlph A pxvw pdwfk wkh fdoo*v ydoxhv dw wkdw wlph1 Xvlqj ?7� dqg

?� wr ghqrwh wkh vkduhv ri j�7�
�c| dqg h��c| lq wkh sruwirolr11 Pdujudeh ^;` lq d frqwlqxrxv ydoxdwlrq

iudphzrun dqg Uxelqvwhlq ^43` lq wkh glvfuhwh iudphzrun/ vkrz wkdw d vkruw srvlwlrq +wkdw ri wkh

jxdudqwru, rq dq h{fkdqjh rswlrq rq j�7�
�cA fdq eh khgjhg e| d sruwirolr vwudwhj| frqvlvwlqj ri vhoolqj

vkruw h��c| lq sursruwlrq ?� dqg ex|lqj j�7�
�c| lq sursruwlrq ?7� 1 Wkh h{dfw ydoxhv ri ?7� dqg ?� fdq

eh irxqg lq Uxelqvwhlq ^43`1;
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H'

k
h3oB| h]A

l
@ ]f= +9,

Uhwxuqlqj wr wkh vshfl�fv ri rxu sureohp/ lq d rqh shulrg frqwh{w1 Dvvxph iru

vlpsolflw| wkdw F .U @ 3 dqg wkxv

[�8� @ 4�
F .UhD7�

�cA

@ 4=3=

Wkh ydoxh ri wkh sxw dw wlph w @ 4 zloo wkhq eh

S� @ hD7�
�c� �Pd{

k
3> 4� hY�c�l

S_ @ hD7�
�c_ �Pd{

k
3> 4� hY�c_l

zkhuh x +A4, dqg g +?4, uhsuhvhqw xs dqg grzq vwhsv pxowlso|lqj hD�cf@
jD7�
�cf 1 Wkdw

lv/ jY�c� @ � hD�c�@ hD7�
�c�

�
@ x

�
D�cf@D

7�
�cf

�
dqgjY�c_ @ � hD�c_@ hD7�

�c_

�
@ g

�
D�cf@D

7�
�cf

�
514 Wkh pduwlqjdoh suredelolw| phdvxuh dqg wkh vl}h ri wkh vwhsv

Wkh ydoxh ri hY�c| fkdqjhv rqo| dw glvfuhwh wlphv �w> 5�w> ===> +qrq0lq�qlwhvlpdo wlph

vwhsv, xs wr P�w/ wkh h{sludwlrq gdwh ri wkh rswlrq1 Wkh vl}h ri wkh wlph vwhs lv

�w @ +W � w,@P 1 Lq rxu fdvh +W � w, zloo eh rqh txduwhu ri d |hdu1 Wr lpsohphqw wkh

sulflqj prgho zh qhhg wkuhh phdvxuhv/ wkh pduwlqjdoh suredelolw| phdvxuh/ �> dqg

wkh vl}h ri wkh xs dq grzq vwhsv/ x dqg g1 Wkhvh vwhsv pxvw eh vxfk wkdw/ lq wkh olplw/

wkh| dssurdfk wkh orjqrupdo +ru rwkhu, frqwlqxrxv0wlph glvwulexwlrq uhsuhvhqwdwlyh

ri wkh surfhvv wkdw lv ehlqj prghohg1 Wr gr wklv zh qhhg wkuhh htxdwlrqv1 Wkh �uvw lv

htxdwlrq 9 wkdw |lhogv wkh pduwlqjdoh suredelolw| phdvxuh1 Iru rxu fdvh/ htxdwlrq 9

lq d rqh shulrg iudphzrun dqg lqfoxglqj frqwulexwlrqv +qhjdwlyh glylghqgv, ehfrphv

H'

%
h3oB|

hD�c���hD7�
�c� �7�

&
@ H'

k
h3oB|hY�cA l @ Y�cf

zkhuh �� dqg �7� uhsuhvhqw wkh frqwulexwlrqv +h{suhvvhg dv 4 soxv d frqwulexwlrq

udwh, wkdw wkh d!oldwhv kdyh pdgh gxulqj wkh txduwhu1 �� uhsuhvhqwv wkh dfwxdo

frqwulexwlrqv pdgh wr wkh d!oldwh*v ixqgv dqg �7� wkh vdph dprxqw wkdw dffxpxodwhv

li wkhvh frqwulexwlrqv zrxog kdyh ehhq pdgh wr wkh VSVE1 Lq d elqrpldo iudphzrun

wklv htxdwlrq ehfrphv�
�� x� Y�cf

��

�7�
. +4� �,� g� Y�cf

��

�7�

�
@ hoB|Y�cf +:,

Qrwh wkdw wklv htxdwlrq lv dovr wkh htxdwlrq wkdw vhwv wkh phdq ri d elqrpldo

udqgrp yduldeoh htxdo wr wkh phdq wr d orjqrupdo udqgrp yduldeoh lq d ulvn qhxwudo
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iudphzrun +^:`/ ss1 669066:,1 Htxdwlrq : fdoov iru d ihz revhuydwlrqv1 Iluvw/ wkh udwlr

ri frqwulexwlrqv ��@�7� @ 4 e| gh�qlwlrq1 Wklv lv vr ehfdxvh zkloh wkh qxphudwru

uhihuv wr wkh dfwxdo glylghqgv frqwulexwhg e| wkh d!oldwh wr wkh DIS ixqg/ wkh ghqrp0

lqdwru uhsuhvhqwv wkh vdph frqwulexwlrq wkdw zrxog kdyh ehhq pdgh k|srwkhwlfdoo| wr

wkh VSVE1 Vhfrqg/ dv Pdujudeh ^;` dqg Uxelqvwhlq ^43` kdyh vkrzq/ wkh glvfrxqwlqj

udwh u @ 3=< Lq hvvhqfh wkh uhdvrqlqj jrhv dv iroorzv1 Lq wkh vhwxs ri dq duelwudjh

sruwirolr iru wkh rswlrq wr h{fkdqjh/ wkh sxufkdvhv ri rqh dvvhw duh �qdqfhg zlwk wkh

vdohv ri wkh rwkhu dvvhw/ qrw zlwk vdohv +sxufkdvhv, ri wkh ulvnohvv dvvhw1 Wkxv wkh

ohqghu ri rqh ri wkh dvvhwv ghpdqgv rqh xqlw ri wkh rwkhu dv uhsd|phqw ri sulqflsdo1

Lq frqvhtxhqfh/ kh2vkh fkdujhv rqo| wkh uhwxuq rq wkh dvvhw dv frpshqvdwlrq dqg

qr lqwhuhvw rq wkh ordq1 E| wdnlqj wkhvh wzr revhuydwlrqv lqwr frqvlghudwlrq dqg e|

glylglqj htxdwlrq : wkurxjk e| Y�cf |lhogv=

+�� x. +4� �,� g, @ 4 +;,

zklfk vroylqj iru �/ wkh pduwlqjdoh suredelolw|/ |lhogv=

� @
4� g

x� g

Qrwh wkdw wklv lv wkh vdph vroxwlrq rewdlqhg e| Uxelqvwhlq ^43` xvlqj wkh sulflqj

phwkrg edvhg rq wkh khgjh sruwirolr/ xqghu wkh dvvxpswlrq wkdw wkh udwlr ri wkh wzr

glylghqg |lhogv htxdov rqh1

Wr rewdlq wkh vl}h ri wkh xs dqg grzq vwhsv L hpsor| wkh wzr htxdwlrqv wkdw

duh frpprqo| xvhg lq wkh ghyhorsphqw ri wkh elqrpldo sulflqj prgho1 Wkh �uvw lv

wkh dvvxpswlrq wkdw wkh yduldqfh ri wkh elqrpldo surfhvv htxdov wkdw ri d orjqrupdo

surfhvv1 Lq rxu fdvh/ uhphpehulqj wkdw ��@�7� @ 4>dqg u @ 3/ wklv htxdwlrq zloo eh=

+Y�cf,
2 v2�w @ �� x2 +Y�cf,

2
. +4� �,� g2 +Y�cf,

2
� +Y�cf,

2
^�� x. +4� �,� g`2

v2�w @ hr
2B|
� 4 @ �� x2 . +4� �,� g2 � 42 +<,

zkhuh hr
2B|
� 4 lv wkh yduldqfh ri wkh orjqrupdo glvwulexwlrq lq d ulvn qhxwudo zruog

+^:`/ ss1 669066:,/ exw zlwk u @ 3= Wkh vhfrqg htxdwlrq lv=

x @
4

g
+43,

Wkh vroxwlrq ri wkh wkuhh htxdwlrqv ;/ < dqg 43 iru x dqg g |lhog wkh iroorzlqj=43

g @ 4.
4

5

�
e2 .

s
ee . 7e2

�
dqg x @

4

g

<
Vhh Pdujudeh +^;`/ ss1 467, dqg Uxelqvwhlq +^43`/ ss1 4<7,1 Vhh dovr Wuljhrujlv +^46`/ ss1

5430544,1

43
Lw dovr |lhogv dq dowhuqdwlyh h{suhvvlrq iru k lq whupv ri K ' e

r
5
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k '

�
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K
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n 23 �

2
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zkhuh e @ hr
2B|
� 4 1 Qrwh wkdw x ? 4=3 ? g1

Wkh ydoxh ri wkh rswlrq lq d rqh shulrg iudphzrun lv=

S +hY�c|, @ ^�� S� . +4� �,� S_` @ +44,

@ hD7�
�cA

k
��Pd{

k
3> 4=3� hY�c�

l
. +4� �,�Pd{

k
3> 4=3� hY�c_

ll

Wkh h{whqvlrq ri htxdwlrq 44 wr wkh pxowl0shulrg fdvh |lhogv wkh iroorzlqj irupxodh=

S
�hY�c|

�
@ hD7�

�cA

5
7

?[
�'f

q$

m$+q� m,$
��+4� �,?3�Pd{

�
3> 4=3� x�g?3�Y�cf

�
6
8 +45,

zkhuh

hD7�
�cA @

hD�cA

x�g?3�Y�cf

zklfk lv wkh zhoo0nqrzq vroxwlrq ri wkh elqrpldo rswlrq sulflqj irupxod lq d pxowl0

shulrg frqwh{w1 Ru/ li h{suhvvhg lq xqlwv ri hD7�
�cA / 45 ehfrphv vlpso|

s
�hY�c|

�
@

5
7

?[
�'f

q$

m$+q� m,$
��+4=3� �,?3�Pd{

�
3> 4=3� x�g?3�Y�cf

�
6
8 +46,

Lq wkh pruh jhqhudo fdvh zkhq F . U � 3> zh vxevwlwxwh 4=3 iru [ @ 4 � +F .

U,@ hD7�
�cA =

H{dpsoh +Frqw1,

Xvlqj wkh qxphulfdo h{dpsoh vwduwhg deryh/ wkh sdudphwhuv wr eh hqwhuhg lqwr

wkh rswlrq sulflqj irupxod zrxog eh wkh iroorzlqj=
hD7�
�cf @ 433=33

hD�cf @ 433=33

u @ 3=33

W @ 3=58

� @ 3=48

P @ 433

Xvlqj htxdwlrq +45, wkh ydoxh ri wkh rswlrq +sulfh ri wkh jxdudqwhh,/ s
�hY�c|

�
/

rewdlqhg dw wkh ehjlqqlqj ri wkh lqvshfwlrq shulrg lv 3135< shvrv shu shvrv ri frq0

wulexwru ixqgv shu txduwhu144 Wkh uhdghu vkrxog uhphpehu wkdw zh duh vwloo kroglqj

wr wkh dvvxpswlrq ri }hur fdslwdo dqg uhvhuyhv dqg wkdw wkh DISvv sruwirolr kdv qrw

dffxpxodwhg dq| h{fhvv uhwxuqv ryhu wkdw ri wkh VSVE1 D qrq}hur srvlwlyh fdslwdo

dqg uhvhuyh +uhtxluhg e| odz, dqg dq| dffxpxodwhg h{fhvv uhwxuq zrxog uhgxfh wkh

sulfh ri wkh jxdudqwhh1�

44Frpsduhg wr wrgd|*v suhplxp ri 3133376 shvrv shu shvr ri frqwulexwru�v ixqgv/ wklv lv udwkhu
kljk1 D pruh uhdolvwlf slfwxuh fdq eh rewdlqhg li zh dvvxph wkdw fdslwdo dqg uhvhuyhv dprxqw wr
h{dfwo| wkh plqlpxp1 Lq wklv fdvh wkh suhplxp idoov wr 3134< shvrv shu shvr ri frqwulexwru�v ixqgv1 Lw
lv qrw vxusulvlqj wkdw wkhvh suhplxpv duh vr kljk vlqfh wkh rswlrq/ lq wklv vlwxdwlrq lv �dw wkh pdunhw�1
Iru dq rswlrq �rxw ri wkh pdunhw�/ iru h{dpsoh li dffxpxodwhg uhdol}hg ydoxh ri frqwulexwru*v ixqgv
lv/ vd| 446133 +dq dffxpxodwhg uhwxuq ri 46( ryhu wkh VSVE, djdlqvw d uhtxluhg plqlpxp ri 433133
edvhg rq wkh VSVE/ wkh suhplxp zrxog idoo djdlq wr 313338/ ru derxw wkh ydoxh ri wrgd|*v suhplxp1
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6 Sulflqj wkh jxdudqwhh rq YFRI

Lw pljkw eh uhfdoohg wkdw wkh YFRI duh wkrvh wkdw wkh hpsor|hh pdnhv yroxqwdulo|/

ryhu dqg deryh wkh reoljdwru| frpsrqhqw zlwkrxw sduwlflsdwlrq ri wkh hpsor|hu1

Wkhvh frqwulexwlrqv duh jxdudqwhhg xs wr 483 wlphv wkh frxqwu|*v plqlpxp zdjh/

lqfoxglqj uhwxuqv dw ohdvw htxdo wr wkh VSVE rq frqwulexwlrqv1 Dv ehiruh/ wkh DISv

pxvw nhhs uhvhuyhv dqg sxw xs fdslwdo dw wkh udwlr ri 4 = 73 rq dvvhwv1 Htxdoo| wr wkh

RFRI/ wkh jxdudqwhh r�huhg e| wkh ixqg hqwhuv lqwr sod| rqfh uhvhuyhv dqg fdslwdo

kdyh ehhq h{kdxvwhg1 Vr/ qrz zh kdyh wzr frqvhfxwlyh rswlrqv zlwk fhlolqjv1 Dv

ehiruh zh zloo irfxv rq wkh rswlrq lvvxhg e| wkh ixqg1 L zloo �uvw suhvhqw wkh sd|r�v

wkdw uhvxow iurp wkh h{lvwhqfh ri erwk rswlrqv1 Wkhq/ wr vlpsoli| wkh suhvhqwdwlrq/ L

zloo irfxv rq wkh sulflqj ri d �jhqhulf� rswlrq wr h{fkdqjh zlwk d fhlolqj1 Rqo| dw wkh

hqg zloo eh uhwxuq wr wkh vshfl�f sureohp dw kdqg wr zklfk L zloo dsso| wkh jhqhulf

vroxwlrq1

Wkh sd|r�v dw h{sludwlrq uhvxowlqj iurp wkh h{lvwhqfh ri jxdudqwhhv rq YFRI

fdq eh uhsuhvhqwhg lq Iljxuh 5

Wkh srlqwv ri lqwhuhvw [>D dqg F rffxu dw wkh ydoxhv ri wkh krul}rqwdo d{h 4=3>

+4� +F.U,@ hD7�

�cA
, dqg +4� +F.U.483V,@ hD7�

�cA
,/ uhvshfwlyho|1 Doo sd|r�v uhvxowlqj

iurp wkh jxdudqwhh wr wkh orqj srvlwlrq fdq eh uhsuhvhqwhg lq wkh iroorzlqj vfkhpd=

S| @

;AAA?
AAA=

483V sdlg e| wkh ixqg li hD�cA �
hD7�

�cA
�+F .U. 483V,hD7�

�cA
�+F .U,� hD�cA sdlg e| wkh ixqg li hD7�

�cA
�+F .U. 483V, � hD�cA �

hD7�

�cA
�+F .U,hD7�

�cA
� hD�cA sdlg e| wkh DIS li hD7�

�cA
�+F .U, � hD�cA�

hD7�

�cA

3 li hD�cA�
hD7�

�cA

+47,

Wkh sd|r�v iru wkh orqj srvlwlrq ri wkh rswlrq lvvxhg e| wkh ixqg lv=

Pd{
k
3>Plq

�
483V> hD7�

�cA
� +F .U,� hD�cA
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=

Glylglqj dqg pxowlso|lqj wkurxjk e| hD7�
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>

hD7�

�cA
�Pd{
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483VhD7�
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@ hD7�
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�Pd{
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3>Plq

#
483VhD7�

�cA

>[�8� � Y�cA

$&
= +48,

Zh qrz ghyhors wkh elqrpldo wuhh1 Iru d rqh shulrg fdvh zh rewdlq

hD�c� @

+
x hD�cf +$ @ $�, zlwk suredelolw| s

g hD�cf +$ @ $2, zlwk suredelolw| +40s,
+49,

Dw hdfk dgglwlrqdo vwhs wkh wuhh xqirogv dqg wkh ydoxh ri wkh frqwulexwlrq lv=

hD�cfx
6g?36 p @ 3> 4> 5> ===> q=
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Iljxuh 5= Orqj srvlwlrq rq wzr sxwv2jxdudqwhhv +rswlrqv wr h{fkdqjh

zlwk d fhlolqj,= Wkh �jxuh uhsuhvhqwv wkh sd|r� ri wkh kroghu ri d jxdudqwhh

ri plqlpxp uhwxuq rq wkh frqwulexwlrqv pdgh wr wkh DISv wkdw frqvlvwv ri wzr

frqvhfxwlyh rswlrqv wr h{fkdqjh1 Wkh �xqghuo|lqj dvvhw� iru wkhvh wzr srwlrqv lv wkh

udwlr/ hY�c| @ hD�c|@ hD
7�
�c|
> ehwzhhq wkh dfwxdo ydoxh ri wkh frqwulexwru*v dvvhwv/ dqg wkdw

wkh| zrxog kdyh li lqyhvwhg lq wkh v|qwkhwlf sruwirolr VSEVE +�wkh h{fhghqw�,1Wkh

�uvw rswlrq kdv dq h{huflvh sulfh ri [�8� @ hY�cA @ 4=3 dqg wkh sd|r�v kdyh d fhlolqj

ri F.U +wkh DISv* fdslwdo dqg uhvhuyhv,1 Wkh vhfrqg rswlrq/ wkdw lv h{huflvhg zkhq

wkh DIS kdv h{kdxvwhg lwv uhvhuyhv dqg fdslwdo/ kdv dq h{huflvh sulfh ri [�8� @

hY�cA @

� hD7�
�cA � +F .U,

�
@ hD7�

�cA dqg wkh sd|r�v kdyh d fhlolqj ri 483V +plqlpxp

vdodulhv,1
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Wkhq lq d rqh shulrg frqwh{w/ wkh sd|r� ri wkh sxw dw wlph w @ 4 zloo eh
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Dv Pdujudeh ^;` dqg Uxelqvwhlq ^43` kdyh vkrzq/ wkh glvfrxqwlqj udwh u @ 3= Wkh

ydoxh ri wkh rswlrq lq d rqh shulrg iudphzrun lv wkxv=
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�
�� S �

� . +4� �,� S �

_

�
@ +4:,

@ hD7�
�cA

+
��Pd{

%
3>Plq

#
483VhD7�

�cA

>[�8� � Y�c�
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.

.+4� �,�Pd{

%
3>Plq

#
483VhD7�

�cA

>[�8� � Y�c�

$&,

L uhodwh wkh suredelolw|/ �/ dv zhoo dv wkh vl}h ri wkh xs dqg grzq mxpsv +x dqg

g, wr revhuydeoh sdudphwhuv1 Wkh dssursuldwh ydoxhv iru �> g dqg x duh wkh vroxwlrqv

ri wkh wkuhh htxdwlrqv ;/ < dqg 431 Wkh pxowl0shulrg h{whqvlrq ri htxdwlrq 4: lv

S �

� hD�cA

�
@

?[
�'f

q$

m$+q� m,$
��+4� �,?3�Pd{

%
3>Plq

#
483VhD7�

�cA

>[�8� � x�g?3� hD�cf

$&

+4;,

zklfk lv vlplodu wr htxdwlrq +45, exw iru wkh fhlolqj1

H{dpsoh +Frqw1,
Dvvxph/ lq rxu qxphulfdo h{dpsoh zlwk YFRI udwh � @ 3138 +8(,1 Wkh ydoxh

ri wkh dffxpxodwhg frqwulexwlrqv zlwk uhwxuqv dprxqwv wr 433=3= Wkh fhlolqj rq wkh
jxdudqwhh lv ri 483=31 Dvvxph dv ehiruh wzr srvvleoh rxwfrphv iru wkh uhdol}hg ydoxh
ri wkh frqwulexwlrqv1 Wkrvh rewdlqhg iurp d kljk uhwxuq ri 45( dqg d orz uhwxuq
ri 8(1 Wklv |lhogv dvvhw ydoxhv/ hD�c|/ dw wkh hqg ri wkh lqvshfwlrq shulrg +lqfoxglqj
frqwulexwlrqv, ri 437=336 dqg 435=744/ uhvshfwlyho|1 Dvvxph V @ 4=3= Wkh ydoxh ri wkh
phpehuv* dvvhwv soxv frqwulexwlrqv iru wkh shulrg/ li lqyhvwhg lq d sruwirolr htxlydohqw
wr wkh VSVE zrxog kdyh ehhq=

hD7�
�cA @

�
433� +4 . 3=3: . 3=3636,�*�2

�
@ 435=74;>

dqg [�8� @ 4=3�
E�n-�
h�7�
�cA

@ 4=3� f
�f2�e�H @ 4=31 Lq hdfk fdvh wkh ydoxh ri wkh rswlrq

dw pdwxulw| zloo eh

S�2Ic| @ 435=74;�Pd{

�
3>Plq

�
483

435=74;
> 4=3�

437=336

435=74;

��
@ 3=3

SDIc| @ 435=74;�Pd{

�
3>Plq

�
483

435=74;
> 4=3�

435=744

435=74;

��
@ 3=333:
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Wkh sdudphwhuv wr eh hqwhuhg lqwr wkh rswlrq sulflqj irupxod zrxog qrz eh wkh

iroorzlqj=
hD7��cA @ 435=74;

hD�cf @ 433=3

u @ 3=37

W @ 3=58

� @ 3=48

�� @ ;3=3

P @ 433

� @ 3=38

Xvlqj htxdwlrq +4;, wkh ydoxh ri wkh rswlrq +sulfh ri wkh jxdudqwhh,/ S �

� hD�cA�/
rewdlqhg dw wkh ehjlqqlqj ri wkh lqvshfwlrq shulrg lv 313344 shu kxqguhg shvrv ri

frqwulexwru ixqgv/ ru 3133334( shu txduwhu/ frqvlghudeo| orzhu wkdq wkh suhplxp rq

RFRI1�

7 Sulflqj wkh rswlrq lvvxhg e| wkh DISv wr wkhlu php0
ehuv

Htxdwlrq +4;,/ exw zlwk d fhlolqj htxdo wr F.U /zrxog dsso| wr wkh rswlrqv lvvxhg e|

wkh DISv wr wkhlu phpehuv1 Wr vhh wklv L vwduw zlwk wkh sd|r�v iru wkh orqj srvlwlrq

ri wkh rswlrq lvvxhg e| wkh DIS zklfk lv=

Pd{
k
3>Plq

�
F .U> hD7��cA � hD�cA�l =

Glylglqj dqg pxowlso|lqj wkurxjk e| hD7��cA >
hD7��cA�Pd{

%
3>Plq

#
F .UhD7��cA > 4�

hD�cAhD7��cA
$&

@ hD7��cA�Pd{

%
3>Plq

#
F .UhD7��cA > 4� Y�cA

$&
=

+4<,

Zh qrz ghyhors wkh elqrpldo wuhh1 Iru d rqh shulrg fdvh zh rewdlq

hD�c� @
+

x hD�cf +$ @ $�, zlwk suredelolw| s

g hD�cf +$ @ $2, zlwk suredelolw| +40s,
+53,

Dw hdfk dgglwlrqdo vwhs wkh wuhh xqirogv dqg wkh ydoxh ri wkh frqwulexwlrq lv=

hD�cfx6g?36 p @ 3> 4> 5> ===> q=

Wkhq lq d rqh shulrg frqwh{w/ wkh sd|r� ri wkh sxw dw wlph w @ 4 zloo eh

S �

� @
hD7��cA �Pd{

�
3>Plq

�
�n-
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> 4� Y�c�

��
S �

_ @
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�cA �Pd{

�
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�
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�cA
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Wkh ydoxh ri wkh rswlrq lq d rqh shulrg iudphzrun lv wkxv=

S �+hY�c|, @
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�� S �

� . +4� �,� S �

_

�
@ +54,

@ hD7�
�cA
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> 4� Y�c�

$&,

L uhodwh wkh suredelolw|/ �/ dv zhoo dv wkh vl}h ri wkh xs dqg grzq mxpsv +x dqg

g, wr revhuydeoh sdudphwhuv1 Wkh dssursuldwh ydoxhv iru �> g dqg x duh wkh vroxwlrqv

ri wkh wkuhh htxdwlrqv ;/ < dqg 431 Wkh pxowl0shulrg h{whqvlrq lv

S �

� hD�cA

�
@

?[
�'f

q$

m$+q� m,$
��+4� �,?3�Pd{

%
3>Plq

#
F .UhD7�

�cA

> 4� x�g?3� hD�cf

$&

+55,

zklfk lv vlplodu wr htxdwlrq +4;,1

8 Frpsdudwlyh g|qdplfv dqg dqdo|vlv ri lqfhqwlyhv

Wkh sxusrvh ri wklv vhfwlrq lv wr dqdo|}h wkh vhqvlwlylw| ri wkh rswlrq lvvxhg e| wkh

DIS wr phpehuv1 Rqh ri wkh remhfwlyhv lv vlpso| wr ghyhors d qrwlrq ri krz wkh

ydoxh ri wkh rswlrq fkdqjhv zlwk wkh vwdwh yduldeohv1 Dqrwkhu xvh/ iurp wkh hfrqrplf

srlqw ri ylhz riwhq pruh lqwhuhvwlqj/ lv wr dvvhvv wkh lqfhqwlyhv wr zklfk duh vxemhfw

wkh djhqwv wkdw hqjdjh lq wkhvh frqwudfwv1 Lw vkrxog eh uhphpehuhg wkdw/ zlwk wkh

suhvhqw �{hg0udwh sulflqj vwuxfwxuh/ wkh DIS kdyh dq lqfhqwlyh wr plqlpl}h wkh ydoxh

ri wkh rswlrq wkh| lvvxh wr phpehuv1

814 Dqdo|vlv ri wkh jxdudqwhh rq RFRI

Wkh uhodwlyho| |rxqj qdwxuh ri wkh lqgxvwu| vkrxog eh wdnhq lqwr frqvlghudwlrq lq

wklv dqdo|vlv1 Vr/ lw lv srvvleoh wkdw wkh DISv kdyh qrw/ dv |hw/ ghyhorshg d vwudwhj|

wkdw pd{lpl}hv wkh ydoxh ri wkh �{hg0sulfh rswlrq1 Iru h{dpsoh/ wkh vwdwh yduldeoh

Fdslwdo dqg Uhvhuyhv pd| qrw uh hfw d vwudwhj| ri pd{lpl}lqj wkh ydoxh ri wkh rswlrq

vlpso| ehfdxvh l, wkh DISv kdyh ehhq vhw0xs zlwk d fdslwdo wkdw uh hfwv wkh phglxp

wr orqj whup jurzwk h{shfwdwlrqv/ jlylqj dq h{fhvv fdslwdol}dwlrq iru wkh vkruw uxq>

ll, Vhyhudo ri wkh DISv zhuh irufhg wr uhfdslwdol}h e| wkh Vxshulqwhqghqw ri Edqnv

gxh wr idloxuh wr phhw plqlpxp fdslwdo +ru sulpdu| fdslwdo, vwdqgdugv1 Lq wkh odwwhu

fdvh wkh Vxshulqwhqghqw whqgv wr ghpdqg d fdslwdol}dwlrq wkdw odujho| h{fhhgv wkh

vwdqgdug jlyhq fxuuhqw ohyhov ri dvvhwv1

Iru wkh fdvh ri wklv jxdudqwhh/ wkh wkuhh vwdwh yduldeohv hdvlhvw wr pdqlsxodwh e|

wkh DISv dqg wkdw kdyh dq h�hfw rq wkh ydoxh ri wkh rswlrq wkh| lvvxh wr phpehuv

duh=
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Iljxuh 6= Ydoxh ri wkh rswlrq lvvxhg e| wkh DIS dv d ixqfwlrq ri Fdslwdo

dqg Uhvhuyhv1 Wklv �jxuh vkrzv wkh uhvxow ri sorwwlqj wkh ydoxh ri wkh jxdudqwhh lvvxhg e| wkh

DIS wr lwv phpehuv rq RFRI djdlqvw Fdslwdo dqg Uhvhuyhv1 Fdslwdo dqg Uhvhuyhv khog e| wkh

DIS uhsuhvhqwv wkh ghidfwr fhlolqj rq wklv jxdudqwhh= Wr frqvwuxfw wkh sorw wkh rwkhu wzr uhohydqw

vwdwh yduldeohv zhuh nhsw frqvwdqw1 Wkh vwdqgdug ghyldwlrq dw 43( dqg wkh suhplxp ri wkh d!oldwhv

frqwulexwlrqv ryhu wkh VSVE dw 8(1

� wkh dprxqw ri fdslwdo dqg uhvhuyhv khog e| wkh DIS +lq h�hfw wkh fhlolqj rq wkh
sd|r�v ri wkh rswlrq,/

� wkh suhplxp wkdw wkh dfwxdo ydoxh ri wkh d!oldwhv frqwulexwlrqv ryhu wkdw wkh|
zrxog kdyh li lqyhvwhg lq wkh VSVE/ dw wlph w @ 3/

� wkh yduldqfh ri hY�c|

Lq BB L suhvhqw d sorw ri wkh ydoxh ri wkh rswlrq djdlqvw Fdslwdo dqg Uhvhuyhv ri
wkh DISv1 Wr frqvwuxfw wkh sorw/ wkh rwkhu wzr uhohydqw vwdwh yduldeohv zhuh nhsw
frqvwdqw1 Wkh vwdqgdug ghyldwlrq ri hY�c| dw 43( dqg wkh suhplxp ri wkh d!oldwhv
frqwulexwlrqv ryhu wkh VSVE dw 8(1 Wkh rswlrq zdv sulfhg xvlqj 533 vxe shulrgv
+P @ 533, dqg wkh qxpehu ri srlqwv jhqhudwhg zdv ehwzhhq 93 dqg 4331 Wkh fxuuhqw
dyhudjh ydoxh ri Fdslwdo soxv Uhvhuyhv iru wkh lqgxvwu| lv derxw 9(1 Wkh sorw vxjjhvwv
wkdw/ iru vwdqgdug ghyldwlrq dqg suhplxp �{hg dw wkh lqglfdwhg ohyhov/ wkh ydoxh ri
wkh rswlrq lv kljko| vhqvlwlyh wr fkdqjhv lq Fdslwdo dqg Uhvhuyhv/ vshfldoo| dw orz
ydoxhv1 Wkh judsk vxjjhvwv wkdw wkh pd{lpxp jdlqv duh wr eh pdgh lq wkh uhjlrq
ehorz 9(/ zkhuh wkh vorsh ri wkh fxuyh lv vwhhshvw1

4<



Iljxuh 7= Ydoxh ri wkh rswlrq lvvxhg e| wkh DIS wr phpehuv dv d ixqfwlrq

ri wkh Suhplxp ryhu wkh VSVE1 Wklv �jxuh vkrzv wkh uhvxow ri sorwwlqj wkh ydoxh ri wkh

rswlrq lvvxhg e| wkh DIS wr phpehuv zlwk fhlolqj sd|r� htxdo wr Fdslwdo dqg Uhvhuyhv djdlqvw wkh

suhplxp/ dw wlph w @ 3/ ri wkh dfwxdo pdunhw ydoxh ri wkh d!oldwhv ixqgv djdlqvw wkh ydoxh wkh|

zrxog kdyh kdg wkh| ehhq lqyhvwhg lq wkh VSVE= Wr frqvwuxfw wkh sorw wkh rwkhu wzr uhohydqw vwdwh

yduldeohv zhuh nhsw frqvwdqw1 Wkh vwdqgdug ghyldwlrq dw 43( dqg wkh ohyho ri Fdslwdo dqg Uhvhuyhv

dw 8(1

Lq �jxuh 7 L sorw wkh ydoxh ri wkh rswlrq dv d ixqfwlrq ri wkh suhplxp / dw wlph
w @ 3/ ri wkh dfwxdo pdunhw ydoxh ri wkh d!oldwhv ixqgv djdlqvw wkh ydoxh wkh| zrxog
kdyh kdg li lqyhvwhg lq wkh VSVE1 Wr frqvwuxfw wkh sorw wkh rwkhu wzr uhohydqw vwdwh
yduldeohv zhuh nhsw frqvwdqw1 Wkh vwdqgdug ghyldwlrq dw 43( dqg wkh ohyho ri Fdslwdo
dqg Uhvhuyhv dw 8(1

Wkh lqwhusuhwdwlrq ri wklv sorw lv ohvv vwudljkw iruzdug wkdq wkh suhylrxv rqh1
Hylghqwo|/ wr rewdlq d odujhu suhplxp/ DISv pxvw lqyhvw lq pruh ulvn| dvvhwv uhodwlyh
wr wkh VSVE1 Rq rqh vlgh/ d kljk suhplxp whqgv wr uhgxfh wkh ydoxh ri wkh rswlrq1
Krzhyhu/ d kljkhu sruwirolr ulvn whqgv wr lqfuhdvh wkh ydoxh ri wkh vdph +vhh 8,1 Wkxv/
DIS*v zloo eh deoh wr sod| zlwk wkhvh wzr vwdwh yduldeohv dv wr pd{lpl}h wkh ydoxh ri
wkh rswlrq1

815 Lqfhqwlyhv ri wkh fxuuhqw �{hg0sulfh v|vwhp

Wkh iruhjrlqj dqdo|vlv doorzv xv wr gudz vrph lqwhuhvwlqj frqfoxvlrq lq whupv ri wkh
lqfhqwlyhv wr zklfk DISv duh vxemhfw xqghu wkh fxuuhqw �{hg0sulfh v|vwhp/ iru erwk
wkh rswlrq lvvxhg e| wkh DISv wr phpehuv dqg wkh uhlqvxudqfh erxjkw e| wkh DISv
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Iljxuh 8= Ydoxh ri wkh rswlrq lvvxhg e| wkh DIS wr phpehuv dv d ixqfwlrq

ri Wkh Vwdqgdug Ghyldwlrq ri hY�c|1 Wklv �jxuh vkrzv wkh uhvxow ri sorwwlqj wkh ydoxh ri

wkh rswlrq lvvxhg e| wkh DIS wr phpehuv djdlqvw wkh vwdqgdug ghyldwlrq ri wkh udwlr ehwzhhq wkh

pdunhw ydoxh ri wkh d!oldwhv ixqgv djdlqvw dqg ydoxh wkh| zrxog kdyh kdg wkh| ehhq lqyhvwhg lq wkh

VSVE1 Wr frqvwuxfw wkh sorw wkh rwkhu wzr uhohydqw vwdwh yduldeohv zhuh nhsw frqvwdqw1 Wkh suhplxp

ryhu wkh VSVE dw 8( dqg wkh ohyho ri Fdslwdo dqg Uhvhuyhv dw 8(=
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lq idyru ri phpehuv 1 Iluvw/ zlwkrxw dq| dpeljxlw|/ DISv zloo plqlpl}h wkh ydoxh ri

wkh �{hg0sulfh lpsolflw jxdudqwhh e| plqlpl}lqj fdslwdo dqg uhvhuyhv1 Wkh hyhqwv ri

wkh odvw |hdu dqg kdoi vhhp wr frq�up wkdw DISv lqghhg iroorz d orz fdslwdol}dwlrq

vwudwhj|1 Wkh Vxshulqwhqghqw ri Edqnv zdv irufhg wr rughu prvw DIS�v wr uhfdslwdol}h

wr pdlqwdlq wkh plqlpxp fdslwdo uhtxluhg e| odz/ lq vrph fdvhv uhshdwhgo|1 Jlyhq

wkh vwhhsqhvv ri wkh fxuyh ryhu wkh uhohydqw udqjh/ lw lv qrw vxusulvlqj wkdw DISv duh

fduu|lqj rxw d kdug edwwoh wr uhgxfh wkh plqlpxp fdslwdo dqg uhvhuyh uhtxluhphqwv1

Vhfrqg/ wkh h�hfw ri ulvn rq wkh jxdudqwhh lv/ xqh{shfwhgo|/ vrphzkdw dpeljxrxv

lq d urxqg derxw zd|1 Wr vhh wklv ohw xv sorw +vhh 9, lq wkh vdph judsk wkh ydoxh ri wkh

rswlrq dv d ixqfwlrq ri wkh suhpld ryhu VSVE dqg vwdqgdug ghyldwlrq vxshusrvhg +l1h1/

vxshusrvlqj wkh judskv ri �jxuhv BB dqg BB,1 Lq d pxowlshulrg frqwh{w/ wkhuh h{lvw

d gluhfw uhodwlrqvkls ehwzhhq wkhvh wzr yduldeohv1 Lq wkh orqj uxq/ d kljk yduldqfh

vwudwhj| zloo whqg wr lqfuhdvh wkh suhplxp ri wkh frqwulexwru*v dvvhwv deryh wkdw wkh|

zrxog kdyh li lqyhvwhg lq wkh VSVE/ hY�c|= Wklv/ lq wxuq/ whqgv wr ghsuhvv wkh ydoxh ri

wkh rswlrq lq ixwxuh shulrgv1 Fohduo|/ lw lv lq wkh lqwhuhvw ri wkh DIS wr nhhs wklv

suhplxp dv kljk dv srvvleoh/ rwkhu wklqjv frqvwdqw1 Wklv wzr h�hfw frpelqhg uhvxow

lq dq lqfhqwlyh wr wkh DISv wkdw lv dpeljxrxv1 Wkh fxuyh iru wkh sulfh ri wkh rswlrq

iru dq DIS wkdw wdnhv lqwr frqvlghudwlrq erwk wkhvh yduldeohv vlpxowdqhrxvo| zrxog

prvw olnho| orrn vrphwklqj olnh wkh fxuyh ���145 Li wkh DIS*v lqyhvwphqw vwudwhj|

wkdw uhvxowv lq d ydoxh ri wkh jxdudqwhh vrphzkhuh wr wkh ohiw ri wkh srlqw V> wkhq d

kljkhu ulvn vwudwhj| zloo �uvw uhvxow/ lq ixwxuh shulrgv/ lq dq lqfuhdvh lq ydoxh ri wkh

rswlrq ehiruh odwhu ehiruh lw fdq eh uhgxfhg dv d uhvxow ri dq lqfuhdvh lq wkh suhpld

ryhu wkh VSVE1

Wkh lqyhvwphqw vwudwhj| wkdw kdyh iroorzhg wkh DIS dsshduv wr uh hfw wklv dp0

eljxlw|1 Dv d uxoh/ wkh lqyhvwphqw vwudwhj| ri wkh DISv vhhpv wr iroorz d orz0ulvn

vwudwhj| sodflqj prvw ixqgv lq jryhuqphqw sdshuv ru sdshuv lvvxhg e| wkh �qdqfldo

vhfwru1 Dv ri Ghfhpehu 4<<9/ DISv lqyhvwhg rqo| 316( ri wkhlu ixqgv lq vkduhv +wkh

ohjdo xsshu olplw lv 63(, dqg 44( ri erqgv lvvxhg e| qrq0�qdqfldo exvlqhvv1 7:( ri

wkh dvvhwv frqvlvwhg ri ghew +ghehqwxuhv/ pruwjdjh dqg dvvhw0edfnhg, lvvxhg e| �qdq0

fldo lqwhuphgldulhv dqg wkh uhpdlqghu ri jryhuqphqw lvvxhv dqg sdshuv surwhfwhg e|

ghsrvlw lqvxudqfh1 Dowkrxjk lw lv wuxh wkdw wkh vwrfn pdunhw ri Frorpeld lv vpdoo/ wkh

sursruwlrq ri lqyhvwphqw ri DISv lq htxlwlhv xqghuuhsuhvhqwv vhulrxvo| wklv vhjphqw

ri wkh pdunhw1 Zkdw wklv phdqv lv wkdw/ DISv vhuyh suhgrplqdqwo| wr �qdqfh wkh

jryhuqphqw dqg wkh orz0ulvn �qdqfldo vhfwru/ zkloh surylglqj rqo| pdujlqdo gluhfw

�qdqflqj wr wkh uhdo vhfwru1 Wklv lv lq d vhyhuh frqwudvw wr wkh ixqglqj dfwlylw| ri

pdq| rwkhu frxqwulhv zkhuh frqvlghudeo| odujhu dprxqwv ri ixqgv duh fkdqqhoohg wr

wkh qrq0�qdqfldo vhfwru wkurxjk sruwirolrv zlwk d vwurqj uhsuhvhqwdwlrq ri frusrudwh

ghew dqg htxlw| lvvxhv1

45Wklv zrxog eh frqwrxu olqh ri d vxuidfh sorwwlqj wkh ydoxh ri wkh rswlrq djdlqvw erwk vwdwh

yduldeohv1
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Iljxuh 9= Dq Lqfhqwlyh Vfkhph wr Hqfrmxudjh Ulvn Wdnlqj e| wkh DISv

816 D sulflqj v|vwhp zlwk yluwxrxv lqfhqwlyhv46

Dv qrwhg ehiruh/ jxdudqwhhv wr wkh DIS zhuh lqfoxghg lq wkh Odz 433 wkdw lpsoh0

phqwhg wkh shqvlrq ixqgv uhirup lq Frorpeld1 Dowkrxjk lw lv d vrphzkdw xqxvxdo

duudqjhphqw/ lw uhsuhvhqwv dq rssruwxqlw| wr lq xhqfh DISv wr rshudwh lq wkh gluhf0

wlrq ri vrfldoo| zruwkzkloh remhfwlyhv/ l1h1 �vrfldoo| yluwxrxv lqfhqwlyhv1�

D yhu| uhohydqw txhvwlrq lv wkhq wkh lqfhqwlyhv wkdw wkh jxdudqwru zrxog olnh wr

exlog lqwr wkh jxdudqwhh1 Qrw rqo| kdyh wkh DISv douhdg| exlow d frqvlghudeoh sruw0

irolr ri dvvhwv/ exw wkh h{shfwhg jurzwk ri wkh vdph wkuhdwhqv wr pdnh lw/ vrphzkhuh

lq wkh ixwxuh/ wkh odujhvw vlqjoh vrxufh ri dffxpxodwhg vdylqjv lq wkh hfrqrp| uhdg|

wr eh lqyhvwhg lq ulvn| �qdqfldo dvvhwv1 Dv ri wklv gdwh/ rqo| wkuhh |hduv lqwr wkhlu

fuhdwlrq wkh| douhdg| h{fhhg wkh ydoxh ri wkh sruwirolr ri pdunhwdeoh dvvhwv khog e|

iruhljq lqyhvwruv/ zklfk lq wkh fdvh ri Frorpeld lv txlwh frqvlghudeoh1 Fkdqjlqj wkh

fxuuhqw �{hg0udwh sulflqj wr d yduldeoh ulvn dgmxvwhg sulflqj phfkdqlvp zrxog eh

hvvhqwldo wr lqwurgxfh lqfhqwlyhv dv wr hqfrxudjh d vkliw ri wkh DISv* dvvhwv lqwr pruh

ru ohvv ulvn| w|shv ri dvvhwv1 D sxuho| �idlu sulfh� vwudwhj| zrxog qhxwudol}h wrwdoo|

lqfhqwlyhv wr prudo kd}dug147 D srolf| ri surprwlqj d vkliw wrzdug ulvn| dvvhwv zrxog

46D pruh irupdo dqg frpsohwh dssurdfk wr wkh dqdo|vlv suhvhqwhg ehorz zrxog eh wr hydodxwh wkh

dqdolvlv ri lqfhqwlyhv lq d jdph0wkhruhwlf iudphzrun1 Krzhyhu vxfk dq h{huflvh zrxog eh eh|rqg wkh

lqwhqghg vfrsh ri wklv sdshu1 Iru wklv uhdvrq zh zloo rqo| suhvhqw wkh phfkdqlvpv dydlodeoh wr wkh

jxdudqwru wkdw dsshdu prvw reylrxv1
47Dowkrxjk lw zrxog hqkdqfh lqfhqwlyhv wr lqfuhdvh lqirupdwlrq dv|pphwu| ehwzhhq wkh DIS dqg

wkh vxshuylvru0jxdudqwru1 Krzhyhu/ jlyhq wkdw dw wkh forvh ri hdfk lqvshfwlrq shulrg/ dvvhwv duh
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whqg wr idyru lqyhvwphqw lq htxlwlhv zlwk wzr h�hfwv= l, lqfuhdvh wkh orqj whup ydoxh ri

wkh d!oldwhv dvvhwv h{sorlwlqj ixoo| wkh wlph0glyhuvl�fdwlrq ri ulvn> ll, idyru lqyhvwphqw

lq ulvn| htxlw| dqg ghew dqg wkxv Frorpeldq exvlqhvv orqj whup �qdqfh1 D srolf| ri

surprwlqj d vkliw wrzdug vdih dvvhwv zrxog whqg wr idyru lqyhvwphqw lq jryhuqphqw

lvvxhg dvvhwv1 Vxfk d srolf| zrxog kdyh wkh h�hfw wr uhgxfh wkh frvw ri �qdqflqj wr

wkh jryhuqphqw dqg idyru jryhuqphqw gh�flw �qdqflqj dqg wkh h{shqvh ri wkh uhdo

exvlqhvv vhfwru1

Wzr dssurdfkhv frxog eh xvhg zklfk L zloo vlpso| fdoo wkh �fduurw� dqg wkh �vwlfn�

dssurdfk1 Vlqfh d �fduurw vwudwhj|� lv jhqhudoo| suhihudeoh wr d �vwlfn� vwudwhj| L

zloo ghyhors lq ghwdlo wkh �uvw rqh/ zkloh rqo| rxwolqlqj wkh vhfrqg1 L zloo suhvhqw

vwudwhjlhv wkdw zloo hqfrxudjh ulvn wdnlqj/ l1h1 lqyhvwphqwv lq frusrudwh htxlw| dqg

erqg udwkhu wkdq jryhuqphqw vhfxulwlhv1 Xqghu wkh fxuuhqw srolwlfdo hqylurqphqw

ri �qdqfldo olehudol}dwlrq dqg surprwlrq ri �qdqfldo pdunhwv lq Frorpeld/ vxfk d

vwudwhj| dsshduv wr eh vrfldoo| pruh ghvludeoh wkdq wkh uhyhuvh1 Krzhyhu/ h{dfwo| wkh

rssrvlwh h�hfw zrxog eh dfklhyhg e| uhyhuvlqj wkh vwudwhj|1

81614 Wkh �fduurw� vwudwhj|

Dvvxph wkdw d �idlu0sulfh� ulvn0dgmxvwhg suhplxp vwudwhj| lv dgrswhg/ dqg wkdw iru

pdqdjhphqw sxusrvhv wkh suhpld duh vwuxfwxuhg dv d vfdoh zlwk q vwhsv/ s�> l @ 4> ===> q/

srvvleo| zlwk d plqlpxp suhpld/ s4�?1 D fduurw dssurdfk frxog eh xvhg lq zklfk

DIS*v zlwk d kljkhu suhplxp ryhu wkh VSVE zrxog ehqh�w iurp d glvfrxqw ri m

vwhsv iurp wkh udwh wkh| zrxog kdyh wr sd| dffruglqj wr d �idlu sulfh� vwudwhj|1

Rwkhu wklqjv htxdo/ dq DIS wr eh deoh wr ehqh�w iurp wklv glvfrxqw/ zrxog �uvw

eh irufhg wr lpsohphqw d kljkhu0ulvn vwudwhj| wr eh deoh wr hyhqwxdoo| ehqh�w iurp

wklv glvfrxqw1 Wkh idfw wkdw wkh DIS zrxog vwloo kdyh wr sd| d ulvn0dgmxvwhg +doehlw

glvfrxqwhg, suhplxp edvhg rq wkh fdslwdo/ uhvhuyhv dqg vwdqgdug huuru ri hY�c|/ zrxog

surwhfw wkh jxdudqwru iurp h{fhvvlyh prudo kd}dug rq wkh vlgh ri wkh DIS148 Fohduo|/

vxfk d vwudwhj| zrxog lq h�hfw eh surylglqj d vxevlg| wr wkrvh DIS*v wkdw lpsohphqw

d kljk ulvn vwudwhj|1 Wr wkh h{whqw wkdw wkh vwdwh lv wkh xowlpdwh jxdudqwru +oldelolw|

iru zklfk IRJDILQ surylghv d fxvklrq �qdqfhg zlwk ixqgv dffxpxodwhg iurp suhpld

sdlg e| wkh ehqh�fldulhv ri wkh jxdudqwhh, wklv vxevlg| frxog eh frqvlghuhg d vkdgrz

sulfh ri surprwlqj ghyhorsphqw ri frusrudwh vhfxulwlhv pdunhwv1

Wklv vfkhph fdq eh looxvwudwhg judsklfdoo| lq 91 Dvvxph wkdw d �{hg vwhsv/ s @

s4�?> s�> s2> ===> s� +grwwhg krul}rqwdo olqhv lq 9,/ udwh vfkhph lv lq sodfh1 Lq devhqfh

ri dq lqfhqwlyh vfkhph/ jlyhq wklv rssruwxqlw| vhw wkh DIS zrxog prvw olnho| fkrrvh

d vwudwhj| wkdw plqlpl}hv gh lqvxudqfh frvw/ l1h1 wkh srlqw V zlwk suhplxp s+v,> v @

^��>suhpld ryhu VSVE-`1 Dvvxph wkdw wkh sulflqj lv grqh wr qh{w vwhs ehorz/ uhvxowlqj

lq d sulfh ri wkh jxdudqwhh ri s4�? dqg d vxevlg| htxdo wr wkh glvwdqfh iurp V wr wkh

krul}rqwdo s4�?1

ydoxhg dw pdunhw sulfhv/ wkh srvvlelolw| duh plqlpdo wr hqjdjh lq wklv irup ri lqirupdwlrq glvwruwlrq1

Wklv vlwxdwlrq lv txlwh gl�huhqw iurp wkdw d ghsrvlw lqvwlwxwlrq +vxfk dv d edqn, zkhuh dvvhwv duh

gl!fxow wr ydoxh dw pdunhw sulfhv1
48 Lq d pruh irupdo iudphzrun wklv zrxog phdq wkdw zh zrxog eh exloglqj d pxowl shulrg prgho

ri dqdo|vlv1
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Dvvxph qrz d yhu| vlpsoh lqfhqwlyh vfkhph wkdw frqvlvwv ri=

� fkdujlqj d sulfh iru wkh jxdudqwhh rqh vwhs ehorz +l1h1 m @ 4, ri wkh idlu sulfh

dffruglqj wr d vfdoh/ iru d jlyhq lqfuhdvh lq wkh suhplxp ryhu VSVE/ dqg

� plqlpxp sulfh ri s4�?=

Xqghu wkhvh flufxpvwdqfhv wkh DIS zloo eh hqfrxudjhg wr lqfuhdvh wkh ulvn ri wkh

sruwirolr dv wr uhdfk srlqw V�1 Lq devhqfh ri dq lqfhqwlyh vfkhph wklv zrxog lpso|

dq lqfuhdvh ri wkh sulfh iurp s4�? wr s�= Krzhyhu/ wkh lqfhqwlyh vfkhph zrxog doorz

wkh DIS wr sd| s4�? dqg wkhuhe| lqfuhdvlqj wkh vxevlg| wr wkh glvwdqfh iurp V
�

wr wkh krul}rqwdo s4�?1 Ixuwkhu vkliwv lq sruwirolr frpsrvlwlrq fdq eh hqfrxudjhg e|

dxjphqwlqj wkh vxevlg| dw kljkhu ohyhov ri ulvn wdnlqj wkdw vkrxog pdqlihvw wkhpvhoyhv

e| d kljkhu suhplxp ryhu wkh VSVE1 Wklv phfkdqlvp/ lq h�hfw/ zrxog doorz DIS

wr fkrrvh wkh ohyho ri h{srvlwlrq wr ulvn dqg wkh sulfh wkh| duh zloolqj wr sd| iru

wkh lqvxudqfh1 Wkh vxevlg| wkdw lv r�huhg vkrxog eh vx!flhqw wr frpshqvdwh iru

olnho| lqfuhdvh lq htxlw| wkdw wkh DIS lv olnho| wr hqfrxqwhu dv d uhvxow ri wkh kljk

ulvn vwudwhj|1 Rq rwkhu kdqg/ wkhruhwlfdoo| wkhuh h{lvwv wkh srvvlelolw| iru dq DIS

wr lqfuhdvh frqwlqxrxvo| wkh ulvn ri wkh sruwirolr/ d uhvxow wkdw pljkw eh xqghvludeoh1

Krzhyhu1 vlqfh wkh sulfh ri wkh jxdudqwhh zloo lqfuhdvh lq vwhs nhhslqj wkh vxevlg|

frqvwdqw/ wklv lv xqolnho| wr kdsshq1 Ixuwkhu/ li dq xsshu olplw rq wkh ulvn wdnlqj

lv ghvluhg wkh glvfrxqw fdq eh vxvshqghg rqfh wkh suhpld ryhu wkh VSVE uhdfkhv d

fhuwdlq ydoxh149 D v|vwhp wkdw zrxog glvfrxudjh ulvn wdnlqj zrxog fkdujh d suhplxp

rq wkh sulfh ri wkh jxdudqwhh iru kljkhu suhpld ryhu wkh VSVE1 Wkh uhvxow zrxog eh

d wd{ rq DISv wkdw hqjdjh lq kljkhu ulvn lqyhvwphqw1

81615 Wkh �vwlfn� vwudwhj|

D �vwlfn� vwudwhj| wkh hqfrxudjhv ulvn wdnlqj frxog eh edvhg rq wkh pdqlsxodwlrq ri

fdslwdo dqg uhvhuyh vwdqgdugv1 Dvvxph/ dv ehiruh/ wkdw d �idlu0sulfh� ulvn0dgmxvwhg

suhplxp vwudwhj| lv dgrswhg/ dqg wkdw iru pdqdjhphqw sxusrvhv wkh suhpld duh

vwuxfwxuhg dv d vfdoh zlwk q vwhsv/ s�> l @ 4> ===> q/ srvvleo| zlwk d plqlpxp suhpld/

s4�?1 DISv frxog eh hqfrxudjhg wr dvvxph pruh ulvn e| lqfuhdvlqj wkh plqlpxp

htxlw| fdslwdo/ ru wkh ohyho ri uhvhuyhv uhtxluhg wr rshudwh wkh DIS1 Wr vhh wklv dvvxph

wkdw dq DIS lv fodvvl�hg dv sd|lqj d sulfh rq wkh jxdudqwhh ri s�= Vlqfh/ dv ehiruh/

wklv sulfh lpsolhv d vxevlg|/ dq lqfuhdvh lq uhtxluhg fdslwdo zloo uhgxfh wkh idlu ydoxh

ri wkh rswlrq dqg wkxv/ wkh vxevlg| rewdlqhg iurp wkh jxdudqwhh1 Wr frpshqvdwh iru

wklv orvv lq vxevlg|/ wkh DIS fdq lqfuhdvh wkh ulvn srvlwlrq lq lwv sruwirolr wr lqfuhdvh

djdlq wkh ydoxh ri wkh vxevlg| wr wkh pd{lpxp srvvleoh ehiruh uhdfklqj wkh qh{w

vwhs/ s2= Wklv idfw fdq eh xvhg wr ghvljq d v|vwhp e| zklfk wkh DISv fdq fkrrvh d

frpelqdwlrq ri fdslwdo dqg ulvn ri wkhlu suhihuhqfh1

49
Lw lv xqolnho| wkdw wklv zloo eh qhfhvvdu|/ vlqfh DIS*v lqyhvwphqw lq fhuwdlq kljk ulvn lqvwuxphqwv

duh olplwhg e| odz1
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9 Frqfoxvlrq dqg Uhfrpphqgdwlrqv

Lq Frorpeld d!oldwhv wr sulydwho| pdqdjhg shqvlrq ixqgv +DIS*v, duh wkh ehqh�fld0

ulhv ri d jxdudqwhh r�huhg e| wkh Irqgr gh Jdudqwðdv gh Lqvwlwxwflrqhv Ilqdqflhudv

+IRJDILQ,1 Wkh sxusrvh ri wklv jxdudqwhh lv wr dvvxuh d!oldwhv wkdw wkh| zloo hduq

rq wkhlu frqwulexwlrqv d uhwxuq dw ohdvw dv odujh dv wkdw ri d �v|qwkhwlf sruwirolr�

frqvwuxfwhg e| wkh frxqwu|*v Vxshulqwhqghqw ri Edqnv1 Wklv plqlpxp shuirupdqfh

lv jxdudqwhhg +d sxw rswlrq lvvxhg e| wkh DISv, zlwk wkh fdslwdo dqg d vshfldo uh0

vhuyh khog e| wkh DISv1 Zkhq wkh fdslwdo dqg uhvhuyhv ri wkh DISv duh lqvx!flhqw

wr jxdudqwhh wkh plqlpxp uhwxuq/ wkh vwdwh vwhsv lq zlwk d uhlqvxudqfh +d vhfrqg

sxw rswlrq lvvxhg e| wkh vwdwh,1 Wklv uhjlph zdv lqwurgxfhg lq Frorpeld dw wkh

ehjlqqlqj ri wkh 4<<3v/ zkhq wkh v|vwhp ri shqvlrq ixqgv zdv uhiruphg wr vzlwfk

wkh frxqwu| iurp d v|vwhp ri �sd|0dv0|rx0jr� wr rqh edvhg rq dffxpxodwhg vdylqjv

dqg wudqvihuuhg prvw ri wkh uhvsrqvlelolwlhv ri pdqdjlqj wkh dffxpxodwlqj ixqgv wr

sulydwh vhfwru exvlqhvv1 Wkh pdlq sxusrvh ri wkh jxdudqwhh lv wr pdnh wkh v|vwhp

�vdih� iru shqvlrq ixqg frqwulexwruv1 Wzr w|shv ri frqwulexwlrqv h{lvw= rqh ri reolj0

dwru| frqwulexwlrqv dqg rqh ri yroxqwdu| frqwulexwlrqv1 Wkh qdwxuh ri wkh jxdudqwhh

lv gl�huhqw iru hdfk w|sh ri frqwulexwlrq1 Dv ri wklv prphqw/ d �{hg udwh v|vwhp

lv lq sodfh e| zklfk IRJDILQ fkdujhv wkh DIS*v '31333758 shu shvr ri d!oldwhv

ixqgv shu txduwhu1 E| wkh vfrsh ri ixqgv lqyroyhg/ e| idu wkh prvw lpsruwdqw iru ri

jxdudqwhh lv wkdw ri reoljdwru| frqwulexwlrqv1

Wklv sdshu vkrzv wkdw wklv jxdudqwhh fdq eh sulfhg xvlqj d frqwlqjhqw fodlpv +rs0

wlrqv, wkhruhwlf iudphzrun1 Pruh frqfuhwho|/ L vkrz wkdw wkh jxdudqwhh rq reoljdwru|

frqwulexwlrqv lv htxlydohqw wr dq �rswlrq wr h{fkdqjh�/ vrph dvshfwv ri zklfk kdyh

douhdg| ehhq vwxglhg lq wkh olwhudwxuh1 Xvlqj d glvfuhwh pduwlqjdoh iudphzrun dqg d

elqrpldo vroxwlrq L ghyhors doo dvshfwv ri wklv prgho wkdw duh qhfhvvdu| wr idflolwdwh lwv

sudfwlfdo dssolfdwlrq lq wkh frqwh{w ri wkh shqvlrq ixqg jxdudqwhhv1 L dovr vkrz wkdw

wkh jxdudqwhh rq wkh yroxqwdu| frqwulexwlrqv fdq eh sulfhg xvlqj d pruh frqyhqwlrqdo

rswlrqv iudphzrun exw zlwk dq xqxvxdo zd| ri kdqgolqj wkh h{huflvh sulfh1 Elqrpldo

irupxodv duh rewdlqhg iru erw irupv ri jxdudqwhhv1

Jlyhq wkh lpsruwdqfh ri wklv irup ri vdylqj iru wkh Frorpeldq hfrqrp| dqg iru

wkh ghyhorsphqw ri lwv fdslwdo pdunhwv/ lw lv ri sduwlfxodu lpsruwdqfh wr frqvlghu wkh

lqfhqwlyhv wr zklfk DIS*v duh vxemhfw dv d uhvxow ri wkh sulflqj phfkdqlvp1 Lq d

ohvv irupdo dqdo|vlv L vkrz wkdw wkh fxuuhqw sulflqj v|vwhp hqfrxudjhv orz ohyhov ri

fdslwdo dqg uhvhuyhv dqg dq lqyhvwphqw vwudwhj| wkdw pd| idyru jryhuqphqw �qdqflqj

dqg �qdqflqj ri �qdqfldo lqwhuphgldulhv ryhu wkdw ri uhdo vhfwru exvlqhvv +frusrudwh

ghew dqg htxlw|,1 L dovr dujxh wkdw wkh lqwurgxfwlrq ri d �idlu sulflqj� v|vwhp frxog

hqfrxudjh DISv wr vhwwoh/ dv zlwk wkh �{hg0sulfh v|vwhp/ rq sruwirolrv ri uhodwlyho|

orz ulvn +l1h1 zlwk d kljk sursruwlrq ri jryhuqphqw vhfxulwlhv,1 Wklv pd| qrw eh d gh0

vludeoh uhvxow ehfdxvh lw zrxog xqghuplqh wkh ghyhorsphqw ri d ulvn| htxlw| dqg ghew

pdunhw wkdw zrxog vxssruw �qdqflqj ri wkh uhdo vhfwru1 Ixuwkhu/ lw zrxog ghsulyh

frqwulexwruv iurp h{sorlwlqj wkh ehqh�wv ri wlph glyhuvl�fdwlrq +wkh ulvn glyhuvl�0

fdwlrq h�hfw ri d ex|0dqg0krog vwudwhj|, dqg pd{lpl}lqj wkh hyhqwxdo rog0djh uhqw

rewdlqhg iurp wkh v|vwhp1 Edvhg rq dq dqdo|vlv ri wkh vhqvlwlylw| ri wkh jxdudqwhh rq

reoljdwru| frqwulexwlrqv wr wkh pdlq vwdwh yduldeohv/ L sursrvh wzr srvvleoh v|vwhpv
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ri lqfhqwlyhv wkdw fdq eh xvhg wr hqfrxudjh kljkhu0ulvn lqyhvwphqw e| wkh DIS*v dqg

d vkliw ri wkh ixqg*v sruwirolr wr ulvn| htxlw| dqg ghew1 Jlyhq wkdw wkh frxqwu| kdv

hqjdjhg lq dq h�ruw wr hqfrxudjh fdslwdo pdunhwv ghyhorsphqw dqg wkh �qdqflqj ri

wkh uhdo vhfwru yld sulydwh �qdqfldo pdunhwv/ wklv vwudwhj| dsshduv wr eh wkh pruh

ghvludeoh iurp wkh vrfldo dqg hfrqrplf srlqw ri ylhz1 Ri frxuvh/ wkh vdph v|vwhp/

uhyhuvhg/ frxog eh xvhg wr uhvwudlq DIS*v iurp kljk ulvn lqyhvwphqw dqg d vkliw wr

jryhuqphqw vhfxulwlhv1

Uhihuhqfhv

^4` Dqqd Ulwd Edqlfhoor dqg Ixoylr Ruwx1 Sulflqj htxlw|0olqnhg olih lqvxudqfh zlwk

hqgrjhqrxv plqlpxp jxdudqwhhv1 Lqvxudqfh= Pdwkhpdwlfv dqg Hfrqrplfv/

45=578�58:/ 4<<61

^5` Plfkdho M1 Euhqqdq1 Wkh sulflqj ri frqwlqjhqw fodlpv lq glvfuhwh wlph prghov1

Mrxuqdo ri Ilqdqfh/ 57=86�9;/ Pdufk 4<:<1

^6` Plfkdho M1 Euhqqdq dqg Hgxdugr V1 Vfkzduw}1 Wkh sulflqj ri hxlw|0olqnhg olih lq0

vxudqfh srolflhv zlwk dq dvvhw ydoxh jxdudqwhh1 Mrxuqdo ri Ilqdqfldo Hfrqrplfv/

6=4<8�546/ 4<:91

^7` Mrkq F1 Fr{/ Vwhskhq D1 Urvv/ dqg Pdun Uxelqvwhlq1 Rswlrqv sulflqj= D vlp0

sol�hg dssurdfk1 Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ :=55<�596/ 4<:<1

^8` Qhlo D1 Grkhuw| dqg Mdphv U1 Jduyhq1 Sulfh uhjxodwlrq lq surshuw|0oldelolw|0

lqvxudqfh= D frqwlqjhqw fodlpv dssurdfk1 Mrxuqdo ri Ilqdqfh/ 74=4364�4384/

Ghfhpehu/ 4<;91

^9` M1P1 Kduulvrq dqg G1P1 Nuhsv1 Pduwlqjdohv dqg duelwudjh lq pxowlshulru vhfx0

ulwlhv pdunhwv1 Mrxuqdo ri Hfrqrplf Wkhru|/ 53=6;4�73;/ 4<:<1

^:` Mrkq F1 Kxoo1 Rswlrqv/ Ixwxuhv/ dqg Rwkhu Ghulydwlyh Vhfxulwlhv1 Suhqwlfh Kdoo/

Lqf1/ Hqjohzrrg Fol�v/ Q1M1/ 5qg1 hglwlrq/ 4<<61

^;` P1 Pdujudeh1 Wkh ydoxh ri dq rswlrq wr h{fkdqjh rqh dvvhw iru dqrwkhu1 Mrxuqdo

ri Ilqdqfh/ 66=4::�4;9/ +Pdufk 4<:;,1

^<` Urehuw F1 Phuwrq1 Dq dqdo|wlf ghulydwlrq ri wkh frvw ri ghsrvlw lqvxudqfh dqg

ordq jxdudqwhhv= Dq dssolfdwlrq ri prghuq rswlrq sulflqj wkhru|1 Mrxuqdo ri

Edqnlqj dqg Ilqdqfh/ 4=6�44/ Mxqh 4<::1

^43` Pduf Uxelqvwhlq1 Rqh iru dqrwkhu1 Lq Iurp Eodfn0Vfkrohv wr Eodfn Krohv/ sdjhv

4<4�4<71 Ulvn Pdjd}lqh/ Orqgrq/ 4<<51

^44` Pdun Uxelqvwhlq1 Wkh ydoxdwlrq ri xqfhuwdlq lqfrph vwuhdpv dqg wkh sulflqj ri

rswlrqv1 Wkh Ehoo Mrxuqdo ri Hfrqrplfv/ :=73:�758/ Rfwrehu 4<:91

^45` Uhqh Vwxo}1 Rswlrqv rq wkh plqlpxp ru wkh pd{lpxp ri wzr ulvn| dvvhwv=

Dqdo|vlv dqg dssolfdwlrqv1 Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 43=494�4;8/ 4<;51
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^46` Ohqrv Wuljhrujlv1 Uhdo Rswlrqv= Pdqdjhuldo Ioh{lelolw| dqg Vwudwhj| lq Uhvrxufhv

Doorfdwlrq1 Wkh PLW Suhvv/ Fdpeulgjh/ Pdvvdfkxvhwwv/ 4<<91

5;


