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Rq wkh Vl}h dqg wkh Hyroxwlrq ri wkh Lqirupdo

Vhfwru lq Ghyhorslqj Frxqwulhv= Wkh Fdvh ri Wxunh|

G�xugdqh �Vlulq Vdudfr�jox4

Pd|/ 5336

Devwudfw

Wklv sdshu vwxglhv d wkuhh vhfwru Udpvh|0w|sh jurzwk prgho zlwk gl�huhqw jurxsv

ri krxvhkrogv1 Jurxsv ri krxvhkrogv duh gl�huhqwldwhg lq whupv ri wkhlu dffhvv wr wkh

pdunhwv ri surgxfwlyh dvvhwv/ fdslwdo dqg odqg1 Wklv yduldwlrq lq dffhvv wr dvvhw pdu0

nhwv lpsolhv gl�huhqfhv lq idfwru hqgrzphqwv/ dqg uhvxowv lq dvvhw dqg lqfrph lqhtxdolw|

dprqj krxvhkrogv1 Surgxfwlrq rffxuv lq djulfxowxudo/ irupdo/ dqg lqirupdo vhfwruv1 Lq

sduwlfxodu/ krxvhkrog suhihuhqfhv glvsod| Hqjho h�hfwv lq wzr ri wkh jrrgv= djulfxowxudo

dqg lqirupdoo| surgxfhg jrrgv1 Lqfrph hodvwlflw| ri ghpdqg iru irupdoo| surgxfhg jrrgv/

rq wkh rwkhu kdqg/ lv htxdo wr rqh1 Wkh prgho lv fdoleudwhg wr Wxunlvk Qdwlrqdo gdwd iru

wkh |hdu 4<<:/ dqg wkh vlpxodwlrq uhvxowv lqglfdwh wkdw dv wkh hfrqrp| wudqvlwlrqv lqwr

wkh orqj0uxq htxloleulxp zlwk wkh surfhvv ri jurzwk/ wkh lpsruwdqfh ri djulfxowxudo dqg

lqirupdo vhfwruv glplqlvk/ dqg wkdw ri wkh irupdo vhfwru lqfuhdvhv/ jlyhq dq| ghjuhh ri

dvvhw dqg lqfrph lqhtxdolw|1 Krzhyhu/ zlwk kljkhu ghjuhhv ri dvvhw lqhtxdolw|/ wkh uhvxowv

vkrz wkdw lq wkh orqj uxq/ wkh hfrqrp| hqgv xs zlwk d odujhu lqirupdo vhfwru rxwsxw dqg

d vpdoohu irupdo vhfwru rxwsxw1 Ixuwkhupruh/ lw lv vkrzq wkdw orzhulqj wkh oderu wd{hv

lq wkh irupdo vhfwru |lhogv idyrudeoh uhvxowv lq whupv ri fdslwdo vwrfn/ lqfrph/ dqg irupdo

vhfwru rxsxw dqg hpsor|phqw lq erwk wudqvlwlrq dqg lq wkh orqj0uxq1

MHO Fodvvl�fdwlrq Frghv= F94/ G66/ R4:/ R74

Nh|zrugv= Lqirupdo Vhfwru/ Hfrqrplf Jurzwk/ Dvvhw dqg Lqfrph Lqhtxdolw|/

Hqjho H�hfwv1

4Sk1G1 Fdqglgdwh/ Ghsduwphqw ri Dssolhg Hfrqrplfv/ Xqlyhuvlw| ri Plqqhvrwd1 L zrxog olnh wr wkdqn p|

dgylvru Surihvvru Whuu| O1 Urh iru hqfrxudjhphqw dqg lqydoxdeoh frpphqwv/ dqg wr Surihvvruv Y1Y1 Fkdul/

Urgqh| Vplwk dqg Odxud Ndodpernlglv iru khosixo glvfxvvlrqv dqg jxlgdqfh1 Fruuhvsrqgdqfh fdq eh gluhfwhg

wr vdud3349Cxpq1hgx/ dqg doo frpphqwv zloo eh juhdwo| dssuhfldwhg1



4 Lqwurgxfwlrq

Xqwlo wkh hduo| 4<:3*v/ wkh ohvv ghyhorshg frxqwulhv zhuh riwhq fkdudfwhul}hg e| gxdo hfrqrplhv/

zlwk d wudglwlrqdo djulfxowxudo vhfwru dqg d pruh prghuq/ xuedq vhfwru1 Wkh glfkrwrp| zlwklq

wkh xuedq vhfwru +wudglwlrqdo xuedq yhuvxv prghuq xuedq, lq wkhvh frxqwulhv zdv frqvlghuhg

wr eh d whpsrudu| skhqrphqrq e| prvw dxwkruv/ wkdw lv/ wkh wudglwlrqdo xuedq hpsor|phqw

zdv frqvlghuhg wr eh d whpsrudu| prgh ri hpsor|phqw iru wkh xqvnloohg djulfxowxudo oderu hq

urxwh wr d shupdqhqw prghuq xuedq hpsor|phqw +Ohzlv/ 4<87> Udqlv dqg Ihl/ 4<94> Wrgdur/

4<9<,1 Krzhyhu/ vwxglhv �uvw e| Kduw +4<:6, rq xuedq hpsor|phqw lq Jkdqd dqg odwhu e|

Lqwhuqdwlrqdo Oderxu R!fh +4<:6, uhgh�qhg wkh wudglwlrqdo xuedq vhfwru dv wkh �lqirupdo�

vhfwru/ dqg dujxhg wkdw lq ohvv ghyhorshg frxqwulhv/ lqirupdo vhfwru hpsor|phqw zdv d shu0

pdqhqw udwkhu wkdq d whpsrudu| vrxufh ri hpsor|phqw/ dqg vkrxog eh h{dplqhg vhsdudwho|

iurp hpsor|phqw lq wkh �irupdo� vhfwru1 Iroorzlqj wkhvh vwxglhv/ wkh dqdo|vlv ri wkh gxdo0

lvp ehwzhhq irupdo dqg lqirupdo vhfwruv/ sduwlfxoduo| dqdo|}lqj wkh lqirupdo vhfwru lq ohvv

ghyhorshg frxqwulhv/ kdv jdlqhg pxfk prphqwxp/ dqg fuhdwhg d vl}hdeoh olwhudwxuh51

Lq wkh olwhudwxuh/ vhyhudo whupv kdyh ehhq xvhg wr ghvfuleh lqirupdo hfrqrplf dfwlylw|

durxqg wkh zruog= xqr!fldo/ vkdgrz/ klgghq/ xqghujurxqg/ loohjdo/ xquhfrughg/ xquhsruwhg/

sdudooho/ eodfn1 Dowkrxjk wkhuh pd| eh qxdqfhv lq wkhvh whupv/ wkh| doo kdyh d frpprq

ghqrplqdwru= �wkrvh hqjdjhg lq +vxfk, dfwlylwlhv flufxpyhqw/ hvfdsh/ ru duh h{foxghg iurp

wkh lqvwlwxwlrqdo v|vwhp ri uxohv/ uljkwv/ uhjxodwlrqv dqg hqirufhphqw shqdowlhv wkdw jryhuqv

wkrvh djhqwv hqjdjhg lq irupdo surgxfwlrq dqg h{fkdqjh� +Ihljh/ 4<<3,1 Sduwlfxoduo| lq ohvv

ghyhorshg dqg ghyhorslqj frxqwulhv/ lqirupdo hfrqrplf dfwlylw|/ ru wkh whup �lqirupdo vhfwru�

kdv dgglwlrqdo frqqrwdwlrqv= wklv whup xvxdoo| ghvfulehv d vpdoo vfdoh/ wudglwlrqdo lqgxvwu|

vhfwru/ fkdudfwhul}hg e| hdvh ri hqwu|/ uholdqfh rq lqgljhqrxv uhvrxufhv/ idplo| rzqhuvkls ri

hqwhusulvhv/ oderu lqwhqvlyh whfkqrorjlhv/ vnloov dftxluhg rxwvlgh wkh irupdo vfkrro v|vwhp/ dqg

xquhjxodwhg dqg frpshwlwlyh pdunhwv +Eurpoh|/ 4<:;,1 Vhyhudo hpslulfdo vwxglhv +lqfoxglqj

Vfkqhlghu dqg Hqvwh/ 5333> Ord|}d/ 4<<9> Iulhgpdq/ hw do1/ 5333> Zruog Edqn Zruog Ghyho0

rsphqw Uhsruw/ 5335, kdyh irxqg d odujh lqirupdo vhfwru wr eh dq lpsruwdqw fkdudfwhulvwlf

ri ohvv ghyhorshg dqg ghyhorslqj hfrqrplhv= Vfkqhlghu dqg Hqvwh frpsduh wkh vl}h ri wkh

lqirupdo hfrqrp| lq :9 frxqwulhv ehwzhhq 4<;< dqg 4<<6/ dqg �qg wkdw rq dyhudjh/ lq ghyho0

rslqj frxqwulhv +Diulfd/ Fhqwudo dqg Vrxwk Dphulfd/ Dvld,/ wkh vl}h ri wkh lqirupdo hfrqrp|

lv ehwzhhq 68( dqg 77( ri r!fldo JGS/ lq wudqvlwlrq frxqwulhv +iruphu Vrylhw Xqlrq dqg

5Sohdvh vhh Gdqhvk +4<<4, dv d frpsuhkhqvlyh uhvhdufk jxlgh rq wkh lqirupdo hfrqrp|1

4



Hdvwhuq Hxursh,/ ehwzhhq 54( dqg 68( ri r!fldo JGS/ zkhuhdv lq RHFG frxqwulhv/ lw lv

derxw 48(1 Ord|}d hvwlpdwhv wkh vl}h ri wkh lqirupdo vhfwru lq Odwlq Dphulfd wr eh 6<( ri

r!fldo JGS/ rq dyhudjh iru wkh hduo| 4<<3*v/ udqjlqj iurp 4;( lq Fkloh/ wr 99( lq Erolyld1

Lq klv idprxv vwxg| rq Olpd/ Shux/ gh Vrwr +4<;<, hvwlpdwhv wkh vl}h ri wkh lqirupdo vhfwru

wr eh 6<( ri r!fldo JGS lq wkh hduo| 4<;3*v/ dqg wr jurz wr 94( lq |hdu 53331 Kh kdv dovr

uhsruwhg wkdw vrph 94( ri wrwdo zrun krxuv kdyh ehhq ghyrwhg wr lqirupdo hfrqrplf dfwly0

lw| gxulqj wkh hduo| 4<;3*v lq Olpd1 Wkhvh �qglqjv/ dprqj rwkhuv/ lpso| d vwurqj qhjdwlyh

uhodwlrqvkls ehwzhhq wkh ohyho ri hfrqrplf ghyhorsphqw dqg wkh vl}h ri wkh lqirupdo vhfwru1

Ixuwkhupruh/ d qhjdwlyh uhodwlrqvkls fdq eh revhuyhg ehwzhhq JGS shu fdslwd +XV'/ SSS

dgmxvwhg, dqg wkh vkduh ri lqirupdo xuedq hpsor|phqw lq wrwdo xuedq hpsor|phqw +dv dq

lqglfdwru ri lqirupdo dfwlylw|, dprqjvw ghyhorslqj frxqwulhv/ dv ghslfwhg e| Iljxuh 414 iru

wkh 4<<804<<< dyhudjh +Zruog Ghyhorsphqw Lqglfdwruv/ 5335,=
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Iljxuh 414= JGS shu fdslwd yv1 lqirupdo hpsor|phqw

Lq dgglwlrq wr wkhvh �qglqjv/ Iulhgpdq/ hw do1 +5333, uhsruw wkdw frqwuroolqj iru shu fdslwd

lqfrph/ �srru lqvwlwxwlrqv� ohdg wr d odujh lqirupdo vhfwru lq dq hfrqrp|1 Lqvwlwxwlrqv/ dv

Qruwk +4<<3, sxwv lw/ duh �wkh uxohv ri wkh jdph lq d vrflhw|�1 Wkh| duh �111wkh kxpdqo|

ghylvhg frqvwudlqwv wkdw vkdsh kxpdq lqwhudfwlrqv�/ dqg �111wkh| vwuxfwxuh lqfhqwlyhv lq kx0

pdq h{fkdqjh/ zkhwkhu srolwlfdo/ vrfldo/ ru hfrqrplf1� Qruwk uhfrjql}hv wkdw lqvwlwxwlrqv lq

d vrflhw| fdq eh fodvvl�hg dv lqirupdo +frqyhqwlrqv dqg frghv ri ehkdylru wkdw hyroyh ryhu

jhqhudwlrqv/ wkh| duh vxemhfwlyh lq qdwxuh, dqg irupdo +wkrvh uxohv ghylvhg e| kxpdq ehlqjv,1
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Lq wkh vwudqg ri hfrqrplf olwhudwxuh wkdw irfxvhv rq wkh uhodwlrqvkls ehwzhhq lqvwlwxwlrqv dqg

hfrqrplf shuirupdqfh/ wkh whup �lqvwlwxwlrqv� lpsolhv irupdo/ ru jryhuqphqw lqvwlwxwlrqv

vxfk dv wkh uxoh ri odz/ exuhdxfudwlf dqg uhjxodwru| frpshwhqfh/ vhfxulw| ri surshuw| dqg

frqwudfwxdo uljkwv/ dqg wkh olnh1 Qxphurxv vwxglhv olqn ehwwhu lqvwlwxwlrqv wr ehwwhu hfr0

qrplf shuirupdqfh phdvxuhg dv hfrqrplf jurzwk= Nqdfn dqg Nhhihu +4<<8/ 4<<:,/ Nqdfn

+4<<9,/ Hdvwhuo| dqg Ohylqh +4<<:,/ Jrogvplwk +4<<;,/ Jdqj dqg Fkxq|lqj +4<<;,/ Frorp0

edwwr +4<<;,/ Euxqhwwl/ hw do1 +4<<:,/ Sduhqwh dqg Suhvfrww +4<<<,/ Khqlv} +5333,/ Juljruldq

dqg Pduwlqh} +5333, wr olvw d ihz1 Dqrwkhu vwudqg ri hfrqrplf olwhudwxuh hvwdeolvkhv wkh olqn

ehwzhhq wkh txdolw| ri lqvwlwxwlrqv dqg wkh vl}h ri lqirupdo hfrqrplf dfwlylw| lq d frxqwu|=

khdy| exuhdxfudwlf dqg uhjxodwru| exughq/ wrohudqfh ri fruuxswlrq/ odfn ri ohjdo frpshwhqfh

dqg hqirufhphqw/ xqvhfxuh ru qrq0h{lvwhqw surshuw| dqg frqwudfwxdo uljkwv/ dqg kljkhu wkdq

rswlpdo wd{ udwhv gulyh djhqwv wr hqjdjh lq surgxfwlrq dqg h{fkdqjh dfwlylwlhv lq wkh lqiru0

pdo vhfwru +Iulhgpdq/ hw do1 5333> Mrkqvrq/ hw do1 4<<;> Gmdqnry/ hw do1 5334> Ord|}d/ 4<<9>

Zruog Edqn Zruog Ghyhorsphqw Uhsruw/ 5335> Qhfn/ hw do1 4<;<> gh Vrwr/ 4<;<> Lkulj/ hw do1/

5333> Odfnö/ 5333,1 Iurp wkhvh vwxglhv/ rqh fdq ghgxfh wkdw idfwruv wkdw surprwh lqirupdo

hfrqrplf dfwlylw| dovr klqghu ehwwhu ryhudoo hfrqrplf shuirupdqfh1

Wkh remhfwlyh ri wkh suhvhqw sdshu lv wzrirog= wkh jhqhudo sxusrvh lv wr dujxh wkdw lq0

vwlwxwlrqdo idfwruv wkdw pd| ohdg wr shupdqhqw dvvhw dqg lqfrph lqhtxdolw| duh lpsruwdqw

iru erwk wkh lqfrph ohyho dqg lqfrph jurzwk/ dv zhoo dv wkh uhodwlyh vl}h ri wkh lqirupdo

vhfwru1 Wkh pruh vshfl�f remhfwlyhv duh wr ghwhfw wkh ehkdylru ri wkh lqirupdo vhfwru gxulqj

wkh vwuxfwxudo wudqvlwlrq surfhvv ri dq hfrqrp|/ dqg wr h{sodlq wkh wudqvlwlrq surfhvv lq sduw

e| wkh suhihuhqfh dqg lqfrph vwuxfwxuh ri khwhurjhqrxv djhqwv1 Wr dfklhyh wkhvh remhfwlyhv/

d pxowl0vhfwru Udpvh|0w|sh jurzwk prgho zlwk djhqwv gl�huhqwldwhg e| wkhlu rzqhuvkls ri

idfwruv ri surgxfwlrq +odqg/ oderu dqg fdslwdo, lv lqwurgxfhg> wkhuh duh dvvhw0ulfk krxvhkrogv

zkr frqwuro rzqhuvkls ri fdslwdo dqg odqg/ dqg dvvhw0srru krxvhkrogv zkr rzq rqo| oderu1

Zlwk wklv glvwlqfwlrq lq idfwru rzqhuvkls/ lqvwlwxwlrqdo uljlglwlhv wkdw pd| ohdg wr shupdqhqw

dvvhw dqg lqfrph lqhtxdolw| duh hpskdvl}hg1 H�hfwlyho|/ wkhuh duh wzr dvvhw pdunhw idloxuhv/

rqh lq fdslwdo/ dqg wkh rwkhu lq odqg1 Wkhvh duh wkh wzr idfwru pdunhwv wkdw duh vdlg wr

eh �uhodwlyho| lqvwlwxwlrqdoo| lqwhqvlyh�61 Surgxfwlrq rffxuv lq wkuhh vhfwruv/ djulfxowxudo/

6Wkdw lv/ djhqw ehkdylru lq fdslwdo dqg odqg pdunhwv duh ghshqghqw rq lqvwlwxwlrqdo vwuxfwxuhv +surshuw|

uljkwv/ frqwudfw hqirufhdelolw|/ hwf1, pruh wkdq lq dq| rwkhu pdunhw1 Lq wklv vwxg|/ djhqw ehkdylru dqg

lqfhqwlyhv duh qrw h{solflwo| prghohg/ exw lw lv dvvxphg wkdw rqh jurxs ri djhqwv hqmr| dffhvv wr fdslwdo dqg

odqg pdunhwv/ zkhuhdv dqrwkhu jurxs grhv qrw1
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irupdo dqg lqirupdo71 Djulfxowxuh xvhv fdslwdo/ oderu dqg �{hg odqg/ zkhuhdv wkh irupdo dqg

lqirupdo vhfwruv xvh rqo| fdslwdo dqg oderu1 Lq sduwlfxodu/ rqh ri wkh glvwlqfwlyh ihdwxuhv ri

wkh irupdo vhfwru lv wkdw wkh �upv lq wklv vhfwru idfh uhjxodwru| phdvxuhv lq wkh irup ri oderu

wd{hv/ zkhuhdv wkh lqirupdo vhfwru �upv hydgh vxfk uhjxodwru| phdvxuhv1

Lq dgglwlrq wr wkh vxsso|0vlgh h�hfwv lpsolhg e| wkh uhodwlyh idfwru lqwhqvlwlhv/ wkh ghpdqg

vlgh ri wkh hfrqrp| lv dovr h{shfwhg wr kdyh d vljql�fdqw h�hfw rq wkh wudqvlwlrq sdwk wr orqj

uxq htxloleulxp/ ghshqglqj rq wkh vhyhulw| ri lqfrph lqhtxdolw|8= dvvhw0srru djhqwv zloo frq0

wlqxh wr ghyrwh dq lpsruwdqw sruwlrq ri wkhlu lqfrphv rq ex|lqj lqirupdoo| pdqxidfwxuhg

jrrgv dqg djulfxowxudo jrrgv/ wklv h{shqglwxuh sdwwhuq zloo suhydlo hyhq wkrxjk wkh hfrqrp|

wudqvlwlrqv lqwr orqj uxq htxloleulxp dv lw dffxpxodwhv fdslwdo/ ehqh�wlqj wkh dvvhw0ulfk krxvh0

krogv/ zkr douhdg| ghyrwh d odujhu sruwlrq ri wkhlu wrwdo h{shqglwxuhv rq sxufkdvlqj irupdoo|

surgxfhg jrrgv/ dqg d uhodwlyho| vpdoohu sruwlrq rq lqirupdo dqg djulfxowxudo jrrgv/ wr ehjlq

zlwk1 Li lqfrph lqhtxdolw| lv vhyhuh/ l1h1 rqo| d vpdoo iudfwlrq ri wkh srsxodwlrq rzq fdslwdo

dqg odqg/ d uhodwlyho| vorz fkdqjh lq ghpdqg sdwwhuqv dzd| iurp djulfxowxudo dqg lqirupdo

jrrgv lv h{shfwhg dv wkh hfrqrp| wudqvlwlrqv lqwr wkh orqj uxq> li wkh lqfrph lqhtxdolw| lv

ohvv vhyhuh/ l1h1 dvvhwv duh pruh hyhqo| glvwulexwhg/ wkhq d uhodwlyho| idvwhu fkdqjh lq ryhudoo

ghpdqg sdwwhuqv pd| rffxu1

Wkh qh{w vhfwlrq ghvfulehv wkh prgho dqg lwv edvlf surshuwlhv1 Lq Vhfwlrq 6/ wkh htxloleulxp

iru wklv hfrqrp| lv gh�qhg dqg fkdudfwhul}hg1 Lq Vhfwlrq 7/ wkh prgho lv fdoleudwhg wr

Wxunlvk Qdwlrqdo gdwd iru wkh |hdu 4<<:/ dqg wkh uhvxowv iurpprgho vlpxodwlrqv duh suhvhqwhg1

Hvshfldoo|/ wkh orqj0uxq h�hfwv ri ydu|lqj wkh ghjuhh ri dvvhw dqg lqfrph lqhtxdolw|/ dv zhoo

dv wkh h�hfwv ri ydu|lqj wkh oderu wd{hv ohylhg rq irupdo vhfwru �upv duh h{dplqhg1 Vhfwlrq

8 frqfoxghv wklv vwxg|1

7Lq wkhlu duwlfoh/ Jdqj dqg Jdqjrsdgk|d| +4<<3, kdyh d vlplodu vwuxfwxuh lq wkh vxsso| vlgh ri wkh hfrqrp|/

krzhyhu/ wkh| gr qrw suhvhqw ghpdqg0vlgh uhodwlrqvklsv lq wkhlu prgho hfrqrp|1
8Shuvvrq dqg Wdehoolql +4<<7, olqn lqfrph lqhtxdolw| dqg hfrqrplf jurzwk yld +uhjxodwru|, lqvwlwxwlrqv

vxfk dv sdwhqw ohjlvodwlrq/ ru surshuw| uljkwv wkdw doorz wkh djhqw wr sulydwho| dssursuldwh uhwxuqv rq klv

lqyhvwphqw1 Jdqjrsdgk|d| +4<<;, dovr olqnv orz hfrqrplf jurzwk wr lqfrph lqhtxdolw|/ exw r�huv d gl�huhqw

srlqw ri ylhz= zlwk qrq0krprwkhwlf suhihuhqfhv/ dqg lqhtxdolw| lq fdslwdo rzqhuvkls/ fdslwdo dffxpxodwlrq

zlwkrxw dq| fkdqjh lq rzqhuvkls sdwwhuq jhqhudwhv hqfodyhv ri survshulw|/ ohdylqj odujh vhfwlrqv ri wkh vrflhw|

xqd�hfwhg1 Pxusk|/ hw do1 +4<;<, vkrz wkdw wkh frpsrvlwlrq ri ghpdqg/ dv ghwhuplqhg e| wkh pdunhw vl}h

iru pdqxidfwxuhv/ dqg lqfrph glvwulexwlrq/ sod| dq lpsruwdqw uroh lq lqgxvwuldol}dwlrq1 Urvvhu/ hw do1 +5333,

hpslulfdoo| vkrz wkdw iru wudqvlwlrq hfrqrplhv/ lqfrph lqhtxdolw| lv srvlwlyho| uhodwhg zlwk wkh vkduh ri rxwsxw

surgxfhg lq wkh lqirupdo hfrqrp|1
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5 Wkh Edvlf Prgho

Lq wklv vhfwlrq/ wkh hqylurqphqw/ wkh dvvxpswlrqv derxw wkh surgxfwlrq whfkqrorjlhv/ krxvh0

krog suhihuhqfhv/ dqg wkh dvvhw glvwulexwlrq duh lqwurgxfhg1

Wkh prgho lv d vlpsoh pxowl0vhfwru Udpvh|0w|sh jurzwk prgho zlwk wzr krxvhkrogv gli0

ihuhqwldwhg e| wkhlu kroglqjv ri idfwruv ri surgxfwlrq1 Wkhuh lv qr whfkqrorjlfdo fkdqjh/ ru

srsxodwlrq jurzwk lq wkh suhvhqw prgho1

D vpdoo rshq hfrqrp| zlwk wkuhh surgxfwlrq vhfwruv lv ghvfulehg1 Wkhvh wkuhh vhfwruv

fdswxuh wkh wzr w|shv ri gxdolvp lq ghyhorslqj frxqwulhv= wkh gxdolvp ehwzhhq wudglwlrqdo

djulfxowxudo dqg prghuq vhfwruv/ dqg wkh gxdolvp zlwklq wkh prghuq vhfwru/ irupdo yhuvxv

lqirupdo surgxfwlrq1 Lq hdfk shulrg/ wkh surgxfwlrq ri irupdo dqg lqirupdo vhfwru jrrgv

uhtxluhv wkh xvh ri fdslwdo dqg oderu lqsxwv/ dqg wkh surgxfwlrq ri djulfxowxudo jrrgv uhtxluhv

oderu/ fdslwdo/ dqg d �{hg/ vhfwru0vshfl�f idfwru ri surgxfwlrq/ odqg1 Oderu dqg fdslwdo duh

shuihfwo| preloh ehwzhhq vhfwruv> dqg odqg fdq eh uhqwhg lq ru rxw rqo| zlwklq wkh djulfxowxudo

vhfwru1 Wkhuh lv qr prelolw| ri wkh idfwruv ri surgxfwlrq ehwzhhq qdwlrqv1

514 Surgxfwlrq

Wkh surgxfwlrq lq djulfxowxuh lv uhsuhvhqwhg e| d frqvwdqw uhwxuqv wr vfdoh Free0Grxjodv

surgxfwlrq ixqfwlrq9=

\� @ e�E�O
��

�
N�2

�
W�� +4,

zkhuh \� lv wkh djjuhjdwh djulfxowxudo rxwsxw:/ N�/ O� dqg W duh wkh fdslwdo/ oderu dqg

�{hg odqg lqsxwv/ uhvshfwlyho|/ e� A 3/ E� A 3> ��> �2> �� 5 +3> 4, dqg �� . �2 . �� @ 4=

Djulfxowxudo vhfwru �upv duh shuihfwo| frpshwlwlyh lq erwk lqsxw dqg rxwsxw pdunhwv/ dqg

wkh rxwsxw ri wkh vhfwru lv d sxuh frqvxpswlrq jrrg wkdw fdq eh lqwhuqdwlrqdoo| wudghg1

Djulfxowxudo �upv wdnh wkh sulfh ri wkh oderu lqsxw/ zdjhv $ dqg wkh uhqwdo sulfh ri fdslwdo/

u dv jlyhq/ dqg fkrrvh O�dqg N� wr plqlpl}h frvwv iru doo w/ l1h1

plq $O� . uN� +5,

vxemhfw wr \� � e�E�O
��

�
N�2

�
W��

O�>N� A 3

9Wlph vxevfulswv/ w> duh vxssuhvvhg vlqfh wkh surgxfhuv vroyh wkh vdph +frvw plqlpl}dwlrq dqg sur�w

pd{lpl}dwlrq, sureohpv lq hyhu| shulrg1
:Iru vlpsol�fdwlrq/ wkh vfdolqj sdudphwhu E� lv vhw dw E�  �

3�4

�
�
3�5

2
�
3�6

�
=
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Jlyhq wkh frvw0plqlpl}lqj ydoxhv ri O�/ N� dqg wkh pdunhw sulfh ri wkh djulfxowxudo jrrg/

s�/ djulfxowxudo �upv fkrrvh \� wr pd{lpl}h sur�wv/ iru doo w>

pd{ ~s�\� � $O�+$> u> \�> W ,� uN�+$> u> \�> W,j +6,

Wkh pd{lpxp sur�wv jhqhudwhg e| wkh djulfxowxudo vhfwru duh

��+s�> $> u, @ +e�s�,
�

�� $
3

��

�� u
3

�2

�� W +7,

lq zklfk

v+s�> $> u, @
C��

CW
@ +e�s�,

�

�� $
3

��

�� u
3

�2

�� +8,

uhsuhvhqwv wkh uhqwv wr odqg;1 Wkh sur�wv lq djulfxowxuh duh lpphgldwh uhqwv wr wkh

odqgrzqhu krxvhkrogv1

Wkh frqvwdqw uhwxuqv wr vfdoh Free0Grxjodv surgxfwlrq ixqfwlrqv lq irupdo dqg lqirupdo

vhfwruv duh

\2 @ e2E2O
�
2
N

�3�
2

+9,

\� @ e�E�O
�
�
N�3�

�
+:,

zkhuh \m > Om / Nm / m @ 5> 6 duh wkh djjuhjdwh rxwsxw/ oderu lqsxw/ dqg fdslwdo lqsxw lq

irupdo dqg lqirupdo pdqxidfwxulqj/ uhvshfwlyho|<1 Ilqdoo|/ em A 3> Em A 3> m @ 5> 6> � dqg

� 5 +3> 4,= Ilupv lq erwk ri wkh pdqxidfwxulqj vhfwruv duh frpshwlwlyh lq lqsxw dqg rxwsxw

pdunhwv/ dqg hduq qrupdo sur�wv1 Wkh irupdo vhfwru �upv/ krzhyhu/ sd| oderu wd{hv/ l1h1

wkh| kdyh wr pdnh frqwulexwlrqv wrzdugv wkh vrfldo vhfxulw| suhplxpv ri wkhlu hpsor|hhv/ dw

wkh udwh �i ri zdjhv hduqhg1 Wkh lqirupdo vhfwru �upv duh rxw ri wkh uhdop ri jryhuqphqw

uhjxodwlrqv/ wkhuhiruh kdyh qr vxfk h{wud oderu frvwv1 Wkh rxwsxw ri lqirupdo vhfwru lv d sxuh

frqvxpswlrq jrrg wkdw lv qrw lqwhuqdwlrqdoo| wudghg/ zkhuhdv wkh rxwsxw ri wkh irupdo vhfwru

lv erwk dq lqyhvwphqw dqg d frqvxpswlrq jrrg/ wkdw fdq eh lqwhuqdwlrqdoo| wudghg1

515 Krxvhkrogv

Wkh hfrqrp| lv srsxodwhg e| wzr w|shv ri krxvhkrogv= krxvhkrogv ri W|sh04 +�dvvhw0ulfk�/ ru

rqo| �ulfk�, kdv wkh rzqhuvkls ri doo odqg/ dqg fdslwdo/ dorqj zlwk vrph ri wkh oderu> krxvh0

krogv ri W|sh05 +�dvvhw0srru�/ ru rqo| �srru�, rzq vrph ri wkh oderu/ rqo|1 Frqvhtxhqwo|/

;Odqg pdunhw fohduv dw v=
<Iru vlpsol�fdwlrq/ vfdolqj sdudphwhuv E2 dqg E� duh vhw dw E2  �

3�E�3 ���3� dqg E�  �
3�E�3 ���3�=
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rqo| wkh ulfk kdyh wkh delolw| wr vdyh lqwhuwhpsrudoo| dqg frqwulexwh wr fdslwdo dffxpxodwlrq/

zkhuhdv wkh srru h{kdxvw doo ri wkhlu zdjh lqfrph rq frqvxpswlrq/ hyhu| shulrg1

Wkh uhsuhvhqwdwlyh ulfk krxvhkrog43 zlvkhv wr pd{lpl}h lqwhuwhpsrudo xwlolw|/ X> dv jlyhq

e| wkh ixqfwlrq

X @

"]

f

f
�+w,�3� � 4

4� �
h
3�w

gw +;,

vxemhfw wr khu  rz exgjhw frqvwudlqw

u�
N

O�

�
+w, @ $+w, . u+w,

N

O�
+w, . v+w,

W

O�
.
+w,�H

�+f�+w,> s+w,, +<,

lqlwldo ohyho ri djjuhjdwh fdslwdo

N+3, @ Nf +43,

dqg wkh wudqvyhuvdolw| frqglwlrq

olp
w<"

N+w,h3
U
w

f
uE��g� @ 3 +44,

zkhuh f
�+w, lv dq lqgh{ ri djjuhjdwh frqvxpswlrq e| wkh ulfk krxvhkrog1 Wkh uhpdlqlqj

yduldeohv duh gh�qhg dv iroorzv= N+w, lv wkh djjuhjdwh fdslwdo/ O�
5 +3> 4` lv wkh srsxodwlrq

ri wkh ulfk krxvhkrogv/ $+w, lv wkh zdjh shu xqlw ri oderu/ u+w, lv wkh uhwxuq rq shu xqlw ri

fdslwdo/ v+w, lv wkh uhwxuq rq odqg/ 
+w, lv wkh shu fdslwd wudqvihuv/ htxdo wr wkh shu fdslwd vrfldo

vhfxulw| suhplxp frqwulexwlrqv pdgh e| irupdo vhfwru �upv/ H�+f�+w,> s+w,, lv wkh djjuhjdwh

h{shqglwxuh e| ulfk krxvhkrog/ s+w, lv wkh yhfwru ri rxwsxw sulfhv +s�> s2> s�,+w,/ 4@� lv wkh

hodvwlflw| ri lqwhuwhpsrudo vxevwlwxwlrq/ dqg � lv wkh glvfrxqw idfwru1 Hylghqwo|/ wkh ulfk

krxvhkrog idfhv d wzr0vwdjh frqvxpswlrq fkrlfh sureohp= lqwud0whpsrudo dqg lqwhu0whpsrudo1

Wkh uhsuhvhqwdwlyh srru krxvhkrog44/ rq wkh rwkhu kdqg/ vlpso| fkrrvhv frqvxpswlrq

exqgohv lq hyhu| shulrg/ vxemhfw wr khu lqvwdqwdqhrxv exgjhw frqvwudlqw

H
2+f2> s,+w, @ $+w, .
+w, +45,

43Frqvxpswlrq yduldeoh lv uhsuhvhqwhg lq whupv ri �shu krxvhkrog� udwkhu wkdq �jurxs ri ulfk krxvhkrogv�1

H{suhvvlqj ulfk krxvhkrogv dv d jurxs= ohw djjuhjdwh frqvxpswlrq eh F�> wkhq frqvxpswlrq �shu� ulfk krxvh0

krog lv f� ' F
4

O4
> dqg frqvxpswlrq shu fdslwd zlwk uhvshfw wr jurxs ri ulfk krxvhkrogv lv F

4

O4

O
4

O
' f�c�=

44Ohw djjuhjdwh frqvxpswlrq ri jurxs ri srru krxvhkrogv eh F2> wkhq frqvxpswlrq �shu� srru krxvhkrog

lv f2 ' F
5

O5
> dqg frqvxpswlrq shu fdslwd zlwk uhvshfw wr jurxs ri srru krxvhkrogv lv F

5

O5

O
5

O
' f2c2= Khuh/

O2
' O3O� dqg c2 ' �3 c�=

:



zkhuh f2 lv dq lqgh{ ri djjuhjdwh frqvxpswlrq dqg H
2+f2> s, lv wkh djjuhjdwh h{shqglwxuh

ri wkh ri wkh srru krxvhkrog1

Wkh lqvwdqwdqhrxv frqvxpswlrq frpsrvlwh ri krxvhkrog W|sh0l> l @ 4> 5/ lv ri wkh Vwrqh0

Jhdu| irup=

f
l @ E+fl

� �
�
l
�
,��+fl

2
,�2+fl

� �
�
l
�
,�� +46,

f
l
�

A �
l
�

f
l
2

A 3

f
l
�

A �
l
�

zkhuh f
l
m lv wkh frqvxpswlrq ri jrrg m/ m @ 4> 5> 6 shu krxvhkrog W|sh0l/ E A 3 lv d

frqvwdqw45/ dqg �� . �2 . �� @ 4= Lq wklv vwxg|/ wkh qrq0krprwkhwlflw| ri wkh Vwrqh0Jhdu|

suhihuhqfhv duh phdqw wr fdswxuh wkh Hqjho h�hfwv/ l1h1 krxvhkrogv ghyrwh d vpdoohu sruwlrq

ri wkhlu lqfrphv rq djulfxowxudo dqg lqirupdo vhfwru jrrgv dv wkhlu lqfrphv lqfuhdvh
46
1 Ixu0

wkhupruh/ wkhvh suhihuhqfhv lpso| wkdw wkh lqfrph hodvwlflwlhv ri wkh ghpdqg iru djulfxowxudo

dqg lqirupdo vhfwru jrrgv duh ohvv wkdq rqh/ dqg wkdw iru wkh irupdo vhfwru jrrgv lv htxdo

wr rqh1 Khuh/ �l

�
ri djulfxowxudo jrrg iru krxvhkrog W|sh0l fdq eh lqwhusuhwhg dv wkh ohyho ri

vxevlvwhqfh irrg frqvxpswlrq/ zkloh �l

�
ri lqirupdo jrrg iru krxvhkrog W|sh0l pd| eh lqwhu0

suhwhg dv wkh sxufkdvhv ri wkh krxvhkrog iurp lqirupdo jrrgv pdunhwv ehiruh dq| vxevwdqwldo

sxufkdvhv duh pdgh lq wkh irupdo jrrgv pdunhwv1

6 Frpshwlwlyh Htxloleulxp

Lq wkh gh�qlwlrq ehorz dqg lq zkdw iroorzv lq wkh uhvw ri wkh vwxg|/ doo yduldeohv duh lq shu

fdslwd whupv=

45Iru dojheudlf vlpsolflw|/ wkh vfdoh sdudphwhu E lv vhw dw E  �
3�4

�
�
3�5

2
�
3�6

�
=

46Vlplodu Hqjho h�hfwv duh eulh | phqwlrqhg lq W|erxw +5333, iru wkrvh jrrgv surgxfhg xvlqj �frwwdjh

whfkqrorjlhv�/ lpso|lqj vpdoo vfdoh lqirupdo surgxfwlrq/ dqg vwxglhg lq Lu} dqg Urh +5334, iru djulfxowxudo

jrrgv/ dqg Hfkhyduuld +4<<:/ 5333, iru doo w|shv ri jrrgv1

;



Wdeoh 614= Yduldeohv/ lq shu fdslwd whupv

Yduldeoh Shu fdslwd V|pero

Iudfwlrq ri W|sh0l krxvhkrogv Ol

O
cl

Frqvxpswlrq/ jrrg m> Krxvhkrog W|sh0l
Fl
m

Ol �
Ol

O
flmc

l

Rxwsxw/ Vhfwru m
\m
O

|m

Djjuhjdwh Fdslwdo N
O

n

Vhfwrudo Fdslwdo/ Vhfwru m
Nm

O
nm

Vhfwrudo Oderu/ Vhfwru m
Om

O
om

Odqg W
O

�

Wudgh lq jrrg m
[m

O
{m

Gh�qlwlrq 4 D frpshwlwlyh htxloleulxp iru wklv hfrqrp| lv d olvw ri vhtxhqfhv ri rxwsxw sulfhv

~+s�> s2> as�+w,,j
"

w'f> frqvxpswlrq ohyhov ~+�flm+w,,m'�>2>�j
"

w'f iru hdfk krxvhkrog W|sh0l/ l @ 4> 5/

zdjh udwhv ~a$+w,j"w'f> fdslwdo uhqwdo udwhv ~�u+w,�"w'f> odqg uhqwdo udwhv ~�v+w,�"w'f> surgxfwlrq

sodqv ~a|m+w,> anm+w,> aom+w,j
"

w'f iru hdfk vhfwru m/ m @ 4> 5> 6 vxfk wkdw

l, jlyhq rxwsxw dqg lqsxw sulfhv/ iru hdfk uhsuhvhqwdwlyh krxvhkrog l @ 4> 5> wkh vhtxhqfh

~+�flm+w,,m'�>2>�j
"

w'f vroyhv wkh xwlolw| pd{lpl}dwlrq sureohp>

hyhu| shulrg w/ w @ 3> ===>4>

ll, jlyhq rxwsxw dqg lqsxw sulfhv/ uhsuhvhqwdwlyh �upv lq hdfk vhfwru m> m @ 4> 5> 6/ pd{l0

pl}h sur�wv>

lll, pdunhw fohduv lq wkh qrq0wudgdeoh +lqirupdo, jrrgv pdunhw>

ly, oderu pdunhw fohduv>

y, fdslwdo pdunhw fohduv>

yl, Zdoudv* Odz krogv= s�e{� . s2e{2 @ 3> zkhuh e{� lv wkh shu fdslwd h{sruwv +lpsruwv/ li

d qhjdwlyh ydoxh, ri djulfxowxudo jrrg/ e{� @ e|� �
S

2

l'� efl�cl> dqg e{2 lv wkh shu fdslwd h{sruwv

+lpsruwv/ li d qhjdwlyh ydoxh, ri irupdo pdqxidfwxulqj jrrg/ e{2 @ e|2 �
S

2

l'� efl2cl �
u

e
n=

yll, Qr0duelwudjh frqglwlrq krogv ehwzhhq fdslwdo dqg odqg dvvhwv=

u @
v+s�> $> u,

sodqg

.

u

sodqg

sodqg

ylll, Wrwdo wd{hv +frqwulexwlrqv wrzdugv vrfldo vhfxulw| suhplxpv, sdlg e| irupdo vhfwru

�upv htxdo wrwdo wudqvihu sd|phqwv wr krxvhkrogv1

<



614 Fkdudfwhul}dwlrq ri Frpshwlwlyh Htxloleulxp

Lq htxloleulxp/ sur�w pd{lpl}dwlrq lq irupdo dqg lqirupdo vhfwruv lpso|47

PF2+�$> u, @ 4 +47,

PF�+$> u, @ s� +48,

zkhuh PF2+�$> u, dqg PF�+$> u, ghqrwh wkh pdujlqdo frvw lq hdfk vhfwru> dqg s� wkh

uhodwlyh sulfh ri lqirupdo jrrg1 Shu xqlw oderu frvw ri wkh irupdo vhfwru �up lv �$ � $+4.�i,=

Xvlqj +47, dqg +48,/ zdjhv dqg lqirupdo jrrg sulfhv duh h{suhvvhg dv ixqfwlrqv ri fdslwdo

uhqwdo udwh/

$ @ z+u, +49,

s� @ s+u, +4:,

Idfwru pdunhw fohdulqj frqglwlrqv doorz xv wr vroyh iru ixqfwlrqv iru shu fdslwd rxwsxw

ohyhov lq irupdo dqg lqirupdo vhfwruv lq whupv ri fdslwdo uhqwdo udwh dqg fdslwdo=

�
Cv+s�> $> u,

C$

.
CPF2+�$> u,

C�$
|2 .

CPF�+$> u,

C$

|� @ 4 +Oderu Pdunhw ,

�
Cv+s�> $> u,

Cu

.
CPF2+�$> u,

Cu

|2 .
CPF�+$> u,

Cu

|� @ n +Fdslwdo Pdunhw ,

Diwhu vxevwlwxwlqj z+u, iru $ deryh/ wkhvh wzr pdunhw fohdulqj frqglwlrqv fdq eh hdvlo|

vroyhg iru |2 dqg |� =

|2 @ |2+u> n, +4;,

|� @ |�+u> n, +4<,

Xvlqj wkh lqirupdo jrrgv +krph0jrrg, pdunhw fohdulqj frqglwlrq/

f
�

�
c
� . f

2

�
c
2 @ |� +53,

zh rewdlq wkh h{shqglwxuh ixqfwlrq iru ulfk krxvhkrog dv d ixqfwlrq ri u dqg n>

H
�+u> n, @

s+u,

��

+
|�+u> n,

c
�

� �
�

�
� f

2

�
+u,

c
2

c
�
, . s��

�

�
. s+u,��

�
+54,

47Irupdo pdqxidfwxulqj vhfwru rxwsxw lv dvvxphg wr eh wkh qxphudluh/ dqg zh vhw s2  �=

43



zkhuh

f
2

�
+u, @

��

s+u,
+z+u, .
+u> n,� s��

2

� �
s+u,�2

�
, . �

2

�
+55,

Diwhu vxevwlwxwlqj htxdwlrq +54, iru ulfk krxvhkrog h{shqglwxuhv/ wkh lqwhuwhpsrudo exgjhw

frqvwudlqw ri wkh ulfk krxvhkrog48 fdq eh zulwwhq dv=

bn @ z+u,c� . un . v� .
+u> n,c� �H
�+u> n,c�

@ i�+u> n, +56,

Qh{w/ wrwdo wlph0gl�huhqwldwlqj wkh lqirupdo jrrgv pdunhw fohdulqj frqglwlrq +53, |lhogv

��f
�
c
�
s
��

�
s+u,��+

u

f
�

f�
. ��

Cs+u,

Cu

u

s+u,

u

u

u
,

.��+
Cz+u,

Cu

u

u .
C
+u> n,

Cu
bu.

C
+u> n,

Cu

bn �
Cs+u,

Cu

u

u�
2

�
,c2

@
Cs+u,

Cu

u

u+|�+u> n,� �
�

�
c
�
� f

2

�
+u,c2, . s+u,+

C|�+u> n,

Cu
bu .

C|�+u> n,

Cn

bn, +57,

lq zklfk

��f
�
c
�
s
��

�
s+u,�� @ s+u,+|�+u> n,� �

�

�
c
�
� f

2

�
+u,c2, +58,

dqg
u

f
�

f�
@

4

�
+u � �� ��

Cs+u,

Cu

u

s+u,

u

u

u
, +59,

Ilqdoo|/ diwhu vxevwlwxwlqj iru +58, dqg +59, lq +57,/ wkh uhvxowlqj gl�huhqwldo htxdwlrq
u

u

lv rewdlqhg=
u

u @ i2+u> n, +5:,

48Qrwh wkdw lq uhzulwlqj wkh exgjhw frqvwudlqw/ zh vlpso| pxowlso| dqg glylgh wkh ruljlqdo exgjhw frqvwudlqw

+<, e| O dqg wkhq pdqlsxodwh wkh whupv dv iroorzv=

u

N

O�

O

O
'

u

N

O

O

O�

'

u

n
�

c�

' �Eu� n un
�

c�
n v�

�

c�
nC3HEf�> s�

'i
u

n ' �Eu�c� n un n v� nCc
�
3HEf�> s�c�
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Wkh uhgxfhg v|vwhp ri 5 gl�huhqwldo htxdwlrqv +56, dqg +5:,/ wrjhwkhu zlwk dq lqlwldo

frqglwlrq iru fdslwdo/ nf dqg wkh wudqvyhuvdolw| frqglwlrq frpsohwho| fkdudfwhul}h wkh g|qdplf

frpshwlwlyh htxloleulxp1

615 Vwhdg| Vwdwh Htxloleulxp dqg wkh Wudqvlwlrq sdwk

Lq wkh orqj0uxq htxloleulxp lq wklv hfrqrp|/ doo hqgrjhqrxv yduldeohv duh frqvwdqw iru doo w>

xqghu wkh dvvxpswlrq wkdw bn @ 3> lq sduwlfxodu1 Vxfk dq htxloleulxp lv fdoohg wkh vwhdg|

vwdwh htxloleulxp1

Gh�qlwlrq 5 D vwhdg| vwdwh lv dq htxloleulxp vxfk wkdw lw vdwlv�hv doo htxloleulxp frqglwlrqv

deryh/ dqg jlyhq s�> s2 dqg nf> doo hqgrjhqrxv yduldeohv s�+w,> +f
l

�
+w,> fl

2
+w,> fl

�
+w,,l'�>2/ $+w,>

u+w,> +|m+w,> om+w,> nm+w,,m'�>2>� duh frqvwdqw iru doo shulrgv ri wlph/ w1

E| gh�qlwlrq/ dw wkh vwhdg| vwdwh/ lw pxvw eh wkh fdvh wkdw

bn @ 3 +5;,

bu @ 3 +5<,

bf� @ 3 +63,

Wkhq/ iurp wkh Hxohu frqglwlrq +59,/

uvv @ � +64,

pxvw eh wuxh dw wkh vwhdg| vwdwh/ zkhuh uvv ghqrwhv wkh vwhdg| vwdwh ydoxh ri wkh fdslwdo

uhqwdo udwh1 Nqrzlqj uvv dqg wkdw bn @ 3> wkh lqwhuwhpsrudo exgjhw frqvwudlqw ri wkh ulfk

krxvhkrog fdq eh uhzulwwhq dv

3 @ z+uvv,c
� . uvvnvv . v+s�> uvv,� .
+uvv> nvv,c

�
�H�+f�vv>s+uvv,,c

� +65,

zkhuh nvv dqg f�vv duh wkh vwhdg| vwdwh ydoxhv ri djjuhjdwh fdslwdo dqg ulfk krxvhkrog*v

frqvxpswlrq/ uhvshfwlyho|1 Krzhyhu/ +65, vwloo ohdyhv xv zlwk wzr xqnqrzqv dw wkh vwhdg|

vwdwh/ qdpho| nvv dqg f�vv= Zh nqrz wkdw iru hyhu| srlqw lq wlph/ lqfoxglqj wkh vwhdg| vwdwh/

wkh lqirupdo jrrgv pdunhw fohdulqj frqglwlrq pxvw krog=

f�
�>vvc

� . f2
�>vvc

2 @ |�+uvv> nvv, +66,

��f
�

vvc
�s

��
�
s+uvv,

��

s+uvv,
. ��

�
c� .

��f
2

vvc
2s

��
�
s+uvv,

��

s+uvv,
. �2

�
c2 @ |�+uvv> nvv, +67,
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Iurp +67,/

f�vvc
�s

��
�
s+uvv,

�� @
s+uvv,

��
+|�+uvv> nvv,� ��

�
c� �

��f
2

vvc
2s

��
�
s+uvv,

��

s+uvv,
� �2

�
c2, +68,

Lq htxloleulxp/ srru krxvhkrog*v h{shqglwxuhv htxdo khu zdjhv lqfrph dqg wudqvihuv uh0

fhlyhg/

H2+f2vv>s+uvv,, @ z+uvv, . 
+uvv> nvv, +69,

f2vvc
2s

��
�
s+uvv,

�� . s��
2

�
c2 . s+uvv,�

2

�
c2 @ z+uvv,c

2 .
+uvv> nvv,c
2 +6:,

Khqfh/

��f
2

vvc
2s

��
�
s+uvv,��

s+uvv,
@

��

s+uvv,
+z+uvv,c

2 .
+uvv> nvv,c
2
� s��

2

�
c2 � s+uvv,�

2

�
c2, +6;,

Ilqdoo|/ zh nqrz wkdw

H�+f�vv>s+uvv,,c
� @ f�vvc

�s
��
�
s+uvv,

�� . s��
�

�
c� . s+uvv,�

�

�
c� +6<,

Wkhq/ wkh h{shqglwxuhv ri wkh ulfk krxvhkrog dw wkh vwhdg| vwdwh fdq eh uhsuhvhqwhg e|

wkh ixqfwlrq

H�+uvv> nvv,c
� @

s+uvv,

��
+|�+uvv> nvv,� ��

�
c� � �2

�
c2,

�+z+uvv,c
2 .
+uvv> nvv,c

2
� s��

2

�
c2 � s+uvv,�

2

�
c2,

.s��
�

�
c� . s+uvv,�

�

�
c� +73,

Diwhu soxjjlqj +73, lq +65,/ rqh fdq vroyh +65, iru wkh rqo| xqnqrzq nvv= E| vxevwlwxwlqj

uvv dqg nvv iru u dqg n> wkh vwhdg| vwdwh ydoxhv ri wkh rwkhu hqgrjhqrxv yduldeohv fdq eh

irxqg1

Ilqdoo|/ jlyhq wkh vwhdg| vwdwh ydoxhv dqg lqlwldo frqglwlrqv/ wkh Wlph0Holplqdwlrq Phwkrg

lv dgrswhg wr qxphulfdoo| vroyh iru wkh wudqvlwlrq sdwk htxloleulxp1 Wlph Holplqdwlrq Phwkrg

kdv ehhq �uvw dssolhg e| Pxooljdq dqg Vdod0l Pduwlq +4<<4, iru hfrqrplhv zlwk wzr surgxfwlrq

vhfwruv dqg krprjhqrxv krxvhkrogv/ dqg lv ixuwkhu glvfxvvhg lq Eduur dqg Vdod0l Pduwlq

+4<<8,1 Khuh/ wkh phwkrg lv dssolhg wr wkh prgho hfrqrp| zlwk wkuhh vhfwruv dqg wzr

krxvhkrogv1
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7 Qxphulfdo Dqdo|vlv

714 Gdwd dqg fdoleudwlrq

Lqirupdo vhfwru dfwlylw|/ dv lq rwkhu ghyhorslqj hfrqrplhv/ kdv uhpdlqhg vljql�fdqw lq Wxunh|

ryhu wkh |hduv1 Dffruglqj wr d uhsruw e| wkh Wd{ Lqvshfwruv Erdug49/ wkh idfwruv wkdw sur0

prwh lqirupdo dfwlylw| lq Wxunh| lqfoxgh orz shu fdslwd lqfrph/ orz lqvwlwxwlrqdol}dwlrq udwh

lq wkh sulydwh vhfwru/ xqghughyhorshg fdslwdo dqg prqh| pdunhwv/ dq lqh!flhqw wd{ v|vwhp/

dqg kljk wd{ udwhv/ dv zhoo dv kljk vrfldo vhfxulw| suhplxpv1 Wkh iroorzlqj fkduw ghslfwv

wkh frxqwhu0pryhphqw ri JGS shu fdslwd dqg lqirupdo hpsor|phqw/ dv d shufhqwdjh ri qrq0

djulfxowxudo hpsor|phqw/ ryhu wkh odvw ghfdgh lq Wxunh|4:=

GDP per capita vs. informal employment, Turkey
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Iljxuh 714= JGS shu fdslwd yv1 lqirupdo hpsor|phqw

Wkh prgho lv fdoleudwhg wr wkh Wxunlvk hfrqrp| iru wkh |hdu 4<<:1 D vlpsoh VDP +Vrfldo

Dffrxwlqj Pdwul{, zlwk wkuhh surgxfwlrq vhfwruv/ wkuhh frqvxpswlrq jrrgv/ dqg wzr krxvh0

krogv kdv ehhq frqvwuxfwhg edvhg rq 4<<: Qdwlrqdo Dffrxqwv/ hpsor|phqw dqg frqvxpswlrq

vwdwlvwlfv +VLV/ 4<<;,1 Wr hvwlpdwh wkh vl}h ri lqirupdo vhfwru rxwsxw/ wkh surfhgxuh lqwur0

49Kxuul|hw Qhzv +4413615336,/ Lqwhuqhw Vrxufh= zzz1kxuul|hwlp1frp1wu2kdehu23�qylg�5744:3/331dvs
4:Lqwhuqhw vrxufhv= Vwdwh Lqvwlwxwh ri Vwdwlvwlfv/ zzz1glh1jry1wu2lh|g2plokhv2sdjh481kwpo dqg Vrfldo Vhfx0

ulw| Lqvwlwxwlrq/ zzz1vvn1jry1wu2zsv2vvnurrw2lvwdwlvwlnn2lvwdwlvwln5334
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gxfhg lq Nhooh| +4<<7, zdv iroorzhg1 Krzhyhu xqolnh Nhooh|/ lqvwhdg ri xqsdlg hpsor|phqw

dv d sur{| iru lqirupdo hpsor|phqw/ lq wklv vwxg|/ xqlqvxuhg qrq0djulfxowxudo hpsor|phqw

lv wdnhq dv d sur{|4;1 Lw lv irxqg wkdw lq 4<<:/ derxw 7817( ri wkh sdlg zrunirufh lq Wxunh|

frqvlvwv ri xqlqvxuhg/ lqirupdo zrunirufh/ dqg wklv lqirupdo zrunirufh surgxfhv derxw 64(

ri wkh wrwdo rxwsxw lq wkh hfrqrp|1 Lqvxuhg irupdo zrunirufh/ zklfk lv 64( ri wrwdo sdlg

zrunirufh/ surgxfhv derxw 87( ri wkh wrwdo JGS1 Wkh uhpdlqlqj 5718( lv wkh djulfxowxudo

zrunirufh4</ dqg wkh djulfxowxudo rxwsxw lv 481;( ri wkh wrwdo JGS1 Wkh iroorzlqj wdeoh

vxppdul}hv surgxfwlrq vkduh sdudphwhuv lq hdfk vhfwru53=

Wdeoh 714= Idfwru Hodvwlflwlhv lq hdfk vhfwru

Djulfxowxuh Irupdo Vhfwru Lqirupdo Vhfwru

Oderu 317: 3154 3178

Fdslwdo 316; 31:< 3188

Odqg 3148 0 0

Wkhvh idfwru hodvwlflwlhv duh vxfk wkdw uhodwlyho|/ djulfxowxuh kdv wkh kljkhvw oderu lqwhq0

vlw|/ dqg irupdo vhfwru kdv wkh kljkhvw fdslwdo lqwhqvlw|1 Lqirupdo vhfwru surgxfwlrq/ rq wkh

rwkhu kdqg/ lv uhodwlyho| pruh oderu lqwhqvlyh wkdq irupdo vhfwru surgxfwlrq/ dqg uhodwlyho|

pruh fdslwdo lqwhqvlyh wkdq djulfxowxudo surgxfwlrq1 Lq wkh irupdo vhfwru/ wkh oderu frvw wr

wkh �up lqfoxghv wkh frqwulexwlrqv ri wkh hpsor|hu wrzdugv vrfldo vhfxulw| suhplxpv dqg

xqhpsor|phqw lqvxudqfh ri wkh hpsor|hh1 Lq Wxunh|/ dv shu wkh Duwlfoh :6 ri wkh Vrfldo

Lqvxudqfh Dfw/ wklv frqwulexwlrq udqjhv iurp 5418( wr 5:( ri wkh hpsor|hh*v hduqlqjv541 Lq

wklv vwxg|/ wkh dyhudjh 57158( lv fkrvhq1

Wkh wdeoh ehorz vxppdul}hv wkh sdudphwhuv wkdw fkdudfwhul}h frqvxphu ehkdylru=

4;Lq idfw/ lq ghyhorslqj frxqwulhv lq wkh 4<<3*v +vhohfwhg |hduv,/ wkh fruuhodwlrq ehwzhhq wkh vkduh ri xuedq

lqirupdo vhfwru hpsor|phqw +lq wrwdo xuedq hpsor|phqw, dqg wkh vkduh ri xqlqvxuhg zrunirufh lv txlwh kljk

+Wkh Zruog Edqn/ Zruog Ghyhorsphqw Lqglfdwruv/ 5335,1
4<Lq djulfxowxuh/ rqo| 31;5( ri wkh zrunirufh lv lqvxuhg/ khqfh lqvxuhg djulfxowxudo zrunhuv duh ljqruhg lq

fdofxodwlrqv1
53Vkduh ri sd|phqwv wr odqg lq djulfxowxuh/ 3148/ lv wdnhq h{rjhqrxvo|1
54Vrfldo Vhfxulw| Lqvwlwxwlrq Lqwhuqhw vrxufh= zzz1vvn1jry1wu2zsv2vvnurrw2elojledqndvl2phy}xdw

2839hqj2fkdswhu;1mvs
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Wdeoh 715= Frqvxpswlrq Sdudphwhu Ydoxhv

Sdudphwhu V|pero Ydoxh

Iudfwlrq ri Vxshuqxphudu| H{shqglwxuhv vshqw rq Jrrg04 �� 3148

Iudfwlrq ri Vxshuqxphudu| H{shqglwxuhv vshqw rq Jrrg05 �2 31:

Iudfwlrq ri Vxshuqxphudu| H{shqglwxuhv vshqw rq Jrrg06 �� 3148

Glvfrxqw idfwru � 31375

Hodvwlflw| ri lqwhuwhpsrudo vxevwlwxwlrq 4@� 4

Khuh/ vxshuqxphudu| h{shqglwxuhv ri wkh krxvhkrog W|sh0l uhihu wr wkh h{shqglwxuhv pdgh

diwhu vhwwlqj dvlgh exgjhw iru wkh sxufkdvhv ri jrrgv m lq dffrugdqfh zlwk wkh sdudphwhuv �l

m

dw wkhlu uhvshfwlyh sulfhv1 Hvvhqwldoo|/ wkh iudfwlrq sdudphwhuv deryh uh hfw wkh frqvxpswlrq

fkrlfhv ri wkh krxvhkrogv zkhq wkh hfrqrp| lv lq wkh orqj0uxq/ lq rwkhu zrugv/ zkhq wkh

h{shqglwxuhv rq vxevlvwhqfh frqvxpswlrq duh lqvljql�fdqw hqrxjk lq wrwdo h{shqglwxuhv551

Dffruglqjo|/ wkh �l
m ydoxhv duh vxfk wkdw lq wkh lqlwldo shulrg

56/ wkh ulfk krxvhkrogv duh forvhu

wr wkhlu orqj0uxq ehkdylru zkhuhdv wkh srru wdnh d orqjhu wlph wr dssurdfk wr wkh orqj uxq1

55Zkhq �
l
m ' f> wkh suhihuhqfhv duh ri wkh Free0Grxjodv irup1

56Wkhvh ydoxhv duh rewdlqhg iurp fdoleudwlrq ri wkh edvh prgho iru Wxunh|/ iru wkh |hdu 4<<: +c2 ' f=H�1 Iru

Krxvhkrog04 +Dvvhw0ulfk,/ dw w ' f=

��EH�>f 3 s��
�

�
c
�
3 s�>f�

�

�
c
�
� n �

�

�
c
�

H�>f

'
s�f

�

�>f

H�>f

' f=��bD +74,

�2EH�>f 3 s��
�

�
c

�
3 s�>f�

�

�
c

�
�

H�>f

'
s2f

�

2>f

H�>f

' f=2b.b +75,

��EH�>f 3 s��
�

�
c

�
3 s�>f�

�

�
c

�
� n �

�

�
c

�

H�>f

'
s�>ff

�

�>f

H�>f

' f=�H2D +76,

dqg iru Krxvhkrog05 +dvvhw0srru,/ dw w ' f=

��EH2>f 3 s��
2

�
c

2
3 s�>f�

2

�
c

2
� n �

2

�
c

2

H2>f

'
s�f

2

�>f

H2>f

' f=eD +77,

�2EH2>f 3 s��
2

�
c

2
3 s�>f�

2

�
c

2
�

H2>f

'
s2f

2

2>f

H2>f

' f=fD +78,

��EH2>f 3 s��
2

�
c

2
3 s�>f�

2

�
c

2
� n �

2

�
c

2

H2>f

'
s�>ff

2

�>f

H2>f

' f=Df +79,

Wkh ydoxhv rq wkh UKV duh wkh lqlwldo vkduh ri h{shqglwxuh rq wkh frqvxpswlrq ri hdfk jrrg e| hdfk

krxvhkrog1 Vlqfh wkh ydoxhv ri Hl>f duh rewdlqhg iurp wkh gdwd/ �l
m fdq eh hdvlo| fdofxodwhg1
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715 Vlpxodwlrq Uhvxowv

Lq Wdeoh 716/ wkh vlpxodwlrq uhvxowv iurp wkh edvholqh hfrqrp| zlwk d odujh sxuh zdjh hduqhu

srsxodwlrq +c2 @ 3=;, duh suhvhqwhg1 Dffruglqj wr wkh prgho/ ghyhorsphqw lpsolhv wkdw wkh

vkduh ri wkh djulfxowxudo vhfwru lq JGS idoov iurp 481;( wr dq lqvljql�fdqw dprxqw/ wkdw ri

wkh lqirupdo pdqxidfwxulqj idoov iurp 631;( wr 4917(/ dqg wkdw ri wkh irupdo pdqxidfwxulqj

ulvhv iurp 8618( wr ;619( +vhh Iljxuh 715,1 Dv fdslwdo dffxpxodwhv/ djulfxowxudo vhfwru orvhv

oderu wr wkh irupdo vhfwru zklfk xvhv oderu prvw h!flhqwo| dprqj doo vhfwruv1 Ixuwkhupruh/

djulfxowxuh dovr orvhv fdslwdo wr erwk irupdo dqg lqirupdo vhfwruv/ wkxv djulfxowxudo rxwsxw

ghfolqhv vxevwdqwldoo|1 Hyhq wkrxjk lw kdv d orzhu ghjuhh ri fdslwdo lqwhqvlw| wkdq wkh irupdo

vhfwru/ lqirupdo vhfwru lv fdsdeoh ri frpshwlqj iru fdslwdo vlqfh wkh sulfh ri lwv surgxfw uhodwlyh

wr wkh sulfh ri wkh irupdo surgxfw ulvhv gxulqj wkh wudqvlwlrq surfhvv1

Dv fdslwdo dffxpxodwhv ryhu wlph/ wkh lqfuhdvh lq wkh surgxfwlylw| ri oderu fdxvhv wkh

zdjhv wr lqfuhdvh1 Khqfh/ fdslwdo dffxpxodwlrq ehqh�wv wkh srru dv zhoo dv wkh ulfk krxvh0

krogv1 Dv lqfrphv ri doo w|shv ri krxvhkrogv lqfuhdvh/ wkh| frqwlqxh lqfuhdvlqj wkhlu frq0

vxpswlrq lq doo jrrgv/ krzhyhu/ wkh| ghfuhdvh wkh vkduh ri h{shqglwxuhv vshqw rq djulfxowxudo

jrrgv dqg rq lqirupdoo| surgxfhg jrrgv/ dqg lqfuhdvh wkh vkduh ri irupdo vhfwru jrrgv gxh

wr wkhlu qrq0krprwkhwlf suhihuhqfhv +vhh Iljxuhv 716 dqg 717,1 Wkxv/ wkh gurs lq wkh vkduh

ri djulfxowxudo rxwsxw dqg lq wkh lqirupdo vhfwru rxwsxw/ dqg wkh ulvh lq wkh vkduh ri irupdo

vhfwru rxwsxw lq JGS duh uhlqirufhg e| wkh qrq0krprwkhwlflw| ri suhihuhqfhv1

Dv d vrxufh ri lqfrph/ dv djulfxowxuh orvhv lwv lpsruwdqfh/ odqg uhqwv hduqhg e| wkh ulfk

krxvhkrogv dovr glplqlvk/ dqg ehfrph lqvljql�fdqw lq ryhudoo lqfrph1 Wkh vkduh ri oderu

lqfrph glplqlvkhv dv oderu pryhv lqwr wkh irupdo vhfwru/ zklfk lv wkh ohdvw oderu lqwhqvlyh

vhfwru/ dqg wkh lpsruwdqfh ri fdslwdo lq lqfrph ulvhv ryhu wlph +Iljxuh 718,1 Wklv kdv wkh

lpsolfdwlrq wkdw hyhq wkrxjk wkh lqfrph ohyho ri wkh sxuh zdjh hduqhuv lqfuhdvhv ryhu wlph/

wkh| frqwulexwh surjuhvvlyho| ohvv wr wkh JGS/ dqg wkh jds lq wkh lqfrph ohyho ri wkh ulfk

dvvhwv kroghuv dqg wkh sxuh zdjh hduqhuv zlghqv/ dv wkh lqfrph ri ulfk dvvhw kroghuv lqfuhdvhv

idvwhu wkdq wkh lqfrph ri wkh sxuh zdjh0hduqhuv1
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Iljxuh 715= Vhfwrudo Vkduhv lq JGS
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Iljxuh 716= Frqv1 Vkduhv lq H{shqg1/ Dvvhw0ulfk KK
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Wdeoh 716= Edvholqh Prgho/ c2@ 3=;> �i @ 57=58(

w @ 3 Vwhdg| Vwdwh

Vkduhv lq JGS +(,

Djulfxowxudo rxwsxw 481; 0

Irupdo rxsxw 8618 ;619

Lqirupdo rxwsxw 631; 4917

Frqvxpswlrq vkduhv lq H{shqglwxuhv +(,

Krxvhkrog W|sh04 +Ulfk,

Djulfxowxudo jrrg 66 4814

Irupdo vhfwru jrrg 591: 9<

Lqirupdo vhfwru jrrg 73 481<

Krxvhkrog W|sh05 +Srru,

Djulfxowxudo jrrg 76 4817

Irupdo vhfwru jrrg <16 991:

Lqirupdo vhfwru jrrg 7:1: 4;

Vhfwrudo Doorfdwlrq ri Lqsxwv +(,

Oderu

Djulfxowxuh 5717 0

Irupdo Vhfwru 63 981<

Lqirupdo Vhfwru 7819 67

Fdslwdo

Djulfxowxuh <14 0

Irupdo Vhfwru 971; ;:1;

Lqirupdo Vhfwru 59 45

Vkduh ri Lqirupdo oderu lq qrq0djul1 oderu +(, 9316 67

4<
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Iljxuh 717= Frqv1 Vkduhv lq H{s1/ Dvvhw0srru KK
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Iljxuh 718= Idfwru Vkduhv lq JGS

Iljxuhv 719 dqg 71: ghslfw wkh xvh ri oderu +dv d shufhqwdjh ri wrwdo oderu, dqg wkh xvh ri

fdslwdo +dv d shufhqwdjh ri djjuhjdwh fdslwdo, lq hdfk vhfwru1 Qrw vxusulvlqjo|/ wkhvh vkduhv

ri oderu dqg fdslwdo hyroyh lq wkh vdph sdwwhuq dv wkhlu uhvshfwlyh vhfwruv* rxwsxw hyroyhv

ryhu wlph/ wkdw lv/ wkh xvhv ri oderu dqg fdslwdo lq djulfxowxudo dqg lqirupdo vhfwruv glplqlvk

dv d vkduh lq wrwdo oderu dqg fdslwdo/ zkhuhdv wkh xvhv ri oderu dqg fdslwdo lq irupdo vhfwru

lqfuhdvh1 Lq sduwlfxodu/ dv wkh hfrqrp| wudqvlwlrqv lqwr wkh orqj0uxq htxloleulxp zlwk wkh

53



surfhvv ri jurzwk/ wkh vkduh ri lqirupdo vhfwru hpsor|phqw lq qrq0djulfxowxudo hpsor|phqw

+vxp ri lqirupdo dqg irupdo vhfwruv* hpsor|phqw, glplqlvkhv1 Uhfdoo wkdw rqh frxog ghwhfw

d fohdu qhjdwlyh uhodwlrqvkls ehwzhhq shu fdslwd lqfrph dqg lqirupdo hpsor|phqw lq wkh

Wxunlvk hfrqrp| lq wkh plg04<<3*v wr hduo| 5333*v/ dv ghslfwhg lq Iljxuh 7141
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Iljxuh 719= Vhfwrudo Doorfdwlrq ri Oderu
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Lq Wdeoh 718/ wkh vwhdg| vwdwh h�hfwv ri orzhulqj wkh lqhtxdolw| sdudphwhu lq wkh vdph

hfrqrp| duh suhvhqwhg=

Wdeoh 718= Vwhdg| Vwdwh H�hfwv ri Ghfuhdvlqj wkh Lqhtxdolw| sdudphwhu/ c2

Vkduhv lq JGS +(,

Djulfxowxuh +lqvlj1,

Irupdo Vhfwru Rxwsxw +.,

Lqirupdo Vhfwru Rxwsxw +0,

Ohyhov/ shu fdslwd

JGS +.,

Djjuhjdwh Fdslwdo vwrfn +.,

Vhfwrudo Doorfdwlrq ri Lqsxwv +(,

Oderu

Djulfxowxuh +lqvlj1,

Irupdo Vhfwru +.,

Lqirupdo Vhfwru +0,

Fdslwdo

Djulfxowxuh qrqh

Irupdo Vhfwru +.,

Lqirupdo Vhfwru +0,

Vkduh ri lqirupdo oderu lq qrq0djul1 oderu +(, +0,

Wkh vdph hfrqrp| zlwk d vpdoohu iudfwlrq ri sxuh zdjh0hduqhuv/ wkxv d pruh hyhq dvvhw

dqg lqfrph glvwulexwlrq/ vwduwv zlwk d vpdoohu lqirupdo vhfwru wkdq wkh hfrqrp| zlwk d

odujh sxuh zdjh0hduqhu srsxodwlrq/ dqg uhdfkhv wkh orqj uxq zlwk d vpdoohu lqirupdo vhfwru/

dqg d odujhu irupdo vhfwru1 Vlqfh qrz wkhuh duh pruh krxvhkrogv zlwk dffhvv wr fdslwdo

dqg odqg pdunhwv dqg zlwk kljkhu hduqlqjv eh|rqg zdjhv/ froohfwlyho|/ wkh ghpdqg iru wkh

lqirupdo vhfwru jrrg zloo eh orzhuhg1 Vlqfh wkh lqirupdo jrrg lv d krph0jrrg/ lq htxloleulxp

lwv pdunhw pxvw fohdu/ wkhq/ wkh vxsso| ri wkh lqirupdo jrrg zloo glplqlvk/ dv zhoo1 Wkh

idfwruv ri surgxfwlrq uhohdvhg iurp wkh lqirupdo vhfwru zloo eh devruehg e| wkh irupdo vhfwru/

lqfuhdvlqj wkh rxsxw ri wklv vhfwru/ dqg phhwlqj wkh lqfuhdvhg ghpdqg1 Krzhyhu rqh pxvw

uhdol}h wkdw vlqfh wkh srsxodwlrq ri wkh dvvhw0ulfk krxvhkrogv lv qrz kljkhu wkdq ehiruh/ fdslwdo

dqg odqg shu krxvhkrog lv orzhu wkdq wkh fdvh zkhuh rqo| d vpdoo iudfwlrq ri wkh srsxodwlrq

kdg rzqhuvkls ri fdslwdo dqg odqg +wkhvh dvvhwv duh hyhqo| glvwulexwhg dprqj wkh ulfk,/ wkxv
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lqfrph shu dvvhw0ulfk krxvhkrog lv orzhu1 Wkhuhiruh/ wkh gurs lq wkh ghpdqg dqg vxsso|

ri lqirupdo jrrgv dqg wkh lqfuhdvh lq wkh ghpdqg dqg vxsso| ri irupdo jrrgv duh qrw dv

surqrxqfhg dv rqh zrxog h{shfw1

Ilqdoo|/ Wdeoh 719 uhsruwv wkh orqj uxq h�hfwv ri orzhulqj wkh udwh ri irupdo hpsor|hu*v

frqwulexwlrqv wrzdugv hpsor|hh*v vrfldo vhfxulw| suhplxpv1 Zkhq wklv udwh lv orzhuhg iurp

57158( lq wkh edvholqh prgho/ zh vhh vljql�fdqw lqfuhdvhv lq fdslwdo vwrfn dqg wkh JGS/ erwk

lq wudqvlwlrq dqg lq wkh orqj uxq1 Iru h{dpsoh/ zkhq wkh udwh lv orzhuhg wr 53(/ orqj0uxq

ydoxh ri wkh fdslwdo vwrfn lqfuhdvhv e| 5519(/ dqg wkdw ri wkh JGS lqfuhdvhv e| 5419( iurp

wkh edvh1 Zkhq wkh oderu frvwv duh orzhu/ dv rqh zrxog h{shfw/ wkh rxwsxw ri wkh irupdo

vhfwru lqfuhdvhv e| 541:( iurp wkh orqj0uxq edvh ydoxh1 Rq wkh rwkhu kdqg/ wkh rxwsxw ri wkh

lqirupdo vhfwru dovr lqfuhdvhv/ e| 4318(1 Zh fdq dwwulexwh wklv lqfuhdvh lq lqirupdo vhfwru

rxwsxw rqo| wr wkh lqfuhdvhg dydlodelolw| ri fdslwdo lq wkh hfrqrp|/ dqg wr lqfuhdvhg xvh ri

fdslwdo lq wkh lqirupdo vhfwru/ vlqfh hpsor|phqw lq wkh lqirupdo vhfwru gursv1 Pruhryhu/ wkh

vkduh ri lqirupdo rxwsxw lq JGS/ dv zhoo dv wkh vkduh ri lqirupdo hpsor|phqw lq wrwdo qrq0

djulfxowxudo hpsor|phqw ghfuhdvhv zlwk orzhu oderu wd{hv ohylhg rq irupdo vhfwru �upv1 Wkhvh

uhvxowv vxjjhvw wkdw orzhu vrfldo vhfxulw| suhplxp frqwulexwlrq udwhv surprwh hpsor|phqw lq

wkh irupdo vhfwru/ zklfk lq wxuq/ pd| kdyh wkh h�hfw wr lqfuhdvh wkh wd{hv froohfwhg iurp wkh

irupdo vhfwru/ dqg khqfh lqfuhdvh wudqvihu sd|phqwv wr wkh krxvhkrogv1

56



Wdeoh 719= Vwhdg| Vwdwh H�hfwv ri Ghfuhdvlqj �i

Vkduhv lq JGS +(,

Djulfxowxuh +lqvlj1,

Irupdo Vhfwru Rxwsxw +.,

Lqirupdo Vhfwru Rxwsxw +0,

Ohyhov/ shu fdslwd

JGS +.,

Djjuhjdwh Fdslwdo Vwrfn +.,

Vhfwrudo Doorfdwlrq ri Lqsxwv +(,

Oderu

Djulfxowxuh +lqvlj1,

Irupdo Vhfwru +.,

Lqirupdo Vhfwru +0,

Fdslwdo

Djulfxowxuh +lqvlj1,

Irupdo Vhfwru +.,

Lqirupdo Vhfwru +0,

Vkduh ri lqirupdo oderu lq qrq0djul1 oderu +(, +0,

8 Vxppdu| dqg Frqfoxglqj Uhpdunv

Lq ghyhorslqj frxqwulhv/ lqirupdo vhfwru lv d odujh dqg d vljql�fdqw sduw ri wkh hfrqrplf olih1

Wkh lpsruwdqfh ri wkh lqirupdo vhfwru lq whupv ri txdolw| ri lqvwlwxwlrqv/ hpsor|phqw/ dqg

dovr wkh h�hfwlyhqhvv ri hfrqrplf srolflhv kdv uhfhqwo| dwwudfwhg pdq| hfrqrplvwv wr frqgxfw

erwk hpslulfdo dqg wkhruhwlfdo uhvhdufk rq wkh vxemhfw1 Krzhyhu/ zkdw kdyh ehhq odfnlqj lq

wkh olwhudwxuh duh wkh vwxg| ri wkh lqirupdo vhfwru zlwk wkh lqfoxvlrq ri wkh krxvhkrog ghpdqg

shuvshfwlyh/ dqg wkh vwxg| ri wkh hyroxwlrq ri wkh lqirupdo vhfwru ylv0ã0ylv rwkhu vhfwruv ri

wkh hfrqrp|/ lq wkh surfhvv ri hfrqrplf jurzwk/ dqg dv fdslwdo dffxpxodwhv1 Lq wklv sdshu/

zh dwwhpswhg wr dgguhvv wkhvh lvvxhv/ dqg dovr wulhg wr dqvzhu rwkhu uhohydqw txhvwlrqv= gr

�srru� lqvwlwxwlrqv d�hfw wkh vl}h ri wkh lqirupdo vhfwru lq d frxqwu|B Lq sduwlfxodu/ duh srru

lqvwlwxwlrqv wkdw ohdg wr dvvhw dqg lqfrph lqhtxdolw| vljql�fdqw lq ghwhuplqlqj wkh uhodwlyh

vl}h ri wkh lqirupdo vhfwruB
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Wr wdfnoh wkhvh lvvxhv/ d wkuhh0vhfwru jurzwk prgho lv ghyhorshg zlwk surgxfwlrq lq djul0

fxowxudo/ irupdo dqg lqirupdo vhfwruv/ dqg zlwk krxvhkrogv gl�huhqwldwhg e| wkhlu hqgrzphqwv

ri idfwruv ri surgxfwlrq1 Hvshfldoo|/ wkh jurxs ri ulfk krxvhkrogv rzq doo surgxfwlyh dvvhwv

lq dgglwlrq wr vrph ri wkh oderu/ zkhuhdv wkh jurxs ri srru krxvhkrogv rqo| rzq vrph ri wkh

oderu1 Zlwklq wklv iudphzrun/ lw lv dvvxphg wkdw wkh srru krxvhkrogv gr qrw frqwulexwh wr

wkh fdslwdo irupdwlrq lq wkh hfrqrp|/ l1h1 wkh| kdyh d vdylqj surshqvlw| ri }hur1 Dqrwkhu

dvvxpswlrq derxw wkh krxvhkrogv frqfhuqv wkhlu suhihuhqfhv= krxvhkrogv suhihu wr ghyrwh

pruh ri wkhlu h{shqglwxuhv rq irupdo jrrgv/ dqg ohvv rq djulfxowxudo dqg lqirupdo jrrgv dv

wkhlu lqfrphv lqfuhdvh1 Wklv vwuxfwxuh ri wkh suhihuhqfhv shuihfwo| vxppdul}hv wkh ehkdylru

ri wkh ydulrxv jurxsv ri frqvxphuv lq ghyhorslqj frxqwulhv= iru h{dpsoh zh duh pruh olnho|

wr hqfrxqwhu orz0lqfrph dqg srruhu krxvhkrogv lq vwuhhw ed}dduv dqg rxwgrru pdunhwv/ dqg

kljkhu0lqfrph krxvhkrogv lq prghuq vxshupdunhwv dqg vkrsslqj0pdoov1

Zlwklq wkh iudphzrun ri wkh prgho/ zh duh deoh wr wudfh wkh hyroxwlrq ri wkh wkuhh

surgxfwlrq vhfwruv ryhu wlph/ dv dq hfrqrp| dffxpxodwhv fdslwdo dqg jurzv1 Lq dgglwlrq wr

wudflqj wkh hyroxwlrq lq hdfk ri wkh vhfwruv/ wkh prgho doorzhg xv wr h{sodlq wkh hyroxwlrq

e| vwxg|lqj wkh h�hfwv ri idfwru pryhphqwv ehwzhhq wkh vhfwruv dqg wkh ghpdqg sdwwhuqv

ri wkh krxvhkrogv1 Wkh prgho dovr surylghv dq d!updwlyh dqvzhu wr wkh txhvwlrqv srvhg lq

wkh �uvw sdudjudsk= lw lv wkdw wkh vl}h ri wkh lqirupdo vhfwru zrxog eh voljkwo| odujhu/ erwk lq

wudqvlwlrq dqg lq wkh orqj uxq/ li d odujh iudfwlrq ri wkh srsxodwlrq odfnv dffhvv wr surgxfwlyh

dvvhwv +l1h1 srru,1 Dv dq dgglwlrqdo uhvxow/ lw lv dovr ghwhuplqhg wkdw wkh udwh ri jurzwk ri

rxwsxw dqg wkh udwh ri fdslwdo dffxpxodwlrq zrxog eh voljkwo| vorzhu wkdq rwkhuzlvh/ xqghu

wkhvh flufxpvwdqfhv1 Ilqdoo|/ lw lv vkrzq wkdw orzhu oderu wd{hv lq wkh irupdo vhfwru surprwh

hpsor|phqw dqg surgxfwlrq lq wklv vhfwru/ uhgxflqj hpsor|phqw lq wkh lqirupdo vhfwru dv

d uhvxow1 Wkhvh rxwfrphv djuhh zlwk wkh hpslulfdo �qglqjv e| qxphurxv rwkhu uhvhdufkhuv=

�srru� lqvwlwxwlrqv/ lq rxu fdvh vshfl�fdoo| wkrvh ohdglqj wr kljk dvvhw dqg lqfrph lqhtxdolw|/

duh qhjdwlyho| uhodwhg wr hfrqrplf shuirupdqfh1

Uhihuhqfhv

^4` Eduur/ Urehuw M1/ dqg [1 Vdod0l0Pduwlq +4<<8, Hfrqrplf Jurzwk1 PfJudz0Kloo/ Lqf1

^5` Eurpoh|/ U1 +4<:;, cLqwurgxfwlrq0Wkh Xuedq Lqirupdo Vhfwru= Zk| lv lw Zruwk Glv0

fxvvlqjB*1 Zruog Ghyhorsphqw 9/ 43660436<1
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^6` Euxqhwwl/ D1 Nlvxqnr/ J1 dqg E1 Zhghu +4<<:B, cLqvwlwxwlrqdo Revwdfohv iru Grlqj

Exvlqhvv= Gdwd Ghvfulswlrq dqg Phwkrgrorj| iru d Zruogzlgh Sulydwh Vhfwru Vxuyh|*

Zruog Edqn Zrunlqj Sdshu1

^7` Frorpedwwr/ H1 +4<<;, cDq Lqvwlwxwlrqdo Ylhz ri OGF Idloxuh*1 Mrxuqdo ri Srolf| Prg0

holqj 53 +8, 964097;1

^8` Gdqhvk/ Dero K1 +4<<4, Wkh Lqirupdo Hfrqrp|= D Uhvhdufk Jxlgh1 Jduodqg Sxeolvklqj/

Q\ dqg Orqgrq1

^9` Gmdqnry/ V1/ Od Sruwd/ U1/ gh Vlodqhv/ I1 O1/ dqg D1 Vfkohlihu +5334, cWkh Uhjxodwlrq ri

Hqwu|*1 Zruog Edqn Zrunlqj Sdshu1

^:` Hdvwhuo|/ Z1 dqg U1 Ohylqh +4<<:, cDiulfd*v Jurzwk Wudjhg|= Srolflhv dqg Hwkqlf Glyl0

vlrqv*1 Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Qryhpehu/ 45370831

^;` Hfkhyduuld/ F1 +4<<:, cFkdqjlqj vhfwrudo frpsrvlwlrq dvvrfldwhg zlwk hfrqrplf jurzwk*1

Lqwhuqdwlrqdo Hfrqrplf Uhylhz 6;/ 67407851

^<` Hfkhyduuld/ F1 +5333, cQrq0krprwkhwlf suhihuhqfhv dqg jurzwk*1 Mrxuqdo ri Lqwhuqdwlrqdo

Wudgh dqg Hfrqrplf Ghyhorsphqw <=5 48404:41

^43` Ihljh/ Hgjdu O1 +4<<3, cGh�qlqj dqg Hvwlpdwlqj Xqghujurxqg dqg Lqirupdo Hfrqrplhv=

Wkh Qhz Lqvwlwxwlrqdo Hfrqrplfv Dssurdfk*1 Zruog Ghyhorsphqw 4;/ <;<043351

^44` Iulhgpdq/ H1/ Mrkqvrq/ V1/ Ndxipdqq/ G1/ dqg S1 ]rlgr0Oredwrq +5333, cGrgjlqj wkh

judeelqj kdqg= wkh ghwhuplqdqwv ri xqr!fdo dfwlylw| lq 9< frxqwulhv*1 Mrxuqdo ri Sxeolf

Hfrqrplfv :9/ 78<0<61

^45` Jdqj/ I1 dqg [1 Fkxq|lqj +4<<;, cWkh Uroh ri Odz dqg Ohjdo Lqvwlwxwlrqv lq Dvldq

Hfrqrplf Ghyhorsphqw= Wkh Fdvh ri Fklqd*1 Kduydug Lqvwlwxwh iru Lqwhuqdwlrqdo Ghyho0

rsphqw Glvfxvvlrq Sdshu Qr1 997

^46` Jdqj/ Lud Q1/ dqg V1 Jdqjrsdgk|d| +4<<3, cD Prgho ri wkh Lqirupdo Vhfwru lq Ghyhors0

phqw*1 Mrxuqdo ri Hfrqrplf Vwxglhv 4: +8,/ 4<0641

^47` Jdqjrsdgk|d|/ V1 +4<<;, cShuvlvwhqfh ri Gxdolvp lq d Forvhg Hfrqrp|*1 Uhylhz ri Gh0

yhorsphqw Hfrqrplfv 5 +44,/ 440631
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^48` Jrogvplwk/ D1D1 +4<<;, cLqvwlwxwlrqv dqg Hfrqrplf Jurzwk lq Diulfd*1 Kduydug Lqvwlwxwh

iru Lqwhuqdwlrqdo Ghyhorsphqw/ Diulfdq Hfrqrplf Srolf| Sdshu/ Glvfxvvlrq Sdshu Qr1:

^49` Juljruldq/ G1 D1/ dqg D1 Pduwlqh} +5333, cLqgxvwuldo Jurzwk dqg Txdolw| ri Lqvwlwxwlrqv=

Zkdw gr +wudqvlwlrq, Hfrqrplhv kdyh wr jdlq iurp wkh Uxoh ri Odz*Zruog Edqn Zrunlqj

Sdshu Qr1 57:8
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^53` Lkulj/ M1/ dqg N1V1 Prh +5333, cWkh Lq xhqfh ri Jryhuqphqw Srolflhv rq Lqirupdo Oderu=

Lpsolfdwlrqv iru Orqj0uxq Jurzwk*1 Gh Hfrqrplvw 47; +6,/ 66406761

^54` Lqwhuqdwlrqdo Oderxu R!fh +4<:6, Hpsor|phqw/ lqfrphv dqg lqhtxdolw|= D vwudwhj| iru

lqfuhdvlqj surgxfwlyh hpsor|phqw lq Nhq|d1 LOR/ Jhqhyd1

^55` Lu}/ [1 dqg W1 Urh +5334, cDjulfxowxudo surgxfwlylw| dqg hfrqrp|0zlgh jurzwk= lqyhv0

wljdwlrq lq d Udpvh| iudphzrun*1 Plphr1/ Xqlyhuvlw| ri Plqqhvrwd1

^56` Mrkqvrq/ V1/ Ndxipdqq/ G1/ dqg S1 ]rlgr0Oredwrq +4<<;, cJryhuqphqw lq Wudqvlwlrq=

Uhjxodwru| Glvfuhwlrq dqg wkh Xqr!fldo Hfrqrp|*1 DHD Sdshuv dqg Surfhhglqjv ;;/

6;:0<51

^57` Nhooh|/ Euxfh +4<<7, cWkh Lqirupdo Vhfwru dqg wkh Pdfurhfrqrp|= D Frpsxwdeoh Jhq0

hudo Htxloleulxp Dssurdfk iru Shux*1 Zruog Ghyhorsphqw 55 +<,/ 46<6047441

^58` Nqdfn1 V1 +4<<9, cLqvwlwxwlrqv dqg wkh frqyhujhqfh k|srwkhvlv= Wkh Furvv0Qdwlrqdo Hy0

lghqfh*1 Sxeolf Fkrlfh ;:/ 53:05;1

^59` Nqdfn/ V1 dqg S1 Nhhihu +4<<8, cLqvwlwxwlrqv dqg Hfrqrplf Shuirupdqfh= Furvv0Frxqwu|

Whvwv Xvlqj Dowhuqdwlyh Lqvwlwxwlrqdo Phdvxuhv*1 Hfrqrplfv dqg Srolwlfv :/ 53:05:1

^5:` Nqdfn/ V1 dqg S1 Nhhihu +4<<:, cZk| Grq*w Srru Frxqwulhv Fdwfk XsB D Furvv0Qdwlrqdo
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^5;` Odfnö/ P1 +5333, cKlgghq Hfrqrp|0 dq xqnqrzq txdqwlw|B Frpsdudwlyh dqdo|vlv ri

klgghq hfrqrplhv lq wudqvlwlrq frxqwulhv/ 4<;<0<8*1 Hfrqrplfv ri Wudqvlwlrq ; +4,/ 44:0

47<1
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Srolf| 78/ 45<0951

^64` Pxooljdq/ Fdvh| E1/ dqg [1 Vdod0l0Pduwlq +4<<4, cD Qrwh rq wkh Wlph0Holplqdwlrq

Phwkrg iru Vroylqj Uhfxuvlyh G|qdplf Prghov*1 QEHU Whfkqlfdo Zrunlqj Sdshu Qr1
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^65` Pxusk|/ N1 P1/ D1 Vfkohlihu/ dqg U1 Ylvkq| +4<;<, cLqfrph Glvwulexwlrq/ Pdunhw Vl}h/
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^66` Qhfn/ U1/ Vfkqhlghu/ I1/ dqg P1 I1 Kriuhlwkhu +4<;<, cWkh Frqvhtxhqfhv ri Surjuhvvlyh

Lqfrph Wd{dwlrq iru wkh Vkdgrz Hfrqrp|= Vrph Wkhruhwlfdo Frqvlghudwlrqv* lq Wkh Sr0

olwlfdo Hfrqrp| ri Surjuhvvlyh Wd{dwlrq hgv1 G1 Erv dqg E1 Ihoghuhu1 Ehuolq0Khlghoehuj=

Vsulqjhu0Ihuodj1

^67` Qruwk/ Grxjodvv F1 +4<<3, Lqvwlwxwlrqv/ Lqvwlwxwlrqdo Fkdqjh/ dqg Hfrqrplf Shuiru0

pdqfh1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1

^68` Sduhqwh/ V1 dqg H1 F1 Suhvfrww +4<<<, cPrqrsro| Uljkwv= D Eduulhu wr Ulfkhv*1 Wkh

Dphulfdq Hfrqrplf Uhylhz ;< +8,/ 45490661

^69` Shuvvrq/ W1 dqg J1 Wdehoolql +4<<7, cLv Lqhtxdolw| Kdupixo iru JurzwkB* Wkh Dphulfdq

Hfrqrplf Uhylhz ;7 +6,/ 9330541

^6:` Udqlv/ J1 dqg M1 F1 K1 Ihl +4<94, cD Wkhru| ri Hfrqrplf Ghyhorsphqw*1 Dphulfdq

Hfrqrplf Uhylhz 84/ 8660891

^6;` Urvvhu/ Edunoh| Mu1/ Pdulqd Y1 Urvvhu/ dqg H1 Dkphg +5333, cLqfrph Lqhtxdolw| dqg

wkh Lqirupdo Hfrqrp| lq Wudqvlwlrq Hfrqrplhv*1 Mrxuqdo ri Frpsdudwlyh Hfrqrplfv 5;/

48904:41

5;



^6<` Vfkqhlghu/ I1 dqg G1 Hqvwh +5333, cVkdgrz Hfrqrplhv Durxqg wkh Zruog= Vl}h/ Fdxvhv/

dqg Frqvhtxhqfhv*1 LPI Zrunlqj Sdshu 591

^73` gh Vrwr/ K1 +4<;<, Wkh Rwkhu Sdwk= Wkh Lqylvleoh Uhyroxwlrq lq wkh Wkluog Zruog1 Qhz

\run= Kdushu ) Urz1

^74` Vwdwh Lqvwlwxwh ri Vwdwlvwlfv +VLV, +4<<<, Vwdwlvwlfdo \hduerrn ri Wxunh| 4<<;1 Dqndud/

Wxunh|1

^75` Vwdwh Lqvwlwxwh ri Vwdwlvwlfv Zhevlwh +5336, ?kwws=22zzz1glh1jry1wuA

^76` Vrfldo Vhfxulw| Lqvwlwxwlrq Zhevlwh +5336, ?kwws=22zzz1vvn1jry1wuA

^77` Wrgdur/ P1 S1 +4<9<, cD prgho ri oderu pljudwlrq dqg xuedq xqhpsor|phqw lq ohvv

ghyhorshg frxqwulhv*1 Dphulfdq Hfrqrplf Uhylhz 8</ 46;07;1

^78` Wruqhoo/ D1 dqg S1U1 Odqh +4<<;, cYrudflw| dqg Jurzwk*1 QEHU Zrunlqj Sdshu Qr1

97<;1

^79` W|erxw/ M1 U1 +5333, cPdqxidfwxulqj �upv lq ghyhorslqj frxqwulhv= Krz zhoo gr wkh|

gr/ dqg zk|B*1 Mrxuqdo ri Hfrqrplf Olwhudwxuh 6;/ 440771

^7:` Zruog Edqn +5335, Zruog Ghyhorsphqw Uhsruw= Exloglqj Lqvwlwxwlrqv iru Pdunhwv1 Wkh

Zruog Edqn/ Zdvklqjwrq/ G1 F1

^7;` Zruog Edqn +5335, Zruog Ghyhorsphqw Lqglfdwruv 53351 Wkh Zruog Edqn/ Zdvklqjwrq/

G1F1

5<


