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0DUFLR &DWDOGL

0HFKDQLFDO (QJLQHHULQJ 3URJUDP �3(0�&233(�8)5-�� )HGHUDO 8QLYHUVLW\ RI 5LR GH -DQHLUR� &�3� ������ ��������� �

5LR GH -DQHLUR � %UD]LO�

PFDWDOGL#VHUY�FRP�XIUM�EU

-XOLDQD %� 5� /RXUHLUR

0HFKDQLFDO (QJLQHHULQJ 'HSDUWPHQW �'(0�((�8)5-�� )HGHUDO 8QLYHUVLW\ RI 5LR GH -DQHLUR� &�3� ������ ��������� �

5LR GH -DQHLUR � %UD]LO�

MEUORXUHLUR#VHUY�FRP�XIUM�EU

/XL] &OuDXGLR *� 3LPHQWHO

0HWHRURORJ\ 'HSDUWPHQW �,*(2�8)5-�� )HGHUDO 8QLYHUVLW\ RI 5LR GH -DQHLUR� ��������� � 5LR GH -DQHLUR � %UD]LO�

SLPHQWHO#OWWF�FRSSH�XIUM�EU

$WLOD 3� 6LOYD )UHLUH

0HFKDQLFDO (QJLQHHULQJ 3URJUDP �3(0�&233(�8)5-�� )HGHUDO 8QLYHUVLW\ RI 5LR GH -DQHLUR� &�3� ������ ��������� �

5LR GH -DQHLUR � %UD]LO�

DWLOD#VHUY�FRP�XIUM�EU

$EVWUDFW� 7KH REMHFWLYH RI WKLV ZRUN LV WR GHYHORS� LQ D ZLQG WXQQHO HQYLURQPHQW� ERXQGDU\ OD\HUV ZLWK GLmHUHQW VWDWHV RI

GHYHORSPHQW WKDW VLPXODWH WKH VWUXFWXUH SUHVHQW LQ WKH DWPRVSKHULF ERXQGDU\ OD\HU� 7KH ZRUN DQDO\VHV WKH G\QDPLF DQG

WKHUPDO FKDUDFWHULVWLFV RI GLmHUHQW W\SHV RI WKLFN� DUWLnFLDOO\ JHQHUDWHG� WXUEXOHQW ERXQGDU\ OD\HUV� 7KH WKHUPDO ERXQGDU\

OD\HU LV REWDLQHG E\ WZR PHWKRGV� ZDOO VXUIDFH KHDWLQJ DQG PDLQ oRZ KHDWLQJ� 7KH ZDOO VXUIDFH KHDWLQJ� PDGH WKURXJK

HOHWULFDO UHVLVWDQFHV� FDQ IXUQLVK DQ LQFUHDVH LQ ZDOO WHPSHUDWXUH RI XS WR ��� R& DERYH WKH DPELHQW WHPSHUDWXUH DQG FDQ

EH DSSOLHG RYHU D ���� PP ORQJ VXUIDFH ZLWK D FRQWUROHG YDULDWLRQ RI � R&� 7KH PDLQ oRZ KHDWLQJ LV REWDLQHG E\ IRUFLQJ

WKH oRZ SDVV WKURXJK D FXUWDLQ RI FRSSHU VWULQJV ZKRVH HOHPHQWV FDQ WKH KHDWHG LQGLYLGXDOO\� 7KH PDLQ oRZ FDQ EH KHDWHG

XS WR �� R&� 7KH ZKROH V\VWHP FDQ WKHQ EH XVHG WR SURGXFH� XQVWDEOH� QHXWUDO DQG VWDEOH ERXQGDU\ OD\HUV� 7KH SDUDPHWHUV

RI WKH WKHUPDO ERXQGDU\ OD\HU DUH TXDOLnHG WKURXJK� JURZWK� VWUXFWXUH� HTXLOLEULXP� WXUEXOHQW WUDQVSRUW RI KHDW DQG HQHUJ\

VSHFWUXP� 7KH SDSHU GHVFULEHV LQ GHWDLO WKH H[SHULPHQWDO DUUDQJHPHQW� LQFOXGLQJ WKH JHRPHWU\ RI WKH ZLQG WXQQHO DQG RI

WKH LQVWUXPHQWDWLRQ�

.H\ZRUGV� 6WUDWLnFDWLRQ� DWPRVSKHULF ERXQGDU\ OD\HU� ZLQG WXQQHO�

�� ,QWURGXFWLRQ

6WUDWLnHG DWPRVSKHULF oRZV KDYH EHHQ WKH VXEMHFW RI H[WHQVLYH UHVHDUFK� %HFDXVH RYHU ODUJH ODSVHV RI WLPH WKH
WHPSHUDWXUH LQ WKH DWPRVSKHUH FKDQJHV DEUXSWO\ ZLWK KHLJKW� EH LW GD\WLPH RU QLJKWWLPH� DLU SDUFHOV GLVSODFHG
YHUWLFDOO\ ZLOO H[SHULHQFH QHW EXR\DQF\ IRUFHV UHVXOWLQJ LQ SHUVLVWHQW VWUDWLnHG oRZ VWDWHV� 7KXV� LI UHOLDEOH
QXPHULFDO ZHDWKHU SUHGLFWLRQ DQG FLUFXODWLRQ PRGHOV DUH WR EH SURSRVHG� WKH G\QDPLFV RI VWUDWLnHG oRZV PXVW
EH ZHOO XQGHUVWRRG� 2I SDUWLFXODU LQWHUHVW LQ WKLV VXEMHFW LV WKH DFFRXQW RI VPDOO VFDOH SKHQRPHQD RQ WKH oRZ
IHDWXUHV�
8QIRUWXQDWHO\� WKH GLUHFW REVHUYDWLRQ RI DWPRVSKHULF oRZV LV D YHU\ GLpFXOW DQG FRVWO\ DmDLU� 7R REVHUYH

QDWXUDO oRZV� WKH FRPPRQ SUDFWLFH LV WR XVH LQVWUXPHQWV DWWDFKHG WR n[HG WRZHUV RU nWWHG WR DLUFUDIWV� EDOORRQV RU
NLWHV� ,Q DOO FDVHV WKH GLpFXOWLHV DUH PDQ\ DQG WKH FRVWV KLJK� $Q DOWHUQDWLYH DSSURDFK LV WR UHVRUW WR ODERUDWRU\
REVHUYDWLRQ� 7KH DGYDQWDJHV RI D FRQWUROOHG ODERUDWRU\ VWXG\ DUH PDQ\� +RZHYHU� H[WUHPH FDUH PXVW EH WDNHQ
WR HQVXUH WKDW GDWD REWDLQHG LQ ZLQG WXQQHOV VKRZ JRRG VLPLODULW\ ZLWK FRUUHVSRQGLQJ DWPRVSKHULF GDWD� 6LQFH
WKH QXPEHU RI SDUDPHWHUV WKDW LQoXHQFH WKH DWPRVSKHULF ERXQGDU\ OD\HU LV ODUJH WKLV LV D YHU\ GLpFXOW WDVN�
7\SLFDO SDUDPHWHUV DUH WKH F\FOH RI VRODU KHDWLQJ RI WKH JURXQG� PHVRHVFDOD SKHQRPHQD DQG JURXQG RURJUDSK\�
7KH SXUSRVH RI WKLV DUWLFOH LV WR SUHVHQW WKH UHVXOWV RI D VHULHV RI VWUDWLnHG ZLQG WXQQHO H[SHULPHQWV FDUULHG

RXW DW 3(0�&233(�8)5-� 7KH H[SHULPHQWV DLPHG DW SURGXFLQJ VWDEOH� QHXWUDO DQG XQVWDEOH oRZV LQ D VKRUW
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ZLQG WXQQHO� 7R JHQHUDWH ERXQGDU\ OD\HUV WKDW VDWLVnHG WKH UHTXLUHPHQWV IRU JHRPHWULF� G\QDPLF DQG WKHUPDO
VLPLODULW\ ZLWK WKH DWPRVSKHULF ERXQGDU\ OD\HU VHYHUDO VSHFLDO PHDVXUHV ZHUH WDNHQ� 'DWD YDOLGDWLRQ ZDV PDGH
E\ FRPSDULVRQ RI UHVXOWV REWDLQHG LQ WKH SUHVHQW IDFLOLWLHV ZLWK GDWD WDNHQ IURP RWKHU ODERUDWRULHV DQG WKH nHOG�
7KH SUHVHQW ZRUN LV SDUW RI D ODUJHU HmRUW ZKRVH DLPV DUH� L� WR LQYHVWLJDWH PHWKRGV RI VLPXODWLQJ VWDEOH�

QHXWUDO DQG XQVWDEOH ERXQGDU\ OD\HUV LQ D ZLQG WXQQHO� LL� WR VWXG\ WKH HmHFWV RI URXJK VXUIDFHV RQ VWUDWLnHG
ERXQGDU\ OD\HUV� DQG LLL� WR VWXG\ WKH HmHFWV RI RURJUDSK\ RQ VWUDWLnHG ERXQGDU\ OD\HUV�
7KH SDSHU VKRZV KRZ WKH ERXQGDU\ OD\HU WKDW LV IRUPHG RYHU WKH oRRU RI WKH ZLQG WXQQHO LV FRQWUROOHG E\

KHDWLQJ WKH oRRU DQG WKH LQFRPLQJ DLU WKURXJK HOHWULFDO UHVLVWDQFHV� 7KH UHVLVWDQFHV FDQ IXUQLVK DQ LQFUHDVH LQ
oRRU WHPSHUDWXUH RI XS WR ���R& DERYH DPELHQW WHPSHUDWXUH DQG FDQ EH DSSOLHG RYHU D ���� PP ORQJ VXUIDFH
ZLWK D FRQWUROHG YDULDWLRQ RI h�R& � 7KH LQFRPLQJ DLU LV KHDWHG E\ IRUFLQJ WKH oRZ WKURXJK D VHW RI �� HOHFWULFDO
KHDWLQJ HOHPHQWV ZKLFK FDQ EH RSHUDWHG LQGLYLGXDOO\� 7KH V\VWHP FDQ WKHQ EH XVHG WR SURGXFH XQVWDEOH� QHXWUDO
DQG VWDEOH ERXQGDU\ OD\HUV� 'HVSLWH WKH ���� PP KHDWLQJ OHQJWK� RQO\ ���� PP ZLOO EH XVHG LQ WKLV ZRUN� WKDW
LV EHFDXVH ZH DUH SDUWLFXODUO\ LQWHUHVWHG LQ SURGXFLQJ VWUDWLnHG oRZV RYHU D VKRUW OHQJWK�
7R FUHDWH D WKLFN ERXQGDU\ OD\HU LQ WKH ZLQG WXQQHO ZH UHVRUW WR WKH PHWKRG GHYHORSHG E\ %DUERVD HW

DO�������� ,Q WKHLU ZRUN� WKHVH DXWKRUV VKRZ KRZ D FRPELQDWLRQ RI VSLUHV DQG EDUV FDQ EH XVHG WR JHQHUDWH
ERXQGDU\ OD\HUV DV WKLFN DV �� FP RYHU OHQJKWV DV VKRUW DV � PHWHUV� 7KH H[SHULPHQWDO DVVHVVPHQW RI WKH
WKLFNHQLQJ GHYLFH ZDV FDUULHG RXW FRQVLGHULQJ WKH LQWHJUDO SURSHUWLHV RI WKH oRZ� VNLQ�IULFWLRQ� PHDQ YHORFLW\
SURnOHV LQ LQQHU DQG RXWHU FRRUGLQDWHV DQG WXUEXOHQFH�
$ VKRUW UHYLVLRQ RI WKH FRQGLWLRQV LQ ZKLFK ERXQGDU\ OD\HU VLPLODULW\ LV DFKLHYHG LV DOVR SUHVHQWHG KHUH�

�� 6LPLODULW\ &RQGLWLRQV

7KH JHQHUDO UHTXLUHPHQWV IRU VLPLODULW\ RI oRZV DUH GLFWDWHG E\ WKH HTXDWLRQV RI PRWLRQ ^ FRQVHUYDWLRQ
RI PDVV� PRPHQWXP DQG HQHUJ\� 7R VLPXODWH WKH DWPRVSKHULF ERXQGDU\ OD\HU LQ D ZLQG WXQQHO WKH ODUJH
QXPEHU RI GLPHQVLRQOHVV JURXSV WKDW ZRXOG KDYH WR EH PDWFKHG WR DVVXUH H[DFW VLPLODULW\ VHHPV WR UHQGHU WKH
SUREOHP LPSRVVLEOH WR VROYH VLQFH� LQ SULQFLSOH� DOO FRQGLWLRQV ZRXOG KDYH WR EH VDWLVnHG VLPXOWDQHRXVO\ E\ WKH
PRGHO DQG VRPH DUH LQFRPSDWLEOH RU HYHQ FRQoLFWLQJ� 7KXV� RQO\ DSSUR[LPDWH VLPLODULW\ FDQ EH DFKLHYHG LQ D
ODERUDWRU\ H[SHULPHQW� WKH UHVXOW LV WKDW VPDOO VFDOH H[SHULPHQWV PXVW EH GHVLJQHG WR UHSUHVHQW DFFXUDWHO\ WKH
FKDUDFWHULVWLFV RI PRWLRQ ZKLFK DUH RI PRVW LPSRUWDQW IRU WKH GHVLUHG DSSOLFDWLRQ�
)ROORZLQJ WKH SURFHGXUH RI &HUPDN������ ZH WDNH DV WKH EDVLF SK\VLFDO PRGHO D ERXQGDU\ OD\HU GHYHORSHG

RYHU WKH oRRU RI D ZLQG WXQQHO WHVW VHFWLRQ LQ ZKLFK YHUWLFDO WHPSHUDWXUH JUDGLHQWV DUH FRQWUROOHG E\ KHDWLQJ�
7KH HmHFWV RI UDGLDWLRQ KHDW WUDQVIHU DQG SKDVH FKDQJHV RI ZDWHU LQ WKH DWPRVSKHUH ZLOO QRW EH DFFRXQWHG IRU
LQ WKH SUHVHQW DQDO\VLV� $OVR� H[WUHPH PHWHRURORJLFDO HYHQWV ZKLFK JLYH ULVH WR ORFDO VLQJXODU PRWLRQV DUH QRW
FRQVLGHUHG KHUH�
7KH UHTXLUHPHQWV IRU JHRPHWULF� G\QDPLF DQG WKHUPDO VLPLODULW\ FDQ EH REWDLQHG E\ GLUHFW LQVSHFWLRQ RI

WKH HTXDWLRQV RI PRWLRQ� 7KH HTXDWLRQ RI FRQWLQXLW\ UHPDLQV LQYDULDQW ZKHQ WUDQVIRUPHG WR GLPHQVLRQOHVV IRUP
SURYLGHG D VDPH FKDUDFWHULVWLF OHQJWK LV WDNHQ IRU WKH YHUWLFDO DQG KRUL]RQWDO GLUHFWLRQV�
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E\ VFDOLQJ DOO YDULDEOHV LQ UHODWLRQ WR WKH UHIHUHQFH TXDQWLWLHV /�� 8�� l�� |�� c7� DQG J�� (TXDWLRQ � LV WKH
WLPH DYHUDJHG 1DYLHU�6WRNHV HTXDWLRQ ZKHUH DOO YDULDEOHV UHSUHVHQW D PHDQ YDOXH� 7KH oXFWXDWLQJ YDULDEOHV DUH
LQGLFDWHG E\ D GDVK DQG WKH EUDFNHWV K L LQGLFDWH DQ DYHUDJH RSHUDWLRQ� 8L VWDQGV IRU WKH YHORFLW\ FRPSRQHQW
LQ WKH [L GLUHFWLRQ� S IRU WKH SUHVVXUH� J IRU WKH JUDYLWDWLRQDO DFFHOHUDWLRQ� c7 IRU WKH WHPSHUDWXUH GHYLDWLRQ� y
IRU WKH NLQHPDWLF YLVFRVLW\� l IRU HDUWK
V DQJXODU YHORFLW\ DQG qLMN IRU WKH SHUPXWDWLRQ WHQVRU�
7KH HmHFWV RI WHPSHUDWXUH VWUDWLnFDWLRQ RQ WKH YHORFLW\ nHOG KDYH EHHQ DFFRXQWHG IRU E\ %RXVVLQHVT DSSUR[�

LPDWLRQ� WKLV OLPLWV HTXDWLRQ � WR VLWXDWLRQV ZKHUH c7 �� 7� DQG LPSOLHV WKDW S LV WKH GHSDUWXUH RI WKH PHDQ
SUHVVXUH IURP WKH K\GURVWDWLF SUHVVXUH IRU DQ DWPRVSKHUH RI GHQVLW\ |��
(TXDWLRQ � OHDGV WR WKH FRQFOXVLRQ WKDW FRPSOHWH G\QDPLF VLPLODULW\ GHSHQGV RQ WKH IROORZLQJ GLPHQVLRQOHVV

JURXSV�

5RVVE\ QXPEHU� 5R  8� /�l��
5H\QROGV QXPEHU� 5H  8�/� y��
5LFKDUGVRQ QXPEHU� 5L  >�c7��7�@�/� 8

�
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:KHQ QR URWDWLRQ LV LPSRVHG RQ WKH ZLQG WXQQHO DERXW D YHUWLFDO D[LV� WKH 5RVVE\ QXPEHU IRU WKH ZLQG
WXQQHO ZLOO EH VPDOOHU WKDQ WKDW IRU WKH DWPRVSKHUH E\ D IDFWRU RI DSSUR[LPDWHGO\ ��b� �WKH OHQJWK VFDOH�� 7KLV
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LV D VHULRXV OLPLWDWLRQ WR ODERUDWRU\ VLPXODWLRQ RI DWPRVSKHULF oRZV IRU ZH NQRZ WKDW DW JHRVWURSKLF KHLJKWV�
ZKHQ WKH SUHVVXUH IRUFHV DQG WKH &RULROLV IRUFHV UHDFK HTXLOLEULXP� ZLQG GLUHFWLRQ YDULHV E\ DQ DQJOH RI ��R

WR ��R IURP JURXQG OHYHO� 6RPH DXWKRUV KDYH UHPRYHG WKLV OLPLWDWLRQ WKURXJK WKH LQWURGXFWLRQ RI D FURVV oRZ
WKURXJK SRURXV ZDOOV RI D VWDWLRQDU\ ZLQG WXQQHO RU E\ XVH RI D ODUJH URWDWLQJ oRZ FKDPEHU �&HUPDN��������
WKLV KDV LQFXUUHG YHU\ KLJK FRVWV DQG JUHDW RSHUDWLRQDO GLpFXOWLHV� 5RVVE\ QXPEHU VLPLODULW\ ZLOO� KHQFH� EH
H[FOXGHG IURP WKH SUHVHQW DQDO\VLV� 7KLV OLPLWV RXU UHSUHVHQWDWLRQ RI WKH DWPRVSKHULF ERXQGDU\ OD\HU WR WKH
nUVW ��� PHWHUV IURP JURXQG OHYHO� 7KLV SRUWLRQ RI WKH DWPRVSKHULF ERXQGDU\ OD\HU LV UHIHUUHG WR LQ OLWHUDWXUH
DV WKH DWPRVSKHULF VXUIDFH OD\HU�
7KH 5H\QROGV QXPEHU IRU WKH ZLQG WXQQHO ZLOO DOVR EH ��b� VPDOOHU WKDQ WKDW IRU WKH DWPRVSKHUH� 5H\QROGV

QXPEHU VLPLODULW\ LV WKHUHIRUH QRW DFKLHYDEOH� 7KLV IDFW� KRZHYHU� GRHV QRW FRPSOLFDWH RXU DWWHPSW DW PRGHOOLQJ
WKH DWPRVSHKUH IRU ZH NQRZ WKDW IRU oRZV RYHU URXJK VXUIDFHV WKH QHDU ZDOO oRZ EHFRPHV LQGHSHQGHQW RI
YLVFRVLW\� EHLQJ D IXQFWLRQ RI WKH URXJKQHVV VFDOH� 6LQFH DOO QDWXUDO VXUIDFHV DUH URXJK� WKH oRZ VWUXFWXUH UHODWHG
WR PRPHQWXP WUDQVIHU ZLOO EH HTXDO SURYLGHG WKH URXJKQHVV OHQJWKV DUH DSSURSULDWHO\ VFDOHG GRZQ�
7KH EXON 5LFKDUGVRQ QXPEHU WKDW LV W\SLFDO RI WKH DWPRVSKHUH� �� � 5L � �� FDQ EH REWDLQHG LQ D ZLQG

WXQQHO�
7KHUPDO VLPLODULW\ LV VWXGLHG WKURXJK WKH HQHJ\ HTXDWLRQ�
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(TXDWLRQ � DGGV WZR GLPHQVLRQOHVV JURXSV WR RXU SUREOHP�

3UDQGWO QXPEHU� 3U  y� �N� |�&S���
(FNHUW QXPEHU� (F  8�

�
 &S��c7 ���

,I DLU LV XVHG DV WKH ZRUNLQJ oXLG LQ WKH ZLQG WXQQHO� 3UDQGWO QXPEHU VLPLODULW\ LV LPPHGLDWHO\ DFKLHYHG�
7KH LQoXHQFH RI (FNHUW QXPEHU RQ VLPLODULW\ FRQVLGHUDWLRQV LV QRW UHOHYDQW XQWLO WKH oRZ DSSURDFKHV WKH VSHHG
RI VRXQG� WKLV UHTXLUHPHQW LV WKHUHIRUH UHOD[HG�
,Q DGGLWLRQ WR HTXDOLW\ RI WKH GLPHQVLRQOHVV JURXSV� UHTXLUHPHQWV DVVXULQJ WKDW WKH ERXQGDU\ FRQGLWLRQV DQG

WKH DSSURDFK�oRZ FKDUDFWHULVWLFV DUH VLPLODU IRU WKH ZLQG WXQQHO DQG WKH DWPRVSKHUH PXVW EH REVHUYHG�
6LPLODULW\ RI VXUIDFH FRQGLWLRQV LV FKDUDFWHUL]HG E\ WKH IROORZLQJ IDFWRUV�

�� 6XUIDFH URXJKQHVV�

�� WRSRJUDnF UHOLHI�

�� VXUIDFH WHPSHUDWXUH GLVWULEXWLRQ�

7KH DSSURDFK�oRZ LV FKDUDFWHUL]HG E\�

�� 8SVWUHDP GLVWULEXWLRQ RI PHDQ DQG WXUEXOHQW YHORFLWLHV�

�� XSVWUHDP GLVWULEXWLRQ RI PHDQ DQG WXUEXOHQW WHPSHUDWXUHV�

�� ORQJLWXGLQDO SUHVVXUH JUDGLHQW�

�� :LQG 7XQQHO 'HVLJQ

7KH VL]H RI WKH ZLQG WXQQHO WHVW VHFWLRQ ZLOO GHWHUPLQH WKH PRGHO OHQJWK VFDOH UDWLR �/65�� 0DQ\ ZLQG WXQQHOV
DUH GHVLJQHG WR UHSUHVHQW WKH nUVW ��� P RI WKH DWPRVSKHUH� )RU WKHVH� D VFDOH UDWLR RI ����� LV XVHG VR WKDW RQH
PHWHU WKLFN ERXQGDU\ OD\HUV ZLOO KDYH WR EH SURGXFHG LQ WKH ODERUDWRU\� %RXQGDU\ OD\HUV ZLWK WKLV WKLFNQHVV
UHTXLUH YHU\ ORQJ WHVW VHFWLRQV WR EH DFKLHYHG UHVXOWLQJ LQ ODUJH H[SHULPHQWDO LQVWDODWLRQV� 0HWHRURORJLFDO ZLQG
WXQQHOV FDQ KDYH D ZRUNLQJ FURVV VHFWLRQ DV ODUJH DV �[�� PHWHUV ZLWK D WRWDO VHFWLRQ OHQJWK RI �� PHWHUV �0RQDVK
8QLYHUVLW\�� +RZHYHU� PDQ\ RWKHU WXQQHOV SUHVHQW PXFK VKRUW ZRUNLQJ FURVV VHFWLRQV YDU\LQJ IURP ���[��� P
WR �[� P� 'HVLJQ UHFRPPHQGDWLRQV KDYH EHHQ DGYDQFHG E\ VHYHUDO DXWKRUV� &HUPDN������ ����� ������ 3RUHK
HW DO�������� 0HURQH\ DQG 0HOERXUQH������� *UDLQJHU DQG 0HURQH\������� 2K\D HW DO������� DQG )HGRURYLFK
HW DO�������� $OO DXWKRUV DJUHH WKDW DQ DWPRVSKHULF ZLQG WXQQHO VKRXOG LGHDOO\ KDYH D ZRUNLQJ VHFWLRQ ORQJHU
WKDQ �� PHWHUV� ,QGHHG� &HUPDN������ KDV VKRZQ WKDW RQO\ DIWHU �� PHWHUV IURP WKH WHVW VHFWLRQ
V HQWUDQFH
WKH WXUEXOHQW ERXQGDU\ OD\HU EHFRPHV IXOO\ GHYHORSHG� 7KLV LV LQ DJUHHPHQW ZLWK WKH nQGLQJV RI RWKHU DXWKRUV�
)XUWKHUPRUH� 3RUHK HW DO������� KDYH VKRZQ WKDW WKH PLQLPXP GHVLUHG ZLQG WXQQHO GLPHQVLRQ IRU GLmXVLRQ
H[SHULPHQWV LV �� PHWHUV�
7KH JHQHUDO IHDWXUHV RI W\SLFDO DWPRVSKHULF ZLQG WXQQHOV DUH VKRZQ LQ 7DEOH �� 7R FRQVWUXFW WKLV WDEOH� GDWD

ZDV WDNHQ IURP WKH IROORZLQJ IDFLOLWLHV� &RUQHOO 8QLYHUVLW\� ,WKDFD� 86$� <RRQ������� &RORUDGR 6WDWH 8QLYHU�
VLW\� )OXLG '\QDPLFV DQG 'LmXVLRQ /DERUDWRU\� 86$� &HUPDN������� (FROH &HQWUDOH GH /\RQ� (FXOO\� )UDQFH�
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7DEOH �� $WPRVSKHULF ZLQG WXQQHO IHDWXUHV�
&� 6� /� 8 G7 G] p

&RUQHOO ����[���� ���� ������� ��
&RORUDGR ���[��� �� ��� WR �� ��� ���
(&/ ���[� �� � WR �� ���

.DUOVUXKH ���[��� �� ����� ��� ����
.\XVKX ���[��� ���� ����� ���
0RQDVK ��[� �� ��� ���
0+, ���[� �� �������
1,(6 �[��� �� ������ �� �

7DEOH �� :LQG WXQQHO LQVWUXPHQWDWLRQ�
+:$ /'$ &:7 7K 0:7 3:

&RUQHOO <HV <HV
&RORUDGR <HV <HV <HV <HV ���
(&/ <HV <HV ���

.DUOVUXKH <HV <HV <HV ��
.\XVKX <HV ���� ��
0RQDVK <HV <HV �
0+, <HV <HV <HV <HV ����� �
1,(6 <HV <HV <HV �����

5H\QROGV������� ,QVWLWXW I�XU +\GURORJLH XQG :DVVHUZLUWVFKDIW� .DUOVUXKH� *HUPDQ\� 5DX������� 5HVHDUFK ,Q�
VWLWXW IRU $SSOLHG 0HFKDQLFV� .\XVKX 8QLYHUVLW\� .DVXJD� -DSDQ� 2K\D������� 'HSW�0HFKDQLFDO (QJLQHHULQJ�
0RQDVK 8QLYHUVLW\� $XVWUDOLD� *UDLQJHU������� 0LWVXELVKL +HDY\ ,QGXVWULHV� 1DJDVDNL� -DSDQ� 2KED�������
1DWLRQDO ,QVWLWXWH IRU (QYLURQPHQWDO 6WXGLHV� ,EDUDNL� -DSDQ� 2JDZD�������
7KH LQVWUXPHQWDWLRQ XVHG LQ WKHVH WXQQHOV LV UHYLHZHG LQ 7DEOH ��
7KH GDWD LQ 7DEOHV � DQG � JLYH XV VRPH FULWHULD DV WR ZKDW VKRXOG EH WKH RSHUDWLQJ UDQJH RI DQ DWPRVSKHULF

ZLQG WXQQHO� $W WKLV SRLQW ZH UHFRJQL]H WKDW E\ XVLQJ YRUWLFH JHQHUDWRUV DQG URXJKQHVV HOHPHQWV� D ODUJH UDQJH
RI LQWHJUDO VFDOHV FDQ EH LQWURGXFHG LQWR WKH ERXQGDU\ OD\HU� ,Q IDFW� D SUHYLRXV VWXG\ E\ %DUERVD HW DO�������
VKRZHG KRZ D VLPSOH FRPELQDWLRQ RI F\OLQGULFDO URGV DQG UHFWDQJXODU EDUV FDQ EH XVHG WR SURGXFH DUWLnFLDO
ERXQGDU\ OD\HUV ZLWK WKLFNQHVVHV XS WR �� FP LQ D � P VKRUW ZLQG WXQQHO WHVW VHFWLRQ� 7KH H[SHULPHQWDO
DVVHVVPHQW RI WKH JHQHUDWRUV ZDV FDUULHG RXW E\ FRQVLGHULQJ WKH LQWHJUDO SURSHUWLHV RI WKH oRZ� VNLQ�IULFWLRQ�
PHDQ YHORFLW\ SURnOHV LQ LQQHU DQG RXWHU FRRUGLQDWHV DQG WXUEXOHQFH�
%HFDXVH RI WKH YHU\ KLJK FRVW LQYROYHG LQ GHVLJQLQJ� FRQVWUXFWLQJ DQG RSHUDWLQJ D ODUJH DWPRVSKHULF ZLQG

WXQQHO� ZH KDYH GHFLGHG DW &233(�8)5- WR FRQVWUXFW D VPDOO SLORW WXQQHO� 7KH WXQQHO� LI SRVVLEOH� VKRXOG EH
FDSDEOH RI UHSURGXFLQJ VWDEOH� QHXWUDO DQG XQVWDEOH oRZV�
$IWHU FDUHIXO FRQVLGHUDWLRQ� D ZLQG WXQQHO ZLWK WKH IROORZLQJ FKDUDFWHULVWLFV ZDV FRQVWUXFWHG�

q &LUFXLW� RSHQ�

q 7HVW VHFWLRQ� ���� P KLJK� ���� P ZLGH DQG �� P ORQJ�

q :LQG VSHHG� FRQWLQXRXVO\ YDULDEOH IURP ��� WR � P�V�

q /RQJLWXGLQDO SUHVVXUH JUDGLHQW� DGMXVWDEOH WR ]HUR E\ PHDQV RI DQ DGMXVWDEOH FHLOLQJ�

q 7XUEXOHQFH LQWHQVLW\� ���

q 6XUIDFH KHDWLQJ FDSDFLW\� � N: P��

q /HQJKW RI ZDOO KHDWLQJ VHFWLRQ� � P�

q :DOO WHPSHUDWXUH� YDULDEOH IURP �� WR ���R&�

q 1XPEHU RI UHVLVWHQFHV XVHG WR KHDW WKH LQFRPLQJ DLU� ���

q 5HVLVWDQFHV FDSDFLW\� � N:�

�
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7DEOH �� $WPRVSKHULF ERXQGDU\ OD\HU FKDUDFWHULVWLFV �'ULpHOG 3RZHU 6WDWLRQ� $XVWUDOLD��

,QYHUVLRQ +HLJKW� ]L� ���� P
0HDQ 9HORFLW\� � P�V

0HDQ 7HPSHUDWXUH� �� R&
+HDW )OX[� ��� :�P�

q 9RUWLFH JHQHUDWRUV� URGV ZLWK ���� GLDPHWHU DQG �� PP OHQJKW VSDFHG E\ �� PP� 2QH RU WZR WUDLOLQJ
WUDQVYHUVDO WULSV ZHUH DOVR XVHG�

$ JHQHUDO YLHZ RI WKH ZLQG WXQQHO FDQ EH VHHQ LQ )LJXUH � WRJHWKHU ZLWK D GUDZLQJ LOOXVWUDWLQJ WKH SRVLWLRQLQJ
RI WKH KHDWLQJ HOHPHQWV�

)LJXUH �� *HQHUDO YLHZ RI ZLQG WXQQHO DQG WKH KHDWLQJ HOHPHQWV�

7ZR�FRPSRQHQW YHORFLW\ PHDVXUHPHQWV DQG WHPSHUDWXUH PHDVXUHPHQWV ZHUH REWDLQHG XVLQJ WKHUPDO DQHPRP�
HWU\� 7KH RXWSXW YROWDJH RI D FRQVWDQW�WHPSHUDWXUH KRW�ZLUH DQHPRPHWHU FDQ EH UHSUHVHQWHG� DV UHFRPPHQGHG
E\ %UXQQ������� E\

(�  $�7 � �%�7 �8���� ���

ZKHUH 7 LV WKH DLU WHPSHUDWXUH DQG 8 WKH oRZ VSHHG�
7KH DSSURSULDWH IXQFWLRQDO EHKDYLRXU RI $�7 � DQG RI %�7 � ZDV GHWHUPLQHG E\ FDOLEUDWLRQV SHUIRUPHG LQ D

VSHFLDOO\ GHVLJQHG ZLQG WXQQHO RI ���[��� PP FURVV VHFWLRQ� 7\SLFDOO\� $�7 � DQG %�7 � ZHUH VKRZQ WR KDYH D
OLQHDU EHKDYLRXU�
)RU WZR�FRPSRQHQW YHORFLW\ PHDVXUHPHQWV D 'DQWHF ��3�� [�ZLUH ZDV XVHG WRJHWKHU ZLWK D PLFUR�WKHUPRFRXSOH

WR REWDLQ WKH GHVLUHG WHPSHUDWXUH FRUUHFWLRQ� )RU RQH�FRPSRQHQW YHORFLW\ DQG WHPSHUDWXUH PHDVXUHPHQWV� D
'DQWHF ��3�� VHQVRU ZDV XVHG�
)RU WKH WXQQHO LQVWUXPHQWDWLRQ� WKH IROORZLQJ LQVWUXPHQWV ZHUH DYDLODEOH� � FRQVWDQW WHPSHUDWXUH DQHPRPH�

WHU XQLWV� � FRQVWDQW FXUUHQW DQHPRPHWHU XQLWV� � SXOVHG�ZLUH DQHPRPHWHU XQLW� D UDQJH RI KRWZLUH SUREHV DQG
VXSSRUWV� �� WKHUPRFRXSOHV� � SLWRW WXEHV� RQH PLFURPDQRPHWHU� RQH LQFOLQHG PDQRPHWHU ZLWK �� WXEHV� DQ
DXWRPDWLF WUDYHUVLQJ JHDU V\VWHP ����� PP VHQVLWLYLW\�� DOO QHFHVDU\ VXSSRUW HTXLSPHQW �RVFLOORVFRSHV� PLFUR�
FRPSXWHUV� PXOWLPHWHUV��

�� :LQG 7XQQHO 3HUIRUPDQFH

7KH UHVXOWV WDNHQ IURP WKH ZLQG WXQQHO FRQVWUXFWHG DW &233(�8)5- ZLOO EH FRPSDUHG KHUH ZLWK VRPH UHDO
oRZ GDWD DQG GDWD RI RWKHU DXWKRUV� 7\SLFDO DWPRVSKHULF FRQGLWLRQV DUH VKRZQ LQ 7DEOH ��
7KH JOREDO oRZ SDUDPHWHUV DUH VKRZQ LQ 7DEOH � ZKHUH * VWDQGV IRU WKH &ODXVHU IDFWRU� X~ IRU WKH VNLQ�

IULFWLRQ YHORFLW\� p IRU WKH ERXQGDU\ OD\HU WKLFNQHVV� p� IRU WKH PRPHQWXP WKLFNQHVV DQG Q IRU WKH H[SRQHQW LQ
WKH SRZHU ODZ�
:H FOHDUO\ VHH WKDW ERWK WKH QDWXUDOO\ DQG WKH DUWLnFLDOO\ JHQHUDWHG ERXQGDU\ OD\HUV DUH LQ HTXLOLEULXP

FRQGLWLRQ XQGHU WKH QHXWUDO VWDWH� $OO WKH RWKHU SDUDPHWHUV DUH DOVR YHU\ PXFK ZLWKLQ WKH H[SHFWHG WUHQGV�
7KH 0RQLQ�2EXFNKRY FKDUDFWHULVWLF OHQJWK FDQ EH FDOFXODWHG �.DLPDO DQG )LQQLJDQ������� DFFRUGLQJ WR

/  
X�
~
tY

�J�T� |FS�
� ���

�
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7DEOH �� *OREDO oRZ SDUDPHWHUV�
6WDEOH 1HXWUDO &RQYHFWLYH

$%/ :7 $%/ :7 $%/ :7
* ���� ���� ���� ���� ���� ����
X~ ���� ���� ���� ���� ���� ����
p ���� ���� ���� ���� ���� ����
p� ����� ����� ����� ����� ����� �����
Q ��� ���� ��� ���� ���� ����

ZKHUH tY GHQRWHV WKH DPELHQW WHPSHUDWXUH RU WKH PHDQ WHPSHUDWXUH DERYH WKH ERXQGDU\ OD\HU� � LV YRQ .DUPDQ
V
FRQVWDQW DQG T� WKH KHDW oX[ DW WKH ZDOO� $OO RWKHU TXDQWLWLHV WDNH RQ WKHLU FODVVLFDO PHDQLQJ�
7KH HVWLPDWHG YDOXH RI T� ZDV ��� :�P�� WKHQ� LW IROORZV WKDW IRU WKH QDWXUDOO\ GHYHORSHG ERXQGDU\ OD\HU

/  ����� P� ZKHUHDV IRU WKH DUWLnFLDOO\ WKLFNQHG ERXQGDU\ OD\HU /  ����� P�
7KH 5LFKDUGVRQ QXPEHU ZDV HYDOXDWHG DFFRUGLQJ WR�

5L  
J�7+ b 7%��+ b%�

7 �8+ b 8%�
� ���

ZKHUH WKH VXEVFULSWV + DQG % LQGLFDWH WKH SRVLWLRQ LQ ZKLFK WKH PHDVXUHPHQWV DUH WDNHQ� + LQGLFDWHV WKH
KLJKHU SRVLWLRQ RI WKH SUREH� % LQGLFDWHV WKH ORZHU SRVLWLRQ�
)RU QHXWUDO DWPRVSKHUH WKH FODVVLFDO ORJDULWKPLF ZLQG SURnOH LV REVHUYHG WR RFFXU� $V WKH DWPRVSKHUH

EHFRPHV VWDEOH RU XQVWDEOH� WKH SURnOH GHSDUWV IURP LWV ORJDULWKPLF VKDSH VR WKDW DSSURSULDWH FRUUHFWLRQV KDYH
WR EH DSSOLHG�
)RU WKH GLDEDWLF ZLQG SURnOH� WKH PRGLnHG ORJDULWKPLF SURnOHV FDQ EH ZULWWHQ DV IROORZV�

D� 6WDEOH oRZ�

X�]�  
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r
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7 �]�  7 �]�� � mK
W~
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s
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ZKHUH X~ LV WKH IULFWLRQ YHORFLW\� ]� LV WKH URXJKQHVV OHQJWK� mK  ���� �%XVLQJHU HW DO������� RU ��� �'\HU��������
W~ LV WKH IULFWLRQ WHPSHUDWXUH� oK  ��� �%XVLQJHU HW DO������� RU ��� �'\HU��������

E� 8QVWDEOH oRZ�
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ZKHUH
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ZLWK

[  ��b nP
]

/
�� ����

DQG nP  � �%XVLQJHU HW DO�������� RU �� �'\HU��������
:KHQ WKH ERXQGDU\ OD\HU LV GLYLGHG LQWR WZR SRUWLRQV� DQ LQQHU DQG DQ RXWHU OD\HU� WKH 5LFKDUGVRQ QXPEHU

FDQ EH HYDOXDWHG XVLQJ (T����� 7DEOH � FRPSDUHV WKH UHVXOWV IRXQG DW &233(�8)5- ZLWK WKH UHVXOWV RI RWKHU
ZLQG WXQQHOV DQG WKH DWPRVSKHULF ERXQGDU\ OD\HU�
7KH IROORZLQJ nJXUHV VKRZ WKH H[SHULPHQWDO UHVXOWV LQ VFDWWHUJUDSK IRUP DQG WKHRUHWLFDO UHVXOWV LQ OLQH JUDSK

IRUPDW� 0HDVXUHPHQWV ZHUH WDNHQ DW IRXU GLmHUHQW SRLQWV IURP WKH VWDUW RI WKH WHVW VHFWLRQ� DW ���P �VWDWLRQ
��� ���P �VWDWLRQ ��� ���P �VWDWLRQ �� DQG ���P �VWDWLRQ ���
)LJXUH � VKRZV WKH VWUHDPZLVH YDULDWLRQ RI WKH WHPSHUDWXUH� LW VKRZV FOHDUO\ WKDW LQ WKH nUVW WZR VWDWLRQV

WKH WHPSHUDWXUH SURnOHV KDYH QRW \HW DFFRPPRGDWHG WR D ORJDULWKPLF IRUP� ,Q IDFW� HYHQ WKH ODVW WZR SURnOHV

�
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7DEOH �� 5LFKDUGVRQ QXPEHU IRU LQQHU DQG RXWHU OD\HUV�
6WDEOH 1HXWUDO 8QVWDEOH

$%/ ����� � ������
*UDLQHU DQG 0HURQH\ �����' _ _
2JDZD HW DO� _ _ �����
/D\HU �� $UWLnFLDO ����� ������ ������
/D\HU �� 1DWXUDO ����� ������ ������
/D\HU �� $UWLnFLDO _ � ������
/D\HU �� 1DWXUDO ����� ������ ������
$UWLnFLDOO\ WKLFNHQHG ����� ������ ������
1DWXUDOO\ WKLFNHQHG ����� � ������

FDQQRW EH FRQVLGUHG LQ D HTXLOLEULXP VWDWH� 7KDW LV LQGLFDWLRQ WKDW IRU D TXDOLW\ SURnOH WKH ZLQG WXQQHO KDV WR
EH IXUWKHU DORQJDWHG�
7KH PHDQ YHORFLW\ SURnOHV IRU QDWXUDOO\ GHYHORSHG DQG DUWLnFLDOO\ GHYHORSHG VWDEOH ERXQGDU\ OD\HUV DUH

VKRZQ LQ )LJXUH � LQ OLQHDU DQG ORJDULWKPLF FRRUGLQDWHV UHVSHFWLYHO\� 7KH WHPSHUDWXUH SURnOH DOVR LQ OLQHDU
DQG ORJDULWKPLF FRRUGLQDWHV DUH VKRZQ LQ )LJXUH � UHVSHFWLYHO\� 7KH 0RQLQ�2EXNRY OHQJWK DQG WKH 5LFKDUGVRQ
QXPEHU DUH VKRZQ LQ )LJXUHV �� 7KH WHPSHUDWXUH VWUHDPZLVH YDULDWLRQ IRU WKH XQVWDEOH FDVH LV VKRZQ LQ )LJXUH
�� $OO WKHVH JUDSKV DUH UHSHDWHG IRU WKH XQVWDEOH FRQGLWLRQ LQ )LJXUHV � WKURXJK �� 7KH PHDQ YHORFLW\ DQG
WHPSHUDWXUH SURnOHV VKRZQ KHUH UHIHU WR WKH YDOXHV WDNHQ DW WKH VWDWLRQ ��
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)LJXUH �� 0RQLQ�2EXFNKRY OHQJWK DQG 5LFKDUGVRQ QXPEHU� VWDEOH FRQGLWLRQV�
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)LJXUH �� 0RQLQ�2EXNRY OHQJWK DQG 5LFKDUGVRQ QXPEHU� XQVWDEOH FRQGLWLRQV�

7KH UHVXOWV VKRZ WKDW GLVWLQFW FKDUDFWHULVWLFV ZHUH REWDLQHG IRU DOO oRZ FRQGLWLRQV� 7KH ORJDULWKPLF SURnOH LV
VWULFWO\ YDOLG RQO\ IRU WKH QHXWUDO ERXQGDU\ OD\HU� +RZHYHU� ZH KDYH VKRZQ WKDW IRU WKH VWDEOH DQG XQVWDEOH oRZ
FRQGLWLRQV WKH GHSDUWXUHV IURP WKH ORJDULWKPLF SURnOH FDQ EH DGHTXDWHGHO\ UHSUHVHQWHG E\ WKH %XVLQJHU�'\HU
UHODWLRQV� 7KH VNLQ�IULFWLRQ FRHpFLHQW DQG WKH 6WDQWRQ QXPEHU KDYH EHHQ HVWLPDWHG FRQVLGHULQJ WKHVH UHODWLRQV
YDOLG�
7KH ODZ RI WKH ZDNH KDV EHHQ UHDVRQDEO\ ZHOO GLVFULPLQDWHG IRU DOO VLWXDWLRQV�

�� &RQFOXVLRQ

7KH SUHVHQW ZRUN KDV UHSRUWHG WKH UHFHQW SURJUHVV PDGH DW &233(�8)5- WR FRQVWUXFW D SLORW ZLQG WXQQHO
ZKLFK FDQ JHQHUDWH ERXQGDU\ OD\HUV ZLWK FKDUDFWHULVWLFV FORVH WR WKRVH SUHVHQWHG E\ DQ DWPRVSKHULF oRZ�
7KH YDOXHV IRXQG IRU WKH 5LFKDUGVRQ QXPEHU DQG IRU WKH 0RQLQ�2EXFNKRY OHQJWK VKRZV WKDW D ORZ GHJUHH

RI VWDELOLW\ ZDV DFKLHYHG LQ WKH VLPXODWLRQ RI VWDEOH ERXQGDU\ OD\HUV� DQG D PRGHUDWH GHJUHH RI LQVWDELOLW\ ZDV
IRXQG LQ WKH VLPXODWLRQ RI XQVWDEOH ERXQGDU\ OD\HUV� 7KH XQVWDEOH FDVH
V PHDQ WHPSHUDWXUH GLPHQVLRQDO SURnOHV
FROODSVHG� ZKLOH WKH VWDEOH FDVH
V GLG QRW�
,Q PRVW FDVHV� WKH SURnOHV VKRZHG D JRRG GHJUHH RI VLPLODULW\ WR WKH WKHRUHWLFDO SURnOHV� H[FHSW IRU WKH VWDEOH

ERXQGDU\ OD\HU VLPXODWLRQ
V WHPSHUDWXUH SURnOHV� ZKLFK GHPRQVWUDWHV WKDW WKLV NLQG RI VLPXODWLRQ UHTXLUHV D
JUHDWHU OHQJWK LQ WKH WXQQHO
V WHVW VHFWLRQ�
5HVXOWV IRU VWDEOH� QHXWUDO DQG XQVWDEOH oRZV ZHUH SUHVHQWHG� ,Q JHQHUDO� YHU\ VDWLVIDFWRU\ UHVXOWV ZHUH

DFKLHYHG� 7KH YHORFLW\ DQG WHPSHUDWXUH SURnOHV ZHUH VKRZQ WR DGKHUH ZHOO WR WKH DWPRVSKHULF ERXQGDU\ OD\HU
IHDWXUHV� NQRZLQJ WKDW LQ WKH WKHRUHWLFDO VROXWLRQV WKH HPSLULF FRQVWDQWV XVHG ZHUH REWDLQHG IURP '\HU������
LQ DWPRVSKHULF ERXQGDU\ OD\HU H[SHULPHQWV�

$FNQRZOHGJHPHQWV� 7KH SUHVHQW ZRUN ZDV EHHQ nQDQFLDOO\ VXSSRUWHG E\ WKH &13T WKURXJK JUDQW 1R ����������
�� 0& DQG -%5/ DUH DOVR JUDWHIXO WR &13T IRU WKH DZDUG RI UHVHDUFK VFKRODUVKLSV�

�� 5HIHUHQFHV

%DUERVD� 3� +�� &DWDOGL� 0� DQG 6LOYD )UHLUH� $� 3�� ?:LQG WXQQHO VLPXODWLRQ RI DWPRVSKHULF ERXQGDU\ OD\HU
oRZV�� �WK (1&,7� 3RUWR $OHJUH� ����

%XVLQJHU� -�$�� :\QJDDUG� -�&�� ,]XQL� <� DQG %UDGOH\� (�)�� ?)OX[�SURnOH UHODWLRQVKLSV LQ WKH DWPRVSKHULF
VXUIDFH OD\HU�� -� $WPRV� 6FL�� 9RO� ��� �������� �����

&HUPDN� -�(�� ?/DERUDWRU\ 6LPXODWLRQ RI WKH $WPRVSKHULF %RXQGDU\ /D\HU�� $,$$ -�� 9RO� �� ���������� �����

&HUPDN� -�(�� ?$SSOLFDWLRQ RI )OXLG 0HFKDQLFV WR :LQG (QJLQHHULQJ ^ $ )UHHPDQ 6FKRODU /HFWXUH�� -� )OXLGV
(QJQJ�� 9RO� ��� ����� �����

��



3URFHHGLQJV RI WKH (1&,7 ����� &D[DPEX � 0*� %UD]LO � 3DSHU &,7�������

&HUPDN� -�(�� ?:LQG 7XQQHO 'HVLJQ IRU 3K\VLFDO 0RGHOLQJ RI $WPRVSKHULF %RXQGDU\ /D\HUV�� 3URFHHGLQJV RI
$6&(� 9RO� ���� �������� �����

'\HU� $�-�� ?$ 5HYLHZ RI )OX[�3URnOH 5HODWLRQVKLSV�� %RXQG��/D\HU 0HWHRU�� 9RO� �� �������� �����

)HGRURYLFK� (�� .DLVHU� 5�� 5DX� 0� DQG 3ODWH� (��?:LQG 7XQQHO 6WXG\ RI 7XUEXOHQW )ORZ 6WUXFWXUH LQ WKH
&RQYHFWLYH %RXQGDU\ /D\HU &DSSHG E\ D 7HPSHUDWXUH ,QYHUVLRQ�� -� $WPRVSK� 6FLHQFHV� 9RO� ��� ����������
�����

*UDLQJHU� &� DQG 0HURQH\� 5�� ?,QYHUWHG )ORRU :LQG�7XQQHO 6LPXODWLRQ RI 6WDEO\ 6WUDWLnHG $WPRVSKHULF %RXQG�
DU\ /D\HU )ORZ�� $WPRVSK� (QYLU�� 9RO� ��� ����^����� �����

.DLPDO� -� &� H )LQQLJDQ� -� -�� $WPRVSKHULF ERXQGDU\ OD\HU oRZ� 2[IRUG 8QLYHUVLW\ 3UHVV� �����

0HURQH\� 5�1� DQG 0HOERXUQH� :�+�� ?2SHUDWLQJ UDQJHV RI 0HWHRURORJLFDO :LQG 7XQQHOV IRU WKH VLPXODWLRQ RI
&RQYHFWLYH %RXQGDU\ /D\HU�&%/� 3KHQRPHQD�� %RXQGDU\�/D\HU 0HWHRU�� 9RO� ��� ���^���� �����

2KED� 5�� 8NHJXVKL� 1�� .DNLVKLPD� 6 H /DPE� %�� :LQG WXQQHO H[SHULPHQW RI JDV GLmXVLRQ LQ VWDEO\ VWUDWLnHG
oRZ RYHU D FRPSOH[ WHUUDLQ� $WPRVSKHULF (QYLURQPHQW� ��$� ����^����� �����

2JDZD� <�� 'LRVH\� 3�*�� 8HKDUD� .� DQG 8HGD� +�� ?$ :LQG 7XQQHO IRU 6WXG\LQJ WKH (mHFWV RI 7KHUPDO
6WUDWLnFDWLRQ LQ WKH $WPRVSKHUH�� $WPRVSK� (QYLU�� 9RO� ��� ���^���� �����

2K\D� <�� 1DNDPXUD� <� DQG 2]RQR� 6��?$ :LQG 7XQQHO IRU 6WXG\LQJ 'HQVLW\�6WUDWLnHG )ORZV�� $WPRVSK�
(QYLU�� 9RO� ��� ����^����� �����

3RUHK� 0�� 5DX� 0� DQG 3ODWH� (�-�� ?'HVLJQ &RQVLGHUDWLRQV IRU :LQG 7XQQHO 6LPXODWLRQV RI 'LmXVLRQ ZLWKLQ
WKH &RQYHFWLYH %RXQGDU\ /D\HU�� $WPRVSK� (QYLU�� 9RO� ��$� ����^����� �����

5DX� 0�� %�DFKOLQ� :� DQG 3ODWH� (�-�� ?'HWDLOHG 'HVLJQ )HDWXUHV RI D 1HZ :LQG 7XQQHO IRU 6WXG\LQJ WKH (mHFWV
RI 7KHUPDO 6WUDWLnFDWLRQ�� $WPRVSK� (QYLU�� 9RO� ��$� ����^����� �����

��


