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6XSSOHPHQW WR�

*OXWDPDWH LQGLFDWRUV ZLWK LPSURYHG DFWLYDWLRQ NLQHWLFV

DQG ORFDOL]DWLRQ IRU LPDJLQJ V\QDSWLF WUDQVPLVVLRQ

$EKL $JJDUZDO���� 5XL /LX�� <DQJ &KHQ�� $PHOLD - 5DORZLF]�� 6DPXHO - %HUJHUVRQ�� )LOLS 7RPDVND�� �� %RD] 0RKDU��

7LPRWK\ / +DQVRQ�� -HUHP\ 3 +DVVHPDQ�� 'DQLHO 5HHS�� *HWDKXQ 7VHJD\H�� 3DQWRQJ <DR�� ;LDQJ -L�� 0DULQXV

.ORRV�� 'HHSLND :DOSLWD�� 5RQDN 3DWHO�� 0DQXHO $ 0RKU���� 3DXO : 7LOEHUJ�� 7KH *(1,( 3URMHFW 7HDP�� /RUHQ /

/RRJHU���� -RQDWKDQ 6 0DUYLQ�� 0LFKDHO % +RSSD�� $UWKXU .RQQHUWK�� 'DYLG .OHLQIHOG����� (ULF 5 6FKUHLWHU�� .DVSDU

3RGJRUVNL����


$IILOLDWLRQV

�� -DQHOLD 5HVHDUFK &DPSXV� +RZDUG +XJKHV 0HGLFDO ,QVWLWXWH� $VKEXUQ� 9LUJLQLD� 86$ �����
�� $OOHQ ,QVWLWXWH IRU 1HXUDO '\QDPLFV� 6HDWWOH� :DVKLQJWRQ� 86$ �����
�� 'HSDUWPHQW RI 3K\VLFV� 8QLYHUVLW\ RI &DOLIRUQLD� 6DQ 'LHJR� /D -ROOD� &DOLIRUQLD� 86$ �����
�� ,QVWLWXWH RI 1HXURVFLHQFH DQG &OXVWHU IRU 6\VWHPV 1HXURORJ\ �6\1HUJ\�� 7HFKQLFDO 8QLYHUVLW\ RI 0XQLFK� ����� 0XQLFK� *HUPDQ\
�� 'HSDUWPHQW RI %LRORJLFDO 6FLHQFHV� 'DUWPRXWK &ROOHJH� +DQRYHU� 1HZ +DPSVKLUH� 86$ �����
�� 'HSDUWPHQW RI 3K\VLRORJ\� 6HFRQG )DFXOW\ RI 0HGLFLQH� &KDUOHV 8QLYHUVLW\� 3UDJXH� &]HFK 5HSXEOLF
�� 1HXURVFLHQFHV *UDGXDWH 3URJUDP� 8QLYHUVLW\ RI &DOLIRUQLD 6DQ 'LHJR� /D -ROOD� &DOLIRUQLD� 86$ �����
�� 'HSDUWPHQW RI %LRV\VWHPV 6FLHQFH DQG (QJLQHHULQJ� (LGJHQ|VVLVFKH 7HFKQLVFKH +RFKVFKXOH �(7+� =XULFK� ���� %DVHO� 6ZLW]HUODQG
�� +RZDUG +XJKHV 0HGLFDO ,QVWLWXWH� 'HSDUWPHQW RI 1HXURVFLHQFHV� 8QLYHUVLW\ RI &DOLIRUQLD� 6DQ 'LHJR� /D -ROOD� &DOLIRUQLD� 86$ �����
��� 6HFWLRQ RI 1HXURELRORJ\� 8QLYHUVLW\ RI &DOLIRUQLD� 6DQ 'LHJR� /D -ROOD� &DOLIRUQLD� 86$ �����


 &RUUHVSRQGHQFH VKRXOG EH DGGUHVVHG WR .�3� �NDVSDU�SRGJRUVNL#DOOHQLQVWLWXWH�RUJ�



6XSSOHPHQWDU\ 1RWHV

6XSSOHPHQWDU\ 1RWH �� .LQHWLF HIIHFWV RQ WKH VSDWLDO VSHFLILFLW\ RI
QHXURWUDQVPLWWHU LQGLFDWRUV
:H VHW RXW WR GHYHORS L*OX6Q)5 YDULDQWV WKDW EHWWHU GLVWLQJXLVK V\QDSWLF YHUVXV H[WUD�V\QDSWLF JOXWDPDWH

VLJQDOV� 7R H[SORUH KRZ NLQHWLF SURSHUWLHV RI WKH LQGLFDWRU LPSDFW WKHVH VLJQDOV� KHUH ZH FRQVLGHU D VLPSOH

UHDFWLRQ�GLIIXVLRQ V\VWHP LQ ZKLFK JOXWDPDWH WUDQVLHQWV DUH UHOHDVHG IURP SRLQW VRXUFHV� DQG JOXWDPDWH

VXEVHTXHQWO\ LQWHUDFWV ZLWK WKH H[SUHVVHG LQGLFDWRU� &RQVLVWHQW ZLWK RXU GDWD DQG SUHYLRXV ZRUN �H�J��

������ ZH PRGHO WKH LQGLFDWRU DV KDYLQJ WKUHH VWDWHV� GHVFULEHG EHORZ� :H PRGHO WKH H[WUDFHOOXODU

LQWHUIDFH DV D �' VXUIDFH�

:H GHILQH WKH VSDWLDO VSHFLILFLW\ RI D VLJQDO DV WKH UDWLR RI D VLJQDO QHDU WKH UHOHDVH VLWH �DW GLVWDQFH U ��

QP� WR WKDW IDUWKHU DZD\ �U � ȝP�� :H ILUVW FRQVLGHU WKH VSDWLDO VSHFLILFLW\ RI WKH JOXWDPDWH FRQFHQWUDWLRQ

LWVHOI� )RU D QRQ�FRRSHUDWLYH LQGLFDWRU� WKH VSDWLDO VSHFLILFLW\ RI WKH OLJDQG �L�H� JOXWDPDWH� LV DQ XSSHU

ERXQG RQ WKH VSDWLDO VSHFLILFLW\ RI WKH LQGLFDWRU �L�H� L*OX6Q)5�� 7KLV LV EHFDXVH D QRQ�FRRSHUDWLYH

LQGLFDWRU KDV D OLQHDU RU VXEOLQHDU UHVSRQVH WR LWV OLJDQG� PHDQLQJ WKDW D SURSRUWLRQDO LQFUHDVH LQ OLJDQG

UHVXOWV LQ DW PRVW D SURSRUWLRQDO LQFUHDVH LQ LQGLFDWRU VLJQDO� 6LQFH WKH OLJDQG FRQFHQWUDWLRQ FORVH WR WKH

UHOHDVH VLWH LV DOZD\V ODUJHU WKDQ WKDW IXUWKHU DZD\� WKH UDWLR RI WKH LQGLFDWRU VLJQDO QHDU WKH UHOHDVH VLWH WR

WKDW IDUWKHU DZD\ LV DW PRVW HTXDO WR WKH UDWLR RI WKH FRQFHQWUDWLRQV �)LJXUH 61���D��

)LJXUH 61���� 6LPXODWLRQ RI JOXWDPDWH NLQHWLFV� D� 6LPXODWHG JOXWDPDWH FRQFHQWUDWLRQ DW WKH V\QDSVH ��� QP IURP

UHOHDVH VLWH� DQG RXWVLGH WKH V\QDSVH �� �P IURP UHOHDVH VLWH� LQ WKH DEVHQFH RI EXIIHULQJ� E� 7KH UDWLR RI WKH

DPSOLWXGH VSHFWUD RI WKH VLJQDOV LQ �D�� 7KLV LV WKH VSDWLDO VSHFLILFLW\ RI JOXWDPDWH DV D IXQFWLRQ RI WHPSRUDO IUHTXHQF\�

7KH VSDWLDO VSHFLILFLW\ RI JOXWDPDWH LV DQ XSSHU ERXQG RQ WKH VSDWLDO VSHFLILFLW\ RI D QRQ�FRRSHUDWLYH JOXWDPDWH

LQGLFDWRU�



7KH VSDWLDO VSHFLILFLW\ RI WKH JOXWDPDWH FRQFHQWUDWLRQ FDQ EH FKDUDFWHUL]HG LQ WKH IUHTXHQF\ GRPDLQ

�)LJXUH 61���E�� )DVWHU FRPSRQHQWV RI WKH WLPH�YDU\LQJ JOXWDPDWH FRQFHQWUDWLRQ KDYH KLJKHU VSDWLDO

VSHFLILFLW\ WKDQ VORZHU FRPSRQHQWV� 7R EHWWHU UHSURGXFH IHDWXUHV RI WKH JOXWDPDWH VLJQDO WKDW GLVWLQJXLVK

V\QDSWLF IURP H[WUDV\QDSWLF WUDQVLHQWV� DQ LQGLFDWRU VKRXOG KDYH IDVW ULVH DQG GHFD\ WLPHV� WKH LPDJLQJ

UDWH VKRXOG EH IDVW HQRXJK WR FDSWXUH WKRVH FRPSRQHQWV� DQG GDWD DQDO\VLV VKRXOG DSSURSULDWHO\ ILOWHU IRU

KLJKHU�IUHTXHQF\ FRPSRQHQWV RI WKH VLJQDO� $W ORZ IUHTXHQFLHV� DOO LQGLFDWRUV ZLOO VKRZ UHODWLYHO\ ORZ

VSDWLDO VSHFLILFLW\� EHFDXVH WKH JOXWDPDWH FRQFHQWUDWLRQ LWVHOI KDV ORZ VSDWLDO VSHFLILFLW\ DW WKRVH

IUHTXHQFLHV� 7KLV UHDVRQLQJ PRWLYDWHG WKH XVH RI ǻ)IDVW DV D VFUHHQLQJ FULWHULRQ LQ QHXURQDO FXOWXUH

�6XSSOHPHQWDU\ 1RWH ���

L*OX6Q)5 DQG LWV YDULDQWV H[KLELW VDWXUDWLQJ 21 UDWHV� LQ ZKLFK WKH IRUPDWLRQ RI IOXRUHVFHQW VSHFLHV

FDQQRW H[FHHG D PD[LPXP UDWH YPD[ GXH WR D UDWH�OLPLWLQJ FRQIRUPDWLRQDO FKDQJH� 21 UDWH VDWXUDWLRQ LV

FKDUDFWHULVWLF RI D NLQHWLF PRGHO ZLWK DW OHDVW � VWDWHV� LQ ZKLFK OLJDQG ELQGLQJ �N��� UDSLGO\ IRUPV D ERXQG

EXW GLP VSHFLHV �6��� IROORZHG E\ D VORZHU WUDQVLWLRQ �N��� WR D EULJKW VWDWH �6��� 7KLV WKUHH�VWDWH PRGHO

H[KLELWV WZR GLIIHUHQW NLQGV RI VDWXUDWLRQ SKHQRPHQD� 21 UDWH VDWXUDWLRQ RFFXUV ZKHQ ODUJH

FRQFHQWUDWLRQV RI OLJDQG DUH UDSLGO\ DSSOLHG� DQG XQERXQG LQGLFDWRU �6�� EHFRPHV GHSOHWHG LQ IDYRU RI

ERXQG�EXW�GLP LQGLFDWRU �6��� 7KLV LV GLVWLQFW IURP VDWXUDWLRQ RI WKH IOXRUHVFHQW VWDWH �6��� ZKLFK RFFXUV RQ

VORZHU WLPHVFDOHV DQG LQYROYHV GHSOHWLRQ RI WKH 6� VWDWH�

&HUWDLQ SDUDPHWHUV RI WKH DERYH PRGHO FDQ EH LQIHUUHG H[SHULPHQWDOO\ IURP VWRSSHG�IORZ PHDVXUHPHQWV

LQ ZKLFK NQRZQ FRQFHQWUDWLRQV RI JOXWDPDWH DUH UDSLGO\ PL[HG ZLWK VPDOO DPRXQWV RI XQERXQG LQGLFDWRU

�)LJXUH 61����� DQG WKH UDWH DW ZKLFK UHVXOWLQJ IOXRUHVFHQFH DSSURDFKHV VWHDG\ VWDWH �21 UDWH� NREV� LV

PHDVXUHG� ,Q WKH PRGHO� N�� DQG N�� DUH DVVXPHG WR EH ODUJH FRPSDUHG WR N�� DQG N��� VR WKH HTXLOLEULXP

EHWZHHQ 6� DQG 6� �JRYHUQHG E\ WKH GLVVRFLDWLRQ FRQVWDQW .IDVW N���N��� LV DFKLHYHG PXFK PRUH UDSLGO\

WKDQ WKDW EHWZHHQ 6� DQG 6�� $SSO\LQJ WKH VWHDG\�VWDWH DSSUR[LPDWLRQ IRU WKH ILUVW HTXLOLEULXP� WKH 21

UDWH H[SUHVVHG DV D IXQFWLRQ RI >JOXWDPDWH@ LV D VDWXUDWLQJ IXQFWLRQ�

NREV �N��>*OX@�.IDVW�����>*OX@�.IDVW� � N��

.IDVW LV WKH JOXWDPDWH FRQFHQWUDWLRQ WKDW KDOI�VDWXUDWHV WKH 21 UDWH� 7KH 21 UDWH DW VDWXUDWLQJ >*OX@� YPD[� LV

�N���N���� DQG WKH \�LQWHUFHSW RI WKH 21 UDWH LV N���



)LJXUH 61���� 0RGHO DQG PHDVXUHPHQWV RI L*OX6Q)5 NLQHWLFV� D� 7KUHH�VWDWH PRGHO RI L*OX6Q)5 NLQHWLFV� ,Q WKLV

PRGHO� LQLWLDO JOXWDPDWH ELQGLQJ LV IROORZHG E\ D VHFRQG� UDWH�OLPLWLQJ WUDQVLWLRQ WR WKH IOXRUHVFHQW VWDWH� E� 6FKHPDWLF

RI WKH 21 UDWH LQ WKH WKUHH�VWDWH PRGHO DV D IXQFWLRQ RI OLJDQG FRQFHQWUDWLRQ� .IDVW LV WKH UDWH�KDOI�VDWXUDWLQJ OLJDQG

FRQFHQWUDWLRQ� F� 6WRSSHG�IORZ PHDVXUHPHQWV RI LQLWLDO UDWHV IRU SXULILHG VROXEOH L*OX6Q)5 PL[HG ZLWK HTXDO YROXPH

JOXWDPDWH EXIIHU WR WKH VSHFLILHG ILQDO >JOXWDPDWH@� 7KLQ OLQHV DUH UDZ PHDVXUHPHQWV� WKLFN OLQHV DUH FRUUHVSRQGLQJ

VLQJOH�H[SRQHQWLDO ILWV� 7KH GHDG WLPH RI WKH LQVWUXPHQW LV DSSUR[LPDWHO\ � PLOOLVHFRQG� 7KH GHFUHDVHG DPSOLWXGH DW

WKH KLJKHVW JOXWDPDWH FRQFHQWUDWLRQV REVHUYHG IRU $���9 DQG $���6 LV W\SLFDO RI WKHVH YDULDQWV� G� 0HDVXUHG LQLWLDO

UDWHV �GRWV� IRU 6)�L*OX6Q)5 �$���9� $���6� DQG L*OX6Q)5� YDULDQWV DW GLIIHUHQW JOXWDPDWH FRQFHQWUDWLRQV DQG

FRUUHVSRQGLQJ ILWV WR WKH WKUHH�VWDWH PRGHO� 0HDVXUHPHQWV ZHUH PDGH LQ SXULILHG VROXEOH SURWHLQ DW URRP

WHPSHUDWXUH� 7KH LQIHUUHG YDOXH RI .IDVW IRU Y��� LV RXWVLGH WKH WHVWHG UDQJH PDNLQJ WKH LQIHUUHG YDOXH RI WKLV

SDUDPHWHU XQFHUWDLQ�

L*OX6Q)5 ������ 6)�9HQXV�L*OX6Q)5�$���9 6)�9HQXV�L*OX6Q)5�$���6 L*OX6Q)5��Y�� L*OX6Q)5��Y���

.IDVW ��� � ��� ȝ0 ������ ȝ0 ������ ȝ0 ���� � ���� P0 ��� � ��� P0

N�� Q�P� ���� � ��� V�� ��������� V�� ���� � ��� V�� ���� � ��� V��

N�� ���� � ��� V�� ���� � ��� V�� ������� V�� ���� � �� V�� ���� � ��� V��

7DEOH 61���� ��VWDWH PRGHO NLQHWLF SDUDPHWHUV RI VHOHFW L*OX6Q)5 YDULDQWV� $OO YDOXHV DUH PLQLPXP 06( ILWV

���� FRQILGHQFH LQWHUYDO� WR VWRSSHG�IORZ GDWD XVLQJ SXULILHG SURWHLQ� )RU Y���� WKH ILW .IDVW LV EH\RQG WKH UDQJH RI



FRQFHQWUDWLRQV WHVWHG� .IDVW DQG N�� IRU WKLV LQGLFDWRU DUH WKHUHIRUH SRRUO\ FRQVWUDLQHG E\ WKH GDWD� N�� LV ILW WR

ORZ�FRQFHQWUDWLRQ NLQHWLF GDWD �)LJXUH 61�����

:H YDULHG .IDVW� N�� DQG N�� LQ RXU VLPXODWLRQ DQG DVVHVVHG WKHLU HIIHFWV RQ VSDWLDO VSHFLILFLW\ �)LJXUH

61����� .IDVW ZDV WKH PRVW LPSRUWDQW SDUDPHWHU IRU LPSURYLQJ VSDWLDO VSHFLILFLW\ LQ WKHVH VLPXODWLRQV� 21

UDWH VDWXUDWLRQ LV VHYHUH ZKHQ WKH LQVWDQWDQHRXV JOXWDPDWH FRQFHQWUDWLRQ H[FHHGV .IDVW� %HFDXVH

LQVWDQWDQHRXV JOXWDPDWH FRQFHQWUDWLRQV DUH PXFK JUHDWHU ZLWKLQ WKH V\QDSVH WKDQ RXWVLGH LW� ORZ YDOXHV

RI .IDVW UHGXFH WKH VSDWLDO VSHFLILFLW\ RI WKH LQGLFDWRU �)LJXUH 61����� /DUJH YDOXHV RI .IDVW DUH WKHUHIRUH

GHVLUDEOH IRU KLJK VSDWLDO VSHFLILFLW\�

,QFUHDVLQJ N�� LQFUHDVHV NREV� DQG SURGXFHV D KLJKHU EULJKW VWDWH IUDFWLRQ IRU D EULHI LPSXOVH RI JOXWDPDWH�

EXW GRHV QRW LPSURYH VSDWLDO VSHFLILFLW\ DW IUHTXHQFLHV UHOHYDQW IRU LPDJLQJ H[SHULPHQWV �)LJXUH 61�����

7KH UDWH FRQVWDQW N�� FRQWUROV WKH GXUDWLRQ RI UHVSRQVH WR D EULHI LPSXOVH RI JOXWDPDWH EXW GRHV QRW DIIHFW

VSDWLDO VSHFLILFLW\ RI D UDWH�OLPLWHG LQGLFDWRU�



),JXUH 61���� (IIHFWV RI NLQHWLF SDUDPHWHUV RQ VSDWLDO VSHFLILFLW\� D� 6LPXODWHG IOXRUHVFHQFH UHVSRQVHV ZLWKLQ
DQG RXWVLGH WKH V\QDSVH ZKLOH YDU\LQJ .IDVW� E� 6SDWLDO VSHFLILFLW\ DW ��� +] IRU GLIIHUHQW YDOXHV RI .IDVW� 7KH VSDWLDO

VSHFLILFLW\ LQ WKH VKDGHG UHJLRQ LV OLPLWHG E\ VDWXUDWLRQ RI WKH 6��6� WUDQVLWLRQ �³NLQHWLF VDWXUDWLRQ´�� F� 6LPXODWHG

IOXRUHVFHQFH UHVSRQVHV ZLWKLQ DQG RXWVLGH WKH V\QDSVH ZKLOH YDU\LQJ N��� G� 6SDWLDO VSHFLILFLW\ DW ��� +] IRU GLIIHUHQW

YDOXHV RI N���7KH VSDWLDO VSHFLILFLW\ LQ WKH VKDGHG UHJLRQ LV OLPLWHG E\ VDWXUDWLRQ RI WKH 6� VWDWH �³DIILQLW\ VDWXUDWLRQ´��H�

6LPXODWHG IOXRUHVFHQFH UHVSRQVHV ZLWKLQ DQG RXWVLGH WKH V\QDSVH ZKLOH YDU\LQJ N��� I� 6SDWLDO VSHFLILFLW\ DW ��� +] IRU

GLIIHUHQW YDOXHV RI N���7KH VSDWLDO VSHFLILFLW\ LQ WKH VKDGHG UHJLRQ LV OLPLWHG E\ WKH VORZ UHVSRQVH RI WKH LQGLFDWRU�

7KH DSSDUHQW DIILQLW\ RI WKH LQGLFDWRU� .'� GHSHQGV RQ N��� N��� DQG .IDVW�

.' .IDVWN����N���N���

$W ORZ YDOXHV RI .'� VDWXUDWLRQ RI WKH EULJKW VWDWH 6� FDQ RFFXU �)LJXUH 61���F�� 7KLV LV D VHFRQG IRUP RI

VDWXUDWLRQ �GLVWLQFW IURP NLQHWLF VDWXUDWLRQ� WKDW FDQ LQ SULQFLSOH UHGXFH VSDWLDO VSHFLILFLW\ �µDIILQLW\�OLPLWHG¶

LQGLFDWRUV LQ 61���G�� +RZHYHU� H[SHULPHQWV LQ QHXURQ FXOWXUH VXJJHVW WKDW H[LVWLQJ L*OX6Q)5 YDULDQWV

DUH QRW DIILQLW\�OLPLWHG� 6)�L*OX6Q)5 YDULDQWV GR QRW DSSURDFK WKHLU PD[LPXP EULJKWQHVV LQ DQ\

PHDVXUDEOH YROXPH �HYHQ DW VLQJOH SL[HOV� GXULQJ ILHOG VWLPXODWLRQ H[SHULPHQWV� DV HYLGHQFHG E\

VXEVHTXHQW EXIIHU H[FKDQJH ZLWK VDWXUDWLQJ JOXWDPDWH ����� 7KHUHIRUH� WKH VSDWLDO VSHFLILFLW\ RI WKHVH

LQGLFDWRUV LV QRW OLPLWHG E\ WKHLU DIILQLW\�

7KH DERYH PHDVXUHPHQWV DQG VLPXODWLRQV VXJJHVW WKDW WKH VSDWLDO VSHFLILFLW\ RI H[LVWLQJ L*OX6Q)5

YDULDQWV LV OLPLWHG E\ 21 UDWH VDWXUDWLRQ� ZKLFK LV GHWHUPLQHG E\ .IDVW DQG YDULHV VXEVWDQWLDOO\ DPRQJ

H[LVWLQJ YDULDQWV �������� :H WKHUHIRUH VHW RXW WR GHYHORS QHZ L*OX6Q)5 YDULDQWV WKDW DUH FDSDEOH RI

UHSRUWLQJ JOXWDPDWH DW KLJK WHPSRUDO IUHTXHQFLHV� DUH QRW UDWH�OLPLWHG �KLJK .IDVW�� KDYH ODUJH UHVSRQVHV WR

EULHI JOXWDPDWH LPSXOVHV� DQG UHPDLQ QRW DIILQLW\�OLPLWHG�

6LPXODWLRQ 0HWKRGV� 6LPXODWLRQV ZHUH SHUIRUPHG XVLQJ ILQLWH GLIIHUHQFLQJ PHWKRGV LQ � GLPHQVLRQV� WR
PRGHO WKH JHRPHWU\ RI WKH LQWHUFHOOXODU VSDFH� 7KH 0$7/$% FRGH IRU WKH VLPXODWLRQV LV DYDLODEOH LQ WKH

VRIWZDUH SDFNDJH DV ?)LJXUH � DQG 6XSSOHPHQWDU\ 1RWH �?NLQHWLFV

PRGHOLQJ?JOXWDPDWH'LIIXVLRQ�P� 7KH VLPXODWLRQV UHIOHFW JHQHUDO SULQFLSOHV RI QHXURWUDQVPLWWHU

VHQVLQJ� 3DUDPHWHUV XVHG ZHUH VHOHFWHG WR EH UHOHYDQW IRU JOXWDPDWH VHQVLQJ EXW DUH QRW PHDQW WR

SUHFLVHO\ PRGHO D SDUWLFXODU LQGLFDWRU� /LJDQG UHXSWDNH DQG HQGRJHQRXV EXIIHULQJ DUH QRW PRGHOHG� 7KH

EXIIHULQJ HIIHFWV RI WKH LQGLFDWRU DUH PRGHOHG EXW QRW GLVFXVVHG KHUH� IRU D GLVFXVVLRQ VHH �����

5HIHUHQFHV

��� &RDWHV &� .HUUXWK 6� +HODVVD 1� 7|U|N .� .LQHWLF 0HFKDQLVPV RI )DVW *OXWDPDWH 6HQVLQJ E\ )OXRUHVFHQW

3URWHLQ 3UREHV� %LRSK\V -� ���� -DQ ������������±���



),JXUH 61���� 6WRSSHG�IORZ NLQHWLF PHDVXUHPHQWV RI L*OX6Q)5 YDULDQWV DW ORZ >JOXWDPDWH@� .LQHWLFV RI

JOXWDPDWH ELQGLQJ E\ VWRSSHG�IORZ IOXRUHVFHQFH VSHFWURVFRS\ IRU D� 6)�L*OX6Q)5�$���9� E� 6)�L*OX6Q)5�$���6� F�

L*OX6Q)5� Y��� DQG G� L*OX6Q)5� Y���� (TXDO YROXPHV RI � �0 SURWHLQ DQG JOXWDPDWH �YDULRXV FRQFHQWUDWLRQV� ZHUH

PL[HG DW ��� UDWLR XVLQJ D VWRSSHG�IORZ VSHFWURPHWHU �$SSOLHG 3KRWRSK\VLFV�� (DFK GDWD SRLQW LV NREV GHWHUPLQHG XVLQJ

SVHXGR�ILUVW RUGHU DQDO\VLV �Q � VWRSSHG IORZ UHSOLFDWHV RI D VLQJOH SURWHLQ VDPSOH�� 7KH REVHUYHG UDWHV DUH ILW XVLQJ D

OLQHDU UHJUHVVLRQ DQG N�� LV GHWHUPLQHG XVLQJ WKH \�LQWHUFHSW� (UURU EDUV UHSUHVHQW 6(0�



6XSSOHPHQWDU\ 1RWH �� 'LUHFWHG HYROXWLRQ DQG PXOWL�DVVD\ VFUHHQ RI L*OX6Q)5�

)LJXUH 61���� D� 6FKHPDWLF RI PXOWL�DVVD\ GLUHFWHG HYROXWLRQ VFUHHQ� 7KH VPDOOHU ORRS �VWHSV ���� ZDV SHUIRUPHG IRU
�� JHQHUDWLRQV� IROORZHG E\ WKH ODUJHU ORRS �VWHSV ���� IRU DQ DGGLWLRQDO � JHQHUDWLRQV� E� &XVWRP ODUJH�DUHD

WZR�SKRWRQ H[FLWDWLRQ V\VWHP XVHG WR VHOHFW FRORQLHV IRU �3�H[FLWHG EULJKWQHVV� ,QVHW VKRZV DQ H[DPSOH SODWH ZLWK

IOXRUHVFHQW FRORQLHV H[FLWHG E\ WKH V\VWHP� 7KH LQIUDUHG H[FLWDWLRQ EHDP DSSHDUV DV PDJHQWD LQ WKLV SKRWR� EXW LV

LQYLVLEOH WR WKH KXPDQ H\H� F� 6FKHPDWLF RI LQ�QHXURQ FXOWXUH VFUHHQLQJ XVLQJ WKH *(1,( 3URMHFW DSSDUDWXV� 7RS�

H[DPSOH IUDPHV VKRZLQJ D YDULDQW¶V EDVHOLQH DQG UHVSRQVHV WR � $3 DQG �� $3 LQ WKH FXOWXUH DVVD\� %RWWRP� SULPDU\

FXOWXUHV ZHUH SODWHG LQ D ���ZHOO LPDJLQJ SODWH� LPDJHG XVLQJ DQ LQYHUWHG PLFURVFRSH DQG VWLPXODWHG E\ D PRWRUL]HG

GLSSLQJ HOHFWURGH �UHSULQWHG IURP ������ 5LJKW� VFKHPDWLF RI WKH FXOWXUH DVVD\ LPDJLQJ SDWK� 6FKHPDWLF LQ �D� ZDV

FUHDWHG XVLQJ %LR5HQGHU�FRP �������

:H EHJDQ E\ VXEMHFWLQJ :7 �5RXQG �� )LJXUH 61���D� WR HUURU SURQH SRO\PHUDVH FKDLQ

UHDFWLRQV �(3�3&5� PHDQ UDWH ��� WR � '1$ VXEVWLWXWLRQV�FORQH� WR JHQHUDWH PXWDQW OLEUDULHV RI WKH

VROXEOH L*OX6Q)5 FRGLQJ VHTXHQFH WKDW ZHUH WKHQ DVVHPEOHG LQWR D S56(7 SODVPLG YHFWRU �6WHS ���

7KHVH OLEUDULHV ZHUH WUDQVIRUPHG LQWR HOHFWURFRPSHWHQW (� FROL� DQG SODWHG RQWR DJDU SODWHV FRQWDLQLQJ

DPSLFLOOLQ� ,Q HDFK URXQG� ZH VFUHHQHG URXJKO\ �� DJDU SODWHV �a��� FRORQLHV� XVLQJ HLWKHU ��SKRWRQ �����

QP� RU ��SKRWRQ H[FLWDWLRQ ���� QP�� DQG VHOHFWHG WKH EULJKWHVW FRORQLHV E\ H\H �6WHS �� WKURXJK



ODVHU�VDIHW\ JODVVHV� 0DFURVFRSLF ��SKRWRQ H[FLWDWLRQ �a�[� FP� ZDV DFKLHYHG XVLQJ D ORZ UHSHWLWLRQ UDWH�

KLJK�SRZHU IHPWRVHFRQG ILEHU ODVHU �� 0+] UHSHWLWLRQ UDWH� �� : DYHUDJH SRZHU� ��� IV SXOVHZLGWK�

7DQJHULQH +3�� $PSOLWXGH 6\VWHPHV� WKDW ZDV VKDSHG LQWR D OLQH IRFXV DQG VFDQQHG DORQJ RQH

GLPHQVLRQ DW ��� +] XVLQJ D JDOYDQRPHWHU PLUURU VFDQQHU �)LJXUH 61���E�� 7KH VHOHFWHG EDFWHULDO

FRORQLHV ZHUH LQRFXODWHG LQWR DXWRLQGXFWLRQ PHGLXP� LQFXEDWHG RYHUQLJKW� DQG ZDVKHG ZLWK UHSHDWHG

F\FOHV RI FHQWULIXJDWLRQ� GHFDQWLQJ� DQG UHVXVSHQVLRQ LQ JOXWDPDWH�IUHH 3%6 WR UHPRYH JOXWDPDWH�

%DFWHULD ZHUH O\VHG XVLQJ IUHH]H�WKDZ F\FOHV RI OLTXLG QLWURJHQ ����� 䉝� DQG ZDUP ZDWHU EDWK ��� 䉝�

�VHH PHWKRGV� �6WHS ��� %DFWHULDO O\VLV E\ RWKHU PHDQV �L�H�� FKHPLFDOO\ XVLQJ %�3(5� PHFKDQLFDO

GLVUXSWLRQ� RU VRQLFDWLRQ� UHVXOWHG LQ ORZHU SURWHLQ \LHOG� KLJKHU DVVD\ YDULDELOLW\� DQG�RU UHGXFHG ¨)�)��

&ODULILHG EDFWHULDO O\VDWHV ZHUH XVHG IRU PXOWLSOH DVVD\V �6WHS ��� ,Q DOO URXQGV� D SODWH UHDGHU ZDV

XVHG WR PHDVXUH IOXRUHVFHQFH H[FLWDWLRQ VSHFWUD EHIRUH DQG DIWHU WKH DGGLWLRQ RI JOXWDPDWH� ,Q PRVW

URXQGV� JOXWDPDWH ZDV DGGHG WR D ILQDO FRQFHQWUDWLRQ RI ��� X0� EXW DIWHU WKH (��' PXWDWLRQ EHFDPH

IL[HG LQ RXU YDULDQW SRRO� ZH XVHG ��� X0 >JOXWDPDWH@ WR VHOHFW IRU KLJKHU�DIILQLW\ YDULDQWV� ,Q O\VDWH

DVVD\V� YDULDQWV ZHUH VHOHFWHG RQ WKH EDVLV RI WKH FRPELQDWLRQ RI ¨)�)�� H[FLWDWLRQ VSHFWUXP �ZH VHOHFWHG

IRU YDULDQWV ZLWK UHG�VKLIWHG SHDN H[FLWDWLRQ UHODWLYH WR (*)3�� DQG JOXWDPDWH�ERXQG EULJKWQHVV LQ WKH

SODWH UHDGHU DVVD\ �ZKLFK PD\ UHIOHFW LQWULQVLF EULJKWQHVV RI WKH LQGLFDWRU YDULDQWV� EXW DOVR SURSHUWLHV

VXFK DV PDWXUDWLRQ UDWH DQG EDFWHULDO FRS\ QXPEHU�� '1$ ZDV WKHQ LVRODWHG DQG VHTXHQFHG IRU WKH

VHOHFWHG YDULDQWV� DQG WKH UHVW ZHUH GLVFDUGHG �6WHS ���

)ROORZLQJ WKH ILUVW URXQG RI VHOHFWLRQ� WKH UHWDLQHG SRSXODWLRQ RI YDULDQWV ZHUH UHFRPELQHG WKURXJK

VWDJJHUHG H[WHQVLRQ 3&5 �6W(3� ����� WKHQ VXEMHFWHG WR WKH VDPH VFUHHQLQJ DQG VHOHFWLRQ SURFHVV

�6WHSV � WR ��� 0XWDJHQHVLV LQ VXEVHTXHQW URXQGV SURFHHGHG XVLQJ GLYHUVLILFDWLRQ �YLD (3�3&5�

VLWH�VDWXUDWLRQ� VLWH�GLUHFWHG PXWDJHQHVLV� RU FRPELQDWRULDO PXWDJHQHVLV� DQG UHFRPELQDWLRQ� LQ

DOWHUQDWLQJ URXQGV�

)URP WKH WKLUG URXQG RQZDUG� ZH SHUIRUPHG DGGLWLRQDO DVVD\V LQ O\VDWH DQG SXULILHG SURWHLQ WR

IXUWKHU UHPRYH XQGHVLUHG YDULDQWV IURP WKH SRRO� ,Q O\VDWH� ZH SHUIRUPHG S+ WLWUDWLRQV LQ WKH SUHVHQFH DQG

DEVHQFH RI JOXWDPDWH� GLVFDUGLQJ YDULDQWV ZLWK KLJK S.D LQ WKH JOXWDPDWH�ERXQG VWDWH� ,Q SXULILHG SURWHLQ�

ZH PHDVXUHG ��SKRWRQ H[FLWHG PROHFXODU EULJKWQHVV DW ���� QP H[FLWDWLRQ� GLVFDUGLQJ YDULDQWV ZLWK ORZ

EULJKWQHVV� DQG ZH PHDVXUHG LQ YLWUR NLQHWLFV LQ D VWRSSHG�IORZ DVVD\ WR VHOHFW IRU YDULDQWV ZLWK KLJK YPD[
DQG QRQ�VDWXUDWLQJ NREV �LQGLFDWLYH RI KLJK .IDVW� �6WHS ��� $GGLWLRQDOO\� ZH SHUIRUPHG JOXWDPDWH WLWUDWLRQV�

DQG HYDOXDWHG H[WLQFWLRQ FRHIILFLHQW� TXDQWXP \LHOG� DQG PROHFXODU EULJKWQHVV LQ JOXWDPDWH�IUHH DQG

JOXWDPDWH�ERXQG VWDWHV� ,Q HDFK FDVH� WKH VHTXHQWLDO VHOHFWLRQ ZH SHUIRUPHG HQVXUHG WKDW DOO UHWDLQHG

YDULDQWV MRLQWO\ PHW DOO VHOHFWLRQ FULWHULD�

$IWHU �� URXQGV RI LQ YLWUR VHOHFWLRQ� D OLEUDU\ RI ��� YDULDQWV ZHUH VXEFORQHG LQWR D QHXURQDO

VXUIDFH GLVSOD\ YHFWRU �6WHS ��� 7KHVH ZHUH WKHQ FKDUDFWHUL]HG LQ FXOWXUHG UDW QHXURQV �6WHS �� XVLQJ D

PRGLILHG IRUP RI WKH HVWDEOLVKHG *(1,( 3URMHFW SLSHOLQH IRU KLJK�VSHHG LPDJLQJ RI ILHOG�VWLPXODWHG QHXURQ

FXOWXUHV LQ WKH SUHVHQFH RI SRVW�V\QDSWLF UHFHSWRU DQWDJRQLVWV WR FRQWURO WKH QXPEHU DQG WLPLQJ RI HYRNHG

DFWLRQ SRWHQWLDOV ����� 7KLV ILUVW QHXURQDO VFUHHQ LGHQWLILHG Y�� DQG VHYHUDO UHODWHG YDULDQWV DV



KLJK�VHQVLWLYLW\ LQGLFDWRUV ZLWK VLPLODU RQ�QHXURQ NLQHWLFV WR :7� 7KH VROXEOH IRUPV RI WKHVH YDULDQWV ZHUH

IXUWKHU GLYHUVLILHG DQG VFUHHQHG LQ EDFWHULD DQG O\VDWH� IRU EULJKWQHVV� UHVSRQVH DPSOLWXGH� DQG VSHFWUDO

SURSHUWLHV� ��� YDULDQWV ZHUH VHOHFWHG IURP WKLV SRRO� JHQHUDWHG DV PHPEUDQH�WDJJHG PDPPDOLDQ

H[SUHVVLRQ SODVPLGV� DQG VFUHHQHG LQ D VHFRQG URXQG RI QHXURQDO FXOWXUH VFUHHQLQJ� $IWHU WKH VHFRQG

URXQG RI VFUHHQLQJ� WKH DVVD\ ZDV UHSHDWHG IRU VHOHFWHG YDULDQWV ZLWK DGGLWLRQDO VWLPXOXV FRQGLWLRQV

�������������� $3V� )LJXUH � RI PDLQ WH[W��

)RU QHXURQDO FXOWXUH VFUHHQLQJ� WKH *(1,( 3URMHFW DSSDUDWXV ZDV PRGLILHG WR XVH D KLJK�VSHHG

FDPHUD ����ISV� +DPDPDWVX 25&$ )XVLRQ� DQG WR DXWRPDWLFDOO\ IRFXV RQ ODEHOHG QHXULWHV DW WKH VXUIDFH

RI WKH FRYHUVOLS IRU HDFK ZHOO� (DFK YDULDQW ZDV WUDQVIHFWHG � WLPHV DQG SODWHG LQWR �� ZHOOV� (DFK ZHOO

ZDV UHFRUGHG ZKLOH VWLPXODWLQJ � DQG �� $3 ILHOG VWLPXOL� :H FKDUDFWHUL]HG D YDULHW\ RI SURSHUWLHV IRU HDFK

ZHOO� LQFOXGLQJ EDVHOLQH EULJKWQHVV� SKRWRVWDELOLW\� DQG IRU ERWK � $3 DQG �� $3 FRQGLWLRQV� WKH QXPEHU RI

UHVSRQVLYH SL[HOV� WKH IUDFWLRQDO FKDQJH LQ EULJKWQHVV �ǻ)�)��� 615� DQG UHVSRQVH RQVHW DQG RIIVHW

NLQHWLFV �)LJXUH 61����� 6XPPDU\ GDWD DQG FRGH XVHG IRU DQDO\VLV LV LQFOXGHG LQ WKH GDWD VXSSOHPHQW�

)LJXUH 61���� 3URSHUWLHV RI YDULDQWV PHDVXUHG LQ WKH VHFRQG URXQG RI QHXURQ FXOWXUH VFUHHQ� 'RWV GHQRWH
LQGLYLGXDO YDULDQWV� VRUWHG DFFRUGLQJ WR WKH SORWWHG YDOXH� ��� YDULDQWV DUH SORWWHG� DQ DGGLWLRQDO ��� YDULDQWV GLG QRW

PHHW WKH WKUHVKROG IRU PLQLPXP QXPEHU RI VLJQLILFDQWO\ UHVSRQGLQJ SL[HOV SHU ZHOO ���� ODEHOHG SL[HOV H[FHHGLQJ D

=�VFRUH RI ����� (UURU EDUV GHQRWH VWDQGDUG HUURU RI WKH PHDQ DFURVV ZHOOV �1 ����� ZHOOV SHU YDULDQW�� %OXH� 5HG�

DQG <HOORZ DUURZKHDGV �DQG FRUUHVSRQGLQJ FRORUHG GDWD SRLQWV� GHQRWH YDOXHV IRU :7� Y��� DQG Y��� YDULDQWV�

UHVSHFWLYHO\� ǻ)IDVW �DUELWUDU\ XQLWV� LV SURSRUWLRQDO WR WKH H[FHVV QXPEHU RI SKRWRQV FROOHFWHG LQ D ��IUDPH ZLQGRZ

IROORZLQJ WKH VWLPXOXV LQ WKH WRS ��� RI UHVSRQGLQJ SL[HOV� 7RQ LV WKH FDOFXODWHG ������ ULVH WLPH RI WKH �$3

UHVSRQVH� ILW ZLWK VXE�IUDPH UHVROXWLRQ XVLQJ OLQHDU LQWHUSRODWLRQ� Y��� ZDV VHOHFWHG LQ WKLV VFUHHQ RQ WKH EDVLV RI LWV

GHVLUDEOH FRPELQDWLRQ RI SURSHUWLHV� 3KRWRVWDELOLW\ ZDV FDOFXODWHG DV WKH IUDFWLRQ RI RULJLQDO LQWHQVLW\ UHWDLQHG

IROORZLQJ � VHFRQGV RI LOOXPLQDWLRQ� LW LV D PHDVXUH RI UDSLG SKRWREOHDFKLQJ DQG�RU SKRWRVZLWFKLQJ�



$Q LPSRUWDQW FULWHULRQ ZH XVHG WR VHOHFW YDULDQWV LQ WKH FXOWXUHG QHXURQ DVVD\ ZDV ǻ)IDVW� WKH

H[FHVV QXPEHU RI SKRWRQV FROOHFWHG SHU SL[HO ZLWKLQ �� PV �� IUDPHV� RI �$3 VWLPXODWLRQ� FRPSDUHG WR D

EDVHOLQH EHIRUH VWLPXODWLRQ� DYHUDJHG RYHU WKH WRS ��� PRVW UHVSRQVLYH SL[HOV LQ WKH VDPH WLPH ZLQGRZ

WKDW PHW D PLQLPXP EULJKWQHVV WKUHVKROG� 7KHVH ��� PRVW UHVSRQVLYH SL[HOV ZHUH VHOHFWHG XVLQJ D

VHSDUDWH VWLPXOXV SUHVHQWDWLRQ WR DYRLG VHOHFWLRQ ELDV� 7KH PRWLYDWLRQ IRU WKLV FULWHULRQ ZDV WR HQULFK

PHDVXUHPHQWV IRU V\QDSWLF JOXWDPDWH VLJQDOV� :H UHDVRQHG WKDW DQ LQGLFDWRU ZLWK LQFUHDVHG VSDWLDO

VSHFLILFLW\ DW V\QDSVHV VKRXOG VKRZ ODUJH VLJQDOV DW D IUDFWLRQ RI ODEHOHG SL[HOV �WKRVH FORVH WR UHOHDVH

VLWHV�� DQG ZRXOG SRWHQWLDOO\ VKRZ VPDOOHU VLJQDOV DW WKH UHPDLQLQJ SL[HOV� 0RUHRYHU� WKLV VSDWLDO GLIIHUHQFH

VKRXOG EH PRVW DSSDUHQW RYHU D VKRUW SHULRG RI WLPH IROORZLQJ UHOHDVH �VHH 6XSSOHPHQWDU\ 1RWH ���

([DPSOH UHVSRQVHV IRU VHYHUDO YDULDQWV DUH SORWWHG LQ )LJXUH 61���� IRU ERWK WKH VHOHFWHG ��� RI SL[HOV

�VROLG OLQHV�� DQG IRU DOO UHVSRQGLQJ SL[HOV �GDVKHG OLQHV�� $ ODUJH GLIIHUHQFH EHWZHHQ WKH VROLG DQG GDVKHG

WUDFHV LQGLFDWHV WKDW D VXEVHW RI KLJKO\ UHVSRQVLYH SL[HOV H[KLELW ODUJHU UHVSRQVHV WKDQ WKH PHDQ ODEHOHG

SL[HO� ZKLFK LV H[SHFWHG IRU D PRUH VSDWLDOO\ VSHFLILF LQGLFDWRU�



)LJXUH 61���� ([DPSOH WUDFHV IRU YDULDQWV PHDVXUHG LQ WKH VHFRQG URXQG RI QHXURQ FXOWXUH VFUHHQ� 7KH EODFN
DQG UHG WUDFHV GHQRWH UHVSRQVHV WR � DQG �� $3V� UHVSHFWLYHO\� 6ROLG DQG GDVKHG WUDFHV GHQRWH PHDQ UHVSRQVHV RI

WKH WRS ��� RI SL[HOV VHOHFWHG IURP HDFK ZHOO �DV GHVFULEHG LQ WH[W� DQG DOO ODEHOHG SL[HOV� UHVSHFWLYHO\� 7KH UDQN RI

HDFK YDULDQW LQ ǻ)IDVW ZLWKLQ WKH VFUHHQLQJ URXQG LV GLVSOD\HG� 7KH GLVSOD\HG WUDFHV VKRZ a� VHFRQG RI WKH ��VHFRQG

WRWDO UHFRUGLQJ GXUDWLRQ�



6XSSOHPHQWDU\ 1RWH �� 0XWDWLRQV SUHVHQW LQ L*OX6Q)5� YDULDQWV

9DULDQW Y�� KDV �� PXWDWLRQV UHODWLYH WR :7 �ZLWK SRVLWLRQV QXPEHUHG IURP WKH RSHQLQJ RI WKH L*OX6Q)5

FRGLQJ VHTXHQFH��� (��'� 1��6� 4��+� '��(� )��<� 9���6� 1���'� 6���1� 1���,� 5���+� $���7�

,���1� 7���6� 9DULDQW Y��� KDV �� PXWDWLRQV UHODWLYH WR :7 �PXWDWLRQV UHODWLYH WR Y�� DUH XQGHUOLQHG��

(��'� 1��6� 4��+� '��(� )��<� 9���6� 1���'� 6���1� 1���7� 5���+� $���7� ,���1� 7���6� /���)�

*���6 �)LJXUH 61����� 7KH VLWHV (��� 9���� DQG *��� KDYH EHHQ LGHQWLILHG LQ SUHYLRXV VWXGLHV

�����������

)LJXUH 61���� 6HTXHQFH DOLJQPHQW RI :7 �EOXH�� Y�� �UHG�� DQG Y��� �\HOORZ�� *UH\ KLJKOLJKWV GHQRWH PXWDWLRQV ZLWK

UHVSHFW WR :7� *UHHQ ER[ KLJKOLJKWV WKH FKURPRSKRUH� 'RWWHG RXWOLQHV GHQRWH UHJLRQV GHULYHG IURP JOW,�

Â 0PQh [kZDIgQ[O hEPIZI khIh d]hQjQ][ Q[GQEIh Ã Y]qIg jP<[ jP]hI khIG Ds !<gpQ[ Ij <Y ÃÁÂÄ



1RWDEO\� HYHQ WKRXJK PXWDJHQHVLV ZDV SHUIRUPHG DFURVV WKH HQWLUH FRGLQJ VHTXHQFH� PRVW RI WKH

PXWDWLRQV VHOHFWHG E\ VFUHHQLQJ OLH QHDU D SXWDWLYH LQWHUIDFH EHWZHHQ L*OX6Q)5¶V FLUFXODUO\�SHUPXWHG

IOXRUHVFHQW SURWHLQ GRPDLQ DQG WKH ODUJH �1�WHUPLQDO� IUDJPHQW RI JOW, �)LJXUH 61����� 1R

IXQFWLRQDOO\�UHOHYDQW SRLQW PXWDWLRQV ZHUH LGHQWLILHG LQ WKH VPDOO �&�WHUPLQDO� Į�KHOL[ IUDJPHQW RI JOW,�

7UXQFDWLRQ RI WKLV IUDJPHQW LQ VROXEOH L*OX6Q)5 Y��� DW UHVLGXH ��� \LHOGHG D IXQFWLRQDO VHQVRU�

LQGLFDWLQJ WKDW WKLV GRPDLQ LV QRW QHFHVVDU\ IRU JOXWDPDWH ELQGLQJ RU IOXRUHVFHQFH FKDQJH�

)LJXUH 61���� &U\VWDO VWUXFWXUHV RI <)3 �3'%� �)�%� DQG JOW, �3'%� �9+$� RYHUODLG ZLWK PXWDWLRQV SUHVHQW LQ D� Y��

DQG E� Y���� 0XWDWLRQV DUH VKRZQ LQ UHG VWLFNV� =RRP LQ ER[HV VKRZ WKH GLVWLQFW FKURPRSKRUHV RI Y�� DQG Y���� ,Q

WKLV FDUWRRQ� WKH VWUXFWXUHV RI <)3 DQG *OW, KDYH EHHQ SODFHG VLGH�E\�VLGH LQ WKH RULHQWDWLRQ WKDW EHVW DOLJQV WKH

WHUPLQL WKDW DUH MRLQHG LQ L*OX6Q)5� 7KH SUHFLVH IROG DQG RULHQWDWLRQ RI WKHVH GRPDLQV LQ L*OX6Q)5 LV XQNQRZQ� EXW

ZH DVVXPH WKH IROG LV VLPLODU JLYHQ WKH UHWDLQHG IXQFWLRQV RI WKH SURWHLQ� DQG WKH RULHQWDWLRQ LV FRQVWUDLQHG E\ WKH

VKRUW OLQNHUV MRLQLQJ WKHP�

7KH DERYH PXWDWLRQV ZHUH LGHQWLILHG RYHU PXOWLSOH URXQGV RI VFUHHQLQJ LQYROYLQJ PXOWLSOH DVVD\V� (DUO\

URXQGV RI VFUHHQLQJ UHOLHG H[FOXVLYHO\ RQ UDQGRP PXWDJHQHVLV DQG 6W(3 UHFRPELQDWLRQ DQG UHVXOWHG LQ D

SRSXODWLRQ RI YDULDQWV ZLWK KLJK EULJKWQHVV� KLJK ¨)�)� DQG PLFURPRODU .' FRQWDLQLQJ WKH PXWDWLRQV (��9�



1��6� 4��+� '��(� 3��4� )��<� 1���'� 6���1� 5���+� $���7� ,���1� 7���6� )���/� 7KH YDULDQWV

VHOHFWHG DW WKLV SRLQW H[KLELWHG ORZ PD[LPXP PD[LPXP 21 UDWHV �N��� �)LJXUH 61�����

)LJXUH 61���� .LQHWLF SDUDPHWHUV RI VHYHUDO KLJK ¨)�)� YDULDQWV LGHQWLILHG WKURXJK UDQGRP PXWDJHQHVLV� SULRU WR

UDWLRQDO PXWDJHQHVLV RI (�� DQG $��� DQG QHXURQ FXOWXUH VFUHHQLQJ� :7 DQG Y��� YDULDQWV DUH VKRZQ IRU

FRPSDULVRQ� 'DWD SRLQWV GHQRWH OHDVW VTXDUHV ILW� (UURUEDUV GHQRWH ��� FRQILGHQFH LQWHUYDO RI WKH ILW� 'DWD IURP �

VWRSSHG�IORZ WLPH VHULHV DW HDFK RI � FRQFHQWUDWLRQV� Y�)�� >:7 � (��9 1��6 4��+ '��( )��< 1���' 1���,

5���+ $���7 *���7 ,���1 7���6 )���/@� Y�)�� >:7 � (��9 1��6 4��+ '��( )��< 1���: 1���, 5���+

$���7 ,���1 7���6 )���/@� Y�)�� >:7 � (��9 1��6 4��+ '��( )��< 1���' 0���, 1���, 5���+ $���7 *���4

,���1 7���6 )���/@� Y�$�� >:7 � (��9 1��6 4��+ '��( )��< 1���' 6���1 1���, 5���+ $���7 ,���1 7���6

)���/@�

7R GLYHUVLI\ NLQHWLF SURSHUWLHV DQG LGHQWLI\ YDULDQWV ZLWK ODUJH YDOXHV RI ERWK N�� DQG .IDVW� ZH WKHQ UDWLRQDOO\

PXWDWHG VLWHV SUHYLRXVO\ VKRZQ WR DIIHFW L*OX6Q)5 NLQHWLFV� (�� ���� DQG 6�� ��� ��� RQ WRS RI WKH VHOHFWHG

SRSXODWLRQ� :H SURGXFHG �� YDULDQWV PXWDWHG DW WKHVH WZR VLWHV� ZKLFK ZH FKDUDFWHUL]HG LQ SXULILHG

SURWHLQ XVLQJ D VWRSSHG�IORZ NLQHWLFV DVVD\� ,Q WKHVH YDULDQWV� (��' LPSURYHG WKH PD[LPXP 21 UDWH�

ZKLOH (��9� (��$� DQG (��. LPSURYHG VHQVLWLYLW\ EXW KDUPHG 21 UDWH� 0XWDQWV RI WKLV SRRO DW SRVLWLRQ

6�� GLG QRW UHVXOW LQ DQ\ IOXRUHVFHQW EDFWHULDO FRORQLHV� 7KH (��' PXWDWLRQ UHGXFHG WKH DIILQLW\ RI WKH

VROXEOH VHQVRU WR DQ XQGHVLUDEOH GHJUHH� :H WKHUHIRUH IXUWKHU GLYHUVLILHG WKLV SRRO E\ DGGLQJ WKH

DIILQLW\�LQFUHDVLQJ PXWDWLRQ $���6 �$���6 LQ ����� WR (��'�FRQWDLQLQJ YDULDQWV� ,Q VROXEOH SURWHLQ� ZH

IRXQG WKDW DGGLWLRQ RI $���6 WR (��' YDULDQWV LQFUHDVHG WKHLU DIILQLW\ DSSUR[LPDWHO\ ���IROG� ZLWKRXW

VXEVWDQWLDOO\ DOWHULQJ 21 UDWHV� 7KH UHVXOWLQJ SRSXODWLRQ RI YDULDQWV IRUPHG WKH ILUVW SRRO �Q ��� YDULDQWV�



VFUHHQHG LQ QHXURQ FXOWXUH� :H IRXQG WKDW YDULDQWV FRQWDLQLQJ ERWK (��' DQG $���6 PXWDWLRQV VKRZHG

WKH ODUJHVW UDSLG�RQVHW ����� PV SRVW�VWLPXOXV� UHVSRQVHV WR � $3 ILHOG VWLPXOL� RXU SHUIRUPDQFH FULWHULRQ

LQ WKH QHXURQ FXOWXUH VFUHHQ �6XSSOHPHQWDU\ 1RWH ��� 7KH EHVW RI WKHVH ZDV WKH YDULDQW Y��� )XUWKHU

GLYHUVLILFDWLRQ� FRQVLVWLQJ RI VDWXUDWLRQ PXWDJHQHVLV DW VLWHV VHOHFWHG IRU LQ HDUOLHU URXQGV RI VFUHHQLQJ DQG

HUURU�SURQH 3&5� UHVXOWHG LQ LGHQWLILFDWLRQ RI WKH DGGLWLRQDO PXWDWLRQV 1���7� /���)� *���6 SUHVHQW LQ

Y���� .LQHWLF FKDUDFWHUL]DWLRQ RI Y��� FRQILUPHG WKLV YDULDQW¶V KLJK YDOXHV RI N�� DQG .IDVW �)LJXUH 61�����

LQ DGGLWLRQ WR RWKHU GHVLUDEOH SURSHUWLHV LGHQWLILHG LQ WKH PXOWL�DVVD\ VFUHHQ �)LJXUHV �����

7R DVVHVV IXQFWLRQDO UHOHYDQFH RI WKH �� PXWDWLRQV LQ Y���� ZH LQGLYLGXDOO\ UHYHUWHG HDFK VLQJOH

DPLQR DFLG PXWDWLRQ WR LWV :7 LGHQWLW\� :H HYDOXDWHG HDFK UHYHUVLRQ LQ SXULILHG VROXEOH SURWHLQ� RQ WKH

EDVLV RI H[FLWDWLRQ DQG HPLVVLRQ VSHFWUD� LQ YLWUR ¨)�)� WR VDWXUDWLQJ JOXWDPDWH� DQG DIILQLW\ �7DEOH ��� ,Q DOO

FDVHV� UHYHUVLRQ GHFUHDVHG LQ YLWUR ¨)�)�� RU LQ FDVH RI 6���9� UHVXOWHG LQ QR IOXRUHVFHQFH LQ WKH SXULILHG

SURWHLQ� 5HYHUVLRQ RI WKH FKURPRSKRUH PXWDWLRQ �6���*� UHVXOWHG LQ D EDWKRFKURPLF VKLIW� ZKLOH WKH

UHPDLQLQJ SRVLWLRQV KDG QR HIIHFW RQ WKH H[FLWDWLRQ RU HPLVVLRQ PD[LPD� 7KH HIIHFWV RI *���6 LQ Y��� DUH

FRQVLVWHQW ZLWK SUHYLRXV ZRUN ���� ILQGLQJ WKDW *)3 GHULYDWLYHV ZLWK WKH 6<* FKURPRSKRUH KDYH

LQFUHDVHG TXDQWXP \LHOG DQG EOXH�VKLIWHG H[FLWDWLRQ VSHFWUXP UHODWLYH WR *<*� 7KH DERYH UHVXOWV

VXJJHVWHG WR XV WKDW DOO RI WKH DFFXPXODWHG PXWDWLRQV LQ Y���� ZKHQ DVVHVVHG LQGHSHQGHQWO\ DQG

DVVD\HG LQ YLWUR� DUH QHFHVVDU\ IRU RSWLPDO IXQFWLRQ RI WKH VHQVRU�

:H FUHDWHG D GDWDEDVH RI PXWDWLRQV LGHQWLILHG WKURXJKRXW RXU PXOWL�DVVD\ VFUHHQ� ZLWK

PHDVXUHPHQWV RI ¨)�)�� .'� NREV� ZLWK WKH SDUDPHWHUV PHDVXUHG LQ EDFWHULDO O\VDWH RU LQ SXULILHG SURWHLQ�

7KHVH PHDVXUHPHQWV DUH DYDLODEOH DW WKH *LW+XE UHSRVLWRU\� KWWSV���WOK���JLWKXE�LR�JOXVQIU�DQDO\VLV��

5HIHUHQFHV

��� -XQJ� *�� :LHKOHU� -� 	 =XPEXVFK� $� 7KH 3KRWRSK\VLFV RI *UHHQ )OXRUHVFHQW 3URWHLQ� ,QIOXHQFH RI WKH .H\ $PLQR

$FLGV DW 3RVLWLRQV ��� ���� DQG ���� %LRSK\VLFDO -RXUQDO ��� ����±���� �������



7DEOH 61���� 0HDVXUHPHQWV RI DOO VLQJOH�UHVLGXH UHYHUVLRQV RI L*OX6Q)5 Y��� LQ VROXEOH SXULILHG SURWHLQ� 1)  

QRQ�IOXRUHVFHQW LQ EDFWHULD� 9DOXHV DW PHDQ � 6(0� Q  � IRU HDFK PHDVXUHPHQW�

0XWDQW ([FPD[ �QP� (PPD[ �QP� ¨)�)� .' ��0�
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6XSSOHPHQWDU\ )LJXUHV

6XSSOHPHQWDU\ )LJXUH �� (IIHFW RI RVPRODULW\ RQ RSWLFDO PLQL UDWH LQ SULPDU\ FXOWXUHV H[SUHVVLQJ

L*OX6Q)5��Y���� 5DWH RI GHWHFWHG RSWLFDO PLQLV LQ LPDJLQJ EXIIHU EHIRUH �OHIW� DQG DIWHU �ULJKW� DGGLWLRQ RI

DQ HTXDO YROXPH RI ��� P0 VXFURVH LQ LPDJLQJ EXIIHU� 7KHVH UHFRUGLQJV ZHUH SHUIRUPHG DW ���& XVLQJ D

VSLQQLQJ GLVN FRQIRFDO PLFURVFRSH �FRPSDUH YV� URRP WHPSHUDWXUH ZLGHILHOG LPDJLQJ� )LJ ��� 1 �� )29V

�� P0�� �� )29V ���� P0�� +RUL]RQWDO OLQHV GHQRWH WKH PHDQ IRU HDFK FRQGLWLRQ� 
�S������ XQSDLUHG

WZR�VLGHG ��VDPSOH W�WHVW�



6XSSOHPHQWDU\ )LJXUH �� 2Q�FHOO NLQHWLFV PHDVXUHG E\ UDSLG JOXWDPDWH DSSOLFDWLRQ� D� 7RS� FXOWXUHG UDW

KLSSRFDPSDO QHXURQV ZHUH DSSURDFKHG ZLWK D JODVV SLSHWWH FRQWDLQLQJ JOXWDPDWH EXIIHU� WKHQ DLU SUHVVXUH

ZDV XVHG WR SXII JOXWDPDWH RQWR WKH FHOO� %RWWRP� ¨)�)� LPDJH IRU WKH VDPH FHOO FDOFXODWHG RYHU D �� PV

WLPH ZLQGRZ IROORZLQJ IORZ RQVHW� 5HG FLUFOH GHQRWHV WKH UHJLRQ IURP ZKLFK VLJQDO ZDV H[WUDFWHG �UDGLXV �

ȝP FHQWHUHG DW UHVSRQVH PD[LPXP IRU HDFK FHOO�� E� 0HDQ ¨)�)� DW � SLSHWWH JOXWDPDWH FRQFHQWUDWLRQV IRU

:7 �WRS� DQG L*OX6Q)5��Y��� �ERWWRP�� QRUPDOL]HG WR VWHDG\�VWDWH YDOXH IRU HDFK WUDFH� 6KDGHG UHJLRQ

GHQRWHV 6(0� F� 21 UDWHV ILW XVLQJ OHDVW VTXDUHV WR WKH PHDQ UHVSRQVH IRU WKH WZR LQGLFDWRUV DW HDFK

SLSHWWH JOXWDPDWH FRQFHQWUDWLRQ� (UURUEDUV GHQRWH ��� FL� G� 0HDQ VWHDG\�VWDWH ¨)�)� PHDVXUHG IRU WKH

WZR LQGLFDWRUV DW HDFK SLSHWWH JOXWDPDWH FRQFHQWUDWLRQ� (UURUEDUV GHQRWH 6(0� �E�G� 1 ������ FHOOV

��������� ȝ0� IRU :7� 1  ����� FHOOV ��������� ȝ0� IRU Y���� 

� S����� YV � ȝ0 FRQGLWLRQ� WZR�VLGHG

WZR�VDPSOH W�WHVW�



6XSSOHPHQWDU\ )LJXUH �� ([WHQGHG GDWD DVVRFLDWHG ZLWK FXOWXUH ILHOG VWLPXODWLRQ H[SHULPHQWV�� D�H�

$VVRFLDWHG ZLWK )LJXUH �M�N� 7ULDO�E\�WULDO UHVSRQVH DPSOLWXGHV RI L*OX6Q)5 YDULDQWV RYHU VPDOO DQG ODUJH

UHJLRQV RI LQWHUHVW� D� ([DPSOH UHJLRQV RI LQWHUHVW DQDO\]HG� 52,V IRU LQGLYLGXDO ERXWRQV �UHG� ZHUH

FRPSDUHG WR ODUJHU 52,V �EOXH� FRQWDLQLQJ PXOWLSOH VWUXFWXUHV� E�F� 7\SLFDO H[DPSOH WUDFHV IRU ODUJH 52,V�

VKRZLQJ DQ LQFUHDVH LQ UHVSRQVH DPSOLWXGH IROORZLQJ LQFUHDVH RI H[WUDFHOOXODU >&D��@� IRU �E�

6)�L*OX6Q)5�$���9 DQG �F� L*OX6Q)5��Y���� G�H� 7\SLFDO WUDFHV IRU VPDOO 52,V IRU �G�

6)�L*OX6Q)5�$���9 DQG �H� L*OX6Q)5��Y���� 5HVSRQVHV RYHU DOO LGHQWLILHG ERXWRQV XQGHU ERWK

FRQGLWLRQV DUH SORWWHG LQ )LJXUH �N� I� $VVRFLDWHG ZLWK )LJXUH �K�L� (IIHFW RI 7H17 RQ H[RF\WRVLV PHDVXUHG

XVLQJ D JHQHWLFDOO\ HQFRGHG S+ LQGLFDWRU �S+OXRULQ� IXVHG WR D YHVLFXODU JOXWDPDWH WUDQVSRUWHU �Y*S+��

&RQWURO �EODFN� �� FHOOV� DQG 7H17�/& �F\DQ� �� FHOOV� H[SUHVVLQJ FHOOV ZHUH LPDJHG GXULQJ ILHOG

VWLPXODWLRQ ZLWK �� $3V DW �� +]� ([RF\WRVLV YDOXHV DUH QRUPDOL]HG WR 1+�&O WUHDWPHQW DV SUHYLRXVO\

GHVFULEHG �6DQNDUDQDUD\DQDQ� 6�� 'H $QJHOLV� '�� 5RWKPDQ� -�(�� DQG 5\DQ� 7�$� �������� /LQHV GHQRWH

PHDQ� VKDGHG DUHDV GHQRWH 6(0�



6XSSOHPHQWDU\ )LJXUH �� &KDUDFWHUL]DWLRQ RI VXUIDFH GLVSOD\ FRQVWUXFW YDULDQWV� D� )ROG EULJKWQHVV

FKDQJH RI L*OX6Q)5��Y��� LQ GLIIHUHQW GLVSOD\ FRQVWUXFW YDULDQWV XSRQ DGGLWLRQ RI VDWXUDWLQJ JOXWDPDWH

��� P0�� Q ��� ELRORJLFDOO\ LQGHSHQGHQW FXOWXUHV SHU FRQVWUXFW� DV VKRZQ� E� 0HDQ RSWLFDO PLQL ¨)�)��

QRUPDOL]HG WR PD[LPXP� DV D IXQFWLRQ RI GLVWDQFH IURP SHDN IRU L*OX6Q)5��Y��� LQ WKH 3'*)5� *3,� DQG

6*= EDFNERQHV� FDOFXODWHG RQH IUDPH DIWHU RQVHW� �3'*)5� G���  ������������ ȝP� Q ���� HYHQWV� *3,�

G��� ������������ ȝP� Q ���� HYHQWV� S ������� 6*=� G��� ������������ ȝP� Q ���� HYHQWV� S��H���

ERRWVWUDS WHVW �WZR�VLGHG��� 6KDGLQJ GHQRWHV 6(0� F� 0HDQ 615 RI RSWLFDO PLQLV IRU Y����*3, LQ WKH *3,

EDFNERQH ZLWK GLIIHUHQW 1�WHUPLQDO OHDGHU VHTXHQFHV� Q ��� )29V SHU FRQVWUXFW� DV VKRZQ� IURP ���

ELRORJLFDOO\ LQGHSHQGHQW FXOWXUH ZHOOV �� )29V SHU ZHOO�� G� )ROG EULJKWQHVV FKDQJH RI Y����*3, ZLWK

GLIIHUHQW 1�WHUPLQDO OHDGHU VHTXHQFHV XSRQ DGGLWLRQ RI VDWXUDWLQJ JOXWDPDWH ��� P0�� Q ��� ELRORJLFDOO\

LQGHSHQGHQW FXOWXUH ZHOOV SHU FRQVWUXFW� DV VKRZQ� ,Q DOO FDVHV� EODFN OLQHV GHQRWH WKH PHDQ IRU HDFK

JURXS� 6HTXHQFHV IRU HDFK YDULDQW DUH SUHVHQWHG LQ 6XSSOHPHQWDU\ 7DEOH ��



6XSSOHPHQWDU\ )LJXUH �� �3 FRUWLFDO LPDJLQJ RI L*OX6Q)5� YDULDQWV� D� /RZ�PDJQLILFDWLRQ LPDJH RI

PRXVH GRUVDO FRUWH[ ZLWK IRXU LQMHFWLRQ VLWHV� 5HG FLUFOH PDUNV D UHJLRQ LQMHFWHG ZLWK Y����3'*)5� 6FDOH

EDU� � PP� E� 0HDQ UHVSRQVH �VKDGLQJ GHQRWHV 6(0� RI WKH UHJLRQ KLJKOLJKWHG LQ �D� WR YLVXDO PRWLRQ

VWLPXOL RYHU D VLQJOH VHVVLRQ �Q �� VWLPXOL�� LQ IOXRUHVFHQFH �WRS� DQG LQWULQVLF VLJQDO �ERWWRP�� *UD\ UHJLRQ

GHQRWHV WLPH RI YLVXDO VWLPXOXV� F� %DVHOLQH PHDQ EULJKWQHVV RI LQMHFWHG UHJLRQV IRU � L*OX6Q)5 YDULDQWV�

� ZHHNV DIWHU $$9 LQMHFWLRQ DW PDWFKHG WLWHUV� (DFK PDUNHU GHQRWHV D ILHOG RI YLHZ �6*=� Q � )29V IURP

� PLFH� *3, Q � )29V IURP � PLFH� 3'*)5 Q � )29V IURP � PLFH� :7 Q �� )29V IURP �� PLFH�� %ODFN

OLQHV GHQRWH PHDQV� G� 0HDQ IOXRUHVFHQFH �VKDGLQJ GHQRWHV 6(0� UHVSRQVH DFURVV WKH ��� PRVW

UHVSRQVLYH VHVVLRQV DFURVV DOO LQMHFWLRQ VLWHV� IRU WKH � FRQVWUXFWV� *UD\ UHJLRQ GHQRWHV WLPH RI YLVXDO

VWLPXOXV�



6XSSOHPHQWDU\ )LJXUH �� )LUVW � VHFRQGV UDZ WUDFH RI DQ L*OX6Q)5��Y����*3,�ODEHOHG ERXWRQ �52, ��

LQ )LJXUH �G�� 6LJQDOV DUH VKRZQ ZLWK VWLPXODWLRQ IUHTXHQF\ IURP � +] WR �� +]�



6XSSOHPHQWDU\ )LJXUH �� 3DUDPHWHU VHQVLWLYLW\ RI VWRSSHG�IORZ GDWD ILWWLQJ� D� ([DPSOH UDZ GDWD DQG

FRUUHVSRQGLQJ ILW IRU D UDSLG L*OX6Q)5 VWRSSHG�IORZ DVVRFLDWLRQ UHDFWLRQ LQ RXU GDWDVHW �6)�

L*OX6Q)5�$���9 DW ��� P0 ILQDO >JOX@�� 7KH RUDQJH OLQH LV WKH ILW H[SRQHQWLDO VDWXUDWLRQ IXQFWLRQ ZLWK

SDUDPHWHUV VKRZQ LQ LQVHW� 7KH GHDG WLPH RI WKH LQVWUXPHQW LV YLVLEOH LQ WKH UHVSRQVH DW WLPHV �� PV� 7KH

WLPH�UDQJH RI WKH RUDQJH FXUYH GHQRWHV WKH WLPH ZLQGRZ XVHG IRU ILWWLQJ� ZKLFK LV DOJRULWKPLFDOO\ VHOHFWHG

DV GHVFULEHG LQ WKH 0HWKRGV� E� 7R DVVHVV VHQVLWLYLW\ RI LQIHUUHG NLQHWLF YDULDEOHV WR WKLV WLPH ZLQGRZ� WKH

WZR ZLQGRZ SDUDPHWHUV �RQVHW� LQ PLOOLVHFRQGV� DQG RIIVHW� DV D PXOWLSOH RI WKH ��� ULVH WLPH W� ZHUH

V\VWHPDWLFDOO\ YDULHG IRU WKH IDVWHVW PHDVXUHG LQGLFDWRU� 6)�L*OX6Q)5�$���9� :H H[DPLQHG RQVHWV IURP

��� PV DQG RIIVHWV RI �W���W� 7KURXJKRXW WKLV UDQJH� WKH ILW .IDVW ZDV ZLWKLQ D IDFWRU RI WZR RI WKH YDOXH

UHSRUWHG IRU WKH SDUDPHWHUV ZH XVHG �� PV RQVHW� RIIVHW �W�� 5DQJH RI LQIHUUHG .IDVW IRU SDUDPHWHU VZHHS�

������� �0�



6XSSOHPHQWDU\ 7DEOHV
6XSSOHPHQWDU\ 7DEOH �� 6HTXHQFHV RI VXUIDFH GLVSOD\ FRQVWUXFW YDULDQWV XVHG LQ WKH 1�WHUPLQDO VFUHHQ

DQG &�WHUPLQDO VFUHHQ� 6HTXHQFHV , WR ;;,,, VKRZ WKH SURWHLQ VHTXHQFHV WKDW ZHUH XVHG IRU WKH

1�WHUPLQDO VFUHHQ� DQG FRQVWUXFWV ;;,9 WR ;/ VKRZ WKH DPLQR DFLG VHTXHQFHV IRU WKH &�WHUPLQDO VFUHHQ

�)LJXUH ��� 1�WHUPLQDO PXWDWLRQV ZHUH LQWURGXFHG UHODWLYH WR L*OX6Q)5��Y����*3, �VHTXHQFH ;;9,��

&�WHUPLQDO PXWDWLRQV ZHUH LQWURGXFHG UHODWLYH WR L*OX6Q)5�Y��� ZLWK WKH ,J. 1�WHUPLQDO VHFUHWLRQ OHDGHU

�VHTXHQFH ;,,,�� $OO VHTXHQFHV ZHUH FRGRQ�RSWLPL]HG IRU 0XV PXVFXOXV�
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