
6HWWLQJ XS DQ ,Q 9LWUR 5HFRQVWLWXWLRQ 6\VWHP WR
6WXG\ $FWRP\RVLQ�'ULYHQ 0HPEUDQH 2UJDQLVDWLRQ

0DVWHU
V 7KHVLV VXEPLWWHG WR WKH ,QGLDQ ,QVWLWXWH RI 6FLHQFH (GXFDWLRQ DQG 5HVHDUFK
3XQH LQ SDUWLDO IXOILOPHQW RI WKH UHTXLUHPHQWV IRU WKH %6�06 'XDO 'HJUHH 3URJUDPPH

%\

/LNKLWK &KDQGUDJLUL
�5HJ� 1R� ���������

,QGLDQ ,QVWLWXWH RI 6FLHQFH (GXFDWLRQ DQG 5HVHDUFK 3XQH
'U� +RPL %KDEKD 5RDG� 3DVKDQ� 3XQH ������� ,1',$�

$SULO ����

8QGHU WKH VXSHUYLVLRQ RI 3URI� 6DW\DMLW 0D\RU
DW WKH 1DWLRQDO &HQWUH IRU %LRORJLFDO 6FLHQFHV �1&%6�

)URP 0D\ ���� WR 0DUFK ����

$OO ULJKWV UHVHUYHG



&HUWLILFDWH

7KLV LV WR FHUWLI\ WKDW WKLV GLVVHUWDWLRQ HQWLWOHG ³6HWWLQJ XS DQ ,Q 9LWUR 5HFRQVWLWXWLRQ
6\VWHP WR 6WXG\ $FWRP\RVLQ�'ULYHQ 0HPEUDQH 2UJDQLVDWLRQ´� VXEPLWWHG WRZDUGV

WKH SDUWLDO IXOILOPHQW RI WKH %6�06 GXDO GHJUHH SURJUDPPH DW WKH ,QGLDQ ,QVWLWXWH RI

6FLHQFH (GXFDWLRQ DQG 5HVHDUFK� 3XQH UHSUHVHQWV VWXG\�ZRUN FDUULHG RXW E\ /LNKLWK

&KDQGUDJLUL DW WKH 1DWLRQDO &HQWUH IRU %LRORJLFDO 6FLHQFHV XQGHU WKH VXSHUYLVLRQ RI 3URI�

6DW\DMLW 0D\RU� GXULQJ WKH DFDGHPLF \HDU ��������

3URI� 6DW\DMLW 0D\RU

&RPPLWWHH�

6XSHUYLVRU� 3URI� 6DW\DMLW 0D\RU

([SHUW� 3URI� 7KRPDV 3XFDG\LO

�



7KLV WKHVLV LV GHGLFDWHG WR P\ IDPLO\
IRU WKHLU SDWLHQFH� ORYH DQG VXSSRUW

�



'HFODUDWLRQ

, KHUHE\ GHFODUH WKDW WKH PDWWHU HPERGLHG LQ WKH UHSRUW HQWLWOHG ³6HWWLQJ XS DQ ,Q 9LWUR
5HFRQVWLWXWLRQ 6\VWHP WR 6WXG\ $FWRP\RVLQ�'ULYHQ 0HPEUDQH 2UJDQLVDWLRQ´ DUH
WKH UHVXOWV RI WKH ZRUN FDUULHG RXW E\ PH DW WKH 1DWLRQDO &HQWUH IRU %LRORJLFDO 6FLHQFHV

XQGHU WKH VXSHUYLVLRQ RI 3URI� 6DW\DMLW 0D\RU DQG WKH VDPH KDV QRW EHHQ VXEPLWWHG

HOVHZKHUH IRU DQ\ RWKHU GHJUHH� :KHUHYHU RWKHUV FRQWULEXWH� HYHU\ HIIRUW LV PDGH WR

LQGLFDWH WKLV FOHDUO\� ZLWK GXH UHIHUHQFH WR WKH OLWHUDWXUH DQG DFNQRZOHGJHPHQW RI

FROODERUDWLYH UHVHDUFK DQG GLVFXVVLRQV�

/LNKLWK &KDQGUDJLUL

5HJ� QR� ��������

�



7DEOH RI &RQWHQWV

7LWOH 3DJH 1XPEHU

/LVW RI )LJXUHV �

/LVW RI 7DEOHV �

6\PEROV DQG 1RWDWLRQV �

$EVWUDFW ��

$FNQRZOHGJHPHQWV ��

&RQWULEXWLRQV ��

,QWURGXFWLRQ ��

$LPV DQG 2EMHFWLYHV ��

0DWHULDOV DQG 0HWKRGV ��

5HVXOWV ��

'LVFXVVLRQ ��

5HIHUHQFHV ��

�



/LVW RI )LJXUHV

7LWOH 3DJH 1XPEHU

�� )OXLG PRVDLF DQG OLSLG UDIW PRGHOV ��

�� $QFKRUHG SLFNHW IHQFH PRGHO ��

�� $FWLYH FRPSRVLWH PRGHO ��

�� ,Q YLWUR UHFRQVWLWXWLRQ RI DFWLYH FRPSRVLWH ��

�� 6WUXFWXUH RI QRQ�PXVFOH P\RVLQ ,, ��

�� 6FKHPDWLF RI UHFRPELQDQW EDFPLG JHQHUDWLRQ ��

�� 6FKHPDWLF RI WUDQVSRVLWLRQ RI PLQL�7Q� HOHPHQW RQWR EDFPLG ��

�� 3&5 YHULILFDWLRQ RI EDFPLGV ��

�� 6FKHPDWLF RI UHFRPELQDQW EDFXORYLUXV JHQHUDWLRQ ��

��� *)3�SRVLWLYH FRQWURO FHOOV IRU WUDQVIHFWLRQ DQG EDFXORYLUXV LQIHFWLRQ ��

��� &HOO YLDELOLW\ FXUYHV ��

��� :HVWHUQ EORWV IRU 0/&. DQG 10,,$�+& H[SUHVVLRQ ��

��� 3RZHU PHDVXUHPHQWV RI PLFURVFRSH OLJKW VRXUFH ��

��� &DPHUD JDLQ YDOXH GLVWULEXWLRQ ��

��� &DPHUD OLQHDULW\ DQG VWDELOLW\ ��

��� ��� Q0 7HWUD6SHFN EHDGV ��

��� )5$3 WUDFH RQ VXSSRUWHG OLSLG ELOD\HU �����

��� 5HFRQVWLWXWLRQ RI SUH�SRO\PHULVHG DFWLQ ILODPHQWV RQ VXSSRUWHG OLSLG ELOD\HU �����

��� 5HFRQVWLWXWLRQ RI FDSSHG SUH�SRO\PHULVHG DFWLQ ILODPHQWV RQ VXSSRUWHG
OLSLG ELOD\HU

��

��� /HQJWK VFDOH GLVWULEXWLRQV RI FDSSHG SUH�SRO\PHULVHG DFWLQ ILODPHQWV ��

��� 6FKHPDWLF RI UHFRQVWLWXWLRQ RI VSRQWDQHRXVO\ SRO\PHULVLQJ DFWLQ ILODPHQWV
RQ VXSSRUWHG OLSLG ELOD\HU

��

��� 6QDSVKRWV RI DFWLQ ILODPHQW SRO\PHULVDWLRQ ZLWK SUH�QXFOHDWHG ILODPHQWV ��

��� .\PRJUDSKV RI DFWLQ ILODPHQW SRO\PHULVDWLRQ ZLWK SUH�QXFOHDWHG ILODPHQWV ��

�



��� (ORQJDWLRQ UDWHV RI SUH�QXFOHDWHG DFWLQ ILODPHQWV ��

��� 6QDSVKRWV RI DFWLQ SRO\PHULVDWLRQ ZLWK VSRQWDQHRXVO\ QXFOHDWHG ILODPHQWV ��

��� (ORQJDWLRQ UDWHV RI VSRQWDQHRXVO\ QXFOHDWHG DFWLQ ILODPHQWV ��

�



/LVW RI 7DEOHV

3DJH 1XPEHU

�� &RPSRVLWLRQ RI EXIIHUV XVHG LQ WKLV VWXG\ ��

�� &RPSDULVRQ RI WKH QXPEHU RI VSRQWDQHRXVO\ QXFOHDWHG ILODPHQWV ��

�� &RPSDULVRQ RI DFWLQ ILODPHQW HORQJDWLRQ UDWHV DFURVV VWXGLHV ��

�



6\PEROV DQG 1RWDWLRQV

$'8� $QDORJ WR 'LJLWDO 8QLW

$73� $GHQRVLQH 7ULSKRVSKDWH

%0(� %HWD�PHUFDSWRHWKDQRO

&DS=� &DSSLQJ 3URWHLQ

'*6�17$�1L�� ����'LROHR\O�VQ�JO\FHUR���>�1����DPLQR���FDUER[\SHQW\O�LPLQRGLDFHWLF
DFLG�VXFFLQ\O@ �QLFNHO VDOW�

'23&� ����'LROHR\O�VQ�JO\FHUR���SKRVSKRFKROLQH

'77� 'LWKLRWKUHLWRO

(*)3� (QKDQFHG *UHHQ )OXRUHVFHQW 3URWHLQ

(*7$� (WK\OHQH *O\FRO 7HWUDDFHWLF $FLG

(/&� 1RQ�0XVFOH 0\RVLQ ,, (VVHQWLDO /LJKW &KDLQ

(]ULQ$%'� (]ULQ $FWLQ�%LQGLQJ 'RPDLQ

)5$3� )OXRUHVFHQFH 5HFRYHU\ $IWHU 3KRWREOHDFKLQJ

*3,� *O\FRV\OSKRVSKDWLG\OLQRVLWRO

*309� *LDQW 3ODVPD 0HPEUDQH 9HVLFOH

*89� *LDQW 8QLODPHOODU 9HVLFOH

,37*� ,VRSURS\O ��'���WKLRJDODFWRS\UDQRVLGH

/%� /XULD�%HUWDQL %URWK

0/&.� 0\RVLQ /LJKW &KDLQ .LQDVH

0/9� 0XOWLODPHOODU 9HVLFOH

0236� ���1�PRUSKROLQR� 3URSDQHVXOIRQLF $FLG

1$� 1XPHULFDO $SHUWXUH

10,,� 1RQ�0XVFOH 0\RVLQ ,,

10,,$�+&� 1RQ�0XVFOH 0\RVLQ ,,$ +HDY\ &KDLQ

10,,$� 1RQ�0XVFOH 0\RVLQ ,,$

10,,%�+&� 1RQ�0XVFOH 0\RVLQ ,,% +HDY\ &KDLQ

10,,%� 1RQ�0XVFOH 0\RVLQ ,,%

�



3%6� 3KRVSKDWH�%XIIHUHG 6DOLQH

3+� 3RO\KHGULQ 3URPRWHU

306)� 3KHQ\OPHWK\OVXOIRQ\O )OXRULGH

5/&� 1RQ�0XVFOH 0\RVLQ ,, 5HJXODWRU\ /LJKW &KDLQ

52,� 5HJLRQ RI ,QWHUHVW

V&026� 6FLHQWLILF &RPSOHPHQWDU\ 0HWDO±2[LGH±6HPLFRQGXFWRU &DPHUD

6'� 6WDQGDUG 'HYLDWLRQ

6'6� 6RGLXP 'RGHF\O 6XOIDWH

62&� 6XSHU 2SWLPDO %URWK ZLWK &DWDEROLWH 5HSUHVVLRQ

67('� 6WLPXODWHG (PLVVLRQ 'HSOHWLRQ 0LFURVFRS\

689� 6PDOO 8QLODPHOODU 9HVLFOH

69�� SRO\$� 6LPLDQ 9LUXV �� 3RO\DGHQ\ODWLRQ 6HTXHQFH

7%67� 7ULV�EXIIHUHG 6DOLQH ZLWK ���� 7ZHHQ���

7,5)� 7RWDO ,QWHUQDO 5HIOHFWLRQ )OXRUHVFHQFH 0LFURVFRS\

8WURSKLQ$%'� 8WURSKLQ $FWLQ�%LQGLQJ 'RPDLQ

İ� 0RODU ([WLQFWLRQ &RHIILFLHQW

Ȝ� :DYHOHQJWK

�



$EVWUDFW

7KH SODVPD PHPEUDQH LV WKH VLWH RI QXPHURXV FUXFLDO SURFHVVHV OLNH VLJQDO

WUDQVGXFWLRQ� FHOO DGKHVLRQ DQG YHVLFXODU WUDQVSRUW� 7KHVH SURFHVVHV UHTXLUH WKH SODVPD

PHPEUDQH WR EH RUJDQLVHG LQWR GLVWLQFW PHVR DQG QDQRVFDOH GRPDLQV� 3UHYDLOLQJ

PRGHOV RI PHPEUDQH RUJDQLVDWLRQ KDYH QHJOHFWHG WKH UROH RI WKH PHPEUDQH�DVVRFLDWHG

DFWLQ FRUWH[ LQ JHQHUDWLQJ VXFK GRPDLQV WKURXJK DFWLYH� QRQ�HTXLOLEULXP SURFHVVHV�

7KHVH PRGHOV LQVWHDG IRFXV RQ SDVVLYH� HTXLOLEULXP SURFHVVHV HPHUJLQJ IURP

SURWHLQ�SURWHLQ� OLSLG�SURWHLQ DQG OLSLG�OLSLG LQWHUDFWLRQV�

7KH $FWLYH &RPSRVLWH PRGHO HPHUJHG DV DQ H[SODQDWLRQ IRU WKH QRQ�HTXLOLEULXP

SURSHUWLHV VKRZQ E\ FHUWDLQ PHPEUDQH FRPSRQHQWV OLNH *3,�DQFKRUHG SURWHLQV� ZKLFK

DUH ODUJHO\ LQFRQVLVWHQW ZLWK WKH FXUUHQW SDUDGLJP RI PHPEUDQH RUJDQLVDWLRQ� 7KH PRGHO

SUHGLFWV WKDW DFWLQ�ERXQG PHPEUDQH FRPSRQHQWV FDQ XQGHUJR WUDQVLHQW� DFWLYH

FOXVWHULQJ DV D FRQVHTXHQFH RI $73�GULYHQ DFWRP\RVLQ FRQWUDFWLOLW\� 3UHYLRXV ZRUN KDV

VKRZQ WKDW VXFK FOXVWHULQJ FDQ RFFXU LQ YLWUR GXH WR WKH DFWLYLW\ RI VNHOHWDO PXVFOH

P\RVLQ ,, RQ SUH�SRO\PHULVHG DFWLQ ILODPHQWV� +RZHYHU� VRPH FDYHDWV H[LVW ZLWK WKLV

ZRUN� $FWLQ ILODPHQWV LQ FHOOV DUH G\QDPLF DQG XQGHUJR FRQWLQXRXV WUHDGPLOOLQJ UDWKHU

WKDQ EHLQJ RI IL[HG OHQJWK� 0RUHRYHU� VNHOHWDO PXVFOH P\RVLQ ,, LV D VSHFLDOLVHG PRWRU

WKDW RSHUDWHV SULPDULO\ LQ PXVFOH FHOOV� 1RQ�PXVFOH P\RVLQ ,,� RQ WKH RWKHU KDQG� LV

UHVSRQVLEOH IRU F\WRSODVPLF DFWLQ FRQWUDFWLOLW\ DFURVV HXNDU\RWLF FHOO W\SHV� 7KH WZR

P\RVLQV DOVR GLIIHU LQ WKHLU OHQJWK VFDOHV DQG PRWRU DFWLYLW\ NLQHWLFV�

%URDGO\� WKH DLP RI WKLV WKHVLV LV WR EXLOG DQ LQ YLWUR UHFRQVWLWXWLRQ V\VWHP WKDW EHWWHU

FDSWXUHV WKH G\QDPLF QDWXUH RI WKH PHPEUDQH�DVVRFLDWHG DFWRP\RVLQ FRUWH[ E\

LQFRUSRUDWLQJ VSRQWDQHRXVO\ SRO\PHULVLQJ G\QDPLF DFWLQ ILODPHQWV DORQJ ZLWK

QRQ�PXVFOH P\RVLQ ,, PRWRUV� 6XFK D V\VWHP ZRXOG EH PRUH VXLWHG WR WHVW WKH

SUHGLFWLRQV RI WKH $FWLYH &RPSRVLWH PRGHO� ,Q WKLV GLUHFWLRQ� , DWWHPSWHG WR

UHFRPELQDQWO\ H[SUHVV QRQ�PXVFOH P\RVLQ ,, DV ZHOO DV UHFRQVWLWXWH VSRQWDQHRXVO\

SRO\PHULVLQJ DFWLQ ILODPHQWV RQ D VXSSRUWHG OLSLG ELOD\HU�

��



$FNQRZOHGJHPHQWV

, H[SUHVV P\ VLQFHUH JUDWLWXGH WR 3URI� 6DW\DMLW 0D\RU IRU JLYLQJ PH DQ RSSRUWXQLW\ WR

ZRUN RQ WKLV H[FLWLQJ DUHD RI UHVHDUFK� , DP JUDWHIXO IRU KLV YDOXDEOH JXLGDQFH� IHHGEDFN

DQG NHHQ LQVLJKW RYHU WKH FRXUVH RI WKLV SURMHFW�

, DOVR WKDQN %KDJ\DVKUL 0DKDMDQ DQG 6DQNDUVKDQ 7DOOXUL IRU WHDFKLQJ PH D YDULHW\ RI

ODERUDWRU\ WHFKQLTXHV� LQFOXGLQJ UHFRPELQDQW SURWHLQ H[SUHVVLRQ LQ 6I� FHOOV DQG

UHFRQVWLWXWLRQ RI DFWLQ ILODPHQWV RYHU VXSSRUWHG OLSLG ELOD\HUV� 7KH\ SURYLGHG PH ZLWK

QHFHVVDU\ UHDJHQWV� KHOSHG PH FRQFHSWXDOLVH DQG WURXEOHVKRRW H[SHULPHQWV� DQG

DVVLVWHG PH ZLWK PLFURVFRS\� 1H[W� , ZRXOG OLNH WR WKDQN *UHHVKPD 3UDGHHS IRU

WHDFKLQJ PH KRZ WR RSHUDWH WKH 7,5) PLFURVFRSH DQG KHOSLQJ PH ZLWK FKDUDFWHULVLQJ LWV

SURSHUWLHV� 3RRMD .ULVKQD IRU KHOSLQJ RXW ZLWK ZHVWHUQ EORWV� DQG 6KXEKDQJL 6KDUPD IRU

KHOSLQJ ZLWK SULPHU GHVLJQ� )XUWKHU� , DP JUDWHIXO WR 6DUD\X %HUL� &KDQGULPD 3DWUD� DQG

'U� 6RZP\D -DKQDYL IRU WKHLU LQYDOXDEOH VXSSRUW� DGYLFH DQG VXJJHVWLRQV� , DOVR WKDQN

3URI� -DPHV 6HOOHUV� 3URI� 6DUDYDQDQ 3DODQL DQG -D\DQWL .XPDU IRU VKDULQJ HVVHQWLDO

UHVRXUFHV ZLWKRXW ZKLFK WKLV SURMHFW ZRXOG QRW KDYH EHHQ SRVVLEOH�

, PXVW DOVR WKDQN 3URI� 7KRPDV 3XFDG\LO IRU EHLQJ P\ LQWHUQDO H[SHUW� JXLGLQJ PH

WKURXJK QXPHURXV SDVW SURMHFWV� DQG LQWURGXFLQJ PH WR DUHDV RI PHPEUDQH DQG FHOO

ELRORJ\� +H KDV EHHQ D PDMRU VRXUFH RI JXLGDQFH WKURXJKRXW P\ MRXUQH\ DW ,,6(5 3XQH�

, DOVR WKDQN 3URI� *LULVK 5DWQDSDUNKL IRU KLV VXSSRUW� DV ZHOO DV 5DNHVK 0LVKUD IRU KLV

SDWLHQFH DQG FRXQVHO�

/DVWO\� , H[SUHVV P\ KHDUWIHOW JUDWLWXGH WR P\ IDPLO\ DQG IULHQGV IRU WKHLU ORYH DQG VXSSRUW

WKURXJKRXW WKLV WKHVLV DQG P\ MRXUQH\ DW ,,6(5 3XQH� , WKDQN 6KDVZDW 1DLU IRU EHLQJ DQ

DEVROXWHO\ LQWHJUDO SDUW RI P\ MRXUQH\ DW ,,6(5 3XQH DQG <RJHQ %RUNDU IRU KLV

HQFRXUDJHPHQW WKURXJKRXW WKLV WKHVLV� , DP HVSHFLDOO\ LQGHEWHG WR $VKOL -DLQ IRU KHU

NLQGQHVV� IULHQGVKLS� DQG ZLVGRP� 7KLV WKHVLV ZRXOG QRW KDYH EHHQ SRVVLEOH ZLWKRXW KHU

XQZDYHULQJ VXSSRUW WKURXJK WU\LQJ WLPHV�

��



&RQWULEXWLRQV

&RQWULEXWRU QDPH &RQWULEXWRU UROH
/&� %0� 60� 67 &RQFHSWXDOLVDWLRQ RI ,GHDV
/&� %0� 67� *36 0HWKRGRORJ\
79=� *36 6RIWZDUH
/& 9DOLGDWLRQ
/& )RUPDO DQDO\VLV
/& ,QYHVWLJDWLRQ
/&� -.� 63� -6� %0� 67 5HVRXUFHV
/& 'DWD &XUDWLRQ
/& :ULWLQJ � RULJLQDO GUDIW SUHSDUDWLRQ
/&� 60 :ULWLQJ � UHYLHZ DQG HGLWLQJ
/& 9LVXDOLVDWLRQ
60� %0� 67 6XSHUYLVLRQ
60 3URMHFW DGPLQLVWUDWLRQ
60 )XQGLQJ DFTXLVLWLRQ

/&� /LNKLWK &KDQGUDJLUL
%0� %KDJ\DVKUL 0DKDMDQ
67� 6DQNDUVKDQ 7DOOXUL
60� 6DW\DMLW 0D\RU
*36� *UHHVKPD 3UDGHHS 6
79=� 7KRPDV YDQ =DQWHQ
-.� -D\DQWL .XPDU
63� 6DUDYDQDQ 3DODQL
-6� -DPHV 6HOOHUV

7KLV FRQWULEXWRU V\QWD[ LV EDVHG RQ WKH -RXUQDO RI &HOO 6FLHQFH &5HGL7 7D[RQRP\��

� KWWSV���MRXUQDOV�ELRORJLVWV�FRP�MFV�SDJHV�DXWKRU�FRQWULEXWLRQV

��
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&KDSWHU ,� ,QWURGXFWLRQ

7KH SODVPD PHPEUDQH �30� LV D IOXLG PL[WXUH RI OLSLGV DQG SURWHLQV WKDW GHILQHV WKH

ERXQGDU\ RI D FHOO� VHSDUDWLQJ LWV FRQWHQWV IURP WKH VXUURXQGLQJV DQG PDLQWDLQLQJ

HVVHQWLDO GLIIHUHQFHV EHWZHHQ WKH F\WRVRO DQG H[WUDFHOOXODU PLOLHX� 7KH SODVPD

PHPEUDQH LV WKH VLWH RI QXPHURXV FUXFLDO SURFHVVHV OLNH FHOO DGKHVLRQ� VLJQDO

WUDQVGXFWLRQ DQG WKH XSWDNH DQG UHOHDVH RI FDUJR� DOORZLQJ IRU WKH H[FKDQJH RI

LQIRUPDWLRQ DQG PDWHULDO EHWZHHQ WKH FHOO DQG LWV VXUURXQGLQJV� 7KHVH SURFHVVHV

UHTXLUH SODVPD PHPEUDQH FRPSRQHQWV WR EH RUJDQLVHG LQWR GLVWLQFW QDQR�VFDOH DQG

PHVR�VFDOH IXQFWLRQDO DVVHPEOLHV �.XVXPL HW DO�� ������ +RZHYHU� ZH VWLOO GR QRW KDYH D

FRPSOHWH XQGHUVWDQGLQJ RI WKH PHFKDQLVPV E\ ZKLFK WKLV LV UHSURGXFLEO\ DFKLHYHG �5DR

DQG 0D\RU� ������ 3UHYDLOLQJ PRGHOV RI SODVPD PHPEUDQH RUJDQLVDWLRQ DVVXPH WKDW

PHPEUDQH FRPSRQHQWV DUH PDLQWDLQHG DW WKHUPRG\QDPLF HTXLOLEULXP� RUJDQLVHG E\

SDVVLYH OLSLG�OLSLG� SURWHLQ�OLSLG DQG SURWHLQ�SURWHLQ LQWHUDFWLRQV �5DR DQG 0D\RU� �����

.DODSXUDNNDO HW DO�� ������ +RZHYHU� D JURZLQJ QXPEHU RI REVHUYDWLRQV RI

RXW�RI�HTXLOLEULXP SURSHUWLHV RI FHUWDLQ PHPEUDQH FRPSRQHQWV FRPSHOV XV WR FRQVLGHU

WKH UROH RI DFWLYH� QRQ�HTXLOLEULXP SURFHVVHV LQ RUJDQLVLQJ WKH SODVPD PHPEUDQH

�6KDUPD HW DO�� ����� 3ORZPDQ HW DO�� ����� *RVZDPL HW DO�� ����� 6DKD HW DO�� ������

)OXLG�0RVDLF 0RGHO
7KH )OXLG�0RVDLF 0RGHO SURSRVHG E\ 6LQJHU DQG 1LFKROVRQ LQ WKH ����V ZDV D

VLJQLILFDQW DWWHPSW DW V\QWKHVLVLQJ H[SHULPHQWDO REVHUYDWLRQV RI WKH WLPH LQWR D YLVXDO

UHSUHVHQWDWLRQ RI ELRORJLFDO PHPEUDQHV �(GLGLQ ����D�� %LRORJLFDO PHPEUDQHV ZHUH

YLHZHG DV D ZHOO�PL[HG� HTXLOLEUDWHG� IOXLG VHD RI OLSLGV DUUDQJHG LQ D ELOD\HU ZLWK

JOREXODU SURWHLQV UDQGRPO\ HPEHGGHG LQ LW �6LQJHU DQG 1LFKROVRQ� ����� �)LJ� �$��

+RZHYHU� ZH NQRZ WRGD\ WKDW WKH SODVPD PHPEUDQH FRQVLVWV RI QRQ�UDQGRP ODWHUDO

KHWHURJHQHLWLHV WKDW IRUP VSHFLDOLVHG GRPDLQV DQG VWUXFWXUHV� 7KHVH VWUXFWXUHV H[LVW

DFURVV PXOWLSOH VFDOHV� LQFOXGLQJ VLJQDOOLQJ FRPSOH[HV� IRFDO DGKHVLRQV� ODPHOOLSRGLD�

PLFURYLOOL� SRODULVHG HSLWKHOLD� HWF� �5DR DQG 0D\RU� ������ 0RUHRYHU� ZH NQRZ WRGD\ WKDW

OLSLGV DUH DV\PPHWULFDOO\ DUUDQJHG EHWZHHQ WKH WZR OHDIOHWV RI WKH PHPEUDQH ELOD\HU

�%UHWVFKHU� ����� DQG WKDW PHPEUDQH FRPSRQHQWV FDQ H[SHULHQFH UHVWULFWLRQV RQ WKHLU

IUHH GLIIXVLRQ �.XVXPL HW DO�� ������

��



)LJ� �� ,OOXVWUDWLRQV RI �$� WKH )OXLG 0RVDLF PRGHO GHSLFWLQJ SURWHLQV HPEHGGHG LQ D µVHD RI OLSLGV¶
DQG �%� WKH /LSLG 5DIW PRGHO GHSLFWLQJ KHWHURJHQHRXV PHPEUDQH GRPDLQV KDYLQJ VSHFLILF OLSLG
DQG SURWHLQ FRPSRVLWLRQV HPHUJLQJ IURP WKHUPRG\QDPLF LQWHUDFWLRQV �DGDSWHG IURP 0D\RU HW
DO�� �����

/LSLG 5DIW +\SRWKHVLV

7KH OLSLG UDIW K\SRWKHVLV HPHUJHG DV DQ H[SODQDWLRQ IRU WKH UHTXLUHPHQW RI ODWHUDOO\

KHWHURJHQHRXV IXQFWLRQDO GRPDLQV RQ WKH SODVPD PHPEUDQH �6LPRQV DQG ,NRQHQ�

������ 7KH K\SRWKHVLV RULJLQDWHG IURP H[SHULPHQWV RQ DUWLILFLDO PHPEUDQHV �*89V� DQG

SODVPD PHPEUDQH�GHULYHG FHOO�IUHH PHPEUDQHV �*309V� WKDW ZHUH REVHUYHG WR

XQGHUJR VSRQWDQHRXV PLFURQ�VFDOH SKDVH VHJUHJDWLRQ LQWR OLTXLG�RUGHUHG �/R� DQG

OLTXLG�GLVRUGHUHG �/G� GRPDLQV GXH WR SDVVLYH OLSLG�OLSLG LQWHUDFWLRQV �(GLGLQ� ����E��

7KHVH GRPDLQV DUH VSHFLILFDOO\ HQULFKHG LQ FHUWDLQ NLQGV RI OLSLGV DQG H[FOXGH RWKHUV�

DOORZLQJ IRU WKH SUHIHUHQWLDO SDUWLWLRQLQJ RI SURWHLQV EDVHG RQ WKHUPRG\QDPLF

LQWHUDFWLRQV �)LJ� �%�� )RU H[DPSOH� /R GRPDLQV DUH HQULFKHG LQ FKROHVWHURO DQG

VSKLQJROLSLGV� ZKLOH /G GRPDLQV DUH FKROHVWHURO�SRRU �(GLGLQ ����E� /LQJZRRG DQG

6LPRQV� ������

&HOO PHPEUDQHV ZHUH WKRXJKW WR EH VLPLODUO\ VHJUHJDWHG WR VSRQWDQHRXVO\ IRUP /R�OLNH

SODWIRUPV RU µUDIWV¶ LQWR ZKLFK SURWHLQV OLNH *3,�DQFKRUHG SURWHLQV FRXOG SDUWLWLRQ �(GLGLQ�

��



����E� 6H]JLQ HW DO�� ������ 7KH IRUPDWLRQ RI WKHVH UDIWV ZDV SURSRVHG DV D JHQHUDO

PHFKDQLVP E\ ZKLFK VLJQDOOLQJ� VRUWLQJ DQG WUDIILFNLQJ RFFXU DW WKH SODVPD PHPEUDQH

�(GLGLQ� ����E� /LQJZRRG DQG 6LPRQV� ������ +RZHYHU� HYLGHQFH RI VXFK PLFURQ�VFDOH

DVVHPEO\ RI /R UDIWV KDV QRW EHHQ REVHUYHG LQ OLYLQJ FHOOV �0XQUR� ����� 6H]JLQ HW DO��

������ )XUWKHU� WKH PLFURQ�VFDOH SKDVH VHJUHJDWLRQ LQWR /R DQG /G GRPDLQV RFFXUV LQ

*309V RQO\ ZKHQ WKH\ DUH FRROHG WR EHORZ SK\VLRORJLFDO WHPSHUDWXUHV �%DXPJDUW HW

DO�� ����� .DLVHU HW DO�� ������

,PSRUWDQWO\� FODVVLFDO OLSLG UDIW FRPSRQHQWV OLNH *3,�DQFKRUHG SURWHLQV H[LVW LQ

QDQRFOXVWHUV LQ FHOOV UDWKHU WKDQ ODUJHU DVVHPEOHV DV SUHGLFWHG E\ WKH LQLWLDO PRGHO

�9DUPD DQG 0D\RU� ����� 6KDUPD HW DO�� ������ +LJK�UHVROXWLRQ PHDVXUHPHQWV RI WKHVH

SURWHLQV DQG RWKHU FDQRQLFDO UDIW FRPSRQHQWV LQ FHOOV VXJJHVW WKDW /R�OLNH VWUXFWXUHV RQ

WKH SODVPD PHPEUDQH DUH OLNHO\ WR EH WUDQVLHQW QDQRVFDOH DVVHPEOLHV ���� QP�� ZKLFK

DUH DVVHPEOHG WR IRUP ODUJHU VWUXFWXUHV �/LQJZRRG DQG 6LPRQV� ����� 0D\RU HW DO��

������ +RZHYHU� WKH G\QDPLFV RI *3,�DQFKRUHG SURWHLQ FOXVWHUV RQ WKH SODVPD

PHPEUDQH DUH GHSHQGHQW RQ HQHUJ\�FRQVXPLQJ DFWRP\RVLQ G\QDPLFV �*RZULVKDQNDU

HW DO�� ������ SRLQWLQJ WRZDUGV DFWLYH� QRQ�HTXLOLEULXP GULYHUV RI ODWHUDO KHWHURJHQHLW\ LQ

WKH PHPEUDQH�

$QFKRUHG�3LFNHW )HQFH 0RGHO

7KH $QFKRUHG�3LFNHW )HQFH 0RGHO SRVLWV WKDW WKH FRUWLFDO DFWLQ F\WRVNHOHWRQ FDQ LPSRVH

UHVWULFWLRQV RQ WKH IUHH GLIIXVLRQ RI SODVPD PHPEUDQH FRPSRQHQWV �.XVXPL HW DO��

������ 3URWHLQV DQG OLSLGV LQ WKH PHPEUDQH H[KLELW UDSLG GLIIXVLRQ LQ WKHLU LPPHGLDWH

YLFLQLW\ RI D IHZ QDQRPHWUHV EXW H[SHULHQFH FRQVWUDLQHG GLIIXVLRQ DW ORQJHU GLVWDQFHV

�.XVXPL HW DO�� ����� )XMLZDUD HW DO�� ������ 7KLV LV D FRQVHTXHQFH RI WKH FRUUDOOLQJ RI

WKH PHPEUDQH LQWR PHVRVFDOH GRPDLQV ������� QP�� IHQFHG E\ DFWLQ ILODPHQWV DQG

SLFNHWHG E\ DFWLQ�ELQGLQJ WUDQVPHPEUDQH SURWHLQV �)LJ� ���

��



$FWLQ ILODPHQWV FRQVWUDLQ WKH GLIIXVLRQ RI WUDQVPHPEUDQH DQG LQQHU OHDIOHW SURWHLQV

EHWZHHQ GRPDLQV� ZKLOH SLFNHW SURWHLQV UHVWULFW WKH GLIIXVLRQ RI OLSLGV DQG RXWHU OHDIOHW

SURWHLQV� 7KH PRGHO VXJJHVWV WKDW WKHVH FRPSRQHQWV FDQ VRPHWLPHV µKRS¶ EHWZHHQ

GRPDLQV ZKHQ WKHUH LV D ORFDO VHSDUDWLRQ RU GLVSHUVDO RI DFWLQ ILODPHQWV IURP WKH

PHPEUDQH� ZKLFK PDQLIHVWV DV D �� WLPHV VORZHU GLIIXVLRQ UDWH DFURVV OHQJWK VFDOHV

ODUJHU WKDQ �� QP �.XVXPL HW DO�� ������

:LWKLQ D FRUUDOOHG GRPDLQ� WKLV PRGHO DOORZV IRU SURWHLQV WR DVVHPEOH LQWR

VXE�PHVRVFDOH VWUXFWXUHV WKURXJK SURWHLQ�SURWHLQ LQWHUDFWLRQV RU SDUWLWLRQ LQWR

SKDVH�VHJUHJDWHG UDIWV GXH WR SURWHLQ�OLSLG LQWHUDFWLRQV �.XVXPL HW DO�� ������

,PSRUWDQWO\� WKLV PRGHO FRQVWUDLQV WKH VL]H RI UDIWV DQG SURYLGHV D SRVVLELOLW\ E\ ZKLFK

ROLJRPHULVDWLRQ RI PHPEUDQH FRPSRQHQWV LV SURPRWHG GXH WR WKHLU

FRPSDUWPHQWDOLVDWLRQ DQG FRQILQHPHQW �0D\RU HW DO�� ������

)LJ� �� ,OOXVWUDWLRQ RI WKH $QFKRUHG�3LFNHW )HQFH 0RGHO GHSLFWLQJ WKH FRUUDOOLQJ RI PHPEUDQH
FRPSRQHQWV LQWR GRPDLQV IHQFHG E\ WKH DFWLQ F\WRVNHOHWRQ DQG SLFNHWHG E\ WUDQVPHPEUDQH
SURWHLQV DQFKRUHG WR WKH F\WRVNHOHWRQ �DGDSWHG IURP 0D\RU HW DO�� ������

��



$FWLYH�&RPSRVLWH 0RGHO

$OO RI WKH PRGHOV GLVFXVVHG WKXV IDU DVVXPH WKDW PHPEUDQH FRPSRQHQWV DUH SDVVLYHO\

RUJDQLVHG E\ HTXLOLEULXP SURFHVVHV HPHUJLQJ IURP SURWHLQ�SURWHLQ� OLSLG�OLSLG DQG

OLSLG�SURWHLQ LQWHUDFWLRQ �5DR DQG 0D\RU�� ������ +RZHYHU� ZH NQRZ WKDW

HQHUJ\�FRQVXPLQJ QRQ�HTXLOLEULXP SURFHVVHV DUH FKDUDFWHULVWLF RI DOO OLYLQJ V\VWHPV�

$FWLYH SURFHVVHV WKDW UHPRGHO WKH PHPEUDQH LQFOXGH HQGRF\WRVLV� H[RF\WRVLV� DV ZHOO

DV HQHUJ\�FRQVXPLQJ IOLSSDVHV �0D\RU HW DO�� ������ %H\RQG WKLV� WKH PHPEUDQH LV

FORVHO\ DVVRFLDWHG ZLWK D G\QDPLF DFWLQ FRUWH[ WKDW XQGHUJRHV $73�GHSHQGHQW

WUHDGPLOOLQJ DV ZHOO DV FRQWUDFWLOLW\ E\ P\RVLQV�

7KH $FWLYH &RPSRVLWH PRGHO YLHZV WKH FHOO VXUIDFH DV D FRPSRVLWH RI D PXOWLFRPSRQHQW

SODVPD PHPEUDQH LQWLPDWHO\ OLQNHG ZLWK D PXOWLFRPSRQHQW G\QDPLF DFWLQ FRUWH[� ,W

SUHGLFWV WKDW PHPEUDQH FRPSRQHQWV ERXQG WR WKH DFWLQ FRUWH[ FDQ H[SHULHQFH WUDQVLHQW

FOXVWHULQJ GXH WR FRQWUDFWLOH VWUHVVHV DQG FXUUHQWV JHQHUDWHG E\ P\RVLQ DFWLYLW\ RQ

VKRUW� G\QDPLF DFWLQ ILODPHQWV �5DR DQG 0D\RU� ����� *RZULVKDQNDU HW DO�� ������ 7KHVH

VKRUW ILODPHQWV VSRQWDQHRXVO\ DVVHPEOH LQWR FRQWUDFWLOH SODWIRUPV FDOOHG µDVWHUV¶ GXH WR

VWRFKDVWLF SURFHVVHV� LQFOXGLQJ DFWLQ WUHDGPLOOLQJ� ILODPHQW FURVVOLQNLQJ DQG PRWRU

DFWLYLW\ RI P\RVLQ� 0HPEUDQH FRPSRQHQWV WUDQVLHQWO\ OLQNHG WR VXFK ILODPHQWV GLUHFWO\ RU

LQGLUHFWO\ XQGHUJR DGYHFWLRQ WRZDUGV WKH FHQWUH RI DVWHUV� UHVXOWLQJ LQ WKHLU WUDQVLHQW

QDQR�FOXVWHULQJ �*RZULVKDQNDU HW DO�� ����� .DODSXUDNNDO HW DO�� ����� �)LJ� ��� 7KH

PRGHO SUHGLFWV WKDW DOO DFWLQ�ELQGLQJ PHPEUDQH FRPSRQHQWV DUH FDSDEOH RI

H[SHULHQFLQJ FOXVWHULQJ GXH WR DFWRP\RVLQ DFWLYLW\ �*RZULVKDQNDU HW DO�� ������ ,W

FDWHJRULVHV PHPEUDQH FRPSRQHQWV LQWR LQHUW� SDVVLYH DQG DFWLYH EDVHG RQ WKH QDWXUH

RI WKHLU DVVRFLDWLRQ ZLWK WKH G\QDPLF DFWLQ FRUWH[ �5DR DQG 0D\RU� ������ ,QHUW

FRPSRQHQWV GRQ¶W ELQG ZLWK DFWLQ ILODPHQWV DQG KHQFH DUH LQHUW WR DFWRP\RVLQ

FRQWUDFWLOLW\ �H�J� OLSLGV KDYLQJ XQVDWXUDWHG DF\O FKDLQV�� 3DVVLYH FRPSRQHQWV FDQ ELQG

ZLWK DFWLQ ILODPHQWV DQG XQGHUJR FOXVWHULQJ �*3,�DQFKRUHG SURWHLQV� 5DV SURWHLQV��

$FWLYH FRPSRQHQWV� RQ WKH RWKHU KDQG� QRW RQO\ ELQG DFWLQ ILODPHQWV EXW FDQ DOVR

UHPRGHO WKH DFWLQ FRUWH[ �H�J� IRUPLQ� $US���� DQG LQWHJULQ UHFHSWRUV� �0D\RU HW DO��

������

��



)LJ� �� ,OOXVWUDWLRQ RI WKH $FWLYH &RPSRVLWH PRGHO� 7KH PRGHO VXJJHVWV WKDW PHPEUDQH
FRPSRQHQWV WKDW ELQG DFWLQ ILODPHQWV FDQ XQGHUJR WUDQVLHQW FOXVWHULQJ GXH WR FRQWUDFWLOH
VWUHVVHV JHQHUDWHG E\ P\RVLQ PRWRU DFWLYLW\ RQ VKRUW G\QDPLF DFWLQ ILODPHQWV �DGDSWHG IURP
5DR DQG 0D\RU� ���� DQG %KDW� ������

7KH $FWLYH &RPSRVLWH PRGHO HPHUJHG DV D ZD\ WR XQGHUVWDQG WKH QRQ�HTXLOLEULXP

G\QDPLFV RI FHUWDLQ SURWHLQV� OLNH RXWHU OHDIOHW *3,�DQFKRUHG SURWHLQV DQG LQQHU OHDIOHW

5DV SURWHLQV� WKDW DUH LQFRQVLVWHQW ZLWK SUHYDLOLQJ LQWHUSUHWDWLRQV RI D SDVVLYHO\

RUJDQLVHG� HTXLOLEUDWHG SODVPD PHPEUDQH �6KDUPD HW DO�� ����� *RVZDPL HW DO�� �����

5DR DQG 0D\RU� ������ 7KHVH SURWHLQV VKRZ DQRPDORXV GHQVLW\ IOXFWXDWLRQV� IRUPLQJ

WUDQVLHQW QDQR�FOXVWHUV ZKRVH IRUPDWLRQ DQG IUDJPHQWDWLRQ DUH LQGHSHQGHQW RI

WHPSHUDWXUH DQG FRQFHQWUDWLRQ DQG DUH VHQVLWLYH WR $73�FRQVXPLQJ DFWRP\RVLQ DFWLYLW\

�6KDUPD HW DO�� ����� 3ORZPDQ HW DO�� ����� *RVZDPL HW DO�� ����� 6DKD HW DO�� �����

5DJKXSDWK\ HW DO�� ������ 7KHVH FOXVWHUV GLVDSSHDU ZKHQ WKH PHPEUDQH LV GHWDFKHG

IURP WKH F\WRVNHOHWRQ� DQG WKHLU IRUPDWLRQ�IUDJPHQWDWLRQ G\QDPLFV DUH LQKLELWHG ZKHQ

P\RVLQ DFWLYLW\ LV LQKLELWHG E\ EOHEELVWDWLQ �*RVZDPL HW DO�� ������ 7KH IRUPDWLRQ RI

WKHVH FOXVWHUV LV QHFHVVDU\ IRU WKH VLJQDOOLQJ DQG VRUWLQJ IXQFWLRQV RI WKHVH SURWHLQV

�6KDUPD HW DO�� ����� 3ORZPDQ HW DO�� ����� YDQ =DQWHQ HW DO�� ����� .DODSXUDNNDO HW DO��

������ 1DQRFOXVWHUV H[KLELW WUDQV�ELOD\HU FRXSOLQJ ZLWK WKH DFWLQ FRUWH[ �5DJKXSDWK\ HW

DO�� ����� DQG PD\ EH FURVVOLQNHG WR JHQHUDWH ODUJHU PHVRVFDOH DVVHPEOLHV �*RVZDPL

HW DO�� ����� YDQ =DQWHQ HW DO�� ����� 6HQJXSWD HW DO�� ������

��



7KH $FWLYH &RPSRVLWH PRGHO GRHVQ
W SUHFOXGH RU GLVTXDOLI\ WKH DQFKRUHG�SLFNHW IHQFH

PRGHO RU WKH IRUPDWLRQ RI QDQR�VFDOH /R�OLNH GRPDLQV� 5DWKHU� LW GHVFULEHV DQ DGGLWLRQDO

PHFKDQLVP WKDW FDQ KHOS JHQHUDWH IXQFWLRQDO KHWHURJHQHLWLHV RQ WKH PHPEUDQH� $Q

LQWHJUDWHG YLHZ RI PHPEUDQH RUJDQLVDWLRQ ZRXOG ORRN DW QDQR DQG PHVRVFDOH

KHWHURJHQHLWLHV RFFXUULQJ DW GLIIHUHQW OHYHOV� L� &RUUDOOLQJ E\ DFWLQ IHQFHV DQG SLFNHWV� LL�

&OXVWHULQJ GXH WR SDVVLYH SURWHLQ�SURWHLQ LQWHUDFWLRQV EHWZHHQ SURWHLQ PRQRPHUV� LLL�

3DUWLWLRQLQJ RI FRPSRQHQWV LQWR QDQR�VFDOH GRPDLQV JHQHUDWHG E\ VSRQWDQHRXV

OLSLG�OLSLG GHPL[LQJ� DQG LY� $FWLYH FOXVWHULQJ GXH WR ELQGLQJ ZLWK WKH DFWRP\RVLQ FRUWH[�

,Q 9LWUR 5HFRQVWLWXWLRQ RI $FWLYH &RPSRVLWHV

.RVWHU HW DO�� ���� FUHDWHG D VWHS�ZLVH DVVHPEO\ RI D VXSSRUWHG OLSLG ELOD\HU FRQWDLQLQJ

DQ (]ULQ$%' PHPEUDQH�DFWLQ OLQNHU� IROORZHG E\ SUH�SRO\PHULVHG DFWLQ ILODPHQWV DQG

VNHOHWDO PXVFOH P\RVLQ ,, ILODPHQWV �)LJ� ��� 7KH\ YDULHG DFWLQ DQG P\RVLQ

FRQFHQWUDWLRQV DV ZHOO DV DFWLQ ILODPHQW OHQJWK �E\ YDU\LQJ FDSSLQJ SURWHLQ

FRQFHQWUDWLRQV� DQG REVHUYHG GLVWLQFW VWDWHV RI DFWRP\RVLQ FRQILJXUDWLRQV� LQFOXGLQJ WKH

IRUPDWLRQ RI DVWHUV E\ VKRUWHU� SRODU DFWLQ ILODPHQWV� 7KH\ REVHUYHG WKDW (]ULQ$%'

PHPEUDQH�DFWLQ OLQNHU SURWHLQV FRXOG EH FOXVWHUHG E\ WKHVH SRODU DFWRP\RVLQ DVWHUV�

7KHVH FOXVWHUV VKRZHG KDOOPDUNV RI DFWLYH G\QDPLFV� LQFOXGLQJ DQRPDORXV GHQVLW\

IOXFWXDWLRQV�

)LJ� �� 6FKHPDWLF RI WKH LQ YLWUR UHFRQVWLWXWLRQ VHW�XS GHYHORSHG E\ .RVWHU HW DO�� ���� DQG ����

�DGDSWHG IURP .RVWHU HW DO�� ������

��



7KH LQ YLWUR DSSURDFK DOORZHG IRU WKH UHFRQVWLWXWLRQ RI WKH PLQLPDO VHW RI LQJUHGLHQWV

UHTXLUHG WR UHFDSLWXODWH WKH DFWRP\RVLQ�GHSHQGHQW FOXVWHULQJ RI PHPEUDQH FRPSRQHQWV

DQG WR FKDUDFWHULVH WKLV EHKDYLRXU WKURXJK TXDQWLWDWLYH LPDJLQJ� +RZHYHU� WKH ZRUN ZDV

OLPLWHG E\ WKH QDWXUH DQG OHQJWK VFDOHV RI DFWLQ ILODPHQWV WKDW FRXOG EH JHQHUDWHG� DV

ZHOO DV WKH FKRLFH RI P\RVLQ XVHG�

$ NH\ DVVXPSWLRQ RI WKH $FWLYH &RPSRVLWH PRGHO LV WKH H[LVWHQFH RI D GLVWULEXWLRQ RI

VKRUWHU G\QDPLF DFWLQ ILODPHQWV RI WKH UDQJH ��� WR ��� ȝP WKDW DUH SURGXFHG E\

FRQWLQXRXV WUHDGPLOOLQJ �*RZULVKDQNDU HW DO�� ������ 8VLQJ FDSSLQJ SURWHLQV� .RVWHU HW

DO�� ���� ZHUH DEOH WR JHQHUDWH DVWHUV XVLQJ VWDEOH SUH�SRO\PHULVHG DFWLQ ILODPHQWV RI

OHQJWK ��� ȝP�

.RVWHU HW DO�� ���� DOVR RSWHG IRU VNHOHWDO PXVFOH P\RVLQ ,,� ZKLFK LV VSHFLDOLVHG IRU

PXVFOH FRQWUDFWLRQ LQ VNHOHWDO DQG FDUGLDF PXVFOH FHOOV� UDWKHU WKDQ QRQ�PXVFOH P\RVLQ

,,� ZKLFK LV IRXQG DFURVV XELTXLWRXVO\ HXNDU\RWLF FHOO W\SHV� 1RQ�PXVFOH P\RVLQ ,, LV

LQYROYHG LQ GLYHUVH FHOOXODU SURFHVVHV WKDW UHTXLUH F\WRSODVPLF DFWLQ FRQWUDFWLOLW\� VXFK DV

FHOO GLYLVLRQ� PRWLOLW\� DGKHVLRQ� PHFKDQRWUDQVGXFWLRQ DQG GLIIHUHQWLDWLRQ

�9LQFHQWH�0DQ]DQDUHV HW DO�� ����� 4XLQWDQLOOD HW DO�� ������ 7KH WZR SURWHLQV DOVR GLIIHU

LQ WKHLU VL]H� OHQJWK VFDOH� DQG PRWRU DFWLYLW\ NLQHWLFV� .RVWHU HW DO�� ���� JHQHUDWHG

P\RILODPHQWV RI OHQJWK ��� WR ��� ȝP XVLQJ VNHOHWDO PXVFOH P\RVLQ ,,� +RZHYHU�

QRQ�PXVFOH P\RVLQ ,, ILODPHQWV LQ YLYR DUH XVXDOO\ ������� ȝP LQ OHQJWK

�9LQFHQWH�0DQ]DQDUHV HW DO�� ������ 6NHOHWDO PXVFOH P\RVLQ ,, LV UHSRUWHG WR KDYH D

PRWRU DFWLYLW\ RI ��� ȝP��V ZKLOH QRQ�PXVFOH P\RVLQ ,, LV UHSRUWHG WR KDYH D PRWRU

DFWLYLW\ RI ����� ȝP��V �7KRUHVWHQ HW DO�� ����� 6WDP HW DO�� ������ 7KXV� QRQ�PXVFOH

P\RVLQ ,, ZRXOG EH WKH PRUH SK\VLRORJLFDOO\ UHOHYDQW P\RVLQ WR WHVW LQ DQ LQ YLWUR

UHFRQVWLWXWLRQ VHW�XS LQ FRQMXQFWLRQ ZLWK VSRQWDQHRXVO\ SRO\PHULVLQJ DFWLQ ILODPHQWV WR

YHULI\ WKH SUHGLFWLRQV RI WKH $FWLYH &RPSRVLWH PRGHO�

'\QDPLF $FWLQ &RUWH[

7KH DFWLQ F\WRVNHOHWRQ LV KRPH WR RYHU ��� GLIIHUHQW DFWLQ�ELQGLQJ SURWHLQV� )RUPLQV DQG

$US��� QXFOHDWH OLQHDU DQG EUDQFKHG DFWLQ ILODPHQWV� UHVSHFWLYHO\� 3URILOLQ ELQGV *�DFWLQ

��



PRQRPHUV DQG SURPRWHV DFWLQ ILODPHQW SRO\PHULVDWLRQ� &DSSLQJ SURWHLQV OLPLW DFWLQ

ILODPHQW OHQJWK� DQG FRILOLQ VHYHUV DFWLQ ILODPHQWV� 0\RVLQ � PRWRUV DQG PHPEHUV RI WKH

H]ULQ�UDGL[LQ�PRHVLQ IDPLO\ SK\VLFDOO\ OLQN WKH DFWLQ FRUWH[ WR WKH SODVPD PHPEUDQH� ,Q

FHOOV� WKH VXEVWUDWH IRU DFWLQ ILODPHQW SRO\PHULVDWLRQ LV *�DFWLQ FRPSOH[HG ZLWK SURILOLQ�

)RUPLQ LV WKRXJKW WR QXFOHDWH ILODPHQW DVVHPEO\ E\ ELQGLQJ WKH JURZLQJ EDUEHG HQG RI

WKH DFWLQ ILODPHQW RQ LWV )+� GRPDLQ DQG UHFUXLWLQJ *�DFWLQ�SURILOLQ E\ LWV )+� GRPDLQ

�%UHLWVSUHFKHU HW DO�� ����� &KXJK HW DO�� ������ ,Q RUGHU WR UHFRQVWLWXWH D PLQLPDO

G\QDPLF DFWLQ FRUWH[ LQ YLWUR� WKH IROORZLQJ LQJUHGLHQWV DUH UHTXLUHG� *�DFWLQ� SURILOLQ�

IRUPLQ DQG D PHPEUDQH�DFWLQ OLQNHU� $GGLWLRQDO FRQWURO RYHU WKH OHQJWK RI ILODPHQWV FDQ

EH SURYLGHG E\ FRILOLQ DQG FDSSLQJ SURWHLQV�

,Q YLWUR� *�DFWLQ PRQRPHUV DUH PDLQWDLQHG LQ PRQRPHULF IRUP LQ WKH DEVHQFH RI .� DQG

0J�� DQG FDQ SRO\PHULVH LQ WKH SUHVHQFH RI WKHVH LRQV �3DUGHH DQG 6SXGLFK� ������

$ERYH D FULWLFDO FRQFHQWUDWLRQ RI ��� Q0� *�DFWLQ PRQRPHUV FDQ VSRQWDQHRXVO\

QXFOHDWH WR IRUP DFWLQ ILODPHQWV LQ WKH DEVHQFH RI RWKHU SURWHLQV OLNH IRUPLQ DQG SURILOLQ

�3ROODUG HW DO�� ������ .RVWHU HW DO�� ���� UHFRQVWLWXWHG VWDEOH SUH�SRO\PHULVHG DFWLQ

ILODPHQWV RYHU D VXSSRUWHG OLSLG ELOD\HU� 7KHVH ILODPHQWV KDG EHHQ VSRQWDQHRXVO\

QXFOHDWHG DERYH WKH FULWLFDO FRQFHQWUDWLRQ LQ WKH DEVHQFH RI SURILOLQ DQG IRUPLQ� DQG

DOORZHG WR SRO\PHULVH EHIRUH DGGLWLRQ WR WKH ELOD\HU� )LODPHQWV RI YDU\LQJ OHQJWKV ZHUH

JHQHUDWHG XVLQJ YDU\LQJ FRQFHQWUDWLRQV RI FDSSLQJ SURWHLQ DQG WHWKHUHG WR WKH ELOD\HU

XVLQJ DQ (]ULQ$%' PHPEUDQH�DFWLQ OLQNHU�

1RQ�PXVFOH P\RVLQ ,,

1RQ�PXVFOH P\RVLQ ,, �10,,� LV D KH[DPHULF SURWHLQ FRQVLVWLQJ RI WKUHH SDLUV RI

SRO\SHSWLGHV� D SDLU RI KHDY\ FKDLQV �+&� WKDW ZUDS DURXQG HDFK RWKHU LQ D FRLOHG�FRLO

IDVKLRQ� DORQJ ZLWK WZR SDLUV RI OLJKW FKDLQV� WKH HVVHQWLDO OLJKW FKDLQ �(/&� DQG WKH

UHJXODWRU\ OLJKW FKDLQ �5/&� �)LJ� ��� 7KH KHDY\ FKDLQV FRQVLVW RI WKUHH GRPDLQV� DQ

1�WHUPLQDO KHDG� D QHFN DQG D &�WHUPLQDO WDLO� 7KH KHDG GRPDLQ LV WKH FDWDO\WLF GRPDLQ�

FRQWDLQLQJ ELQGLQJ VLWHV IRU DFWLQ DQG $73� 7KH QHFN GRPDLQ FRQWDLQV ELQGLQJ VLWHV IRU

WKH WZR SDLUV RI OLJKW FKDLQV� 7KH WDLO GRPDLQ DOORZV WKH SDLU RI KHDY\ FKDLQV WR ZUDS

DURXQG RQH DQRWKHU DQG HQDEOHV P\RVLQ SURWHLQV WR VHOI�DVVHPEOH LQWR ELSRODU ILODPHQWV

��



FRQVLVWLQJ RI a�� 10,, PRQRPHUV� 7KHVH ELSRODU ILODPHQWV FDQ ELQG DQG FURVVOLQN DFWLQ

ILODPHQWV LQ DQ DQWL�SDUDOOHO IDVKLRQ� 7KH KHDG GRPDLQV FDQ ZDON DORQJ DFWLQ ILODPHQWV

XVLQJ HQHUJ\ REWDLQHG IURP $73 K\GURO\VLV �9LQFHQWH�0DQ]DQDUHV HW DO�� ������ 7KH

PRYHPHQW RI WKH KHDG GRPDLQ LV DPSOLILHG E\ WKH QHFN GRPDLQ� ZKLFK DFWV DV D OHYHU WR

JHQHUDWH D SRZHU VWURNH WKDW WUDQVORFDWHV DFWLQ ILODPHQWV UHODWLYH WR WKH P\RVLQ

PROHFXOH� UHVXOWLQJ LQ WKH VOLGLQJ RI ILODPHQWV DQG JHQHUDWLRQ RI WHQVLRQ �6HOOHUV DQG

+HLVVOHU� ������

7KH DFWLYLW\ RI QRQ�PXVFOH P\RVLQ ,, LV UHJXODWHG E\ WKH UHYHUVLEOH SKRVSKRU\ODWLRQ RI

WKH UHJXODWRU\ OLJKW FKDLQ E\ D YDULHW\ RI NLQDVHV� LQFOXGLQJ P\RVLQ OLJKW FKDLQ NLQDVH

�0/&.�� 3KRVSKRU\ODWLRQ VLJQLILFDQWO\ SURPRWHV WKH $73DVH DFWLYLW\ RI WKH KHDG GRPDLQ

RQ ELQGLQJ WR )�DFWLQ� 3KRVSKRU\ODWLRQ LV DOVR VXVSHFWHG WR EULQJ DERXW D FRQIRUPDWLRQDO

FKDQJH IURP D FORVHG� DVVHPEO\�LQFRPSHWHQW VWUXFWXUH WR DQ RSHQ VWUXFWXUH WKDW DOORZV

IRU VHOI�DVVHPEO\ LQWR ILODPHQWV �9LFHQWH�0DQ]DQDUHV HW DO�� ����� 4XLQWDQLOOD HW DO��

������

9HUWHEUDWHV SURGXFH WKUHH LVRIRUPV RI 10,,� 10,,$� 10,,%� DQG 10,,&� WKH LGHQWLWLHV RI

ZKLFK DUH GHWHUPLQHG E\ WKH KHDY\ FKDLQ LVRIRUP SUHVHQW� 10,,$�+&� 10,,%�+&� DQG

10,,&�+& �6HOOHUV DQG +HLVVOHU� ������ 7KH OLJKW FKDLQV DUH FRPPRQ WR DOO LVRIRUPV�

10,,$ DQG 10,,% DUH WKH PRVW GRPLQDQW RI WKH WKUHH DQG DUH SURGXFHG LQ WKH JUHDWHVW

TXDQWLWLHV� $PRQJ WKH WKUHH� 10,,$ KDV WKH KLJKHVW $73DVH UDWH DQG KLJKHVW PRWRU

DFWLYLW\� ZKLOH 10,,% KDV WKH KLJKHVW GXW\ UDWLR �.RYDFV HW DO�� ����� :DQJ HW DO�� ������

)LJ� �� 6WUXFWXUH RI QRQ�PXVFOH P\RVLQ ,, �DGDSWHG IURP 9LQFHQWH�0DQ]DQDUHV HW DO�� ������

��



%DF�WR�%DF ([SUHVVLRQ 6\VWHP

7KH %DF�WR�%DF70 EDFXORYLUXV H[SUHVVLRQ V\VWHP PDNHV XVH RI VLWH�VSHFLILF

WUDQVSRVLWLRQ WR JHQHUDWH UHFRPELQDQW EDFXORYLUXVHV� ZKLFK FDQ EH XVHG WR LQIHFW

6SRGRSWHUD IUXJLSHUGD 6I� LQVHFW FHOOV WR H[SUHVV UHFRPELQDQW SURWHLQV �)LJ� ��� $

PLQL�7Q� WUDQVSRVRQ LV XVHG WR VKXWWOH GHVLUHG JHQHV IURP D GRQRU YHFWRU RQWR D 7Q��DWW

WDUJHW VLWH RQ D EDFXORYLUXV FLUFXODU JHQRPH RU µEDFPLG¶ SUHVHQW LQVLGH '+��%DF (� FROL

FHOOV �)LJ� ��� 7KH WUDQVSRVLWLRQ LV IDFLOLWDWHG E\ D WUDQVSRVDVH HQFRGHG E\ D KHOSHU

SODVPLG DOVR SUHVHQW LQ WKH '+��%DF (� FROL FHOOV� 6XFFHVVIXO WUDQVSRVLWLRQ RQWR WKH

7Q��DWW WDUJHW VLWH OHDGV WR WKH GLVUXSWLRQ RI ODF= DOSKD�FRPSOHPHQWDWLRQ RQ WKH EDFPLG�

DOORZLQJ IRU EOXH�ZKLWH VFUHHQLQJ RI UHFRPELQDQWV� 5HFRPELQDQW EDFPLGV WKXV

JHQHUDWHG FDQ EH LQWURGXFHG LQWR 6I� FHOOV WR JHQHUDWH UHFRPELQDQW EDFXORYLUXVHV�

7KHVH YLUXVHV FDUU\ WKH UHFRPELQDQW JHQH ZLWK WKHP DV WKH\ LQIHFW QHZ FHOOV� SURPSWLQJ

WKH FHOOV WR H[SUHVV WKH GHVLUHG UHFRPELQDQW SURWHLQV�

)LJ� �� 6FKHPDWLF GHVFULELQJ KRZ UHFRPELQDQW EDFPLGV DUH JHQHUDWHG XVLQJ WKH %DF�WR�%DF70

H[SUHVVLRQ V\VWHP �DGDSWHG IURP WKH %DF�WR�%DF70 %DFXORYLUXV ([SUHVVLRQ 6\VWHP 8VHU *XLGH�
*LEFR�

��



&KDSWHU ,,� $LPV DQG 2EMHFWLYHV

7KH EURDGHU DLP RI WKLV WKHVLV LV WR EXLOG D PLQLPDO DFWRP\RVLQ FRUWH[ RYHU D VXSSRUWHG

OLSLG ELOD\HU LQ YLWUR IURP LQGLYLGXDO FRPSRQHQWV� :LWK WKLV UHFRQVWLWXWLRQ VHW�XS� WKH JRDO

LV WR WHVW ZKHWKHU QRQ�PXVFOH P\RVLQ ,, FDQ FOXVWHU PHPEUDQH FRPSRQHQWV OLQNHG WR

VKRUW� G\QDPLF DFWLQ ILODPHQWV� DV SUHGLFWHG E\ WKH $FWLYH &RPSRVLWH PRGHO� 7KH

HVVHQWLDO FRPSRQHQWV RI WKLV V\VWHP DUH D IUHHO\ GLIIXVLQJ VXSSRUWHG OLSLG ELOD\HU�

SXULILHG QRQ�PXVFOH P\RVLQ ,,� DV ZHOO DV VKRUW� G\QDPLF DFWLQ ILODPHQWV� ,Q WKLV GLUHFWLRQ�

WKH VSHFLILF REMHFWLYHV RI WKLV WKHVLV DUH DV IROORZV�

�� 7R UHFRPELQDQWO\ H[SUHVV DQG SXULI\ 10,,$ DQG 10,,% LVRIRUPV RI QRQ�PXVFOH

P\RVLQ ,, DORQJ ZLWK P\RVLQ OLJKW FKDLQ NLQDVH LQ 6I� LQVHFW FHOOV E\ EDFXORYLUXV

LQIHFWLRQ

�� 7R FKDUDFWHULVH WKH SHUIRUPDQFH DQG OLPLWDWLRQV RI WKH 7,5) PLFURVFRS\

HTXLSPHQW

�� 7R FUHDWH IUHHO\ GLIIXVLQJ VXSSRUWHG OLSLG ELOD\HUV

�� 7R UHFRQVWLWXWH DFWLQ ILODPHQWV RI GHILQHG OHQJWK XVLQJ YDU\LQJ FRQFHQWUDWLRQV RI

FDSSLQJ SURWHLQ

�� 7R FUHDWH VSRQWDQHRXVO\ SRO\PHULVLQJ G\QDPLF DFWLQ ILODPHQWV RQ D VXSSRUWHG

OLSLG ELOD\HU XVLQJ IRUPLQ DQG SURILOLQ

�� )LQDOO\� WR UHFRQVWLWXWH SXULILHG DQG DFWLYDWHG QRQ�PXVFOH P\RVLQ ,, ZLWK G\QDPLF

DFWLQ ILODPHQWV RYHU D VXSSRUWHG OLSLG ELOD\HU WR WHVW IRU WKH FOXVWHULQJ RI

DFWLQ�PHPEUDQH OLQNHU SURWHLQV GXH WR DFWRP\RVLQ FRQWUDFWLOLW\

��



&KDSWHU ,,,� 0DWHULDOV DQG 0HWKRGV

�� &RQVWUXFWV
S)DVW%DF�70 GRQRU YHFWRUV FRQWDLQLQJ WKH IROORZLQJ LQVHUWV� )ODJ�+DOR�10,,$�+&�

)ODJ�+DOR�10,,%�+&� )ODJ�0/&.� (/& DQG 5/& ZHUH UHFHLYHG IURP 3URI� -DPHV

6HOOHUV� 7KH SUHVHQFH RI WKHVH LQVHUWHG UHJLRQV ZDV FRQILUPHG E\ 6DQJHU VHTXHQFLQJ

XVLQJ SULPHUV VSHFLILF WR WKH 3+ SURPRWHU DQG 69�� 3RO\�$ WHUPLQDWRU UHJLRQV IODQNLQJ

WKH LQVHUW�

)RUZDUG SULPHU �3+ SURPRWHU�� �¶� **$77$77&$7$&&*7&&& � �¶

5HYHUVH SULPHU �69�� SRO\�$�� �¶� *$7*$*777**$&$$$&&$& � �¶

$ UHFRPELQDQW EDFPLG DQG D 3� EDFXORYLUXV VWRFN HQFRGLQJ )/$*�0\RVLQ �F�(*)3

KDG EHHQ SUHYLRXVO\ JHQHUDWHG E\ %KDJ\DVKUL 0DKDMDQ� 1&%6�

�� 7UDQVIRUPDWLRQ RI '+��%DF (� FROL
�� ȝ/ RI FRPSHWHQW '+��%DF (� FROL �*LEFR� FHOOV ZHUH LQFXEDWHG ZLWK ��� QJ RI WKH

DERYH�OLVWHG S)DVW%DF�70 GRQRU YHFWRUV LQ LFH IRU �� PLQ� +HDW VKRFN ZDV WKHQ

SHUIRUPHG E\ KHDWLQJ WKH FHOOV ZLWK WKH GRQRU YHFWRUV DW ���& IRU ��V� IROORZHG E\

LPPHGLDWH LPPHUVLRQ LQ LFH IRU � PLQ� ��� ȝ/ RI 62& 0HGLD �*LEFR� ZDV WKHQ DGGHG WR

WKH FHOOV LQ �� P/ FHQWULIXJH WXEHV� DQG WKH FHOOV ZHUH DOORZHG WR UHFRYHU IRU � KRXUV DW

���& LQ D VKDNHU LQFXEDWRU� 7KH FHOOV ZHUH WKHQ SODWHG LQ /%�$JDU SODWHV FRQWDLQLQJ ��

ȝJ�ȝ/ NDQDP\FLQ� �� ȝJ�ȝ/ WHWUDF\FOLQH� � ȝJ�ȝ/ JHQWDPLFLQ� ��� ȝJ�ȝ/ ;�*DO� DQG ���

ȝJ�ȝ/ ,37*� 6LQJOH� ODUJH� VHSDUDWHG� FRPSOHWHO\ ZKLWH �UHFRPELQDQW� DQG FRPSOHWHO\

EOXH �QHJDWLYH FRQWURO� FRORQLHV ZHUH VHOHFWHG IURP WKH SODWHV IROORZLQJ LQFXEDWLRQ IRU

RYHU �� KRXUV DW ���&� 7KH FRORQLHV ZHUH XVHG WR LQRFXODWH �� P/ RI /% PHGLD

FRQWDLQLQJ WKH VDPH DQWLELRWLF FRQFHQWUDWLRQV� %DFPLGV ZHUH LVRODWHG IURP WKHVH

FXOWXUHV DIWHU EHLQJ JURZQ RYHUQLJKW DW ���& LQ D VKDNHU LQFXEDWRU�

��



�� %DFPLG ,VRODWLRQ
7KH RYHUQLJKW FXOWXUHV ZHUH VSXQ GRZQ DW �����[J DW ��& IRU �� PLQ� 7KH EDFWHULDO

SHOOHW ZDV UHVXVSHQGHG LQ 3� UHVXVSHQVLRQ EXIIHU� O\VHG XVLQJ 3� O\VLV EXIIHU� DQG

WUHDWHG ZLWK 3� QHXWUDOLVDWLRQ EXIIHU �4LDJHQ� DFFRUGLQJ WR WKH PDQXIDFWXUHU¶V

LQVWUXFWLRQV� 7KH O\VDWH ZDV VSXQ DW ������[J DW ��& IRU �� PLQ WR FROOHFW WKH

VXSHUQDWDQW� 7KH EDFPLG '1$ ZDV WKHQ SUHFLSLWDWHG IURP WKH VXSHUQDWDQW E\ FKLOOLQJ

ZLWK D URXJKO\ HTXDO YROXPH RI LVRSURS\O DOFRKRO RYHUQLJKW DW ����&� 7KH SUHFLSLWDWHG

'1$ ZDV SHOOHWHG IURP WKH PL[WXUH E\ VSLQQLQJ DW ������[J DW ��& IRU RYHU �� PLQ� ,W

ZDV WKHQ ZDVKHG LQ ��� ȝ/ RI ��� HWKDQRO E\ SDUWLDO UHVXVSHQVLRQ IROORZHG E\ VSLQQLQJ

GRZQ DW ������[J DW ��& IRU DW OHDVW �� PLQ� 7KH VXSHUQDWDQW ZDV GLVFDUGHG� DQG WKH

'1$ SHOOHW ZDV DLU�GULHG WR UHPRYH DQ\ UHVLGXDO HWKDQRO EHIRUH EHLQJ UHVXVSHQGHG LQ

���& KRW QXFOHDVH�IUHH ZDWHU� 7KH LVRODWHG EDFPLG '1$ ZDV VWRUHG DW ����&�

3&5 ZDV SHUIRUPHG WR FRQILUP WKDW WKH EDFPLGV LVRODWHG IURP ZKLWH FRORQLHV ZHUH

UHFRPELQDQW E\ XVLQJ 0�� SULPHUV VSHFLILF WR VLWHV WKDW IODQN WKH 7Q��DWW VLWH RQ WKH

EDFPLG�

)RUZDUG SULPHU� �¶ � *7$$$$&*$&**&&$*7 � �¶

5HYHUVH SULPHU� �¶ � &$**$$$&$*&7$7*$& � �¶

7KH 3&5 SURGXFWV ZHUH UXQ RQ D �� DJDURVH JHO DQG LPDJHG RQ DQ L%ULJKW LPDJHU

�7KHUPR )LVKHU 6FLHQWLILF��

�� &HOO &XOWXUH
6I� FHOOV ZHUH PDLQWDLQHG LQ VXVSHQVLRQ FXOWXUHV DW ORJ SKDVH DW D GHQVLW\ RI ��� PLOOLRQ

WR � PLOOLRQ FHOOV SHU P/ LQ 6I����70 ,, VHUXP�IUHH PHGLD �*LEFR� DW ���& LQ D VKDNHU

LQFXEDWRU ZLWKRXW DQ\ DGGHG DQWLELRWLFV RU DQWLP\FRWLFV� ,Q WKH ORJ SKDVH� FHOOV GRXEOHG

LQ GHQVLW\ HYHU\ �� KRXUV DQG ZHUH VSOLW WR D GHQVLW\ RI ��� WR � PLOOLRQ FHOOV SHU P/

HYHU\ WZR GD\V� 1HZ IODVNV ZHUH VHHGHG ZLWK FHOOV DW D GHQVLW\ RI ��� WR � PLOOLRQ SHU

P/� &HOOV ZHUH DOORZHG WR DGDSW WR QHZ IODVNV IRU ��� GD\V� DQG WKHLU KHDOWK �FHOO

GHQVLW\� YLDELOLW\ DQG DSSHDUDQFH� ZDV PRQLWRUHG RYHU D FRXSOH RI SDVVDJHV EHIRUH XVH

��



LQ DQ\ H[SHULPHQWV� 2QO\ IODVNV FRQWDLQLQJ KHDOWK\ ORJ SKDVH FHOOV WKDW GRXEOHG LQ

GHQVLW\ HYHU\ �� KRXUV DQG KDG D YLDELOLW\ RI a��� RU DERYH �L�H� KDYLQJ a��� RU IHZHU

GHDG FHOOV� ZHUH XVHG IRU H[SHULPHQWV� &HOO GHQVLW\ ZDV GHWHUPLQHG E\ FRXQWLQJ WKH

QXPEHU RI FHOOV SUHVHQW LQ ��ȝ/ RI FXOWXUH XVLQJ D KHPRF\WRPHWHU� &HOO YLDELOLW\ ZDV

GHWHUPLQHG DV WKH SHUFHQWDJH RI FHOOV REVHUYHG LQ D �PP [ �PP JULG RI WKH

KHPRF\WRPHWHU WKDW GLG QRW WDNH XS G\H RQ VWDLQLQJ ZLWK ���� WU\SDQ EOXH� )ODVNV ZHUH

ZDVKHG ZLWK ��� DFHWLF DFLG DQG DXWRFODYHG WZLFH �ZHW DQG GU\ F\FOH� EHIRUH XVH�

�� 7UDQVIHFWLRQ RI 6I� &HOOV
6I� FHOOV LQ WKH ORJ SKDVH KDG EHHQ VSOLW WR D GHQVLW\ RI � PLOOLRQ FHOOV SHU P/ WKH QLJKW

EHIRUH WUDQVIHFWLRQ� 7KH IROORZLQJ PRUQLQJ� � P/ RI WKHVH FHOOV ZHUH VHHGHG SHU ZHOO RI

D ��ZHOO SODWH DQG DOORZHG WR DGKHUH IRU � KRXU DW ���&� 7KH WUDQVIHFWLRQ PL[ SHU ZHOO

ZDV JHQHUDWHG E\ LQFXEDWLQJ � ȝ/ RI &HOOIHFWLQ ,, �*LEFR� LQ ��� ȝ/ RI 6)��� ,,

VHUXP�IUHH PHGLD �*LEFR� IRU �� PLQ DW URRP WHPSHUDWXUH� $IWHU ZKLFK� � ȝJ RI LVRODWHG

EDFPLG '1$ GLOXWHG LQ ��� ȝ/ RI PHGLD ZDV DGGHG WR WKH PL[� 7KH PL[ ZDV WKHQ

LQFXEDWHG IRU � KRXU DW URRP WHPSHUDWXUH LQ WKH GDUN� IROORZLQJ ZKLFK DQ DGGLWLRQDO ���

ȝ/ RI PHGLD ZDV DGGHG� 7KH WUDQVIHFWLRQ PL[ ZDV ILQDOO\ DGGHG GURSZLVH WR WKH

DGKHUHQW FHOOV� ZKLFK ZHUH WKHQ LQFXEDWHG DW ���& IRU � KRXUV� DIWHU ZKLFK WKH PHGLD

FRQWDLQLQJ WKH WUDQVIHFWLRQ PL[ ZDV DVSLUDWHG DQG UHSODFHG E\ � P/ RI IUHVK PHGLD� 7KH

FHOOV ZHUH WKHQ DOORZHG WR LQFXEDWH DW ���& IRU RYHU � GD\V XQWLO D JRRG WUDQVIHFWLRQ

HIILFLHQF\ ZDV DFKLHYHG� 7KH FHOOV DQG PHGLD ZHUH WKHQ FROOHFWHG DQG VSXQ GRZQ DW

�����[J DW ��& IRU �� PLQ� 7KH VXSHUQDWDQW ZDV SUHVHUYHG DV WKH 3� VWRFN RI

EDFXORYLUXVHV DQG VWRUHG DW ��& LQ WKH GDUN� $ EDFPLG HQFRGLQJ 0\RVLQ �&�(*)3 ZDV

XVHG DV D SRVLWLYH FRQWURO IRU WUDQVIHFWLRQ WR PRQLWRU WUDQVIHFWLRQ HIILFLHQF\�

�� $PSOLI\LQJ 3� EDFXORYLUXV VWRFN
�� P/ FXOWXUHV RI 6I� FHOOV LQ ORJ SKDVH ZHUH LQIHFWHG ZLWK ���� WR �� �Y�Y� RI 3�

EDFXORYLUXV VWRFNV DIWHU EHLQJ VSOLW WR D GHQVLW\ RI � PLOOLRQ FHOOV SHU P/ DQG ZHUH

DOORZHG WR JURZ DW ���& LQ D VKDNHU LQFXEDWRU� 7KH GHQVLW\ DQG YLDELOLW\ RI WKH FHOOV ZHUH

WUDFNHG IRU RYHU ��� GD\V XQWLO RQO\ ��� RI WKH FHOOV ZHUH YLDEOH� 7KH FXOWXUH ZDV WKHQ

FROOHFWHG DQG VSXQ GRZQ DW �����[J DW �� IRU �� PLQ� 7KH VXSHUQDWDQW ZDV SUHVHUYHG DV

��



WKH 3� VWRFN RI EDFXORYLUXVHV DQG VWRUHG DW ��& LQ WKH GDUN� $ :7 XQLQIHFWHG IODVN ZDV

PDLQWDLQHG DV D QHJDWLYH FRQWURO IRU LQIHFWLRQ WR FRPSDUH FHOO GHQVLWLHV DQG YLDELOLWLHV�

�� /\VDWH 3UHSDUDWLRQ
�� P/ FXOWXUHV RI 6I� FHOOV LQ WKH ORJ SKDVH ZHUH LQIHFWHG ZLWK �� WR �� �Y�Y� RI 3�

VWRFNV RI EDFXORYLUXVHV DIWHU EHLQJ VSOLW WR D GHQVLW\ RI � PLOOLRQ FHOOV SHU P/� 7KH FHOOV

ZHUH DOORZHG WR JURZ DW ���& LQ D VKDNHU LQFXEDWRU XQWLO WKH\ UHDFKHG ��� FHOO YLDELOLW\�

7KH FXOWXUH ZDV WKHQ SHOOHWHG DW �����[J DW ��& IRU �� PLQ� &HOO SHOOHWV ZHUH

IODVK�IUR]HQ LQ OLTXLG QLWURJHQ DQG VWRUHG DW ����& XQWLO WKH WLPH RI O\VDWH SUHSDUDWLRQ�

7KH FHOO SHOOHWV ZHUH WKDZHG LQ ��� ȝ/ RI O\VLV EXIIHU LQ LFH DQG ZHUH O\VHG XVLQJ �����

VWURNHV RI D 'RXQFH¶V KRPRJHQLVHU� 7KH KRPRJHQLVHU ZDV WKRURXJKO\ ULQVHG ZLWK

0LOOL�4 ZDWHU DQG ��� HWKDQRO EHIRUH XVH� 7KH O\VDWH ZDV VSXQ GRZQ DW ������[J IRU

RYHU �� PLQ DW ��& XQWLO WKH VXSHUQDWDQW ZDV FODULILHG� 7KH FRQFHQWUDWLRQV RI WKH ZKROH

O\VDWH� WKH SHOOHW DQG WKH VXSHUQDWDQW IUDFWLRQV ZHUH GHWHUPLQHG E\ %&$ DVVD\� 7KH

IUDFWLRQV ZHUH KHDWHG IRU � PLQ ��V DW ���& LQ �[ /DHPPHOL EXIIHU WR PDNH VDPSOHV IRU

6'6 3DJH� 7KHVH VDPSOHV ZHUH VWRUHG DW ����&�

�� :HVWHUQ %ORW IRU 3URWHLQ ([SUHVVLRQ
6'6 3DJH VDPSOHV RI WKH ZKROH O\VDWH� SHOOHW DQG VXSHUQDWDQW IUDFWLRQV ZHUH UHVROYHG

RQ D ��� 6'6 SRO\DFU\ODPLGH JHO� ��� ȝJ RI WKH ZKROH O\VDWH� SHOOHW DQG VXSHUQDWDQW

IUDFWLRQV DQG � ȝJ RI SXULILHG FRQWURO SURWHLQ ZHUH ORDGHG� 7KH UHVROYHG SURWHLQV ZHUH

WUDQVIHUUHG RQWR DQ DFWLYDWHG 39') PHPEUDQH E\ ZHW WUDQVIHU XVLQJ 7ULV�*O\FLQH EXIIHU

FRQWDLQLQJ ��� PHWKDQRO DQG ����� 6'6� 7KH PHPEUDQH ZDV EORFNHG LQ �� %6$ LQ

�[ 7ULV�EXIIHUHG VDOLQH �%LR5DG� VXSSOHPHQWHG ZLWK ���� 7ZHHQ��� �7%67� IRU ���

KRXUV� WKHQ LQFXEDWHG ZLWK PRXVH DQWL�)/$* 0� SULPDU\ DQWLERGLHV �6LJPD $OGULFK�

RYHUQLJKW DW ��&� ZDVKHG ZLWK 7%67 DQG WKHQ LQFXEDWHG ZLWK +53�FRQMXJDWHG

DQWL�PRXVH VHFRQGDU\ DQWLERGLHV IRU ��� KRXUV� ,QFXEDWLRQ ZLWK DQWLERGLHV ZDV GRQH

XQGHU JHQWOH URFNLQJ LQ �� %6$ LQ 7%67 DW WKH UHFRPPHQGHG GLOXWLRQ ������� IRU WKH

SULPDU\ DQG ������ IRU WKH VHFRQGDU\ DQWLERG\�� 7KH EORW ZDV WKHQ ULQVHG ZLWK 7%67

EXIIHU EHIRUH EHLQJ GHYHORSHG ZLWK 6XSHU 6LJQDO :HVW3LFR FKHPLOXPLQHVFHQW VXEVWUDWH

�7KHUPR )LVKHU 6FLHQWLILF� DQG LPDJHG RQ DQ L%ULJKW LPDJHU �7KHUPR )LVKHU 6FLHQWLILF��

��



�� 0/9 DQG 689 SUHSDUDWLRQ
$ OLSLG PL[ FRQWDLQLQJ �� PRO� '23& DQG � PRO� '*6�17$ �1L� �$YDQWL� ZDV SUHSDUHG

LQ FKORURIRUP LQ DPEHU YLDOV XVLQJ +DPLOWRQ V\ULQJHV� 7KH FKORURIRUP ZDV HYDSRUDWHG

IURP WKH YLDO XQGHU D VORZ QLWURJHQ JDV VWUHDP IROORZHG E\ YDFXXP GHVLFFDWLRQ DW URRP

WHPSHUDWXUH IRU RYHU � KRXUV� 7KH GHVLFFDWHG OLSLG PL[ ZDV WKHQ UHVXVSHQGHG LQ WKH

OLSLG UHK\GUDWLRQ EXIIHU WR DFKLHYH D ILQDO OLSLG FRQFHQWUDWLRQ RI � P0� 7KH UHVXVSHQVLRQ

ZDV YRUWH[HG IRU ��V WR JHQHUDWH 0/9V� ��� ȝ/ DOLTXRWV RI WKH 0/9V ZHUH IODVK�IUR]HQ

LQ OLTXLG QLWURJHQ DQG VWRUHG DW ����& IRU XS WR � ZHHNV �.RVWHU HW DO�� ������

7KH 0/9 DOLTXRWV ZHUH ODWHU WKDZHG DW URRP WHPSHUDWXUH DQG VXEMHFWHG WR �����

IUHH]H�WKDZ F\FOHV E\ SOXQJLQJ LQ OLTXLG QLWURJHQ IRU ��V IROORZHG E\ � PLQ LQ D ZDWHU

EDWK PDLQWDLQHG DW ���&� 1H[W� WKH DOLTXRW ZDV VXEMHFWHG WR ��� URXQGV RI PLFURWLS

VRQLFDWLRQ �21 WLPH  ��V� 2)) WLPH  ��V� DW ��� DPSOLWXGH XQWLO WKH VROXWLRQ EHFDPH

FOHDU� 7KH PLFURWLS VRQLFDWRU ZDV ZDVKHG ZLWK ���0 .2+� IROORZHG E\ FKORURIRUP DQG

0LOOL�4 ZDWHU EHIRUH XVH� )ROORZLQJ VRQLFDWLRQ� WKH DOLTXRW ZDV FHQWULIXJHG DW ������[J

IRU ����� PLQ DW ��&� DQG WKH WRS ��� RI WKH VROXWLRQ FRQWDLQLQJ 689V ZDV FROOHFWHG

DQG VWRUHG LQ LFH DW ��& IRU XS WR � GD\V �.RVWHU HW DO�� ������

��� 6DPSOH FKDPEHU SUHSDUDWLRQ
��PP [ �� PP QXPEHU � WKLFNQHVV JODVV FRYHUVOLSV �(SUHGLD� ZHUH ZDVKHG ZLWK ��

+HOOPDQH[ ,,, FOHDQLQJ VROXWLRQ DW ���& IRU �� PLQ LQ D &RSOLQ MDU LQ D EDWK VRQLFDWRU �*7

6RQLF� DW µQRUPDO¶ SXOVH PRGH� 7KH FRYHUVOLSV ZHUH WKHQ ULQVHG WKRURXJKO\ ZLWK 0LOOL�4

ZDWHU� 1H[W� WKH FRYHUVOLSV ZHUH ZDVKHG ZLWK ���0 .2+ LQ D &RSOLQ MDU IRU � PLQ LQ D

EDWK VRQLFDWRU DW µQRUPDO¶ SXOVH PRGH� 7KH FRYHUVOLSV ZHUH WKHQ ULQVHG WKRURXJKO\ DJDLQ

ZLWK 0LOOL�4 ZDWHU EHIRUH EHLQJ EORZQ GU\ XQGHU D VWUHDP RI QLWURJHQ JDV� 7R PDNH

VDPSOH FKDPEHUV� WKH OLGV DQG ERWWRP KDOYHV RI ��� P/ 3&5 WXEHV ZHUH FXW RII XVLQJ D

SDLU RI VFLVVRUV DQG D VKDUS EODGH� 89 FXUDEOH JOXH �1RUODQG 2SWLFDO $GKHVLYH ��� ZDV

DSSOLHG WR WKH ULP RI WKH WRS KDOI RI WKH FXW 3&5 WXEHV� ZKLFK ZHUH WKHQ VWXFN

XSVLGH�GRZQ RQWR FOHDQ FRYHUVOLSV� 7KH JOXH ZDV FXUHG E\ VXEMHFWLQJ FRYHUVOLSV WR ��

PLQ RI 89 OLJKW �36'�89�7� 1RYDVFDQ� �.RVWHU HW DO�� ������

��



��� 6XSSRUWHG OLSLG ELOD\HU SUHSDUDWLRQ
7KH VDPSOH FKDPEHUV ZHUH ILUVW ZDVKHG � WLPHV ZLWK 3%6� OHDYLQJ ��� ȝ/ RI WKH EXIIHU

EHKLQG� 7KH OHYHO RI WKH EXIIHU ZDV PDUNHG XVLQJ D SHUPDQHQW PDUNHU WR WUDFN FKDQJHV

LQ EXIIHU YROXPH� 7KH OHYHO RI EXIIHU LQ WKH FKDPEHU ZDV EURXJKW EDFN WR WKH ��� ȝ/

OHYHO PDUNLQJ DIWHU HDFK ZDVK GXULQJ WKLV SURFHGXUH� )LUVW� � ȝ/ RI ��� 0 &D&O� ZDV

DGGHG WR WKH FKDPEHU� IROORZHG E\ � ȝ/ RI WKH 689 VROXWLRQ� $IWHU JHQWOH PL[LQJ ZLWK D

PLFURSLSHWWH� WKH 689V ZHUH DOORZHG WR DGVRUE WR WKH FRYHUVOLS IRU �� PLQ WR IRUP WKH

VXSSRUWHG OLSLG ELOD\HU� 7KHQ� WKH FKDPEHU ZDV ZDVKHG �� WLPHV ZLWK .0(+ EXIIHU �E\

DGGLQJ ��� ȝ/ RI .0(+ EXIIHU� PL[LQJ JHQWO\� DQG UHPRYLQJ ��� ȝ/ HDFK WLPH� LQ RUGHU

WR UHPRYH DQ\ XQERXQG 689V� 7KHQ� � ȝ/ RI � PJ�P/ ȕ�FDVHLQ ZDV DGGHG WR WKH

FKDPEHU DQG DOORZHG WR LQFXEDWH IRU �� PLQ EHIRUH EHLQJ ZDVKHG � WLPHV ZLWK .0(+�

7KHQ� $OH[D )OXRU ��� ODEHOOHG ��[+LV�6QDS�8WURSKLQ$%' ZDV DGGHG WR WKH FKDPEHU DW

D ILQDO FRQFHQWUDWLRQ RI �� Q0 DQG LQFXEDWHG IRU �� PLQ EHIRUH EHLQJ ZDVKHG � WLPHV

ZLWK .0(+ �.RVWHU HW DO�� ������ ,Q H[SHULPHQWV ZLWK IRUPLQ� �� Q0 RI $OH[D )ORXU ���

ODEHOOHG ��[+LV�6QDS�8WURSKLQ$%' ZDV DGGHG WR WKH FKDPEHU DORQJ ZLWK �� Q0 RI

�[+LV�&GF�� �IRUPLQ� DQG DOORZHG WR LQFXEDWH IRU �� PLQ EHIRUH EHLQJ ZDVKHG � WLPHV

ZLWK .0(+ �3DODQL HW DO�� ������

��� &UHDWLQJ WKH DFWLQ PHVKZRUN
)RU H[SHULPHQWV ZLWK SUH�SRO\PHULVHG DFWLQ� DQ DFWLQ 3RO\PHULVDWLRQ 0L[WXUH FRQVLVWLQJ

RI � YROXPH RI *�DFWLQ� � YROXPH RI &DS=� DQG � YROXPHV RI �[ 7DUJHW %XIIHU ZDV

FUHDWHG� 7KH *�DFWLQ FRPSRQHQW FRQWDLQHG �� ȝ0 RI *�DFWLQ ���� ODEHOOHG ZLWK $WWR

���� DORQJ ZLWK ��� RI ��[ 0( EXIIHU LQ *�EXIIHU� 7KH &DS= FRPSRQHQW FRQWDLQHG �

WLPHV WKH GHVLUHG FRQFHQWUDWLRQ RI &DS= GLOXWHG LQ *�EXIIHU� ,I QR &DS= ZDV XVHG� WKHQ

MXVW � YROXPH RI *�EXIIHU ZDV DGGHG WR WKH *�DFWLQ FRPSRQHQW� )LQDOO\� � YROXPHV RI �[

7DUJHW %XIIHU ZHUH DGGHG WR WKLV� EULQJLQJ WKH ILQDO DFWLQ FRQFHQWUDWLRQ LQ WKH

3RO\PHULVDWLRQ 0L[WXUH WR � ȝ0� WKH ILQDO &DS= FRQFHQWUDWLRQ WR WKH GHVLUHG

FRQFHQWUDWLRQ� DQG WKH 7DUJHW %XIIHU FRQFHQWUDWLRQ WR �[� $IWHU DGGLQJ WKH 7DUJHW %XIIHU�

WKH 3RO\PHULVDWLRQ 0L[WXUH ZDV PL[HG JHQWO\ RQO\ ��� WLPHV ZLWK FXW EOXQW�HQG WLSV WR

PLQLPLVH VKHDU� 7KH 3RO\PHULVDWLRQ 0L[WXUH ZDV LQFXEDWHG DW URRP WHPSHUDWXUH LQ WKH

GDUN IRU �� � �� PLQ WR DOORZ WKH DFWLQ WR SRO\PHULVH� $IWHU WKLV� WKH SRO\PHULVHG DFWLQ

��



ZDV NHSW LQ LFH XQWLO LW ZDV WR EH DGGHG WR WKH FKDPEHU� &XW EOXQW�HQG WLSV ZHUH DOVR

XVHG WR WUDQVIHU WKH GHVLUHG DPRXQW RI WKH SUH�SRO\PHULVHG )�DFWLQ WR WKH FKDPEHU� ,W

ZDV PL[HG JHQWO\ ZLWK WKH EXIIHU SUHVHQW LQ WKH FKDPEHU ��� WLPHV XVLQJ D FXW EOXQW�HQG

WLS WR PLQLPLVH VKHDU �.RVWHU HW DO�� ������

,Q H[SHULPHQWV ZLWK IRUPLQ DQG SURILOLQ� D PL[WXUH FRQWDLQLQJ � ȝ0 RI *�DFWLQ ����

ODEHOOHG ZLWK $WWR ���� DORQJ ZLWK � ȝ0 RI �[+LV�6XPR�&GF� �SURILOLQ� DQG ��� RI ��[

0( EXIIHU LQ *�EXIIHU ZDV FUHDWHG� 7KH PL[WXUH ZDV LQFXEDWHG LQ LFH IRU � PLQ EHIRUH LW

ZDV DGGHG WR WKH FKDPEHU WR DFKLHYH WKH GHVLUHG ILQDO FRQFHQWUDWLRQ RI *�DFWLQ�SURILOLQ

�3DODQL HW DO�� ������

��� &KDUDFWHULVLQJ 1LNRQ 7,5) SURSHUWLHV
$ 1LNRQ 7L (FOLSVH PLFURVFRSH HTXLSSHG ZLWK D 7,5) XQLW� D 3HUIHFW )RFXV 6\VWHP DQG

DQ V&026 FDPHUD �3KRWRPHWULFV ��E� ZDV XVHG� $ /DVHU FRPELQHU �$JLOHQW 0/& ����

DQG /(' �&RR/('� ZHUH XVHG DV OLJKW VRXUFHV� $Q RSWLFDO SRZHU PHWHU �7KRU/DEV� ZDV

XVHG WR PHDVXUH WKH LOOXPLQDWLRQ SRZHU DW WKH EDFN IRFDO SODQH� ,PDJHV ZHUH FDSWXUHG

XVLQJ 0LFUR0DQDJHU� DQG LPDJHV ZHUH DQDO\VHG LQ )LML� ,PDJHV ZHUH WDNHQ XVLQJ D ��[�

���� 1$ REMHFWLYH ZLWK /(' ��� QP LOOXPLQDWLRQ RQ DQ DXWRIOXRUHVFHQW SODVWLF VOLGH

�&KURPD� IRU WKH FDPHUD JDLQ YDOXH FDOLEUDWLRQ� OLQHDULW\ DQG VWDELOLW\ H[SHULPHQWV� 7KH

FDPHUD JDLQ YDOXHV IRU HDFK SL[HO RI WKH V&026 FDPHUD ZHUH FRPSXWHG DV WKH VORSH RI

WKH OLQHDU UHJUHVVLRQ RI YDULDQFH LQ VLJQDO SORWWHG DJDLQVW WKH PHDQ VLJQDO DW D IL[HG

H[SRVXUH WLPH DQG GLIIHUHQW /(' LOOXPLQDWLRQ SRZHUV �/DPEHUW DQG :DWHUV� ������ 0HDQ

VLJQDO LQWHQVLW\ ZDV PHDVXUHG DW D IL[HG H[SRVXUH WLPH DQG /(' SRZHU IRU WKH FDPHUD

VWDELOLW\ PHDVXUHPHQW DQG DW D IL[HG /(' SRZHU EXW YDU\LQJ H[SRVXUH WLPHV IRU WKH

OLQHDULW\ H[SHULPHQW� 7KH ;< UHVROXWLRQ RI D ���[� ���� 1$ REMHFWLYH ZDV GHWHUPLQHG

PDQXDOO\ E\ FRPSXWLQJ WKH IXOO�ZLGWK KDOI PD[LPXP GLVWDQFH RI WKH = LQWHQVLW\ SURILOH RI

��� QP 7HWUD6SHFN EHDGV �,QYLWURJHQ� PRXQWHG RQ D JODVV VOLGH LOOXPLQDWHG E\ D ���

QP ODVHU� :KHQ FRXSOHG ZLWK D ���[ WXEH OHQV� WKH ���[ ���� 1$ REMHFWLYH \LHOGHG D

SL[HO VL]H RI ���� QP�

��



��� 7,5) PLFURVFRS\ IRU WKH VXSSRUWHG OLSLG ELOD\HU DQG DFWLQ
7KH VXSSRUWHG OLSLG ELOD\HU DQG DFWLQ PHVKZRUN ZHUH LPDJHG ZLWK WKH ���[� ���� 1$ RLO

LPPHUVLRQ REMHFWLYH LQ 7,5) XVLQJ WKH ��� DQG ��� QP ODVHUV ZLWK D ���[ WXEH OHQV�

7\SLFDOO\� D VHW ODVHU SRZHU RI ����� DORQJ ZLWK DQ H[SRVXUH WLPH RI ��� WR ���PV� ZDV

XVHG IRU DOO LPDJH DFTXLVLWLRQV� ZLWK WKH 1' ILOWHUV DQG SRODULVHUV LQ WKH SDWK� 'XULQJ

)5$3 H[SHULPHQWV� WKH LPDJH DFTXLVLWLRQ ZDV ILUVW SDXVHG PDQXDOO\� 7KHQ� WKH ILHOG

GLDSKUDJP ZDV FORVHG DQG WKH ODVHU SRZHU ZDV LQFUHDVHG WR LWV PD[LPXP YDOXH IRU

����V WR EOHDFK WKH IOXRURSKRUHV RQ WKH VXSSRUWHG OLSLG ELOD\HU� )LQDOO\� WKH ILHOG

GLDSKUDJP ZDV RSHQHG� WKH ODVHU SRZHU ZDV UHGXFHG WR LWV RULJLQDO YDOXH� DQG WKH

LPDJH DFTXLVLWLRQ ZDV UHVXPHG� ,PDJHV ZHUH WDNHQ DW DQ LQWHUYDO RI �V IRU D SHULRG RI �

PLQ IRU )5$3 H[SHULPHQWV� ,PDJHV RI DFWLQ SRO\PHULVDWLRQ ZHUH WDNHQ HYHU\ � RU �V IRU

D GXUDWLRQ RI � PLQ�

��� $QDO\VLV
'DWD ILWWLQJ ZDV SHUIRUPHG RQ 3ULVP *UDSK3DG DQG 0$7/$%� *UDSKV ZHUH SORWWHG RQ

3ULVP *UDSK3DG RU *RRJOH 6KHHWV�

)5$3�

$IWHU EDFNJURXQG VXEWUDFWLRQ� D FLUFXODU 52, ZDV VHOHFWHG RYHU WKH EOHDFK VSRW� DQG WKH

PHDQ LQWHQVLW\ LQ WKH 52, ZDV FRPSXWHG IRU HDFK IUDPH EHIRUH DQG DIWHU WKH

SKRWREOHDFKLQJ� $ UHIHUHQFH 52, RI WKH VDPH DUHD ZDV VHOHFWHG RYHU D GLIIHUHQW

XQEOHDFKHG SRUWLRQ RI WKH VXSSRUWHG OLSLG ELOD\HU LQ WKH VDPH ILHOG� DQG LWV PHDQ

LQWHQVLW\ ZDV FRPSXWHG IRU HDFK IUDPH� 7KH )5$3 WUDFH ZDV WKHQ JHQHUDWHG E\

QRUPDOLVLQJ WKH PHDQ LQWHQVLW\ RYHU WKH EOHDFK VSRW E\ WKH PHDQ LQWHQVLW\ LQ WKH

UHIHUHQFH VSRW LQ RUGHU WR DFFRXQW IRU WKH SKRWREOHDFKLQJ H[SHULHQFHG E\ WKH ZKROH ILHOG

RYHU WKH FRXUVH RI WKH HQWLUH LPDJH DFTXLVLWLRQ� 7KH )5$3 WUDFH ZDV WKHQ ILW WR DQ

H[SRQHQWLDO ILW PRGHO �.DQJ HW DO�� ������

I�W�  $ � % �� � H�&W�

��



7KH KDOI�WLPH RI WKH UHFRYHU\ LV FRPSXWHG XVLQJ WKH H[SRQHQWLDO GHFD\ FRQVWDQW� &� DV�

7���  ������&

$ OLQH VFDQ WKURXJK WKH FHQWUH RI WKH EOHDFK VSRW ZDV XVHG WR REWDLQ DQ LQWHQVLW\ SURILOH

RI WKH EOHDFK VSRW� 7KLV LQWHQVLW\ SURILOH ZDV QRUPDOLVHG WR WKH LQWHQVLW\ SURILOH RI WKH

VDPH OLQH SULRU WR WKH EOHDFKLQJ HYHQW� 7KH QRUPDOLVHG LQWHQVLW\ SURILOH WKXV REWDLQHG

ZDV ILW WR D *DXVVLDQ ILW PRGHO �.DQJ HW DO�� ������

I�[�  H[S ��. H[S ����[�D���5��

:KHUH 5 LV WKH HIIHFWLYH EOHDFK UDGLXV� 7KH GLIIXVLRQ FRHIILFLHQW ZDV WKHQ FRPSXWHG

XVLQJ WKH HIIHFWLYH EOHDFK UDGLXV DQG KDOI�WLPH RI UHFRYHU\ DV �$[HOURG HW DO�� �����

.RVWHU HW DO�� ������

'  ����5� ��7���

)LODPHQW /HQJWK DQG (ORQJDWLRQ 5DWH�

)LODPHQW OHQJWK ZDV FDOFXODWHG PDQXDOO\ XVLQJ WKH VHJPHQWHG OLQH WRRO LQ )LML� 52,V RI

�� ȝP [ �� ȝP ZHUH VHOHFWHG� DQG DOO ILODPHQWV LQ WKH 52, ZHUH PHDVXUHG� (ORQJDWLRQ

UDWHV ZHUH PHDVXUHG DV WKH VORSH RI N\PRJUDSKV RI HORQJDWLQJ DFWLQ ILODPHQWV�

.\PRJUDSKV ZHUH JHQHUDWHG PDQXDOO\ XVLQJ WKH 0XOWL .\PRJUDSK WRRO LQ )LML� 7KH VORSH

RI WKH N\PRJUDSK ZDV FRPSXWHG PDQXDOO\ XVLQJ WKH DQJOH WRRO� 7KH VORSH LQ SL[HO�SL[HO

ZDV FRQYHUWHG WR DQ HORQJDWLRQ VSHHG LQ ȝP�V E\ PXOWLSO\LQJ WKH IRUPHU E\ WKH SL[HO VL]H

������� ȝP� DQG GLYLGLQJ LW E\ WKH IUDPH LQWHUYDO �� RU �V�� 7KH HORQJDWLRQ VSHHG ZDV

WKHQ FRQYHUWHG WR DQ HORQJDWLRQ UDWH LQ DFWLQ VXEXQLWV SHU VHFRQG E\ DVVXPLQJ ��� DFWLQ

VXEXQLWV DUH SUHVHQW SHU ȝP RI DQ DFWLQ ILODPHQW �3ROODUG HW DO�� ������ $FWLQ ILODPHQW

HORQJDWLRQ UDWH ZDV PHDVXUHG IURP PRYLHV FDSWXUHG LPPHGLDWHO\ DIWHU WKH DGGLWLRQ RI

WKH DFWLQ�SURILOLQ PL[ WR WKH VXSSRUWHG OLSLG ELOD\HU�

��



��� 3URWHLQ 3XULILFDWLRQ
&KLFNHQ EUHDVW DFWLQ DQG ��[+LV�6QDS�8WURSKLQ$%' KDG EHHQ SUHYLRXVO\ SXULILHG DQG

ODEHOOHG E\ %KDJ\DVKUL 0DKDMDQ DQG 6DQNDUVKDQ 7DOOXUL� 1&%6� DV SHU SUHYLRXV UHSRUWV

�3DUGHH DQG 6SXGLFK� ����� 6SXGLFK DQG :DWW� ����� %KDW� ������ 0RXVH &DS= KDG

DOVR EHHQ SUHYLRXVO\ SXULILHG E\ %KDJ\DVKUL 0DKDMDQ DQG 6DQNDUVKDQ 7DOOXUL� 1&%6� DV

SHU SUHYLRXV UHSRUWV �)XQN HW DO�� ����� .RVWHU HW DO�� ������

7KH SXULILHG DFWLQ ZDV ODEHOOHG ZLWK PDOHLPLGH�$WWR���� �$WWR�7HF *PE+� DQG

PDLQWDLQHG LQ PRQRPHULF IRUP LQ LFH LQ *�EXIIHU� 7KH FRQFHQWUDWLRQ DQG GHJUHH RI

ODEHOOLQJ RI ODEHOOHG DFWLQ ZHUH PHDVXUHG E\ VSHFWURSKRWRPHWU\ �,PSOHQ

1DQR3KRWRPHWHU� XVLQJ WKH FRUUHFWHG DEVRUEDQFH DW ��� QP IRU DFWLQ DQG WKH

DEVRUEDQFH DW ��� QP IRU WKH G\H�

>8QODEHOOHG DFWLQ@  $��� � İ���

>/DEHOOHG DFWLQ@  >$��� í �$��� 
 FI�@ � İDFWLQ� ���

>G\H@  $��� � İG\H� ���

'HJUHH RI ODEHOOLQJ  >G\H@�>ODEHOOHG DFWLQ@

:KHUH WKH PRODU H[WLQFWLRQ FRHIILFLHQW RI DFWLQ DW ��� QP �İ���� LV ������ 0�� FP��� WKH

PRODU H[WLQFWLRQ FRHIILFLHQW RI $WWR���� G\H DW ��� QP �İG\H� ���� LV ��� [ ��� 0�� FP��� DQG

WKH FRUUHFWLRQ IDFWRU �FI� IRU $WWR ��� DW ��� QP LV �����

��[+LV�6QDS�8WURSKLQ$%' ZDV ODEHOOHG ZLWK $OH[D IOXRU ���� &DS= ZDV XQODEHOOHG� DQG

LWV FRQFHQWUDWLRQ ZDV PHDVXUHG E\ LWV DEVRUEDQFH DW ��� QP �İ���� ������ 0�� FP����

6DFFKDURP\FHV SRPEH )RUPLQ �[+LV�&GF�� �)+��)+�� ��������� DQG

6DFFKDURP\FHV SRPEH 3URILOLQ �[+LV�6XPR�&GF� ZHUH UHFHLYHG IURP 3URI� 6DUDYDQDQ

��



3DODQL� ,,6F� 7KH\ ZHUH SXULILHG IURP (� FROL %/���'(�� E\ -D\DQWL .XPDU� ,,6F� DV SHU

SUHYLRXV UHSRUWV �6DUDYDQDQ HW DO�� ������

)/$*�0\RVLQ �F�(*)3 KDG EHHQ SUHYLRXVO\ SXULILHG IURP 6I� FHOOV E\ %KDJ\DVKUL

0DKDMDQ� 1&%6� YLD DIILQLW\ FKURPDWRJUDSK\� DV SHU SUHYLRXV UHSRUWV �3\USDVVRSRXORV

HW DO�� ������

��� ,OOXVWUDWLRQV
,OOXVWUDWLRQV ZHUH PDGH RQ %LR5HQGHU�FRP

7DEOH �� &RPSRVLWLRQ RI EXIIHUV XVHG

��

1DPH RI %XIIHU &RPSRVLWLRQ

�[ /DHPPOL EXIIHU ���� 0 7ULV� S+ ���� ��� 6'6� ��� *O\FHURO� ����� %URPRSKHQRO
%OXH� ���0 '77

7ULV�*O\FLQH 7UDQVIHU
%XIIHU

�� P0 7ULV� S+ ���� �� P0 *O\FLQH� ��� 0HWKDQRO� ����� 6'6

7%67 �[ 7%6 �%LR5DG� ZLWK ���� 7ZHHQ���

/\VLV EXIIHU
�� P0 0236� S+ ���� �� P0 1D&O� ��� P0 (*7$� �� ,*(3$/�
��� *O\FHURO� � P0 '77� ��� ȝJ�ȝ/ 306) DQG ����� GLOXWLRQ RI
3URWHDVH ,QKLELWRU &RFNWDLO �&DOELRFKHP�

3%6 ��� P0 1D&O� ��� P0 .&O� �� P0 1D�+32�� ��� P0 .+�32�

.0(+ �� P0 .&O� � P0 0J&O�� � P0 (*7$� �� P0 +(3(6

/LSLG UHK\GUDWLRQ EXIIHU �[ 3%6� �� VXFURVH

*�EXIIHU � P0 7ULV� ��� P0 &D&O�� ��� P0 $73� ��� P0 7&(3� ����� 1D1��
S+ �

0( EXIIHU �� P0 0J&O�� ��� P0 (*7$� �� P0 +(3(6� S+ ���

�[ 7DUJHW %XIIHU � PJ�P/ %6$� � P0 $73 VWRFN� �� P0 '77� �[ .0(+

��� P0 $73 VWRFN ��� P0 $73 GLVRGLXP VDOW K\GUDWH� �� P0 7ULV� S+ �� �� P0 1D&O�
� P0 0J&O�� � P0 (*7$



&KDSWHU ,9� 5HVXOWV

$� 5HFRPELQDQW 3URWHLQ ([SUHVVLRQ LQ 6I� &HOOV

�� 5HFRPELQDQW EDFPLGV HQFRGLQJ 0/&.� (/&� 5/&� 10,,$�+& DQG 10,,%�+&
ZHUH JHQHUDWHG E\ VLWH�VSHFLILF WUDQVSRVLWLRQ

5HFRPELQDQW EDFPLGV FRQWDLQLQJ )/$*�WDJJHG 0/&.� 10,,$�+&� 10,,%�+& DQG

XQWDJJHG (/& DQG 5/& JHQHV ZHUH LVRODWHG IURP ZKLWH '+��%DF (� FROL FRORQLHV

�ODF=�� IROORZLQJ WUDQVIRUPDWLRQ ZLWK GRQRU YHFWRUV DQG EOXH�ZKLWH VFUHHQLQJ� 7KH

DSSHDUDQFH RI ZKLWH FRORQLHV LQGLFDWHG WKDW WKH WUDQVSRVLWLRQ RI WKH PLQL�7Q� HOHPHQW

RQWR WKH EDFPLG KDG EHHQ VXFFHVVIXO� 7KH LVRODWHG EDFPLGV ZHUH IXUWKHU YDOLGDWHG E\

6DQJHU VHTXHQFLQJ DQG 3&5�

6DQJHU VHTXHQFLQJ XVLQJ SULPHUV VSHFLILF WR WKH 3+ SURPRWHU DQG 69�� SRO\$

WHUPLQDWRU UHJLRQV WKDW IODQN WKH JHQHV FRQILUPHG WKH SUHVHQFH RI WKH �¶ DQG �¶ HQGV RI

WKH JHQHV LQ ERWK WKH GRQRU YHFWRUV DQG WKH LVRODWHG EDFPLGV �)LJ� ��� 3&5 ZLWK 0��

SULPHUV VSHFLILF WR UHJLRQV WKDW IODQN WKH 7Q��DWW WDUJHW VLWH RQ WKH EDFPLG FRQILUPHG WKH

VL]H RI WKH WUDQVSRVHG VHTXHQFH LQ WKH EDFPLGV �)LJ� ��� %DQGV RI WKH DSSURSULDWH VL]H

ZHUH REWDLQHG IRU DOO EDFPLGV ZKHQ WKH 3&5 SURGXFWV ZHUH UHVROYHG RQ D �� DJDURVH

JHO �)LJ� ��� $Q HPSW\ EDFPLG LVRODWHG IURP D EOXH FRORQ\ �ODF=�� ZDV XVHG DV D

QHJDWLYH FRQWURO IRU WKH 3&5� ZKLOH D EDFPLG WKDW HQFRGHV D NQRZQ JHQH �0\RVLQ

�F�(*)3� ZDV XVHG DV D SRVLWLYH FRQWURO�

7KH H[SHFWHG EDQG VL]H IURP DQ HPSW\ EDFPLG LV ��� NE� ZKLFK FRUUHVSRQGV WR WKH

GLVWDQFH EHWZHHQ WKH DQQHDOLQJ VLWHV RI WKH 0�� SULPHUV �)LJ� ��� 7KH H[SHFWHG EDQG

VL]H IURP UHFRPELQDQW EDFPLGV FRUUHVSRQGV WR ��� NE � WKH OHQJWK RI WKH PLQL�7Q�

WUDQVSRVRQ� ZKLFK LQ WXUQ LV �NE � WKH OHQJWK RI WKH GHVLUHG JHQH �)LJ� ���

��



)LJ� �� 6FKHPDWLF RI WKH WUDQVSRVLWLRQ RI WKH PLQL�7Q� HOHPHQW IURP WKH S)DVW%DF� GRQRU YHFWRU
RQWR WKH EDFPLG� 0�� IRUZDUG DQG UHYHUVH SULPHUV DQQHDO WR VLWHV IODQNLQJ WKH 7Q��DWW VLWH
VHSDUDWHG E\ ��� NE� 7KH VL]H RI WKH PLQL�7Q� WUDQVSRVRQ LV � NE� H[FOXGLQJ WKH OHQJWK RI WKH
LQVHUWHG JHQH �DGDSWHG IURP WKH %DF�WR�%DF70 %DFXORYLUXV ([SUHVVLRQ 6\VWHP 8VHU *XLGH�
*LEFR��>��@

)LJ� �� 3&5 YHULILFDWLRQ RI SUHVHQFH DQG VL]H RI LQVHUWV LQ LVRODWHG EDFPLGV IROORZLQJ EOXH�ZKLWH
VFUHHQLQJ� $ EDFPLG NQRZQ WR FRQWDLQ 0\RVLQ �&�(*)3 ZDV XVHG DV D SRVLWLYH FRQWURO� ZKLOH
DQ HPSW\ EDFPLG LVRODWHG IURP D EOXH FRORQ\ ZDV XVHG DV D QHJDWLYH FRQWURO� %DQGV RI LQWHUHVW
DUH PDUNHG E\ D \HOORZ DUURZ� ([SHFWHG EDQG VL]HV DUH DV IROORZV� (/& � ���NE� 5/& � ���NE�
0/&. � ���NE� 10,,$�+& � ���NE� 10,,%�+& � ���NE� QHJDWLYH FRQWURO � ���NE� SRVLWLYH FRQWURO �
���NE�

��



�� 7UDQVIHFWLRQ ZLWK 0/&.� 5/& DQG 10,,$�+& EDFPLGV JHQHUDWHG YLUXOHQW
EDFXORYLUXV VWRFNV

6I� FHOOV ZHUH WUDQVIHFWHG ZLWK WKH UHFRPELQDQW EDFPLGV WR JHQHUDWH EDFXORYLUXV VWRFNV

IRU DOO FRQVWUXFWV �)LJ� ��� $ EDFPLG NQRZQ WR HQFRGH 0\RVLQ �F�(*)3 ZDV XVHG DV D

SRVLWLYH FRQWURO IRU WUDQVIHFWLRQ �)LJ� ��$�� 7KH 3� EDFXORYLUXV VWRFNV IRU DOO FRQVWUXFWV

ZHUH FROOHFWHG ZKHQ PD[LPXP WUDQVIHFWLRQ HIILFLHQF\ �LQ WHUPV RI *)3�SRVLWLYH FHOOV�

ZDV REVHUYHG ZLWK WKH SRVLWLYH FRQWURO EDFPLG�

)LJ� �� 6FKHPDWLF UHSUHVHQWDWLRQ RI ZRUNIORZ WR JHQHUDWH UHFRPELQDQW EDFXORYLUXVHV IURP

EDFPLGV WR H[SUHVV SURWHLQV LQ 6I� FHOOV�

6I� FHOOV ZHUH WKHQ LQIHFWHG ZLWK 3� EDFXORYLUXV VWRFNV WR DPSOLI\ WKH YLUDO WLWUH DQG

JHQHUDWH 3� VWRFNV �)LJ� ��� 7KH SURJUHVV RI WKH LQIHFWLRQ ZDV PRQLWRUHG UHJXODUO\ E\

WUDFNLQJ WKH YLDELOLW\ RI LQIHFWHG FHOOV WKURXJK D 7U\SDQ�EOXH H[FOXVLRQ WHVW� 7KH YLDELOLW\

RI D :7 XQLQIHFWHG FXOWXUH ZDV PRQLWRUHG DV D QHJDWLYH FRQWURO IRU LQIHFWLRQ� 7KH

YLDELOLW\ RI XQLQIHFWHG :7 FXOWXUHV RI KHDOWK\� ORJ�SKDVH 6I� FHOOV LV W\SLFDOO\ RYHU ���

�L�H� XQGHU ��� RI WKH FHOOV DUH GHDG�� ZKLOH WKDW RI LQIHFWHG FHOOV LV H[SHFWHG WR IDOO RYHU

WKH FRXUVH RI WKH LQIHFWLRQ� 3� VWRFNV ZHUH FROOHFWHG ZKHQ FHOO YLDELOLW\ KDG IDOOHQ WR

a��� �L�H� a��� RI FHOOV ZHUH IRXQG GHDG��

��



)LJ� ��� *)3�SRVLWLYH 6I� FHOOV VHHQ �$� RQ WUDQVIHFWLRQ ZLWK D FRQWURO 0\RVLQ �F�(*)3 EDFPLG
DQG �%� RQ LQIHFWLRQ ZLWK D FRQWURO 3� VWRFN RI EDFXORYLUXVHV HQFRGLQJ 0\RVLQ �F�(*)3

3� EDFXORYLUXV VWRFNV RI 0/&.� 5/& DQG 10,,$�+& ZHUH VXFFHVVIXOO\ JHQHUDWHG�

KRZHYHU� 3� VWRFNV RI (/& DQG 10,,%�+& FRXOG QRW EH JHQHUDWHG� ,QIHFWLRQ ZLWK ����

�Y�Y� FRQFHQWUDWLRQV RI WKH 3� VWRFNV RI 0/&. DQG 5/& FDXVHG 6I� FHOOV WR GLH DV

H[SHFWHG RYHU WKH FRXUVH RI ��� GD\V �)LJ� ��$ DQG ��%�� &HOOV LQIHFWHG ZLWK ���� �Y�Y�

RI 10,,$�+& 3� WRRN � GD\V WR UHDFK ��� YLDELOLW\� VXJJHVWLQJ WKH 10,,$�+& 3� PLJKW

KDYH KDG D FRPSDUDWLYHO\ ORZHU YLUDO WLWUH�

:KHQ ���� �Y�Y� FRQFHQWUDWLRQV RI WKH 3� VWRFNV RI (/& DQG 10,,%�+& ZHUH XVHG WR

LQIHFW 6I� FHOOV� WKH FHOOV GLGQ¶W GLH DV H[SHFWHG� 7KH YLDELOLW\ QXPEHUV UHPDLQHG VWDEOH

DW ���� DQG ZHUH FRPSDUDEOH WR WKRVH VKRZQ E\ D :7 XQLQIHFWHG FXOWXUH� 7KH FHOOV

DOVR VKRZHG QR PRUSKRORJLFDO VLJQV RI LQIHFWLRQ� VXFK DV DQ HQODUJHG� JUDQXODU RU O\VHG

DSSHDUDQFH� 7KH VDPH UHVXOW ZDV REWDLQHG RQ LQIHFWLQJ FHOOV ZLWK ���� �Y�Y�

FRQFHQWUDWLRQ RI 3� VWRFNV JHQHUDWHG IURP DQ DOWHUQDWH FRS\ RI WKH (/& EDFPLG WKDW

ZDV LVRODWHG IURP DQRWKHU ZKLWH '+��%DF (� FROL FRORQ\�

6XVSHFWLQJ WKDW WKH LQIHFWLRQ KDG EHHQ XQVXFFHVVIXO GXH WR D ORZ YLUDO WLWUH� WKH

FRQFHQWUDWLRQ RI (/& DQG 10,,%�+& 3� VWRFNV XVHG ZDV LQFUHDVHG WHQ�IROG WR �� �Y�Y��

+RZHYHU� WKH FHOOV VWLOO GLG QRW GLH DV H[SHFWHG� 7KH\ FRQWLQXHG WR VKRZ FHOO YLDELOLW\

QXPEHUV WKDW UHPDLQHG VWDEOH DW ����� DJDLQ FRPSDUDEOH WR WKRVH VKRZQ E\ D :7

XQLQIHFWHG FXOWXUH �)LJ� ��&�� $V D SRVLWLYH FRQWURO IRU LQIHFWLRQ� 6I� FHOOV ZHUH DOVR

SDUDOOHOO\ LQIHFWHG ZLWK D �� �Y�Y� RI D SUHYLRXVO\ JHQHUDWHG 3� EDFXORYLUXV VWRFN NQRZQ

��



WR HQFRGH 0\RVLQ �F�(*)3� *)3�SRVLWLYH FHOOV ZHUH VHHQ RQ WKH LQIHFWLRQ �)LJ� ��%��

DQG WKH LQIHFWHG FHOOV GLHG DV H[SHFWHG RYHU � GD\V �)LJ� ��&��

)LJ� ��� &HOO 9LDELOLW\ PHDVXUHPHQWV WDNHQ GXULQJ WKH JHQHUDWLRQ RI 3� EDFXORYLUXV VWRFNV RI �$�
0/&.� �%� 5/&� 10,,$�+&� �&� (/&� DQG 10,,%�+&� :7 XQLQIHFWHG FHOOV ZHUH PRQLWRUHG DV D

QHJDWLYH FRQWURO� %DFXORYLUXVHV ZHUH DGGHG WR WKH FXOWXUHV RQ 'D\ �� &HOO YLDELOLW\ ZDV

GHWHUPLQHG E\ WKH 7U\SDQ %OXH H[FOXVLRQ WHVW� ������� FHOOV ZHUH FRXQWHG SHU WLPH SRLQW�

��



7KXV� WKH 3� VWRFNV JHQHUDWHG IURP WKH (/& DQG 10,,%�+& EDFPLGV ZHUH QRW YLUXOHQW�

LQGLFDWLQJ WKDW SHUKDSV WUDQVIHFWLRQ ZLWK WKH (/& DQG 10,,%�+& EDFPLGV PD\ KDYH

EHHQ XQVXFFHVVIXO LQ JHQHUDWLQJ YLUXVHV� &RQVHTXHQWO\� WUDQVIHFWLRQ ZLWK WKH (/& DQG

10,,%�+& EDFPLGV ZDV UHSHDWHG ZLWK D KLJKHU FRQFHQWUDWLRQ RI EDFPLG '1$ �� ȝJ�

UDWKHU WKDQ � ȝJ XVHG LQ WKH SUHYLRXV DWWHPSW�� 7KH QHZO\ JHQHUDWHG (/& DQG

10,,%�+& 3� VWRFNV ZHUH WKHQ XVHG WR LQIHFW 6I� FHOOV DW �� �Y�Y� FRQFHQWUDWLRQ� 6WLOO�

WKH FHOOV VKRZHG QR VLJQV RI LQIHFWLRQ RU GHFUHDVH LQ YLDELOLW\ QXPEHUV� VXJJHVWLQJ WKDW

SHUKDSV WKH LVRODWHG (/& DQG 10,,%�+& EDFPLGV DUH XQDEOH WR FRGH IRU LQIHFWLRXV

EDFXORYLUXV SDUWLFOHV� 3RVVLEOH UHDVRQV IRU WKLV PLJKW EH PXWDWLRQV LQ VRPH HVVHQWLDO

YLUDO JHQHV RU GHJUDGDWLRQ RI WKH EDFPLG '1$�

�� 0/&. DQG 10,,$�+& H[SUHVVLRQ ZDV GHWHFWHG LQ 6I� FHOOV

/\VDWHV JHQHUDWHG IURP 6I� FHOOV LQIHFWHG ZLWK �� �Y�Y� FRQFHQWUDWLRQ RI 3� VWRFNV RI

0/&. RU 10,,$�+& ZHUH SUREHG IRU SURWHLQ H[SUHVVLRQ E\ ZHVWHUQ EORW XVLQJ

DQWL�)/$* DQWLERGLHV� )XOO�OHQJWK )/$*�WDJJHG 0/&. SURWHLQ �SUHGLFWHG VL]H RI ���

N'D� ZDV GHWHFWHG LQ WKH ZKROH O\VDWH� DV ZHOO DV WKH VXSHUQDWDQW IUDFWLRQ RI WKH

VSXQ�GRZQ O\VDWH JHQHUDWHG IURP LQIHFWHG FHOOV� 0RVW RI WKH SURWHLQ ZDV H[WUDFWHG LQWR

WKH VROXEOH VXSHUQDWDQW IUDFWLRQ GXULQJ O\VLV� ZKLFK LV IDYRXUDEOH IRU WKH SXULILFDWLRQ RI

WKH SURWHLQ �)LJ� ��$�� $GGLWLRQDOO\� QXPHURXV GHJUDGDWLRQ EDQGV RI )/$*�10,,$�+&

ZHUH GHWHFWHG LQ WKH ZKROH O\VDWH JHQHUDWHG IURP LQIHFWHG FHOOV �)LJ� ��%�� :KLOH D

SURWHLQ EDQG ZDV VHHQ DW D KLJKHU PROHFXODU ZHLJKW LQ WKH 10,,$�+& O\VDWH WKDQ WKH

��� N'D EDQG LQ WKH ODGGHU� LW LV GLIILFXOW WR FRQILUP ZKHWKHU LW FRUUHVSRQGV WR WKH

IXOO�OHQJWK SURWHLQ ���� N'D�� 7KH GHWHFWLRQ RI GHJUDGDWLRQ EDQGV RI 10,,$�+& LV

DQWLFLSDWHG DV LW ZDV H[SUHVVHG LQ WKH DEVHQFH RI LWV OLJKW FKDLQV� ZKLFK LV UHTXLUHG IRU

LWV VWDEOH H[SUHVVLRQ�

$ O\VDWH JHQHUDWHG IURP :7 XQLQIHFWHG FHOOV ZDV XVHG DV D QHJDWLYH FRQWURO� 3UHYLRXVO\

SXULILHG )/$*�0\RVLQ �F�(*)3 RU O\VDWHV JHQHUDWHG IURP FHOOV LQIHFWHG ZLWK �� �Y�Y� RI

D SUHYLRXVO\ JHQHUDWHG 3� VWRFN RI EDFXORYLUXVHV NQRZQ WR HQFRGH )/$*�0\VRLQ

�F�(*)3 ZHUH XVHG DV SRVLWLYH FRQWUROV�

��



)LJ� ��� :HVWHUQ EORWV SURELQJ IRU )/$*�WDJJHG �$� 0/&. DQG �%� 10,,$�+& H[SUHVVLRQ XVLQJ
DQWL�)/$* DQWLERGLHV� :7 XQLQIHFWHG FHOOV ZHUH XVHG DV D QHJDWLYH FRQWURO� 3XULILHG
)/$*�0\RVLQ �F�(*)3 RU O\VDWH RI FHOOV LQIHFWHG ZLWK )/$*�0\RVLQ �F�(*)3 HQFRGLQJ
EDFXORYLUXVHV ZHUH XVHG DV D SRVLWLYH FRQWURO� ([SHFWHG EDQG VL]HV DUH DV IROORZV�
)/$*�0/&.� ��� N'D� )/$*�10,,$�+&� ��� N'D� )/$*�0\RVLQ �F�(*)3� ��� N'D� /\VDWH�
:KROH O\VDWH� 3HOOHW� 3HOOHW IUDFWLRQ RI VSXQ�GRZQ O\VDWH� 6XS� 6XSHUQDWDQW IUDFWLRQ RI
VSXQ�GRZQ O\VDWH� %ORWV ZHUH FURSSHG WR VKRZ WKH UHOHYDQW ODQHV�

%� &KDUDFWHULVLQJ SURSHUWLHV RI 7,5) PLFURVFRSH IRU TXDQWLWDWLYH LPDJLQJ

9DULRXV SDUDPHWHUV RI WKH 7,5) PLFURVFRSH� FDPHUD DQG OLJKW VRXUFHV ZHUH

FKDUDFWHULVHG WR DVVHVV WKH SHUIRUPDQFH DQG OLPLWDWLRQV RI WKHVH LQVWUXPHQWV DQG WR DLG

ZLWK TXDQWLWDWLYH LPDJH DQDO\VLV�

�� ,OOXPLQDWLRQ VWUHQJWK�
3RZHU PHDVXUHPHQWV DW WKH EDFN IRFDO SODQH UHYHDOHG WKDW WKH UHDO SRZHU RI WKH /('

DQG /DVHU &RPELQHU OLJKW VRXUFHV �LQ P:� GR QRW VFDOH OLQHDUO\ RYHU WKH FRPSOHWH UDQJH

RI VHW YDOXHV DQG DOVR YDULHV ZLWK ZDYHOHQJWK �)LJ� ���� 0DSSLQJ WKLV UHODWLRQVKLS

EHWZHHQ VHW LOOXPLQDWLRQ SRZHU DQG WKH DFWXDO LOOXPLQDWLRQ SRZHU LV XVHIXO IRU HQVXULQJ

FRPSDUDEOH LOOXPLQDWLRQ FRQGLWLRQV DFURVV H[SHULPHQWV GXULQJ TXDQWLWDWLYH LPDJLQJ�

��



)LJ� ��� 3RZHU PHDVXUHPHQWV RI WKH �$� ODVHU FRPELQHU DQG �%� /(' LOOXPLQDWLRQ VRXUFHV DW WKH

EDFN IRFDO SODQH IRU GLIIHUHQW ZDYHOHQJWKV

�� &DPHUD JDLQ�
7KH FDPHUD JDLQ YDOXH LV WKH IDFWRU XVHG WR FRQYHUW WKH QXPEHU RI SKRWRHOHFWURQV

JHQHUDWHG DW HDFK VHQVRU SL[HO WR WKH GLJLWDO JUH\ YDOXHV LQ WKH FDSWXUHG LPDJH�

.QRZLQJ WKH JDLQ YDOXH DOORZV RQH WR FRPSXWH WKH QXPEHU RI SKRWRHOHFWURQV JHQHUDWHG

DW WKH VHQVRU RQ LOOXPLQDWLRQ E\ WKH VDPSOH� $Q V&026 FDPHUD PD\ DOVR KDYH

SL[HO�WR�SL[HO YDULDWLRQ LQ WKH JDLQ YDOXH� 7KXV� LW LV LPSRUWDQW WR DFFRXQW IRU GLIIHUHQFHV

LQ WKH JDLQ YDOXHV DFURVV GLIIHUHQW SDUWV RI DQ LPDJH ZKLOH SHUIRUPLQJ TXDQWLWDWLYH

PLFURVFRS\� 7KH JDLQ YDOXH IRU HDFK RI WKH ����[���� SL[HOV RQ WKH V&026 FDPHUD

VHQVRU ZDV FRPSXWHG WR KDYH D PHDQ YDOXH RI ����� $'8�HOHFWURQ� ZLWK D VWDQGDUG

GHYLDWLRQ RI ����� �)LJ� ����

)LJ� ��� )UHTXHQF\ GLVWULEXWLRQ RI JDLQ YDOXHV FRPSXWHG IRU WKH V&026 FDPHUD VHQVRU

��



�� &DPHUD OLQHDULW\ DQG VWDELOLW\�

7KH SHUIRUPDQFH RI WKH V&026 FDPHUD DWWDFKHG WR WKH PLFURVFRSH ZDV DVVHVVHG E\

HYDOXDWLQJ WKH VWDELOLW\ DQG OLQHDULW\ RI WKH VLJQDO LW FDQ FDSWXUH IURP DQ DXWRIOXRUHVFHQW

SODVWLF VOLGH� 7KH PHDQ LQWHQVLW\ RI WKH VLJQDO FDSWXUHG E\ WKH FDPHUD ZDV IRXQG WR

UHPDLQ VWDEOH RYHU D SURORQJHG DFTXLVLWLRQ WLPH RI ���� VHFRQGV ��� PLQ�� VKRZLQJ D

IOXFWXDWLRQ RI ���� �)LJ� ��$�� 7KH PHDQ LQWHQVLW\ RI WKH VLJQDO DOVR VFDOHG OLQHDUO\ ZLWK

H[SRVXUH WLPH ������ OLQHDULW\� 5� �� XQWLO WKH IXOO ZHOO FDSDFLW\ RI WKH VHQVRU ZDV

UHDFKHG �DW RYHU ��� PV H[SRVXUH WLPH� �)LJ� ��%�� 6WDELOLW\ PHDVXUHPHQWV ZHUH WDNHQ

DW D IL[HG LOOXPLQDWLRQ SRZHU DQG H[SRVXUH WLPH� ZKLOH OLQHDULW\ PHDVXUHPHQWV ZHUH

WDNHQ DW D IL[HG LOOXPLQDWLRQ SRZHU�

)LJ� ��� 7KH PHDQ LQWHQVLW\ RI WKH VLJQDO FDSWXUHG E\ WKH FDPHUD UHPDLQV VWDEOH RYHU SURORQJHG

DFTXLVLWLRQ WLPHV �$� DQG VFDOHV OLQHDUO\ ZLWK H[SRVXUH WLPH �%�

�� 5HVROXWLRQ�
7KH ;< UHVROXWLRQ RI WKH ���[� ���� 1$ REMHFWLYH RI WKH 7,5) PLFURVFRSH ZDV FRPSXWHG

PDQXDOO\ DQG ZLWK WKH 36)M VRIWZDUH E\ LPDJLQJ VXE�UHVROXWLRQ ��� QP 7HWUD6SHFN

EHDGV �)LJ� ��� �7KHHU HW DO�� ������ 7KH ;< UHVROXWLRQ FDOFXODWHG PDQXDOO\ ZDV ��� �

���� QP �Q �� EHDGV�� ZKLFK DJUHHV ZLWK WKH YDOXH FDOFXODWHG E\ 36)M� ��� � � QP

�Q ��� EHDGV�� 7KHVH YDOXHV DUH H[SHFWHG WR GLIIHU IURP WKH WKHRUHWLFDO ;< UHVROXWLRQ RI

��� QP �UHVROXWLRQ  ����Ȝ�1$� GXH WR LPSHUIHFWLRQV LQ WKH OHQV DQG RSWLFDO VHWXS�

��



)LJ� ��� ��� Q0 7HWUD6SHFN EHDGV LPDJHG XVLQJ D ���[� ���� 1$ REMHFWLYH DQG ���[ WXEH OHQV

&� ,Q 9LWUR 5HFRQVWLWXWLRQ RI 0HPEUDQH 7HWKHUHG 0LQLPDO $FWLQ &RUWLFHV

�� &UHDWLQJ IUHHO\ GLIIXVLQJ VXSSRUWHG OLSLG ELOD\HUV

6XSSRUWHG OLSLG ELOD\HUV FRPSRVHG RI �� PRO � RI '23& ZLWK � PRO � RI '*6�17$ �1L�

ZHUH FUHDWHG RQ D JODVV FRYHUVOLS DQG LPDJHG XVLQJ 7,5) PLFURVFRS\� 7KLV OLSLG

FRPSRVLWLRQ ZDV XVHG IRU DOO VXEVHTXHQW H[SHULPHQWV� 7KH ELOD\HUV ZHUH YLVXDOLVHG E\

ODEHOOHG ��[+LV�6QDS�8WURSKLQ$%' OLQNHU SURWHLQV WKDW WHWKHU WR WKH 1L�FKHODWHG 17$

OLSLGV LQ WKH ELOD\HU� 7KH TXDOLW\ RI WKH ELOD\HU ZDV HYDOXDWHG E\ )5$3 WR GHWHUPLQH WKH

GLIIXVLRQ FRHIILFLHQW DQG PRELOH IUDFWLRQ RI WKH 8WURSKLQ$%' OLQNHU SURWHLQ �)LJ� ��$��

7KH GLIIXVLRQ FRHIILFLHQW ZDV FRPSXWHG XVLQJ WKH HIIHFWLYH EOHDFK UDGLXV DQG KDOI�OLIH RI

UHFRYHU\ RI WKH )5$3 WUDFHV �VHH 0DWHULDOV DQG 0HWKRGV� �)LJ� ��%� ��'�� 7KH

8WURSKLQ$%' OLQNHU SURWHLQV VKRZHG D PRELOH IUDFWLRQ RI ���� � ���� DQG D GLIIXVLRQ

FRHIILFLHQW RI ���� � ���� XP��V �Q � )5$3 WUDFHV DFURVV � ELOD\HUV�� LQGLFDWLYH RI D

IUHHO\ GLIIXVLQJ ELOD\HU �)LJ� ��'�� 3URWHLQV WHWKHUHG WR D IUHHO\ GLIIXVLQJ VXSSRUWHG OLSLG

ELOD\HU DUH H[SHFWHG WR VKRZ D PRELOH IUDFWLRQ RI DW OHDVW ��� DQG D GLIIXVLRQ FRHIILFLHQW

RI ������� XP��V �.RVWHU HW DO�� ������

��



)LJ� ��� �$� 5HSUHVHQWDWLYH VQDSVKRWV RI )OXRUHVFHQFH 5HFRYHU\ DIWHU 3KRWREOHDFKLQJ RI D ����
PRO � '23&�17$�1L VXSSRUWHG OLSLG ELOD\HU YLVXDOLVHG E\ �� Q0 RI ��[+LV�6QDS�8WURSKLQ$%'
OLQNHU SURWHLQ� �%� 1RUPDOLVHG OLQH VFDQ SURILOH RI WKH UHSUHVHQWDWLYH EOHDFKHG VSRW ILW WR D
*DXVVLDQ GLVWULEXWLRQ WR FRPSXWH WKH HIIHFWLYH EOHDFK UDGLXV� �&� 5HVLGXDOV SORW LQGLFDWLQJ
JRRGQHVV RI WKH OLQH VFDQ SURILOH ILW� �'� 1RUPDOLVHG UHFRYHU\ SURILOH RI WKH UHSUHVHQWDWLYH
EOHDFKHG VSRW ILW WR DQ H[SRQHQWLDO GHFD\ PRGHO WR FRPSXWH WKH KDOI�OLIH RI UHFRYHU\� �(�
5HVLGXDOV SORW LQGLFDWLQJ JRRGQHVV RI UHFRYHU\ SURILOH ILW�

�� 5HFRQVWLWXWLQJ SUH�SRO\PHULVHG DFWLQ ILODPHQWV RQ D VXSSRUWHG OLSLG ELOD\HU

3UH�SRO\PHULVHG DFWLQ ILODPHQWV RI YDU\LQJ FRQFHQWUDWLRQV ZHUH WKHQ DGGHG WR WKH

VXSSRUWHG OLSLG ELOD\HU� 7KHVH ILODPHQWV ZHUH WHWKHUHG WR WKH ELOD\HU E\ WKH 8WURSKLQ$%'

PHPEUDQH�DFWLQ OLQNHU �)LJ� ��$�� $V H[SHFWHG� WKH DGGLWLRQ RI DFWLQ ILODPHQWV FDXVHG

WKH GLVWULEXWLRQ RI WKH 8WURSKLQ$%' OLQNHU SURWHLQ WR PLUURU WKH GLVWULEXWLRQ RI DFWLQ

ILODPHQWV DFURVV WKH ELOD\HU �)LJ� ��%�� 7KH HIIHFW RI WKH DGGLWLRQ RI DFWLQ ILODPHQWV RQ

WKH GLIIXVLRQ RI WKH 8WURSKLQ$%' OLQNHU SURWHLQ ZDV HYDOXDWHG E\ )5$3 �)LJ� ��&� ��'��

7KH PRELOH IUDFWLRQ DQG WKH GLIIXVLRQ FRHIILFLHQW RI WKH OLQNHU SURWHLQ GHFUHDVHG ZLWK DQ

LQFUHDVH LQ WKH FRQFHQWUDWLRQ RI DFWLQ ILODPHQWV �)LJ� ��(� ��)�� IROORZLQJ WKH VDPH WUHQG

DV UHSRUWHG E\ .RVWHU HW DO�� ����� $ FRQFHQWUDWLRQ RI �� Q0 RI DFWLQ ILODPHQWV ZDV

IRXQG WR EH DSSURSULDWH IRU REVHUYLQJ VLQJOH ILODPHQWV �)LJ� ��%� DQG ZDV XVHG IRU

VXEVHTXHQW H[SHULPHQWV WR PHDVXUH DFWLQ ILODPHQW OHQJWK �)LJ� ��� ���� $ FRQFHQWUDWLRQ

RI �� Q0 RI SUH�SRO\PHULVHG DFWLQ ILODPHQWV ZDV IRXQG WR EH DSSURSULDWH IR

��



��



)LJ� ��� �$� 6FKHPDWLF UHSUHVHQWDWLRQ RI SUH�SRO\PHULVHG DFWLQ ILODPHQWV WHWKHUHG WR D VXSSRUWHG

OLSLG ELOD\HU YLD D 8WURSKLQ$%' PHPEUDQH�DFWLQ OLQNHU� �%� ,PDJHV RI YDU\LQJ FRQFHQWUDWLRQV RI

)�DFWLQ ILODPHQWV WHWKHUHG WR D ELOD\HU FRQWDLQLQJ �� Q0 8WURSKLQ$%' OLQNHU� �&� 5HSUHVHQWDWLYH

VQDSVKRWV RI IOXRUHVFHQFH UHFRYHU\ DIWHU SKRWREOHDFKLQJ RI WKH 8WURSKLQ$%' OLQNHU SURWHLQ RQ

WKH ELOD\HU ZLWK YDU\LQJ FRQFHQWUDWLRQV RI ERXQG )�DFWLQ� �'� $YHUDJHG QRUPDOLVHG UHFRYHU\

SURILOHV� �(� GLIIXVLRQ FRHIILFLHQWV� DQG �)� PRELOH IUDFWLRQV RI WKH 8WURSKLQ$%' PHPEUDQH�DFWLQ

OLQNHU RQ WKH ELOD\HU DV D IXQFWLRQ RI )�DFWLQ FRQFHQWUDWLRQV �Q ��������� )5$3 WUDFHV IRU �Q0�

�� Q0� �� Q0� ��� Q0 DQG ���� Q0 )�DFWLQ FRQFHQWUDWLRQV UHVSHFWLYHO\� �SRLQWV� PHDQ DQG

HUURU EDUV� 6' LQ )LJ� ��'� KRUL]RQWDO OLQH� PHDQ LQ )LJ� ��( DQG ��)��

��



�� &KDUDFWHULVLQJ WKH OHQJWK VFDOH GLVWULEXWLRQ RI FDSSHG DFWLQ ILODPHQWV

1H[W� YDU\LQJ FRQFHQWUDWLRQV RI &DS= FDSSLQJ SURWHLQ ZHUH XVHG WR JHQHUDWH

SUH�SRO\PHULVHG DFWLQ ILODPHQWV RI YDU\LQJ OHQJWKV� �� Q0 RI WKHVH ILODPHQWV ZHUH DGGHG

WR D ELOD\HU FRQWDLQLQJ WKH 8WURSKLQ$%' PHPEUDQH�DFWLQ OLQNHU DQG LPDJHG �)LJ� ��$��

7KH DFWLQ ILODPHQW OHQJWK ZDV REVHUYHG WR GHFUHDVH ZLWK DQ LQFUHDVH LQ FDSSLQJ SURWHLQ

FRQFHQWUDWLRQ IURP � WR �� Q0 EXW GLGQ¶W UHGXFH EH\RQG WKLV RQ LQFUHDVLQJ FDSSLQJ

SURWHLQ FRQFHQWUDWLRQ WR ��� Q0 �)LJ� ��%� ���� 7KH ILODPHQW OHQJWK GLVWULEXWLRQ REVHUYHG

DW DOO &DS= FRQFHQWUDWLRQV IROORZV WKH VDPH WUHQG SUHYLRXVO\ UHSRUWHG E\ .RVWHU HW DO��

�����

��



)LJ� ��� �$� 6FKHPDWLF UHSUHVHQWDWLRQ RI SUH�SRO\PHULVHG DQG FDSSHG DFWLQ ILODPHQWV WHWKHUHG WR
D VXSSRUWHG OLSLG ELOD\HU YLD D 8WURSKLQ$%' PHPEUDQH�DFWLQ OLQNHU� �%� ,PDJHV RI �� Q0 RI
SUH�SRO\PHULVHG DFWLQ ILODPHQWV FDSSHG E\ YDU\LQJ DPRXQWV RI &DS= FDSSLQJ SURWHLQ WDNHQ �
DQG �� PLQ DIWHU DGGLWLRQ WR D ELOD\HU FRQWDLQLQJ 8WURSKLQ$%' OLQNHU SURWHLQV� /LWWOH WR QR DFWLQ
ILODPHQWV FDSSHG E\ ��� Q0 &DS= KDG WHWKHUHG WR WKH ELOD\HU LQ WKH ILUVW � PLQ

)LJ� ��� 0HDQ ILODPHQW OHQJWK RI ��Q0 RI SUH�SRO\PHULVHG DFWLQ ILODPHQWV FDSSHG E\ YDU\LQJ
DPRXQWV RI FDSSLQJ SURWHLQ PHDVXUHG DW �$� � PLQ DQG �%� �� PLQ DIWHU DGGLWLRQ WR WKH
VXSSRUWHG OLSLG ELOD\HU FRQWDLQLQJ �� Q0 ��[+LV�6QDS�8WURSKLQ$%'� /HQJWK VFDOH GLVWULEXWLRQV
RI WKH VDPH ILODPHQWV DW �&� � PLQ DQG �'� �� PLQ WLPH SRLQWV� (UURU EDUV� ��� &,� �Q ��� ����
DQG ��� ILODPHQWV IRU �� �� DQG �� Q0 FDS= FRQFHQWUDWLRQV DW � PLQ� Q ���� ���� ���� DQG ���
ILODPHQWV IRU �� ��� �� DQG ��� Q0 FDS= FRQFHQWUDWLRQV DW �� PLQ��

��



�� (YDOXDWLQJ HORQJDWLRQ UDWHV RI DFWLQ ILODPHQWV LQ WKH SUHVHQFH RI IRUPLQ DQG
SURILOLQ

)LQDOO\� SURILOLQ DQG IRUPLQ ZHUH XVHG WR VSRQWDQHRXVO\ SRO\PHULVH *�DFWLQ PRQRPHUV

LQWR ILODPHQWV RQ D VXSSRUWHG OLSLG ELOD\HU �)LJ� ���� *�DFWLQ PRQRPHUV ZHUH PL[HG ZLWK

SURILOLQ LQ D ������ UDWLR DQG DGGHG WR D VXSSRUWHG OLSLG ELOD\HU FRQWDLQLQJ WKH

8WURSKLQ$%' OLQNHU DQG IRUPLQ� 0DQ\ SUH�QXFOHDWHG ILODPHQWV ZHUH REVHUYHG WR WHWKHU

WR WKH ELOD\HU LPPHGLDWHO\ DIWHU WKH PL[ ZDV DGGHG� DIWHU ZKLFK WKH\ DSSHDUHG WR

VSRQWDQHRXVO\ HORQJDWH LQ UHDO�WLPH� 7KH HORQJDWLRQ UDWH RI WKHVH ILODPHQWV LQFUHDVHG

ZLWK WKH FRQFHQWUDWLRQ RI *�DFWLQ�SURILOLQ DGGHG �)LJ� ��� ��� ��� DQG ZDV VLJQLILFDQWO\

ORZHU LQ WKH DEVHQFH RI SURILOLQ �)LJ� ��� ��� ���� +RZHYHU� QR VLJQLILFDQW GLIIHUHQFH LQ

WKH HORQJDWLRQ UDWH ZDV REVHUYHG LQ WKH SUHVHQFH RU DEVHQFH RI IRUPLQ� %HVLGHV LWV UROH

LQ QXFOHDWLQJ ILODPHQWV� IRUPLQ LV NQRZQ WR HQKDQFH ILODPHQW HORQJDWLRQ ZKHQ SUHVHQW

ZLWK SURILOLQ �.RYDU HW DO�� ����� )XQN HW DO�� ����� 3ROODUG HW DO�� ������ 7KLV SURPSWHG

WKH VXVSLFLRQ WKDW WKH SXULILHG IRUPLQ XVHG PD\ KDYH EHHQ LQDFWLYH�

,Q DGGLWLRQ WR SUH�QXFOHDWHG ILODPHQWV� D VPDOO QXPEHU RI VSRQWDQHRXVO\ QXFOHDWLQJ

ILODPHQWV ZHUH REVHUYHG RQ WKH ELOD\HU �)LJ� ���� 7KHVH ZHUH GLVWLQJXLVKHG E\ WKHLU

VSRQWDQHRXV HPHUJHQFH� DV ZHOO DV WKHLU GLPLQLVKHG EULJKWQHVV FRPSDUHG WR

SUH�QXFOHDWHG ILODPHQWV RI FRPSDUDEOH VL]H� 7KH QXPEHU RI WKHVH VSRQWDQHRXVO\

QXFOHDWLQJ ILODPHQWV ZDV FRXQWHG WR GHWHUPLQH LI WKH\ ZHUH JHQHUDWHG E\ IRUPLQ DFWLYLW\�

7KH QXPEHU RI WKHVH VSRQWDQHRXVO\ QXFOHDWHG ILODPHQWV LQ D JLYHQ DUHD ZDV VLPLODU LQ

WKH SUHVHQFH DQG DEVHQFH RI IRUPLQ� DV ZDV WKH WRWDO QXPEHU RI ILODPHQWV �SUH� DQG

VSRQWDQHRXVO\ QXFOHDWHG� VHHQ LQ HLWKHU FRQGLWLRQ �7DEOH ��� 7KH HORQJDWLRQ UDWH RI

VSRQWDQHRXVO\ QXFOHDWHG ILODPHQWV ZDV QRW VLJQLILFDQWO\ GLIIHUHQW LQ WKH SUHVHQFH RU

DEVHQFH RI IRUPLQ �)LJ� ���� 7KXV� WKH QXFOHDWLRQ DQG HORQJDWLRQ RI ILODPHQWV VHHP

XQDIIHFWHG E\ WKH SUHVHQFH RI IRUPLQ� VXJJHVWLQJ WKDW WKH IRUPLQ XVHG PD\ KDYH EHHQ

��



LQDFWLYH� +RZHYHU� PRUH H[SHULPHQWV QHHG WR EH SHUIRUPHG WR YDOLGDWH WKH DFWLYLW\ RI

IRUPLQ�
�

)LJ� ��� 5HSUHVHQWDWLYH VQDSVKRWV RI SUH�QXFOHDWHG DFWLQ ILODPHQW SRO\PHULVDWLRQ RQ D
VXSSRUWHG OLSLG ELOD\HU LQ WKH SUHVHQFH DQG DEVHQFH RI IRUPLQ DQG SURILOLQ� �$� ��� Q0� �%� ���
Q0� DQG �&� ��� Q0 *�DFWLQ ���� ODEHOOHG� ZHUH PL[HG ZLWK SURILOLQ LQ D ������ UDWLR DQG DGGHG
WR WKH ELOD\HU FRQWDLQLQJ �� Q0 RI WKH 8WURSKLQ$%' PHPEUDQH�DFWLQ OLQHU DQG �� Q0 IRUPLQ� �'��
�(� DQG �)� DUH QHJDWLYH FRQWUROV IRU FRQGLWLRQ �&� KDYLQJ IRUPLQ DEVHQW� SURILOLQ DEVHQW RU ERWK
IRUPLQ DQG SURILOLQ DEVHQW� UHVSHFWLYHO\� 5HG DUURZV LQGLFDWH WKH SRVLWLRQ RI WKH JURZLQJ HQG RI
DFWLQ ILODPHQWV DW W �V�

��



)LJ� ��� .\PRJUDSKV RI DFWLQ ILODPHQWV VHHQ LQ )LJ� ��� 7KH [�D[LV UHSUHVHQWV GLVWDQFH� DQG WKH
\�D[LV UHSUHVHQWV WLPH� 7KH UHG DUURZ LQGLFDWHV WKH HGJH RI WKH ILODPHQW DW W �V� 7KH GRWWHG OLQH
LQGLFDWHV WKH HGJH RI WKH JURZLQJ ILODPHQW RYHU WLPH� LWV VORSH LQGLFDWHV WKH HORQJDWLRQ VSHHG�
6FDOH EDU� � ȝP� $OO N\PRJUDSKV UHSUHVHQW D GXUDWLRQ RI ���V�

)LJ� ��� $FWLQ ILODPHQW HORQJDWLRQ UDWHV PHDVXUHG LQ WHUPV RI DFWLQ VXEXQLWV�V IRU WKH FRQGLWLRQV
UHSUHVHQWHG E\ �$�� �%�� �&�� �'�� �(� DQG �)� LQ )LJ� �� DQG �� �Q �� ��� ��� ��� �� DQG ��
ILODPHQWV� UHVSHFWLYHO\�� +RUL]RQWDO OLQH� PHDQ� ZKLVNHUV� 6'� 6WDWLVWLFDO VLJQLILFDQFH ZDV
GHWHUPLQHG XVLQJ WKH 0DQQ�:KLWQH\ QRQ�SDUDPHWULF W�WHVW �QV� S!����� 



� S��������

��



*�DFWLQ �
3URILOLQ

*�DFWLQ � 3URILOLQ �
)RUPLQ

)ROG &KDQJH

7RWDO QXPEHU RI ILODPHQWV ��� ��� ����

1XPEHU RI VSRQWDQHRXVO\ QXFOHDWHG ILODPHQWV �� �� ����

7DEOH �� &RPSDULVRQ RI WKH QXPEHU RI DFWLQ ILODPHQWV VHHQ RQ WKH VXSSRUWHG OLSLG ELOD\HU RYHU
DQ DUHD RI �� [ �� ȝP� LQ WKH SUHVHQFH DQG DEVHQFH RI IRUPLQ�

)LJ� ��� 5HSUHVHQWDWLYH VQDSVKRWV RI WKH HORQJDWLRQ RI VSRQWDQHRXVO\ QXFOHDWHG ILODPHQWV RQ D
VXSSRUWHG OLSLG ELOD\HU LQ WKH �$� DEVHQFH DQG �%� SUHVHQFH RI IRUPLQ� $ PD[LPXP LQWHQVLW\
SURMHFWLRQ DFURVV DOO IUDPHV RI D � PLQ ORQJ DFTXLVLWLRQ LV LQFOXGHG WR GHSLFW WKH VSRQWDQHRXVO\
QXFOHDWHG ILODPHQW FOHDUO\� 7KH UHG DUURZ LQGLFDWHV WKH SRVLWLRQ RI WKH ILODPHQW RQ WKH ELOD\HU�

)LJ� ��� &RPSDULVRQ RI HORQJDWLRQ UDWHV RI VSRQWDQHRXVO\ QXFOHDWHG ILODPHQWV RQ WKH VXSSRUWHG
OLSLG ELOD\HU LQ WKH SUHVHQFH DQG DEVHQFH RI IRUPLQ �Q �� DQG �� ILODPHQWV� UHVSHFWLYHO\��
+RUL]RQWDO OLQH� PHDQ� ZKLVNHUV� 6'� 6WDWLVWLFDO VLJQLILFDQFH ZDV GHWHUPLQHG XVLQJ WKH
0DQQ�:KLWQH\ QRQ�SDUDPHWULF W�WHVW �QV� S!������

��



3UHYLRXV VWXGLHV KDYH FKDUDFWHULVHG DFWLQ ILODPHQW SRO\PHULVDWLRQ G\QDPLFV LQ YLWUR E\

XVLQJ D YDULHW\ RI UHFRQVWLWXWLRQ VHW�XSV DQG FRQGLWLRQV� )XQN HW DO�� ���� FKDUDFWHULVHG

DFWLQ ILODPHQW HORQJDWLRQ XVLQJ ERYLQH F\WRVROLF ȕ�Ȗ DFWLQ LQ WKH SUHVHQFH DQG DEVHQFH

RI KXPDQ SURILOLQ � DQG PDPPDOLDQ IRUPLQV �P'LD�� P'LD� DQG '$$0��� 7KH\ WHWKHUHG

HORQJDWLQJ DFWLQ ILODPHQWV WR D IORZ FKDPEHU XVLQJ SKDOORLGLQ� .RYDU HW DO�� �����

SHUIRUPHG VLPLODU H[SHULPHQWV XVLQJ FKLFNHQ PXVFOH DFWLQ� ILVVLRQ \HDVW IRUPLQ DQG

SURILOLQ ZKHUH JURZLQJ ILODPHQWV ZHUH WHWKHUHG WR D IORZ FKDPEHU XVLQJ P\RVLQ ,,�

3ROODUG HW DO�� ����� RQ WKH RWKHU KDQG� XVHG EXGGLQJ \HDVW DFWLQ� SURILOLQ DQG IRUPLQ LQ D

VHW�XS ZKHUH ILODPHQWV ZHUH QXFOHDWHG E\ IRUPLQ WHWKHUHG WR EHDGV� 7KH ILQGLQJV RI

WKHVH VWXGLHV DUH VXPPDULVHG EHORZ �7DEOH ��� 7KH GLIIHUHQFHV LQ WKH ILODPHQW

HORQJDWLRQ UDWHV PHDVXUHG LQ P\ H[SHULPHQWV LQ FRPSDULVRQ WR WKHVH SXEOLVKHG YDOXHV

FRXOG EH GXH WR D QXPEHU RI UHDVRQV� LQFOXGLQJ WKH DFWLYLW\ RI WKH SXULILHG SURWHLQV XVHG�

EXIIHU FRQGLWLRQV DQG WKH QDWXUH RI WKH UHFRQVWLWXWLRQ VHWXS� 7KH PRVW VWULNLQJ GLIIHUHQFH

DSSHDUV WR EH LQ WKH HORQJDWLRQ UDWHV RI DFWLQ ILODPHQWV LQ WKH DEVHQFH RI SURILOLQ DQG

IRUPLQ� 0RUH UHSOLFDWH H[SHULPHQWV QHHG WR EH SHUIRUPHG WR LQFUHDVH FRQILGHQFH LQ WKH

HORQJDWLRQ UDWHV PHDVXUHG LQ WKLV VWXG\�

��




 ,QIHUUHG YDOXH EDVHG RQ WKH OLQHDU UHODWLRQVKLS EHWZHHQ *�DFWLQ�SURILOLQ FRQFHQWUDWLRQ DQG HORQJDWLRQ
UDWHV GHVFULEHG LQ WKH VWXG\


 )RUPLQ LV OLNHO\ WR KDYH EHHQ LQDFWLYH

7DEOH �� &RPSDULVRQ RI DFWLQ ILODPHQW HORQJDWLRQ UDWHV DFURVV VWXGLHV

��

7KLV VWXG\ )XQN HW DO�� ���� .RYDU HW DO�� ���� 3ROODUG HW DO�� ����

*�$FWLQ FRQFHQWUDWLRQ ��� Q0 ��� Q0� � ȝ0 � ȝ0 � ȝ0

*�$FWLQ� 3URILOLQ 5DWLR ������ ����� ��� ���

)RUPLQ FRQFHQWUDWLRQ �� Q0 �� Q0 � Q0 �

6HW�XS

)LODPHQWV WHWKHUHG WR
ELOD\HU E\

8WURSKLQ$%'

)LODPHQWV WHWKHUHG WR
IORZ FKDPEHU E\

SKDOORLGLQ

)LODPHQWV WHWKHUHG WR
IORZ FKDPEHU E\

P\RVLQ ,,

)LODPHQWV WHWKHUHG
WR EHDGV E\ IRUPLQ

)RUPLQ WHWKHUHG WR
ELOD\HU )RUPLQ LV QRW WHWKHUHG )RUPLQ LV QRW WHWKHUHG )RUPLQ LV WHWKHUHG

WR EHDGV

$FWLQ NLQG &KLFNHQ PXVFOH %RYLQH F\WRSODVPLF
�ȕ�Ȗ� &KLFNHQ PXVFOH %XGGLQJ \HDVW

3URILOLQ NLQG )LVVLRQ \HDVW &GF� +XPDQ SURILOLQ� )LVVLRQ \HDVW SURILOLQ %XGGLQJ \HDVW 3I\�

)RUPLQ NLQG )LVVLRQ \HDVW &GF��
�)+��)+��

0RXVH P'LD� DQG ��
+XPDQ '$$0�

)LVVLRQ \HDVW &GF��
�)+��)+��

%XGGLQJ \HDVW %QL�
�)+��)+��

(ORQJDWLRQ 5DWHV �VXEXQLWV�V�

*�$FWLQ RQO\ ���� � ����

��� � ��� ���� Q0
DFWLQ��

���� � ���� �� ȝ0
DFWLQ�

���� � ���� �

*�$FWLQ � 3URILOLQ ���� � ���� ���� � ���� �� ȝ0
DFWLQ�

��� � ��� �

*�$FWLQ � )RUPLQ ��� � ���� � � ��� � ���

*�$FWLQ � 3URILOLQ �
)RUPLQ ��� � ����



����� � ���� �� ȝ0
*�DFWLQ � P'LD��
����� � ���� �� ȝ0
*�DFWLQ � P'LD��
����� � ���� �� ȝ0
*�DFWLQ � '$$0��

���� � ��� ���� � ���



&KDSWHU 9� 'LVFXVVLRQ

,Q WKLV WKHVLV� , KDYH DWWHPSWHG WR VHW XS DQ LQ YLWUR UHFRQVWLWXWLRQ V\VWHP RI D

PHPEUDQH�WHWKHUHG PLQLPDO DFWRP\RVLQ FRUWH[ WR VWXG\ LWV UROH LQ GULYLQJ ORFDO

PHPEUDQH RUJDQLVDWLRQ YLD DFWLYH SURFHVVHV� :LWK WKLV V\VWHP� WKH DLP LV WR WHVW

ZKHWKHU QRQ�PXVFOH P\RVLQ ,, FDQ JHQHUDWH FRQWUDFWLOH VWUHVVHV RQ G\QDPLF DFWLQ

ILODPHQWV� WKHUHE\ FOXVWHULQJ PHPEUDQH FRPSRQHQWV WHWKHUHG WR DFWLQ ILODPHQWV� LQ OLQH

ZLWK SUHYLRXV HYLGHQFH VXSSRUWLQJ WKH DFWLYH�FRPSRVLWH PRGHO RI PHPEUDQH

RUJDQLVDWLRQ�

7R EXLOG WKLV V\VWHP� , ILUVW UHTXLUHG SXULILHG DQG DFWLYDWHG QRQ�PXVFOH P\RVLQ ,,� 7KXV� ,

DWWHPSWHG WR H[SUHVV WKH 10,,$ DQG 10,,% LVRIRUPV RI QRQ�PXVFOH P\RVLQ ,, DV ZHOO DV

LWV DFWLYDWLRQ SDUWQHU� 0/&.� LQ 6I� FHOOV E\ EDFXORYLUXV LQIHFWLRQ� 7KXV� , JHQHUDWHG

UHFRPELQDQW EDFPLGV HQFRGLQJ )/$*�WDJJHG 0/&.� 10,,$�+& DQG 10,,%�+&� DORQJ

ZLWK XQWDJJHG (/& DQG 5/&� YLD VLWH�VSHFLILF WUDQVSRVLWLRQ� 7KHVH ZHUH YDOLGDWHG E\

6DQJHU VHTXHQFLQJ DQG 3&5�

6XEVHTXHQWO\� , JHQHUDWHG 3� EDFXORYLUXV VWRFNV IRU DOO FRQVWUXFWV E\ WUDQVIHFWLQJ 6I�

FHOOV ZLWK WKH UHFRPELQDQW EDFPLGV� :KLOH WKH 3� VWRFNV RI 0/&.� 10,,$�+& DQG 5/&

ZHUH YLUXOHQW� 3� VWRFNV RI (/& DQG 10,,%�+& ZHUH QRW� 3� VWRFNV RI 0/&.� 10,,$�+&

DQG 5/& ZHUH VXFFHVVIXOO\ DPSOLILHG WR JHQHUDWH 3� VWRFNV RI WKHVH FRQVWUXFWV�

+RZHYHU� ZKHQ WKH 3� VWRFNV RI (/& DQG 10,,%�+& ZHUH DGGHG WR 6I� FXOWXUHV� WKH

FHOOV VKRZHG QR VLJQV RI LQIHFWLRQ� 7R WURXEOHVKRRW WKLV� , YDULHG WKH 3� YLUDO WLWUH XVHG

IRU LQIHFWLRQ� SUHSDUHG QHZ 3� VWRFNV E\ UHSHDWLQJ WUDQVIHFWLRQ� DQG XVHG 3� VWRFNV

JHQHUDWHG IURP DOWHUQDWH FRSLHV RI WKH UHFRPELQDQW EDFPLG� +RZHYHU� DOO DWWHPSWV ZHUH

XQVXFFHVVIXO� , VXVSHFW WKH (/& DQG 10,,%�+& EDFPLG '1$ PLJKW EH GHJUDGHG RU

KDYH GHOHWHULRXV PXWDWLRQV LQ HVVHQWLDO YLUDO JHQHV� ,Q ZKLFK FDVH� UHFRPELQDQW (/&

DQG 10,,%�+& EDFPLGV PXVW EH JHQHUDWHG DJDLQ�

, WKHQ WHVWHG )/$*�0/&. DQG )/$*�10,,$�+& H[SUHVVLRQ LQ EDFXORYLUXV�LQIHFWHG 6I�

FHOOV E\ ZHVWHUQ EORW� 1XPHURXV GHJUDGDWLRQ EDQGV RI )/$*�10,,$�+& ZHUH GHWHFWHG�

��



ZKLFK , DQWLFLSDWH ZLOO EH PLQLPLVHG LI 10,,$�+& LV FR�H[SUHVVHG ZLWK LWV VWDELOLVLQJ OLJKW

FKDLQV (/& DQG 5/&� 7KH H[SUHVVLRQ RI IXOO�OHQJWK )/$*�0/&. SURWHLQ LQ 6I� FHOOV ZDV

DOVR GHWHFWHG� DQG D PDMRULW\ RI WKH SURWHLQ ZDV H[WUDFWHG LQWR WKH VROXEOH IUDFWLRQ RI WKH

O\VDWH UDWKHU WKDQ WKH LQVROXEOH SHOOHW�

*RLQJ IRUZDUG� 0/&. SURWHLQ FDQ QRZ EH SXULILHG IURP D ODUJHU FXOWXUH YROXPH RI

EDFXORYLUXV�LQIHFWHG 6I� FHOOV E\ )/$*�WDJ�EDVHG DIILQLW\ SXULILFDWLRQ� 2QFH YLUXVHV IRU

5/& DQG 10,,%�+& DUH JHQHUDWHG� 6I� FHOOV FDQ EH FR�LQIHFWHG ZLWK (/&� 5/&� DQG

HLWKHU 10,,$�+& RU 10,,%�+& YLUXVHV WR H[SUHVV WKH FRPSOHWH 10,,$ RU 10,,% SURWHLQ�

2QFH 10,,$� 10,,% DQG 0/&. DUH SXULILHG E\ )/$*�EDVHG DIILQLW\ FKURPDWRJUDSK\�

10,,$ DQG 10,,% PD\ EH DFWLYDWHG LQ YLWUR E\ SKRVSKRU\ODWLRQ E\ 0/&.� )XQFWLRQDO

10,,$ DQG 10,,% SURWHLQV FDQ WKHQ EH LVRODWHG E\ GHDG�KHDG FOHDUDQFH� DQG WKHLU

DFWLYLW\ FDQ EH FRQILUPHG E\ LQ YLWUR PRWLOLW\ DVVD\V �7ULSDWKL HW DO�� ������ )LQDOO\� WKH

FRQWUDFWLOLW\ RI WKH SXULILHG P\RVLQV FDQ EH WHVWHG ZLWK DFWLQ ILODPHQWV DQG

PHPEUDQH�DFWLQ OLQNHUV RQ D VXSSRUWHG OLSLG ELOD\HU�

,Q P\ DWWHPSW WR EXLOG D PHPEUDQH�WHWKHUHG PLQLPDO DFWRP\RVLQ FRUWH[� , QH[W

UHFRQVWLWXWHG SUH�SRO\PHULVHG DFWLQ ILODPHQWV RQ D VXSSRUWHG OLSLG ELOD\HU� 7KH DFWLQ

ILODPHQWV ZHUH WHWKHUHG WR WKH ELOD\HU XVLQJ DFWLQ�PHPEUDQH OLQNHU SURWHLQV DQG LPDJHG

XVLQJ 7,5) PLFURVFRS\ DV SHU SURWRFROV DGDSWHG IURP .RVWHU HW DO�� ����� 9DULRXV

SURSHUWLHV RI WKH 7,5) PLFURVFRS\ VHW�XS� LQFOXGLQJ WKH SRZHU RI WKH OLJKW VRXUFHV�

FDPHUD JDLQ� FDPHUD OLQHDULW\� FDPHUD VWDELOLW\ DQG UHVROXWLRQ RI WKH REMHFWLYH� ZHUH

FKDUDFWHULVHG� 1H[W� WKH HIIHFW RI LQFUHDVLQJ WKH FRQFHQWUDWLRQ RI SUH�SRO\PHULVHG DFWLQ

ILODPHQWV RQ WKH GLIIXVLRQ RI WKH OLQNHU SURWHLQ RQ WKH ELOD\HU ZDV FKDUDFWHULVHG�

UHSURGXFLQJ WKH WUHQG REVHUYHG E\ .RVWHU HW DO�� ����� $GGLWLRQDOO\� WKH OHQJWK VFDOH

GLVWULEXWLRQ RI VLQJOH SUH�SRO\PHULVHG DFWLQ ILODPHQWV FDSSHG E\ YDU\LQJ FRQFHQWUDWLRQV

RI &DS= FDSSLQJ SURWHLQ ZDV FKDUDFWHULVHG� DJDLQ UHSURGXFLQJ WKH WUHQG REVHUYHG E\

.RVWHU HW DO�� ����� +DYLQJ UHSURGXFLEO\ EXLOW WKLV UHFRQVWLWXWLRQ V\VWHP IURP LQGLYLGXDO

FRPSRQHQWV� , WKHQ DWWHPSWHG WR DGDSW LW WR JHQHUDWH G\QDPLF� DFWLQ ILODPHQWV WKDW

VSRQWDQHRXVO\ SRO\PHULVH RQ WKH ELOD\HU DQG LPDJH WKLV SURFHVV LQ UHDO�WLPH�

��



, UHFRQVWLWXWHG VSRQWDQHRXVO\ SRO\PHULVLQJ DFWLQ ILODPHQWV RQ D ELOD\HU XVLQJ *�DFWLQ

DQG SURILOLQ� $Q LQFUHDVH LQ HORQJDWLRQ UDWH ZDV REVHUYHG ZLWK DQ LQFUHDVH LQ

*�DFWLQ�SURILOLQ FRQFHQWUDWLRQ� DV SUHYLRXVO\ UHSRUWHG E\ RWKHUV� +RZHYHU� WKH DGGLWLRQ RI

IRUPLQ WR WKH ELOD\HUV GLG QRW UHVXOW LQ LQFUHDVHG QXFOHDWLRQ RU HORQJDWLRQ RI DFWLQ

ILODPHQWV� 7KLV LV FRQWUDU\ WR IRUPLQ¶V NQRZQ UROH LQ SURPRWLQJ ILODPHQW QXFOHDWLRQ DQG

HORQJDWLRQ �%UHLWVSUHFKHU HW DO�� ������ 7KXV� , VXVSHFW WKDW WKH SXULILHG IRUPLQ XVHG PD\

KDYH EHHQ LQDFWLYH� 6SRQWDQHRXVO\ SRO\PHULVLQJ ILODPHQWV WKDW ZHUH SUH�QXFOHDWHG SULRU

WR DGGLWLRQ WR WKH ELOD\HU RU VSRQWDQHRXVO\ QXFOHDWHG RQ WKH ELOD\HU DUH OLNHO\ WR KDYH

EHHQ JHQHUDWHG GXH WR DFWLQ¶V DELOLW\ WR VSRQWDQHRXVO\ QXFOHDWH LQWR ILODPHQWV DERYH LWV

FULWLFDO FRQFHQWUDWLRQ RI ��� Q0� :KLOH SURILOLQ ZDV DOZD\V DGGHG LQ H[FHVV RI *�DFWLQ� LW

PD\ KDYH EHHQ LQDGHTXDWH WR FRPSOHWHO\ SUHYHQW WKH QXFOHDWLRQ RI )�DFWLQ LQ WKH

DEVHQFH RI IRUPLQ�

0RUH H[SHULPHQWV QHHG WR EH SHUIRUPHG WR YDOLGDWH WKH DFWLYLW\ RI WKH SXULILHG IRUPLQ E\

WLWUDWLQJ WKH FRQFHQWUDWLRQ RI IRUPLQ DGGHG WR WKH ELOD\HU� 0LQLPLVLQJ VSRQWDQHRXV

QXFOHDWLRQ LQ WKH DEVHQFH RI IRUPLQ ZRXOG EH QHFHVVDU\ WR EHWWHU FKDUDFWHULVH WKH

VSHFLILF HIIHFWV RI IRUPLQ LQ QXFOHDWLQJ DQG HORQJDWLQJ DFWLQ ILODPHQWV� ,Q IXWXUH

H[SHULPHQWV� WKH DPRXQW RI SURILOLQ XVHG FRXOG EH VFDOHG XS WR PLQLPLVH VSRQWDQHRXV

QXFOHDWLRQ RI DFWLQ LQ WKH DEVHQFH RI IRUPLQ� 7KXV� DQ\ ILODPHQWV QXFOHDWHG RQ WKH

ELOD\HU FRXOG EH DWWULEXWHG WR IRUPLQ DFWLYLW\� 8VLQJ IOXRUHVFHQWO\ ODEHOOHG IRUPLQ ZRXOG

DOVR DOORZ RQH WR ORRN IRU WKH SURFHVVLYH PRYHPHQW RI IRUPLQ DORQJ WKH JURZLQJ DFWLQ

ILODPHQW�

1RWDEO\� LQ P\ H[SHULPHQWV� HORQJDWLQJ VWUHWFKHV RI DFWLQ ILODPHQWV DSSHDUHG GLPPHU

WKDQ WKH SUH�QXFOHDWHG VHHG ILODPHQWV� ,W LV SRVVLEOH WKDW SURILOLQ PD\ KDYH D JUHDWHU

DIILQLW\ IRU XQODEHOOHG *�DFWLQ PRQRPHUV WKDQ ODEHOOHG PRQRPHUV� DV SUHYLRXVO\

UHSRUWHG �.RYDU HW DO�� ������ UHVXOWLQJ LQ GLPPHU HORQJDWLQJ ILODPHQWV LQ WKH SUHVHQFH RI

SURILOLQ� 7KH GLPLQLVKHG EULJKWQHVV RI HORQJDWLQJ ILODPHQWV LQ WKH SUHVHQFH RI IRUPLQ ZDV

XVHIXO LQ GLVWLQJXLVKLQJ EHWZHHQ VSRQWDQHRXVO\ QXFOHDWLQJ ILODPHQWV DQG WKH WHWKHULQJ RI

SUH�QXFOHDWHG ILODPHQWV RI FRPSDUDEOH VL]H� +RZHYHU� WKH GLPLQLVKHG EULJKWQHVV LV DQ

LPSHGLPHQW WR PDNLQJ DFFXUDWH PHDVXUHPHQWV RI ILODPHQW OHQJWK� 8VLQJ DOWHUQDWH

��



ODEHOOLQJ PHWKRGV �VXFK DV )�DFWLQ�ELQGLQJ /LIH$FW SUREHV XVHG E\ )XQN HW DO�� �����

FRXOG LPSURYH WKH VLJQDO JHQHUDWHG E\ SRO\PHULVLQJ DFWLQ ILODPHQWV� DOORZLQJ RQH WR

WUDFN FKDQJHV LQ ILODPHQW OHQJWK PRUH DFFXUDWHO\ DQG EHWWHU DFFRXQW IRU UDQGRP VWDJH

GULIW WKDW RFFXUV GXULQJ LPDJH DFTXLVLWLRQ�

,Q WKH IXWXUH� LW ZRXOG EH QHFHVVDU\ WR H[SORUH DOWHUQDWLYH VDPSOH FKDPEHU GHVLJQV LQ

RUGHU WR EH DEOH WR VFDOH XS *�DFWLQ�SURILOLQ FRQFHQWUDWLRQV WR PDWFK SK\VLRORJLFDO YDOXHV

�ZKLFK FDQ EH DV KLJK DV ��� ȝ0� )XQN HW DO�� ������ ,W ZRXOG DOVR EH PRUH

SK\VLRORJLFDOO\ UHOHYDQW WR WHVW F\WRSODVPLF DFWLQ LQ IXWXUH H[SHULPHQWV UDWKHU WKDQ

PXVFOH DFWLQ� $ NH\ SUHGLFWLRQ RI WKH DFWLYH�FRPSRVLWH PRGHO LV WKH H[LVWHQFH RI VKRUWHU

DFWLQ ILODPHQWV �a��� QP� DPRQJVW WKH ODUJHU VWDEOH DFWLQ ILODPHQWV RI WKH FRUWH[

�*RZLUVKDQNDU HW DO�� ������ 7R JHQHUDWH VSRQWDQHRXVO\ SRO\PHULVLQJ ILODPHQWV RI VXFK

OHQJWK LQ YLWUR� LW ZRXOG EH QHFHVVDU\ WR DGG WKH )�DFWLQ VHYHULQJ SURWHLQ� FRILOLQ� RU

)�DFWLQ FDSSLQJ SURWHLQ� &DS=� WR WKH V\VWHP DORQJ ZLWK *�DFWLQ� SURILOLQ� IRUPLQ DQG

8WURSKLQ$%'� 6LQFH WKH 7,5) PLFURVFRSH LV OLPLWHG E\ DQ ;< UHVROXWLRQ RI a��� Q0� LW

ZRXOG EH QHFHVVDU\ WR RSW IRU DOWHUQDWLYH PLFURVFRS\ WHFKQLTXHV OLNH 67('� ZKLFK FDQ

DFKLHYH ORZHU ;< UHVROXWLRQV WR YLVXDOLVH VXFK VKRUW ILODPHQWV�

,Q FRQFOXVLRQ� , DWWHPSWHG WR VHW XS DQ LQ YLWUR UHFRQVWLWXWLRQ V\VWHP WR VWXG\ WKH UROH RI

DFWRP\RVLQ LQ GULYLQJ ORFDO PHPEUDQH RUJDQLVDWLRQ� ,Q WKLV GLUHFWLRQ� , DWWHPSWHG WR

UHFRPELQDQWO\ H[SUHVV QRQ�PXVFOH P\RVLQ ,, DQG P\RVLQ OLJKW FKDLQ NLQDVH LQ 6I� LQVHFW

FHOOV� , DOVR UHFRQVWLWXWHG SUH�SRO\PHULVHG DFWLQ ILODPHQWV RI GHILQHG OHQJWK �XVLQJ

FDSSLQJ SURWHLQV� DV ZHOO DV VSRQWDQHRXVO\ SRO\PHULVLQJ DFWLQ ILODPHQWV �XVLQJ SURILOLQ�

RQ D IUHHO\ GLIIXVLQJ VXSSRUWHG OLSLG ELOD\HU� )XWXUH ZRUN ZRXOG EH GLUHFWHG WRZDUGV

RSWLPLVLQJ H[SUHVVLRQ DQG SXULILFDWLRQ RI 10,,$� 10,,% DQG 0/&.� DV ZHOO DV

LQFRUSRUDWLQJ IXQFWLRQDO IRUPLQ DORQJ ZLWK *�DFWLQ� SURILOLQ� FRILOLQ DQG &DS= WR JHQHUDWH

D G\QDPLFDOO\ DVVHPEOLQJ DQG GLVDVVHPEOLQJ PLQLPDO DFWLQ FRUWH[ ZKHUH WKH DFWLYH

FOXVWHULQJ RI PHPEUDQH FRPSRQHQWV FDQ EH WHVWHG�
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