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7KLV LV WR FHUWLI\ WKDW WKLV GLVVHUWDWLRQ HQWLWOHG µ7KH UROH RI WUDQVSRVDEOH HOHPHQWV LQ
KHPDWRSRLHWLF VWHP DQG SURJHQLWRU FHOO GHYHORSPHQW¶ WRZDUGV WKH SDUWLDO IXOILOOPHQW

RI WKH %6�06 GXDO GHJUHH SURJUDP DW WKH ,QGLDQ ,QVWLWXWH RI 6FLHQFH (GXFDWLRQ DQG

5HVHDUFK� 3XQH UHSUHVHQWV VWXG\�ZRUN FDUULHG RXW E\ *XQZDQW 3DWLO DW ,QVWLWXWH IRU

5HVHDUFK RQ &DQFHU DQG $JLQJ 1LFH� )UDQFH XQGHU WKH VXSHUYLVLRQ RI 'U� (LULQL
7URPSRXNL� 0ROHFXODU +HPDWRORJ\� %ORRG 6LJQDOV ODE� GXULQJ WKH DFDGHPLF \HDU

����������

'U� (LULQL 7URPSRXNL

6XSHUYLVRU

&RPPLWWHH�

1DPH RI \RXU JXLGH� 'U� (LULQL 7URPSRXNL

1DPH RI \RXU 7$&� 3URI� 'U� 6DQMHHY *DODQGH
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7KLV WKHVLV LV GHGLFDWHG WR P\ VXSHUYLVRUV�

�'U� (LULQL 7URPSRXNL� DQG 'U� 6DQMHHY *DODQGH�
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, KHUHE\ GHFODUH WKDW WKH PDWWHU HPERGLHG LQ WKH UHSRUW HQWLWOHG µ7KH UROH RI
WUDQVSRVDEOH HOHPHQWV LQ KHPDWRSRLHWLF VWHP DQG SURJHQLWRU FHOO GHYHORSPHQW¶ LV
WKH UHVXOW RI WKH ZRUN FDUULHG RXW E\ PH DW WKH 'HSDUWPHQW RI %LRORJ\� ,,6(5 3XQH� DQG

WKH ,QVWLWXWH IRU 5HVHDUFK RQ &DQFHU DQG $JLQJ� 1LFH� )UDQFH XQGHU WKH VXSHUYLVLRQ RI

'U� (LULQL 7URPSRXNL DQG WKH VDPH KDV QRW EHHQ VXEPLWWHG HOVHZKHUH IRU DQ\ RWKHU

GHJUHH�

*XQZDQW 3DWLO

'DWH� �VW $SULO ����
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&KDSWHU � ,QWURGXFWLRQ������������������������������������������������������������������������������������������������������

��� +DHPDWRSRLHVLV����������������������������������������������������������������������������������������������������������

��� *HQHWLF &RQWURO RI +DHPDWRSRLHVLV����������������������������������������������������������������������������

����� 3ULPLWLYH +DHPDWRSRLHVLV�����������������������������������������������������������������������������

����� 'HILQLWLYH +DHPDWRSRLHVLV����������������������������������������������������������������������������

����� *HQHV LQYROYHG LQ KHPDQJLREODVW LQGXFWLRQ��������������������������������������������������

��� 7UDQVSRVDEOH HOHPHQWV RI WKH JHQRPH�����������������������������������������������������������������������

����� 7UDQVSRVDEOH HOHPHQWV DQG +DHPDWRSRLHVLV�����������������������������������������������

��� &5,635�&DV�� *HQRPH HGLWLQJ WRRO��������������������������������������������������������������������������

����� &5,635 DFWLYDWLRQ DQG LQDFWLYDWLRQ��������������������������������������������������������������

��� =HEUDILVK DV D PRGHO IRU +DHPDWRSRLHVLV������������������������������������������������������������������

����� *HQHWLF VFUHHQV��������������������������������������������������������������������������������������������

����� &5,635 WRROER[ LQ 'DQLR UHULR �=HEUDILVK����������������������������������������������������

$LPV DQG 2EMHFWLYHV RI WKH VWXG\��������������������������������������������������������������������������������������

&KDSWHU � 0DWHULDO DQG 0HWKRGV��������������������������������������������������������������������������������������

��� &XOWXUH DQG 0DLQWHQDQFH RI 'DQLR UHULR���������������������������������������������������������������������

��� 5LERSUREH V\QWKHVLV IRU ZKROH�PRXQW LQ VLWX K\EULGL]DWLRQ�����������������������������������������

��� :KROH�PRXQW LQ VLWX K\EULGL]DWLRQ �:,6+�������������������������������������������������������������������
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��� 7UDQVSRVDEOH HOHPHQWV WUDQVFULSWRPLFV DQDO\VLV�������������������������������������������������������
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��� 7KH H[SUHVVLRQ SDWWHUQ RI JDWD� DQG SX� LQ SULPLWLYH KHPDWRSRLHVLV�������������������������

��� 7KH H[SUHVVLRQ SDWWHUQ RI IOL�� DQG ION�� LQ KHPDWRSRLHWLF GLIIHUHQWLDWLRQ��������������������

��� 6LWH�GLUHFWHG PXWDJHQHVLV IRU FDWDO\WLF GHDFWLYDWLRQ RI &DV��������������������������������������

��� &RQVWUXFWLRQ RI LQWHJUDEOH &5,635 YHFWRUV����������������������������������������������������������������

����� �¶ HQWU\ FORQHV�����������������������������������������������������������������������������������������������

����� 0LGGOH (QWU\ 9HFWRUV�������������������������������������������������������������������������������������

����� *DWHZD\ UHFRPELQDWLRQ UHDFWLRQ IRU H[SUHVVLRQ FRQVWUXFWV�������������������������

��� 7UDQVSRVDEOH HOHPHQWV WUDQVFULSWRPLF DQDO\VLV���������������������������������������������������������
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)LJ ��� 2YHUYLHZ RI 1RUPDO +HPDWRSRLHWLF 6\VWHP� 7KH GLDJUDP VKRZV DOO WKH

OLQHDJHV LQ WKH KHPDWRSRLHWLF V\VWHP DULVLQJ IURP PXOWLSRWHQW +6&� $OWHUQDWLYH QDPHV

RI WKH FHOOV DUH DOVR PHQWLRQHG LQ SDUHQWKHVHV� +6&V JLYH ULVH WR P\HORLG DQG O\PSKRLG

OLQHDJHV� 0\HORLG OLQHDJHV JLYH ULVH WR 5%&V� 0DVW FHOOV� 0HJDNDU\RF\WHV� %DVRSKLO�

1HXWURSKLO (RVLQRSKLOV� DQG 0RQRF\WH� :KLOH O\PSKRLG SURJHQLWRUV GLIIHUHQWLDWH LQWR

1.&� 7� DQG % O\PSKRF\WHV DQG 3ODVPD FHOOV� 7KH PRUSKRORJLFDO FKDUDFWHULVWLFV RI FHOOV

DUH UHSUHVHQWHG DV VHHQ XQGHU :ULJKW
V VWDLQ� 0D\�*LHPVD VWDLQ �³+DHPDWRSRLHVLV�´

��������������������������������������������������������������������������������������������������������������������������������������

)LJ ��� 6LWHV RI KHPDWRSRLHVLV LQ SUH DQG SRVWQDWDO SHULRG� 7KH PDMRU VLWHV RI

SUHQDWDO KHPDWRSRLHVLV LQ KXPDQV DUH WKH \RON VDF� OLYHU� DQG ERQH PDUURZ� $IWHU ELUWK�

+6&V DULVH IURP WKH ERQH PDUURZ RI WKH VWHUQXP� ULEV� O\PSK QRGHV� DQG IHPXU�

�5HSURGXFHG IURP +HPDWRORJ\� &OLQLFDO 3ULQFLSOHV DQG $SSOLFDWLRQV��UG HG� 6DXQGHU�

��������������������������������������������������������������������������������������������������������������������������������������

)LJ ��� ([SUHVVLRQ SDWWHUQV RI PDMRU 7)V LQYROYHG LQ KDHPDWRSLHVLV GXULQJ
]HEUDILVK HDUO\ GHYHORSPHQWDO VWDJHV����� VRPLWH VWDJH���UHSURGXFHG IURP 'DYLGVRQ

	 =RQ� ��������������������������������������������������������������������������������������������������������������������������

)LJ ���� 0HFKDQLVP RI DFWLRQ RI &ODVV , DQG &ODVV ,, 7(V� 6FKHPDWLF UHSUHVHQWDWLRQ
RI &ODVV , DQG &ODVV ,, 7(V VKRZLQJ ³&RS\ 3DVWH´ �OHIW � DQG ³&XW�3DVWH´ �ULJKW�

PHFKDQLVPV����������������������������������������������������������������������������������������������������������������������

)LJXUH ��� 7ZR PDMRU SDWKZD\V PHGLDWLQJ &5,635�&DV� JHQRPH HGLWLQJ
V\VWHP«««««««««««««««««««««««««««««««��������������

)LJ ���� 6FKHPDWLF UHSUHVHQWDWLRQ RI &5,635 DFWLYDWLQJ DQG LQKLELWLQJ FRPSOH[�
51$�SURJUDPPHG DFWLYDWRUV RU UHSUHVVRUV FDQ EH IXVHG GLUHFWO\ WR G&DV�� $FWLYDWRUV

IRUP FRPSOH[HV YLD GLUHFW ELQGLQJ RI 93�� RU LQGLUHFW YLD 06� ELQGLQJ ZLWK 1)�NE DQG

S���+6)� ,Q FRQWUDVW� .5$% WUDQVFULSWLRQDO UHSUHVVRU UHFUXLWV GH�QRYR
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PHWK\OWUDQVIHUDVH �$ DQG /6'� GLUHFWO\ RU LQGLUHFWO\ WR UHSUHVV WKH JHQH� �UHSURGXFHG

IURP 2YHUYLHZ RI &5,635�&DV� 6\VWHPV _ 'XNH 9LUDO 9HFWRU &RUH��������������������������������

)LJ ���� 7KH DGYDQWDJHV RI XVLQJ =HEUDILVK DV D KHPDWRSRLHWLF PRGHO RUJDQLVP �GH 3DWHU

	 7URPSRXNL� ������������������������������������������������������������������������������������������������������������������

)LJ ��� /RFDOL]DWLRQ RI JDWD� DQG PSR WUDQVFULSW DW �� KRXUV SRVW IHUWLOL]DWLRQ�
:KROH�PRXQW LQ VLWX K\EULGL]DWLRQ ZDV SHUIRUPHG DW �� KSI� 6WDLQLQJ ZDV GRQH XVLQJ

%&,3�1%7 VWDLQLQJ VROXWLRQ IRU � KRXUV����������������������������������������������������������������������������

)LJ ��� /RFDOL]DWLRQ RI IOL�� DQG ION�� WUDQVFULSW DW �� KRXUV SRVW IHUWLOL]DWLRQ�
:KROH�PRXQW LQ VLWX K\EULGL]DWLRQ ZDV SHUIRUPHG DW �� KSI� 6WDLQLQJ ZDV GRQH XVLQJ

%&,3�1%7 VWDLQLQJ VROXWLRQ IRU � KRXUV����������������������������������������������������������������������������

)LJ ��� /RFDOL]DWLRQ RI IOL�� DQG ION�� WUDQVFULSW DW �� KRXUV SRVW IHUWLOL]DWLRQ�
:KROH�PRXQW LQ VLWX K\EULGL]DWLRQ ZDV RSWLPL]HG IRU WKH SURWHLQDVH . WUHDWPHQW IRU WKH

EHVW H[SUHVVLRQ SURILOH DW �� KSI� 6WDLQLQJ ZDV GRQH XVLQJ %&,3�1%7 VWDLQLQJ VROXWLRQ

IRU � KRXUV�������������������������������������������������������������������������������������������������������������������������

)LJ ��� &DWDO\WLF LQDFWLYDWLRQ RI &DV�� 6LWH�GLUHFWHG PXWDJHQHVLV ZDV SHUIRUPHG WR

PXWDWH WKH '��$ UHVLGXH LQ WKH QXFOHDVH GRPDLQ RI &DV� LQ S0(�QOV�&DV��QOV� 7KH

PXWDWLRQ LQ WKH QXFOHDVH GRPDLQ DW '��$ LQDFWLYDWHV WKH FDWDO\WLF DFWLYLW\ RI &DV����������

)LJ ��� 9DOLGDWLRQ RI 0LGGOH HQWU\ FORQHV� 3&5 YDOLGDWLRQ RI

S0(�QOV�G&DV��93���QOV� S0(�QOV�G&DV��.5$%�QOV� DQG S0(�QOV�G&DV��93����QOV�

UHVSHFWLYHO\� 5HVSHFWLYH VL]H EDQGV ZHUH REVHUYHG IRU 3&5 ZLWK G&DV��VSHFLILF SULPHU

DQG LQVHUW�VSHFLILF UHYHUVH SULPHUV�����������������������������������������������������������������������������������

)LJ ��� 6FKHPDWLF RI WKUHH IUDJPHQW DVVHPEO\ 'HVWLQDWLRQ YHFWRUV� 6L[ GHVWLQDWLRQ
YHFWRUV� WKUHH HDFK ZLWK 8$6 DQG +63 �� SURPRWHU IROORZHG E\ G&DV� IXVHG ZLWK

93��� 93���� DQG .5$%�������������������������������������������������������������������������������������������������

)LJ ��� 3ODVPLG PDSV RI WKH VL[ JHQHUDWHG GHVWLQDWLRQ YHFWRUV� �*HQHUDWHG ZLWK

6QDSJHQH�������������������������������������������������������������������������������������������������������������������������
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)LJ ��� 7UDQVFULSWRPLF DQDO\VLV RI 7UDQVSRVDEOH HOHPHQWV EHWZHHQ LQGLIIHUHQW FHOO
OLQHDJHV� :H FRPSDUHG HQGRWKHOLDO DQG KHPRJHQLF HQGRWKHOLDO FHOOV IURP ]HEUDILVK ��

KSI HPEU\RV WR LGHQWLI\ WRS GLIIHUHQWLDOO\ H[SUHVVHG 7( WUDQVFULSWV� $� DQG %� DUH &OXVWHU

GHQGURQ DQG 0'6 SORWV VKRZLQJ VDPSOH FOXVWHULQJ� &� DQG '� DUH YROFDQR SORWV

VKRZLQJ '( WUDQVFULSWV� ([DFW WHVW� )'5 � ����� )& �����������������������������������������������������
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7DEOH �� 3ULPHU 6HTXHQFHV����������������������������������������������������������������������������������������������

7DEOH �� /LVW RI SODVPLGV XVHG DQG JHQHUDWHG LQ WKH VWXG\ ZLWK GHVFULSWLRQ��������������������
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$%675$&7
+HPDWRSRLHWLF VWHP FHOO �+6&� IRUPDWLRQ LV WKH PDMRU GHYHORSPHQWDO SURFHVV OHDGLQJ WR

WKH HVWDEOLVKPHQW RI WKH KHPDWRSRLHWLF V\VWHP� +6&V DUH WKH IRXQGDWLRQ RI WKH

KHPDWRSRLHWLF V\VWHP DQG JLYH ULVH WR DOPRVW DOO GLIIHUHQWLDWHG KHPDWRSRLHWLF FHOOV�

+6&V DUH RI KLJK FOLQLFDO LPSRUWDQFH DV WKH\ DUH XVHG IRU SDWLHQWV QHHGLQJ D EORRG

WUDQVIXVLRQ� OLNH LQ VRPH FDVHV RI OHXNHPLD� +RZHYHU� DV WKH PHFKDQLVPV EHKLQG WKH

IRUPDWLRQ RI WKH +6&V DUH VWLOO XQH[SORUHG� LW LV KDUG WR ILQG WKHUDSHXWLFV DJDLQVW WKHVH

GLVHDVHV� 7URPSRXNL
V ODE UHFHQWO\ LGHQWLILHG WKDW WKH IRUPDWLRQ RI +6&V GXULQJ

GHYHORSPHQW LV PHGLDWHG E\ WKH LQWHUSOD\ EHWZHHQ 51$ VHQVRUV LQYROYHG LQ LQQDWH

LPPXQH VLJQDOLQJ DQG WUDQVSRVDEOH HOHPHQWV �7(V�� 7KH WUDQVFULSWV RI WUDQVSRVDEOH

HOHPHQWV WULJJHU LQQDWH LPPXQH UHFHSWRUV OLNH 5,*�, DQG OHDG WR HQKDQFHG IRUPDWLRQ RI

+6&V� 7R LQYHVWLJDWH WKH UROH RI VSHFLILF 7(V LQ KHPDWRSRLHVLV� ZH DLP WR FORQH WKH

&5,635 DFWLYDWLQJ DQG LQDFWLYDWLQJ FRQVWUXFWV XQGHU D WLVVXH�VSHFLILF SURPRWHU DQG

LQMHFW WKHP LQ ]HEUDILVK WR JHQHUDWH VWDEOH OLQHV� :H SODQ WR H[SORUH ZKHWKHU

RYHUH[SUHVVLRQ RI VSHFLILF 7(V LQ +6&V RU RWKHU FHOO W\SHV DIIHFWV +6& GHYHORSPHQW�

:H ZLOO XVH ZKROH�PRXQW LQ VLWX K\EULGL]DWLRQ� LQMHFWLRQV� PLFURVFRS\� DQG RWKHU

WHFKQLTXHV WR GLVVHFW WKH UROH RI VSHFLILF 7(V LQ GHYHORSPHQWDO KHPDWRSRLHVLV�
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, ZRXOG OLNH WR WKDQN P\ WKHVLV VXSHUYLVRU� 'U� (LULQL 7URPSRXNL� IRU DOORZLQJ PH WR ZRUN

LQ KHU ODE DQG IRU EHLQJ D FRQVWDQW VRXUFH RI JXLGDQFH DQG HQFRXUDJHPHQW WKURXJKRXW

WKH SURMHFW� , DP WKDQNIXO IRU KHU WLPH GXULQJ YDULRXV H[SHULPHQWV DQG WKHVLV ZULWLQJ� ,

DP WKDQNIXO WR WKH H[SHUW PHPEHU� 3URI� 6DQMHHY *DODQGH� IRU KLV WLPH DQG JXLGDQFH

WKURXJKRXW WKH SURMHFW DQG RYHUDOO XQGHUJUDGXDWHV�

, DP H[WUHPHO\ WKDQNIXO WR P\ ODE PHPEHUV IURP WKH 7URPSRXNL ODE� , DP WKDQNIXO WR

3DYORV %RXVRXQLV IRU KLV YDOXDEOH WLPH DQG JXLGDQFH LQ WKH ELRLQIRUPDWLFV DQDO\VLV

GXULQJ WKH SURMHFW� , ZRXOG DOVR OLNH WR WKDQN 'U� 6LPRQD 6DFFDQL DQG WKH ODE PHPEHUV

IRU WKHLU KHOS GXULQJ WKH FRXUVH RI WKH SURMHFW�

, DP WKDQNIXO WR *UHJ 'VLOYD� 'LSLND <DGDY� DQG RWKHU 6* ODE PHPEHUV IRU WKHLU VXSSRUW

DQG VHOIOHVV KHOS DV IULHQGV DQG VHQLRUV� , ZRXOG OLNH WR WKDQN ,16(50 IRU WKH ILQDQFLDO

VXSSRUW WR FRYHU P\ VWD\ LQ 1LFH� )UDQFH� DQG IRU WKLV ZRQGHUIXO RSSRUWXQLW\� , ZLVK WR

WKDQN ,5&$1 DQG 3(0$9 ILVK IDFLOLW\ IRU H[WHQGLQJ DOO WKH VWDWH�RI�WKH�DUW IDFLOLWLHV

DYDLODEOH LQ WKH LQVWLWXWH� )LQDOO\� , ZRXOG OLNH WR WKDQN WKH 'HSDUWPHQW RI %LRORJ\� ,,6(5

3XQH�

, DP DOZD\V JUDWHIXO WR P\ IULHQGV DQG IDPLO\ IRU WKHLU XQFRQGLWLRQDO ORYH DQG VXSSRUW�

��



&2175,%87,216
&RQWULEXWRU QDPH &RQWULEXWRU UROH
'U� (LULQL 7URPSRXNL &RQFHSWXDOL]DWLRQ ,GHDV
*XQZDQW 3DWLO 0HWKRGRORJ\ DQG H[SHULPHQWDO ZRUN
� 6RIWZDUH
� 9DOLGDWLRQ
*XQZDQW 3DWLO )RUPDO DQDO\VLV
'U� (LULQL 7URPSRXNL ,QYHVWLJDWLRQ
'U� (LULQL 7URPSRXNL 5HVRXUFHV
*XQZDQW 3DWLO 'DWD &XUDWLRQ
*XQZDQW 3DWLO :ULWLQJ � RULJLQDO GUDIW SUHSDUDWLRQ
'U� (LULQL 7URPSRXNL DQG *XQZDQW 3DWLO :ULWLQJ � UHYLHZ DQG HGLWLQJ
� 9LVXDOL]DWLRQ
'U� (LULQL 7URPSRXNL 6XSHUYLVLRQ
'U� (LULQL 7URPSRXNL 3URMHFW DGPLQLVWUDWLRQ
'U� (LULQL 7URPSRXNL )XQGLQJ DFTXLVLWLRQ

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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/,67 2) $%%5(9,$7,216

7(V 7UDQVSRVDEOH HOHPHQWV

+3) +RXUV SRVW IHUWLOL]DWLRQ

+6&V +DHPDWRSRLHWLF VWHP FHOOV

/75 ORQJ WHUPLQDO UHSHDW

/,1( /RQJ LQWHUVSHUVHG QXFOHDU HOHPHQWV

6,1( 6KRUW LQWHUVSHUVHG QXFOHDU HOHPHQWV

&5,635 &OXVWHUHG UHJXODUO\ LQWHUVSHUVHG VKRUW
SDOLQGURPLF VHTXHQFHV

5%& 5HG EORRG FHOOV

$*0 $RUWD�JRQDG�PHVRQHSKURV

$/0 $QWHULRU ODWHUDO PHVRGHUP

3/0 3RVWHULRU ODWHUDO PHVRGHUP

+'5 +RPRORJ\�PHGLDWHG UHSDLU

70(- 7KHWD�PHGLDWHG HQG MRLQLQJ

1+(- 1RQ�KRPRORJRXV HQG MRLQLQJ

:,6+ :KROH PRXQW LQ VLWX K\EULGL]DWLRQ

$7$&�VHT $VVD\ IRU WUDQVSRVDVH�DFFHVVLEOH
FKURPDWLQ VHTXHQFLQJ

&K,3 &KURPDWLQ ,PPXQRSUHFLSDWLRQ

J51$ *XLGH 51$

)$&6 )OXRUHVFHQFH�DFWLYDWHG FHOO VRUWLQJ

&,3 &DOI LQWHVWLQDO DONDOLQH SKRVSKDWDVH

��



&KDSWHU �
,QWURGXFWLRQ

��



��� +HPDWRSRLHVLV

+HPDWRSRLHVLV LV WKH IRUPDWLRQ RI D EORRG SRRO GXULQJ HPEU\RQLF GHYHORSPHQW DQG

DGXOWKRRG� $OO WKH FHOOV LQ WKLV FHOOXODU EORRG FRPSRQHQW DULVH IURP WKH SDUHQW

+HPDWRSRLHWLF 6WHP &HOO �+6&��0RQJD HW DO�� ����� ,Q KHDOWK\ DGXOW SHUVRQV� WKHVH

+6&V JLYH ULVH WR ����±���� QHZ EORRG FHOOV LQ WKH WUDEHFXODU UHJLRQ RI WKH ERQH PDUURZ

IURP WKH OLPLWHG +6&V GDLO\ WR NHHS VWHDG\�VWDWH OHYHOV LQ WKH SHULSKHUDO FLUFXODWLRQ

�6WLWHV HW DO�� ������ 7KH GHYHORSPHQW RI WKH KHPDWRSRLHWLF V\VWHP LQ PDPPDOV WDNHV

SODFH LQ WKUHH SKDVHV� L�H�� SULPLWLYH KHPDWRSRLHVLV� SURGHILQLWLYH� DQG GHILQLWLYH

KHPDWRSRLHVLV� 3ULPLWLYH KHPDWRSRLHVLV IRUPV HQXFOHDWHG HU\WKURF\WHV DQG P\HORLG

OLQHDJHV� 3URGHILQLWLYH KHPDWRSRLHVLV JLYHV ULVH WR VLPLODU FHOOV DV SULPLWLYH

KHPDWRSRLHVLV� ,Q FRQWUDVW� GHILQLWLYH KHPDWRSRLHVLV SURGXFHV KHPDWRSRLHWLF VWHP FHOOV�

IURP ZKLFK DOO RWKHU PDWXUH EORRG DQG LPPXQH FHOOV DUH GHULYHG� 7KH HDUOLHVW GHILQLWLYH

+6&V LQ YHUWHEUDWHV HPHUJH IURP WKH HQGRWKHOLXP ZDOO RI WKH HPEU\RQLF

DRUWD�JRQDG�PHVRQHSKURV DUHD� �$*0�� 7KLV LV UHIHUUHG WR DV WKH

HQGRWKHOLDO�WR�KHPDWRSRLHWLF WUDQVLWLRQ� �(+7� �2WWHUVEDFK� ������

2YHUYLHZ RI 1RUPDO +HPDWRSRLHWLF 6\VWHP� 7KH GLDJUDP VKRZV DOO WKH OLQHDJHV LQ WKH

KHPDWRSRLHWLF V\VWHP DULVLQJ IURP PXOWLSRWHQW +6&� $OWHUQDWLYH QDPHV RI WKH FHOOV DUH DOVR

PHQWLRQHG LQ SDUHQWKHVHV� +6&V JLYH ULVH WR P\HORLG DQG O\PSKRLG OLQHDJHV� 0\HORLG OLQHDJHV

JLYH ULVH WR 5%&V� 0DVW FHOOV� 0HJDNDU\RF\WHV� %DVRSKLO� 1HXWURSKLO (RVLQRSKLOV� DQG 0RQRF\WH�
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:KLOH O\PSKRLG SURJHQLWRUV GLIIHUHQWLDWH LQWR 1.&� 7� DQG % O\PSKRF\WHV DQG 3ODVPD FHOOV� 7KH

PRUSKRORJLFDO FKDUDFWHULVWLFV RI FHOOV DUH UHSUHVHQWHG DV VHHQ XQGHU :ULJKW
V VWDLQ�

0D\�*LHPVD VWDLQ �³+DHPDWRSRLHVLV�´ �����

7KH GLIIHUHQWLDWLRQ RI WKH +6&V OHDGV WR GLIIHUHQW EORRG FHOO OLQHDJHV� VXFK DV P\HORLG

DQG O\PSKRLG� 7KHVH FHOO OLQHDJHV DUH LQYROYHG LQ WKH GHYHORSPHQW RI GHQGULWLF FHOOV� �

0\HORLG OLQHDJH LQFOXGHV PRQRF\WHV� PDFURSKDJHV� EDVRSKLOV� QHXWURSKLOV� HRVLQRSKLOV�

HU\WKURF\WHV� DQG SODWHOHWV� /\PSKRLG SURJHQLWRUV JLYH ULVH WR 7� %� 1DWXUDO NLOOHUV� DQG

LQQDWH O\PSKRLG FHOOV� 7KH KHPDWRSRLHWLF WLVVXHV FDQ JLYH ULVH WR FHOOV FDSDEOH RI

ORQJ�WHUP DQG VKRUW�WHUP UHJHQHUDWLRQ DV ZHOO DV FRPPLWWHG PXOWLSRWHQW RU XQLSRWHQW

SURJHQLWRUV�

)LJ ��� 6LWHV RI KHPDWRSRLHVLV LQ SUH DQG SRVWQDWDO SHULRG� 7KH PDMRU VLWHV RI SUHQDWDO
KHPDWRSRLHVLV LQ KXPDQV DUH WKH \RON VDF� OLYHU� DQG ERQH PDUURZ� $IWHU ELUWK� +6&V DULVH IURP
WKH ERQH PDUURZ RI WKH VWHUQXP� ULEV� O\PSK QRGHV� DQG IHPXU� �5HSURGXFHG IURP +HPDWRORJ\�
&OLQLFDO 3ULQFLSOHV DQG $SSOLFDWLRQV� �UG HG� 6DXQGHU� ������

$V SUHYLRXVO\ PHQWLRQHG� WKH ILUVW IHZ +6&V LQ KXPDQV DQG PLFH DUH IRXQG LQ WKH

HQGRWKHOLDO OLQLQJ RI WKH DRUWD�JRQDG�PHVRQHSKURV DQG XPELOLFDO DUWHULHV� ,Q GHYHORSLQJ

HPEU\RV� EORRG IRUPDWLRQ RFFXUV LQ VR�FDOOHG EORRG LVODQGV LQ WKH \RON VDFV� IRUPLQJ WKH

DJJUHJDWHV RI EORRG FHOOV LQ PDPPDOV� 6OLJKWO\ ODWHU� +6&V DUH IRXQG LQ WKH VSOHHQ�

O\PSK QRGHV� DQG IHWDO OLYHU�']LHU]DN 	 %LJDV� ����� ']LHU]DN 	 6SHFN� ������ )RXU

PRQWKV LQWR SUHQDWDO GHYHORSPHQW� ERQH PDUURZ WDNHV XS WKH WDVN RI EORRG FHOO

IRUPDWLRQ IRU WKH HQWLUH RUJDQLVP �%LUEUDLU 	 )UHQHWWH� ������ ,Q DGXOWV� PRVW RI WKH

+6&V DUH IRXQG LQ WKH ERQH PDUURZ RI WKH SHOYLV� IHPXU� DQG VWHUQXP� +RZHYHU� WKH
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VSOHHQ� O\PSK QRGHV� WK\PXV� DQG OLYHU DUH WKH PDMRU VLWHV IRU WKH PDWXUDWLRQ DQG

DFWLYDWLRQ RI WKH O\PSKRLG FHOOV� >5HIHU WR ILJ� ���@

��� *HQHWLF &RQWURO RI +HPDWRSRLHVLV

����� 3ULPLWLYH +HPDWRSRLHVLV

7KH PDMRU UHJXODWRUV RI SULPLWLYH KHPDWRSRLHVLV DUH JDWD� DQG SX� �VISL� LQ PLFH� VSL LQ

]HEUDILVK�� JDWD� LV WKH PDVWHU UHJXODWRU RI HU\WKURF\WH GHYHORSPHQW� ZKHUHDV SX� LV WKH

PDVWHU UHJXODWRU RI P\HORLG OLQHDJHV �&DQWRU 	 2UNLQ� ����� 6FRWW HW DO�� ������ JDWD�

NQRFNRXW PLFH GLH GXULQJ JHVWDWLRQ GXH WR SHUWXUEHG SUR�HU\WKUREODVW PDWXUDWLRQ LQWR

HU\WKURF\WHV� ,Q ]HEUDILVK� HU\WKURF\WH�VSHFLILF KHPRJORELQ LV YLVLEOH ZLWK EHQ]LGLQH

VWDLQLQJ LQ WKH FHOOV H[SUHVVLQJ JDWD�� LQGLFDWLQJ WKH SUHVHQFH RI DOSKD DQG EHWD

HPEU\RQLF JORELQ H[SUHVVLRQ LQ WKHVH FHOOV �'HWULFK HW DO�� ������ JDWD� NQRFNGRZQ

H[SHULPHQWV LQ ]HEUDILVK DOVR VKRZHG WKH LQFUHDVHG H[SUHVVLRQ RI SX�� PSR

�P\HORSHUR[LGDVH� D JUDQXORF\WH�VSHFLILF JHQH�� DQG O�SODVWLQ �OFS��� VXJJHVWLQJ WKH

VZLWFK LQ GLIIHUHQWLDWLRQ SDWWHUQ IURP HU\WKURLG�VSHFLILF WR P\HORLG FHOOV� ,Q FRQWUDVW� 3X�

NQRFNGRZQ OHDGV WR WKH LQFUHDVHG H[SUHVVLRQ RI JDWD� DQG VZLWFKHV WR WKH H[SUHVVLRQ

RI HU\WKURLG IDWH�VSHFLILF JHQHV �5KRGHV HW DO�� ������ 7KH VWXGLHV KDYH VKRZQ WKDW

JDWD� DQG SX� LQWHUDFW SK\VLFDOO\� WKXV VKRZLQJ WKH GLUHFW FURVV�LQKLELWRU\ FRPSHWLWLRQ

IRU WDUJHW JHQHV�

����� 'HILQLWLYH +HPDWRSRLHVLV

5XQ[�� D PHPEHU RI WKH 5XQW IDPLO\ RI WUDQVFULSWLRQ IDFWRUV� KDV EHHQ VKRZQ WR SOD\ DQ

LPSRUWDQW UROH LQ KHPDWRSRLHVLV �:DQJ HW DO�� ������ 5XQ[���� PLFH VKRZ GHFUHDVHG

H[SUHVVLRQ RI GHILQLWLYH HU\WKURLG� P\HORLG� DQG O\PSKRLG OLQHDJH FHOOV� ,Q ]HEUDILVK�

5XQ[� LV H[SUHVVHG LQ WKH SRVWHULRU ODWHUDO PHVRGHUP DQG QHXUDO WLVVXHV DW ILYH VRPLWH

VWDJHV DQG LQ WKH GRUVDO DRUWD DW �� KSI GXULQJ GHYHORSPHQW� UXQ[� LV DOVR LQYROYHG LQ

SULPLWLYH KHPDWRSRLHVLV LQ ]HEUDILVK EXW SOD\V D YLWDO UROH LQ GHILQLWLYH KHPDWRSRLHVLV�

�%XUQV HW DO�� ����� *HULQJ 	 3DWLHQW� ����� .DOHY�=\OLQVND HW DO�� ������ ,Q ]HEUDILVK�

F�P\E LV H[SUHVVHG DW DURXQG WKH ��±�� VRPLWH VWDJH� L�H�� GXULQJ WKH SULPLWLYH ZDYH�

DQG DW �� KSI LQ WKH YHQWUDO DRUWD� ZLWK FHOOV H[SUHVVLQJ 5XQ[� LQ D GHILQLWLYH ZDYH� $OVR�

��
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VWXGLHV KDYH VKRZQ WKDW P\E NQRFNRXW PLFH GLH DV D UHVXOW RI IDLOXUH LQ IHWDO OLYHU

KHPDWRSRLHVLV� WKXV LQGLFDWLQJ WKH UROH RI F�P\E LQ GHILQLWLYH ZDYH RI KHPDWRSRLHVLV

�0XFHQVNL HW DO�� ������

)LJ ��� ([SUHVVLRQ SDWWHUQV RI PDMRU 7)V LQYROYHG LQ KDHPDWRSLHVLV GXULQJ ]HEUDILVK
HDUO\ GHYHORSPHQWDO VWDJHV ����� VRPLWH VWDJH�� �UHSURGXFHG IURP 'DYLGVRQ 	 =RQ� ������

����� *HQHV LQYROYHG LQ KHPDQJLREODVW LQGXFWLRQ

$Q DUUD\ RI WUDQVFULSWLRQ IDFWRUV PRGHUDWHV KHPDQJLREODVW LQGXFWLRQ GXULQJ ]HEUDILVK

GHYHORSPHQW� 7KHVH KHPDQJLREODVWV� SUHFXUVRUV WR WKH HU\WKURLG DQG HQGRWKHOLDO

SURJHQLWRUV� DUH IRUPHG ZLWKLQ WKH $/0 �YHQWUDO ODWHUDO PHVRGHUP�� WKH SULPDU\ VLWH RI

SULPLWLYH KHPDWRSRLHVLV GXULQJ ]HEUDILVK HDUO\ GHYHORSPHQW�/LDR HW DO�� ����� 3KDP HW

DO�� ����� 6XPDQDV HW DO�� ����� 7KRPSVRQ HW DO�� ������ &HOOV FR�H[SUHVVLQJ 7DO��

*DWD�� )OL�� /PR�� DQG (WVUS� PDMRU UHJXODWRUV RI KHPDQJLREODVW GHYHORSPHQW�

H[SUHVVHG LQ ERWK WKH DQWHULRU DQG SRVWHULRU ODWHUDO PHVRGHUP �3DLN 	 =RQ� ������

7KHVH WUDQVFULSWLRQ IDFWRUV DUH HVVHQWLDO IRU HQGRWKHOLDO DQG KHPDWRSRLHWLF

GLIIHUHQWLDWLRQ� VR WKHVH FHOOV DUH SRVWXODWHG WR EH KHPDQJLREODVWV� )RU H[DPSOH�
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*DWD��GHILFLHQW PLFH DUH HPEU\RQLFDOO\ OHWKDO DQG GLH RI VHYHUH DQHPLD� SURYLQJ WKH

LPSRUWDQFH RI *DWD� LQ +6& PDLQWHQDQFH DQG SUROLIHUDWLRQ �7VDL HW DO�� ������ $OVR� 7DO�

NQRFNGRZQ VKRZV DGYHUVH HIIHFWV RQ HQGRWKHOLDO GLIIHUHQWLDWLRQ� DQG WKH

GRXEOH�QHJDWLYH PXWDQW GRHV QRW VKRZ P\HORSRLHVLV RU SULPLWLYH KHPDWRSRLHVLV LQ

]HEUDILVK DQG PLFH �'RROH\ HW DO�� ����� 3DWWHUVRQ HW DO�� ����� 6KLYGDVDQL HW DO�� ������

)XUWKHUPRUH� /PR� LV H[SUHVVHG ZLWK 7DO� DQG *DWD� DQG LV QHFHVVDU\ IRU

HU\WKURSRLHVLV LQ WKH \RON VDF LQ PLFH� ,Q PLFH� ORVV RI (WVUS �(WY�� UHVXOWV LQ WRWDO

GHSOHWLRQ RI HQGRWKHOLXP DQG EORRG FHOOV� LQGLFDWLQJ LWV UROH LQ SURGXFLQJ ELSRWHQW

SURJHQLWRUV� 7KHVH FHOOV� FR�H[SUHVVLQJ IOL�� OPR�� JDWD�� WDO�� DQG HWVUS LQ WKH DQWHULRU

DQG SRVWHULRU ODWHUDO PHVRGHUP RI ]HEUDILVK� FDQ GLIIHUHQWLDWH LQWR DQJLREODVWV

�HQGRWKHOLDO SURJHQLWRUV� RU +6&V� VXSSRUWLQJ WKH KHPDQJLREODVW WKHRU\�

��� 7UDQVSRVDEOH HOHPHQWV RI WKH JHQRPH

7UDQVSRVDEOH HOHPHQWV �7(V� DUH UHSHWLWLYH '1$ VHTXHQFHV WKDW PRYH ZLWKLQ WKH

RUJDQLVP
V JHQRPH� 7KH\ ZHUH ILUVW GLVFRYHUHG E\ %DUEDUD 0F&OLQWRFN LQ WKH ����V�

ZKR REVHUYHG WKHLU DELOLW\ WR DOWHU JHQH H[SUHVVLRQ �0F&OLQWRFN� ������ 7(V DUH

XELTXLWRXV LQ HXNDU\RWLF JHQRPHV DQG FDQ FRPSULVH D VLJQLILFDQW IUDFWLRQ RI WKH JHQRPH

VL]H� FRQVWLWXWLQJ KDOI RI WKH KXPDQ JHQRPH� 3UHYLRXVO\� 7(V ZHUH VRPHWLPHV UHIHUUHG

WR DV �VHOILVK '1$� RU �JHQHWLF SDUDVLWHV� DQG FRQVLGHUHG WR KDYH QR UROH LQ WKH

SDWKRSK\VLRORJLFDO SURFHVV� +RZHYHU� WKH UHVHDUFK LQ UHFHQW GHFDGHV VKRZHG D VWURQJ

FRUUHODWLRQ EHWZHHQ WKH H[SUHVVLRQ SDWWHUQ RI WKHVH HOHPHQWV DQG HVVHQWLDO

SK\VLRORJLFDO SURFHVVHV� 7UDQVSRVDEOH HOHPHQWV SOD\HG D VLJQLILFDQW UROH LQ VKDSLQJ WKH

HYROXWLRQDU\ KLVWRU\ RI HXNDU\RWLF JHQRPHV DQG FRQWLQXH WR JHQHUDWH QHZ YDULDQWV LQ WKH

SRSXODWLRQ�)HVFKRWWH� ����� .D]D]LDQ� ������

7UDQVSRVDEOH HOHPHQWV �7(V� FDQ EH GLYLGHG LQWR WZR PDMRU FODVVHV EDVHG RQ WKHLU

WUDQVSRVLWLRQ PHFKDQLVP� &ODVV , DQG &ODVV ,,� &ODVV , 7(V� DOVR NQRZQ DV

UHWURWUDQVSRVRQV� XVH D WZR�VWHS �FRS\ DQG SDVWH� PHFKDQLVP� $Q 51$ LQWHUPHGLDWH LV

ILUVW WUDQVFULEHG IURP WKH UHSHWLWLYH '1$ VHTXHQFH DQG UHYHUVH�WUDQVFULEHG EDFN LQWR

'1$ EHIRUH EHLQJ LQVHUWHG DW D QHZ JHQRPLF ORFDWLRQ� 5HWURWUDQVSRVRQV FDQ EH

FODVVLILHG LQWR ORQJ WHUPLQDO UHSHDWV �/75� DQG QRQ�/75 HOHPHQWDU\ UHSHDWV� /,1( �/RQJ
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,QWHUVSHUVHG 1XFOHDU (OHPHQWV� DUH QRQ�/75V DXWRQRPRXV LQ WKHLU WUDQVSRVDVH DFWLYLW\�

ZKHUHDV 6KRUW ,QWHUVSHUVHG 1XFOHDU (OHPHQWV �6,1(� DUH QRQDXWRQRPRXV� H�J�� $OX�

DQG GHSHQG RQ /,1( IRU UHWURWUDQVSRVLWLRQ�

)LJ ���� 0HFKDQLVP RI DFWLRQ RI &ODVV , DQG &ODVV ,, 7(V� 6FKHPDWLF UHSUHVHQWDWLRQ RI &ODVV
, DQG &ODVV ,, 7(V VKRZLQJ ³&RS\ 3DVWH´ �OHIW � DQG ³&XW�3DVWH´ �ULJKW� PHFKDQLVPV�

&ODVV ,, 7(V� DOVR NQRZQ DV '1$ WUDQVSRVRQV� XVH D �FXW DQG SDVWH� PHFKDQLVP LQ

ZKLFK WKH 7( '1$ VHTXHQFH LV GLUHFWO\ H[FLVHG IURP LWV RULJLQDO ORFDWLRQ DQG LQVHUWHG DW

D QHZ VLWH LQ WKH JHQRPH� %RWK &ODVV , DQG &ODVV ,, 7(V FDQ FDXVH PXWDWLRQV DQG DOWHU

WKH JHQHWLF LQIRUPDWLRQ RI DQ RUJDQLVP E\ LQVHUWLQJ LQWR RU QHDU JHQHV RU UHJXODWRU\

VHTXHQFHV� +RZHYHU� UHWURWUDQVSRVRQV DUH PRUH SUHYDOHQW DQG KDYH VLJQLILFDQWO\

LPSDFWHG JHQRPH HYROXWLRQ GXH WR WKHLU DELOLW\ WR DPSOLI\ DQG VSUHDG WKURXJK WKH

JHQRPH YLD 51$ LQWHUPHGLDWHV�

����� 7UDQVSRVDEOH HOHPHQWV DQG KHPDWRSRLHVLV

$OWKRXJK UHSHWLWLYH HOHPHQWV KDYH EHHQ UHFRJQL]HG IRU PDQ\ \HDUV� OLWWOH LV NQRZQ DERXW

WKHLU UROH LQ KHPDWRSRLHWLF PDLQWHQDQFH DQG DFWLYDWLRQ� 5HFHQW UHVHDUFK LQ WKH

��



KHPDWRSRLHWLF ILHOG KDV IRFXVHG RQ WKH UROH RI WUDQVSRVDEOH HOHPHQWV LQ KHPDWRSRLHVLV�

6FKXPDQQ HW DO� VKRZHG WKDW H[SUHVVLRQ OHYHOV RI WUDQVSRVDEOH HOHPHQWV IDPLO\ /,1(�

LQ WKH KRPHRVWDVLV RI +6&V LQ KXPDQV DQG PLFH ZHUH QRW VLJQLILFDQW� ZLWK ORZ OHYHOV RI

WUDQVSRVLWLRQ�6FKXPDQQ HW DO�� ������ /DWHU� LW ZDV VKRZQ WKDW /,1(� H[SUHVVLRQ DQG

UHWURWUDQVSRVLWLRQ LQFUHDVHG ZLWK LRQL]LQJ UDGLDWLRQ� OHDGLQJ WR WKH LPSDLUPHQW RI +6&

IXQFWLRQ� 7KH DXWKRUV DOVR GHPRQVWUDWHG WKDW WKURPERSRLHWLQ LQGXFHG DQ LQWHUIHURQ

UHVSRQVH WKDW VXSSUHVVHG 7( H[SUHVVLRQ� PLQLPL]LQJ UHWURWUDQVSRVRQ�PHGLDWHG

GDPDJH WR +6&V �%DUELHUL HW DO�� ������ 6WXGLHV KDYH VKRZQ WKDW VWUHVV VLJQDOV DFWLYDWH

WUDQVSRVDEOH HOHPHQWV �+XPPHO HW DO�� ����� 6KS\OHYD HW DO�� ����� =RYRLOLV HW DO��

������ ,Q +6&V� LQFUHDVHG H[SUHVVLRQ RI YDULRXV 7(V ZDV REVHUYHG ZLWK SK\VLRORJLFDO

VWUHVV OLNH DJLQJ� &DSRQH HW DO� DQG &HFFR HW DO� VKRZHG WKDW VHQHVFHQW KXPDQ +6&V

LQFUHDVHG WUDQVSRVDEOH HOHPHQWV
 DFWLYLW\ DQG DFWLYDWLRQ RI LQIODPPDWRU\ VLJQDOLQJ�

�&DSRQH HW DO�� ����� 'H &HFFR HW DO�� ������

7URPSRXNL
V ODE UHFHQWO\ LGHQWLILHG WKDW WKH IRUPDWLRQ RI +6&V GXULQJ GHYHORSPHQW LV

PHGLDWHG E\ WKH LQWHUSOD\ EHWZHHQ 51$ VHQVRUV LQYROYHG LQ LQQDWH LPPXQH VLJQDOLQJ

DQG 7(V� 7KH WUDQVFULSWV RI UHSHWLWLYH HOHPHQWV WULJJHU LQQDWH LPPXQH UHFHSWRUV OLNH

5,*�, DQG OHDG WR WKH HQKDQFHG IRUPDWLRQ RI +6&V �3RQWLV HW DO�� ������ :KLOH VWXG\LQJ

FKHPRWKHUDS\�LQGXFHG +6& UHJHQHUDWLRQ� RXU ODE KDV VKRZQ WKDW WUDQVSRVDEOH HOHPHQW

H[SUHVVLRQ LQFUHDVHV ZLWKLQ � KRXUV RI ��IOXRURXUDFLO LQMHFWLRQ� 7KHVH WUDQVSRVDEOH

HOHPHQWV IXUWKHU ELQG WR WKH LQQDWH LPPXQH UHFHSWRU 0'$�� ZKLFK DFWLYDWHV WKH

LQIODPPDWRU\ VLJQDOLQJ QHFHVVDU\ IRU +6&V WR H[LW WKH TXLHVFHQW VWDJH �/HINRSRXORV HW

DO�� ������

7KHVH VWXGLHV SURYLGH HYLGHQFH IRU WKH LQYROYHPHQW RI 7(V LQ KHPDWRSRLHVLV DQG

VXJJHVW WKDW WKHVH HOHPHQWV SOD\ D UROH LQ WKH UHJXODWLRQ RI JHQH H[SUHVVLRQ DQG FHOOXODU

GLIIHUHQWLDWLRQ LQ WKH KHPDWRSRLHWLF V\VWHP� )XUWKHU UHVHDUFK LV QHHGHG WR XQGHUVWDQG

WKH PHFKDQLVPV XQGHUO\LQJ WKLV SURFHVV HQWLUHO\�

��� &5,635�&DV�� *HQRPH HGLWLQJ WHFKQRORJ\

&5,635�&DV� JHQH HGLWLQJ LV DQ HIILFLHQW� VSHFLILF� DQG YHUVDWLOH JHQRPH HGLWLQJ

WHFKQRORJ\ FDSDEOH RI FDXVLQJ LUUHYHUVLEOH FKDQJHV LQ WKH RUJDQLVP
V JHQRPH� :LWK
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&5,635� LW LV QRZ SRVVLEOH WR KDUQHVV� PRGLI\� GHOHWH� RU FRUUHFW WKH SUHFLVH UHJLRQ RI

WKH '1$ DQG JHQHUDWH VWDEOH WUDQVJHQLFV� 7KH GLVFRYHU\ RI &5,635 OHG WR -HQQLIHU

'RXGQD DQG (PPDQXHOOH &KDUSHQWLHU ZLQQLQJ WKH 1REHO SUL]H LQ FKHPLVWU\ LQ ����� 7KH

WHFKQLTXH LV EDVHG RQ WKH VLPSOLILHG YHUVLRQ RI WKH EDFWHULDO DQWLYLUDO GHIHQVH V\VWHP

&5,635�&DV�� ZKLFK VWDQGV IRU WKH &OXVWHUHG 5HJXODUO\ ,QWHUVSHUVHG 6KRUW 3DOLQGURPLF

6HTXHQFHV DQG FRQVLVWV RI WZR PDMRU FRPSRQHQWV� &DV� QXFOHDVH SURWHLQ FRPSOH[HG

ZLWK VKRUW� XQLTXH� DQG VSHFLILF JXLGH 51$� 2Q VXFFHVVIXO GHOLYHU\ LQ FHOOV� LW ELQGV WR

WKH GHVLUHG ORFDWLRQ� DOORZLQJ H[LVWLQJ JHQHV WR EH UHSODFHG ZLWK QHZ RQHV�

)LJXUH ��� 7ZR PDMRU SDWKZD\V PHGLDWLQJ &5,635�&DV� JHQRPH HGLWLQJ V\VWHP�
�5HSURGXFHG IURP 7DYDNROL HW DO�� ������

:LWKLQ WKH FHOO� WKH &DV� QXFOHDVH SURWHLQ DFW DV JHQHWLF VFLVVRUV RSHQLQJ ERWK VWUDQGV

RI WKH WDUJHWHG '1$ VHTXHQFH WR LQWURGXFH PRGLILFDWLRQ E\ HLWKHU KRPRORJ\�PHGLDWHG

UHSDLU �+'5� RU QRQ�KRPRORJRXV HQG MRLQLQJ RU SRO\PHUDVH WKHWD�PHGLDWHG HQG MRLQLQJ

�70(-�� +'5 LV WKH WUDGLWLRQDO WDUJHWHG JHQRPH HGLWLQJ SDWKZD\ WR JHQHUDWH NQRFN�LQ

PXWDWLRQV� DOORZLQJ WKH LQWURGXFWLRQ RI WDUJHWHG '1$ GDPDJH DQG UHSDLU� +'5 GULYHV

WKH UHSDLU RI '1$ EUHDNV YLD H[RJHQRXV '1$ DV WKH UHSDLU WHPSODWH� .QRFN�RXW

PXWDWLRQV E\ &5,635�&DV� UHVXOW IURP WKH DFWLYLW\ RI 1+(-�70(- SDWKZD\V DW WKH

GRXEOH�VWUDQGHG '1$ EUHDN VLWHV� 7KH QRQ�KRPRORJRXV HQG�MRLQLQJ SDWKZD\V
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VRPHWLPHV UHVXOW LQ WKH UDQGRP GHOHWLRQ RU LQVHUWLRQ PXWDWLRQ� ZKLFK PD\ DOWHU WKH

VWUXFWXUDO RU IXQFWLRQDO LQWHJULW\ RI WKH JHQH��7DYDNROL HW DO�� �����

����� &5,635 DFWLYDWLRQ DQG ,QKLELWLRQ

5HFHQWO\� &5,635 KDV EHHQ UHRUFKHVWUDWHG IRU PRUH VRSKLVWLFDWHG DSSOLFDWLRQV VXFK DV

&5,635 DFWLYDWLRQ DQG LQKLELWLRQ� ,Q WKLV WHFKQLTXH� FDWDO\WLFDOO\ LQDFWLYH &DV� SURWHLQ LV

IXVHG WR WKH WUDQVFULSWLRQDO DFWLYDWRU RU UHSUHVVRU GRPDLQ� 7KLV DOORZV WKH PRGXODWLRQ RI

WKH H[SUHVVLRQ RI JHQHV WDUJHWHG E\ VJ51$ DQG PDQLSXODWHV WKH HVVHQWLDO SDWKZD\V

DQG WUDLWV ZLWKRXW DOWHULQJ WKH WDUJHW VHTXHQFH� :LWK &5,635D�L LW LV QRZ SRVVLEOH WR

UHJXODWH WKH H[SUHVVLRQ RI PXOWLSOH WDUJHW JHQHV ZLWK WKH PXOWLSOH[ J51$ DUUD\�

&5,635 DFWLYDWLRQ

&5,635D XVHV G&DV� IXVHG ZLWK WKH WUDQVFULSWLRQDO DFWLYDWRU GRPDLQV VXFK DV 93���

93���� RU 935 WR DFWLYDWH JHQH H[SUHVVLRQ� &5,635D DOORZV WKH LQFUHDVHG H[SUHVVLRQ

RI JHQHV LQ WKHLU QDWLYH FRQWH[W� LQ FRQWUDVW WR WKH JDLQ RI IXQFWLRQ SODVPLGV RU

OHQWLYLUDO�EDVHG 25)V� 7UDQVFULSWLRQDO DFWLYDWRUV LQ IXVLRQ ZLWK G&DV� FDQ EH WDUJHWHG WR

WKH SURPRWHU RU H[RQLF UHJLRQ RI WKH WDUJHW JHQH� ZKLFK DVVLVWV LQ WKH UHFUXLWPHQW RI

WUDQVFULSWLRQ PDFKLQHU\� LQFOXGLQJ 51$ SRO\PHUDVH ,,�

&5,635 LQKLELWLRQ

&5,635L FDQ VWHULFDOO\ KLQGHU WKH WUDQVFULSWLRQ RI WKH WDUJHW JHQH E\ EORFNLQJ

WUDQVFULSWLRQ LQLWLDWLRQ RU HORQJDWLRQ� &5,635L DOORZV UREXVW PRGXODWLRQ RI JHQH

H[SUHVVLRQ ZLWK XS WR ���� � UHSUHVVLRQ�/DUVRQ HW DO�� ������ 7KH VWUHQJWK RI UHSUHVVLRQ

FDQ EH WXQHG E\ WKH G&DV� FRPSOH[ ZLWK .5$% RU 6$//��6'6� GRPDLQV RU E\

FKDQJLQJ WKH FRPSOHPHQWDULW\ EHWZHHQ WKH J51$ DQG WHPSODWH�
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)LJ ���� 6FKHPDWLF UHSUHVHQWDWLRQ RI &5,635 DFWLYDWLQJ DQG LQKLELWLQJ FRPSOH[�
51$�SURJUDPPHG DFWLYDWRUV RU UHSUHVVRUV FDQ EH IXVHG GLUHFWO\ WR G&DV�� $FWLYDWRUV IRUP
FRPSOH[HV YLD GLUHFW ELQGLQJ RI 93�� RU LQGLUHFW YLD 06� ELQGLQJ ZLWK 1)�NE DQG S���+6)� ,Q
FRQWUDVW� .5$% WUDQVFULSWLRQDO UHSUHVVRU UHFUXLWV GH�QRYR PHWK\OWUDQVIHUDVH �$ DQG /6'�
GLUHFWO\ RU LQGLUHFWO\ WR UHSUHVV WKH JHQH� �5HSURGXFHG IURP 2YHUYLHZ RI &5,635�&DV� 6\VWHPV
_ 'XNH 9LUDO 9HFWRU &RUH��

��� =HEUDILVK DV D PRGHO IRU KHPDWRSRLHVLV

+DHPDWRSRLHVLV LV D FRPSOH[ SURFHVV DIIHFWHG E\ WKH PXOWLSOH VLJQDOLQJ SDWKZD\V

UHJXODWLQJ HDFK VWHS RI WKH EORRG IRUPDWLRQ SURFHVV� IURP HDUO\ SUHFXUVRUV WR WKH PRVW

GLIIHUHQWLDWHG EORRG FHOO W\SHV� $Q\ SHUWXUEDWLRQV LQ KRPHRVWDVLV OHDG WR FKDQJHV LQ

SK\VLRORJLF FRQGLWLRQV OLNH R[\JHQ WUDQVSRUW DQG WKH LPPXQH UHVSRQVH WR SDWKRJHQV� ,Q

UHFHQW GHFDGHV� WKH ]HEUDILVK KDV HPHUJHG DV D UREXVW YHUWHEUDWH PRGHO WR VWXG\

YDULRXV GHYHORSPHQWDO SURFHVVHV� LQFOXGLQJ KHPDWRSRLHVLV� =HEUDILVK DUH DERXW ���±�

FP ORQJ� ZLWK D OLIHVSDQ RI DSSUR[LPDWHO\ WKUHH \HDUV� +RZHYHU� WKH PDMRU IHDWXUH

LQFOXGHV H[WHUQDO IHUWLOL]DWLRQ ZLWK RSWLFDO WUDQVSDUHQF\ GXULQJ HPEU\RQLF GHYHORSPHQW�

DOORZLQJ YLVXDO DQDO\VLV RI HDUO\ GHYHORSPHQW� 7KH XVH RI ]HEUDILVK DV D PRGHO

RUJDQLVP LQFUHDVHG DIWHU WKH FRPSOHWH JHQRPH VHTXHQFLQJ SURMHFW �+RZH HW DO�� ������

+XPDQV DQG ]HEUDILVK VKDUH ��� RI WKH VDPH JHQHV� DQG ��� RI GLVHDVHV DVVRFLDWHG

ZLWK KXPDQ JHQHV DUH FRQVHUYHG LQ ]HEUDILVK �+RZH HW DO�� ������ ,PSRUWDQWO\� WKH

KHPDWRSRLHVLV�FRQWUROOLQJ SURFHVVHV LQ ]HEUDILVK DUH UHWDLQHG LQ PDPPDOV� LQFOXGLQJ

KXPDQV� 7KH ]HEUDILVK PRGHO V\VWHP LV PRUH DPHQDEOH WR ODUJH�VFDOH JHQHWLF

VFUHHQLQJ WKDQ RWKHU YHUWHEUDWH JHQHWLF PRGHOV� VXFK DV PLFH DQG GURVRSKLOD� UHVXOWLQJ

LQ WKH FKDUDFWHUL]DWLRQ RI PRUH WKDQ ��� PXWDQW SKHQRW\SHV GXULQJ HDUO\ GHYHORSPHQW�
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$GGLWLRQDOO\� WKH JHQHUDWLRQ RI WUDQVJHQLFV XVLQJ &5,635 LV YHU\ HDV\ LQ ]HEUDILVK�

IROORZHG E\ DQ HDV\ VFUHHQLQJ RI RIIVSULQJ XVLQJ PLFURVFRS\�

&KURPDWLQ DUFKLWHFWXUH LV DQ HVVHQWLDO UHJXODWRU RI JHQH H[SUHVVLRQ� DQG DQ\

SHUWXUEDWLRQV RI WKLV SURFHVV FDQ OHDG WR KHPDWRSRLHWLF PDOLJQDQFLHV� 7KH ]HEUDILVK LV D

JUHDW PRGHO RUJDQLVP IRU VWXG\LQJ WKH PHFKDQLVPV RI FKURPDWLQ FRQWURO DQG HSLJHQHWLF

UHJXODWRUV XVLQJ FKURPDWLQ�PRGLI\LQJ PHGLFLQHV� 7KH UHJXODWRU\ HOHPHQWV FDQ EH

LGHQWLILHG E\ SHUIRUPLQJ FKURPDWLQ LPPXQRSUHFLSLWDWLRQ �&K,3� IROORZHG E\ VHTXHQFLQJ�

0DQ\ FRQVHUYHG DQWLERGLHV DJDLQVW KLVWRQH PDUNV IURP GLIIHUHQW VSHFLHV KDYH EHHQ

VXFFHVVIXOO\ WHVWHG HIIHFWLYHO\ LQ ]HEUDILVK �%RJGDQRYLF HW DO�� ����� 3DLN 	 =RQ� �����

9DVWHQKRXZ HW DO�� ������ 2WKHU VHTXHQFLQJ WHFKQLTXHV� VXFK DV $7$&�VHT IRU

LGHQWLI\LQJ UHJXODWRU\ HOHPHQWV E\ GHWHFWLQJ FKURPDWLQ DFFHVVLEOH UHJLRQV UHTXLUHV IDU

OHVV LQSXW WKDQ &K,3�VHT� KDYH EHHQ XWLOL]HG VXFFHVVIXOO\ IRU VLQJOH FHOOV �'RJDQOL HW DO��

������ $GGLWLRQDOO\� 0XOWL�2PLFV H[SHULPHQWV VXFK DV SURWHRPLFV� 6LQJOH�FHOO RU EXON

51$ VHTXHQFLQJ WR VWXG\ WKH JHQH H[SUHVVLRQ SURILOHV FDQ EH SHUIRUPHG LQ ]HEUDILVK�

)LJ ���� 7KH DGYDQWDJHV RI XVLQJ =HEUDILVK DV D KHPDWRSRLHWLF PRGHO RUJDQLVP �GH 3DWHU

	 7URPSRXNL� �����
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����� *HQHWLF VFUHHQV

)RUZDUG JHQHWLF VFUHHQV UHVXOWHG LQ PDQ\ EORRG�UHODWHG PXWDQWV LQ ]HEUDILVK� DOORZLQJ

UHVHDUFKHUV WR GLVVHFW JHQHV LQYROYHG LQ KHPDWRSRLHWLF PDOLJQDQFLHV �UHYLHZHG E\ +VLD

	 =RQ� ������ =HEUDILVK PXWDQWV ZLWK GHIHFWV LQ KHPDWRSRLHVLV PLPLF KXPDQ EORRG

GLVRUGHUV� PDNLQJ WKHP VLJQLILFDQWO\ LPSRUWDQW LQ ODUJH�VFDOH GUXJ VFUHHQV WR GHVLJQ

WKHUDSHXWLF VWUDWHJLHV DJDLQVW GLVHDVHV� 0DQ\ KXPDQ KHPDWRSRLHWLF GLVRUGHUV KDYH

DOUHDG\ EHHQ PRGHOHG LQ ]HEUDILVK� VXFK DV OHXNHPLD� O\PSKRPD� DQHPLD�

WKURPERF\WRSHQLD� DQG ERQH PDUURZ IDLOXUH V\QGURPHV� 6XFK D PXWDWLRQ LQ WKH WE[��

JHQH LQ WKH VSDGHWDLO PXWDQW VKRZHG GHIHFWLYH PHVRGHUPDO WLVVXHV� LQFOXGLQJ EORRG�

7KH JHQHWLF IHDWXUHV DOVR VKRZHG GHSOHWLRQ LQ WKH H[SUHVVLRQ OHYHOV RI WKH

KHPDWRSRLHWLF PDUNHUV WDO�� LPR�� JDWD�� IOL�� DQG JDWD�� 7KH 9ODGWDSHV PXWDQW ZLWK D

QRQVHQVH SRLQW PXWDWLRQ LQ JDWD� SOD\HG DQ HVVHQWLDO UROH LQ GHFRGLQJ WKH IXQFWLRQ RI

JDWD� LQ SULPLWLYH KHPDWRSRLHVLV� 7KH PLQG�ERPE PXWDQW ZLWK D GHIHFWLYH 1RWFK

SDWKZD\ DIIHFWHG WKH H[SUHVVLRQ RI UXQ[� DQG FP\E� FULWLFDO SOD\HUV LQ GHILQLWLYH

KHPDWRSRLHVLV� FRQILUPLQJ WKH UROH RI 1RWFK VLJQDOLQJ LQ GHILQLWLYH KHPDWRSRLHVLV�

����� &5,635 WRROER[ LQ 'DQLR UHULR �=HEUDILVK�

7KH ]HEUDILVK ZDV WKH ILUVW YHUWHEUDWH PRGHO WR VKRZ WKDW &5,635�&DV� FDQ HIIHFWLYHO\

PRGLI\ WKH JHQRPH LQ YLYR ZLWK XS WR ��� WDUJHWLQJ HIIHFWLYHQHVV �+ZDQJ HW DO�� ������

&KDQJ HW DO� IXUWKHU JHQHUDWHG ELDOOHOLF JDWD� DQG HWVUS PXWDQWV� VKRZLQJ WKDW &5,635

JHQHUDWHG PXWDQWV SKHQRFRS\ WKH JHQHWLF PXWDQWV �&KDQJ HW DO�� ������ -DR HW DO�

������ GHPRQVWUDWHG WKDW FRGRQ�RSWLPL]HG &DV�� ZKHQ LQMHFWHG ZLWK VJ51$ DW WKH

RQH�FHOO VWDJH� FRXOG HIILFLHQWO\ LQGXFH ELDOOHOLF PXWDWLRQ� 8S WR ILYH JHQHV FDQ EH

WDUJHWHG VLPXOWDQHRXVO\ �-DR HW DO�� ������ 0XOWLSOH NLWV VXFK DV 7RO� DQG VWUHDPOLQHG

ZRUNIORZV KDYH EHHQ JHQHUDWHG WR FUHDWH ]HEUDILVK PXWDQWV XVLQJ &5,635�&DV�

�*DJQRQ HW DO�� ����� 9DUVKQH\ HW DO�� ������ 7KH IXVLRQ SURWHLQ G&DV� ZLWK

WUDQVFULSWLRQDO DFWLYDWRUV 93�� RU WUDQVFULSWLRQDO UHSUHVVRUV .5$% UHVXOWV LQ &5,635D�L

ZKHQ WDUJHWHG WR WKH FRGLQJ RU UHJXODWRU\ UHJLRQ RI WKH JHQH� 7KH IXQFWLRQDO YDOLGDWLRQ

RI &5,635D DQG &5,635L KDV EHHQ VKRZQ WR ZRUN LQ UHJXODWLQJ WKH H[SUHVVLRQ RI WKH

WDUJHW JHQH LQ ]HEUDILVK �/RQJ HW DO�� ������ 7KH DXWKRUV WDUJHWHG WKH IJI�D DQG IR[L�
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JHQHV� ZKLFK DUH HVVHQWLDO IRU RWLF SODFRGH LQGXFWLRQ� E\ VJ51$ FRLQMHFWHG ZLWK

G&DV��.5$%� 7KH\ REVHUYHG WKH UHGXFHG H[SUHVVLRQ RI ERWK JHQHV DW �� KSI� ZLWK

VPDOOHU RWLF YHVLFOHV DW �� KSI� :KLOH LQ WKH FDVH RI G&DV��93���� WKH H[SUHVVLRQ OHYHOV

RI IJI�D DQG IR[L� ZHUH HOHYDWHG� ZLWK UHODWLYHO\ ELJJHU RWLF YHVLFOHV DW �� KSI �/RQJ HW

DO�� ������ :LWK &5,635�L� LW LV QRZ SRVVLEOH WR LQWHJUDWH G&DV� XQGHU WLVVXH�VSHFLILF RU

FRQGLWLRQDO SURPRWHUV IRU PRUH UREXVW PRGXODWLRQ RI WKH H[SUHVVLRQ RI WDUJHW

JHQHV�&5,635D�L KDV QRW EHHQ XVHG SUHYLRXVO\ WR WDUJHW WUDQVSRVDEOH HOHPHQWV LQ WKH

]HEUDILVK V\VWHP�
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$LP DQG 2EMHFWLYHV RI WKH VWXG\

7KLV SURMHFW DLPV WR JHQHUDWH WKH &5,635�DFWLYDWLQJ DQG LQKLELWLQJ ]HEUDILVK OLQHV WR

GHFLSKHU WKH UROH RI WUDQVSRVDEOH HOHPHQWV LQ GHYHORSPHQWDO KHPDWRSRLHVLV�

� � *HQHUDWLQJ 51$ SUREHV DQG WHVWLQJ�

Ɣ 7R JHQHUDWH WKH 51$ SUREHV DJDLQVW PDMRU KHPDWRSRLHWLF 7) IDFWRUV� SHUIRUP

ZKROH PRXQW ,Q�VLWX K\EULGL]DWLRQ� DQG RSWLPL]H WKH SRVW�IHUWLOL]DWLRQ VWDJHV ZLWK

UHIHUHQFH WR WKH OLWHUDWXUH IRU WKH EHVW H[SUHVVLRQ SURILOH RI WKHVH IDFWRUV�

�� *HQHUDWLRQ RI &5,635 FRQVWUXFW XVLQJ WRO� NLW�

Ɣ *HQHUDWLQJ WKH DFWLYDWLQJ G&DV��93���� G&DV��93��� DQG ,QKLELWLQJ

G&DV��.5$% FRQVWUXFWV DQG FORQLQJ WKHP LQ WKH PLGGOH HQWU\ YHFWRU IRU JDWHZD\

DVVHPEO\�

Ɣ *DWHZD\ DVVHPEO\ RI WKHVH FRQVWUXFWV ZLWK WKH �¶ WLVVXH�VSHFLILF RU KHDW VKRFN

SURPRWHUV� PLGGOH HQWU\ YHFWRUV� DQG �¶ 3RO\$ WDLO XVLQJ WKH WRO� NLW WR JHQHUDWH

FRQGLWLRQDO WUDQVJHQLF OLQHV�

�� ,GHQWLI\LQJ WRS WDJV IRU JXLGH 51$ GHVLJQ

Ɣ &RPSDULQJ WKH H[SUHVVLRQ SURILOHV RI WUDQVSRVDEOH HOHPHQWV IDPLOLHV RI

HQGRWKHOLDO DQG KHPRJHQLF HQGRWKHOLDO FHOOV LQ ]HEUDILVK E\ WUDQVFULSWRPLFV

DQDO\VLV�

Ɣ 7R GHVLJQ D WDUJHW�VSHFLILF J51$ OLEUDU\ IRU WKH WRS KLWV IURP 7( DQDO\VLV�

�� 0LFURLQMHFWLRQ� ,QMHFWLQJ WKH &5,635 FRQVWUXFWV DQG WDUJHW VSHFLILF J51$ DW RQH FHOO

VWDJH LQ ]HEUDILVK�

�� $VVD\V WR PRGXODWH +6&V QXPEHU DQG GLIIHUHQWLDWLRQ�

Ɣ 3HUIRUPLQJ LQ VLWX K\EULGL]DWLRQ WR FKHFN WKH FKDQJH LQ H[SUHVVLRQ SURILOH IRU

PDMRU KHPDWRSRLHWLF IDFWRUV�

Ɣ :H ZLOO DOVR SHUIRUP )$&6� 51$�6HT� DQG 0LFURVFRS\ WR FKHFN IRU

GRZQUHJXODWHG DQG XSUHJXODWHG SDWKZD\V LQYROYHG LQ +6&V GLIIHUHQWLDWLRQ�

��



&KDSWHU �
0DWHULDOV DQG 0HWKRGV

��



��� &XOWXUH DQG 0DLQWHQDQFH RI 'DQLR UHULR �=HEUDILVK�

=HEUDILVK ZHUH PDLQWDLQHG SHU WKH VWDQGDUG SURFHGXUH GHVFULEHG SUHYLRXVO\

�:HVWHUILHOG� ������ 7KH ILVK IDFLOLW\ ZDV PDLQWDLQHG DW ��䉝� 6LQJOH�SDLU PDWLQJ FURVVHV

IRU WKH H[SHULPHQWV ZHUH VHW XS WKH SULRU HYHQLQJ E\ VHSDUDWLQJ PDOHV DQG IHPDOHV ZLWK

D EDUULHU� 7KH EDUULHUV ZHUH UHPRYHG WKH IROORZLQJ GD\� DQG WKH VLHYH ZDV NHSW DW DQ

LQFOLQH WR IDFLOLWDWH EUHHGLQJ� (PEU\RV ZHUH KDUYHVWHG E\ ILOWHULQJ ILVK ZDWHU DQG D TXLFN

ZDVK ZLWK HPEU\R PHGLD� 7KH HPEU\RV ZHUH LQFXEDWHG DW �����䉝� 7KH VWUDLQV XVHG LQ

WKLV VWXG\ DUH $%� &DVSU� LN]IS *)3 JDWD� GV5HG�

��� 5LERSUREH V\QWKHVLV

����� :KROH PRXQW LQ�VLWX K\EULGL]DWLRQ

51$ SUREHV ZHUH V\QWKHVL]HG XVLQJ WKH UHVSHFWLYH WHPSODWH YHFWRU IRU WKH GLIIHUHQW

SUREHV� ���� �J RI YHFWRU SODVPLG ZHUH OLQHDUL]HG XVLQJ WKH UHVWULFWLRQ GLJHVWLRQ LQ D ��

XO UHDFWLRQ LQFXEDWHG DW �� 䉝 IRU � KRXUV� 7KH UHDFWLRQ ZDV WHUPLQDWHG E\ DGGLQJ ���0

('7$� �0 1D$F� DQG �[�9� ��� HWKDQRO DQG '1$ ZDV DOORZHG WR SUHFLSLWDWH DW ��� IRU

� KRXU� '1$ ZDV SUHFLSLWDWHG LQ �� �O RI QXFOHDVH�IUHH ZDWHU �1):� DIWHU FHQWULIXJH DQG

TXDQWLILHG XVLQJ QDQRGURS� 7KH WUDQVFULSWLRQ ZDV VHW XS ZLWK ������� QJ RI OLQHDUL]HG

SODVPLG XVLQJ WKH P0(66$*( P0$&+,1( 7� WUDQVFULSWLRQ NLW �,QYLWURJHQ�� 7KH

UHDFWLRQ ZDV LQFXEDWHG DW ��䉝 IRU � KRXUV� 7KH WHPSODWH '1$ ZDV GHJUDGHG XVLQJ WKH

5QDVH�IUHH 'QDVH WUHDWPHQW DW �� 䉝 IRU �� PLQV� 7KH V\QWKHVL]HG 51$ SUREH ZDV

SUHFLSLWDWHG XVLQJ /L&O SUHFLSLWDWLRQ ��� �O 1):� �� �O /L&O SUHFLSLWDWLRQ VROXWLRQ FKLOOHG

DW ��� IRU � KRXU�� 7KH 51$ ZDV SUHFLSLWDWHG E\ FHQWULIXJDWLRQ DW ����� 530� � 䉝 IRU

�� PLQV� 7KH 51$ ZDV ZDVKHG ZLWK ��� HWKDQRO� IROORZHG E\ WKH UHVXVSHQVLRQ LQ �� �O

RI QXFOHDVH�IUHH ZDWHU� 7KH SUREHV XVHG IRU LQ VLWX DUH JDWD�� PSR� IOL�� ION�� SX�� DQG

UXQ[��

����� 7UDQVSRVDVHV 51$ V\QWKHVLV

7UDQVSRVDVH 51$ ZDV JHQHUDWHG XVLQJ WKH WRO� YHFWRU S&6�)$�WUDQVSRVDVH�.ZDQ HW

DO�� ����� SODVPLG DV D WHPSODWH� 7KH SODVPLG ZDV OLQHDUL]HG XVLQJ WKH 1RW, UHVWULFWLRQ

HQ]\PH DQG SXULILHG XVLQJ D 4LDJHQ 3&5 SXULILFDWLRQ NLW� 7KH P0HVVDJH P0DFKLQH

��
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63� NLW �7KHUPRILVKHU� ZDV XVHG WR V\QWKHVL]H FDSSHG 51$� 51$ ZDV SXULILHG XVLQJ

WKH /LFO SUHFLSLWDWLRQ� DV PHQWLRQHG DERYH�

��� :KROH�PRXQW LQ VLWX K\EULGL]DWLRQ �:,6+�

7KH ZKROH PRXQW ,Q�VLWX K\EULGL]DWLRQ ZDV SHUIRUPHG E\ WKH 7KLVVH PHWKRG �7KLVVH 	

7KLVVH� ������ (PEU\RV ZHUH WUHDWHG ZLWK ��3KHQ\O� ��WKLRXUHD �378� �� KSI WLOO WKH

WLPH RI IL[DWLRQ WR SUHYHQW SLJPHQWDWLRQ� 7KH HPEU\RV ZHUH GHFKRULRQDWHG LI QHFHVVDU\

DQG IL[HG LQ �� SDUDIRUPDOGHK\GH �3)$� RYHUQLJKW DW �䉝� $IWHU IL[DWLRQ� HPEU\RV ZHUH

GHK\GUDWHG LQ ���� PHWKDQRO DW ���& RYHUQLJKW� (PEU\RV ZHUH UHK\GUDWHG LQ YDULRXV

GLOXWLRQV RI 0HWKDQRO �3%7 ����� ���� ����� $IWHU D ILQDO ZDVK ZLWK 3%67� WKH

HPEU\RV ZHUH SHUPHDELOL]HG XVLQJ ����PJ�PO RI 3URWHLQDVH . LQ 3%67 IRU WKH IROORZLQJ

SHULRGV LQ DFFRUGDQFH ZLWK WKH VWDJH�

<RXQJHU WKDQ EXG �� 6HF

(DUO\ VRPLWH VWDJH �XQWLO ��� � PLQ

/DWH 6RPLWH VWDJHV ���±��� � PLQ

�� KSI � PLQ

����� KSI ���� PLQ

�� KSI �� PLQ

$IWHU 3URWHLQDVH . WUHDWPHQW� WKH HPEU\RV ZHUH UHIL[HG LQ �� 3)$ IRU �� PLQXWHV DW

URRP WHPSHUDWXUH� $IWHU 3%67 ZDVKHV� WKH HPEU\RV ZHUH SUH�K\EULGL]HG LQ +0� IRU �

KRXUV DW ��䉝� 7KH HPEU\RV ZHUH WKHQ LQFXEDWHG LQ D ��� �O K\EULGL]DWLRQ VROXWLRQ

FRQWDLQLQJ �QJ��O RI WKH GHVLUHG 51$ SUREH DW �� 䉝 RYHUQLJKW� )ROORZHG E\ WKH +\EH�

66&� DQG 3%7 VHULDO ZDVKHV� HPEU\RV ZHUH LQFXEDWHG LQ EORFNLQJ VROXWLRQ ���� VKHHS

VHUXP� �PJ�P/ %6$� IRU �� PLQ DW 57� 6XEVHTXHQWO\� WKH HPEU\RV ZHUH WUHDWHG

RYHUQLJKW DW �䉝 LQ D EORFNLQJ VROXWLRQ FRQWDLQLQJ ����8��O DQWL�GLJR[LJHQLQ DQWLERG\

�5RFKH� ������������� )LQDOO\� WKH HPEU\RV ZHUH ZDVKHG DQG LQFXEDWHG LQ D VWDLQLQJ

VROXWLRQ DW URRP WHPSHUDWXUH �IRU ��P/ RI VWDLQLQJ EXIIHU� �� �O RI �� PJ�P/ %&,3� ���O

RI �� PJ�P/ 1%7� WLOO VWDLQHG�

��
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��� 6LWH�'LUHFWHG 0XWDJHQHVLV

7KH SURWRFRO IURP 3KXVLRQ 6LWH�GLUHFWHG PXWDJHQHVLV NLW �7KHUPRILVKHU VFLHQWLILF� ZDV

IROORZHG IRU VLWH�GLUHFWHG PXWDJHQHVLV� 7KH QRQ�RYHUODSSLQJ SULPHUV WR LQGXFH SRLQW

PXWDWLRQ ZHUH GHVLJQHG DFFRUGLQJ WR JXLGHOLQHV� 7KH ROLJRV ZHUH SKRVSKRU\ODWHG DQG

SXULILHG XVLQJ D VSLQ FROXPQ NLW EHIRUH WKH UHDFWLRQ� 7KH PLGGOH HQWU\ YHFWRU S0(�&DV�

FRQWDLQLQJ &DV� FRGRQ RSWLPL]HG IRU WKH ]HEUDILVK ZDV XVHG DV D WHPSODWH LQ VWDQGDUG

WKUHH�VWHS 3&5 ZLWK WKH SRLQW PXWDWLRQ SULPHUV� 7KH 3&5 SURGXFW ZDV SXULILHG XVLQJ D

4LDJHQ PLQ�HOXWH 3&5 SXULILFDWLRQ NLW� )RU 'SQ� GLJHVWLRQ RI WKH 'DP�PHWK\ODWHG SDUHQWDO

SODVPLG '1$� � �O RI )DVW'LJHVW 'SQ� ZDV DGGHG GLUHFWO\ WR WKH PXWDJHQHVLV UHDFWLRQ

DQG LQFXEDWHG DW �� 䉝 IRU �� PLQXWHV� 7KH OLJDWLRQ UHDFWLRQ ZDV SHUIRUPHG ZLWK 7�

'1$ OLJDVH DQG �[ 5DSLG OLJDWLRQ EXIIHU DW ��䉝 IRU XS WR RQH KRXU� 7KH OLJDWLRQ UHDFWLRQ

ZDV GLUHFWO\ WUDQVIRUPHG LQ WKH '+� DOSKD�FRPSHWHQW EDFWHULD� SODWHG RQ WKH NDQDP\FLQ

SODWHV� DQG LQFXEDWHG DW ��䉝 IRU �� KRXUV�

��� 5HVWULFWLRQ�EDVHG &ORQLQJ�

:H XVHG D UHVWULFWLRQ�EDVHG FORQLQJ VWUDWHJ\ WR LQVHUW 93���� 93��� DQG .5$% LQWR WKH

S0(�QOV�G&DV��QOV YHFWRU� D NLQG JLIW IURP WKH ODE RI 'U� 5REHUW :LONLQVRQ DW WKH

'HSDUWPHQW RI ,QIHFWLRQ� 8QLYHUVLW\ RI 6KHIILHOG� 8.�

3&5 DPSOLILFDWLRQ�

,QVHUWV ZHUH DPSOLILHG XVLQJ WKH 1(% �[ +LJK ILGHOLW\ 3&5 PDVWHU PL[� DQG WKH SULPHUV

ZHUH H[SOLFLWO\ GHVLJQHG IRU UHVWULFWLRQ�EDVHG FORQLQJ IODQNLQJ %DP+� VLWHV� $OO 3&5

UHDFWLRQV ZHUH SHUIRUPHG DFFRUGLQJ WR WKH PDQXIDFWXUHU¶V SURWRFRO� 7KH 3&5 SURGXFWV

ZHUH SXULILHG XVLQJ WKH 4LDJHQ PLQ�HOXWH 3&5 SXULILFDWLRQ NLW�

'LJHVWLRQ�

7KH ��� �J RI YHFWRU DQG LQVHUWV ZHUH GLJHVWHG XVLQJ 3URPHJD %DP+� UHVWULFWLRQ

HQ]\PH LQ �� �O UHDFWLRQ LQFXEDWHG DW ��䉝 IRU ��� KRXUV� 7KH &,3 WUHDWPHQW ZDV JLYHQ

E\ DGGLQJ � �O RI &,3 WR WKH GLJHVWLRQ UHDFWLRQ RI WKH YHFWRU� 7KH TXLFN &,3 FDWDO\]HV WKH

��



GHSKRVSKRU\ODWLRQ RI WKH �¶ DQG �¶ HQGV RI WKH '1$ VWUDQG� WKHUHE\ SUHYHQWLQJ

VHOI�OLJDWLRQ� 7KH GLJHVWHG SURGXFW ZDV DQDO\]HG E\ JHO HOHFWURSKRUHVLV DQG FROXPQ

SXULILHG�

/LJDWLRQ

7KH GLJHVWHG YHFWRUV DQG LQVHUWV ZHUH PL[HG LQ D �� �O OLJDWLRQ UHDFWLRQ ZLWK D

YHFWRU�WR�LQVHUW UDWLR RI ���� ZLWK D TXLFN OLJDVH HQ]\PH� 7KH UHDFWLRQ ZDV LQFXEDWHG DW

��䉝 IRU RQH KRXU�

YHFWRU '1$ ��� QJ

LQVHUW '1$ ��QJ

/LJDVH ��; %XIIHU ��O

7� '1$ /LJDVH �:HLVV XQLWV� ���±��O

1XFOHDVH�)UHH :DWHU WR D ILQDO YROXPH RI �� �O

7UDQVIRUPDWLRQ DQG 3ODVPLG LVRODWLRQ

7UDQVIRUP WKH OLJDWHG PL[WXUH LQWR ܤ�+' FRPSHWHQW FHOOV E\ KHDW VKRFN WUDQVIRUPDWLRQ�

7UDQVIRUPHG FRORQLHV ZHUH JURZQ LQ � PO RI /% PHGLD VXSSOHPHQWHG ZLWK VXLWDEOH

DQWLELRWLF UHVLVWDQFH� 7KH SODVPLG SUHSV ZHUH GRQH XVLQJ WKH 4LD3UHS 6SLQ PLQLSUHS

DQG PLGLSUHS NLWV� 7KH ��� PO EDFWHULDO FXOWXUH ZDV XVHG IRU PLQL SUHSV� ZKLOH �� XO RI

FXOWXUH ZDV LQRFXODWHG IRU PLGL SUHSV� 7KH SODVPLGV ZHUH TXDQWLILHG XVLQJ QDQRGURS�

)XUWKHU� WKH FORQHV ZHUH FRQILUPHG E\ 3&5 YDOLGDWLRQ DQG 6HTXHQFLQJ�

��� *DWHZD\ DVVHPEO\

7KH WKUHH�IUDJPHQW JDWHZD\ DVVHPEO\ ZDV SHUIRUPHG XVLQJ /5 &ORQDVH SOXV ,, HQ]\PH

PL[� 7KH HTXLPRODU FRQFHQWUDWLRQ RI WKH HQWU\ FORQHV ZDV XVHG ZLWK D �� IPRO

GHVWLQDWLRQ YHFWRU IRU D �� XO /5 UHDFWLRQ�

(QWU\ FORQHV ��� IPROHV� � �/í� ȝ/ WRWDO

'HVWLQDWLRQ YHFWRU ��� IPROHV� � ȝ/

�; 7( %XIIHU� S+ ��� WR � ȝ/

��



� XO RI /5 &ORQDVH SOXV ,, HQ]\PH PL[ ZDV DGGHG WR WKH PXOWLVLWH JDWHZD\ UHDFWLRQ 3URO

/5 UHDFWLRQ� 7KH UHDFWLRQ ZDV LQFXEDWHG DW ��䉝 IRU �� KRXUV� 7KH UHDFWLRQ ZDV

WHUPLQDWHG E\ DGGLQJ � ȝO 3UR. WR WKH UHDFWLRQ PL[WXUH DQG LQFXEDWLQJ DW �� 䉝 IRU ��

PLQV� 7KH '1$ ZDV SUHFLSLWDWHG XVLQJ 1D$F DQG ��� HWKDQRO� 7KH SXULILHG SODVPLG

'1$ ZDV WUDQVIRUPHG XVLQJ �� ȝO RI .�� HOHFWUR�FRPSHWHQW EDFWHULD� �� ȝO RI LQRFXODWH

ZDV VSUHDG RYHU DPSLFLOOLQ UHVLVWDQFH SODWHV DQG LQFXEDWHG DW ��䉝 IRU �� KRXUV�

��� 0LFURLQMHFWLRQ

([SUHVVLRQ FRQVWUXFWV DUH EHLQJ WHVWHG E\ LQMHFWLRQ RI SODVPLG '1$� ZLWK RU ZLWKRXW

WUDQVSRVDVHV 51$� 'LIIHUHQW SODVPLG '1$ FRQFHQWUDWLRQV ZHUH LQMHFWHG IRU YHULILFDWLRQ

��� SJ� �� SJ�� )RU SUDFWLFH LQMHFWLRQV DQG SRVLWLYH FRQWURO� �� SJ RI (*)3 YHFWRU ZDV

LQMHFWHG DW WKH RQH�FHOO VWDJH�

��� 51$ H[WUDFWLRQ

7KH 51$ IURP ]HEUDILVK HPEU\RV ZDV H[WUDFWHG E\ WKH WUL]RO PHWKRG� 7KH ODUYDO VWDJHV

ZHUH FROOHFWHG DQG KRPRJHQL]HG LQ � PO RI WUL]RO UHDJHQW� ��� ȝO RI 51$ JUDGH

&KORURIRUP ZDV DGGHG DQG PL[HG ZHOO E\ LQYHUWLQJ WKH WXEH D IHZ WLPHV �XQWLO PLON\

DSSHDUDQFH�� 7KH WXEH ZDV OHIW DW URRP WHPSHUDWXUH IRU �� PLQXWHV� 7KH

PLFURFHQWULIXJH WXEH ZDV FHQWULIXJHG DW ����� USP IRU �� PLQXWHV DW �䉝� 7KH XSSHU

DTXHRXV OD\HU ZDV WUDQVIHUUHG LQWR D QHZ PLFURFHQWULIXJH WXEH� ��� ȝO RI ,VRSURSDQRO

ZDV DGGHG WR WKH DTXHRXV OD\HU� DQG WKH FRQWHQW ZDV PL[HG E\ YRUWH[LQJ JHQWO\� 7KH

WXEH ZDV LQFXEDWHG DW 57 IRU �� PLQV DOORZLQJ 51$ WR SUHFLSLWDWH� 7KH WXEH ZDV

FHQWULIXJHG DW ����� USP IRU �� PLQXWHV DW �䉝� 7KH UHVXOWDQW SHOOHW ZDV ZDVKHG WZLFH

ZLWK ��� HWKDQRO� 7KH SHOOHW ZDV DOORZHG WR GU\ DW URRP WHPSHUDWXUH IRU ����� PLQXWHV

XQWLO UHVLGXDO HWKDQRO HYDSRUDWHG� 7KH SHOOHW ZDV GLVVROYHG LQ �� ȝO RI

QXFOHDVH�IUHH�ZDWHU DW ��䉝 IRU �� PLQXWHV� 7KH FRQFHQWUDWLRQ RI 51$ ZDV GHWHUPLQHG

E\ 1DQRGURS� DQG WKH 51$ ZDV GLOXWHG WR WKH UHTXLUHG FRQFHQWUDWLRQ�

��� 7UDQVSRVDEOH HOHPHQWV WUDQVFULSWRPLFV DQDO\VLV

7KH WUDQVSRVDEOH HOHPHQWV WUDQVFULSWRPLF DQDO\VLV ZDV SHUIRUPHG RQ D SUHYLRXVO\

SXEOLVKHG GDWDVHW IURP /HINRSRXORV HW DO�� ���� WR FRPSDUH (QGRWKHOLDO FHOOV DQG

��



KHPRJHQLF HQGRWKHOLDO FHOO W\SHV� 7KH UDZ 65$ ILOHV ZHUH GRZQORDGHG IURP 1&%,�

51$�6HT UHDGV ZHUH WULPPHG ZLWK WULP�JDORUH� 5HDGV ZHUH WKHQ DOLJQHG WR WKH

*5&]�� ]HEUDILVK JHQRPH YHUVLRQ ZLWK 67$5 DOLJQHU �'RELQ HW DO�� ����� ZLWK WKH

RSWLRQV���RXW)LOWHU0XOWLPDS1PD[ � ��RXW)LOWHU0LVPDWFK1PD[ � ��RXW0XOWLPDSSHU2UGHU

5DQGRP ��ZLQ$QFKRU0XOWLPDS1PD[ ���� ��DOLJQ(QGV7\SH (QG7R(QG

��DOLJQ,QWURQ0D[ � ��DOLJQ0DWHV*DS0D[ ��� ��DOLJQ7UDQVFULSWV3HU5HDG1PD[ �����

��DOLJQ:LQGRZV3HU5HDG1PD[ ����� ��DOLJQ7UDQVFULSWV3HU:LQGRZ1PD[ ���

��VHHG3HU5HDG1PD[ ���� �UHDG)LOHV&RPPDQG �RXW)LOWHU0XOWL� PDS1PD[ ���

�ZLQ$QFKRU0XOWLPDS1PD[ ��� �RXW0XOWLPDSSHU2UGHU 5DQGRP �RXW6$0PXOW1PD[ �

�RXW6$0W\SH %$0 �RXW)LOWHU� 7\SH%\6-RX �DOLJQ6-'%RYHUKDQJ0LQ �

�RXW)LOWHU0LVPDWFK1PD[� 7KH DQQRWDWLRQ JWI ILOH ZDV JHQHUDWHG E\ FRPELQLQJ WKH

JHQRPLF DQQRWDWLRQ ILOH IRU WUDQVSRVDEOH HOHPHQWV IURP 5HSHDW0DVNHU �GRZQORDGHG

IURP KWWS���ZZZ�UHSHDWPDVNHU�RUJ� ZLWK WKH ]HEUDILVK JHQRPH YHUVLRQ *5&]�� JWI ILOH

XVLQJ WKH FDW FRPPDQG� 7KH UHG FRXQW PDWUL[ ZDV JHQHUDWHG E\ WKH 5VXEUHDG SDFNDJH

IHDWXUH FRXQWV� 'LIIHUHQWLDOO\ H[SUHVVHG 7(V ZHUH LGHQWLILHG XVLQJ WKH HGJH5 SDFNDJH

ZLWK �)'5 � ����� )& ����� 6DPSOH FOXVWHULQJ DQG GLVSHUVLRQ ZHUH SORWWHG E\ SORW0'6

DQG HVWLPDWH'LVS IXQFWLRQV� UHVSHFWLYHO\�

7DEOH� �3ULPHU 6HTXHQFHV

S0(�&DV�BSRLQWPXWDWLRQB7*$�**$B)
7&&7$$*$$*$$*$*$$$**7***$&&*&**$$7&7$*$*&*
*&&

S0(�&DV�BSRLQWPXWDWLRQB7*$�**$B5 *$7&7&$&&**7*$*7&*&&$&&&$*&7*$*$&$**7&$$

S0(�&DV�B7*$�GHOHWLRQB) &&*&**$$7&7$*$*&**&&*&&$&&*&**7**$*&7&&

S0(�&DV�B7*$�GHOHWLRQB5
&$&&777&7&77&77&77$**$*$7&7&$&&**7*$*7&*&&$&
&&$*&7

S0(�&DV��'��$ &DV�BWRBG&DV�B) *7$7$*&$7&**&&7**&7$77**$$&7$$&7&&*

S0(�&DV��'��$ &DV�BWRBG&DV�B5 77&77$7&&$7*&77&&&$&&777&7&77

S0(�&DV��+���$ &DV�BWRBG&DV�B) *$77$&*$&*7**$7*&7$7&*7&&&&&$*$*

S0(�&DV��+���$ &DV�BWRBG&DV�B5 $*$&$*&&7*77$$7$7&&$*&7&&7**7&

S0(&DV�BVHTSULPHUB� 7$$*$$*$$*$*$$$**7***$$*

S0(&DV�BVHTSULPHUB� &*$&$&7$&$$7&*$7$*$$$*$*

�)URP G&DV��.5$%� .5$%B)RUZDUG *&$**$7&&7&*$*$$&$&7**77$&*
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http://www.repeatmasker.org


�G&DV��.5$%� .5$%B5HYHUVH *&$**$7&&&7$7$&&$*&&$$**77&77&

G&DV��93��B*)3B) *&$**$7&&*&7*$&*&$77**$&*$7777

G&DV��93��B*)3B5 *&$**$7&&&7$&$*&$7*7&&$**7&*$$

������ 93���B%DP+�B)RUZDUG 7$$**$7&&*&&**$7&&***&*&*&&

������ 93���B%DP+�B5HYHUVH *&$**$7&&$7&*$7$7$&$$&$7$7&&$$

S�( +63 �� 5HYHUVHB� 7*&$$77*777&$77$7*$$$*

S�( +63 �� 5HYHUVHB� $$*$77$&$7$7$&$$$*77*

S�( +63 �� 5HYHUVHB� &$*&**7&$$$$$7$&$$$*

S�(B8$6B)RUZDUG &*$**7&*$&**7$7&*

S�(B8$6B5HYHUVH $$$***$$&$$$$*&7**

(*)3 3ULPHUVB� ****$**7*7***$**777777

(*)3 3ULPHUVB� $$*77&$&&77*$7*&&*77&

+63��B)RUZDUGB� &$****7*7&*&77**77$

+63��B)RUZDUGB� *$&&7&7&$$*77$*&$$*7

+63��B)RUZDUGB� 7*&$$&7**$$$$$&$$&$&$7&$

+63��B)RUZDUGB� $$$77$*&*7777$&77*7$&

G&DV�B)RUZDUG 7*7&7&$*&7***7**&*

3RO\$B7DLB)RUZDUGO 7&&$*$&$7*$7$$*$7$&

DWW%�BIZ &$$*777*7$&$$$$$$*&$**&7

DWW%�BUY $*&&7*&777777*7$&$$$&77*

DWW%�BIZ $&&&$*&777&77*7$&$$$*7**

DWW%�BUY &&$&777*7$&$$*$$$*&7***7

DWW%�BIZ &$$&777$77$7$&$$$*77*

DWW%�BUY &$$&777*7$7$$7$$$*77*

DWW%�BIZ &$$&777*7$7$*$$$$*77*
DWW%�BUY &$$&7777&7$7$&$$$*77*

7DEOH �� 3ODVPLGV XVHG DQG JHQHUDWHG LQ VWXG\

S�(�KVS��O ��� NE KVS��O SURPRWHU IRU KHDW�VKRFN LQGXFWLRQ

S�(�8$6 ��[ 8$6 HOHPHQW DQG EDVDO SURPRWHU IRU *DO�

S�(�SRO\$ 69�� ODWH SRO\$ VLJQDO

S0(�&DV� 0LGGOH (QWU\ FORQH �]HEUDILVK FRGRQ�RSWLPL]HG &DV� IODQNHG E\ � 1/6�

G&DV��.5$% &RQYHQWLRQDO G&DV� UHSUHVVRU�G&DV��.5$%

��
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S$&����S&5��G&DV�93��� G&DV�93��� RQ *DWHZD\ GRQRU YHFWRU S&5��*:�7232

G&$6��93��B*)3 ([SUHVVHV G&$6��93�� DFWLYDWRU ZLWK �$ *)3

S'HVW7RO�S$&U\*)3 *DWHZD\ GHVWLQDWLRQ YHFWRU ZLWK ]HEUDILVK D$�FU\VWDOOLQ SURPRWHU GULYLQJ
*)3 LQ OHQV

S0(�QOV�G&DV��QOV 0LGGOH HQWU\ FORQH �=HEUDILVK FRGRQ RSWLPL]HG G&DV� IODQNHG E\ � 1/6
VHTXHQFH�

S0(�QOV�G&DV��.5$%�QOV 0LGGOH HQWU\ FORQH �=HEUDILVK FRGRQ RSWLPL]HG G&DV� IXVHG ZLWK
WUDQVFULSWLRQDO UHSUHVVRU .5$% IODQNHG E\ � 1/6 VHTXHQFH�

S0(�QOV�G&DV��93����QOV 0LGGOH HQWU\ FORQH �=HEUDILVK FRGRQ RSWLPL]HG G&DV� IXVHG ZLWK
WUDQVFULSWLRQDO DFWLYDWRU 93��� IODQNHG E\ � 1/6 VHTXHQFH�

S0(�QOV�G&DV��93���QOV 0LGGOH HQWU\ FORQH �=HEUDILVK FRGRQ RSWLPL]HG G&DV� IXVHG ZLWK
WUDQVFULSWLRQDO DFWLYDWRU 93�� IODQNHG E\ � 1/6 VHTXHQFH�

S'HVW7RO�S$�8$6�G&DV��93��
��SRO\$�&U\*)3

*DWHZD\ GHVWLQDWLRQ YHFWRU ZLWK UHSRUWHU DOSKD FU\VWDOOLQH *)3 LQ OHQV
�H[SUHVVLQJ G&DV��93��� XQGHU 8$6 SURPRWHU�

S'HVW7RO�S$�8$6�G&DV��93��
�SRO\$�&U\*)3

*DWHZD\ GHVWLQDWLRQ YHFWRU ZLWK UHSRUWHU DOSKD FU\VWDOOLQH *)3 LQ OHQV
�H[SUHVVLQJ G&DV��93�� XQGHU 8$6 SURPRWHU�

S'HVW7RO�S$�8$6�G&DV��.5$
%�SRO\$�&U\*)3

*DWHZD\ GHVWLQDWLRQ YHFWRU ZLWK UHSRUWHU DOSKD FU\VWDOOLQH *)3 LQ OHQV
�H[SUHVVLQJ UHSUHVVRU G&DV��.5$% XQGHU 8$6 SURPRWHU�

S'HVW7RO�S$�+63���G&DV��93
����SRO\$�&U\*)3

*DWHZD\ GHVWLQDWLRQ YHFWRU ZLWK UHSRUWHU DOSKD FU\VWDOOLQH *)3 LQ OHQV
�H[SUHVVLQJ G&DV��93��� XQGHU +63�� SURPRWHU�

S'HVW7RO�S$�+63���G&DV��93
���SRO\$�&U\*)3

*DWHZD\ GHVWLQDWLRQ YHFWRU ZLWK UHSRUWHU DOSKD FU\VWDOOLQH *)3 LQ OHQV
�H[SUHVVLQJ G&DV��93�� XQGHU +63�� SURPRWHU�

S'HVW7RO�S$�+63���G&DV��.
5$%�SRO\$�&U\*)3

*DWHZD\ GHVWLQDWLRQ YHFWRU ZLWK UHSRUWHU DOSKD FU\VWDOOLQH *)3 LQ OHQV
�H[SUHVVLQJ G&DV��.5$% XQGHU +63�� SURPRWHU�

��



&KDSWHU �
5HVXOWV DQG 'LVFXVVLRQ

��



��� 7KH H[SUHVVLRQ SDWWHUQ RI JDWD� DQG SX� LQ SULPLWLYH KHPDWRSRLHVLV

$V ZH ZDQW WR VWXG\ WKH H[SUHVVLRQ SURILOH RI YDULRXV UHJXODWRUV RI KHPDWRSRLHVLV ZLWK

WKH FKDQJH LQ H[SUHVVLRQ RI WKH WUDQVSRVDEOH HOHPHQWV IDPLO\� ZH JHQHUDWHG WKH 51$

SUREHV DJDLQVW WKH PDMRU UHJXODWRUV RI KHPDWRSRLHVLV JDWD�� SX�� PSR� IOL�� DQG ION��

:H WHVWHG WKHVH SUREHV DQG RSWLPL]HG WKH ZKROH PRXQW LQ�VLWX K\EULGL]DWLRQ SURWRFRO IRU

WKH EHVW H[SUHVVLRQ SURILOH GXULQJ HDUO\ GHYHORSPHQWDO VWDJHV� L�H�� �� KSI� �� KSI� ��

KSI� DQG �� KSI EDVHG RQ WKH SUHYLRXV UHVHDUFK�

,Q ]HEUDILVK� WKH KHPDWRSRLHWLF PDUNHUV LGHQWLI\ HU\WKURF\WH SUHFXUVRUV LQ WKH SRVWHULRU

PHVRGHUP DW WKH ��VRPLWH VWDJH� %\ WKLV VWDJH� WKH FHOO IDWH RI ,&0 SUHFXUVRUV LV

GHWHUPLQHG DV FHOOV DGDSW HLWKHU P\HORLG FHOO IDWH� FKDUDFWHUL]HG E\ SX� H[SUHVVLRQ�

HU\WKURLG �PDUNHG E\ JDWD� H[SUHVVLRQ�� RU YDVFXODU �DQJLREODVW� IDWH FKDUDFWHUL]HG E\

ION� �NGUO� H[SUHVVLRQ� $W �� KSI� HU\WKURF\WH �,&0� SUHFXUVRU FHOOV DUH VXUURXQGHG E\ DQ

D[LDO WUXQN YHLQ IURP WKH SRVWHULRU EORRG LVODQG �)LJ ����� 7KH RYHUODSSLQJ H[SUHVVLRQ RI

JDWD� DQG JUDQXORF\WH PDUNHUV PSR �P\HORSHUR[LGDVH� LQ WKH SRVWHULRU ODWHUDO

PHVRGHUP FHOOV PD\ UHSUHVHQW D ELSRWHQW P\HOR�HU\WKURLG FHOO SRSXODWLRQ� ,Q ]HEUDILVK�

FLUFXODWLRQ EHJLQV DURXQG �� KSI ZLWK WKH GHYHORSPHQW RI SULPLWLYH HU\WKURF\WHV�

)LJ ��� /RFDOL]DWLRQ RI JDWD� DQG PSR WUDQVFULSW DW �� KRXUV SRVW IHUWLOL]DWLRQ�
:KROH�PRXQW LQ VLWX K\EULGL]DWLRQ ZDV SHUIRUPHG DW �� KSI� 6WDLQLQJ ZDV GRQH XVLQJ %&,3�1%7
VWDLQLQJ VROXWLRQ IRU � KRXUV�

��



3X� H[SUHVVLRQ DW WKH VL[ VRPLWH VWDJH LQ WKH DQWHULRU PHVRGHUPDO UHJLRQ RI WKH

]HEUDILVK HPEU\R PDUNV WKH ILUVW P\HORSRLHVLV �/LHVFKNH HW DO�� ������ :KROH�PRXQW LQ

VLWX K\EULGL]DWLRQ DW �� KSI VKRZHG WKH SX� WUDQVFULSWV LQ WKH SRVWHULRU LQWHUPHGLDWH FHOO

PDVV DQG DQWHULRU KHDG UHJLRQ�

��� 7KH H[SUHVVLRQ SDWWHUQ RI IOL�� DQG ION�� LQ KHPDWRSRLHWLF GLIIHUHQWLDWLRQ

IOL� RYHUH[SUHVVLRQ KDV EHHQ VKRZQ WR SOD\ D UROH LQ HU\WKUROHXNHPLD� VXJJHVWLQJ LWV

LQYROYHPHQW LQ KHPDWRSRLHWLF GHYHORSPHQW �%HQ�'DYLG 	 %HUQVWHLQ� ������ :KHUHDV

ION� �KX.'5� LV D 9(*) UHFHSWRU �YDVFXODU HQGRWKHOLDO JURZWK IDFWRU�� DQG LWV

H[SUHVVLRQ LV NQRZQ WR EH WLJKWO\ UHJXODWHG LQ HQGRWKHOLDO FHOOV� 3UHYLRXV ,Q�VLWX

K\EULGL]DWLRQ GXULQJ ]HEUDILVK GHYHORSPHQW LGHQWLILHG IOL� WUDQVFULSWV LQ PHVRGHUPDO

UHJLRQV� HVSHFLDOO\ LQ DUHDV ZKHUH HDUO\ KHPDWRSRLHVLV LQLWLDWLYHV� $V LW LV NQRZQ WKDW

H[SUHVVLRQ SDWWHUQV IRU IOL� DQG JDWD� RYHUODS GXULQJ HDUO\ VWDJHV RI GHYHORSPHQW� ZH

ZDQWHG WR FKHFN WKH H[SUHVVLRQ SURILOH RI IOL� DQG ION� GXULQJ VOLJKWO\ ODWHU VWDJHV� L�H�� ��

KRXUV DQG �� KRXUV SRVW IHUWLOL]DWLRQ� $W �� KRXUV KSI� IOL� H[SUHVVLRQ LQFUHDVHV

VLJQLILFDQWO\ LQ WKH ODWHUDO PHVRGHUP DORQJ WKH SRVWHULRU D[LV� %\ �� KRXUV� VHJPHQWDWLRQ

GHYHORSPHQW LV FRPSOHWH� DQG IOL�� H[SUHVVLRQ LV PDLQWDLQHG WKURXJK LQWHUPHGLDWH FHOO

PDVV �SRVWHULRU FRPSDUWPHQW� DQG HQGRWKHOLXP� $IWHU WKLV� IOL� DQG ION� H[SUHVVLRQV DUH

GRZQUHJXODWHG SURJUHVVLYHO\ DV FHOOV GLIIHUHQWLDWH �)LJ �����

)LJ ��� /RFDOL]DWLRQ RI IOL�� DQG ION�� WUDQVFULSW DW �� KRXUV SRVW IHUWLOL]DWLRQ�:KROH�PRXQW
LQ VLWX K\EULGL]DWLRQ ZDV SHUIRUPHG DW �� KSI� 6WDLQLQJ ZDV GRQH XVLQJ %&,3�1%7 VWDLQLQJ
VROXWLRQ IRU � KRXUV�

,Q OLQH ZLWK WKH SUHYLRXV ZRUN� WKH ION�� H[SUHVVLRQ SDWWHUQ RYHUODSV ZLWK IOL�� VKRZLQJ

P51$ WUDQVFULSWV LQ LQWHU VRPDWLF YHVVHOV DQG DORQJ WKH SRVWHULRU D[LV� %\ �� KRXUV

SRVW�IHUWLOL]DWLRQ� WKH ION�� LV DOVR H[SUHVVHG LQ WKH KHDG UHJLRQ PDUNLQJ HQGRWKHOLDO FHOOV

��

https://www.zotero.org/google-docs/?H3DyXB
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LQ SKDU\QJHDO DUFKHV� 7KH FRPSDULVRQ RI WKH H[SUHVVLRQ SURILOH RI IOL� DQG ION� DW �� KSI

DQG �� KSI VKRZ WKH GRZQUHJXODWLRQ RI ERWK IDFWRUV� LQGLFDWLQJ WKHLU UROH VSHFLILFDOO\ LQ

YDVFXODU GHYHORSPHQW� %\ �� KRXUV KSI� YDVFXODWXUH LQ ]HEUDILVK LV HVWDEOLVKHG�

UHVXOWLQJ LQ UHGXFHG VLJQDO LQ :,6+� 7KH H[WHQGHG 3UR�N WUHDWPHQW JDYH EHWWHU VWDLQLQJ

DW �� KRXUV SRVW IHUWLOL]DWLRQ�

)LJ ��� /RFDOL]DWLRQ RI IOL�� DQG ION�� WUDQVFULSW DW �� KRXUV SRVW IHUWLOL]DWLRQ�:KROH�PRXQW
LQ VLWX K\EULGL]DWLRQ ZDV RSWLPL]HG IRU WKH SURWHLQDVH . WUHDWPHQW IRU WKH EHVW H[SUHVVLRQ SURILOH
DW �� KSI� 6WDLQLQJ ZDV GRQH XVLQJ %&,3�1%7 VWDLQLQJ VROXWLRQ IRU � KRXUV�

��� 6LWH�GLUHFWHG PXWDJHQHVLV IRU FDWDO\WLF GHDFWLYDWLRQ RI &DV��

&5,635 PXWDJHQHVLV KDV EHHQ VKRZQ WR EH HIILFLHQW LQ LQGXFLQJ PXWDWLRQV DQG FUHDWLQJ

WUDQVJHQLF ]HEUDILVK� +RZHYHU� LQ RUGHU WR DSSO\ WKH &5,635 V\VWHP IRU WUDQVFULSWLRQDO

FRQWURO DQG HSLJHQHWLF PRGXODWLRQ� WKH QXFOHDVH DFWLYLW\ RI &DV� PXVW EH LQDFWLYDWHG� ,Q

WKH =HEUDILVK &5,635 WRROER[� RQO\ D IHZ VWXGLHV KDYH WHVWHG WKH DSSOLFDWLRQ RI

FDWDO\WLFDOO\ LQDFWLYH &DV� �G&DV��� 6WUHSWRFRFFXV S\RJHQHV &DV� FRQWDLQV WZR

QXFOHDVH GRPDLQV HVVHQWLDO IRU LQGXFLQJ GRXEOH�VWUDQGHG EUHDNV� 7ZR SRLQW PXWDWLRQV�

'��$ DQG +���$� LQ WKHVH GRPDLQV� KDYH EHHQ VKRZQ WR FUHDWH G&DV� �4L HW DO��

������ +HUH� IRU &5,635D�L SXUSRVH� ZH QHHGHG WR FUHDWH WKH FRGRQ�RSWLPL]HG YHUVLRQ

RI G&DV� IRU ]HEUDILVK� ZH XVHG DGGJHQH SODVPLG S0(�&DV� DV D WHPSODWH DQG

��

https://www.zotero.org/google-docs/?K9wdAN
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SHUIRUPHG VLWH�GLUHFWHG PXWDJHQHVLV �6'0� WR LQGXFH SRLQW PXWDWLRQV LQ WKH QXFOHDVH

GRPDLQ RI &DV� DV PHQWLRQHG DERYH�

)LJ ��� &DWDO\WLF LQDFWLYDWLRQ RI &DV�� 6LWH�GLUHFWHG PXWDJHQHVLV ZDV SHUIRUPHG WR PXWDWH
WKH '��$ UHVLGXH LQ WKH QXFOHDVH GRPDLQ RI &DV� LQ S0(�QOV�&DV��QOV� 7KH PXWDWLRQ LQ WKH
QXFOHDVH GRPDLQ DW '��$ LQDFWLYDWHV WKH FDWDO\WLF DFWLYLW\ RI &DV��

:H SHUIRUPHG 6'0 ZLWK SULPHUV VSHFLILF WR '��$ PXWDWLRQ DQG WKH FRQWURO SODVPLG

SURYLGHG ZLWK WKH NLW� ([SHFWHG ���� EDQG ZDV REVHUYHG DIWHU WKH 6'0 3&5� EXW WKH

UHDFWLRQ GLG QRW JLYH DQ\ FRORQLHV DIWHU OLJDWLRQ DQG WUDQVIRUPDWLRQ� :H SHUIRUPHG

PXOWLSOH WURXEOHVKRRWLQJ H[SHULPHQWV IRU WKLV� :H IDFHG D PDMRU SUREOHP GXULQJ OLJDWLRQ

DV D SRVLWLYH FRQWURO ZRUNHG GXULQJ 3&5 DQG WUDQVIRUPDWLRQ� :H WULHG OLJDWLRQ ZLWK 7�

'1$ OLJDVH DQG TXLFN OLJDVH� ZLWK RYHUQLJKW OLJDWLRQ DW �� & DQG TXLFN OLJDWLRQ DW ��&�

:H DOVR SHUIRUPHG SULRU SKRVSKRU\ODWLRQ RI YHFWRUV DQG SULPHUV WR DYRLG WKH SRVVLELOLW\

RI GHSKRVSKRU\ODWHG HQGV HVVHQWLDO IRU OLJDWLRQ�

��� &RQVWUXFWLRQ RI LQWHJUDEOH &5,635 YHFWRUV

7KH WRO� WHFKQRORJ\ DOORZV WKH JHQHUDWLRQ RI WUDQVJHQLF E\ WUDQVSRVDVH�PHGLDWHG

LQVHUWLRQ RI &5,635 YHFWRUV LQWR WKH ]HEUDILVK JHQRPH�

��



�¶ HQWU\ FORQHV

7KH �¶ HQWU\ FORQHV DUH XVHG LQ WKH ]HEUDILVK WRO� V\VWHP WR VXSSO\ WKH

HQKDQFHU�SURPRWHU HOHPHQWV� :H DUH XVLQJ S�(�KVS�� DQG S�(�8$6 HQWU\ YHFWRUV

ZLWK SURPRWHUV IRU FRQGLWLRQDO H[SUHVVLRQ� S�(�KVS�� FRQWDLQV ���� ES SURPRWHU

VHTXHQFHV IURP WKH KVS�� JHQH�+DOORUDQ HW DO�� ������ ,Q FRPSDULVRQ� S�(�8$6 KDV D

PXOWLPHUL]HG *DO� XSVWUHDP DFWLYDWLQJ VHTXHQFH ���; 8$6�� ZKLFK LQ WKH SUHVHQFH RI

*DO�� VWURQJO\ UHJXODWHV WKH H[SUHVVLRQ RI GRZQVWUHDP HOHPHQWV�

0LGGOH (QWU\ 9HFWRUV

7KH WRO� WHFKQRORJ\ DOORZV WKH JHQHUDWLRQ RI WUDQVJHQLF E\ WUDQVSRVDVH�PHGLDWHG

LQVHUWLRQ RI &5,635 YHFWRUV LQWR WKH ]HEUDILVK JHQRPH� ,Q WKLV SURMHFW� ZH JHQHUDWHG

WRO� PLGGOH HQWU\ YHFWRUV E\ FORQLQJ FRGRQ�RSWLPL]HG G&DV� ZLWK WKH 93��� DQG 93��

DFWLYDWRU GRPDLQV DQG .5$% VXSSUHVVRU GRPDLQV� 7KH 93���� 93��� DQG .5$%

LQVHUWV ZHUH DPSOLILHG IURP S$&����S&5��G&DV�93���� G&$6��93��B*)3� DQG

G&DV��.5$%� UHVSHFWLYHO\� 7KH LQVHUWV ZHUH DPSOLILHG XVLQJ WKH SULPHUV IODQNHG ZLWK

WKH %DP+� DQG LQVHUWHG LPPHGLDWHO\ GRZQVWUHDP RI G&DV� LQ S0(�QOV�G&DV��QOV� 7KH

FORQLQJ RI 93�� DQG .5$% LQVHUWV ZLWK G&DV� ZDV OHVV HIILFLHQW WKDQ 93��� EHFDXVH RI

WKH VPDOOHU LQVHUW VL]H� S0(�QOV�G&DV��93����QOV� S0(�QOV�G&DV��93���QOV� DQG

S0(�QOV�G&DV��.5$%�QOV FRQVWUXFWV ZHUH YDOLGDWHG E\ SHUIRUPLQJ 3&5 ZLWK SULPHUV

VSHFLILF YHFWRU DQG LQVHUW� 7KH FORQHV ZHUH ODWHU FRQILUPHG ZLWK VHTXHQFLQJ�

��

https://www.zotero.org/google-docs/?0Lega6


)LJ ��� 9DOLGDWLRQ RI 0LGGOH HQWU\ FORQHV� 3&5 YDOLGDWLRQ RI S0(�QOV�G&DV��93���QOV�
S0(�QOV�G&DV��.5$%�QOV� DQG S0(�QOV�G&DV��93����QOV� UHVSHFWLYHO\� 5HVSHFWLYH VL]H EDQGV
RI ���ES� ��� ES� DQG ��� ES ZHUH REVHUYHG IRU 3&5 ZLWK G&DV��VSHFLILF SULPHU DQG
LQVHUW�VSHFLILF UHYHUVH SULPHUV�

��� *DWHZD\ UHFRPELQDWLRQ UHDFWLRQ IRU H[SUHVVLRQ FRQVWUXFWV�

*DWHZD\ FORQLQJ LV PRVWO\ WKH DWW VLWH�VSHFLILF UHFRPELQDWLRQ V\VWHP LQ WKH ODPEGD

SKDVH �+DUWOH\ HW DO�� ������ $V VKRZQ LQ )LJ�� � :H XVHG WKUHH IUDJPHQWV PXOWLVLWH

JDWHZD\ WR GHOLYHU WKUHH NH\ IHDWXUHV �� � FORQHV �S�(�;;�� ZLWK DWW/��DWW5� VLWHV

IODQNLQJ WKH LQVHUW� KVS�� RU 8$6 FRQGLWLRQDO SURPRWHU� DQG �� PLGGOH FORQHV �S0(�;;��

ZLWK DWW/��DWW/� VLWHV IODQNLQJ ]HEUDILVK FRGRQ�RSWLPL]HG G&DV� ZLWK WKUHH GLIIHUHQW

WUDQVFULSWLRQDO UHJXODWLQJ GRPDLQV� ��� FORQH �S�(�;;�� ZLWK DWW5��DWW/� VLWHV IODQNLQJ

WKH LQVHUW� SRO\$ WDLO VHTXHQFH� 7KH WKUHH�IUDJPHQW PXOWLVLWH JDWHZD\ FORQLQJ FRPELQHV

WKHVH HQWU\ FORQHV ZLWK WKH GHVWLQDWLRQ YHFWRUV S'HVW7RO�S$&U\*)3 FRQWDLQLQJ WR

JHQHUDWH WKH H[SUHVVLRQ YHFWRUV DV LQ )LJ ����

��

https://www.zotero.org/google-docs/?0KXfVW


)LJ ��� 6FKHPDWLF RI WKUHH IUDJPHQW DVVHPEO\ 'HVWLQDWLRQ YHFWRUV� 6L[ GHVWLQDWLRQ YHFWRUV�
WKUHH ZLWK 8$6 DQG +63 �� SURPRWHU IROORZHG E\ G&DV� IXVHG ZLWK 93��� 93���� DQG .5$%�

)LJ ��� 3ODVPLG PDSV RI WKH VL[ JHQHUDWHG GHVWLQDWLRQ YHFWRUV� �*HQHUDWHG ZLWK 6QDSJHQH�

��



,Q WKH UHFRPELQDWLRQ UHDFWLRQ PDNLQJ HQWU\ FORQHV ZDV HIILFLHQW DQG UHOLDEOH HYHQ ZLWK

WKH PRGHUDWHO\ FRPSHWHQW EDFWHULD DQG \LHOGHG PDQ\ FRORQLHV� +RZHYHU� PDNLQJ DQ

H[SUHVVLRQ FRQVWUXFW ZLWK WKH WKUHH�IUDJPHQW /5 UHDFWLRQ ZDV OHVV HIILFLHQW DQG

WLPH�FRQVXPLQJ DV '+� DOSKD�FRPSHWHQW EDFWHULD \LHOGHG QR FRORQLHV� 7KUHH IUDJPHQW

/5 UHDFWLRQV RQO\ \LHOGHG FRORQLHV ZKHQ WUDQVIRUPHG ZLWK HOHFWUR�FRPSHWHQW FHOOV� :LWK

WKH *DWHZD\ /5 UHDFWLRQ� ZH JHQHUDWHG VL[ FULVSU H[SUHVVLRQ YHFWRUV� ZKLFK FDQ EH

LQMHFWHG WR JHQHUDWH VWDEOH OLQHV� �3ODVPLG PDSV LQ )LJ ���� :H SHUIRUPHG YDOLGDWLRQ

3&5 ZLWK SULPHUV VSHFLILF WR PLGGOH HOHPHQWV� L�H�� G&DV�� :KLOH PLFURLQMHFWLQJ� ZH

LQMHFWHG �� SJ RI SODVPLG DW WKH RQH�FHOO VWDJH� $URXQG �� � RI WKH LQMHFWHG HPEU\RV

GLHG ZLWKLQ �� KRXUV� DQG WKRVH WKDW VXUYLYHG VKRZHG QR *)3 H[SUHVVLRQ LQ WKH OHQV�

��� 7UDQVSRVDEOH HOHPHQWV WUDQVFULSWRPLF DQDO\VLV�

7R LGHQWLI\ WKH WUDQVSRVDEOH HOHPHQWV H[SUHVVHG GLIIHUHQWLDOO\ LQ WKH KHPRJHQLF

HQGRWKHOLDO FHOOV DQG HQGRWKHOLDO FHOOV� ZH SHUIRUPHG WKH WUDQVSRVDEOH HOHPHQWV

WUDQVFULSWRPLF DQDO\VLV RQ SUHYLRXVO\ SXEOLVKHG GDWD RQ ]HEUDILVK �� KRXUV SRVW

IHUWLOL]DWLRQ HPEU\RV �/HINRSRXORV HW DO�� ������ 7KH LGHQWLILHG WRS GLIIHUHQWLDOO\

H[SUHVVHG 7(V WUDQVFULSWV� RU HQULFKHG WUDQVSRVDEOH HOHPHQWV IDPLOLHV� ZLOO EH XVHG DV

D WDUJHW WR GHVLJQ WKH JXLGH 51$ LQMHFWHG ZLWK WKH &5,635 H[SUHVVLRQ YHFWRU� :H

GRZQORDGHG WKH UDZ GDWD IURP WKH 65$ GDWDEDVH IURP WKH SUHYLRXVO\ SXEOLVKHG GDWDVHW

�/HINRSRXORV HW DO�� ������ 7KH FOXVWHU GHQGURJUDP IRU WKH VDPSOH VKRZV FOXVWHULQJ RI

WKH UHVSHFWLYH UHSOLFDWHV� EXW WKH 0'6 SORW VKRZHG VRPH YDULDWLRQ EHWZHHQ WKH

UHSOLFDWHV LQ KHPRJHQLF HQGRWKHOLDO FHOOV� 7KH '( DQDO\VLV ZLWK HGJH5 LGHQWLILHG ���

GLIIHUHQWLDOO\ H[SUHVVHG WUDQVSRVDEOH HOHPHQWV WUDQVFULSWV� ZLWK ��� EHLQJ

WUDQVFULSWLRQDOO\ GRZQUHJXODWHG DQG �� XSUHJXODWHG LQ KHPRJHQLF HQGRWKHOLDO FHOOV

FRPSDUHG WR HQGRWKHOLDO FHOOV�
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)LJ ��� 7UDQVFULSWRPLF DQDO\VLV RI 7UDQVSRVDEOH HOHPHQWV EHWZHHQ LQGLIIHUHQW FHOO
OLQHDJHV� :H FRPSDUHG HQGRWKHOLDO DQG KHPRJHQLF HQGRWKHOLDO FHOOV IURP ]HEUDILVK �� KSI
HPEU\RV WR LGHQWLI\ WRS GLIIHUHQWLDOO\ H[SUHVVHG 7( WUDQVFULSWV� $� DQG %� DUH &OXVWHU GHQGURQ
DQG 0'6 SORWV VKRZLQJ VDPSOH FOXVWHULQJ� &� DQG '� DUH YROFDQR SORWV VKRZLQJ '( WUDQVFULSWV�
([DFW WHVW� )'5 � ����� )& �����

��



'LVFXVVLRQ
7KH SULPDU\ JRDO RI WKLV SURMHFW LV WR JHQHUDWH WKH &5,635 H[SUHVVLRQ FRQVWUXFWV

KDUERULQJ FRQGLWLRQDO SURPRWHUV PRGXODWLQJ WKH H[SUHVVLRQ RI WKH G&DV� DFWLYDWRU DQG

UHSUHVVRU WR JHQHUDWH VWDEOH ]HEUDILVK WUDQVJHQLF OLQHV� 7KH JDWHZD\ V\VWHP XVLQJ DQ

DWW�EDVHG UHFRPELQDWLRQ V\VWHP IRU FORQLQJ WKUHH RU PRUH '1$ IUDJPHQWV KDV ZRUNHG

HIILFLHQWO\� 7KH LQMHFWLRQ RI WKHVH FRQVWUXFWV ZLWK WRO� WUDQVSRVHV HIILFLHQWO\ JHQHUDWHG

WUDQVJHQLFV� �%DOFLXQDV HW DO�� ����� )LVKHU HW DO�� ����� .DZDNDPL HW DO�� ������ 7R

SHUIRUP JDWHZD\ DVVHPEO\ RI WKH FRQGLWLRQDO SURPRWHU� G&DV�� ZLWK WUDQVFULSWLRQDO

DFWLYDWRU DQG LQKLELWRU� DQG SRO\$ WDLO� ZH LQLWLDOO\ GHVLJQHG PLGGOH HQWU\ YHFWRUV E\

FORQLQJ 93��� 93���� DQG .5$% GRZQVWUHDP RI G&DV��

&5,635D�LQ WKH V\VWHP LV OLPLWHG DV ]HEUDILVK FRGRQ�RSWLPL]HG G&DV� H[SUHVVLRQ

GHFOLQHV ZLWK WKH OLIHVSDQ DQG JHQHUDWLRQV� 7R IXOO\ H[SORLW WKH SRWHQWLDO RI &5,635D�L LQ

]HEUDILVK� LQ WKLV SURMHFW� ZH JHQHUDWHG VL[ GLIIHUHQW H[SUHVVLRQ YHFWRUV ZKLFK FDQ EH

LQMHFWHG WR JHQHUDWH ]HEUDILVK WUDQVJHQHVLV� :H XVHG WZR FRQGLWLRQDO SURPRWHUV� +63��

DQG 8$6� ZKLFK ZLOO DOORZ XV WR LQGXFH WKH G&DV� H[SUHVVLRQ ZLWK KHDW VKRFN RU WKH

8$6�*DO� V\VWHP� $V ZH LQMHFWHG D IHZ RI WKH FRQVWUXFWV DW RQH FHOO VWDJH HPEU\R DW ��

SJ RI '1$� PRVW GLHG ZLWKLQ �� KRXUV� ��SJ RI '1$ FRQWHQW PLJKW EH WR[LF IRU WKH

HPEU\RV� :H QHHG WR RSWLPL]H WKH LQMHFWLRQ FRQFHQWUDWLRQV E\ LQMHFWLQJ �� SJ DQG �� SJ

RI SODVPLGV� $IWHU RSWLPL]LQJ WKH '1$ FRQFHQWUDWLRQ IRU LQMHFWLRQ� ZH FDQ VFUHHQ WKH

HPEU\RV ZLWK WKH *)3 UHSRUWHU H[SUHVVHG LQ WKH H\H RI WKH ]HEUDILVK�

2XU ILQDO JRDO LV WR LQYHVWLJDWH WKH UROH RI WUDQVSRVDEOH HOHPHQWV LQ PDPPDOLDQ

GHYHORSPHQWDO KHPDWRSRLHVLV� )RU WKLV SXUSRVH� ZLWK WKH JHQHUDWLRQ RI VWDEOH ]HEUDILVK

OLQHV H[SUHVVLQJ FRQGLWLRQDO G&DV�� ZH ZLOO DVVHVV WKH HIIHFW RI 7(V RYHUH[SUHVVLRQ RU

LQDFWLYDWLRQ LQ WKH ]HEUDILVK HPEU\RV E\ SHUIRUPLQJ :,6+� )$&6� DQG 51$�6HT�

+HPRJHQLF HQGRWKHOLDO FHOOV UHSUHVHQW D ��� � IUDFWLRQ RI HQGRWKHOLDO FHOOV� ZKLFK DUH

WKH SUHFXUVRUV IRU WKH GHILQLWLYH KHPDWRSRLHVLV� ZH K\SRWKHVL]H WKDW GLIIHUHQWLDOO\

H[SUHVVHG WUDQVSRVDEOH HOHPHQWV EHWZHHQ WKHVH WZR OLQHDJHV ZLOO OLNHO\ EH LQYROYHG LQ

+6&V GLIIHUHQWLDWLRQ� :H FRXOG LGHQWLI\ ��� GRZQUHJXODWHG DQG �� XSUHJXODWHG

WUDQVSRVDEOH HOHPHQWV IURP WKH FHOO W\SH FRPSDULVRQ JHQH H[SUHVVLRQ DQDO\VLV EHWZHHQ

HQGRWKHOLDO DQG KHPRJHQLF HQGRWKHOLDO FHOOV LQ ]HEUDILVK� +RZHYHU� EHFDXVH RI YDULDWLRQ
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LQ WKH +( VDPSOHV
 GXSOLFDWHV� ZH ZLOO SHUIRUP WKH 51$�6HTXHQFLQJ E\ VRUWLQJ WKH (&�

DQG +( FHOOV DW �� KRXUV DQG �� KRXUV SRVW IHUWLOL]DWLRQ LQ IOL��*)3� )ON���&)3� DQG

*DWD��GV5HG ]HEUDILVK OLQHV� :H ZLOO GHVLJQ WUDQVFULSWV DQG IDPLOLHV�VSHFLILF PXOWLSOH[

J51$ DJDLQVW WKH GLIIHUHQWLDOO\ H[SUHVVHG WUDQVSRVDEOH HOHPHQWV E\ H[WUDFWLQJ

IDPLO\�VSHFLILF 7( DQQRWDWLRQV IURP 5HSHDW0DVNHU� :H ZLOO XVH &5,6325 DQG

&+23�&+23 J51$ GHVLJQ WRROV WR JHQHUDWH �� QXFOHRWLGH�ORQJ XQLTXH JXLGH

VHTXHQFHV IRU VSHFLILF ORFL� 7KH 8�[ VJ51$ PXOWLSOH[ FDVVHWWH� FORQHG LQWR

S**'HVW7RO�/&�VJ51$ YHFWRUV �XS WR ��� ZLOO EH LQMHFWHG LQWR WKH ]HEUDILVK WUDQVJHQLF�

7KH VLQJOH ORFXV RI 7( WUDQVFULSWV ZLOO DOVR EH WDUJHWHG E\ FORQLQJ D VLQJOH J51$ LQWR WKH

YHFWRU RU FDQ EH LQMHFWHG GLUHFWO\ LQWR WKH ��FHOO VWDJH ]HEUDILVK HPEU\R�

0DQ\ VWXGLHV KDYH VKRZQ WKDW 51$ PROHFXOHV RI UHSHWLWLYH HOHPHQWV� PLWRFKRQGULDO

51$� DQG VQ51$V FDQ DFWLYDWH 5/5��&KLDSSLQHOOL HW DO�� ����� 5DMVKHNDU HW DO�� �����

5DQRD HW DO�� ������ /HINRSRXORXV HW DO� VKRZHG WKDW GXULQJ HQGRWKHOLDO WR KHPDWRSRLHWLF

WUDQVLWLRQ� ZKLOH FHOOV WUDQVLWLRQ IURP HQGRWKHOLDO OLQHDJH WR KHPRJHQLF HQGRWKHOLDO

OLQHDJH� GLIIHUHQW 7(V DUH H[SUHVVHG �/HINRSRXORV HW DO�� ������ $OVR� WKHVH 7(V DUH

EHLQJ UHFRJQL]HG E\ 5/5V UHFHSWRUV DQG DFWLYHO\ VKDSLQJ WKH IDWH RI +63&V� +RZHYHU�

ZKLFK FODVVHV RI 7(V ZHUH UHVSRQVLEOH IRU 5/5 DFWLYDWLRQ LV VWLOO XQH[SORUHG� :LWK

FRQGLWLRQDO ]HEUDILVK WUDQVJHQHVLV� ZH FDQ WDUJHW GLIIHUHQW IDPLOLHV RI 7(V GLUHFWO\

LQYROYHG LQ KHPDWRSRLHVLV�

7R LQYHVWLJDWH WKH FKDQJHV LQ WKH H[SUHVVLRQ RI KHPDWRSRLHWLF PDUNHUV ZLWK HQKDQFHG

RU UHSUHVVHG H[SUHVVLRQ RI FHUWDLQ 7(V� ZH V\QWKHVL]HG DQG RSWLPL]HG WKH :,6+

SURWRFRO IRU WKH JDWD�� PSR� SX�� IOL�� DQG ION� DW �� KRXUV� �� KRXUV� �� KRXUV DQG ��

KRXUV SRVW IHUWLOL]DWLRQ� :H VSHFXODWH WKDW 7(V DUH LQYROYHG LQ (+7� DQ\ SHUWXUEDWLRQV LQ

WKH H[SUHVVLRQ SDWWHUQ RI FHUWDLQ 7( IDPLOLHV ZLOO VLJQLILFDQWO\ DIIHFW WKH H[SUHVVLRQ RI

WKHVH PDUNHUV� )XUWKHU� ZH FDQ YDOLGDWH DQ\ FKDQJHV LQ WKH GLIIHUHQWLDWLRQ RI +6&V E\

SHUIRUPLQJ )$&6 DQG &)8 DVVD\V IRU GLIIHUHQW FHOO OLQHDJHV�

3UHYLRXV UHVHDUFK SURYLGHG HYLGHQFH DERXW WKH LQYROYHPHQW RI 7(V LQ WKH KHPDWRSRLHWLF

V\VWHP� H[SORULQJ WKHLU UROH ZLWK &5,635D�L FDQ DQVZHU PDQ\ RSHQ TXHVWLRQV LQ WKH

ILHOG� ,W ZLOO EH LQWHUHVWLQJ WR H[DPLQH ZKLFK IDPLOLHV RI 7(V DUH LQYROYHG GXULQJ (+7 DQG

H[SORUH WKHLU PHFKDQLVP RI DFWLRQ� $V WUDQVSRVDEOH HOHPHQWV DUH FRQVHUYHG DFURVV
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]HEUDILVK DQG KXPDQV� KHQFH VLPLODU PHFKDQLVPV DUH OLNHO\ LQYROYHG LQ WKH KXPDQ

KHPDWRSRLHWLF V\VWHP� DQG LQYHVWLJDWLRQ LQ WKLV GLUHFWLRQ FDQ KDYH FOLQLFDO DSSOLFDWLRQV�

$OVR� WKH UREXVW ]HEUDILVK VWDEOH OLQHV GHVFULEHG DERYH ZLOO EH D JUHDW DGGLWLRQ WR WKH

]HEUDILVK UHVRXUFHV�

��
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3URWHLQ�0HGLDWHG 2OLJRQXFOHRWLGH ,QVHUWLRQ DQG /DUJH�6FDOH $VVHVVPHQW RI 6LQJOH�*XLGH
51$V� 3/26 21(� ����� H������ KWWSV���GRL�RUJ���������MRXUQDO�SRQH��������

��� *HULQJ� 0�� 	 3DWLHQW� 5� ������� +HGJHKRJ VLJQDOLQJ LV UHTXLUHG IRU DGXOW EORRG VWHP FHOO
IRUPDWLRQ LQ ]HEUDILVK HPEU\RV� 'HYHORSPHQWDO &HOO� ����� ���±����
KWWSV���GRL�RUJ���������M�GHYFHO������������

��� +DHPDWRSRLHVLV� ������� ,Q :LNLSHGLD�
KWWSV���HQ�ZLNLSHGLD�RUJ�Z�LQGH[�SKS"WLWOH +DHPDWRSRLHVLV	ROGLG �����������FLWHBQRWH�7���

��� +DOORUDQ� 0� &�� 6DWR�0DHGD� 0�� :DUUHQ� -� 7�� 6X� )�� /HOH� =�� .URQH� 3� +�� .XZDGD� -� <�� 	
6KRML� :� ������� /DVHU�LQGXFHG JHQH H[SUHVVLRQ LQ VSHFLILF FHOOV RI WUDQVJHQLF ]HEUDILVK�
'HYHORSPHQW� ������� ����±����� KWWSV���GRL�RUJ���������GHY�����������

��� +DUWOH\� -� /�� 7HPSOH� *� )�� 	 %UDVFK� 0� $� ������� '1$ &ORQLQJ 8VLQJ ,Q 9LWUR 6LWH�6SHFLILF
5HFRPELQDWLRQ� *HQRPH 5HVHDUFK� ������� ����±�����

��� +RZH� .�� &ODUN� 0� '�� 7RUURMD� &� )�� 7RUUDQFH� -�� %HUWKHORW� &�� 0XIIDWR� 0�� &ROOLQV� -� (��
+XPSKUD\� 6�� 0F/DUHQ� .�� 0DWWKHZV� /�� 0F/DUHQ� 6�� 6HDO\� ,�� &DFFDPR� 0�� &KXUFKHU� &��
6FRWW� &�� %DUUHWW� -� &�� .RFK� 5�� 5DXFK� *��-�� :KLWH� 6�� « 6WHPSOH� '� /� ������� 7KH
]HEUDILVK UHIHUHQFH JHQRPH VHTXHQFH DQG LWV UHODWLRQVKLS WR WKH KXPDQ JHQRPH� 1DWXUH�
���������� ���±���� KWWSV���GRL�RUJ���������QDWXUH�����

��� +VLD� 1�� 	 =RQ� /� ,� ������� 7UDQVFULSWLRQDO UHJXODWLRQ RI KHPDWRSRLHWLF VWHP FHOO GHYHORSPHQW
LQ ]HEUDILVK� ([SHULPHQWDO +HPDWRORJ\� ������ ����±�����
KWWSV���GRL�RUJ���������M�H[SKHP������������

��� +XPPHO� %�� +DQVHQ� (� &�� <RYHYD� $�� $SULOH�*DUFLD� )�� +XVVRQJ� 5�� 	 6DZDUNDU� 5� �������
7KH HYROXWLRQDU\ FDSDFLWRU +63�� EXIIHUV WKH UHJXODWRU\ HIIHFWV RI PDPPDOLDQ HQGRJHQRXV
UHWURYLUXVHV� 1DWXUH 6WUXFWXUDO 	 0ROHFXODU %LRORJ\� ������ ���±����
KWWSV���GRL�RUJ���������QVPE�����

��� +ZDQJ� :� <�� )X� <�� 5H\RQ� '�� 0DHGHU� 0� /�� 7VDL� 6� 4�� 6DQGHU� -� '�� 3HWHUVRQ� 5� 7�� <HK�
-��5� -�� 	 -RXQJ� -� .� ������� (IILFLHQW JHQRPH HGLWLQJ LQ ]HEUDILVK XVLQJ D &5,635�&DV
V\VWHP� 1DWXUH %LRWHFKQRORJ\� ������ $UWLFOH �� KWWSV���GRL�RUJ���������QEW�����

��� -DR� /��(�� :HQWH� 6� 5�� 	 &KHQ� :� ������� (IILFLHQW PXOWLSOH[ ELDOOHOLF ]HEUDILVK JHQRPH
HGLWLQJ XVLQJ D &5,635 QXFOHDVH V\VWHP� 3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV�
�������� �����±������ KWWSV���GRL�RUJ���������SQDV�����������

��� .DOHY�=\OLQVND� 0� /�� +RUVILHOG� -� $�� )ORUHV� 0� 9� &�� 3RVWOHWKZDLW� -� +�� 9LWDV� 0� 5�� %DDV�
$� 0�� &URVLHU� 3� 6�� 	 &URVLHU� .� (� ������� 5XQ[� LV UHTXLUHG IRU ]HEUDILVK EORRG DQG YHVVHO
GHYHORSPHQW DQG H[SUHVVLRQ RI D KXPDQ 581;��&%)�7� WUDQVJHQH DGYDQFHV D PRGHO IRU
VWXGLHV RI OHXNHPRJHQHVLV� 'HYHORSPHQW� ������� ����±�����
KWWSV���GRL�RUJ���������GHY�����������
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��� .DZDNDPL� .�� 7DNHGD� +�� .DZDNDPL� 1�� .RED\DVKL� 0�� 0DWVXGD� 1�� 	 0LVKLQD� 0� ������� $
WUDQVSRVRQ�PHGLDWHG JHQH WUDS DSSURDFK LGHQWLILHV GHYHORSPHQWDOO\ UHJXODWHG JHQHV LQ
]HEUDILVK� 'HYHORSPHQWDO &HOO� ����� ���±���� KWWSV���GRL�RUJ���������M�GHYFHO������������

��� .D]D]LDQ� +� +� ������� 0RELOH HOHPHQWV� 'ULYHUV RI JHQRPH HYROXWLRQ� 6FLHQFH �1HZ <RUN�
1�<��� ���������� ����±����� KWWSV���GRL�RUJ���������VFLHQFH��������

��� .ZDQ� .� 0�� )XMLPRWR� (�� *UDEKHU� &�� 0DQJXP� %� '�� +DUG\� 0� (�� &DPSEHOO� '� 6�� 3DUDQW�
-� 0�� <RVW� +� -�� .DQNL� -� 3�� 	 &KLHQ� &��%� ������� 7KH 7RO�NLW� $ PXOWLVLWH JDWHZD\�EDVHG
FRQVWUXFWLRQ NLW IRU 7RO� WUDQVSRVRQ WUDQVJHQHVLV FRQVWUXFWV� 'HYHORSPHQWDO '\QDPLFV�
�������� ����±����� KWWSV���GRL�RUJ���������GYG\������

��� /DUVRQ� 0� +�� *LOEHUW� /� $�� :DQJ� ;�� /LP� :� $�� :HLVVPDQ� -� 6�� 	 4L� /� 6� �������
&5,635 LQWHUIHUHQFH �&5,635L� IRU VHTXHQFH�VSHFLILF FRQWURO RI JHQH H[SUHVVLRQ� 1DWXUH
3URWRFROV� ������ $UWLFOH ��� KWWSV���GRL�RUJ���������QSURW���������

��� /HINRSRXORV� 6�� 3RO\]RX� $�� 'HUHFND� 0�� %HUJR� 9�� &ODSHV� 7�� &DXFK\� 3�� -HUH]�/RQJUHV� &��
2QLVKL�6HHEDFKHU� 0�� <LQ� 1�� 0DUWDJRQ�&DOGHUyQ� 1��$�� 3RWWV� .� 6�� .ODH\Op� /�� /LX� )��
%RZPDQ� 7� 9�� -HQXZHLQ� 7�� 0LRQH� 0� &�� 	 7URPSRXNL� (� ������� 5HSHWLWLYH (OHPHQWV
7ULJJHU 5,*�,�OLNH 5HFHSWRU 6LJQDOLQJ WKDW 5HJXODWHV WKH (PHUJHQFH RI +HPDWRSRLHWLF 6WHP
DQG 3URJHQLWRU &HOOV� ,PPXQLW\� ������ ��������H��
KWWSV���GRL�RUJ���������M�LPPXQL������������

��� /LDR� (� &�� 3DZ� %� +�� 2DWHV� $� &�� 3UDWW� 6� -�� 3RVWOHWKZDLW� -� +�� 	 =RQ� /� ,� �������
6&/�7DO�� WUDQVFULSWLRQ IDFWRU DFWV GRZQVWUHDP RI FORFKH WR VSHFLI\ KHPDWRSRLHWLF DQG YDVFXODU
SURJHQLWRUV LQ ]HEUDILVK� *HQHV 	 'HYHORSPHQW� ������ ���±����

��� /LHVFKNH� *� -�� 2DWHV� $� &�� 3DZ� %� +�� 7KRPSVRQ� 0� $�� +DOO� 1� (�� :DUG� $� &�� +R� 5� .��
=RQ� /� ,�� 	 /D\WRQ� -� (� ������� =HEUDILVK 63,�� �38��� 0DUNV D 6LWH RI 0\HORLG 'HYHORSPHQW
,QGHSHQGHQW RI 3ULPLWLYH (U\WKURSRLHVLV� ,PSOLFDWLRQV IRU $[LDO 3DWWHUQLQJ� 'HYHORSPHQWDO
%LRORJ\� ������� ���±���� KWWSV���GRL�RUJ���������GELR����������

��� /RQJ� /�� *XR� +�� <DR� '�� ;LRQJ� .�� /L� <�� /LX� 3�� =KX� =�� 	 /LX� '� ������� 5HJXODWLRQ RI
WUDQVFULSWLRQDOO\ DFWLYH JHQHV YLD WKH FDWDO\WLFDOO\ LQDFWLYH &DV� LQ &� HOHJDQV DQG '� UHULR� &HOO
5HVHDUFK� ������ $UWLFOH �� KWWSV���GRL�RUJ���������FU��������

��� 0F&OLQWRFN� %� ������� 7KH 2ULJLQ DQG %HKDYLRU RI 0XWDEOH /RFL LQ 0DL]H� 3URFHHGLQJV RI WKH
1DWLRQDO $FDGHP\ RI 6FLHQFHV RI WKH 8QLWHG 6WDWHV RI $PHULFD� ������ ���±����

��� 0RQJD� ,�� .DXU� .�� 	 'KDQGD� 6� .� ������� 5HYLVLWLQJ KHPDWRSRLHVLV� $SSOLFDWLRQV RI WKH EXON
DQG VLQJOH�FHOO WUDQVFULSWRPLFV GLVVHFWLQJ WUDQVFULSWLRQDO KHWHURJHQHLW\ LQ KHPDWRSRLHWLF VWHP
FHOOV� %ULHILQJV LQ )XQFWLRQDO *HQRPLFV� ������ ���±���� KWWSV���GRL�RUJ���������EIJS�HODF���

��� 0XFHQVNL� 0� /�� 0F/DLQ� .�� .LHU� $� %�� 6ZHUGORZ� 6� +�� 6FKUHLQHU� &� 0�� 0LOOHU� 7� $��
3LHWU\JD� '� :�� 6FRWW� :� -�� 	 3RWWHU� 6� 6� ������� $ IXQFWLRQDO F�P\E JHQH LV UHTXLUHG IRU
QRUPDO PXULQH IHWDO KHSDWLF KHPDWRSRLHVLV� &HOO� ������ ���±����
KWWSV���GRL�RUJ����������������������������.
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��� 2WWHUVEDFK� .� ������� (QGRWKHOLDO�WR�KDHPDWRSRLHWLF WUDQVLWLRQ� $Q XSGDWH RQ WKH SURFHVV RI
PDNLQJ EORRG� %LRFKHPLFDO 6RFLHW\ 7UDQVDFWLRQV� ������ ���±����
KWWSV���GRL�RUJ���������%67��������

��� 3DLN� (� -�� 	 =RQ� /� ,� ������� +HPDWRSRLHWLF GHYHORSPHQW LQ WKH ]HEUDILVK� ,QWHUQDWLRQDO
-RXUQDO RI 'HYHORSPHQWDO %LRORJ\� ����±��� $UWLFOH �±�� KWWSV���GRL�RUJ���������LMGE�������HS

��� 3DWWHUVRQ� /� -�� *HULQJ� 0�� 	 3DWLHQW� 5� ������� 6FO LV UHTXLUHG IRU GRUVDO DRUWD DV ZHOO DV
EORRG IRUPDWLRQ LQ ]HEUDILVK HPEU\RV� %ORRG� ������� ����±�����
KWWSV���GRL�RUJ���������EORRG�������������

��� 3KDP� 9� 1�� /DZVRQ� 1� '�� 0XJIRUG� -� :�� '\H� /�� &DVWUDQRYD� '�� /R� %�� 	 :HLQVWHLQ� %� 0�
������� &RPELQDWRULDO IXQFWLRQ RI (76 WUDQVFULSWLRQ IDFWRUV LQ WKH GHYHORSLQJ YDVFXODWXUH�
'HYHORSPHQWDO %LRORJ\� ������� ���±���� KWWSV���GRL�RUJ���������M�\GELR������������

��� 3RQWLV� -�� 3ODQHW� (�� 2IIQHU� 6�� 7XUHOOL� 3�� 'XF� -�� &RXGUD\� $�� 7KHXQLVVHQ� 7� :�� -DHQLVFK�
5�� 	 7URQR� '� ������� +RPLQRLG�6SHFLILF 7UDQVSRVDEOH (OHPHQWV DQG .=)3V )DFLOLWDWH
+XPDQ (PEU\RQLF *HQRPH $FWLYDWLRQ DQG &RQWURO 7UDQVFULSWLRQ LQ 1DLYH +XPDQ (6&V� &HOO
6WHP &HOO� ������ ��������H�� KWWSV���GRL�RUJ���������M�VWHP������������

��� 4L� /� 6�� /DUVRQ� 0� +�� *LOEHUW� /� $�� 'RXGQD� -� $�� :HLVVPDQ� -� 6�� $UNLQ� $� 3�� 	 /LP� :� $�
������� 5HSXUSRVLQJ &5,635 DV DQ 51$�*XLGHG 3ODWIRUP IRU 6HTXHQFH�6SHFLILF &RQWURO RI
*HQH ([SUHVVLRQ� &HOO� ������� ����±����� KWWSV���GRL�RUJ���������M�FHOO������������

��� 5DMVKHNDU� 6�� <DR� -�� $UQROG� 3� .�� 3D\QH� 6� *�� =KDQJ� <�� %RZPDQ� 7� 9�� 6FKPLW]� 5� -��
(GZDUGV� -� 5�� 	 *ROO� 0� ������� 3HULFHQWURPHULF K\SRPHWK\ODWLRQ HOLFLWV DQ LQWHUIHURQ
UHVSRQVH LQ DQ DQLPDO PRGHO RI ,&) V\QGURPH� (/LIH� �� H������
KWWSV���GRL�RUJ���������H/LIH������

��� 5DQRD� '� 5� (�� 3DUHNK� $� '�� 3LWURGD� 6� 3�� +XDQJ� ;�� 'DUJD� 7�� :RQJ� $� &�� +XDQJ� /��
$QGUDGH� -�� 6WDOH\� -� 3�� 6DWRK� 7�� $NLUD� 6�� :HLFKVHOEDXP� 5� 5�� 	 .KRGDUHY� 1� 1� �������
&DQFHU WKHUDSLHV DFWLYDWH 5,*�,�OLNH UHFHSWRU SDWKZD\ WKURXJK HQGRJHQRXV QRQ�FRGLQJ 51$V�
2QFRWDUJHW� ������ �����±������ KWWSV���GRL�RUJ����������RQFRWDUJHW�����

��� 5KRGHV� -�� +DJHQ� $�� +VX� .�� 'HQJ� 0�� /LX� 7� ;�� /RRN� $� 7�� 	 .DQNL� -� 3� ������� ,QWHUSOD\
RI 3X�� DQG *DWD� 'HWHUPLQHV 0\HOR�(U\WKURLG 3URJHQLWRU &HOO )DWH LQ =HEUDILVK�
'HYHORSPHQWDO &HOO� ����� ��±���� KWWSV���GRL�RUJ���������M�GHYFHO������������

��� 6FKXPDQQ� *� *�� )XFKV� 1� 9�� 7ULVWiQ�5DPRV� 3�� 6HEH� $�� ,YLFV� =�� 	 +HUDV� 6� 5� �������
7KH LPSDFW RI WUDQVSRVDEOH HOHPHQW DFWLYLW\ RQ WKHUDSHXWLFDOO\ UHOHYDQW KXPDQ VWHP FHOOV�
0RELOH '1$� ������ �� KWWSV���GRL�RUJ���������V���������������[

��� 6FRWW� (� :�� 6LPRQ� 0� &�� $QDVWDVL� -�� 	 6LQJK� +� ������� 5HTXLUHPHQW RI WUDQVFULSWLRQ IDFWRU
38�� LQ WKH GHYHORSPHQW RI PXOWLSOH KHPDWRSRLHWLF OLQHDJHV� 6FLHQFH �1HZ <RUN� 1�<���
���������� ����±����� KWWSV���GRL�RUJ���������VFLHQFH��������
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