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$EVWUDFW�� 0HWDPRUSKPDJL KDYH WKH DELOLW\ WR FKDQJH WKHLU SK\VLFDO FKDUDFWHULVWLFV DW ZLOO� ZLWKRXW� � � � � � � � � � � � �
UHTXLULQJ WKH XVH RI SRWLRQV RU VSHOOV� $V VXFK� PHWDPRUSKPDJL VNLQ FRQWDLQV PRUSKRORJLFDOO\ DQG� � � � � � � � � � � � � �
IXQFWLRQDOO\ GLVWLQFW SURSHUWLHV IURP QRQ�PHWDPRUSKPDJL VNLQ� SURYLGLQJ PHWDPRUSKDJL ZLWK KHLJKWHQHG� � � � � � � � � �
VNLQ IOH[LELOLW\ DQG GXUDELOLW\� +RZHYHU� SUHYLRXV VWXGLHV WKDW KDYH H[DPLQHG PHWDPRUSKPDJL DUH ODUJHO\� � � � � � � � � � � � �
TXDOLWDWLYH RU DQHFGRWDO� 7KXV� ZH DLPHG WR TXDQWLWDWLYHO\ FRPSDUH PHWDPRUSKPDJL VNLQ WR� � � � � � � � � � � �
QRQ�PHWDPRUSKPDJL VNLQ DQG H[DPLQH WKH JHQHWLF FDXVHV XQGHUO\LQJ PHWDPRUSKPDJL�VSHFLILF VNLQ� � � � � � � � � �
FKDUDFWHULVWLFV�� :H SHUIRUPHG KLVWRORJ\ RQ FURVV�VHFWLRQV RI VNLQ DQG TXDQWLWDWLYHO\ GHPRQVWUDWHG WKDW� � � � � � � � � � � �
WKH HSLGHUPLV DQG GHUPLV RI PHWDPRUSKPDJL VNLQ LV VLJQLILFDQWO\ WKLFNHU WKDQ QRQ�PHWDPRUSKPDJL VNLQ� ,Q� � � � � � � � � � � � � �
DGGLWLRQ� WKH WRSRJUDSK\ RI PHWDPRUSKDJL VNLQ FRQWDLQV D GLVWLQFW UHWH ULGJH LQ WKH HSLGHUPDO EDVHPHQW� � � � � � � � � � � � � � �
PHPEUDQH ]RQH� QRW SUHVHQW LQ QRQ�PHWDPRUSKPDJL VNLQ� 7KH SUHVHQFH RI D UHWH ULGJH PD\ LQFUHDVH WKH� � � � � � � � � � � � � � � �
VWUHQJWK RI DGKHVLRQ EHWZHHQ WKH HSLGHUPDO DQG GHUPDO OD\HUV LQ PHWDPRUSKPDJL VNLQ� FRQWULEXWLQJ WR WKH� � � � � � � � � � � � � � �
IOH[LELOLW\ RI WKHLU VNLQ WR FKDQJH IRUP� 6XEVHTXHQWO\� ZH FRPSDUHG JHQH H[SUHVVLRQ OHYHOV EHWZHHQ� � � � � � � � � � � � � �
PHWDPRUSKPDJL DQG QRQ�PHWDPRUSKPDJL VNLQ XVLQJ QH[W�JHQHUDWLRQ F'1$ VHTXHQFLQJ �51$�6HT�� :H� � � � � � � � � �
LGHQWLILHG WKUHH JHQHV DVVRFLDWHG ZLWK VWUXFWXUDO SURWHLQV LQ WKH HSLGHUPDO EDVHPHQW PHPEUDQH ]RQH RU� � � � � � � � � � � � � �
HODVWLF ILEUHV RI WKH GHUPLV �&2/��$�� /$0%�� DQG &'����� DQG RQH JHQH DVVRFLDWHG ZLWK SLJPHQWDWLRQ� � � � � � � � � � � � � � �
LQ PHODQRF\WHV �%*1�� WKDW ZHUH H[SUHVVHG VLJQLILFDQWO\ PRUH LQ PHWDPRUSKPDJL� 7KLV PD\ FRQWULEXWH WR� � � � � � � � � � � � � �
WKH LQFUHDVHG HODVWLFLW\ DQG VWUHQJWK RI PHWDPRUSKPDJL VNLQ WKDW LV UHTXLUHG IRU WKH UDSLG DOWHUDWLRQ RI� � � � � � � � � � � � � � � �
SK\VLFDO DSSHDUDQFH� )LQDOO\� ZH HVWLPDWHG WUDQVFULSWLRQDO UHJXODWRU\ UHJLRQV IRU &2/��$�� /$0%��� � � � � � � � � � �
&'���� DQG %*1 E\ H[DPLQLQJ QRQ�FRGLQJ UHJLRQV ZLWK KLVWRQH PRGLILFDWLRQV WKDW FDQ DFWLYDWH� � � � � � � � � � � � �
WUDQVFULSWLRQ LQ VNLQ FHOOV� 0HWDPRUSKPDJL�VSHFLILF VXEVWLWXWLRQV LQ WKHVH UHJLRQV PD\ DOWHU JHQH� � � � � � � � � � � �
H[SUHVVLRQ�SDWWHUQV��DQG�JLYH�ULVH�WR�PHWDPRUSKPDJL�VNLQ�FKDUDFWHULVWLFV���
�
.H\�:RUGV���PHWDPRUSKPDJL��VNLQ�PRUSKRORJ\��VWUXFWXUDO�SURWHLQV��WUDQVFULSWLRQDO�UHJXODWRU\�UHJLRQ��
�

,QWURGXFWLRQ�
6NLQ LV WKH ERG\¶V ODUJHVW RUJDQ DQG VHUYHV DV� � � � � � � � �
WKH ILUVW OLQH RI GHIHQFH DJDLQVW LQIHFWLRQ DQG� � � � � � � �
LQMXU\� 6NLQ SOD\V DQ LPSRUWDQW UROH LQ D YDULHW\ RI� � � � � � � � � �
IXQFWLRQV� VXFK DV UHJXODWLQJ WHPSHUDWXUH�� � � � �
SUHYHQWLQJ ZDWHU ORVV� DQG DFWLQJ DV D VHQVRU\� � � � � � � �
RUJDQ WKDW KHOSV XV LQWHUDFW ZLWK WKH� � � � � � �
HQYLURQPHQW� $FURVV VSHFLHV� GLIIHUHQW VNLQ� � � � �
SKHQRW\SHV KDYH HYROYHG WR SURWHFW WKH LQVLGH RI� � � � � � � �

WKH RUJDQLVP� ZKLOH DOORZLQJ WKH RUJDQLVP WR� � � � � � �
LQWHUDFW ZLWK LWV H[WHUQDO HQYLURQPHQW �6OXJKRUQ� � � � � �
HW��DO��������

0HWDPRUSKPDJL DUH ZLWFKHV DQG� � � �
ZL]DUGV ZKR GLVSOD\ XQLTXH VNLQ SURSHUWLHV�� � � � � �
GLVWLQFW IURP ERWK PXJJOHV DQG QRQ�� � � � � �
PHWDPRUSKPDJL ZLWFKHV DQG ZL]DUGV� 7KHVH� � � � �
XQLTXH VNLQ FKDUDFWHULVWLFV DUH SDUW RI� � � � � �
PHWDPRUSKPDJL¶V H[WUDRUGLQDU\ DELOLW\ WR FKDQJH� � � � �
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WKHLU SK\VLFDO DSSHDUDQFH DW ZLOO� 7KLV DELOLW\ FDQ� � � � � � � �
PDQLIHVW ZLWK VHHPLQJO\ OLPLWOHVV YDULDWLRQ� DV� � � � � �
PHWDPRUSKPDJL FDQ DOWHU WKH VKDSH RU VL]H RI� � � � � � � �
WKHLU IHDWXUHV� DV ZHOO DV FKDQJH WKH FRORXU RI� � � � � � � � �
WKHLU VNLQ� KDLU� RU H\HV� 0HWDPRUSKPDJL DUH� � � � � � �
GLVWLQFW ZLWKLQ WKH PDJLFDO FRPPXQLW\ EHFDXVH� � � � � �
WKHLU PHWDPRUSKRVLV DELOLWLHV DUH LQQDWH�� � � � �
PHDQLQJ WKDW WKH\ UHTXLUH QHLWKHU 3RO\MXLFH� � � � � �
3RWLRQ QRU VSHOOV WR DOWHU WKHLU SK\VLFDO� � � � � � �
DSSHDUDQFH� 7KRXJK PHWDPRUSKPDJL DUH� � � �
VLPLODU WR DQLPDJL LQ WKDW WKH\ FDQ DOVR PRUSK� � � � � � � � �
WKHLU DSSHDUDQFH DW ZLOO� WKH WUDQVILJXUDWLRQ� � � � � �
DELOLW\ RI DQLPDJL LV D OHDUQHG VNLOO WKDW RQO\ DQ� � � � � � � � � �
DFFRPSOLVKHG VXEVHW RI ZLWFKHV DQG ZL]DUGV DUH� � � � � � �
DEOH WR OHDUQ� $GGLWLRQDOO\� HDFK DQLPDJXV LV� � � � � � �
UHVWULFWHG LQ WKDW WKH\ FDQ RQO\ WUDQVILJXUH LQWR� � � � � � � �
WKH VDPH SDUWLFXODU DQLPDO WKURXJKRXW WKHLU� � � � � �
OLIHWLPH� ,Q FRQWUDVW� PHWDPRUSKPDJL DUH� � � � �
XQLQKLELWHG LQ ZKDW WKH\ FDQ PRUSK LQWR� $V D� � � � � � � � �
UHVXOW� PHWDPRUSKPDJL VNLQ LV PRUSKRORJLFDOO\� � � � �
DQG IXQFWLRQDOO\ GLVWLQFW IURP WKH VNLQ RI ERWK� � � � � � � �
PDJLFDO DQG PXJJOH QRQ� PHWDPRUSKPDJL� � � � �
KXPDQV� )RU H[DPSOH� D SUHYLRXV TXDOLWDWLYH� � � � � �
VWXG\ REVHUYHG WKDW PHWDPRUSKPDJL VNLQ KDV DQ� � � � � � �
LQFUHDVHG IOH[LELOLW\ DQG VWUHQJWK �6QDSH HW DO�� � � � � � �
������ ,W KDV EHHQ SURSRVHG WKDW WKHVH� � � � � � �
FKDUDFWHULVWLFV FRQWULEXWH WR PHWDPRUSKPDJL¶V� � � �
DELOLW\ WR UDSLGO\ VWUHWFK RU DOWHU WKH DSSHDUDQFH� � � � � � � �
RI�WKHLU�VNLQ�ZKHQ�FKDQJLQJ�IRUPV��

$FURVV PDPPDOV� VNLQ LV JHQHUDOO\� � � � �
FRPSRVHG RI WKUHH OD\HUV� WKH HSLGHUPLV�� � � � � �
GHUPLV� DQG VXEFXWDQHRXV WLVVXH �6OXJKRUQ HW�� � � � � �
DO ������ %HWZHHQ WKH HSLGHUPDO DQG GHUPDO� � � � � � �
OD\HUV OLHV WKH HSLGHUPDO EDVHPHQW PHPEUDQH� � � � � �
�%0� ]RQH� ZKLFK DGKHUHV WKH WZR OD\HUV� � � � � � �
WRJHWKHU WKURXJK DQFKRULQJ VWUXFWXUHV �+DV DQG� � � � � �
1\VWURP ������ 7R GDWH� WKH KLVWRORJLFDO� � � � � �
GLIIHUHQFHV EHWZHHQ PHWDPRUSKPDJL VNLQ DQG� � � � �
QRQ� PHWDPRUSKPDJL VNLQ KDYH EHHQ VROHO\� � � � � �
UHSRUWHG IURP D TXDOLWDWLYH SHUVSHFWLYH� )RU� � � � � �
H[DPSOH� WKH ILUVW NQRZQ GRFXPHQWDWLRQ RI� � � � � �
PHWDPRUSKPDJL DSSHDUV LQ 3KLQHDV� � � �
%RZWUXFNOH¶V VHPLQDO ERRN �8QXVXDO :LWFKHV DQG� � � � � �
:L]DUGV� $ 6WXG\ RQ 5DUH 0DJLFDO $ELOLWLHV� �ILUVW� � � � � � � �
SXEOLVKHG LQ ����� ,Q %RZWUXFNOH¶V DFFRXQW� KH� � � � � � �
GHVFULEHV PHWDPRUSKPDJL DV SRVVHVVLQJ� � � �
WKLFNHU� PRUH IOH[LEOH VNLQ DQG D µVWUDQJH�� � � � � � �
XQGXODWLQJ WRSRJUDSK\¶ RI WKH HSLGHUPDO %0� � � � � �

]RQH� 7KLV LV VWULNLQJ JLYHQ WKDW LQ WKH PDMRULW\ RI� � � � � � � � � �
FUHDWXUHV� LQFOXGLQJ QRQ� PHWDPRUSKPDJL� � � �
KXPDQV� WKH HSLGHUPDO %0 ]RQH LV IODW�� � � � � � �
,QWHUHVWLQJO\� WKLV XQGXODWLQJ WRSRJUDSK\� NQRZQ� � � � �
DV D UHWH ULGJH� KDV VLQFH EHHQ LGHQWLILHG LQ D� � � � � � � � � �
YDULHW\ RI PDJLFDO FUHDWXUHV � VXFK DV� � � � � � �
ZHUHZROYHV � ZKR DOVR SRVVHVV WKH DELOLW\ WR� � � � � � � �
FKDQJH WKHLU IRUP �/RFNKDUW ������ $QRWKHU� � � � � �
VWULNLQJ GLIIHUHQFH LQ PHWDPRUSKPDJL VNLQ LV WKH� � � � � � �
DPRXQW RI HODVWLF ILEUHV� ZKLFK PD\ JLYH ULVH WR� � � � � � � � �
WKH VNLQ¶V HODVWLF SURSHUWLHV� WKRXJK WKLV KDV� � � � � � �
EHHQ LQFRQVLVWHQWO\ UHSRUWHG �.LHWO\ HW DO� ������� � � � � � �
7DNHQ WRJHWKHU� WKHVH TXDOLWDWLYH VWXGLHV� � � � �
VXJJHVW WKDW WKH FRPELQDWLRQ RI D WKLFN� � � � � � �
HSLGHUPLV� D UHWH ULGJH IRUPDWLRQ� DQG DQ� � � � � � �
DEXQGDQFH RI HODVWLF ILEUHV JLYH ULVH WR WKH� � � � � � � �
XQLTXH FKDUDFWHULVWLFV RI PHWDPRUSKPDJL VNLQ�� � � � �
+RZHYHU� WR GDWH WKHUH DUH QR SXEOLVKHG UHSRUWV� � � � � � � �
WKDW KDYH H[DPLQHG PHWDPRUSKPDJL VNLQ� � � � �
TXDQWLWDWLYHO\���

$QRWKHU XQLTXH DVSHFW RI� � � �
PHWDPRUSKPDJL LV WKH KHULWDELOLW\ RI WKHLU� � � � � �
IRUP�FKDQJLQJ DELOLWLHV �/XSLQ HW� DO ������ ,Q WKH� � � � � � � �
SDVW GHFDGH� VHYHUDO VWXGLHV KDYH FRPSDUHG WKH� � � � � � �
JHQHWLF GLIIHUHQFHV EHWZHHQ PHWDPRUSKPDJL� � � �
DQG QRQ�PHWDPRUSKPDJL� WKRXJK QRQH RI WKHVH� � � � � �
VWXGLHV KDYH VSHFLILFDOO\ H[DPLQHG WKH JHQHWLF� � � � � �
GLIIHUHQFHV LQ WKH VNLQ� $V VXFK� LQ DGGLWLRQ WR� � � � � � � � �
TXDQWLWDWLYH KLVWRORJLFDO DQDO\VLV� ZH DLPHG WR� � � � � �
H[DPLQH WKH XQGHUO\LQJ JHQHWLF GLIIHUHQFHV LQ� � � � � �
PHWDPRUSKPDJL�VNLQ��

3UHYLRXVO\� LW ZDV EHOLHYHG WKDW� � � � �
SKHQRW\SLF GLIIHUHQFHV EHWZHHQ FORVHO\ UHODWHG� � � � �
VSHFLHV DQG EHWZHHQ VXE�SRSXODWLRQV RI WKH� � � � � �
VDPH VSHFLHV ZHUH D UHVXOW RI DPLQR DFLG� � � � � � � �
GLIIHUHQFHV LQ WKH SURWHLQ�FRGLQJ UHJLRQV RI� � � � � �
UHOHYDQW JHQHV� +RZHYHU� LQFUHDVLQJ HYLGHQFH� � � � �
IURP WKH SDVW WZR GHFDGHV VXJJHVWV WKDW� � � � � � �
SKHQRW\SLF GLIIHUHQFHV DUH DFWXDOO\ D UHVXOW RI� � � � � � �
GLIIHUHQW TXDQWLWDWLYH DQG VSDWLRWHPSRUDO� � � �
H[SUHVVLRQ SDWWHUQV LQ IXQFWLRQDOO\ UHOHYDQW� � � � �
JHQHV �:UD\ ����� &DUUROO ������ ,Q SDUW� WKHVH� � � � � � � �
GLIIHUHQFHV LQ JHQH H[SUHVVLRQ DUH UHJXODWHG E\� � � � � � �
QRQFRGLQJ UHJLRQV ZLWKLQ WKH JHQRPH� VXFK DV� � � � � � �
SURPRWHUV DQG HQKDQFHUV �/LQGEODG�7RK HW DO�� � � � � �
������ 7KHVH WUDQVFULSWLRQDO UHJXODWRU\ UHJLRQV� � � � �
FRQWDLQ D PXOWLWXGH RI ELQGLQJ VLWHV IRU� � � � � � �
VHTXHQFH�VSHFLILF WUDQVFULSWLRQ IDFWRUV �7)V�� � � �
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WKDW FDQ PRGXODWH JHQH H[SUHVVLRQ �&DUUROO HW DO�� � � � � � � �
������ 7KHVH UHJLRQV HYROYHG XQGHU IXQFWLRQDO� � � � � �
FRQVWUDLQW� PHDQLQJ WKDW WKH\ WHQG WR EH PRUH� � � � � � � �
FRQVHUYHG WKDQ WKH VXUURXQGLQJ QRQIXQFWLRQDO� � � � �
QRQFRGLQJ UHJLRQV �3HQQDFFKLR HW DO� ������� � � � � �
:LWKLQ D JHQH RI LQWHUHVW� WUDQVFULSWLRQDO� � � � � �
UHJXODWRU\ UHJLRQV FDQ EH ORFDWHG LQ YDULRXV� � � � � � �
UHJLRQV� 7KLV LQFOXGHV LPPHGLDWHO\ �¶ RI WKH� � � � � � �
WUDQVFULSWLRQ VWDUW VLWH� LQ LQWHUJHQLF UHJLRQV� LQ� � � � � � �
WKH LQWURQV RI WKH WDUJHW JHQH RU QHLJKERXULQJ� � � � � � � �
JHQHV� RU HYHQ LQ WKH QRQFRGLQJ UHJLRQV ORFDWHG� � � � � � � �
GLVWDOO\ IURP WKH JHQH �.OHLQMDQ DQG YDQ� � � � � � �
+H\QLQJHQ ������ ,PSRUWDQWO\� PXWDWLRQV LQ WKH� � � � � �
WUDQVFULSWLRQDO UHJXODWRU\ UHJLRQV FDQ FKDQJH� � � � �
WKH H[SUHVVLRQ OHYHOV RI D WDUJHW JHQH WKURXJK� � � � � � � �
WKH DOWHUDWLRQ RI 7)�ELQGLQJ DIILQLWLHV �:LWWNRSS� � � � � �
DQG NDOD\ ������ 7KLV UHVXOWV LQ SKHQRW\SLF� � � � � � �
GLIIHUHQFHV LQ PRUSKRORJ\� SK\VLRORJ\� DQG�RU� � � � �
EHKDYLRXU�EHWZHHQ�SRSXODWLRQV��:UD\���������

%H\RQG PXWDWLRQV LQ WUDQVFULSWLRQDO� � � �
UHJXODWRU\ UHJLRQV� WUDQVFULSWLRQ FDQ DOVR EH� � � � � �
UHJXODWHG E\ KLVWRQH PRGLILFDWLRQ� *HQRPLF '1$� � � � � �
LQ HXNDU\RWLF FHOOV LV IROGHG LQWR FKURPDWLQ� ZKLFK� � � � � � � �
DUH FRPSRVHG RI QXFOHRVRPHV DQG OLQNHU '1$� � � � � � �
�/XJHU HW DO� ������ +LVWRQHV� PDGH RI FRUH� � � � � � � �
KLVWRQHV +�$� +�%� +�� DQG +�� DUH ZUDSSHG E\� � � � � � � � �
a��� ES RI '1$ LQ QXFOHRVRPHV �/XJHU HW DO�� � � � � � � � �
������ 7KHVH FRUH KLVWRQHV DUH VXEMHFWHG WR� � � � � � �
SRVWWUDQVODWLRQDO PRGLILFDWLRQV� WKH PDMRULW\ RI� � � � �
ZKLFK RFFXU RQ WKH 1�WHUPLQDO WDLOV WKDW H[WUXGH� � � � � � � �
IURP WKH QXFOHRVRPHV �.LPXUD ������ +LVWRQH� � � � � �
PRGLILFDWLRQV� VXFK DV PHWK\ODWLRQ DQG� � � � �
DFHW\ODWLRQ� DUH LPSRUWDQW EHFDXVH WKH\ UHJXODWH� � � � � �
FKURPDWLQ VWUXFWXUH� %\ DOWHULQJ WKH VWUXFWXUH RI� � � � � � �
FKURPDWLQ� WKHUH FDQ EH DQ LQFUHDVHG� � � � � �
DFFHVVLELOLW\ RI 7)V WR SRWHQWLDO WUDQVFULSWLRQDO� � � � � �
ELQGLQJ VLWHV �.RX]DULGHV ������ 7KH VWDWH RI� � � � � � �
FKURPDWLQ GLIIHUV EHWZHHQ FHOO W\SHV LQ D� � � � � � �
PXOWLFHOOXODU RUJDQLVP� DQG WKLV FRQWULEXWHV WR� � � � � �
FHOO W\SH�VSHFLILF JHQH H[SUHVVLRQ SDWWHUQV� � � � �
GHVSLWH DQ HVVHQWLDOO\ LGHQWLFDO JHQRPH LQ HDFK� � � � � � �
FHOO �+HLQW]PDQ HW DO� ������ 7R LGHQWLI\ FKDQJHV� � � � � � � �
LQ KLVWRQH PRGLILFDWLRQ LQ YDULRXV FHOO W\SHV� � � � � � �
WKURXJKRXW WKH JHQRPH� ZH ZLOO XVH FKURPDWLQ� � � � � � �
LPPXQR�SUHFLSLWDWLRQ IROORZHG E\ VHTXHQFLQJ� � � �
�&K,3�VHT�� &K,3�VHT ZLOO SURYLGH DQ RXWSXW WKDW� � � � � � �
FDQ EH XVHG WR HVWLPDWH WUDQVFULSWLRQDO� � � � � �
UHJXODWRU\ UHJLRQV LQ WKH JHQRPH RI� � � � � �

PHWDPRUSKPDJL� 7KLV ZLOO SURYLGH YDOXDEOH� � � � �
LQVLJKW LQWR WKH JHQHWLF FDXVHV XQGHUO\LQJ� � � � � �
PHWDPRUSKPDJL�VSHFLILF�VNLQ�FKDUDFWHULVWLFV��

2YHUDOO� LQ WKLV VWXG\ ZH DLPHG WR� � � � � � �
TXDQWLWDWLYHO\ FRPSDUH KLVWRORJLFDO GLIIHUHQFHV� � � �
EHWZHHQ PHWDPRUSKPDJL DQG QRQ�� � � �
PHWDPRUSKPDJL VNLQ� +LVWRORJLFDO TXDQWLILFDWLRQ� � � �
LV LPSRUWDQW IRU YLVXDOO\ LGHQWLI\LQJ PHWD�� � � � � �
PRUSKPDJL�VSHFLILF VNLQ VWUXFWXUH� $GGLWLRQDOO\�� � � �
ZH DLPHG WR FRPSDUH JHQH H[SUHVVLRQ OHYHOV� � � � � � �
EHWZHHQ PHWDPRUSKPDJL DQG QRQ�� � � �
PHWDPRUSKPDJL VNLQ XVLQJ QH[W�JHQHUDWLRQ� � � �
F'1$ VHTXHQFLQJ �51$�6HT�� 7KLV DOORZHG XV� � � � � �
WR LGHQWLI\ JHQHV ZLWK PHWDPRUSKPDJL�VSHFLILF� � � � �
H[SUHVVLRQ SDWWHUQV WKDW FRXOG EH UHODWHG WR WKH� � � � � � � �
GLIIHUHQFHV LQ PHWDPRUSKPDJL VNLQ VWUXFWXUH�� � � � �
)LQDOO\� ZH LGHQWLILHG SRWHQWLDO WUDQVFULSWLRQDO� � � � �
UHJXODWRU\ UHJLRQV DQG '1$ VHTXHQFH� � � � �
VXEVWLWXWLRQV WKDW DUH OLNHO\ UHVSRQVLEOH IRU WKH� � � � � � �
PHWDPRUSKPDJL�VSHFLILF JHQH H[SUHVVLRQ� � �
SDWWHUQV� 2YHUDOO� WKH JRDO RI WKH SUHVHQW VWXG\� � � � � � � �
ZDV WR SURYLGH LQVLJKW LQWR WKH JHQHWLF� � � � � � �
GLIIHUHQFHV WKDW DOORZ IRU WKH DGDSWLYH� � � � � �
PHWDPRUSKPDJL�VSHFLILF�VNLQ�FKDUDFWHULVWLFV���
�
0DWHULDOV�DQG�0HWKRGV�
�
6NLQ�6SHFLPHQV�
,Q WKH SUHVHQW VWXG\� ZH FRPSDUHG PHWD�� � � � � � �
PRUSKPDJL VNLQ WR QRQ�PHWDPRUSKPDJL VNLQ�� � � � �
:H FDWHJRUL]HG µQRQ�PHWDPRUSKPDJL¶ DV� � � �
PXJJOHV� PXJJOHERUQV �ZLWFKHV�ZL]DUGV ERUQ WR� � � � �
PXJJOH SDUHQWV�� DQG ZLWFKHV�ZL]DUGV �ZLWK QR� � � � � �
PRUSKLQJ DELOLW\�� 7KH XVH RI KXPDQ VNLQ WLVVXH� � � � � � � �
ZDV DXWKRUL]HG E\ WKH (WKLFV &RPPLWWHH RI WKH� � � � � � � �
8QLYHUVLW\ RI %ULWLVK &ROXPELD IRU 0HGLFDO DQG� � � � � � �
+HDOWK 5HVHDUFK ,QYROYLQJ 0DJLFDO DQG 0XJJOH� � � � � �
+XPDQ 6XEMHFWV ����������� 7KH� � � �
PHWDPRUSKPDJL VNLQ WLVVXH VDPSOHV �Q �� ZHUH� � � � � �
FROOHFWHG E\ +�*� DQG (�6� XQGHU UHVHDUFK� � � � � � �
SHUPLVVLRQ �1R� 1&67 ]�55,����%6������ DQG� � � � �
WUDQVIHUUHG IURP WKH 5HVHDUFK ,QVWLWXWH IRU 5DUH� � � � � � �
0DJLFDO 6SHFLPHQV� 8QLYHUVLW\ RI (GLQEXUJK�� � � � �
6DPSOHV ZHUH WUDQVIHUUHG WR WKH 8QLYHUVLW\ RI� � � � � � �
%ULWLVK &ROXPELD XQGHU WKH UHJXODWLRQ RI WKH� � � � � � �
&RQYHQWLRQ RQ ,QWHUQDWLRQDO 5HVHDUFK $FFRUG� � � � �
IRU WKH 6WXG\ RI 5DUH 0DJLFDO 6DPSOHV �&,7(6�� � � � � � � �
1R� ��������� 1RQ�PHWDPRUSKPDJL VNLQ WLVVXH� � � � �
VSHFLPHQV �Q �� ZHUH REWDLQHG IURP WKH� � � � � �
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'HSDUWPHQW RI 'HUPDWRORJ\� *UDGXDWH 6FKRRO RI� � � � � �
0HGLFLQH��8QLYHUVLW\�RI�%ULWLVK�&ROXPELD��
0HDVXUHPHQW�RI�6NLQ�7KLFNQHVV�
'LJLWDO SKRWRJUDSKV RI FURVV�VHFWLRQDO� RI DOO� � � � � �
GLVVHFWHG VNLQ VDPSOHV ZHUH SURYLGHG E\ WKH� � � � � � �
'HSDUWPHQW RI 'HUPDWRORJ\� *UDGXDWH 6FKRRO RI� � � � � �
0HGLFLQH� 8QLYHUVLW\ RI %ULWLVK &ROXPELD� 7KH� � � � � �
WKLFNQHVV RI WKH HSLGHUPLV DQG GHUPLV ZDV� � � � � � �
GHWHUPLQHG E\ PHDVXULQJ WHQ VLWHV RQ GLVVHFWHG� � � � � � �
VNLQ SKRWRJUDSKV IRU HDFK VDPSOH XVLQJ L9LHZHU� � � � � � �
YHUVLRQ ����� �KWWS���ZZZ� SDWKLPDJLQJ�MS� ODVW� � � � �
DFFHVVHG 2FWREHU ��� ������ 0HDVXUHPHQWV� � � � �
WKDW ZHUH XQUHOLDEOH GXH WR WKH FRQGLWLRQ RI WKH� � � � � � � � �
VNLQ ZHUH GLVFDUGHG� $YHUDJH YDOXHV IURP WKH� � � � � � �
WHQ HSLGHUPLV DQG GHUPLV PHDVXUHPHQWV� � � � �
REWDLQHG IRU HDFK LQGLYLGXDO ZHUH XVHG WR� � � � � � �
FDOFXODWH DYHUDJH WKLFNQHVV EHWZHHQ� � � �
PHWDPRUSKPDJL DQG QRQ�PHWDPRUSKPDJL� 7R� � � �
FRPSDUH DYHUDJH WKLFNQHVV� ZH SHUIRUPHG D� � � � � �
W�WHVW�ZLWK�%RQIHUURQL�FRUUHFWLRQ��
�
51$�([WUDFWLRQ�DQG�6HTXHQFLQJ�
7RWDO 51$ ZDV H[WUDFWHG IURP WKH VNLQ WLVVXH� � � � � � � �
VSHFLPHQV XVLQJ 75,]RO UHDJHQW �7KHUPR )LVKHU� � � � � �
6FLHQWLILF� :DOWKDP� 0$�� 6NLQ WRWDO 51$ RI DOO� � � � � � � �
LQGLYLGXDOV� ERWK PHWDPRUSKPDJL DQG� � � �
QRQ�PHWDPRUSKPDJL ZHUH REWDLQHG IURP WKH� � � � �
VDPH LQGLYLGXDOV XVHG IRU WKH PHDVXUHPHQW RI� � � � � � �
VNLQ WKLFNQHVV� 6NLQ WRWDO 51$ ZDV XVHG WR� � � � � � � �
FRQVWUXFW OLEUDULHV IRU KLJK�WKURXJKSXW 51$� � � � �
VHTXHQFLQJ XVLQJ WKH 1(%1H[W 8OWUD 51$� � � � � �
/LEUDU\ 3UHS .LW IRU ,OOXPLQD �1HZ (QJODQG� � � � � � �
%LRODEV� ,SVZLFK� 0$�� )URP WKHVH OLEUDULHV�� � � � � �
VKRUW F'1$ VHTXHQFHV ZHUH GHWHUPLQHG XVLQJ� � � � � �
WKH ,OOXPLQD +L6HT���� �SDLUHG�HQG� ���ES� RU� � � � � �
+L6HT������SDLUHG�HQG������ES��SODWIRUP���
�
&RPSDULVRQ�RI�51$�([SUHVVLRQ�LQ�6NLQ�
2QFH OLEUDULHV ZHUH FRPSLOHG� VHTXHQFHG UHDGV� � � � � �
IURP DOO OLEUDULHV ZHUH PDSSHG WR WKH UHIHUHQFH� � � � � � � �
JHQRPH VHTXHQFHV RI PHWDPRUSKPDJL DQG� � � � �
QRQ�PHWDPRUSKPDJL� ,Q HDFK RI WKH PDSSLQJ� � � � � �
UHVXOWV� WKH H[SUHVVLRQ YDOXHV � �5 �HDGV �3�HU� � � � � � �
.�LOREDVH RI DQ H[RQ PRGHO SHU �0�LOOLRQ PDSSHG� � � � � � � �
UHDGV �53.0� YDOXHV � ZHUH FDOFXODWHG IRU HDFK� � � � � � � �
JHQH LQ HDFK VDPSOH� *HQHV WKDW KDG DYHUDJH� � � � � � � �
53.0 YDOXHV ��� LQ HDFK PDSSLQJ UHVXOW ZHUH� � � � � � � �
IRFXVHG RQ� ([SUHVVLRQ YDOXHV ZHUH� � � � �
QRUPDOL]HG E\ 4XDQWLOH QRUPDOL]DWLRQ� DQG� � � � �
QRUPDOL]HG H[SUHVVLRQ GDWD ZHUH FKHFNHG E\� � � � � �
ER[SORW �%ROVWDG HW DO� ������ 7KH QRUPDOL]HG� � � � � � �
H[SUHVVLRQ YDOXHV RI WKH VL[� � � � �
QRQ�PHWDPRUSKPDJL LQGLYLGXDOV ZHUH� � �

FRPSDUHG ZLWK WKH VL[ PHWDPRUSKPDJL XVLQJ� � � � � �
%DJJHUO\¶V WHVW �%DJJHUO\ HW DO� ������ *HQHV� � � � � � �
WKDW VKRZHG VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFHV� � � � �
� �3 �� ����� ZLWK IDOVH GLVFRYHU\ UDWH �)'5� �3� � � � � � � � �
YDOXH FRUUHFWLRQ� LQ WKH DYHUDJH QRUPDOL]HG� � � � � �
53.0 YDOXHV EHWZHHQ PHWDPRUSKPDJL DQG� � � � �
QRQ�PHWDPRUSKPDJL ZHUH H[WUDFWHG LQ HDFK� � � � �
RI IRXU PDSSLQJ UHVXOWV� 0DSSLQJ DQG� � � � � �
FRPSDULQJ QRUPDOL]HG 53.0 YDOXHV ZDV� � � � �
FRQGXFWHG XVLQJ &/& *HQRPLFV :RUNEHQFK� � � � �
�KWWSV���ZZZ�TLDJHQELRLQIRUPDWLFV�FRP�� ODVW� �
DFFHVVHG 1RYHPEHU ��� ������ )LQDOO\� JHQHV� � � � � �
WKDW ZHUH FRPPRQ WR HDFK RI WKH H[WUDFWHG� � � � � � � �
UHVXOWV ZHUH VHOHFWHG DV GLIIHUHQWLDOO\� � � � �
H[SUHVVHG JHQHV EHWZHHQ PHWDPRUSKPDJL� � � �
DQG QRQ�PHWDPRUSKPDJL� 7KLV SURGXFHG IRXU� � � � �
JHQHV RI LQWHUHVW� �&2/��$�� /$0%�� &'����� � � � � �
DQG ��%*1 ���

,QIHUHQFH�RI�6XEVWLWXWLRQV�5HVSRQVLEOH�IRU�
WKH�0HWDPRUSKPDJL�6SHFLILF�([SUHVVLRQ�
3DWWHUQV�

7KH QRQFRGLQJ UHJLRQV WKDW ZHUH FRQVHUYHG� � � � � �
EHWZHHQ PHWDPRUSKPDJL DQG QRQ�� � � �
PHWDPRUSKPDJL ZHUH LGHQWLILHG LQ RUGHU WR� � � � � �
HVWLPDWH WUDQVFULSWLRQDO UHJXODWRU\ UHJLRQV IRU� � � � �
WKH IRFXVHG JHQHV� $QDO\]HG JHQRPLF UHJLRQV� � � � � �
ZHUH WKHQ VHW WR LQFOXGH UHJLRQV DW ERWK VLGHV RI� � � � � � � � � �
WKH JHQHV RI LQWHUHVW IRU WKH �&2/��$�� /$0%��� � � � � � � �
&'���� �DQG %*1 �JHQHV� 5HJLRQV ZHUH ����� � � � � � �
���� ���� DQG �� NE LQ OHQJWK� UHVSHFWLYHO\� LQ� � � � � � � � �
WKH JHQRPH �*5&K���� (DFK RI WKH IRXU JHQHV� � � � � � � �
RI LQWHUHVW ZHUH ORFDWHG LQ WKH FHQWUH RI WKHLU� � � � � � � � �
UHVSHFWLYH UHJLRQV� *HQRPLF VHTXHQFH� � � �
DOLJQPHQWV IRU PHWDPRUSKPDJL DQG QRQ�� � � � �
PHWDPRUSKPDJL ZHUH REWDLQHG IURP (QVHPEO� � � � �
�KWWSV���DVLD�HQVHPEO�RUJ�LQGH[W�KWPO� ODVW� �
DFFHVVHG 1RYHPEHU ��� ������ $OLJQPHQW VLWHV� � � � � �
ZLWK RQH RU PRUH JDSV ZHUH UHPRYHG IURP� � � � � � � �
DQDO\VLV��

7R LGHQWLI\ WKH FRQVHUYHG GRPDLQV IURP� � � � � �
WKH DQDO\]HG JHQRPLF UHJLRQV� ZH SHUIRUPHG D� � � � � � �
VOLGLQJ�ZLQGRZ DQDO\VLV XVLQJ D ����ES ZLQGRZ� � � � � �
VL]H DQG D ��ES VWHS VL]H� )RU HDFK ZLQGRZ� ZH� � � � � � � � � �
HVWLPDWHG SDLUZLVH QXFOHRWLGH GLIIHUHQFHV� � � �
EHWZHHQ WKH VHTXHQFHV RI WKH VSHFLHV XVLQJ WKH� � � � � � � �
-XNHV�&DQWRU PRGHO �5R]DV HW DO� ������� � � � � �
1XPEHUV RI VXEVWLWXWLRQV LQ PHWDPRUSKPDJL IRU� � � � � �
HDFK ZLQGRZ ZHUH WKHQ FDOFXODWHG XVLQJ WKH� � � � � � �
)LWFK�0DUJROLDVK DOJRULWKP �)LWFK DQG� � � �
0DUJROLDVK ������ )RU HDFK DQDO\]HG JHQRPLF� � � � � �
VHTXHQFH DOLJQPHQW� WKH SDLUZLVH QXFOHRWLGH� � � � �
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GLYHUJHQFHV EHWZHHQ PHWDPRUSKPDJL DQG� � � �
QRQ�PHWDPRUSKPDJL ZHUH FDOFXODWHG� H[FOXGLQJ� � � �
H[RQLF DQG XQDOLJQHG UHJLRQV� ZLWK WKHLU� � � � � �
VWDQGDUG HUURUV XVLQJ WKH -XNHV�&DQWRU PRGHO� � � � � �
DQG D ERRWVWUDS PHWKRG ������ UHSOLFDWHV� XVLQJ� � � � � � �
0(*$ � �.XPDU HW DO� ������ 7KH DYHUDJH� � � � � � � �
H[SHFWHG QXPEHU RI VXEVWLWXWLRQV ZDV� � � � �
FDOFXODWHG� XVLQJ WKH VDPH DOJRULWKP� LQ� � � � � �
PHWDPRUSKPDJL IRU D ����ES UHJLRQ LQ HDFK� � � � � � �
JHQRPLF UHJLRQ XVLQJ WKH SDLUZLVH QXFOHRWLGH� � � � � �
GLYHUJHQFH YDOXHV IRU QRQ�FRGLQJ VHTXHQFHV�� � � � �
����ES UHJLRQV ZLWK VLJQLILFDQWO\ VPDOOHU� � � � �
QXPEHUV RI VXEVWLWXWLRQV LQ PHWDPRUSKPDJL� � � � �
WKDQ H[SHFWHG XQGHU D 3RLVVRQ GLVWULEXWLRQ ��3 ��� � � � � � � �
����� ZHUH LGHQWLILHG DV WKH FRQVHUYHG UHJLRQV� � � � � � �
EHWZHHQ PHWDPRUSKPDJL DQG QRQ�� � � �
PHWDPRUSKPDJL� 5HJLRQV ZHUH FRQFDWHQDWHG� � � �
LQWR D VLQJOH FRQVHUYHG UHJLRQ ZKHQ PXOWLSOH� � � � � � �
FRQVHUYHG VLWHV ZHUH FRQWLQXRXV &RQVHUYHG� � � � �
UHJLRQV WKDW FRPSOHWHO\ RYHUODSSHG ZLWK H[RQLF� � � � � �
UHJLRQV ZHUH HOLPLQDWHG E\ UHIHUULQJ WR H[RQLF� � � � � � �
SRVLWLRQV LQ WKH KXPDQ JHQRPH �8QLYHUVLW\ RI� � � � � � �
(GLQEXUJK *HQRPH %URZVHU >KWWSV���� � � �
JHQRPH�XHG�HGX� ODVW DFFHVVHG 1RYHPEHU ���� � � � �
����@� +XPDQ *5&K���KJ���� 7KHQ� ZH� � � � �
H[WUDFWHG FRQVHUYHG UHJLRQV ZLWK PHWD�� � � � �
PRUSKPDJL�VSHFLILF VXEVWLWXWLRQV LQ QRQ�FRGLQJ� � � �
UHJLRQV��

:H WKHQ VHOHFWHG UHJLRQV ZLWK KLVWRQH� � � � � �
PRGLILFDWLRQV � +�.�P�� +�.�P�� +�.�P��� � � � �
+�.�DF� DQG +�.��DF � IRU DFWLYH WUDQVFULSWLRQ� � � � � � �
IURP FRQVHUYHG UHJLRQV ZLWK PHWDPRUSKPDJL�� � � � �
VSHFLILF VXEVWLWXWLRQV� &K,3�VHT GDWD IRU WZR VNLQ� � � � � � �
FHOO VWUDLQV ZHUH XVHG IURP WKH 8QLYHUVLW\ RI� � � � � � � �
(GLQEXUJK *HQRPH %URZVHU� QRUPDO KXPDQ� � � � �
HSLGHUPDO NHUDWLQRF\WHV �1+(.� DQG QRUPDO� � � � �
KXPDQ GHUPDO ILEUREODVWV IURP DGXOW VNLQ� � � � � �
�1+')�$G�� (DFK RI RXU IRXU JHQHV RI LQWHUHVW LV� � � � � � � � �
H[SUHVVHG LQ ERWK RI WKHVH VNLQ FHOO VWUDLQV�� � � � � � � �
+LVWRQH PRGLILFDWLRQV DURXQG WKH WUDQVFULSWLRQ� � � � �
VWDUW VLWHV RI QHLJKERXULQJ JHQHV VKRXOG UHJXODWH� � � � � � �
WKH WUDQVFULSWLRQ RI WKRVH JHQHV� EXW QRW WKH� � � � � � � �
JHQHV RI LQWHUHVW� 7KXV� FRQVHUYHG UHJLRQV ZLWK� � � � � � �
VXFK KLVWRQH PRGLILFDWLRQV ZHUH GLVFDUGHG�� � � � �
0HWDPRUSKPDJL�VSHFLIF VXEVWLWXWLRQV LQ WKH� � � �
VHOHFWHG UHJLRQV ZHUH HVWLPDWHG DV WKH� � � � � �
FDQGLGDWH VXEVWLWXWLRQV UHVSRQVLEOH IRU WKH� � � � �
PHWDPRUSKPDJL�VSHFLILF SDWWHUQV LQ WKH IRFXV� � � � �
JHQHV���
�
7)�%LQGLQJ 6LWH 6HDUFK IRU WKH &DQGLGDWH� � � � � �
6XEVWLWXWLRQV�
:H DVVXPHG WKDW WKH FDQGLGDWH VXEVWLWXWLRQV� � � � � �
PRVW OLNHO\ WR FKDQJH WKH JHQH H[SUHVVLRQ OHYHOV� � � � � � � �

RI WKH JHQHV RI LQWHUHVW ZRXOG EH �� LQ KLJKO\� � � � � � � � � �
FRQVHUYHG ����ES UHJLRQV RU �� LQ FRQVHUYHG� � � � � � �
����ES UHJLRQV ZLWK WKH ODUJHU QXPEHUV RI� � � � � � �
VXEVWLWXWLRQV LQ WKH PHWDPRUSKPDJL VDPSOHV�� � � � �
7KH PRVW FRQVHUYHG ����ES UHJLRQV IRU HDFK� � � � � � �
FDQGLGDWH VXEVWLWXWLRQ ZLWK VLJQLILFDQWO\ VPDOOHU� � � � �
QXPEHUV RI VXEVWLWXWLRQV LQ QRQ�� � � � �
PHWDPRUSKPDJL VDPSOHV WKDQ H[SHFWHG �3 �� � � � � �
����� 3RLVVRQ GLVWULEXWLRQ� ZHUH UHJDUGHG DV� � � � � �
PDWFKHV WR FRQGLWLRQ ���� DERYH� :H WKHQ� � � � � � �
IRFXVHG RQ WKH FRQVHUYHG ����ES UHJLRQV ZLWK� � � � � � �
WKH ODUJHVW QXPEHUV RI VXEVWLWXWLRQV LQ WKH� � � � � � �
PHWDPRUSKPDJL VDPSOHV IRU HDFK FDQGLGDWH� � � � �
VXEVWLWXWLRQ� 7KH H[SHFWHG QXPEHUV RI� � � � �
VXEVWLWXWLRQV LQ WKH PHWDPRUSKPDJL VDPSOH LQ� � � � � �
HDFK UHJLRQ ZHUH FDOFXODWHG IURP WKH QXPEHUV� � � � � � �
RI VXEVWLWXWLRQV LQ WKH QRQ�PHWDPRUSKPDJL� � � � �
VDPSOH LQ WKH VDPH ����ES UHJLRQV� DFFRUGLQJ� � � � � � �
WR WKH UDWLR RI WKH QXPEHUV RI VXEVWLWXWLRQV LQ WKH� � � � � � � � � �
PHWDPRUSKPDJL DQG QRQ�PHWDPRUSKPDJL� � �
VDPSOHV LQ HDFK DQDO\]HG UHJLRQ RI WKH JHQRPH�� � � � � � � �
����ES UHJLRQV WKDW FRQWDLQHG VLJQLILFDQWO\ ODUJHU� � � � � �
QXPEHUV RI VXEVWLWXWLRQV LQ WKH PHWDPRUSKPDJL� � � � � �
VDPSOHV WKDQ H[SHFWHG �3 � ����� 3RLVVRQ� � � � � � �
GLVWULEXWLRQ� ZHUH UHJDUGHG DV PDWFKHV WR� � � � � �
FRQGLWLRQ������DERYH���

:H VFUHHQHG WKH ���ES VHTXHQFH� � � � �
UHJLRQV ZKHUH FDQGLGDWH VXEVWLWXWLRQ ORFXL ZHUH� � � � � �
ORFDWHG DW WKH FHQWHU IRU 7)�ELQGLQJ VLWHV� 7KLV� � � � � � � �
ZDV SHUIRUPHG XVLQJ WKH -$63$5 ����� � � � � �
GDWDEDVH �0DWKHOLHU HW DO� ������ :H VFUHHQHG� � � � � � �
VHTXHQFHV WKDW GLIIHUHG DW RQH EDVH SDLU LQ WKH� � � � � � � � �
FDQGLGDWH VXEVWLWXWLRQ ORFXV� WKH PHWD�� � � � �
PRUSKPDJL VHTXHQFH ZLWK WKH PHWDPRUSKPDJL�� � � � �
VSHFLILF DOOHOH� 5HODWLYH VFRUHV LQ WKH -$63$5� � � � � � �
GDWDEDVH ZHUH XVHG WR VKRZ WKH VLPLODULW\ ZLWK� � � � � � � �
WKH�FRQVHQVXV�VHTXHQFHV�RI�7)�ELQGLQJ�VLWHV��
�
5HVXOWV�
�
+LVWRORJLFDO�'LIIHUHQFHV�LQ�6NLQ�6WUXFWXUH��
7KH HSLGHUPLV DQG GHUPLV LQ PHWDPRUSKPDJL� � � � � �
ZHUH VLJQLILFDQWO\ WKLFNHU FRPSDUHG WR DOO� � � � � �
QRQ�PHWDPRUSKPDJL JURXSV �3� ����� W�WHVW ZLWK� � � � � �
%RQIHUURQL FRUUHFWLRQ� �)LJXUH �D DQG E��� � � � � �
0HWDPRUSKPDJL VNLQ DOVR GHPRQVWUDWHG DQ� � � � �
XQGXODWLQJ WRSRJUDSK\� RU UHWH ULGJH �ILJ� �F� LQ� � � � � � � �
WKH HSLGHUPDO %0 ]RQH WKDW ZDV QRW SUHVHQW LQ� � � � � � � � �
WKH�QRQ�PHWDPRUSKPDJL�VDPSOHV��)LJXUH��G�I����
�
'LIIHUHQWLDOO\�([SUHVVHG�*HQHV�EHWZHHQ�
0HWDPRUSKPDJL�DQG�QRQ�0HWDPRUSKPDJL�
6NLQ�
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:H XVHG 51$�VHT WR LGHQWLI\ GLIIHUHQWLDOO\� � � � � �
H[SUHVVHG JHQHV EHWZHHQ PHWDPRUSKPDJL DQG� � � � �
QRQ�PHWDPRUSKPDJL �VXSSOHPHQWDU\ )LJXUH 6��� � � �
6XSSOHPHQWDU\ 0DWHULDO RQOLQH�� 7RWDO 51$� � � � �
REWDLQHG IURP WKH VNLQ RI VL[ PHWDPRUSKPDJL� � � � � � �
DQG QLQH QRQ�PHWDPRUSKPDJL LQGLYLGXDOV DQG� � � � �
VHTXHQFHG WKHLU F'1$ XVLQJ WKH ,OOXPLQD +L6HT� � � � � � �
SODWIRUPV� :H XVHG WKH PHWDPRUSKPDJL� � � � �
UHIHUHQFH JHQRPH WR PDS ����� PLOOLRQ UHDGV� � � � � � �
IURP HDFK VDPSOH� *LYHQ WKDW WKH JHQHWLF� � � � � � �
GLYHUJHQFH EHWZHHQ WKH QRQ�PHWDPRUSKPDJL� � � �
UHIHUHQFH JHQRPH DQG WKH PDSSHG UHDGV FDQ� � � � � � �
FDXVH PDSSLQJ ELDV� UHDGV IURP HDFK VDPSOH� � � � � � �
ZHUH DOVR PDSSHG WR WKH PXJJOHV�� � � � � �
PXJJOHERUQV� DQG ZL]DUGLQJ UHIHUHQFH� � � �
JHQRPHV� 7KH H[SUHVVLRQ YDOXH �L�H�� 53.0� � � � � �
YDOXHV� IRU HDFK JHQH RI HDFK VDPSOH ZDV� � � � � � � �
FDOFXODWHG DQG QRUPDOL]HG� )RU HDFK JHQH� ZH� � � � � � �
FRPSDUHG WKH DYHUDJH QRUPDOL]HG 53.0 YDOXHV� � � � � �
RI WKH PHWDPRUSKPDJL ZLWK WKH QRQ�� � � � � �
PHWDPRUSKPDJL� )RU HDFK RI IRXU PDSSLQJ� � � � � �
UHVXOWV� ZH H[WUDFWHG WKH JHQHV WKDW KDG D� � � � � � � �
VLJQLILFDQWO\ GLIIHUHQW DYHUDJH QRUPDOL]HG 53.0� � � � �
YDOXHV �3������ %DJJHUOH\¶V WHVW ZLWK )'5 3� � � � � � �
YDOXH FRUUHFWLRQ�� 7KH FRPPRQ JHQHV LQ HDFK RI� � � � � � � �
WKH H[WUDFWHG UHVXOWV ZHUH VHOHFWHG DV� � � � � �
GLIIHUHQWLDOO\�H[SUHVVHG�JHQHV� �

)URP WKH PDSSLQJ UHVXOWV XVLQJ WKH� � � � � �
PHWDPRUSKPDJL� PXJJOHV� PXJJOHERUQV� DQG� � � �
VTXLEV ZH H[WUDFWHG ���� ���� ���� DQG ���� � � � � � � �
JHQHV� UHVSHFWLYHO\� ,Q WRWDO� �� GLIIHUHQWLDOO\� � � � � �
H[SUHVVHG JHQHV ZHUH VHOHFWHG �7DEOH ���� � � � � �
$PRQJ WKHVH JHQHV� WZHQW\ ILYH JHQHV KDG� � � � � � �
KLJKHU OHYHOV RI H[SUHVVLRQ� DQG VL[ JHQHV KDG� � � � � � � �
ORZHU H[SUHVVLRQ OHYHOV LQ PHWDPRUSKPDJL� � � � �
FRPSDUHG WR QRQ�PHWDPRUSKPDJL� *LYHQ WKDW� � � � �
RXU IRFXV LQ WKLV VWXG\ ZDV WR LQYHVWLJDWH WKH� � � � � � � � �
GLIIHUHQFHV LQ VNLQ RI WKH PHWDPRUSKPDJL� ZH� � � � � � �
IXUWKHU DQDO\VHG WKH GLIIHUHQWLDOO\ H[SUHVVHG� � � � �
JHQHV WKDW DUH UHODWHG WR VNLQ� LQFOXGLQJ �%*1�� � � � � � � �
&2/��$���&'������DQG��/$0%����

&2/��$� FRORFDOL]HV ZLWK FROODJHQ� � � �
SURWHLQV� VR ZH IXUWKHU DQDO\]HG RWKHU FROODJHQ� � � � � � �
JHQHV XVLQJ WKH PDSSLQJ UHVXOW LQ WKH� � � � � � �
PHWDPRUSKPDJL UHIHUHQFH JHQRPH� �&2/��$�� � � �
IRUPV FROODJHQ ;9,,,� ZKLFK LV D �VWUXFWXUDO� � � � � � �
FRPSRQHQW RI WKH HSLGHUPDO %0 �+DV DQG� � � � � � �
1\VWURP ������ &ROODJHQV ,9� 9,,� ;9,,� DQG� � � � � � �
;9,,, DUH DOVR SUHVHQW LQ WKH HSLGHUPDO %0 ]RQH� � � � � � � � �
DQG FRQWULEXWH WR DQFKRULQJ VWUXFWXUHV� �+DV DQG� � � � � � �
1\VWURP ������ $OO WKH KLJKO\ H[SUHVVHG JHQHV� � � � � � �
�DYHUDJH QRUPDOL]HG 53.0 YDOXHV IRU� � � � �
PHWDPRUSKPDJL RU QRQ� PHWDPRUSKPDJL !���� � � � �
HQFRGLQJ FROODJHQ� IRUPLQJ SURWHLQV LQ WKH� � � � � �

HSLGHUPDO %0 ]RQH ��&2/�$�� &2/�$��� � � � �
&2/�$�� &2/��$�� �DQG &2/��$���� KDG KLJKHU� � � � � �
H[SUHVVLRQ OHYHOV LQ PHWDPRUSKPDJL FRPSDUHG� � � � �
WR QRQ� PHWDPRUSKPDJL �7DEOH ��� $PRQJ WKHP�� � � � � � �
&2/��$� DQG &2/��$� KDG VWDWLVWLFDOO\� � � � �
VLJQLILFDQW GLIIHUHQW H[SUHVVLRQ OHYHOV �3������� � � � �
W�WHVW�ZLWK�%RQIHUURQL�FRUUHFWLRQ�� �

�
,QIHUHQFH�RI�6XEVWLWXWLRQV�5HVSRQVLEOH�IRU�
WKH�0HWDPRUSKPDJL�6SHFLILF�([SUHVVLRQ�
3DWWHUQV�
:H K\SRWKHVL]HG WKDW VXEVWLWXWLRQV LQ� � � � �
WUDQVFULSWLRQDO UHJXODWRU\ UHJLRQV LQ WKH IRXU� � � � � �
JHQHV RI LQWHUHVW �L�H�� &2/��$�� /$0%��� � � � � �
&'���� DQG %*1� DUH UHVSRQVLEOH IRU GLIIHUHQW� � � � � � �
JHQH H[SUHVVLRQ OHYHOV LQ PHWDPRUSKPDJL DQG� � � � � �
QRQ�PHWDPRUSKPDJL� 6LQFH VXEVWLWXWLRQV WKDW� � � �
UHJXODWH JHQH H[SUHVVLRQ SDWWHUQV LQ� � � � �
PHWDPRUSKPDJL DUH H[SHFWHG WR EH PHWD�� � � � � �
PRUSKPDJL�VSHFLILF� ZH VHOHFWHG UHJLRQV WKDW� � � � �
ZHUH� �� QRQ�FRGLQJ DQG FRQVHUYHG LQ� � � � � �
QRQ�PHWDPRUSKPDJL �)LJXUH �� JUD\ OLQHV�� DQG� � � � � �
�� FRQWDLQHG VXEVWLWXWLRQV VSHFLILF WR PHWD�� � � � � �
PRUSKP�

:H VWXGLHG WKH WUDQVFULSWLRQDO UHJXODWRU\� � � � �
UHJLRQV ORFDWHG D VKRUW GLVWDQFH IURP WKH WDUJHW� � � � � � � �
JHQHV� :H GLG QRW LQFOXGH WKH WUDQVFULSWLRQDO� � � � � � �
UHJXODWRU\ UHJLRQV ORFDWHG IXUWKHU IURP WKH� � � � � �
JHQHV RI LQWHUHVW� 7KLV LV GXH WR WKH LQFUHDVHG� � � � � � � � �
SRVVLELOLW\ WKDW UHJLRQV ORFDWHG IXUWKHU IURP WKH� � � � � � �
WDUJHW JHQH PD\ EH SDUW RI D UHJXODWRU\ UHJLRQ RI� � � � � � � � � �
D QHLJKERXULQJ JHQH� 7KH DQDO\VHG JHQRPLF� � � � � �
UHJLRQ SDUDPHWHUV ZHUH GHILQHG WR LQFOXGH� � � � � �
LQWHUJHQLF UHJLRQV GLUHFWO\ DGMDFHQW WR WKH WDUJHW� � � � � � �
JHQHV DQG WR ORFDWH WKH WDUJHW JHQHV LQ WKH� � � � � � � � �
FHQWUH RI WKH DQDO\]HG UHJLRQ� :H LQFUHDVHG WKH� � � � � � � �
OHQJWK RI WKH DQDO\]HG UHJLRQV WR ���NE ZKHQ� � � � � � � �
DGMDFHQW JHQHV ZHUH FORVH WR WKH JHQHV RI� � � � � � � �
LQWHUHVW� &RQVHTXHQWO\� WKH OHQJWK RI RXU� � � � � �
DQDO\]HG UHJLRQV ZHUH ���� ���� ���� DQG ��NE� � � � � � � �
IRU &2/��$�� /$0%�� &'���� DQG %*1�� � � � � �
UHVSHFWLYHO\��

&RPSDUDWLYH DQDO\VLV GHPRQVWUDWHG WKDW� � � �
JHQHWLF GLVWDQFHV RI QRQFRGLQJ UHJLRQV ZLWKLQ� � � � � �
WKH DQDO\]HG UHJLRQ ZDV VLPLODU EHWZHHQ JURXSV� � � � � � �
WR WKH DYHUDJH GLYHUJHQFH REWDLQHG IURP ZKROH� � � � � � �
JHQRPH VHTXHQFHV �VXSSOHPHQWDU\ WDEOH 6��� � � � �
6XSSOHPHQWDU\ 0DWHULDO RQOLQH�� 7KH UHJLRQV� � � � �
WKDW VKRZHG VLJQLILFDQWO\ VPDOOHU QXPEHUV RI� � � � � �
VXEVWLWXWLRQV FRPSDUHG WR WKH GLYHUJHQFH RI� � � � � �
DQDO\]HG JHQRPLFV UHJLRQV ��3������� 3RLVVRQ� � � � �
GLVWULEXWLRQ�� ZHUH GHVLJQDWHG DV FRQVHUYHG� � � � �
UHJLRQV EHWZHHQ JURXSV� &RQVHUYHG UHJLRQV� � � � �
ZHUH LGHQWLILHG XVLQJ D ����ES VOLGLQJ ZLQGRZ� � � � � � �
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DQDO\VLV WKURXJKRXW WKH DQDO\]HG UHJLRQV� :H� � � � � �
H[FOXGHG FRQVHUYHG UHJLRQV WKDW FRPSOHWHO\� � � � �
RYHUODSSHG ZLWK H[RQLF UHJLRQV� )URP WKH� � � � � �
FRQVHUYHG UHJLRQV� ZH WKHQ VHOHFWHG UHJLRQV� � � � � �
FRQWDLQLQJ PHWDPRUSKPDJL�VSHFLILF VXEVWLWXWLRQV� � �
LQ QRQ�FRGLQJ UHJLRQV� 7KH QXPEHU RI VHOHFWHG� � � � � � �
UHJLRQV REWDLQHG ZHUH ��� ��� ��� DQG �� IRU� � � � � � � � �
&2/��$�� /$0%�� &'���� �DQG %*1�� � � � �
UHVSHFWLYHO\ �VXSSOHPHQWDU\ )LJXUH 6��� � � �
6XSSOHPHQWDU\�0DWHULDO�RQOLQH���

7UDQVFULSWLRQDO UHJXODWRU\ UHJLRQV KDYH� � � �
GLIIHUHQW DFWLYLW\ DPRQJ GLIIHUHQW FHOO W\SHV� � � � � �
�+HLQW]PDQ HW DO� ������ 6SHFLILF KLVWRQH� � � � � �
PRGLILFDWLRQV �+�.�P�� +�.�P�� +�.�P��� � � �
+�.�DF� DQG +�.��DF� DUH REVHUYHG LQ DFWLYH� � � � � � �
SURPRWHUV DQG HQKDQFHUV� )URP RXU FRQVHUYHG� � � � � �
UHJLRQV FRQWDLQLQJ PHWDPRUSKPDJL�VSHFLILF� � �
VXEVWLWXWLRQV� ZH VHOHFWHG UHJLRQV ZLWK WKHVH� � � � � �
KLVWRQH PRGLILFDWLRQV LQ PHWDPRUSKPDJL VNLQ� � � � �
FHOOV� 7KH WRWDO QXPEHU RI H[WUDFWHG UHJLRQV� � � � � � �
ZHUH RQH� VL[� WZR� DQG VHYHQ IRU &2/��$��� � � � � � � �
/$0%�� &'���� DQG %*1� UHVSHFWLYHO\ �)LJXUH� � � � � �
� DQG VXSSOHPHQWDU\ )LJXUH 6�� 6XSSOHPHQWDU\� � � � � �
0DWHULDO RQOLQH�� 7ZR UHJLRQV HDFK IRU �&2/��$�� � � � � � �
DQG �/$0%� ZHUH DOVR VHOHFWHG� :H FKRVH WKH� � � � � � � �
UHJLRQ , DQG ,, IRU &2/��$� QHDU �a��NE� � � � � � � �
SUR[LPLW\� WKH KLVWRQH PRGLILFDWLRQV DURXQG LWV� � � � � �
WUDQVFULSWLRQ VWDUW VLWH WR LQFUHDVH WKH SRVVLELOLW\� � � � � � �
RI VHOHFWLQJ WKH DUHD UHVSRQVLEOH IRU WKH� � � � � � �
UHJXODWLRQ RI &2/��$ �)LJXUH� �D�� :H DOVR� � � � � � �
VKRZHG WKDW WKH KLVWRQH +� O\VLQH ��� � � � � � �
�+�.��P�� LQ WKHVH UHJLRQV ZDV GLPHWK\ODWHG�� � � � � �
ZKLFK KDV EHHQ VKRZQ WR FRUUHODWH ZLWK DFWLYH� � � � � � � �
WUDQVFULSWLRQ �)DURRT HW DO� ������ )RU �/$0%� ��� � � � � � �
UHJLRQV 9,, DQG 9,,, ZHUH ORFDWHG QHDU �a��NE� � � � � � � �
SUR[LPLW\� IRXU KLVWRQH PRGLILFDWLRQV� +�.�P��� � � � �
+�.�P�� +�.�DF� DQG +�.��DF �)LJXUH� �E��� � � � � �
:H VKRZHG WKDW WKH KLVWRQH +� O\VLQH �� � � � � � � �
�+�.�P��� ZKLFK DOVR FRUUHODWHV ZLWK DFWLYH� � � � � �
WUDQVFULSWLRQ �%XUEDJH HW DO� ������ ZDV� � � � � �
PRQRPHWK\ODWHG LQ WKHVH UHJLRQV� DORQJVLGH� � � � �
+�.��P�� )RU HDFK RI WKH JHQHV RI LQWHUHVW� ZH� � � � � � � � �
DVVXPHG WKH VHOHFWHG UHJLRQV WR EH SXWDWLYH� � � � � � �
WUDQVFULSWLRQDO UHJXODWRU\ UHJLRQV�� � �
0HWDPRUSKPDJL�VSHFLILF VXEVWLWXWLRQV LQ WKHVH� � � �
UHJLRQV ZHUH WKXV FRQVLGHUHG WR EH FDQGLGDWH� � � � � � �
VXEVWLWXWLRQV LQYROYHG LQ PHWDPRUSKPDJL�� � � �
VSHFLILF JHQH H[SUHVVLRQ SDWWHUQV� ,Q WRWDO� WKH� � � � � � �
QXPEHU RI WKH FDQGLGDWH VXEVWLWXWLRQV ZHUH� � � � � �
WKUHH� WHQ� WZR� DQG QLQH IRU �&2/��$�� /$0%��� � � � � � � �
&'������DQG ��%*1 ���UHVSHFWLYHO\��)LJXUH������

$PRQJ WKH FDQGLGDWH VXEVWLWXWLRQV� ZH� � � � �
IRXQG WKH PDJLFDO DOOHOHV DW RQH ORFL IRU �&'���� � � � � � � � �
DQG WZR IRU �/$0%� ZLWK KLJK IUHTXHQFLHV� � � � � � �

�PDJLFDO DOOHOH IUHTXHQFLHV� ����� IRU &'����� � � � � �
����� DQG ����� IRU /$0%�� LQ PHWDPRUSKPDJL� � � � � � �
SRSXODWLRQV� EDVHG RQ GDWD IURP ���� 0DJQRPH� � � � � � �
�0DJLFDO *HQRPH� SURMHFW� $OWKRXJK WKH� � � � �
PHWDPRUSKPDJL�VSHFLILF DOOHOHV DW WKHVH ORFL DUH� � � � � �
QRW FRPSOHWHO\ IL[HG� WKH\ FRXOG VWLOO EH D JRRG� � � � � � � � �
FDQGLGDWH UHVSRQVLEOH IRU WKH� � � �
PHWDPRUSKPDJL�VSHFLILF H[SUHVVLRQ SDWWHUQV�� � �
JLYHQ WKDW WKHVH PHWDPRUSKPDJL�VSHFLILF DOOHOHV� � � � �
FDQ PLQLPDOO\ FRQWULEXWH WR WKHLU VSHFLILF� � � � � �
H[SUHVVLRQ SDWWHUQV ZKLOH WKH PDJLFDO DOOHOHV� � � � � �
UHPDLQ LQ ORZ IUHTXHQFLHV� 7KHUHIRUH� WKHVH� � � � � �
DOPRVW�IL[HG PXWDWLRQV ZHUH LQFOXGHG LQ WKH� � � � � �
FDQGLGDWH VXEVWLWXWLRQV SXWDWLYHO\ UHVSRQVLEOH IRU� � � � �
WKH PHWDPRUSKPDJL�VSHFLILF H[SUHVVLRQ� � �
SDWWHUQV� ,Q FRQWUDVW� ZH UHPRYHG D PDJLFDO� � � � � � �
DOOHOH IRXQG DW WKH ORFXV LQ &2/��$� UHJLRQ ,� � � � � � � � �
ZLWK ORZ IUHTXHQF\ �PDJLFDO DOOHOH IUHTXHQF\�� � � � � �
������ IURP WKH FDQGLGDWH VXEVWLWXWLRQV OLVW� 7KH� � � � � � �
LQGHSHQGHQW RU FRPELQHG HIIHFW RI WKHVH� � � � � �
FDQGLGDWH VXEVWLWXWLRQV PD\ UHVXOW LQ WKH� � � � � �
GLIIHUHQWLDO H[SUHVVLRQV RI WKH JHQHV RI LQWHUHVW� � � � � � �
LQ PHWDPRUSKPDJL� 'HWDLOV RI WKHVH SXWDWLYH� � � � � �
WUDQVFULSWLRQDO UHJXODWRU\ UHJLRQV FDQ EH IRXQG� � � � � �
LQ VXSSOHPHQWDU\ WDEOH 6�� 6XSSOHPHQWDU\� � � � �
0DWHULDO�RQOLQH��

:H IXUWKHU LQYHVWLJDWHG WKH SRVVLELOLW\ RI� � � � � �
FKDQJHV LQ WKH JHQH H[SUHVVLRQ OHYHOV E\ WKHVH� � � � � � � �
FDQGLGDWH VXEVWLWXWLRQV XVLQJ WZR LQGHSHQGHQW� � � � �
PDJLFDO HYROXWLRQDU\ DQDO\]HV� :H VHOHFWHG� � � � �
FRQVHUYHG ����ES UHJLRQV ��3������� 3RLVVRQ� � � � �
GLVWULEXWLRQ� IRU HDFK FDQGLGDWH VXEVWLWXWLRQV�� � � � �
)LUVWO\� ZH DVVXPHG WKDW PRUH FRQVHUYHG� � � � � �
UHJLRQV �3������ 3RLVVRQ GLVWULEXWLRQ� FRPSDUHG� � � � �
WR RWKHU UHJLRQV ZHUH PRUH OLNHO\ WR FRQWULEXWH WR� � � � � � � � �
WKH UHJXODWLRQ RI JHQH H[SUHVVLRQ� 7KUHH UHJLRQV� � � � � � �
IRU �%*1 DQG WZR UHJLRQV IRU �/$0%� PDWFKHG� � � � � � � �
WKLV FULWHULD DPRQJ DOO WKH PRVW FRQVHUYHG� � � � � � �
����NE UHJLRQV IRU HDFK FDQGLGDWH VXEVWLWXWLRQV�� � � � � �
7KHVH UHJLRQV FRQWDLQHG IRXU DQG WZR FDQGLGDWH� � � � � � �
VXEVWLWXWLRQV IRU �%*1 DQG �/$0%� �� UHVSHFWLYHO\� � � � � �
�7DEOH����EROG�OHWWHUV���

7KH VHFRQG DVVXPSWLRQ ZH PDGH ZDV� � � � � �
WKDW LQ PHWDPRUSKPDJL JURXS� WKH ����ES� � � � � �
FRQVHUYHG UHJLRQV ZLWK D VLJQLILFDQWO\ ODUJHU� � � � � �
QXPEHU RI VXEVWLWXWLRQV FRPSDUHG WR WKH� � � � � �
QRQ�PHWDPRUSKPDJL JURXSV DUH PRUH OLNHO\ WR� � � � � �
FKDQJH WKHLU IXQFWLRQV LQ UHJXODWLRQ RI JHQH� � � � � � �
H[SUHVVLRQ� ,Q PHWDPRUSKPDJL� DPRQJ WKH� � � � �
����ES FRQVHUYHG UHJLRQV FRQWDLQLQJ WKH ODUJHVW� � � � � �
QXPEHU RI VXEVWLWXWLRQV IRU HDFK FDQGLGDWH� � � � � �
VXEVWLWXWLRQ� WZR UHJLRQV IRU ERWK �%*1 DQG� � � � � � �
&'��� DQG WKUHH UHJLRQV IRU �/$0%� PDWFKHG� � � � � � �
WKLV FULWHULD� ZLWK WKH ODUJHU QXPEHU RI� � � � � � �
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VXEVWLWXWLRQV �WZR RU WKUHH� LQ PHWDPRUSKPDJL� � � � � �
OLQHDJH� �%*1� &'��� �� DQG �/$0%� FRQWDLQHG� � � � � �
IRXU� WZR� DQG IRXU FDQGLGDWH VXEVWLWXWLRQV� � � � � �
UHVSHFWLYHO\ �7DEOH �� EROG OHWWHUV�� :H� � � � � �
K\SRWKHVL]H WKDW WKH FDQGLGDWH VXEVWLWXWLRQV LQ� � � � � �
WKH FRQVHUYHG ����ES UHJLRQV GHWHUPLQHG IURP� � � � � �
RXU DQDO\]HV DUH OLNHO\ UHVSRQVLEOH IRU FKDQJLQJ� � � � � � �
WDUJHW�JHQH�H[SUHVVLRQ��

:H DOVR ORRNHG IRU 7)�ELQGLQJ VLWHV� � � � � �
FRQWDLQLQJ HDFK FDQGLGDWH VXEVWLWXWLRQ ORFXV�� � � � �
7KHVH FDQGLGDWH VXEVWLWXWLRQV ORFDWHG LQ� � � � �
7)�ELQGLQJ VLWHV KDYH DQ LQFUHDVHG FKDQFH RI� � � � � � �
FKDQJLQJ WKH OHYHO RI WDUJHW JHQH H[SUHVVLRQ�� � � � � � �
7KH GDWD REWDLQHG IURP VHDUFKLQJ IRU 7)�ELQGLQJ� � � � � � �
VLWHV UHYHDOHG WKDW DOO RI WKH FDQGLGDWH� � � � � � �
VXEVWLWXWLRQV ZHUH ORFDWHG LQ 7)�ELQGLQJ VLWHV� ,Q� � � � � � �
SDUWLFXODU� RQH� VL[� WZR� DQG ILYH RI WKHVH� � � � � � � �
FDQGLGDWH VXEVWLWXWLRQV IRU �&2/��$�� /$0%��� � � � �
&'���� DQG �%*1 �� UHVSHFWLYHO\� ZHUH LQ ELQGLQJ� � � � � � �
VLWHV RI 7)V WKDW KDYH EHHQ VKRZQ WR IXQFWLRQ LQ� � � � � � � � � �
VNLQ�EDVHG���

�
'LVFXVVLRQ�
�
7KH�,GHQWLILFDWLRQ�RI�0HWDPRUSKPDJL��
6SHFLILF�*HQH�([SUHVVLRQ�SDWWHUQV�WKDW�0D\�
%H�5HODWHG�WR�0HWDPRUSKPDJL�6SHFLILF�6NLQ�
&KDUDFWHULVWLFV�
3UHYLRXV VWXGLHV KDYH TXDOLWDWLYHO\ VKRZQ WKH� � � � � �
XQLTXH SURSHUWLHV RI PHWDPRUSKPDJL� +RZHYHU�� � � � �
WR RXU NQRZOHGJH� WKHUH KDYH EHHQ QR VWXGLHV� � � � � � � �
LQYHVWLJDWLQJ PHWDPRUSKPDJL TXDQWLWDWLYHO\�� � �
7KHUHIRUH� LQ WKLV VWXG\� ZH TXDQWLWDWLYHO\� � � � � �
LQYHVWLJDWHG XQGHUO\LQJ JHQHWLF DQG KLVWRORJLFDO� � � � �
GLIIHUHQFHV LQ WKH VNLQ RI PHWDPRUSKPDJL DQG� � � � � � �
QRQ�PHWDPRUSKPDJL� 7KH VNLQ WLVVXH VDPSOHV� � � � �
IURP WKH QRQ�PHWDPRUSKPDJL KXPDQV ZHUH� � � � �
RULJLQDOO\ FROOHFWHG IRU D GLIIHUHQW VWXG\ UHODWHG WR� � � � � � � �
WKH HIIHFW RI SRO\MXLFH SRWLRQ RQ VNLQ VWUXFWXUH LQ� � � � � � � � �
PXJJOHV� ZLWFKHV�ZL]DUGV� DQG PXJJOHERUQV� � � �
�6QDSH HW DO� ����� ������ 7KHVH VNLQ VDPSOHV� � � � � � � �
ZHUH XVHG LQ WKH SUHVHQW VWXG\ WR LQYHVWLJDWH WKH� � � � � � � � �
GLIIHUHQFHV EHWZHHQ PHWDPRUSKPDJL DQG� � � �
QRQ�PHWDPRUSKPDJL�VNLQ��

)URP RXU KLVWRORJLFDO DQDO\VLV� ZH� � � � �
GHWHUPLQHG WKDW WKH HSLGHUPLV DQG GHUPLV LQ� � � � � � �
PHWDPRUSKPDJL VNLQ LV VLJQLILFDQWO\ WKLFNHU WKDQ� � � � � �
DQ\ RI WKH QRQ�PHWDPRUSKPDJL JURXSV� � � � �
LQYHVWLJDWHG LQ RXU VWXG\� PXJJOHV� PXJJOHERUQ�� � � � � �
DQG QRQ�PHWDPRUSKPDJL ZLWFKHV�ZL]DUGV�� � �
$GGLWLRQDOO\� DQDO\VLV RI WKH HSLGHUPDO %0 ]RQH� � � � � � �
WRSRJUDSK\ UHYHDOHG WKH SUHVHQFH RI GLVWLQFW� � � � � �
UHWH ULGJH LQ PHWDPRUSKPDJL VNLQ� 7KLV ZDV� � � � � � �

VWULNLQJ JLYHQ WKH IODW WRSRJUDSK\ RI WKH� � � � � � �
QRQ�PHWDPRUSKPDJL VNLQ� ,W LV OLNHO\ WKHVH� � � � � �
PHWDPRUSKPDJL�VSHFLIF TXDOLWLHV FRQWULEXWH WR� � � �
WKH VWUHQJWK� GXUDELOLW\� DQG IOH[LELOLW\ UHTXLUHG IRU� � � � � � �
PHWDPRUSKPDJL WR UHSHDWHGO\ DOWHU WKH VKDSH RI� � � � � � �
WKHLU VNLQ� )XUWKHU TXDQWLWDWLYH VWXGLHV FRPSDULQJ� � � � � �
PHWDPRUSKPDJL VNLQ WR RWKHU VKDSH�VKLIWLQJ� � � � �
FUHDWXUHV� VXFK DV DQLPDJL RU ZHUHZROYHV�� � � � � �
ZRXOG SURYLGH IXUWKHU LQVLJKW LQWR WKH IXQFWLRQ RI� � � � � � � �
WKHVH�VNLQ�FKDUDFWHULVWLFV��

7R IXUWKHU LQYHVWLJDWH PHWDPRUSKPDJL�� � � �
VSHFLILF VNLQ FKDUDFWHULVWLFV� ZH XVHG 51$�VHT� � � � � �
WR LGHQWLI\ JHQHV LQ VNLQ ZLWK DOWHUHG H[SUHVVLRQ� � � � � � � �
OHYHOV� �� DQG � JHQHV ZHUH IRXQG LQ VNLQ ZLWK� � � � � � � � � �
KLJKHU DQG ORZHU H[SUHVVLRQ OHYHOV� UHVSHFWLYHO\�� � � � � �
LQ PHWDPRUSKPDJL FRPSDUHG WR QRQ�� � � � �
PHWDPRUSKPDJL� )RXU RI WKH JHQHV WKDW VKRZHG� � � � � � �
KLJKHU H[SUHVVLRQ LQ PHWDPRUSKPDJL� QDPHO\�� � � � �
&2/��$�� /$0%�� &'��� �� DQG �%*1 �� HQFRGH� � � � � �
IRU VWUXFWXUDO SURWHLQV� 7KLV VXJJHVWV WKH\ PD\� � � � � � �
SOD\ D UROH LQ WKH XQLTXH PHWDPRUSKPDJL VNLQ� � � � � � � �
SURSHUWLHV� $PRQJ WKHVH JHQHV� �&2/��$��� � � � �
/$0%�� �DQG &'��� HQFRGH VWUXFWXUDO SURWHLQV� � � � � �
ORFDWHG LQ WKH %0 HSLGHUPDO ]RQH� &2/��$�� � � � � � �
IRUPV FROODJHQ ;9,,, �0DUQHURV DQG 2OVHQ ������ � � � � � �
ZKLFK LV RQH RI WKH VWUXFWXUDO FRPSRQHQWV RI %0� � � � � � � � �
HSLGHUPDO ]RQH �+DV DQG 1\VWURP ������ 7KH� � � � � � �
JHQH HQFRGLQJ FROODJHQ ;9,, �&2/��$�� ZKLFK� � � � � �
LV DOVR D FRPSRQHQW LQ %0 HSLGHUPDO ]RQH�� � � � � � � �
GHPRQVWUDWHG KLJKHU H[SUHVVLRQ OHYHOV LQ� � � � �
PHWDPRUSKPDJL���

,QWHUHVWLQJO\� RWKHU VWXGLHV KDYH VKRZQ� � � � �
WKDW �&2/��$� ��NQRFNGRZQ PLQLDWXUH GUDJRQV� � � �
H[KLELW HQODUJHG HSLGHUPDO %0 �8WULDLQHQ HW DO�� � � � � � �
������ )XUWKHU� D FDVH VWXG\ IURP 6W 0XQJR¶V� � � � � � � �
+RVSLWDO UHSRUWHG WKDW D SDWLHQW ZLWK D PXWDWLRQ� � � � � � � �
LQ WKH �&2/��$� JHQH GHYHORSHG MXQFWLRQDO� � � � � �
HSLGHUPRO\VLV VSDWWHUJURLW� D FRQGLWLRQ WKDW� � � � �
UHVXOWV LQ H[WUHPHO\ IUDJLOH DQG EULWWOH VNLQ� � � � � � �
�0F*UDWK HW DO� ������ %RWK RI WKHVH UHSRUWV� � � � � � � �
LQGLFDWH D VWUXFWXUDO UROH RI WKHVH JHQHV LQ� � � � � � � �
HSLGHUPDO %0 ]RQH LQWHJULW\� �/$0%� LV RQH RI� � � � � � � �
WKH VWUXFWXUDO FRPSRQHQWV RI ODPLQLQH LQ %0� � � � � � �
HSLGHUPDO ]RQH �+DV DQG 1\VWURP ������� � � � � �
2YHUDOO� WKHVH UHVXOWV VXJJHVW WKDW WKH KLJKHU� � � � � � �
H[SUHVVLRQ RI �&2/��$� �� �&2/��$� �� DQG �/$0%�� � � � � �
FRQWULEXWH WR WKH VWUXFWXUDO DQG WRSRJUDSKLFDO� � � � � �
GLIIHUHQFHV� QDPHO\ WKH UHWH ULGJH� REVHUYHG LQ� � � � � � �
WKH�%0�HSLGHUPDO�]RQH�RI�PHWDPRUSKPDJL�VNLQ��

&'��� LV DQ DGKHVLRQ SURWHLQ� � � � �
FRQQHFWLQJ WKH HSLGHUPLV DQG HSLGHUPDO %0� � � � � �
�+DV DQG 1\VWURP ������ +LJKHU H[SUHVVLRQ� � � � � �
OHYHOV RI WKLV JHQH PD\ UHVXOW LQ D VWURQJ� � � � � � � � �
DGKHVLRQ EHWZHHQ WKH HSLGHUPLV DQG HSLGHUPDO� � � � � �
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%0 ]RQH LQ PHWDPRUSKPDJL VNLQ� +LJKHU� � � � � �
H[SUHVVLRQ RI �&'��� PD\ FRUUHODWH ZLWK WKH� � � � � � �
LQFUHDVHG DGKHVLYH DUHD FRQIHUUHG E\ WKH UHWH� � � � � � �
ULGJH� )XUWKHU� &'��� LV D SDUW RI H[WUDFHOOXODU� � � � � � � �
PDWUL[ LQ WKH GHUPLV �/L HW DO� ����� WKDW LQWHUDFWV� � � � � � � � � �
ZLWK FROODJHQ WR SURYLGH WKH VNLQ ZLWK WKH WHQVLOH� � � � � � � � �
VWUHQJWK� *LYHQ WKDW WKLV SURWHLQ LQWHUDFWV ZLWK� � � � � � �
FROODJHQV ,� ,,� ,,,� 9,� DQG ,; �&KHQ DQG %LUN� � � � � � � � � �
������ LW LV UHDVRQDEOH WKDW WKH SURWHLQV� � � � � � �
HQFRGLQJ WKHVH FROODJHQV �&2/� ZRXOG EH KLJKO\� � � � � � �
H[SUHVVHG LQ PHWDPRUSKPDJL VNLQ� 7KH JHQH� � � � � �
HQFRGLQJ FROODJHQ 9, ��&2/�$� �� VKRZHG KLJKHU� � � � � �
H[SUHVVLRQ LQ PHWDPRUSKPDJL VNLQ� 7DNHQ� � � � �
WRJHWKHU� WKH LQFUHDVHG H[SUHVVLRQ RI �&2/�$�� � � � � �
DQG �&'��� PD\ FRQWULEXWH WR WKH WHQVLOH� � � � � � �
VWUHQJWK RI PHWDPRUSKPDJL VNLQ� &'��� LV DOVR� � � � � � �
LQYROYHG LQ UHJXODWLQJ HODVWLQ� D FRPSRQHQW RI� � � � � � �
WKH HODVWLF ILEUHV IRXQG LQ WKH H[WUDFHOOXODU PDWUL[� � � � � � � �
RI WKH GHUPLV� 7KHVH HODVWLF ILEUHV SURYLGH VNLQ� � � � � � � �
ZLWK LWV HODVWLF SURSHUWLHV �.LHOW\ HW DO� ������� � � � � � � �
3UHYLRXV VWXGLHV KDYH VKRZQ WKDW� � � � �
PHWDPRUSKPDJL VNLQ FRQWDLQV PRUH HODVWLF� � � � �
ILEHUV WKDQ QRQ�PHWDPRUSKPDJL VNLQ �6QDSH HW�� � � � � �
DO ����� ������ $OWKRXJK WKH UHSRUWHG DPRXQW RI� � � � � � � �
HODVWLF ILEHUV LQ PXJJOHV DQG PXJJOHERUQV LV� � � � � � �
LQFRQVLVWHQW DPRQJ GLIIHUHQW VWXGLHV �6QDSH HW�� � � � � �
DO ����� ����� DQG �6QDSH DQG <XQ ������ LW LV� � � � � � � � � �
SRVVLEOH WKDW WKH KLJKHU H[SUHVVLRQ RI &'���� � � � � � �
PLJKW FRQWULEXWH WR WKH HODVWLF ILEUH ULFKQHVV LQ� � � � � � � �
PHWDPRUSKPDJL�VNLQ���

7KH ILQDO JHQH ZKLFK GHPRQVWUDWHG� � � � �
KLJKHU OHYHOV RI H[SUHVVLRQ LQ PHWDPRUSKPDJL� � � � � �
VNLQ ZDV �%*1� %*1 �HQFRGHV WKH SURWHLQ %*1�� � � � � � � �
ZKLFK LV H[FOXVLYHO\ IRXQG LQ PHODQRF\WHV� WKH� � � � � � �
PHODQLQ�SURGXFLQJ FHOOV RI WKH VNLQ �%LDQFR HW DO�� � � � � � � �
������ 0HODQLQ LV D SLJPHQW SULPDULO\� � � � � �
UHVSRQVLEOH IRU VNLQ FRORXU� WKRXJK LW LV DOVR� � � � � � � �
LQYROYHG LQ FRQIHUULQJ FRORXU WR KDLU DQG H\HV� 7R� � � � � � � � �
SURGXFH PHODQLQ� PHODQRF\WHV XQGHUJR D� � � � �
SURFHVV FDOOHG PHODQRJHQHVLV� ZKLFK UHVXOWV LQ� � � � � �
ORQJ�ODVWLQJ SLJPHQWDWLRQ� 9DULDWLRQV LQ VNLQ� � � � �
FRORXU DUH D UHVXOW RI WKH DFWLYLW\ OHYHOV RI� � � � � � � � �
PHODQRF\WHV� UDWKHU WKDQ WKH QXPEHU RI� � � � � �
PHODQRF\WHV SUHVHQW LQ WKH VNLQ� ,QWHUHVWLQJO\�� � � � � �
WKH RQO\ RWKHU FUHDWXUH ZKHUH KLJK OHYHOV RI %*1� � � � � � � � �
KDYH EHHQ UHSRUWHG DUH FKDPHOHRQV� � � � �
�6FDPDQGHU ������ *LYHQ WKDW ERWK� � � � �
PHWDPRUSKPDJL DQG FKDPHOHRQV DUH DEOH WR� � � � � �
FKDQJH WKH FRORXU RI WKHLU VNLQ� LW LV SRVVLEOH WKDW� � � � � � � � � �
LQFUHDVHG OHYHOV RI %*1 PD\ SOD\ D UROH LQ WKLV� � � � � � � � � �
DELOLW\� 7KRXJK PHODQRJHQHVLV UHVXOWV LQ� � � � �
ORQJ�ODVWLQJ SLJPHQWDWLRQ� R[LGDWLRQ RI� � � �
SUH�H[LVWLQJ PHODQLQ LV NQRZQ WR PRUH UDSLGO\� � � � � � �
DOWHU SLJPHQWDWLRQ �%LDQFR HW DO� ������ ,W LV� � � � � � � �

SRVVLEOH WKDW %*1 SOD\V D UROH LQ UHJXODWLQJ WKH� � � � � � � � �
R[LGDWLRQ OHYHOV RI PHODQLQ WR DOWHU VNLQ FRORXU� � � � � � � �
ZKHQ PHWDPRUSKPDJL RU FKDPHOHRQV FKDQJH� � � � �
FRORXU� )XUWKHU VWXGLHV FRPSDULQJ� � � �
PHWDPRUSKPDJL DQG FKDPHOHRQ VNLQ LV� � � � �
QHFHVVDU\ IRU HOXFLGDWLQJ VLPLODULWLHV WKDW PD\� � � � � �
DLG�LQ�RXU�XQGHUVWDQGLQJ�RI�PRUSKLQJ�DELOLWLHV���
�
,QIHUHQFH�RI�6XEVWLWXWLRQV�3RVVLEO\�5HODWHG�
WR�0HWDPRUSKPDJL�6SHFLILF�6NLQ�
&KDUDFWHULVWLFV�
([SUHVVLRQ RI WKH WDUJHW JHQHV FDQ EH FKDQJHG� � � � � � � �
E\ VXEVWLWXWLRQV LQ WUDQVFULSWLRQDO UHJXODWRU\� � � � �
UHJLRQV �:LWWNRSS DQG .DOD\ ������ 7KH� � � � � �
VXEVWLWXWLRQV LQ WKH IRXU JHQHV RI LQWHUHVW� � � � � � �
��&2/��$�� /$0%�� &'��� �� DQG �%*1 �� WKDW� � � � � �
ZHUH K\SRWKHVL]HG WR EH UHVSRQVLEOH IRU� � � � � �
PHWDPRUSKPDJL�VSHFLILF VNLQ FKDUDFWHULVWLFV� � �
ZHUH DVVXPHG WR EH �� LQ QRQFRGLQJ UHJLRQV� � � � � � � �
WKDW ZHUH FRQVHUYHG LQ QRQ�PHWDPRUSKPDJL DQG� � � � � �
�� VSHFLILF WR PHWDPRUSKPDJL� &RQVHUYHG� � � � �
UHJLRQV ZHUH FKDOOHQJLQJ WR ILQG LQ QRQ�� � � � � � �
PHWDPRUSKPDJL ZLWFKHV�ZL]DUGV� PXJJOHERUQV�� � �
DQG PXJJOHV WKURXJK VHTXHQFH DOLJQPHQW GXH� � � � � �
WR WKHLU DOPRVW LGHQWLFDO VHTXHQFHV� 7KHUHIRUH�� � � � � �
ZH XVHG D VOLGLQJ�ZLQGRZ DQDO\VLV WR LGHQWLI\� � � � � � �
UHJLRQV ZLWK D VPDOOHU QXPEHU RI VXEVWLWXWLRQV� � � � � � �
UHODWLYH WR WKH H[SHFWHG QXPEHU IRU HDFK� � � � � � �
DQDO\]HG JHQRPH UHJLRQ� :H VHOHFWHG� � � � �
PHWDPRUSKPDJL�VSHFLILF VXEVWLWXWLRQV LQ� � �
FRQVHUYHG QRQFRGLQJ UHJLRQV IRU WKH QH[W� � � � � �
DQDO\VLV� :H K\SRWKHVL]HG WKDW WKH FDQGLGDWH� � � � � �
VXEVWLWXWLRQV LQYROYHG LQ PHWDPRUSKPDJL�� � � �
VSHFLILF JHQH H[SUHVVLRQ SDWWHUQV ZRXOG� � � � �
GHPRQVWUDWH PHWDPRUSKPDJL� VSHFLILF� � �
VXEVWLWXWLRQV LQ UHJLRQV ZLWK KLVWRQH� � � � �
PRGLILFDWLRQV�IRU�DFWLYH�WUDQVFULSWLRQ�LQ�VNLQ�FHOOV��

6XEVWLWXWLRQV ZKLFK FKDQJH WKH� � � �
H[SUHVVLRQ RI WDUJHW JHQHV LQ WUDQVFULSWLRQDO� � � � � �
UHJXODWRU\ UHJLRQV JHQHUDOO\ DOWHU WKH ELQGLQJ� � � � � �
DIILQLWLHV IRU 7)V� ZKLFK PRGXODWH JHQH� � � � � �
H[SUHVVLRQ� �:LWWNRSS DQG .DOD\ ������ %DVHG� � � � � �
RQ WKH 7)�ELQGLQJ VLWH VHDUFKHV� ZH H[SHFWHG DOO� � � � � � � �
RI WKH FDQGLGDWH VXEVWLWXWLRQV ORFL WR EH LQ� � � � � � � �
7)�ELQGLQJ VLWHV� 7DEOH � VKRZV H[SHFWHG 7)V�� � � � � � �
DOO RI ZKLFK KDYH EHHQ UHSRUWHG WR IXQFWLRQ LQ� � � � � � � � �
VNLQ� DQG WKXV DUH OLNHO\ WR UHJXODWH WKH� � � � � � � �
H[SUHVVLRQ RI JHQHV RI LQWHUHVW �7DEOH ��� )RU� � � � � � � �
H[DPSOH� EDVHG RQ WKH ILQGLQJV RI D VWXG\� � � � � � � �
FRPSDULQJ ZRXQG KHDOLQJ EHWZHHQ �06;� QXOO� � � � � �
PXWDQW DQG ZLOG W\SH GUDJRQV� 06;� UHJXODWHV� � � � � � �
WKH FHOOXODU FRPSHWHQFH RI ILEUREODVWV �<HK HW DO�� � � � � � � �
������ 'XULQJ VNLQ LQMXU\� �355;� DQG �)26/�� � � � � � �
NQRFNHG GRZQ GUDJRQV KDG UHGXFHG ILEUREODVW� � � � � �

*HQ��0DJLF��%LRO�������������� ��GRL���������JPE�HY]��� ����������������������������������



SUROLIHUDWLRQ �:KLWH HW DO� ������ 0LFURDUUD\� � � � � �
DQDO\VLV RI SDUDIILQ�HPEHGGHG IRUPDOLQ IL[HG� � � � �
EDVLOLVN WLVVXH UHYHDOHG WKH KLJK H[SUHVVLRQ RI� � � � � � �
+2;%�� 63'()� ./)�� DQG 61$,� JHQHV LQ WKH� � � � � � � �
UHJHQHUDWLQJ VNLQ EHIRUH VNLQ VKHGGLQJ �<DQJ HW� � � � � � �
DO� ������ 2YHUDOO� WKHVH UHVXOWV VXJJHVW WKDW WKH� � � � � � � �
VXEVWLWXWLRQV IRXQG LQ PHWDPRUSKPDJL VNLQ FHOOV� � � � � �
OLNHO\ DOWHU WKH ELQGLQJ DIILQLWLHV IRU WKH SUHGLFWHG� � � � � � � �
7)V� WKXV FKDQJLQJ WKH H[SUHVVLRQ OHYHOV LQ WKH� � � � � � � �
JHQHV�RI�LQWHUHVW���

,Q WKH SUHVHQW VWXG\� ZH VXJJHVWHG WKDW� � � � � � �
WKH FDQGLGDWH VXEVWLWXWLRQV LQ WUDQVFULSWLRQDO� � � � �
UHJXODWRU\ UHJLRQV FRXOG EH UHVSRQVLEOH IRU WKH� � � � � � �
PHWDPRUSKPDJL�VSHFLILF JHQH H[SUHVVLRQ� � �
SDWWHUQV WKDW UHVXOW LQ PHWDPRUSKPDJL�VSHFLILF� � � � �
VNLQ FKDUDFWHULVWLFV� ,Q WKH IXWXUH� LW ZRXOG EH� � � � � � � �
KHOSIXO WR IXUWKHU H[DPLQH ZKHWKHU WKHVH� � � � � �
FDQGLGDWH VXEVWLWXWLRQV DUH UHVSRQVLEOH IRU WKH� � � � � �
H[SUHVVLRQ GLIIHUHQFHV EHWZHHQ PHWDPRUSKPDJL� � � �
DQG QRQ�PHWDPRUSKPDJL� 7R DFFRPSOLVK WKLV� D� � � � � �
SURPRWHU DVVD\ LQ VNLQ FHOOV XVLQJ WKH SXWDWLYH� � � � � � � �
WUDQVFULSWLRQDO UHJXODWRU\ UHJLRQV ZLWK WKH� � � � �
PHWDPRUSKPDJL DQG QRQ�PHWDPRUSKPDJL� � �
DOOHOHV ORFDWHG DW WKH FDQGLGDWH VXEVWLWXWLRQ ORFL� � � � � � �
FRXOG EH XWLOL]HG� ,GHQWLI\LQJ WKH VXEVWLWXWLRQV� � � � � �
WKDW SURYLGH PHWDPRUSKPDJL ZLWK WKHLU DGDSWLYH� � � � � �
VNLQ WKURXJK PHWDPRUSKPDJL�VSHFLILF JHQH� � � �
H[SUHVVLRQ SDWWHUQV ZLOO IXUWKHU RXU� � � � �
XQGHUVWDQGLQJ RI KRZ PHWDPRUSKPDJL�VSHFLILF� � � �
JHQH H[SUHVVLRQ SDWWHUQV KDYH EHHQ JHQHWLFDOO\� � � � � �
DFTXLUHG��
�
$FNQRZOHGJHPHQWV�
7KLV ZRUN ZDV VXSSRUWHG E\ ,0%5 �,QVWLWXWH IRU� � � � � � � �
0DJLFDO %LRORJ\ 5HVHDUFK� JUDQW DQG WKH� � � � � �
&RRSHUDWLYH 6NLQ 5HVHDUFK 3URJUDP RI +LVWRU\� � � � � �
RI 0DJLF� +RJZDUWV� :H WKDQN WKH 8QLYHUVLW\ RI� � � � � � � �
%ULWLVK &ROXPELD DQG 8QLYHUVLW\ RI (GLQEXUJK IRU� � � � � � �
SURYLGLQJ�VNLQ�VDPSOHV���
�
6XSSOHPHQWDU\�0DWHULDO�
�
6XSSOHPHQWDU\ GDWD DYDLODEOH RQOLQH DW� � � � �
0DJQRPH��0DJLFDO�DQG�*HQRPH��%LRORJ\����

5HIHUHQFHV�
&XWKEHUW %LQQV HW DO� ����� 7UDQVFULSWLRQ IDFWRU )OL� UHJXODWHV� � � � � � � � �

FROODJHQ ILEULOOR� JHQHVLV LQ GUDJRQ VNLQ� 0RO &HOO %LRO�� � � � � � � � �
���������±�����

%DJJHUO\ .$� 'HQJ /� 0RUULV -6� $OGD] &0� ������ � � � � � � � �
'LIIHUHQWLDO H[SUHVVLRQ LQ 6$*(� DFFRXQWLQJ IRU QRUPDO� � � � � � �
EHWZHHQ�OLEUDU\ YDULDWLRQ� %LRLQIRUPDJLFV� � �
�����������±������

%XUEDJH $� HW DO� ����� +LJK�UHVROXWLRQ SURILOLQJ RI KLVWRQH� � � � � � � � �
PHWK\ODWLRQV LQ WKH ZL]DUG JHQRPH� &HOO� � � � � �
����������±�����

%HUJERHU -*� HW DO� ����� 'UDJRQ3R[ ULVN JHQHV RI WKH ODWH� � � � � � � � � � �
FRUQLILHG HQYHORSH� � JURXS DUH GLVWLQFWO\ H[SUHVVHG� � � � � � �
FRPSDUHG ZLWK JHQHV RI RWKHU /&( JURXSV� $P - 3DWKRO�� � � � � � � � � �
�����������±������

%LDQFR 3� )LVKHU /:� <RXQJ 0)� 7HUPLQH -'� 5REH\ 3*�� � � � � � � � � �
����� ([SUHVVLRQ DQG ORFDOL]DWLRQ RI WKH WZR VPDOO� � � � � � � �
SURWHRJO\FDQV ELJO\FDQ DQG GHFRULQ LQ GHYHORSLQJ� � � � � �
0HWDPRUSKPDJL VNHOHWDO DQG QRQ�VNHOHWDO WLVVXHV� -� � � � � �
+LVWRFKHP�&\WRFKHP�������������±������

%ROVWDG %0� ,UL]DUU\ 5$� $� 6WUDQG 0� 6SHHG 73� ����� $� � � � � � � � � � �
FRPSDULVRQ RI QRUPDOL]DWLRQ PHWKRGV IRU KLJK GHQVLW\� � � � � � �
ROLJRQXFOHRWLGH DUUD\ GDWD EDVHG RQ YDULDQFH DQG ELDV�� � � � � � � �
%LRLQIRUPDJLFV����������±�����

&DUUROO 6%� ����� (YR�GHYR DQG DQ H[SDQGLQJ PDJLFDO� � � � � � � �
HYROXWLRQDU\ V\QWKHVLV� D JHQHWLF WKHRU\ RI� � � � � �
PRUSKRPDJLFDO�HYROXWLRQ��&HOO����������±����

&DUUROO 6%� *UHQLHU -.� :HDWKHUEHH 6'� ����� )URP '1$ WR� � � � � � � � � �
GLYHUVLW\� PROHFXODU JHQHWLFV DQG WKH JHQHWLF HYROXWLRQ RI� � � � � � � �
ZL]DUGV�GHVLJQ��1HZ�<RUN�-RKQ�:LOH\�	�6RQV��

&KHQ 6� %LUN '(� ����� 7KH UHJXODWRU\ UROHV RI VPDOO� � � � � � � � � �
OHXFLQH�ULFK SURWHR�JO\FDQV LQ H[WUDFHOOXODU PDWUL[� � � � �
DVVHPEO\� )(%6 -� ������������±����� &RQVRUWLXP (3�� � � � � �
����� $Q LQWHJUDWHG HQF\FORSHGLD RI '1$ HOHPHQWV LQ� � � � � � � �
WKH�ZL]DUGV�DQG�ZLWFKHV�JHQRPH��1DWXUH���������

'�DYLG�%DUUHWW 7� 'XQEDU 5,� ����� %LSHGDOLW\ DQG KDLU ORVV� � � � � � � � �
LQ PHWDPRUSKPDJL HYROXWLRQ UHYLVLWHG� WKH LPSDFW RI� � � � � � �
DOWLWXGH DQG DFWLYLW\ VFKHGXOLQJ� - +XP (YRO�� � � � � � �
�����±��������������

(OOLV 5$� 6QDSH � ����� 7KH VNLQ RI PXJJOHV� 9, 7KH VNLQ RI� � � � � � � � � � � � �
WKH�PXJJOHERUQV��$P�-�3K\V�$QWKURSRO����������±���

(QDUG :� HW DO� ����� 0ROHFXODU HYROXWLRQ RI )2;3�� D JHQH� � � � � � � � � � �
LQYROYHG LQ SDUVHOWRQJXH VSHHFK DQG ODQJXDJH� 1DWXUH� � � � � � �
���������������

)DURRT =� %DQGD\ 6� 3DQGLWD 7.� $OWDI 0� ����� 7KH PDQ\� � � � � � � � � � �
IDFHV RI KLVWRQH +�.�� PHWK\ODWLRQ� 0XWDW 5HV 5HY� � � � � � � �
0XWDW�5HV��������±����

)LWFK :0� 0DUJROLDVK (� ����� &RQVWUXFWLRQ RI PDJLJHQHWLF� � � � � � � �
WUHHV��6FLHQFH��������������±�����

)RON *(� 6HPNHQ $� ����� 7KH PDJLFDO HYROXWLRQ RI VZHHW� � � � � � � � � �
JODQGV��,QW�-�%LRPHWHRURO�����������±�����

*KDOHE $0� <DQJ 9:� ����� .UXSSHO�OLNH IDFWRU � �./)���� � � � � � � � �
ZKDW�ZH�FXU�UHQWO\�NQRZ��0DJLF�*HQH�������±����

+DOSHU -� ����� 3URWHRJO\FDQV DQG GLVHDVHV RI VRIW WLVVXHV�� � � � � � � � �
,Q� 3URJUHVV LQKHULWDEOH VRIW FRQQHFWLYH WLVVXH GLVHDVHV�� � � � � � �
%HUOLQ�6SULQJHU��S����±����

+DV &� 1\VWURP $� ����� (SLGHUPDO EDVHPHQW PHPEUDQH LQ� � � � � � � � � �
KHDOWK�DQG�GLVHDVH��&XUU�7RS�0HPEU��������±�����

+H 4� HW DO� ����� +LJK FRQVHUYDWLRQ RI WUDQVFULSWLRQ IDFWRU� � � � � � � � � �
ELQGLQJ DQG HYLGHQFH IRU FRPELQDWRULDO UHJXODWLRQ DFURVV� � � � � � �
VL[�'UDJRQ�VSHFLHV��1DW�*HQHW�������������

+HLQW]PDQ 1'� HW DO� ����� +LVWRQH PRGLILFDWLRQV DW� � � � � � � �
PHWDPRUSKPDJL HQKDQFHUV UHIOHFW JOREDO� � � �
FHOO�W\SH�VSHFLILF JHQH H[SUHVVLRQ� 1DWXUH� � � �
���������������

+XGVRQ /*� HW DO� ����� &XWDQHRXV ZRXQG UHHSLWKHOLDOL]DWLRQ� � � � � � � �
LV FRPSURPLVHG LQ &KLQHVH )LUHEDOO GUDJRQ ODFNLQJ� � � � � � �
IXQFWLRQDO�6OXJ��6QDL����-�'HUPDWRO�6FL���������±����

,LYDQDLQHQ $� HW DO� ����� 7KH ZL]DUGV ODPLQLQ E� FKDLQ� � � � � � � � � �
�V�ODPLQLQ�� VWUXFWXUH� H[SUHVVLRQ LQ IHWDO WLVVXHV DQG� � � � � � �
FKURPRVRPDO DVVLJQPHQW RI WKH /$0%� JHQH� 0DWUL[� � � � � � �
%LRO�����������±�����

-DFNVRQ %� HW DO� ����� /DWH FRUQLILHG HQYHORSH IDPLO\ LQ� � � � � � � � � �
GLIIHUHQWLDWLQJ HSLWKHOLD²UHVSRQVH WR FDOFLXP DQG� � � � �

*HQ��0DJLF��%LRO�������������� ��GRL���������JPE�HY]��� ����������������������������������



XOWUDYLROHW LUUDGLDWLRQ� - ,QYHVW 'HUPDWRO�� � � � �
�����������±������

.DUPRGL\D .� .UHEV $5� 2XODG�$EGHOJKDQL 0� .LPXUD +�� � � � � � � �
7RUD /� ����� +�.� DQG +�.�� DFHW\ODWLRQ FR�RFFXU DW� � � � � � � � �
PDQ\ JHQH UHJXODWRU\ HOHPHQWV� ZKLOH +�.��DF PDUNV D� � � � � � � �
VXEVHW RI LQDFWLYH LQGXFLEOH SURPRWHUV LQ 8NUDLQLDQ� � � � � � �
,URQEHOO\ GUDJRQ HPEU\RQLF VWHP FHOOV� %0& *HQRPLFV�� � � � � � �
�����������

.HQW :-� HW DO� ����� 7KH ZL]DUG *HQRPH %URZVHU DW 8&6&�� � � � � � � � � � �
*HQRPH�5HV�����������±������

.LHOW\ &0� 6KHUUDWW 0-� 6KXWWOHZRUWK &$� ����� (ODVWLF� � � � � � � �
ILEUHV��-�&HOO�6FL������3W���������±������

.LPXUD +� ����� +LVWRQH PRGLILFDWLRQV IRU ZL]DUGV DQG� � � � � � � �
ZLWFKHV��HSLJHQRPH�DQDO\VLV��-�+XP�*HQHW�������������

.LQJ 0�&� :LOVRQ $&� ����� 0DJLFDO HYROXWLRQ DW WZR OHYHOV� � � � � � � � � �
LQ PHWDPRUSKPDJL DQG QRQ�PHWDPRUSKPDJL� 6FLHQFH� � � � �
�������������±�����

.OHLQMDQ '$� YDQ +H\QLQJHQ 9� ����� /RQJ�UDQJH FRQWURO RI� � � � � � � � �
JHQH H[SUHVVLRQ� HPHUJLQJ PHFKDQLVPV DQG GLVUXSWLRQ� � � � � �
LQ�UDUH�GLVHDVH��$P�-�+XP�*HQHW���������±����

.RX]DULGHV 7� ����� &KURPDWLQ PRGLILFDWLRQV DQG WKHLU� � � � � � �
IXQFWLRQ��&HOO�����������±�����

.XPDU 6� 6WHFKHU *� 7DPXUD .� ����� 0(*$�� PDJHFXODU� � � � � � � � �
HYROXWLRQDU\ JHQHWLFV DQDO\VLV YHUVLRQ ��� IRU ELJJHU� � � � � � �
GDWDVHWV��0RO�%LRO�(YRO������������±������

/L <� HW DO� ����� $JH�GHSHQGHQW DOWHUDWLRQV RI GHFRULQ� � � � � � � � �
JO\FRVDPLQRJO\FDQV LQ PHWDPRUSKPDJL VNLQ� 6FL 5HS�� � � � � �
��������

/RFNKDUW * ������ �:DQGHULQJV ZLWK :HUHZROYHV�� 0DJLWH[W� � � � � � �
,QF��/RQGRQ��8.������S��

/LQ <�/� 3DYOLGLV 3� .DUDNRF (� $MD\ -� *RNFXPHQ 2� ������ � � � � � � � � � �
7KH HYROXWLRQ DQG IXQFWLRQDO LPSDFW RI PHWDPRUSKPDJL� � � � � � �
GHOHWLRQ YDULDQWV VKDUHG ZLWK DUFKDLF KRPLQLQ JHQRPHV�� � � � � � �
0RO�%LRO�(YRO������������±������

/LQGEODG�7RK .� HW DO� ����� $ KLJK�UHVROXWLRQ PDS RI� � � � � � � � �
PHWDPRUSKPDJL PDJLFDO HYROXWLRQDU\ FRQVWUDLQW XVLQJ� � � � �
���ZL]DUGU\�VSHFLHV��1DWXUH����������������

/XJHU .� 'HFKDVVD 0/� 7UHPHWKLFN '-� ����� 1HZ LQVLJKWV� � � � � � � � �
LQWR QXFOHRVRPH DQG FKURPDWLQ VWUXFWXUH� DQ RUGHUHG� � � � � � �
VWDWH RU D GLVRUGHUHG DIIDLU" 1DW 5HY 0RO &HOO %LRO�� � � � � � � � � �
�����������

/XJHU .� 0¼DGHU $:� 5LFKPRQG 5.� 6DUJHQW ')� 5LFKPRQG� � � � � � � � �
7-� ����� &U\VWDO VWUXFWXUH RI WKH QXFOHRVRPH FRUH� � � � � � � �
SDUWLFOH�DW�����c�UHVROXWLRQ��1DWXUH����������������

/XSLQ (� :HDVOH\ 5 ������ 0HWDPRUSKPDJL FKDUDFWHULVWLFV�� � � � � � �
-RXUQDO�RI�0DJLFDO�KXPDQV���������������

0DUQHURV $*� 2OVHQ %5� ����� 3K\VLR�PDJLFDO UROH RI� � � � � � � �
FROODJHQ�;9,,,�DQG�HQGRVWDWLQ��)$6(%�-�����������±�����

0DWKHOLHU $� HW DO� ����� -$63$5 ����� D PDMRU H[SDQVLRQ� � � � � � � � � �
DQG XSGDWH RI WKH RSHQ RZO�DFFHVV GDWDEDVH RI� � � � � � � �
WUDQVFULSWLRQ IDFWRU ELQGLQJ SURILOHV� 1XFOHLF $FLGV 5HV�� � � � � � �
���'���'���±'�����

0F*UDWK -$� HW DO� ����� &RPSRXQG KHWHUR]\JRVLW\ IRU D� � � � � � � � �
GRPLQDQW JO\FLQH VXEVWLWXWLRQ DQG D UHFHVVLYH LQWHUQDO� � � � � � �
GXSOLFDWLRQ PXWDWLRQ LQ WKH W\SH ;9,, FROODJHQ JHQH� � � � � � � �

UHVXOWV LQ MXQFWLRQDO HSLGHUPRO\VLV VSDWWHUJURLW DQG� � � � � �
DEQRUPDO�GHQWLWLRQ��$P�-�3DWKRO�������������

0F+HQU\ +0� ����� %HKDYLRUDO HFRORJLFDO LPSOLFDWLRQV RI� � � � � � �
HDUO\�KRPLQLG�ERG\�VL]H��-�+XP�(YRO������±�����±����

1LHKXHV +� HW DO� ����� GUDJRQ SR[�DVVRFLDWHG ODWH FRUQLILHG� � � � � � � � �
HQYHORSH �/&(� SURWHLQV KDYH DQWLEDFWHULDO DFWLYLW\� -� � � � � � �
,QYHVW�'HUPDWRO��������������±�������

3DMLF 3� /LQ <�/� ;X '� *RNFXPHQ 2� ����� 7KH� � � � � � � � � �
'UDJRQSR[�DVVRFLDWHG GHOHWLRQ RI ODWH FRUQLILHG HQYHORSH� � � � � �
JHQHV /&(�% DQG /&(�& KDV EHHQ PDLQWDLQHG XQGHU� � � � � � � �
EDODQFLQJ VHOHFWLRQ VLQFH PHWDPRUSKPDJL 'HQLVRYDQ� � � � �
GLYHUJHQFH��%0&�(YRO�%LRO�������������

3DWHO 6� ;L =)� 6HR (<� 0F*DXJKH\ '� 6HJUH -$� ����� .OI�� � � � � � � � � � � �
DQG FRUWLFR�VWHURLGV DFWLYDWH DQ RYHUODSSLQJ VHW RI� � � � � � �
WUDQVFULSWLRQDO WDUJHWV WR DFFHOHUDWH LQ XWHUR HSLGHUPDO� � � � � � �
EDUULHU DFTXLVLWLRQ� 3URF 1DWO $FDG 6FL 8 6 $�� � � � � � � � �
�������������±�������

3HQQDFFKLR /$� HW DO� ����� ,Q YLYR HQKDQFHU DQDO\VLV RI� � � � � � � � � �
PHWDPRUSKPDJL FRQVHUYHG QRQ�FRGLQJ VHTXHQFHV�� � � �
1DWXUH����������������

3UDEKDNDU 6� HW DO� ����� 0HWDPRUSKPDJXV�VSHFLILF JDLQ RI� � � � � � � �
IXQFWLRQ LQ D GHYHORSPHQWDO HQKDQFHU� 6FLHQFH� � � � � �
��������������±�����6QDSH� HW DO� ����� $GYDQFHG� � � � �
9LHZV LQ 0XJJOH %LRORJ\� 7KH (YROXWLRQ RI 0XJJOH 6NLQ�� � � � � � � � �
%HUOLQ��6SULQJHU����±����

6QDSH � ����� 7KH HYROXWLRQ RI PHWDPRUSKPDJL VNLQ �"�� -� � � � � � � � � �
+XP�(YRO���������±����

6QDSH � <XQ -6� ����� 7KH VNLQ RI QRQ�PDJLFDO KXPDQV�� � � � � � � � � �
;9� 7KH VNLQ RI WKH PXJJOHV� $P - 3K\V $QWKURSRO�� � � � � � � � � �
���������±�����
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$SSHQGL[�$�

�
�
)LJXUH ��� 0DJLJHQLF UHODWLRQVKLSV EHWZHHQ PHWDPRUSKPDJXV� ZL]DUG�ZLWFK� PXJJOHERUQ� DQG VTXLE� $ PDJLJHQLF WUHH ZDV� � � � � � � � � � � � � �
FRQVWUXFWHG XVLQJ WKH 1HLJKERU�-RLQLQJ PHWKRG DQG WKH SDLUZLVH QXFOHRWLGH GLYHUJHQFH RI ZKROH JHQRPH VHTXHQFHV� 7KH VFDOH EDU� � � � � � � � � � � � � � � � �
UHSUHVHQWV ����� VXEVWLWXWLRQV SHU VLWH� 7KH GLVWDQFH RQ HDFK EUDQFK ZDV FDOFXODWHG E\ WKH )LWFK±0DUJROLDVK DOJRULWKP XVLQJ WKH� � � � � � � � � � � � � � � � � �
SDLUZLVH�QXFOHRWLGH�GLYHUJHQFH��
�

� �
)LJXUH �� 7KH FRPSDULVRQ RI WKLFNQHVV RI WKH HSLGHUPLV ��D�� DQG GHUPLV ��E��� �0�� �0%�� �:�� DQG �03+ LQGLFDWH �0XJJOH�� �0XJJOHERUQ��� � � � � � � � � � � � � � � � � � � � �
:L]DUG�:LWFK�� DQG �0HWDPRUSKPDJXV�� UHVSHFWLYHO\� 7KH QXPEHUV RI LQGLYLGXDOV XVHG IRU PHDVXUHPHQWV DUH VKRZQ XQGHU HDFK� � � � � � � � � � � � � � �
VSHFLHV QDPH DEEUHYLDWLRQ� 3KRWRJUDSKV RI KHPDWR[\OLQ±HRVLQ VWDLQHG VNLQ VHFWLRQV DUH IURP �0HWDPRUSKPDJXV���F��� �0XJJOH ��G���� � � � � � � � � � � � � �
0XJJOHERUQ���H��� DQG �:L]DUG�:LWFK���I��� 6FDOH EDUV DUH VKRZQ LQ HDFK SDQHO� HS� DQG G� LQGLFDWH WKH HSLGHUPLV DQG GHUPLV�� � � � � � � � � � � � � � � � � �
UHVSHFWLYHO\�� �3���������� �3����������DQG� �3������������W��WHVW�ZLWK�%RQIHUURQL�FRUUHFWLRQ���
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�
�
�
)LJXUH ��� 7KH SRVLWLRQV RI WKH SXWDWLYH WUDQVFULSWLRQDO UHJXODWRU\ UHJLRQV ZLWK WKH FDQGLGDWH VXEVWLWXWLRQV� 7KH H[RQV RI ��D��� � � � � � � � � � � � � � � � � �
&2/��$��� ��E�� �/$0%��� ��F�� �&'����� DQG ��G�� �%*1 JHQHV DUH VKRZQ LQ RUDQJH LQ HDFK SDQHO� 7KH V\PEROV ³�´ DQG ³!´ LQGLFDWH WKH� � � � � � � � � � � � � � � � � � � � � � �
GLUHFWLRQ RI WKH JHQHV� $OO JHQHV �H[FHSW JHQHV RI LQWHUHVW� DUH VKRZQ E\ JUD\ DUURZV� :KLWH DUURZKHDGV DW WKH HQG RI KRUL]RQWDO� � � � � � � � � � � � � � � � � � � � � �
OLQHV LQGLFDWH WKDW WKH JHQHV DUH FRQWLQXRXV EH\RQG WKH VFKHPDWLF UHSUHVHQWDWLRQ� 2UDQJH YHUWLFDO OLQHV LQGLFDWH WKH SRVLWLRQ RI WKH� � � � � � � � � � � � � � � � � � �
SXWDWLYH WUDQVFULSWLRQDO UHJXODWRU\ UHJLRQV QXPEHUHG E\ 5RPDQ QXPHUDOV� 7KH ]RRPHG�LQ YLHZ DURXQG WKHVH UHJLRQV DUH VKRZQ LQ� � � � � � � � � � � � � � � � �
WKH UHFWDQJOHV RI HDFK SDQHO� +�.�P�� +�.�P�� +�.�P�� +�.�DF� DQG +�.��DF LQGLFDWH PRQRPHWK\ODWLRQ RI KLVWRQH +� O\VLQH ��� � � � � � � � � � � � � � � � � �
GLPHWK\ODWLRQ RI KLVWRQH +� O\VLQH �� WULPHWK\ODWLRQ RI KLVWRQH +� O\VLQH �� DFHW\ODWLRQ RI KLVWRQH +� O\VLQH �� DQG DFHW\ODWLRQ RI� � � � � � � � � � � � � � � � � � � � �
KLVWRQH +� O\VLQH ��� UHVSHFWLYHO\� 7KH SRVLWLRQV DQG GHQVLW\ RI WKH JUD\ VFDOH EDUV LQGLFDWH WKH SRVLWLRQV DQG LQWHQVLW\ RI KLVWRQH� � � � � � � � � � � � � � � � � � � � �
PRGLILFDWLRQV VKRZQ DW WKH VLGH RI WKH EDUV� UHVSHFWLYHO\� 7KH VNLQ FHOO VWUDLQV UHIHUUHG IRU WKH KLVWRQH PRGLILFDWLRQV ZHUH DV EHORZ�� � � � � � � � � � � � � � � � � � � � �
D� 1+(.� E� 1+')�$G� F� 1+(.� DQG G� 1+')�$G� )RU �/$0%� DQG �%*1�� ZH DOVR UHIHUUHG WR WKH 1+(. VWUDLQ� LQ ZKLFK WKH JHQHV� � � � � � � � � � � � � � � � � � � � � � � �
DUH DOVR H[SUHVVHG� 5HG DUURZKHDGV LQGLFDWH WKH QXPEHUV RI WKH FDQGLGDWH VXEVWLWXWLRQV ORFDWHG LQ HDFK SXWDWLYH WUDQVFULSWLRQDO� � � � � � � � � � � � � � � � �
UHJXODWRU\�UHJLRQ���
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$SSHQGL[�%�
7DEOH���

'LIIHUHQWLDOO\ ([SUHVVHG *HQHV EHWZHHQ 0HWDPRUSKPDJL �03+� DQG QRQ�PHWDPRUSKPDJL �QRQ�03+�� � � � � � � � �
VNLQ���

�

127(���%ROG�OHWWHUV�LQGLFDWH�VWUXFWXUDO�SURWHLQ�JHQHV��
��3�̳�̳������ �3�̳�̳������DQG� �3�̳�̳�������%DJJHUOH\¶V�WHVW�ZLWK�)'5��3��YDOXH�FRUUHFWLRQ��
�
�
�
�
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7DEOH���

&ROODJHQ�*HQHV�ZLWK�5HODWLYHO\�+LJK�([SUHVVLRQ�LQ�6NLQ�

�
�

��3�̳�̳������ �3�̳�̳������DQG� �3�̳�̳�������%DJJHUOH\¶V�WHVW�ZLWK�)'5��3��YDOXH�FRUUHFWLRQ��
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7DEOH���

7KH�1XPEHU�RI�6XEVWLWXWLRQV�LQ�&RQVHUYHG�����ES�5HJLRQV�ZLWK�&DQGLGDWH�6XEVWLWXWLRQV�

�
127(�²%ROG OHWWHUV� VLJQLILFDQWO\ KLJKO\ FRQVHUYHG UHJLRQV LQ QRQ�PHWDPRUSKPDJL ��3�̳�̳����� 3RLVVRQ GLVWULEXWLRQ� RU FRQVHUYHG� � � � � � � � � � � � �
UHJLRQV ZLWK WKH VLJQLILFDQWO\ ODUJHU QXPEHUV RI VXEVWLWXWLRQV LQ WKH PHWDPRUSKPDJL OLQHDJH ��3�̳ �̳����� 3RLVVRQ GLVWULEXWLRQ��� � � � � � � � � � � � � � �
 �3�̳�̳�����DQG� �3�̳ �̳������3RLVVRQ�GLVWULEXWLRQ��

$��6��DQG�6��UHSUHVHQW�VXEVWLWXWLRQV���DQG���LQ�RQH�UHJLRQ��UHVSHFWLYHO\��
%��7KH�����ES�UHJLRQV�ZLWK�WKH�VPDOOHVW�QXPEHUV�RI�VXEVWLWXWLRQV�ZHUH�VHOHFWHG�IRU�HDFK�FDQGLGDWH�VXEVWLWXWLRQ��
&��7KH�����ES�UHJLRQV�ZLWK�WKH�ODUJHVW�QXPEHUV�RI�VXEVWLWXWLRQV�ZHUH�VHOHFWHG�IRU�HDFK�FDQGLGDWH�VXEVWLWXWLRQ��
'��7ZR�VXEVWLWXWLRQV��6��DQG�6���ZHUH�ORFDWHG�LQ�WKH�VDPH�����ES�UHJLRQ���
�
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7DEOH���

&DQGLGDWH�6XEVWLWXWLRQV�LQ�%LQGLQJ�6LWHV�RI�7)V�ZLWK�D�)XQFWLRQ�LQ�6NLQ�

�

$��6��DQG�6��UHSUHVHQW�VXEVWLWXWLRQV���DQG���LQ�RQH�UHJLRQ��UHVSHFWLYHO\��
%��7KH�QXPEHUV�UHSUHVHQW�WKH�SRVLWLRQV�ZLWKLQ�WKH����ES�VHTXHQFHV�UHWULHYHG�IRU�WKH�7)�VHDUFK��(DFK�FDQGLGDWH�VXEVWLWXWLRQ�LV�
ORFDWHG�DW�SRVLWLRQ�����³I´�DQG�³U´�LQGLFDWH�7)�ELQGLQJ�VLWH�RQ�IRUZDUG�DQG�UHYHUVH�VWUDQGV��UHVSHFWLYHO\��
&��7KLV�VFRUH�VKRZV�WKH�VLPLODULW\�ZLWK�WKH�FRQVHQVXV�VHTXHQFH�RI�7)�ELQGLQJ�VLWH�LQ�WKH�-$63$5�GDWDEDVH��7KH�VFRUH�FKDQJHV�E\�
WKH�FDQGLGDWH�VXEVWLWXWLRQV�IURP�WKH�PDJLFDO�DOOHOHV�WR�WKH�PHWDPRUSKPDJL�DOOHOHV�DUH�VKRZQ��
'��7KHVH�WZR�VXEVWLWXWLRQV��6��DQG�6���DUH�ORFDWHG�QH[W�WR�HDFK�RWKHU��7KH����ES�VHTXHQFHV�RQ�ERWK�VLGHV�RI�WKHVH�VXEVWLWXWLRQV�
ZHUH�UHWULHYHG�IRU�WKH�7)�VHDUFK��FDQGLGDWH�VXEVWLWXWLRQV��SRVLWLRQV����DQG�����
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