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6\QWKHVLV� FKDUDFWHUL]DWLRQ� ,Q�6LOLFR VWXGLHV�
DQG DQWL�LQIODPPDWRU\ DFWLYLW\ RI 1RYHO
,PLGD]ROH����+��2QHV

*� 0XWKXERRSDWKL
'HSDUWPHQW RI 3KDUPDFHXWLFV� 6FKRRO RI 3KDUPDFHXWLFDO 6FLHQFHV� 9HOV ,QVWLWXWH
RI 6FLHQFH� 7HFKQRORJ\ 	 $GYDQFHG 6WXGLHV �9,67$6�� &KHQQDL� ������� 7DPLO
1DGX� ,QGLD�

7�6�6KDQPXJDUDMDQ
'HSDUWPHQW RI 3KDUPDFHXWLFV� 6FKRRO RI 3KDUPDFHXWLFDO 6FLHQFHV� 9HOV ,QVWLWXWH
RI 6FLHQFH� 7HFKQRORJ\ 	 $GYDQFHG 6WXGLHV �9,67$6�� &KHQQDL� ������� 7DPLO
1DGX� ,QGLD�
&RUUHVSRQGLQJ DXWKRU HPDLO� PDLOVKDQPXJD#JPDLO�FRP

$EVWUDFW���6HYHUDO QHZ LPLGD]ROH����+��RQH DQDORJ ZDV V\QWKHVL]HG
XVLQJ PXOWL�VWHS V\QWKHVLV� $OO WKH V\QWKHVL]HG FRPSRXQGV ZHUH
FKDUDFWHUL]HG XVLQJ )7�,5� �+�105� 0DVV VSHFWURVFRS\� DQG
PLFURDQDO\VLV WR FRQILUP WKHLU FKHPLFDO VWUXFWXUH� 0ROHFXODU
SURSHUWLHV RI WKH WLWOH FRPSRXQGV ZHUH SUHGLFWHG XVLQJ 0ROLQVSLUDWLRQ
RQOLQH WRRO DQG ELQGLQJ VWXGLHV RI WKH WLWOH DQDORJV DJDLQVW &2;�� 	
&2;�� ZHUH SUHGLFWHG E\ WKH PROHFXODU GRFNLQJ PHWKRG� $OO QRYHO
LPLGD]ROH����+��RQH DQDORJ ZHUH WHVWHG IRU WKHLU LQ�YLYR DQWL�
LQIODPPDWRU\ DFWLYLW\ XVLQJ FDUUDJHHQDQ�LQGXFHG SDZ HGHPD WHVW LQ
:LVWDU UDWV� 9DU\LQJ GHJUHH �ZHDN WR H[FHOOHQW� RI DQWL�LQIODPPDWRU\
DFWLYLW\ ZDV GLVSOD\HG E\ WLWOH FRPSRXQGV� ,Q DGGLWLRQ� LQ YLWUR
DQWLFDQFHU SRWHQF\ RI WHVW FRPSRXQGV ZDV HVWLPDWHG E\ WKH 077
DVVD\ PHWKRG DQG IRXQG WKDW PRVW RI WKH WHVWHG DQDORJV ZHUH IRXQG WR
EH LQDFWLYH DW �� �0 FRQFHQWUDWLRQ DJDLQVW WKH WHVWHG FHOO OLQHV� $PRQJ
WZHOYH WHVWHG WLWOH FRPSRXQGV� ��PHWK\O������PHWK\O SLSHUD]LQH���\O��
���QDSKWKDOHQ���\OPHWK\OHQH���+�LPLGD]RO����+��RQH $/��� DQG ��
EHQ]\OLGHQH���PHWK\O������PHWK\OSLSHUD]LQ���\O���+�LPLGD]RO����+��
RQH $/��GLVSOD\HG PRUH SRWHQW DQWL�LQIODPPDWRU\ DFWLYLW\ ZKLFK LV
VOLJKWO\ KLJKHU WKDQ UHIHUHQFH GLFORIHQDF�

.H\ZRUGV���,PLGD]ROH� %HQ]\OLGHQH� )XUDQ� ,Q�VLOLFR VWXGLHV�
0ROHFXODU GRFNLQJ� $QWL�LQIODPPDWRU\�
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,QWURGXFWLRQ

,QIODPPDWLRQ LV SDUW RI WKH ERG\·V GHIHQVH PHFKDQLVP DQG SOD\V D UROH LQ WKH
KHDOLQJ SURFHVV� :KHQ WKH ERG\ GHWHFWV DQ LQWUXGHU� LW ODXQFKHV D ELRORJLFDO
UHVSRQVH WR WU\ WR UHPRYH LW� 7KH DWWDFNHU FRXOG EH D IRUHLJQ ERG\� VXFK DV D WKRUQ�
DQ LUULWDQW� RU D SDWKRJHQ� 3DWKRJHQV LQFOXGH EDFWHULD� YLUXVHV� DQG RWKHU
RUJDQLVPV� ZKLFK FDXVH LQIHFWLRQV� 6RPHWLPHV� WKH ERG\ PLVWDNHQO\ SHUFHLYHV LWV
FHOOV RU WLVVXHV DV KDUPIXO� 7KLV UHDFWLRQ FDQ OHDG WR DXWRLPPXQH GLVHDVHV� VXFK
DV W\SH � GLDEHWHV� ([SHUWV EHOLHYH LQIODPPDWLRQ PD\ FRQWULEXWH WR D ZLGH UDQJH
RI FKURQLF GLVHDVHV� 8QLYHUVDOO\ 16$,'V �1RQVWHURLGDO DQWL�LQIODPPDWRU\ GUXJV�
DUH RQH RI WKH PRVW LPSRUWDQW FRPPRQ KHDOLQJ JURXSV RI GUXJV HPSOR\HG IRU WKH
PDQDJHPHQW RI IHYHU� SDLQ� DQG LQIODPPDWLRQ�� ,Q FRQWUDVW� WKH HIILFLHQF\ RI
16$,'V ZDV QDUURZHG GXH WR LQFUHDVHG RFFXUUHQFH RI WKH VHQVLEOH *,
�JDVWURLQWHVWLQDO� GDPDJH SULPDULO\ XOFHUDWLRQ RI *, DQG LWV FRQQHFWHG SHUIRUDWLRQ
DQG FRPSOLFDWLRQV��

+HWHURF\FOLF FRPSRXQGV DUH WKRVH F\FOLF FRPSRXQGV ZKRVH ULQJV FRQWDLQ EHVLGHV�
FDUERQ� RQH RU PRUH DWRPV RI RWKHU HOHPHQWV� +HWHURF\FOLF FRPSRXQGV DUH YHU\
ZLGHO\ GLVWULEXWHG LQ QDWXUH DQG DUH SDUWLFXODUO\ LPSRUWDQW EHFDXVH RI WKH ZLGH
YDULHW\ RI SK\VLRORJLFDO DFWLYLWLHV DVVRFLDWHG ZLWK WKLV FODVV RI VXEVWDQFHV� $OO WKH
KHWHURF\FOLF FRPSRXQGV KDYH D JUHDW LQWHUHVW LQ SKDUPDFHXWLFDO FKHPLVWU\� 2XW RI
WKHVH KHWHURF\FOLF FRPSRXQGV� LPLGD]ROH DQG LWV GHULYDWLYHV KDYH D ZLGH YDULHW\ RI
ELRORJLFDO DFWLYLWLHV����,PLGD]ROH LV DQ LPSRUWDQW JURXS RI KHWHURF\FOLF FRPSRXQGV
WKDW DUH ELRORJLFDOO\ DFWLYH DQG RI VLJQLILFDQW LPSRUWDQFH LQ PHGLFLQDO FKHPLVWU\�
7KH LPLGD]ROH ULQJ LV DQ LPSRUWDQW SKDUPDFRSKRUH LQ PRGHUQ GUXJ GLVFRYHU\�

,PLGD]ROH KDV HPHUJHG DV DQ DQWL�LQIODPPDWRU\ DJHQW EHFDXVH RI LWV EURDG
VSHFWUXP RI LQ�YLWUR DQG LQ�YLYR FKHPRWKHUDSHXWLF DFWLYLWLHV����� WKH ELRORJLFDO
DFWLYLWLHV H[KLELWHG E\ FRPSRXQGV FRQWDLQLQJ LPLGD]ROH PRLHW\ KDYH SURPSWHG
FKHPLVWV WR V\QWKHVLV PRUH DQG PRUH LPLGD]ROH OLEUDULHV DQG VFUHHQ WKHP IRU
SRWHQWLDO DFWLYLWLHV� %DVHG RQ WKHVH ILQGLQJV� ZH GHFLGHG WR V\QWKHVL]H VRPH QRYHO
LPLGD]ROH����+��RQH GHULYDWLYH E\ PXOWL�VWHS V\QWKHVLV DQG HYDOXDWHG LWV LQ�YLYR
DQWL�LQIODPPDWRU\ DFWLYLW\ ZLWK WKH KRSH WR REWDLQ PRUH DFWLYH DQWL�LQIODPPDWRU\
DJHQWV� ,Q DGGLWLRQ� WLWOH FRPSRXQGV ZHUH DOVR WHVWHG LQ�VLOLFR IRU SUHGLFWLQJ $'0(�
PROHFXODU SURSHUWLHV� DQG WR[LFLW\ RI WLWOH FRPSRXQGV�

([SHULPHQWDO
0DWHULDOV 	 0HWKRGV

7KH FKHPLFDOV DQG UHDJHQWV XVHG ZHUH REWDLQHG IURP YDULRXV FKHPLFDO XQLWV
4XDOLJHQV� (� 0HUFN ,QGLD /WG�� &'+� DQG 6' )LQH &KHP� 7KHVH VROYHQWV XVHG
ZHUH RI /5 JUDGH DQG SXULILHG EHIRUH WKHLU XVH� 7KH VLOLFD JHO * XVHG IRU DQDO\WLFDO
FKURPDWRJUDSK\ �7/&� ZDV REWDLQHG IURP (� 0HUFN ,QGLD /WG� $OO WKH PHOWLQJ
SRLQWV ZHUH WDNHQ LQ DQ RSHQ JODVV FDSLOODU\ DQG DUH XQFRUUHFWHG� �+�105 VSHFWUD
ZHUH UHFRUGHG DW ��� 0+] RQ %UXNHU $YDQFH���� 105 VSHFWURPHWHU LQ &'&O�
XVLQJ WHWUDPHWK\OVLODQH �706� DV DQ LQWHUQDO VWDQGDUG� ��&�105 VSHFWUD ZHUH
UHFRUGHG DW ��� 0+] LQ &'&O�� 7KH FKHPLFDO VKLIWV DUH UHSRUWHG RQ D SSP VFDOH�
0DVV VSHFWUD ZHUH REWDLQHG RQ D -(2/�6;���� LQVWUXPHQW XVLQJ HOHFWURQ LPSDFW
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LRQL]DWLRQ� $OO WKH ,5 VSHFWUD ZHUH UHFRUGHG LQ .%U SHOOHWV RQ D -DVFR )7�,5 ���
VSHFWURPHWHU�
6RIWZDUH 5HTXLUHG

)URP ZZZ�VFULSSV�HGX� $XWR'RFN ���� DQG 0*/ �PROHFXODU JUDSKLFV ODERUDWRU\�
WRROV ZHUH GRZQORDGHG� &KHPGUDZ XOWUD IRU VNHWFKLQJ DQG FKHP �' 3UR IRU
HQHUJ\ PLQLPL]DWLRQ DQG FRQYHUW FKHP GUDZ ILOH LQWR 3'% IRUPDW� ,QVWDOO 0ROHJUR
0ROHFXODU YLHZHU IURP �KWWS���PROH[XV�LR�PROHJUR�PROHFXODU�YLHZHU� IURP ZKLFK
SURWHLQ FDQ EH SUHSURFHVVHG� ELQGLQJ SRFNHW LQWHUDFWLRQV FDQ EH DFFHVVHG� WKH
GRFNHG FRPSOH[ FDQ EH H[SORUHG�

3UHGLFWLRQV RI 3K\VLFRFKHPLFDO 3URSHUWLHV DQG $'0(7

,Q WKH GUXJ GLVFRYHU\ SURFHVV� SK\VLFRFKHPLFDO SURSHUWLHV E\ ��/LSLQVNL
V UXOH
ZHUH REVHUYHG IRU SUHGLFWLQJ WKH ELRDFWLYH GUXJ LQ WKH RUDO URXWH��� ,Q
SKDUPDFRNLQHWLF VWXGLHV� VFUHHQLQJ RI $'0( SURSHUWLHV LV HYDOXDWHG IRU
XQGHUVWDQGLQJ WKHLU ELRDYDLODELOLW\��� $GGLWLRQDOO\� PROHFXODU SURSHUWLHV DQG
WR[LFLW\ ZHUH HYDOXDWHG E\ WKH RQOLQH WRRO LQ WKH RUJDQLF SRUWDO ZHE RI SUH$'0(7
DQG PROLQVSLUDWLRQV���

0ROHFXODU 'RFNLQJ

&RPSXWHU�DLGHG GUXJ GHVLJQ LV RQH RI WKH WRROV ZKLFK SOD\V D YLWDO UROH LQ
XQGHUVWDQGLQJ WKH VWUXFWXUH�DFWLYLW\ UHODWLRQVKLS� ELQGLQJ HQHUJ\� WKH LQWHUDFWLRQ
EHWZHHQ WKH SURWHLQ DQG OLJDQG� ELQGLQJ DIILQLW\� HWF� ,Q WKLV SURJUDP� $XWR GRFN
ZDV ZLGHO\ XVHG LQ HYDOXDWLQJ WKH ELQGLQJ VWXGLHV RI RXU OLJDQG �V\QWKHVL]HG
FRPSRXQG $/���$/��� ZLWK RXU WDUJHW HQ]\PHV� 7KLV SURJUDP KHOSV XV WR SUHGLFW
KRZ WKHVH VPDOO PROHFXOHV RI V\QWKHVL]HG GHULYDWLYHV PD\ ELQG ZLWK WKH WDUJHWHG
HQ]\PH &2;�� �,' RI 3'%� �..�� 	 &2;�� �,' RI 3'%� �/1��� KWWS���ZZZ�
UFVE�RUJ�SGE �5&6% 3URWHLQ 'DWD %DQN �3'%� GDWDEDVH� ZDV XVHG WR UHWULHYH WKH
WDUJHWHG HQ]\PH�

3UHSDUDWLRQ RI 3URWHLQ

%HIRUH VWDUWLQJ WKH PROHFXODU GRFNLQJ� WKH ZDWHU PROHFXOHV ZHUH UHPRYHG IURP WKH
UHVSHFWLYH SURWHLQV� 7KH VHOHFWHG HQ]\PHV IURP WKH SURWHLQ GDWD EDQN ZHUH
VXEMHFWHG WR 0ROHJUR YLHZHU E\ ZKLFK WKRVH HQ]\PHV ZHUH UHILQHG�

3UHSDUDWLRQ RI /LJDQG

7KH VWUXFWXUHV RI OLJDQGV ZHUH GUDZQ XVLQJ &KHP 'UDZ VRIWZDUH� 7KH SURWHLQ ILOH
�3'%� ZDV EHLQJ IXUWKHU RSWLPL]HG E\ DGGLQJ K\GURJHQ DWRPV DQG UHPRYLQJ ZDWHU
PROHFXOHV� 7KH HQG XS ZLWK DOO WKHVH SURFHGXUHV� WKH SURWHLQ DQG OLJDQG ZHUH ZHOO
SUHSDUHG IRU GRFNLQJ�

*ULG %R[ 3UHSDUDWLRQ DQG 'RFNLQJ

&KHP GUDZ XOWUD ZDV XVHG WR FRQYHUW DOO ILOHV QHHGHG IRU WKH GRFNLQJ VWXG\�
3DUDPHWHUV RI WKH *ULG ER[ ZHUH IL[HG LQ VXFK D ZD\ WR SHUPLW IRU DQ
DSSURSULDWHO\�VL]HG FDYLW\ VSDFH ODUJH VXIILFLHQW WR DFFRPPRGDWH HYHU\ DQDORJ
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ZLWKLQ WKH ELQGLQJ VLWH RI HDFK SURWHLQ DQG ZHUH HVWLPDWHG XVLQJ $XWR'RFN 7RROV�
,QWR WKH FRUUHVSRQGLQJ SURWHLQ VWUXFWXUHV� HQWLUH FR�FU\VWDOOL]HG LQKLELWRU\ OLJDQGV
DUH UH�GRFNHG WR DOORZ FRPSDULVRQ EHWZHHQ GRFNLQJ VFRUHV DQG YDOLGDWH WKH
DFFXUDF\� %DVHG RQ WKHLU HQHUJ\ VFRUHV OLJDQGV DUH UDQNHG DQG VHDUFKHG DW
GLIIHUHQW RULHQWDWLRQV RI OLJDQGV� &RQFHUQLQJ LWV ELRORJLFDO FRQILUPDWLRQ IRU HDFK
FRQWURO OLJDQG� D VLPLODU GRFNLQJ SRVH ZDV REWDLQHG LQ WKH FR�FU\VWDOOL]HG SURWHLQ�
OLJDQG FRPSOH[ XVLQJ RXU GRFNLQJ SURWRFRO� )RU HDFK OLJDQG EHVW FRQIRUPDWLRQDO
VSDFH ZDV H[SORUHG ZLWK D ��� LQGLYLGXDO SRSXODWLRQ VL]H GXULQJ WKH SURFHVV RI
GRFNLQJ XVLQJ WKH /DPDUFNLDQ *HQHWLF $OJRULWKP� 7KH UHVW RI WKH SDUDPHWHUV ZHUH
IL[HG GHIDXOW� 6RPH FRQWURO LQKLELWRUV DQG WKH DFWLYH ELQGLQJ VLWHV RI VHOHFWHG
HQ]\PHV DUH ZHOO GRFXPHQWHG������ 'RFNLQJ HIILFLHQF\ ZDV LQFUHDVHG XVLQJ D
JXLGHG GRFNLQJ DSSURDFK��� ,Q WKLV DSSURDFK� LQ HDFK SURWHLQ ELQGLQJ VLWH� HDFK
OLJDQG FRQIRUPDWLRQ �LQFOXGLQJ UH�GRFNLQJ RI WKH FRQWURO LQKLELWRUV� ZDV PHDVXUHG�
/DWHU� WR IRUHFDVW WKH WRS SURWHLQ�OLJDQG ELQGLQJ DIILQLWLHV VFRULQJ IXQFWLRQ ZDV
XVHG WR UDQN WKHVH FRQIRUPDWLRQV �7DEOH � 	 7DEOH ��� +LJKHVW SUHGLFWHG
OLJDQG�SURWHLQ DIILQLW\ ZDV LQGLFDWHG E\ WKH ORZHVW ELQGLQJ IUHH HQHUJ\� %LRYLD
'LVFRYHU\ VWXGLR YLVXDOL]HU ZDV XVHG WR YLVXDOL]H WKH VSHFLILF LQWHUPROHFXODU
LQWHUDFWLRQV ZLWK WKH WDUJHWV �)LJXUH � 	 )LJXUH ���

*HQHUDO SURFHGXUH
6\QWKHVLV RI ����GLVXEVWLWXWHG R[D]RO����+��RQH �,,,�9,�

$ PL[WXUH RI 1�VXEVWLWXWHG JO\FLQH,�,,����� PRO�� DURPDWLF DOGHK\GH �����
PRO��IXVHG VRGLXP DFHWDWH ����� J� ���� PRO�� DQG DFHWLF DQK\GULGH����� J� ����
PRO� ZDV UHIOX[HG LQ D ERLOLQJ ZDWHU EDWK IRU � K� (WKDQRO ��� �� �� PO� ZDV

DGGHG WR WKH IODVN DIWHU FRROLQJ DQG WKH PL[WXUH ZDV OHIW DVLGH DW �( IRU �²� K�
7KH SUHFLSLWDWH IRUPHG ZDV ILOWHUHG DQG ZDVKHG ZLWK FROG HWKDQRO� WKHQ ZLWK
ERLOLQJ ZDWHU� DQG DJDLQ ZLWK FROG HWKDQRO� 7KH GULHG SUHFLSLWDWH ZDV UHFU\VWDOOL]HG
XVLQJ DFHWLF DFLG�

��0HWK\O����QDSKWKDOHQ���\OPHWK\OHQH� R[D]RO����+��RQH �,,,��<LHOG  �� ��
P�S� ������� �&� ,5 �.%U FP��� Î PD[� ����� ����� ����� ����� ����� ����� �����
����� ���� �+ 105 ���� 0+]� &'&O�� Å ���� �G� -  ��� +]� �+�� ���� ² ���� �P�
�+�� ���� ² ���� �P� �+�� ���� �V��+�� ���� �V� �+�� ��& 105 ���� 0+]� &'&O�� Å
������� ������� ������� ������� ������� ������� ������� ������� ������� �������
������� ������� ������� ������� ������� ������ (6,06 P�]� ������ >0 � +@�

FDOFG IRU &��+��12� � +� ���������

��%HQ]\OLGHQH���PHWK\OR[D]RO����+��RQH �,9��<LHOG  �� �� P�S� ������� �&� ,5
�.%U FP��� Î PD[� ����� ����� ����� ����� ����� ���� ����� ����� ���� �+ 105
���� 0+]� &'&O�� Å ���� ² ���� �P� �+�� ���� ² ���� �P� �+�� ���� �V� �+�� ���� �V�
�+�� ��& 105 ���� 0+]� &'&O�� Å ������� ������� ������� ������� �������
������� ������� ������� ������ (6,06 P�]� ������ >0 � +�2@� FDOFG IRU
&��+�12� � +�2� ���������

���)XUDQ���\O�����QDSKWKDOHQ���\OPHWK\OHQH�R[D]RO����+��RQH �9�� <LHOG  �� ��
P�S� ������� �&� ,5 �.%U FP��� Î PD[� ����� ����� ����� ����� ����� ����� �����
���� �+ 105 ���� 0+]� &'&O�� Å ���� ² ���� �P� �+�� ���� ² ���� �P� �+�� ���� ²
���� �P� �+�� ���� �V� �+�� ���� �G� -  ��� +]� �+�� ���� �G� -  ��� +]� �+�� ����
�G� -  ��� +]� �+�� ��& 105 ���� 0+]� &'&O�� Å ������� ������� ������� �������
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������� ������� ������� ������� ������� ������� ������� ������� ������� �������
������� ������� ������� ������� (6,06 P�]� ������>0 � +�2@� FDOFG IRU
&��+��12� � +�2 ���������

��%HQ]\OLGHQH����IXUDQ���\O�R[D]RO����+��RQH �9,��<LHOG  �� �� P�S� ����
��� �&� ,5 �.%U FP��� Î PD[� ����� ����� ����� ����� ����� ����� ����� �����
����� ����� ����� ���� �+ 105 ���� 0+]� &'&O�� Å ���� �G� -  ��� +]� �+�� ����
² ���� �P� �+�� ���� ² ���� �P� �+�� ���� �V� �+�� ���� �G� -  ��� +]� �+�� ���� �G�
-  ��� +]� �+�� ���� �G� -  ��� +]� �+�� ��& 105 ���� 0+]� &'&O�� Å �������
������� ������� ������� ������� ������� ������� ������� ������� ������� �������
������� (6,06 P�]� ������ >0 � +�2@� FDOFG IRU &��+�12� � +�2� ���������

6\QWKHVLV RI ������WULVXEVWLWXWHG��+�LPLGD]RO����+��RQH �$/���$/���

$ PL[WXUH RI ����GLVXEVWLWXWHG R[D]RO����+��RQH,,,�9, �����PRO�DQG YDULRXV
DURPDWLF DPLQHV ����� PRO� LQ JODFLDO DFHWLF DFLG ��� PO� ZDV UHIOX[HG LQ D ERLOLQJ
ZDWHU EDWK IRU �� K� $IWHU WKH FRPSOHWLRQ RI WKH UHDFWLRQ �7/&�PRQLWRULQJ�� WKH
UHDFWLRQ PL[WXUH ZDV DOORZHG WR FRRO GRZQ WR URRP WHPSHUDWXUH DQG SRXUHG LQWR
LFH�FROG ZDWHU ZLWK FRQVWDQW VWLUULQJ�7KH VROLG VHSDUDWHG ZDV ILOWHUHG� ZDVKHG ZLWK
ZDWHU� GULHG� DQG FU\VWDOOL]HG XVLQJ HWKDQRO�

��0HWK\O������PHWK\OSLSHUD]LQ���\O�����QDSKWKDOHQ���\OPHWK\OHQH������
GLK\GUR��+�LPLGD]RO���RQH �$/���� <LHOG  �� �� P�S� ������� �&� ,5 �.%U FP���
Î PD[� ����� ����� ����� ����� ����� ����� ����� ����� ���� �+ 105 ���� 0+]�
&'&O�� Å ���� �G� -  ��� +]� �+�� ���� �G� -  ��� +]� �+�� ���� ² ���� �P� �+��
���� ² ���� �P� �+�� ���� �V� �+�� ���� �V� �+�� ���� �V� �+�� ���� �V� �+�� ���� �V�
�+����& 105 ���� 0+]� &'&O�� Å ������� ������� ������� ������� ������� �������
������� ������� ������� ������� ������� ������� ������� ������� ������� �������
������� ������� ������� ������� ������� ������ ������ ������ ������(6,06 P�]�
������ >0 � +@� FDOFG IRU &��+��1�2 � +� ���������
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7KH V\QWKHVL]HG FRPSRXQGV ZHUH HYDOXDWHG IRU DQWL�LQIODPPDWRU\ DFWLYLW\� 2QH�
ZD\ DQDO\VLV RI YDULDQFH �$129$� ZDV SHUIRUPHG WR FHUWDLQ WKH VLJQLILFDQFH RI DOO
WKH H[KLELWHG DFWLYLWLHV� 7KH WHVW FRPSRXQGV $/���$/�� DQG WKH VWDQGDUG GUXJV
ZHUH DGPLQLVWHUHG LQ WKH IRUP RI D VXVSHQVLRQ ��� FDUER[\PHWK\OFHOOXORVH DV D
YHKLFOH� E\ WKH RUDO URXWH RI DGPLQLVWUDWLRQ� (DFK JURXS FRQVLVWHG RI VL[ DQLPDOV�
7KH DQLPDOV ZHUH PDLQWDLQHG LQ FRORQ\ FDJHV DW �� � ��&� UHODWLYH KXPLGLW\ RI ��²
���� XQGHU D �� K OLJKW DQG GDUN F\FOH� ZHUH IHG VWDQGDUG DQLPDO IHHG���$OO WKH
DQLPDOV ZHUH DFFOLPDWL]HG IRU D ZHHN EHIRUH XVH�

$QWL�LQIODPPDWRU\ DFWLYLW\ ZDV HYDOXDWHG E\ D FDUUDJHHQDQ�LQGXFHG SDZ HGHPD
WHVW LQ UDWV��� 'LFORIHQDF VRGLXP �� DQG �� PJ�NJ ZDV DGPLQLVWHUHG DV VWDQGDUG
GUXJ IRU FRPSDULVRQ� 7KH WHVW FRPSRXQGV ZHUH DGPLQLVWHUHG DW WZR GRVH OHYHOV RI
�� DQG �� PJ�NJ� 7KH SDZ YROXPHV ZHUH PHDVXUHG XVLQJ WKH PHUFXU\
GLVSODFHPHQW WHFKQLTXH ZLWK WKH KHOS RI D SOHWK\VPRJUDSK LPPHGLDWHO\ EHIRUH
DQG �� PLQ� �� �� DQG � K DIWHU FDUUDJHHQDQ LQMHFWLRQ� 7KH SHUFHQW LQKLELWLRQ RI
SDZ HGHPD ZDV FDOFXODWHG DFFRUGLQJ WR WKH IROORZLQJ IRUPXOD� SHUFHQW LQKLELWLRQ ,
 ���>���D � [���E � \�@ ZKHUH [ LV WKH PHDQ SDZ YROXPH RI UDWV EHIRUH WKH
DGPLQLVWUDWLRQ RI FDUUDJHHQDQ DQG WHVW FRPSRXQGV RU UHIHUHQFH FRPSRXQG �WHVW
JURXS�� D LV WKH PHDQ SDZ YROXPH RI UDWV DIWHU WKH DGPLQLVWUDWLRQ RI FDUUDJHHQDQ
LQ WKH WHVW JURXS �GUXJ�WUHDWHG�� E LV WKH PHDQ SDZ YROXPH RI UDWV DIWHU WKH
DGPLQLVWUDWLRQ RI FDUUDJHHQDQ LQ WKH FRQWURO JURXS� \ LV WKH PHDQ SDZ YROXPH RI
UDWV EHIRUH WKH DGPLQLVWUDWLRQ RI FDUUDJHHQDQ LQ WKH FRQWURO JURXS� $OO WKH SHUFHQW
LQKLELWLRQ UHVXOWV DUH VKRZQ LQ 7DEOH ��

$QWLFDQFHU DFWLYLW\ �077 $VVD\�

7R HYDOXDWH WKH LQLWLDO VFUHHQLQJ RI �� FRPSRXQGV� 077 &RORULPHWULF DVVD\ ZDV
SHUIRUPHG RQ +&7��� �+XPDQ FRORUHFWDO FDQFHU FHOO OLQH� DQG +H/D �+XPDQ
FHUYLFDO FDQFHU FHOO OLQH��&HOOV ZHUH FKHFNHG IRU ��� FRQIOXHQF\� 7KH FXOWXUH
PHGLD ZDV UHPRYHG DQG FHOOV ZHUH JHQWO\ ZDVKHG ZLWK PHGLD ZKLFK ZDV IROORZHG
E\ WKH DGGLWLRQ RI WU\SVLQ VROXWLRQ WR LW� 7KH SODWH ZLWK WU\SVLQ ZDV LQFXEDWHG LQ D
&2� LQFXEDWRU DW ���& IRU ��� PLQ� ,W ZDV WKHQ REVHUYHG XQGHU D EULJKW�ILHOG
PLFURVFRSH IRU WKH GHWDFKPHQW RI WKH FHOOV� 7R LQKLELW WKH DFWLRQ RI WU\SVLQ� PHGLD
ZDV DGGHG WR LW LQ WKH UDWLR RI ���� 7KLV PL[WXUH ZDV FHQWULIXJHG DW ���� USP IRU �
PLQ� 7KH FHOO SHOOHW ZDV UHVXVSHQGHG LQ WKH DSSURSULDWH DPRXQW RI FRPSOHWH
PHGLD DQG IXUWKHU SURFHVVHG IRU FHOO FRXQW ZLWK 7U\SDQ EOXH G\H XVLQJ D
KHPRF\WRPHWHU� 7KH FHOOV ZHUH VHHGHG LQ WULSOLFDWHV LQ D ���ZHOO FHOO FXOWXUH SODWH
IRU ERWK WKH FHOO OLQHV DW D VHHGLQJ GHQVLW\ RI � [ ��� SHU ZHOO DQG LQFXEDWHG DW
���& LQ D KXPLGLILHG &2� LQFXEDWRU IRU �� K IRU FHOO JURZWK�7KH QH[W GD\�
WUHDWPHQW RI FRPSRXQGV WR WKH UHVSHFWLYH ZHOOV DW D FRQFHQWUDWLRQ RI ���0 ZDV
JLYHQ DQG WKH LQGLYLGXDO SODWHV ZHUH LQFXEDWHG DW ���& LQ D KXPLGLILHG &2�

LQFXEDWRU IRU ERWK �� K DQG �� K UHVSHFWLYHO\� $IWHU LQGLYLGXDO LQFXEDWLRQ KRXUV�
077 UHDJHQW RI ZRUNLQJ FRQFHQWUDWLRQ ��� PJ� P/ ZDV DGGHG WR HDFK ZHOO DQG
WKH SODWH ZUDSSHG LQ D IRLO SDSHU ZDV LQFXEDWHG DW ���& LQ D KXPLGLILHG &2�

LQFXEDWRU IRU � K� 3RVW LQFXEDWLRQ� PHGLD ZDV UHPRYHG FDUHIXOO\ DQG �� �/ RI
'062 ZDV DGGHG WR GLVVROYH IRUPD]DQ FU\VWDOV DQG LQFXEDWHG IRU ����� PLQ�
$EVRUEDQFH ZDV PHDVXUHG DW ��� QP�

5HVXOWV DQG 'LVFXVVLRQ
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,Q�VLOLFR 3UHGLFWLRQV RI 0ROHFXODU 3URSHUWLHV DQG $'0(7

3KDUPDFRNLQHWLF VWXGLHV RI WHVW GHULYDWLYHV $/���$/��ZHUH HVWLPDWHG XVLQJ WKH
RQOLQH 6ZLVV $'0( WRRO DQG 2VLULV SURSHUW\ H[SORUHU� LQ ZKLFK PROLQVSLUDWLRQ
�SK\VLFRFKHPLFDO SURSHUWLHV� DQG WR[LFLW\ ZHUH SUHGLFWHG DQG SUHVHQWHG �7DEOH �
DQG ��� 7KH UHVXOWV GHSLFWHG WKDW DOO WKH V\QWKHVL]HG DQDORJV VDWLVILHG DQG REH\
WKH /LSLQVNL ILYH UXOH�

7DEOH �
0ROHFXODU SURSHUWLHV RI V\QWKHVL]HG FRPSRXQGV �$/���$/��� E\ PROLQVSLUDWLRQ
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D &DOFXODWHG RFWDQRO�ZDWHU SDUWLWLRQ FRHIÀFLHQW� E 0ROHFXODU SRODU VXUIDFH DUHD� F

1XPEHU RI K\GURJHQ�ERQG GRQRUV� G 1XPEHU RI K\GURJHQ�ERQG DFFHSWRUV� H

1XPEHU RI URWDWDEOH ERQGV�

7DEOH �
&DOFXODWLRQ RI 2VLULV WR[LFLW\ ULVN RI V\QWKHVL]HG FRPSRXQGV �$/���$/���

&RPSRXQG
FRGH

'UXJ�
OLNHQHVV �
'UXJ�VFRUH

2VLULV 7R[LFLW\ 5LVN &DOFXODWLRQ

0 7 , 5

$/�� ��������� � � � �
$/�� ��������� � � � �

$/�� ��������� � � � �
$/�� ��������� � � � �
$/�� ��������� � � � �
$/�� ��������� � � � �
$/�� ��������� � � � �
$/�� ��������� � � � �
$/�� ��������� � � � �
$/�� ��������� � � � �
$/�� ��������� � � � �
$/�� ��������� � � � �

>0@ 0XWDJHQLFLW\� >7@ 7XPRULJHQLFLW\� >,@ ,UULWDWLQJ HIIHFWV� >5@ 5HSURGXFWLYH HIIHFWV�
>�@ 1R ULVN IUDJPHQW LQGLFDWLQJ UHODWHG HIIHFWV�



����

$ FRPSXWDWLRQDO VWXG\ IRU WKH SUHGLFWLRQ RI GUXJ�OLNHQHVV DQG WR[LFLW\ SURSHUWLHV
RI DOO PROHFXOHV ZDV SHUIRUPHG DQG SUHVHQWHG LQ 7DEOH �� $OO WKH WHVWHG
FRPSRXQGV VKRZHG PRGHUDWH SUHGLFWLRQ UHVXOWV RI GUXJ�OLNHQHVV FDOFXODWLRQ
GHSHQGLQJ RQ WKH PROLQVSLUDWLRQ ZHE WRRO� 7KH SRVLWLYH UHVXOWV ZLWKRXW JUHDW ULVN
RI WR[LFLW\ KDYH UHFRUGHG VXSSRUW LQ 2VLULV�

7KH VHOHFWLRQ RI SULPH SRWHQWLDO GUXJ PROHFXOHV ZDV FRQVROLGDWHG DV D WKHUDSHXWLF
DJHQW� +RZHYHU� WKRVH PD\ IDLO LQ FOLQLFDO WULDOV DQG H[LVW DGYHUVH HIIHFWV� +HQFH�
LQ WKH GUXJ GLVFRYHU\ SURFHVV WR SUHGLFW WKH UHDFK RI V\QWKHVL]HG FRPSRXQGV LQWR
WKH WDUJHW VLWH WKH HVVHQWLDO SDUDPHWHU XVHG LV SKDUPDFRNLQHWLF SDUDPHWHUV� )URP
7DEOH � REVHUYHG WKH $'0( SURSHUWLHV RI V\QWKHVL]HG GHULYDWLYHV E\ WKHLU
VLJQLILFDQW UHVXOWV�

7DEOH �
$'0( SURSHUWLHV RI WKH V\QWKHVL]HG FRPSRXQGV �$/���$/���

&RPSRXQG
FRGH

%%%D 3J3 E +,$ F %6 G 6$ H

$/�� <HV 1R +LJK ���� ���
$/�� 1R 1R +LJK ���� ����
$/�� <HV 1R +LJK ���� ����
$/�� <HV 1R +LJK ���� ����
$/�� <HV 1R +LJK ���� ����
$/�� <HV <HV +LJK ���� ����
$/�� <HV <HV +LJK ���� ����
$/�� <HV 1R +LJK ���� ����
$/�� <HV 1R +LJK ���� ����
$/�� <HV 1R +LJK ���� ����
$/�� 1R 1R +LJK ���� ���
$/�� <HV 1R +LJK ���� ���

D%ORRG�%UDLQ %DUULHU SHQHWUDWLRQ� E� 3�JO\FRSURWHLQ VXEVWUDWH� F +XPDQ
,QWHVWLQDO $EVRUSWLRQ�
G %LRDYDLODELOLW\� H 6\QWKHWLF DFFHVVLELOLW\

,Q WKH GUXJ GLVFRYHU\ SURFHVV� WKH SK\VLFRFKHPLFDO SURSHUWLHV� SKDUPDFRNLQHWLFV�
DQG WR[LFLW\ VWXGLHV RI WHVWHG GUXJV DUH HVVHQWLDO IRU TXDOLI\LQJ LQ FOLQLFDO WULDOV�
2Q WKLV DVSHFW� WKH PROHFXODU SURSHUWLHV RI WKH V\QWKHVL]HG GHULYDWLYHV ZHUH
SUHGLFWHG LQ PROLQVSLUDWLRQ RQOLQH WRROV� %DVHG RQ WKH /LSLQVNL UXOH� PROHFXODU
ZHLJKW� K\GURJHQ GRQRU�DFFHSWRU� DQG QRQ�URWDWLRQDO ERQGV RI WKH V\QWKHVL]HG
PRWLIV SURGXFHG WKHLU DIIRUGDEOH UHVXOW WRZDUGV WKHLU PROHFXODU SURSHUWLHV�
$GGLWLRQDOO\� WKH SRODU VXUIDFH DUHD ZDV DOVR VKRZHG VLJQLILFDQW YDOXH� ZKLFK LV
DFFRXQWDEOH IRU WKHLU RUDO ELRDYDLODELOLW\� 7UDQVSRUW FKDUDFWHULVWLFV RI PROHFXOHV
OLNH EORRG�EUDLQ EDUULHU SHQHWUDWLRQ DQG LQWHVWLQDO DEVRUSWLRQ ZHUH GHWHUPLQHG
IURP PROHFXODU YROXPH� %DVHG RQ WKH H[LVWLQJ OLWHUDWXUH� WKHVH DIIRUGHG YDOXHV
ZHUH UHIHUUHG WR� %DVHG RQ WKH UHVXOWV RI WKH /LSLQVNL UXOH DQG $'0(7 WKH
V\QWKHVL]HG PRWLIV ZHUH RSWLPL]HG IRU IXUWKHU VWXGLHV� ,Q DQ\ FDVH� WKH SUHVHQFH RI
D JRRG GUXJ VFRUH LQ WKLV SDUW RI WKH PROHFXOH ZDV YHU\ HIIHFWLYH IRU WKH DFWLYLW\�
0ROHFXODU 'RFNLQJ 6WXG\



����

)URP WKH WDUJHWHG PROHFXODU VLPXODWLRQV� LW ZDV IRXQG WKDW WKH WLWOH DQDORJV
SURGXFHG VLJQLILFDQW UHVXOWV LQ DOO WHVWHG WDUJHWV DQG WKH REWDLQHG UHVXOWV DUH
SUHVHQWHG LQ 7DEOH ��7KH GRFNLQJ VFRUH IRU V\QWKHVL]HG GHULYDWLYHV �$/���$/���
RQ &2;�� �3'% ,'� �..�� SURGXFHG D VLJQLILFDQW UHVXOW LQ WKH UDQJH RI ����� WR �
���� .FDO�PROH FRPSDUHG ZLWK GLFORIHQDF ����� .FDO�PROH QRWHG LQ WDEOH ��
$PRQJ WKH WKLUWHHQ FRPSRXQGV� $/�� ZHUH DIIRUGHG KLJKO\ VLJQLILFDQW UHVXOWV DV �
���� .FDO�PROH DQG SURGXFHG LWV SRWHQF\ WKURXJK ELQGLQJ DIILQLW\ WRZDUGV WKH
WDUJHWHG HQ]\PH E\ K\GURSKLOLF DQG K\GURSKRELF LQWHUDFWLRQV ZHUH VKRZQ LQ
)LJXUH �$ 	 �%�

7DEOH �
'RFNLQJ VFRUH RI V\QWKHVL]HG FRPSRXQGV �$/���$/���RQ &2;��

/LJDQGV

'RFNLQJ
VFRUH

�NFDO�PROH�
&2;��
��..��

%LQGLQJ VLWH $PLQR DFLG UHVLGXHV

+\GURJHQ ERQG ,QWHUDFWLRQV +\GURSKRELF ERQG ,QWHUDFWLRQV

$/�� ����� +LV $����
+LV $����� ���� 7US $�����$OD
$����� /HX $�����

$/�� ����� +LV %���� +LV %����� ���� 3KH %����
$/�� ����� *OQ $���� *OX $����� $VQ $����

$/�� ����� +LV $����
+LV $����� 3KH $����� 7KU
$�����9DO $����� ���� ,OH
$�����

$/�� ����� +LV %����
$OD $����� +LV %����� ���� ,OH
%����� 9DO %����� /HX %�����

$/�� ����� +LV $����� *OQ $����
$OD $����� /HX $����� ����
����+LV $� ���� ,OH $� ���� 0HW
$����

$/�� ����� +LV %� ��� +LV %� ���� ���� 9DO %����

$/�� ����� �
3UR $���� /HX $���� ��� ����
����7US $� ���� ,OH $���� 9DO
$����� ����

$/�� ����� �
/HX %����� $UJ %���� ���� *OX
%����� ,OH %� ��� /HX %� ����
9DO %�����

$/�� ����� +LV %����� 7KU %���� /\V %����� 9DO %����

$/�� ����� �
3UR %����� $UJ %����� ����
���� /HX %����

$/�� ����� $UJ %����� $UJ $���� 9DO %����� 3UR %�����

',&/2)(1$& ����� 3KH %����� *O\ %����
3KH %����� $VQ $����� ����
+LV %����
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)LJXUH �$� 0ROHFXODU LQWHUDFWLRQV EHWZHHQ $/�� DQG &2;�� E\ %LRYLD GLVFRYHU\
VWXGLR YLVXDOL]HU�

�$� 'RFNHG SRVH RI $/�� DQG &2;�� ELQGLQJ VLWH�

�%� +\GURJHQ ERQG LQWHUDFWLRQV RQ $/�� DQG &2;�� �JUHHQ GDVKHG OLQHV� DQG
+\GURSKRELF ERQGV �3LQN GDVKHG OLQHV� DQG RWKHU DPLQR DFLG UHVLGXHV
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7KH VHFRQG WDUJHW RI PROHFXODU GRFNLQJ VWXG\ LV &2;�� �&\FORR[\JHQDVH����LQ
ZKLFK DOO WHVWHG GHULYDWLYHV ZHUH IRXQG WR EH QRWHZRUWK\ ELQGLQJ DIILQLW\ WRZDUGV
WKLV UHFHSWRU� $PRQJ ZKLFK� $/�� VKRZHG KLJK ELQGLQJ VFRUHV VXFK DV ²
����NFDO�PROH UHVSHFWLYHO\� FRPSDUHG ZLWK GLFORIHQDF ����� .FDO�PROH ZHUH
PHQWLRQHG LQ 7DEOH � DQG WKH ELQGLQJ SRVH RI $/�� UHSUHVHQWHG LQ )LJXUH �$ 	
�%�

7DEOH �
'RFNLQJ VFRUH RI V\QWKHVL]HG FRPSRXQGV �$/���$/���RQ &2;��

/LJDQGV

'RFNLQJ
VFRUH

�NFDO�PROH�
&2;��
��/1��

%LQGLQJ VLWH $PLQR DFLG UHVLGXHV

+\GURJHQ ERQG ,QWHUDFWLRQV +\GURSKRELF ERQG ,QWHUDFWLRQV

$/�� �����
*O\ $���� $VQ $���� ��� *OQ
$�����

$OD $����� &\V $������� 3UR
$����� 7\U $�����

$/�� �����
*OQ &����� $VQ &���� $UJ
&���� ���� /\V &����� *OX
&�����

/HX &����� /\V &����

$/�� ����� $VQ $���� +LV &����
$OD %����� 3UR $����� /HX
'�����

$/�� ����� 6HU %����� ��� 3UR $�����

$/�� ����� /\V $����� *OQ $���
/HX $����� 3UR $����� $UJ
$���� &\V $���� ���

$/�� ����� *O\ '����� *OQ &����
&\V '���� $VS '����� 7\U
'����� +LV '� ���

$/�� ����� 7KU &����� +LV &���� /\V &����� +LV &�����

$/�� ����� $VQ &���
/\V &����� $UJ &����� ��� /HX
&����� 6HU &�����

$/�� ����� *OQ %����
7\U $����� &\V $���� ��� 3UR
$����� $OD $�����

$/�� ����� $VS %����� *OQ $����
3UR %����� ���� $OD %����� 7\U
%����

$/�� ����� 7\U $����
*OX $���� &\V $���� /HX $�����
3UR $� ���� &\V $���

$/�� ����� $UJ '���
&\V '���� /\V '����� *OX
'����� $UJ '����� /HX '�����
3UR '����� &\V '����

',&/2)(1$& ����� $UJ &���� $VQ '����
/\V '����� *OQ '���� *OX
&����
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)LJXUH �� 0ROHFXODU LQWHUDFWLRQV EHWZHHQ $/�� DQG &2;�� E\ %LRYLD GLVFRYHU\
VWXGLR YLVXDOL]HU�

�$� 'RFNHG SRVH RI $/�� DQG &2;�� ELQGLQJ VLWH�

�%� +\GURJHQ ERQG LQWHUDFWLRQV RQ $/�� DQG &2;�� �JUHHQ GDVKHG OLQHV� DQG
+\GURSKRELF ERQGV �3LQN GDVKHG OLQHV� DQG RWKHU DPLQR DFLG UHVLGXHV�
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7KH F\FORR[\JHQDVH �&2;�� DQG &2;��� DUH LPSRUWDQW LVR]\PHV WKDW FDWDO\]H WKH
FRPSOH[ ELRWUDQVIRUPDWLRQ RI DUDFKLGRQLF DFLG LQWR 3*V DQG WKURPER[DQHV� ZKLFK
DUH XOWLPDWHO\ UHVSRQVLEOH IRU PDQ\ SK\VLRORJLFDO DQG SDWKRSK\VLRORJLFDO
UHVSRQVHV� 7KH &2;�� LVR]\PH IDFLOLWDWHV KRPHRVWDWLF IXQFWLRQV LQFOXGLQJ
F\WRSURWHFWLRQ RI WKH JDVWULF PXFRVD� WKH VWDUW RI ODERU SDLQ� UHJXODWLRQ RI UHQDO
EORRG IORZ� DQG SODWHOHW DJJUHJDWLRQ� 5HFHQWO\� H[SHULPHQWDO UHVXOWV KDYH LGHQWLILHG
D OLNHO\ LQYROYHPHQW RI &2;�� LQ DQJLRJHQHVLV� WKHUHIRUH SURYLGLQJ WKH EDVLV IRU
WKH GHYHORSPHQW RI &2;�� LQKLELWRUV� 2Q WKH RWKHU KDQG� WKH &2;�� LVR]\PH LV
SULQFLSDOO\ UHVSRQVLEOH IRU WKH SURGXFWLRQ RI LQIODPPDWRU\ 3*V WKDW LQGXFH SDLQ�
VZHOOLQJ� DQG IHYHU� $SDUW IURP LWV DELOLW\ WR LQGXFH SHULSKHUDO LQIODPPDWLRQ� WKH
H[SUHVVLRQ RI &2;�� LVR]\PH LV XS�UHJXODWHG LQ VHYHUDO KXPDQ FDQFHUV VXFK DV
JDVWULF� EUHDVW� OXQJ� FRORQ� HVRSKDJHDO� SURVWDWH� DQG KHSDWRFHOOXODU FDUFLQRPDV�

&KHPLVWU\
&+(0,675<

9DULRXV QRYHO LPLGD]RORQHV �$/���$/��� ZHUH V\QWKHVL]HG IURP 1�VXEVWLWXWHG
JO\FLQH DQG DURPDWLF DOGHK\GHE\ D PXOWLVWHS V\QWKHVLV DV SHU WKH SURWRFRO VKRZQ
LQ 6FKHPH� ,QLWLDOO\� 1�VXEVWLWXWHG JO\FLQH DQG DURPDWLF DOGHK\GH XQGHUJRHV
(UOHQPH\HU�3ORFKHO D]ODFWRQH V\QWKHVLV DQG SURGXFHG ����GLVXEVWLWXWHG R[D]RO�
���+��RQH �,,,�9,� LQ SUHVHQFH RI VRGLXP DFHWDWH DQG DFHWLF DQK\GULGH� ,Q WKH QH[W
VWHS� WKH REWDLQHG ����GLVXEVWLWXWHG R[D]RO����+��RQH �,,,�9,� XQGHUJRHV
VXEVWLWXWLRQ UHDFWLRQ ZLWK YDULRXV DURPDWLF�KHWHURF\FOLF DPLQHV LQ SUHVHQFH RI
DFHWLF DFLG DQG SURGXFHV QRYHO ������WULVXEVWLWXWHG��+�LPLGD]RO����+��RQHV
�$/���$/����7R RSWLPL]H WKH UHDFWLRQV IRU SXULW\ DQG FRPSOHWLRQ� 7/& ZDV
SHUIRUPHG WKURXJKRXW WKH UHDFWLRQV�

$VVLJQHG VWUXFWXUHV RI WKH WHVW FRPSRXQG ZHUH FRQILUPHG XVLQJ YDULRXV VSHFWUDO
VWXGLHV �,5� 105� DQG PDVV VSHFWUDO DQDO\VLV�� 7KH SUHVHQFH RI SDUWLFXODU JURXSV
ZDV LGHQWLILHG IURP ,5 VSHFWUD XVLQJ VRPH FKDUDFWHULVWLF DEVRUSWLRQ SHDNV� 7KH
GLVDSSHDUDQFH RI D VKDUS SHDN DURXQG ���� FP�� LQ ,5 FRUUHVSRQGV WR 1�+
VWUHWFKLQJ LQGLFDWHV WKH IRUPDWLRQ RI ����GLVXEVWLWXWHG R[D]RO����+��RQH �,,,�9,��
7KH IRUPDWLRQV RI FRPSRXQG ,,,�9, ZHUH FRQILUPHG E\ WKH DSSHDUDQFH RI VLQJOHW
DURXQG Å ���� SSP IRU VLQJOH SURWRQV LQ LWV �+�105 VSHFWUD ZKLFK PLJKW EH
DVVLJQHG WR  &+ JURXS� 7KH DSSHDUDQFH RI WKH FKDUDFWHULVWLF SHDN FRUUHVSRQGV WR
DURPDWLF &�+� DOLSKDWLF &�+� FDUERQ\O JURXS� & 1� & & LQ ,5 VSHFWUXP LQ WKH
VSHFLILHG UDQJH LQGLFDWHV WKH IRUPDWLRQ RI QRYHO LPLGD]RORQHV �$/���$/���� ,Q
DGGLWLRQ� WKH DSSHDUDQFH RI YDULRXV SHDNV LQ WKH 105 VSHFWUXP FRUUHVSRQGLQJ WR
DWWDFKHG DURPDWLF�KHWHURF\FOLF DPLQH FRQILUPV WKH IRUPDWLRQ RI QRYHO
LPLGD]RORQHV �$/���$/���� 0DVV VSHFWUXP IXUWKHU FRQILUPHG WKHLU PROHFXODU
ZHLJKW DQG SXULW\�
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�)XUDQ���\O��,,��9��9,��$/���$/���

�D�1DSKWK\O��,,,��9��$/���	�$/���

3KHQ\O��,9��9,��$/����$/���$/���

���0HWK\OSLSHUD]LQH���\O��$/���	�$/���

��%HQ]\OSLSHULGLQH���\O��$/���	�$/���

���3\ULGLQ���\O�HWK\O��$/���

���3LSHULGLQ���\O�HWK\O��$/��

�����%HQ]\OSLSHULGLQ���\O�HWK\O��$/��

4XLQROLQ���\O��$/��

4XLQROLQ���\O��$/��

����
�%LSKHQ\O����\O��$/���

,VRTXLQROLQ���\O��$/���

��0HWK\OWKLD]RO���\O��$/���

5� 

5�� 

5�� 

6FKHPH��6\QWKHVLV�RI�QRYHO�LPLGD]RORQHV��$/���$/���

$QWL�LQIODPPDWRU\ DFWLYLW\

&DUUDJHHQDQ LQGXFHG SDZ HGHPD WHVW ZDV HPSOR\HG LQ:LVWDUUDWV WR HVWLPDWH WKH
DQWL�LQIODPPDWRU\ SRWHQF\ RI LPLGD]ROH����+��RQH GHULYDWLYH$/���$/��DQG WKH
REWDLQHG UHVXOWV DUH VXPPDUL]HG LQ 7DEOH �� (QWLUH WLWOH FRPSRXQGVGLVSOD\HG
VLJQLILFDQW DFWLYLW\ ZLWK D JUDGHG GRVH�UHVSRQVH� 7KH DQWL�LQIODPPDWRU\ DFWLYLW\ RI
QRYHO LPLGD]ROH����+��RQHV $/���$/��ZHUH YDULHG ZLWK UHDFWLRQ WLPH�
*HQHUDOO\�LPLGD]ROH����+��RQH DQDORJ VKRZHG PRGHUDWH DQWL�LQIODPPDWRU\ DFWLYLW\
DW �� PLQXWHV RI UHDFWLRQ WLPH DQG WKH DFWLYLW\ LQFUHDVHG DW �VW KRXU� )XUWKHU�
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DQWL�LQIODPPDWRU\ DFWLYLW\UHDFKHG WR SHDN OHYHO DW WKH �QG KRXU� DQG GHFUHDVHG
DFWLYLW\ ZDV VHHQ DW WKH �UG KRXU�

$PRQJ WZHOYH WHVWHG FRPSRXQGV� $/�� 	 $/�� ZHUH IRXQG WR EH D PRUH SRWHQW
DQWL�LQIODPPDWRU\ GHULYDWLYH WKDW H[KLELWV PRUH DFWLYLW\ WKDQ UHIHUHQFH GLFORIHQDF�
7KHVH WZR FRPSRXQGV SRVVHVV PHWK\O VXEVWLWXHQW DW WKH &�� SRVLWLRQ RI
LPLGD]ROH����+��RQH ULQJ ZKLFK PD\ EH UHVSRQVLEOH IRU WKH SRWHQW DFWLYLW\� 7KH
UHVW RI DOO GHULYDWLYHV $/�� � $/��SRVVHVV IXUDQ ULQJ DW WKH &�� SRVLWLRQ�
&RPSRXQGV $/�� 	 $/��GLVSOD\HG YHU\ JRRG DQWL�LQIODPPDWRU\ DFWLYLW\ ZKLFK LV
HTXLSRWHQW WR VWDQGDUG GLFORIHQDF� 7KHVH FRPSRXQGV $/�� 	 $/��SRVVHVV
LVRTXLQROLQH DQG ��PHWK\O WKLD]ROH ULQJ� UHVSHFWLYHO\ DW WKH 1�� SRVLWLRQ RI
LPLGD]ROH����+��RQH ULQJ� 7LWOH GHULYDWLYHV $/��� $/�� 	 $/�� GLVSOD\HG
PRGHUDWH DQWL�LQIODPPDWRU\ DFWLYLW\ FRPSDUHG WR GLFORIHQDF� 7KHVH PRGHUDWH
DFWLYH DQWL�LQIODPPDWRU\ DJHQWV $/��� $/�� 	 $/�� SRVVHVV �����
EHQ]\OSLSHULGLQ���\O�HWK\O� TXLQROLQH���\O� DQG TXLQROLQH���\O VXEVWLWXHQW�
UHVSHFWLYHO\ DWWKH 1�� SRVLWLRQ RI LPLGD]ROH����+��RQH ULQJ�7KH UHVW RI WKH WHVWHG
FRPSRXQGV $/�� ² $/�� H[KLELWHG ZHDNHU DQWL�LQIODPPDWRU\ DFWLYLW\�)URP WKH
VWXG\ WKH PRVW SRWHQW DQWL�LQIODPPDWRU\ DJHQWV ZHUH IRXQG WR EH ��PHWK\O������
PHWK\OSLSHUD]LQ���\O�����QDSKWKDOHQ���\OPHWK\OHQH���+�LPLGD]RO����+��RQH$/���
DQG ��EHQ]\OLGHQH���PHWK\O������PHWK\OSLSHUD]LQ���\O���+�LPLGD]RO����+��
RQH$/��� $PRQJ WZHOYH WHVWHG WLWOH FRPSRXQGV� ��EHQ]\OLGHQH���������
EHQ]\OSLSHULGLQ���\O�HWK\O�����IXUDQ���\O���+�LPLGD]RO����+��RQH� H[KLELWHG ZRUVW
DQWL�LQIODPPDWRU\ DFWLYLW\�

7DEOH �
3HUFHQW DQWL�LQIODPPDWRU\ DFWLYLW\ RI WKH V\QWKHVL]HG FRPSRXQGV $/���$/��

&RPSRXQG
FRGH

'RVH
�PJ�NJ�

3HUFHQW SURWHFWLRQ

�� PLQ � K � K � K
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'LFORIHQDF �� �������
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(DFK YDOXH UHSUHVHQWV WKH PHDQ � 6(0 �Q ���16� 1RQ�VLJQLILFDQW� 6LJQLILFDQFH
OHYHOV� 
S � ���� 

S � ����� 


S � ����� DV FRPSDUHG ZLWK WKH UHVSHFWLYH FRQWURO�

$QWLFDQFHU DFWLYLW\ �077 $VVD\�

,QLWLDO VFUHHQLQJ RI YDULRXV FRPSRXQGV RQ GLIIHUHQW FHOO OLQHV VXFK DV +&7����
+H/D� 0'$�0%����� DQG 0&)�� ZDV SHUIRUPHG E\ 077 FRORULPHWULF DVVD\ IRU ��
DQG �� K�2XW RI WKH VFUHHQHG UHVXOWV ZH JRW RI GLIIHUHQW FRPSRXQGV� RQO\ �
FRPSRXQG �$/��� DW �� K LQ +&7��� FDQFHU FHOO OLQH� VKRZHG OHVV WKDQ ���
YLDELOLW\�

&RQFOXVLRQ

,Q VXPPDU\� D VHW RI QRYHO LPLGD]RO����+��RQHDQDORJ ZHUH GHVLJQHG� V\QWKHVL]HG�
DQG FKDUDFWHUL]HG XVLQJ YDULRXV DQDO\WLFDO WHFKQLTXHV OLNH )7�,5� �+�105� 0DVV
VSHFWURVFRS\� DQG HOHPHQWDO DQDO\VLV� 0ROLQVSLUDWLRQ RQOLQH WRRO ZDV XVHG WR
SUHGLFW WKH PROHFXODU SURSHUWLHV DQG PROHFXODU GRFNLQJ ZDV XVHG WR SUHGLFW WKH
DQWL�LQIODPPDWRU\ SRWHQF\ RI WLWOH DQDORJV� $OO V\QWKHVL]HG LPLGD]RO����+��RQHV
ZHUH VFUHHQHG IRU WKHLU LQ�YLYR DQWL�LQIODPPDWRU\ DFWLYLW\ E\ FDUUDJHHQDQ�LQGXFHG
UDW SDZ HGHPD WHVW� 'LFORIHQDF ZDV XVHG DV D UHIHUHQFH VWDQGDUG IRU FRPSDULVRQ�
7HVW FRPSRXQGV GLVSOD\HG SRRU WR H[FHOOHQW �� WR �� �LQIODPPDWLRQ SURWHFWLRQ�
DQWL�LQIODPPDWRU\ DFWLYLW\� *HQHUDOO\� IURP WKH VWXG\ LW ZDV IRXQG WKDW
FRPSRXQGV KDYLQJPHWK\O VXEVWLWXHQW �$/�� 	 $/��� DW WKH &�� SRVLWLRQ RI
LPLGD]ROH����+��RQH ULQJ GLVSOD\HG VXSHULRU DFWLYLW\ WKDQ FRPSRXQGV SRVVHVVLQJ
IXUDQ ULQJ �$/���$/��� DW WKH &�� SRVLWLRQ� :LWKLQ PHWK\O VXEVWLWXHQW
DQDORJV�$/�� 	 $/���� FRPSRXQGV KDYLQJ QDSKWKDOHQ���\OPHWK\OHQH �$/��� DW
WKH &�� SRVLWLRQ RI LPLGD]ROH����+��RQH ULQJ GLVSOD\HG EHWWHU DFWLYLW\ WKDQ
FRPSRXQGV SRVVHVVLQJ EHQ]\OLGHQH �$/��� DW WKH &�� SRVLWLRQ� ,Q DGGLWLRQ� LQ
YLWUR DQWLFDQFHU SRWHQF\ RI WHVW FRPSRXQGV ZDV HVWLPDWHG E\ WKH 077 DVVD\
PHWKRG DQG IRXQG WKDW PRVW RI WKH WHVWHG DQDORJV ZHUH IRXQG WR EH LQDFWLYH DW
WHVWHG FRQFHQWUDWLRQ DJDLQVW WKH WHVWHG FHOO OLQHV� )URP WKH VWXG\ WKH PRVW SRWHQW
DQWL�LQIODPPDWRU\ DJHQWV ZHUH IRXQG WR EH ��PHWK\O������PHWK\OSLSHUD]LQ���\O����
�QDSKWKDOHQ���\OPHWK\OHQH���+�LPLGD]RO����+��RQH $/��� DQG ��EHQ]\OLGHQH���
PHWK\O������PHWK\OSLSHUD]LQ���\O���+�LPLGD]RO����+��RQH $/���+HQFH� WKHVH
DQDORJV PLJKW EH H[WHQGHG DV D QRYHO FODVV RI DQWL�LQIODPPDWRU\ DJHQWV ZLWK
DGGLWLRQDO VWUXFWXUDO YDULDWLRQV WR LPSURYH WKH DQWL�LQIODPPDWRU\ SRWHQFLHV�

$FNQRZOHGJPHQWV
7KH DXWKRUV DUH WKDQNIXO WR 9HOV ,QVWLWXWH RI 6FLHQFH�7HFKQRORJ\ 	 $GYDQFHG
6WXGLHV �9,67$6�� IRU WKH IDFLOLWLHV H[WHQGHG�

&RQIOLFWV RI LQWHUHVW
7KH DXWKRUV GHFODUH WKDW WKH\ KDYH QR FRQIOLFWV RI LQWHUHVW�
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�� *� 'DQQKDUGW DQG :� .LHIHU� (XU� -� 0HG� &KHP����� ��� �������
�� 6� 6DUDYDQDQ� 3�6� 6HOYDQ� 1� *RSDO� -�.� *XSWD� DQG %� 'H�$UFKLY GHU

3KDUPD]LH� $Q ,QWHUQDWLRQDO -RXUQDO 3KDUPDFHXWLFDO DQG 0HGLFLQDO
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DQG $�$� 0DU]RXN� 0ROHFXOHV� ������� ���� �������
�� &� %DPRUR� )� %DPED� .�7�'� 6WHYH�(YDQHV� 9� $XUpOLH� DQG &� 9LQFHQW� 2SHQ

-RXUQDO RI 0HGLFLQDO &KHPLVWU\� ������ �� �������
�� &�0� *DOODWL� 6�.� *RHW]IULHG� 0� $XVVHUHU� -� 6DJDVVHU� 0� 3ODQJJHU� .� :XUVW�

0� +HUPDQQ� '� %DHFNHU� %� .LUFKHU� DQG 5� *XVW� 'DOWRQ
7UDQVDFWLRQV� ������� ���� �������

�� $� 9DOOV� -�-� $QGUHX� (� )DORPLU� 6�9� /XLV� (� $WULiQ�%ODVFR� 6�*� 0LWFKHOO�
DQG %� $OWDYD� 3KDUPDFHXWLFDOV� ������� ��� �������

�� 6�6� $OJKDPGL� 5�6� 6XOLPDQ� .� $OPXWDLUL� .� .DKWDQL� DQG '� $OMDWOL� 'UXJ
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��� $�.� *RSDODNULVKQDQ� 6�$� $QJDPDO\�DQG 0�3� 9HOD\XGKDQ�
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��� ;�/� 0D� &� &KHQ� DQG -� <DQJ� $FWD 3KDUP 6LQ� ������ ��� �������
��� 5� 0DQQKROG�� 0ROHFXODU GUXJ SURSHUWLHV�0HDVXUHPHQW DQG SUHGLFWLRQ� :LOH\�

9+& 9HUODJ *PE+ 	 &R� .*D$� :HLQKHLP� *HUPDQ\� ��� �������
��� <�+� =KDR� -� /H� 0�+� $EUDKDP� $� +HUVH\� 3�-� (GGHUVKDZ� &�1� /XVFRPEH�

'� %RXWLQD� *� %HFN� %� 6KHUERUQH� ,� &RRSHU� DQG -�$� 3ODWWV� -� 3KDUP�
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��� 6�0� %DWW� 7� -DEHHQ� 9� %KRZUXWK� /� 4XLOO� 3�$� /XQG� /� (JJHOLQJ� /�-�
$OGHUZLFN� .� )�WWHUHU� DQG *�6� %HVUD� 3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\
RI 6FLHQFHV��������� ����� �������

��� $� :HKHQNHO� 3� )HUQDQGH]� 0� %HOOLQ]RQL� 9� &DWKHULQRW� 1� %DULORQH� *�
/DEHVVH� 0� -DFNVRQ� DQG 3�0� $O]DUL� )(%6 OHWWHUV� �������� ���� �������

��� 6�5� /XFNQHU� &�$� 0DFKXWWD� 3�-� 7RQJH� DQG &� .LVNHU� 6WUXFWXUH� ������
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��� ;�<� 0HQJ� +�;� =KDQJ� 0� 0H]HL� DQG 0� &XL� &XUU� &RPSXW� $LGHG 'UXJ
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��� (�'� 2OIHUW� %�0� &URVV� DQG$�$� 0F:LOOLDP� &DQDGLDQ FRXQFLO RI DQLPDO FDUH
JXLGH WR WKH FDUH DQG XVH RI H[SHULPHQWDO DQLPDOV� 9RO �� �QG HGQ �������

��� &�$� :LQWHU� (�$� 5LVOH\� DQG *�:� 1XVV� ([S� %LRO� 0HG������ ��� �������


