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$EVWUDFW

0HDVXUHPHQWV RI JHQH H[SUHVVLRQ DQG VLJQDO WUDQVGXFWLRQ DFWLYLW\ DUH FRQYHQWLRQDOO\ SHUIRUPHG ZLWK
PHWKRGV WKDW UHTXLUH HLWKHU WKH GHVWUXFWLRQ RU OLYH LPDJLQJ RI D ELRORJLFDO VDPSOH ZLWKLQ WKH WLPHIUDPH RI
LQWHUHVW� +HUH ZH GHPRQVWUDWH DQ DOWHUQDWLYH SDUDGLJP� WHUPHG (1*5$0 �(1KDQFHU�GULYHQ *HQRPLF
5HFRUGLQJ RI WUDQVFULSWLRQDO $FWLYLW\ LQ 0XOWLSOH[�� LQ ZKLFK WKH DFWLYLW\ DQG G\QDPLFV RI PXOWLSOH WUDQVFULSWLRQDO
UHSRUWHUV DUH VWDEO\ UHFRUGHG WR '1$� (1*5$0 LV EDVHG RQ WKH SULPH HGLWLQJ�PHGLDWHG LQVHUWLRQ RI VLJQDO� RU
HQKDQFHU�VSHFLILF EDUFRGHV WR D JHQRPLFDOO\ HQFRGHG UHFRUGLQJ XQLW� :H VKRZ KRZ WKLV VWUDWHJ\ FDQ EH XVHG
WR FRQFXUUHQWO\ JHQRPLFDOO\ UHFRUG WKH UHODWLYH DFWLYLW\ RI DW OHDVW KXQGUHGV RI HQKDQFHUV ZLWK KLJK ILGHOLW\�
VHQVLWLYLW\ DQG UHSURGXFLELOLW\� /HYHUDJLQJ V\QWKHWLF HQKDQFHUV WKDW DUH UHVSRQVLYH WR VSHFLILF VLJQDO
WUDQVGXFWLRQ SDWKZD\V� ZH IXUWKHU GHPRQVWUDWH WLPH� DQG FRQFHQWUDWLRQ�GHSHQGHQW JHQRPLF UHFRUGLQJ RI :QW�
1)�ț%� DQG 7HW�2Q DFWLYLW\� )LQDOO\� E\ FRXSOLQJ (1*5$0 WR VHTXHQWLDO JHQRPH HGLWLQJ� ZH VKRZ KRZ VHULDOO\
RFFXUULQJ PROHFXODU HYHQWV FDQ SRWHQWLDOO\ EH RUGHUHG� /RRNLQJ IRUZDUG� ZH HQYLVLRQ WKDW PXOWLSOH[�
(1*5$0�EDVHG UHFRUGLQJ RI WKH VWUHQJWK� GXUDWLRQ DQG RUGHU RI HQKDQFHU DQG VLJQDO WUDQVGXFWLRQ DFWLYLWLHV
KDV�EURDG�SRWHQWLDO�IRU�DSSOLFDWLRQ�LQ�IXQFWLRQDO�JHQRPLFV��GHYHORSPHQWDO�ELRORJ\�DQG�QHXURVFLHQFH�
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,QWURGXFWLRQ

'XULQJ GHYHORSPHQW� D PRGHVW QXPEHU RI FRUH VLJQDOLQJ SDWKZD\V DQG JHQH UHJXODWRU\ PRGXOHV DUH
OHYHUDJHG WR SURJUDP D SUHFLVH VSDWLRWHPSRUDO XQIROGLQJ RI SURJUDPV RI FHOO GLIIHUHQWLDWLRQ� SUROLIHUDWLRQ�
PRUSKRJHQHVLV DQG WLVVXH SDWWHUQLQJ�� $FURVV VSHFLHV� GLIIHUHQFHV LQ KRZ WKHVH FRQVHUYHG SDWKZD\V DQG
PRGXOHV DUH XVHG XQGHUOLHV DQ LQFUHGLEOH GLYHUVLW\ RI RUJDQLVPDO IRUP DQG IXQFWLRQ� :LWKLQ VSHFLHV� JHQHWLF
GLIIHUHQFHV DQG HQYLURQPHQWDO HIIHFWV DUH SUHVXPHG WR LQIOXHQFH WKHVH FRUH PRGXOHV LQ VSHFLILF GHYHORSPHQWDO
RU�KRPHRVWDWLF�FRQWH[WV��JLYLQJ�ULVH�WR�ERWK�QDWXUDO�SKHQRW\SLF�YDULDWLRQ�DV�ZHOO�DV�P\ULDG�GLVHDVH�VWDWHV�

+RZ GR ZH FDSWXUH WKH DFWLYLW\ RI WKHVH SDWKZD\V DQG PRGXOHV" 0HDVXUHPHQWV RI JHQH H[SUHVVLRQ DQG
VLJQDO WUDQVGXFWLRQ DFWLYLW\ DUH FRQYHQWLRQDOO\ SHUIRUPHG ZLWK PHWKRGV WKDW UHTXLUH HLWKHU WKH GHVWUXFWLRQ RU OLYH
LPDJLQJ RI D ELRORJLFDO VDPSOH� 7KHVH LQFOXGH 51$ VHTXHQFLQJ �51$�VHT�� ZKLFK PHDVXUHV WKH JOREDO
WUDQVFULSWLRQDO VWDWH RI D V\VWHP� PDVVLYHO\ SDUDOOHO UHSRUWHU DVVD\V �035$V�� ZKLFK XVH VHTXHQFLQJ WR
PHDVXUH WKH UHODWLYH DELOLW\ RI PHPEHUV RI D OLEUDU\ RI '1$ IUDJPHQWV WR DFW DV HQKDQFHUV RI WUDQVFULSWLRQDO
DFWLYLW\ LQ D FRQWUROOHG FRQWH[W�� DQG IOXRUHVFHQW SUREHV DQG UHSRUWHUV� ZKLFK WUDFN WKH G\QDPLFV RI VSHFLILF
VLJQDOLQJ�SDWKZD\V�LQ�OLYLQJ�V\VWHPV��

7KHVH FODVVHV RI PHWKRGV DUH UHPDUNDEO\ XVHIXO DQG \HW OLPLWHG LQ NH\ ZD\V� )RU H[DPSOH� ZLWK 51$�VHT�
LQGLYLGXDO VDPSOHV SURYLGH RQO\ VWDWLF VQDSVKRWV RI FHOO VWDWH� VXFK WKDW WKH WHPSRUDO G\QDPLFV RI JHQH
H[SUHVVLRQ PXVW EH SLHFHG WRJHWKHU E\ LQIHUHQFH ZLWK D UHVROXWLRQ WKDW LV OLPLWHG E\ VDPSOLQJ GHQVLW\�
6HTXHQFLQJ�EDVHG UHSRUWHU DVVD\V DUH DOVR GHVWUXFWLYH DQG VWDWLF� $OWKRXJK WLPH�VHULHV 035$V FDQ
VXFFHVVIXOO\ GHILQH WKH WHPSRUDO G\QDPLFV RI HQKDQFHU DFWLYLW\�� VXFK VWXGLHV DUH VLPLODUO\ OLPLWHG E\ LQIHUHQFH
DQG VDPSOLQJ GHQVLW\� )OXRUHVFHQW SUREHV DQG UHSRUWHUV DUH EHWWHU SRVLWLRQHG WR FDSWXUH WHPSRUDO G\QDPLFV�
EXW UHTXLUH WKDW WKH ELRORJLFDO V\VWHP EH SK\VLFDOO\ WUDQVSDUHQW� DW OHDVW IRU OLYH LPDJLQJ� DQG DUH OLPLWHG LQ
WHUPV RI PXOWLSOH[LELOLW\� 2YHUDOO� WKHUH UHPDLQV D QHHG IRU D PHDQV RI FDSWXULQJ VLJQDOLQJ DQG JHQH UHJXODWRU\
DFWLYLW\ WKDW LV DW RQFH TXDQWLWDWLYH� UHSURGXFLEOH� QRQ�GHVWUXFWLYH� PXOWLSOH[DEOH� DSSOLFDEOH WR SK\VLFDOO\
RSDTXH�ELRORJLFDO�V\VWHPV�DQG�FDSDEOH�RI�LQWHJUDWLQJ�WKH�WHPSRUDO�G\QDPLFV�RI�ODUJH�QXPEHUV�RI�VLJQDOV�

'1$ LV WKH QDWXUDO PHGLXP IRU ELRORJLFDO LQIRUPDWLRQ VWRUDJH� DQG LV HDVLO\ ³UHDG´ WKURXJK VHTXHQFLQJ� 7R
GDWH� D YDULHW\ RI HQ]\PDWLF V\VWHPV KDYH EHHQ XVHG WR DOWHU SULPDU\ '1$ VHTXHQFH LQ D VLJQDO�UHVSRQVLYH
PDQQHU� PRVW SURPLQHQWO\ VLWH�VSHFLILF UHFRPELQDVHV �665V� DQG &5,635�&DV� JHQRPH HGLWLQJ�� $ FODVVLF
H[DPSOH LV WKH XVH RI &UH�/R[ PLFH IRU OLQHDJH WUDFLQJ� ZKHUHLQ WKH &UH 665 LV H[SUHVVHG XQGHU WKH FRQWURO RI
D GHYHORSPHQWDOO\�VSHFLILF SURPRWHU RU HQKDQFHU� &UH�PHGLDWHG UHFRPELQDWLRQ DW D WDUJHW ORFXV H[FLVHV D
³VWRS´ VHTXHQFH� UHVXOWLQJ LQ H[SUHVVLRQ RI D IOXRUHVFHQW UHSRUWHU� 7KH UHFRUGLQJ HYHQW LV LUUHYHUVLEOH� L�H� WKH
GHVFHQGDQWV RI WKRVH FHOOV LQ ZKLFK WKH '1$ UHDUUDQJHPHQW RFFXUUHG FRQWLQXH WR H[SUHVV WKH UHSRUWHU
UHJDUGOHVV RI ZKHWKHU WKH JDWLQJ UHJXODWRU\ HOHPHQW UHPDLQV DFWLYH RU QRW� &5,635�&DV� DQG LWV GHULYDWLYHV
FDQ VLPLODUO\ EH XVHG WR DFKLHYH VLJQDO�VSHFLILF UHFRUGLQJ� )RU H[DPSOH� LQ WKH SURRI�RI�FRQFHSW RI WKH
&$0(5$ V\VWHP�� LW ZDV VKRZQ WKDW H[SUHVVLRQ RI D &DV QXFOHDVH RU EDVH HGLWRU FRXOG EH PDGH GHSHQGHQW
RQ WKH SUHVHQFH RI VSHFLILF VPDOO PROHFXOHV� OLJKW RU :QW VLJQDOLQJ� $V VXFK� HGLWV PHGLDWHG E\ WKH &DV
HQ]\PH�VHUYHG�WR�UHFRUG�WKRVH�VLJQDOV�

+RZHYHU� D IXQGDPHQWDO OLPLWDWLRQ RI WKHVH V\VWHPV LV WKDW WKH\ DUH VKDUSO\ OLPLWHG ZLWK UHVSHFW WR
PXOWLSOH[LELOLW\ �� WKDW LV� WKH QXPEHU RI LQGHSHQGHQW VLJQDOV WKDW FDQ EH FRQFXUUHQWO\ UHFRUGHG� )RU H[DPSOH� LQ
WKH FDVH RI 665V RU WKH &$0(5$ SURRI�RI�FRQFHSW� HQKDQFHUV DUH XVHG WR VHOHFWLYHO\ GULYH WKH HQ]\PH WKDW
PHGLDWHV DQ DOWHUDWLRQ LQ '1$ VHTXHQFH� +RZHYHU� LQ WKLV IUDPLQJ� HDFK VLJQDO UHTXLUHV LWV RZQ HQ]\PH� DQG LW
LV GLIILFXOW WR LPDJLQH KRZ PRUH WKDQ D KDQGIXO RI LQGHSHQGHQW VLJQDOV FRXOG EH FRQFXUUHQWO\ UHFRUGHG ZLWKLQ WKH
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VDPH FHOO RU SRSXODWLRQ RI FHOOV� OHW DORQH KRZ H[WHQVLYH� FRQFXUUHQW UHFRUGLQJ RI ODUJH QXPEHUV RI ELRORJLFDO
VLJQDOV�FRXOG�EH�DFKLHYHG�WKURXJKRXW�WKH�GHYHORSPHQW�RI�D�PXOWLFHOOXODU�RUJDQLVP�

7R DGGUHVV WKLV JDS� ZH GHYHORSHG D QHZ IUDPHZRUN IRU PXOWLSOH[ WUDQVFULSWLRQDO UHFRUGLQJ� ZKLFK ZH WHUP
(1*5$0 �(1KDQFHU�GULYHQ *HQRPLF 5HFRUGLQJ RI WUDQVFULSWLRQDO $FWLYLW\ LQ 0XOWLSOH[�� ,Q EULHI� (1*5$0
UHOLHV RQ HQ]\PDWLF UHOHDVH�±�� RI SULPH HGLWLQJ JXLGH 51$V �SHJ51$V��� IURP V\QWKHWLF WUDQVFULSWV GULYHQ E\
FLV�UHJXODWRU\�HOHPHQW �&5(��FRXSOHG 3RO�,, SURPRWHUV� (DFK SHJ51$ SURJUDPV WKH LQVHUWLRQ RI D VSHFLILF
EDUFRGH WR D JHQRPLFDOO\�HQFRGHG UHFRUGLQJ ORFXV �³'1$ 7DSH´�� %HFDXVH HDFK &5( LV FRXSOHG WR D GLVWLQFW
SHJ51$�HQFRGHG LQVHUWLRQ� PXOWLSOH (1*5$0 UHFRUGHUV FDQ RSHUDWH LQ SDUDOOHO� DOO UHO\LQJ RQ WKH VDPH SULPH
HGLWLQJ�HQ]\PH�DQG�DOO�FRPSHWLQJ�WR�ZULWH�WR�WKH�VDPH�'1$�7DSH�

5HVXOWV

'HYHORSPHQW�DQG�HYDOXDWLRQ�RI�(1*5$0����

$Q LGHDO '1$�EDVHG WUDQVFULSWLRQDO UHFRUGHU ZRXOG ³ORJ´ WKH SURGXFWLRQ RI VSHFLILF WUDQVFULSWV�
FLV�UHJXODWRU\ DFWLYLWLHV DQG�RU VLJQDO WUDQVGXFWLRQ SDWKZD\V� YLD VSHFLILF FKDQJHV WR WKH SULPDU\ VHTXHQFH RI D
JHQRPLF ³UHFRUGHU ORFXV´� 5HFHQWO\ GHYHORSHG DSSURDFKHV WR VXFK ORJJLQJ RI WUDQVFULSWV H[SORLW &5,635�&DV
VSDFHU DFTXLVLWLRQ��±��� +RZHYHU� GXH WR D UHOLDQFH RQ KRVW IDFWRUV� WKLV VWUDWHJ\ SUHVHQWO\ UHPDLQV OLPLWHG WR
SURNDU\RWLF V\VWHPV� ,Q VHHNLQJ WR GHYHORS D '1$�EDVHG UHFRUGHU IRU PDPPDOLDQ V\VWHPV� ZH ZHUH LQVSLUHG
E\ UHSRUWHU DVVD\V� DQ HVWDEOLVKHG DSSURDFK ZKHUHLQ D FLV�UHJXODWRU\ HOHPHQW �&5(� RI LQWHUHVW LV SRVLWLRQHG
XSVWUHDP RI D PLQLPDO SURPRWHU �PLQ3� DQG UHSRUWHU JHQH �H�J� OXFLIHUDVH�� 5HSRUWHU DVVD\V DUH DPHQDEOH WR
H[WHQVLYH PXOWLSOH[LQJ� DV WKH UHSRUWHU FDQ LQFOXGH D WUDQVFULEHG EDUFRGH WKDW LV OLQNHG WR WKH &5(� UHVXOWLQJ LQ
WKH 035$��� +RZHYHU� DV QRWHG DERYH� 035$V GHSHQG RQ WDUJHWHG 51$�VHT RI WKH EDUFRGHV� ZKLFK LV
GHVWUXFWLYH�DQG�VWDWLF�

1RQHWKHOHVV� ZH UHDVRQHG WKDW WKH EDVLF 035$ DUFKLWHFWXUH� L�H� D OLEUDU\ RI V\QWKHWLF RU QDWXUDO HQKDQFHUV
SRVLWLRQHG XSVWUHDP RI D PLQLPDO SURPRWHU� PLJKW EH FRXSOHG WR WKH H[SUHVVLRQ RI D OLEUDU\ RI ³ZULWLQJ XQLWV´� LQ
WKH IRUP RI JXLGH 51$V �)LJXUH �D�� (DFK &5( ZRXOG EH DVVRFLDWHG ZLWK D VSHFLILF JXLGH 51$� ZKRVH
H[SUHVVLRQ ZRXOG WULJJHU D VSHFLILF HGLW� $ ILUVW FKDOOHQJH WR WKLV VFKHPH LV WKDW RQ WKHLU RZQ� &5,635�&DV�
VLQJOH JXLGH 51$V �VJ51$V� SURJUDP WKH ORFDWLRQ RI HGLWLQJ EXW QRW WKH HGLW LWVHOI� $V VXFK� HDFK &5( RI
LQWHUHVW ZRXOG UHTXLUH LWV RZQ WDUJHW� UDWKHU WKDQ UHFRUGLQJ WR D VKDUHG '1$ 7DSH� +RZHYHU� WKLV LV SRWHQWLDOO\
DGGUHVVDEOH ZLWK SULPH HGLWLQJ��� DV D SHJ51$ SURJUDPV ERWK WKH VLWH RI HGLWLQJ DQG WKH HGLW LWVHOI� 6SHFLILFDOO\
LQ�(1*5$0��HDFK�&5(�LV�OLQNHG�WR�D�SHJ51$�HQFRGLQJ�D�VSHFLILF�LQVHUWLRQ�WR�D�FRPPRQ�'1$�7DSH�

$ VHFRQG FKDOOHQJH LV WKDW LQ RUGHU WR EH DSSURSULDWHO\ SURFHVVHG� WUDQVFULSWV IRU PRVW WUDQVODWHG JHQHV�
LQFOXGLQJ &5(�PLQ3�GULYHQ UHSRUWHU WUDQVFULSWV� DUH PDGH E\ 51$ SRO\PHUDVH ,, �3RO���� ZKHUHDV VPDOO
XQWUDQVODWHG 51$V� LQFOXGLQJ JXLGH 51$V� DUH PDGH E\ 51$ SRO\PHUDVH ,,, �3RO���� 7R DGGUHVV WKLV� ZH
OHYHUDJHG WKH &5,635 HQGRULERQXFOHDVH &V\� �DOVR NQRZQ DV &DV�I�� ZKLFK UHFRJQL]HV DQG FXWV DW WKH �¶ HQG
RI ���ES 51$ KDLUSLQV �FV\���±��� &RQVWLWXWLYH H[SUHVVLRQ RI &V\�� WRJHWKHU ZLWK &5(�DFWLYLW\�GHSHQGHQW
H[SUHVVLRQ RI FV\��SHJ51$�FV\�� VKRXOG UHVXOW LQ D OLEHUDWHG SHJ51$ �)LJXUH �E�� 7R IXUWKHU IDFLOLWDWH
WUDQVFULSWLRQ DQG VWDELOL]H WKH P51$��� ZH HPEHGGHG FV\��SHJ51$�FV\� ZLWKLQ WKH �¶ XQWUDQVODWHG UHJLRQ
�875� RI D *)3 WUDQVFULSW �)LJXUH �E�� 7KXV� WKH (1*5$0 ��� UHFRUGHU DUFKLWHFWXUH FRQVLVWV RI D
&5(�FRXSOHG�3RO���SURPRWHU�IROORZHG�E\�D�*)3�WUDQVFULSW�ZLWK FV\��SHJ51$�FV\� HPEHGGHG�LQ�LWV��¶�875�

7R EHQFKPDUN WKH DFWLYLW\ RI SHJ51$V UHOHDVHG IURP 3RO�� WUDQVFULSWV� ZH FRPSDUHG DQ (1*5$0 ���
UHFRUGHU GULYHQ E\ D FRQVWLWXWLYH 3RO�� SURPRWHU �3*.� WR D FRQYHQWLRQDO� 8��GULYHQ SHJ51$� ,Q ERWK FDVHV�
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WKH SHJ51$V WDUJHW WKH HQGRJHQRXV +(.��� WDUJHW � �+(.�� ORFXV DQG DUH GHVLJQHG WR LQVHUW WKUHH
QXFOHRWLGHV �&77���� 7KHVH FRQVWUXFWV ZHUH VHSDUDWHO\ WUDQVLHQWO\ WUDQVIHFWHG WR PRQRFORQDO +(.���7 FHOOV
FRQVWLWXWLYHO\ H[SUHVVLQJ 3ULPH�(GLWRU�� �3(�� DQG &V\�� )LYH GD\V DIWHU WUDQVIHFWLRQ� ZH KDUYHVWHG JHQRPLF
'1$� DQG WKHQ 3&5�DPSOLILHG DQG VHTXHQFHG WKH +(.� ORFXV� :H REVHUYHG FRPSDUDEOH� UHSURGXFLEOH
HIILFLHQFLHV RI &77 LQVHUWLRQ EHWZHHQ WKH (1*5$0 ��� DQG 8� UHFRUGHUV �PHDQ ���� DQG ���� DFURVV WKUHH
UHSOLFDWHV��UHVSHFWLYHO\� 6XSSOHPHQWDU\�)LJXUH��D��

7R HYDOXDWH ZKHWKHU SULPH HGLWLQJ�PHGLDWHG LQVHUWLRQV FRXOG EH XVHG DV EDUFRGHV� ZH QH[W VRXJKW HGLW WKH
HQGRJHQRXV +(.� WDUJHW YLD WUDQVLHQW WUDQVIHFWLRQ ZLWK D SRRO RI SODVPLGV HQFRGLQJ 3*.�GULYHQ (1*5$0 ���
SHJ51$V EHDULQJ D GHJHQHUDWH �1 UHJLRQ LQ SODFH RI &77� $OWKRXJK HGLWLQJ HIILFLHQFLHV ZHUH ORZHU WKDQ IRU WKH
&77 LQVHUWLRQ RQ DYHUDJH� DOO ����� SRWHQWLDO ��ES LQVHUWLRQV ZHUH REVHUYHG DW WKH +(.� ORFXV DW DSSUHFLDEOH�
UHSURGXFLEOH IUHTXHQFLHV �)LJXUH �F� 6XSSOHPHQWDU\ )LJXUH �D�G�� $IWHU QRUPDOL]LQJ IRU WKHLU DEXQGDQFH LQ
WKH SODVPLG SRRO� WKH LQVHUWLRQDO HIILFLHQFLHV RI LQGLYLGXDO ��PHUV ZHUH JHQHUDOO\ EDODQFHG� ZLWK ��� IDOOLQJ
ZLWKLQ D ��IROG UDQJH �)LJXUH �G�� 7R DVVHVV WKH VHTXHQFH GHWHUPLQDQWV RI GLIIHUHQFHV LQ LQVHUWLRQDO HIILFLHQF\�
ZH SHUIRUPHG OLQHDU ODVVR UHJUHVVLRQ ZLWK RQH�KRW VLQJOH DQG GLQXFOHRWLGH HQFRGLQJ RI WKH ��PHU� WKH UHVXOWLQJ
PRGHO�ZDV�UHDVRQDEO\�DFFXUDWH�LQ�SUHGLFWLQJ�WKHVH�ELDVHV��)LJXUH��H� 6XSSOHPHQWDU\�)LJXUH��H��

)LQDOO\� ZH VRXJKW WR DSSO\ (1*5$0 ��� DV DQ HQKDQFHU�GULYHQ UHFRUGHU� E\ UHSODFLQJ WKH FRQVWLWXWLYH
3*. SURPRWHU ZLWK D &5(�PLQ3 DUFKLWHFWXUH� :H VHOHFWHG WKLUWHHQ ����ES VHTXHQFHV SUHYLRXVO\ VKRZQ WR
KDYH HQKDQFHU DFWLYLW\ LQ .��� FHOOV��� :H FORQHG WKHVH XSVWUHDP RI PLQ3 DQG (1*5$0 ��� SHJ51$V
HQFRGLQJ D GHJHQHUDWH �1 LQVHUWLRQ� :H WKHQ FRPSDUHG WKH HGLWLQJ HIILFLHQF\ RI WKH SRRO RI HQKDQFHU�GULYHQ
UHFRUGHUV YV� D SRRO RI QHJDWLYH FRQWUROV �PLQ3 ZLWK QR XSVWUHDP HQKDQFHU� YLD WKHLU WUDQVLHQW WUDQVIHFWLRQ WR
.��� FHOOV FRQVWLWXWLYHO\ H[SUHVVLQJ ERWK 3(� DQG &V\�� :H VXFFHVVIXOO\ UHFRUGHG HQKDQFHU�DFWLYDWHG
EDUFRGH LQVHUWLRQV ZLWK D FROOHFWLYH HIILFLHQF\ RI ����� �����IROG KLJKHU WKDQ WKH HGLWLQJ HIILFLHQF\ RI SHJ51$V
GULYHQ E\ PLQ3 DORQH �)LJXUH �I�� 2YHUDOO� WKHVH UHVXOWV VXJJHVW WKDW (1*5$0�EDVHG UHFRUGLQJ FDQ ZRUN�
+RZHYHU� WKH VLJQDO�WR�QRLVH UDWLR ZDV FRQVLGHUDEO\ PRUH PRGHVW WKDQ ZH KDG KRSHG IRU� :H VSHFXODWHG WKDW
WKLV ZDV GXH LQ SDUW WR WKH DFFXPXODWLRQ RI EDFNJURXQG HGLWV GXH WR FRQVWLWXWLYH H[SUHVVLRQ RI &V\�� ZKLFK PD\
DOVR�KDYH�UHGXFHG�JURZWK�RI�WKH�PRQRFORQDO�FHOO�OLQH�GXH�WR�F\WRWR[LF�HIIHFWV���
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)LJXUH �� (1KDQFHU�GULYHQ *HQRPLF 5HFRUGLQJ RI WUDQVFULSWLRQDO $FWLYLW\ LQ 0XOWLSOH[ �(1*5$0�� �D� 6FKHPDWLF RI
(1*5$0� (QGRJHQRXV RU V\QWKHWLF FLV�UHJXODWRU\ HOHPHQWV �&5(V� GULYH DFWLYLW\�GHSHQGHQW WUDQVFULSWLRQ RI D SULPH
HGLWLQJ JXLGH 51$ �SHJ51$� HQFRGLQJ D &5(�VSHFLILF LQVHUWLRQ� 7KH LQVHUWLRQ LV ZULWWHQ WR D QDWXUDO RU HQJLQHHUHG
UHFRUGLQJ VLWH ZLWKLQ JHQRPLF '1$ �³'1$ 7DSH´�� 7KH UHFRUGHG VLJQDO FDQ VXEVHTXHQWO\ EH UHFRYHUHG E\ '1$
VHTXHQFLQJ RU� SRWHQWLDOO\� E\ IOXRUHVFHQW LQ VLWX K\EULGL]DWLRQ �),6+�� �E� 6FKHPDWLF RI WKH (1*5$0 ��� UHFRUGHU� $
SHJ51$ ZULWLQJ XQLW LV IODQNHG E\ FV\� KDLUSLQV DQG HPEHGGHG ZLWKLQ WKH �¶ 875 RI D 3RO���GULYHQ *)3 P51$� 3(� DQG
&V\� DUH FRQVWLWXWLYHO\ H[SUHVVHG IURP D VHSDUDWH ORFXV� &V\� FOHDYHV DW WKH FV\� KDLUSLQV DQG UHOHDVHV WKH DFWLYH
SHJ51$� �F� ���� �1 EDUFRGHV LQVHUWHG WR +(.� ORFXV E\ SHJ51$V �(1*5$0 ��� GHVLJQ� GULYHQ E\ D FRQVWLWXWLYH 3RO��
3*. SURPRWHU� /RJ�VFDOHG LQVHUWLRQ SURSRUWLRQV �FDOFXODWHG DV WKH SURSRUWLRQ RI HGLWHG +(.� VLWHV ZLWK D JLYHQ LQVHUWLRQ�
DUH KLJKO\ FRUUHODWHG EHWZHHQ WUDQVIHFWLRQ UHSOLFDWHV� �G� 5DQJH RI HGLWLQJ VFRUHV �(6� IRU �1 LQVHUWLRQV� (6 DUH FDOFXODWHG
DV �JHQRPLF UHDGV ZLWK VSHFLILF LQVHUWLRQ�WRWDO HGLWHG +(.� UHDGV���SODVPLG UHDGV ZLWK VSHFLILF LQVHUWLRQ�WRWDO SODVPLG
UHDGV�� SORWWHG KHUH LQ UDQN RUGHU RQ D ORJ��VFDOH� �H� $ OLQHDU ODVVR UHJUHVVLRQ PRGHO WUDLQHG RQ WKHVH GDWD ZLWK RQH�KRW
HQFRGHG VLQJOH DQG GLQXFOHRWLGH FRQWHQW RI WKH ��PHU SUHGLFWV LQVHUWLRQDO HIILFLHQFLHV ZLWK UHDVRQDEO\ KLJK DFFXUDF\�
6DPSOHV ZHUH VSOLW ZLWK ��� EDUFRGHV LQ D WUDLQLQJ VHW DQG ��� EDUFRGHV LQ D WHVW VHW� 7KH PRGHO ZDV WUDLQHG ZLWK ���IROG
FURVV YDOLGDWLRQ RQ WKH WUDLQLQJ VHW� DQG WKHQ XVHG WR SUHGLFW WKH WHVW VHW� �I� $ VFKHPDWLF RI WKH FRQVWUXFWV XVHG IRU WKH WZR
SRROV RI (1*5$0 ��� UHFRUGHUV LV VKRZQ RQ WKH OHIW� DQG WKH REVHUYHG HGLWLQJ HIILFLHQF\ IRU HDFK SRRO RQ WKH ULJKW� %ULHIO\�
D SRRO RI �� HQKDQFHUV NQRZQ WR EH DFWLYH LQ WKLV FHOO OLQH� FORQHG XSVWUHDP RI PLQ3 DQG GULYLQJ D SRRO RI SHJ51$V
HQFRGLQJ LQVHUWLRQ RI D �1 GHJHQHUDWH VHTXHQFH WR +(.�� ZDV �����IROG PRUH DFWLYH WKDQ D FRQWURO FRQVWUXFW EHDULQJ
PLQ3�DORQH��(UURU�EDUV�FRUUHVSRQG�WR�VWDQGDUG�GHYLDWLRQV�DFURVV���WUDQVIHFWLRQ�UHSOLFDWHV��3�YDOXH� ������ �W�WHVW��
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6XSSOHPHQWDU\ )LJXUH �� 7KH (1*5$0 ��� UHFRUGHU LQVWDOOV EDUFRGHV ZLWK UHDVRQDEOH HIILFLHQF\ DQG
UHSURGXFLELOLW\� �D� $FURVV WKUHH WUDQVIHFWLRQ UHSOLFDWHV� WKH (1*5$0 ��� UHFRUGHU GULYHQ E\ D FRQVWLWXWLYH 3RO�� 3*.
SURPRWHU �3*.�&77� H[KLELWHG FRPSDUDEOH HIILFLHQF\ IRU LQVHUWLQJ &77 DW WKH +(.� ORFXV WR D 8��GULYHQ &77�SHJ51$
�8��&77�� $ VLPLODU (1*5$0 ��� UHFRUGHU GULYLQJ D GHJHQHUDWH �1 LQVHUWLRQ UDWKHU WKDQ &77 �3*.��1� H[KLELWHG
FRPSDUDEOH HIILFLHQF\ DV ZHOO� ,Q WKH .��� FHOO OLQH LQ ZKLFK WKLV H[SHULPHQW ZDV SHUIRUPHG� 3(� DQG &V\� ZHUH
FRQVWLWXWLYHO\ H[SUHVVHG� �E�G� 5HSURGXFLELOLW\ RI WKH UHODWLYH SURSRUWLRQV RI ���� �1 EDUFRGHV LQVWDOOHG E\ (1*5$0 ���
GULYHQ E\ WKH FRQVWLWXWLYH 3RO�� 3*. SURPRWHU� /RJ�VFDOHG LQVHUWLRQ SURSRUWLRQV �FDOFXODWHG DV WKH SURSRUWLRQ RI HGLWHG
+(.� VLWHV ZLWK D JLYHQ LQVHUWLRQ� ZHUH ZHOO FRUUHODWHG EHWZHHQ SDLUV RI WUDQVIHFWLRQ UHSOLFDWHV� �H� $ OLQHDU ODVVR
UHJUHVVLRQ PRGHO WUDLQHG RQ WKHVH GDWD ZLWK RQH�KRW HQFRGHG VLQJOH DQG GLQXFOHRWLGH FRQWHQW SUHGLFWV LQVHUWLRQDO
HIILFLHQFLHV ZLWK UHDVRQDEO\ KLJK DFFXUDF\� 6DPSOHV ZHUH VSOLW ZLWK ��� EDUFRGHV LQ D WUDLQLQJ VHW DQG ��� EDUFRGHV LQ D
WHVW VHW� 7KH PRGHO ZDV WUDLQHG ZLWK ���IROG FURVV YDOLGDWLRQ RQ WKH WUDLQLQJ VHW� DQG WKHQ XVHG WR SUHGLFW WKH WHVW VHW�
3ORWWHG KHUH DUH WKH UDQN�RUGHUHG FRHIILFLHQWV RI WKH OLQHDU ODVVR UHJUHVVLRQ� 3RVLWLRQDO LQIRUPDWLRQ RI VLQJOH QXFOHRWLGHV
DQG GLQXFOHRWLGHV ZHUH XVHG DV LQSXW IHDWXUHV IRU WUDLQLQJ� 7KH WRS � DQG ERWWRP � FRHIILFLHQWV DUH DQQRWDWHG �H�J� ��$ DQG
��7&�PHDQ�$�DW�ILUVW�QXFOHRWLGH�RU�7&�GLQXFOHRWLGH�VWDUWLQJ�DW�SRVLWLRQ����UHVSHFWLYHO\��
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0XOWLSOH[�UHFRUGLQJ�RI�HQKDQFHU�DFWLYLW\�ZLWK�(1*5$0����

7R UHGXFH WKH EDFNJURXQG DFFXPXODWLRQ RI HGLWV WR WKH '1$ 7DSH� ZH GHVLJQHG D QHZ (1*5$0
DUFKLWHFWXUH LQ ZKLFK WKH *)3 25) LV UHSODFHG E\ &V\� 25)� DQG &V\� LV QR ORQJHU FRQVWLWXWLYHO\ H[SUHVVHG
�)LJXUH �D�� ,Q WKLV UHFRUGHU GHVLJQ� WHUPHG (1*5$0 ���� WKH H[SUHVVLRQ RI &V\� DQG WKH SHJ51$ DUH ERWK
GHSHQGHQW RQ HQKDQFHU DFWLYLW\� 7R HYDOXDWH ZKHWKHU WKHVH PRGLILFDWLRQV UHGXFH EDFNJURXQG UHFRUGLQJ� ZH
WHVWHG (1*5$0 ��� YV� ��� LQ WKH DEVHQFH RI DQ\ HQKDQFHU� L�H� PLQ3 DORQH GULYLQJ SHJ51$V WKDW
SURJUDPPHG D GHJHQHUDWH �1 LQVHUWLRQ WR WKH HQGRJHQRXV +(.� WDUJHW ORFXV� 7UDQVLHQWO\ FR�WUDQVIHFWLQJ
WKHVH FRQVWUXFWV LQWR +(.���7 FHOOV ZLWK HLWKHU 3(��&V\� SODVPLG �IRU (1*5$0 ���� RU 3(� SODVPLG �IRU
(1*5$0 ���� LQ WULSOLFDWH� ZH LQGHHG REVHUYHG D ����IROG UHGXFWLRQ LQ EDFNJURXQG UHFRUGLQJ ZLWK (1*5$0
��� UHODWLYH WR (1*5$0 ��� �PHDQ ���� IRU (1*5$0 ��� ĺ ���� IRU (1*5$0 ���� � GD\V SRVW�WUDQVIHFWLRQ�
�)LJXUH��E��

7RZDUGV IXUWKHU UHGXFLQJ EDFNJURXQG� ZH GHVLJQHG WZR DGGLWLRQDO UHFRUGHUV� �¶ (1*5$0 ���� LQ ZKLFK WKH
FV\� KDLUSLQ�IODQNHG SHJ51$ LV HPEHGGHG ZLWKLQ WKH �¶ �UDWKHU WKDQ �¶� 875 RI WKH &V\� WUDQVFULSW� DQG �¶�)7
(1*5$0 ���� ZKLFK FRQWDLQV DQ DGGLWLRQDO FV\� KDLUSLQ LQ LWV �¶ 875 WR FUHDWH DXWR�UHJXODWRU\ QHJDWLYH
IHHGEDFN ORRS RQ &V\� OHYHOV �)LJXUH �F�� ,QWHJUDWLQJ WKHVH UHFRUGHUV LQWR +(.���7 FHOOV H[SUHVVLQJ 3(�
�3(���� +(.���7� FHOOV YLD SLJJ\%$& DQG WKHQ HYDOXDWLQJ EDFNJURXQG DFWLYLW\ DV DERYH� WKH �¶ (1*5$0 ���
DQG �¶�)7 (1*5$0 ��� UHFRUGHUV UHVSHFWLYHO\ H[KLELWHG ���IROG DQG !����IROG UHGXFWLRQV LQ EDFNJURXQG
DFWLYLW\� UHODWLYH WR �¶ (1*5$0 ��� ��� GD\V SRVW�WUDQVIHFWLRQ� )LJXUH �G� 6XSSOHPHQWDU\ )LJXUH �D�� 2I QRWH�
IRU DOO WKUHH RI WKHVH LQWHJUDWHG (1*5$0 ��� UHFRUGHUV� WKH OHYHO RI EDFNJURXQG UHFRUGLQJ SODWHDXHG DIWHU
VHYHUDO GD\V �)LJXUH �G�� 7KLV VXJJHVWHG WR XV WKDW WKH DFFXPXODWLRQ RI EDFNJURXQG UHFRUGLQJ HYHQWV PRVWO\
RFFXUV VKRUWO\ DIWHU WUDQVIHFWLRQ� SRWHQWLDOO\ GXH WR 25,�GULYHQ� SODVPLG�PHGLDWHG WUDQVFULSWLRQ������ UDWKHU WKDQ
PLQ3�GULYHQ WUDQVFULSWLRQ IURP LQWHJUDWHG UHFRUGHUV� +RZHYHU� VRPH GHJUHH RI DFFXPXODWLRQ SHUVLVWHG ZLWK WKH
�¶�(1*5$0�����UHFRUGHU��VXJJHVWLQJ�DQ�DGGLWLRQDO�FRPSRQHQW�RI�JHQRPLFDOO\�GULYHQ�EDFNJURXQG�DFWLYLW\�

$OWKRXJK WKH �¶�)7 GHVLJQ H[KLELWHG WKH ORZHVW EDFNJURXQG DFWLYLW\� ZH PRYHG IRUZDUG ZLWK WKH �¶ (1*5$0
��� GHVLJQ EHFDXVH LWV RUJDQL]DWLRQ IDFLOLWDWHV VWUDLJKWIRUZDUG SDLULQJ RI &5(V DQG SHJ51$�PHGLDWHG
LQVHUWLRQV GXULQJ FORQLQJ� 7R IXUWKHU EHQFKPDUN LW� ZH FORQHG D SDLU RI ����ES VHTXHQFHV SUHYLRXVO\ VKRZQ WR
KDYH HLWKHU KLJK YV� PLQLPDO HQKDQFHU DFWLYLW\ LQ .��� FHOOV�� XSVWUHDP RI PLQ3� WRJHWKHU ZLWK PLQ3�RQO\ DQG
SURPRWHU�OHVV FRQVWUXFWV �)LJXUH �H�� (DFK RI WKHVH IRXU FRQVWUXFWV GURYH SHJ51$V GHVLJQHG WR LQVHUW WZR
GLVWLQFW ��ES LQVHUWLRQV WR WKH HQGRJHQRXV +(.� WDUJHW ORFXV� $Q HTXLPRODU PL[WXUH RI WKHVH � UHFRUGHU
SODVPLGV ZDV LQWURGXFHG YLD SLJJ\%$& LQWHJUDWLRQ LQWR 3(��H[SUHVVLQJ .��� FHOOV LQ WULSOLFDWH� $W ILYH GD\V
SRVW�WUDQVIHFWLRQ� ����� RI +(.� WDUJHW VLWHV ZHUH HGLWHG� EXW RYHU ��� RI LQVHUWHG EDUFRGHV ZHUH DVVRFLDWHG
ZLWK WKH DFWLYH HQKDQFHU �)LJXUH �I� 6XSSOHPHQWDU\ )LJXUH �E�� 2I QRWH� WKH ���IROG GLIIHUHQFH LQ UHFRUGHG
LQVHUWLRQDO IUHTXHQF\ EHWZHHQ WKH DFWLYH DQG LQDFWLYH HQKDQFHU URXJKO\ PDWFKHG WKH ���IROG GLIIHUHQFH
EHWZHHQ�WKHP�PHDVXUHG�E\�035$���

7R PRUH JHQHUDOO\ HYDOXDWH ZKHWKHU WKH HQKDQFHU DFWLYLWLHV UHFRUGHG E\ (1*5$0 DUH TXDQWLWDWLYHO\
FRPSDUDEOH WR FRUUHVSRQGLQJ PHDVXUHPHQWV PDGH E\ 035$� ZH FORQHG ��� HQKDQFHU IUDJPHQWV�� WR WKH �¶
(1*5$0 ��� FRQVWUXFW� HDFK GULYLQJ D SHJ51$ HQFRGLQJ WKH LQVHUWLRQ RI D XQLTXH ��PHU WR WKH +(.� ORFXV
�)LJXUH �J�� )RXU GD\V DIWHU LQWURGXFLQJ WKHVH UHFRUGHUV YLD SLJJ\%$& WR 3(��H[SUHVVLQJ .��� LQ WULSOLFDWH� ZH
VHSDUDWHO\ UHFRYHUHG� DPSOLILHG DQG VHTXHQFHG WKH +(.� ORFXV �IURP '1$� RU WKH WUDQVFULEHG EDUFRGH LWVHOI
�IURP 51$�� )URP '1$� ZH REVHUYHG DQ RYHUDOO HGLWLQJ HIILFLHQF\ RI ������ DQG UHFRYHUHG ��� RI ���
EDUFRGHV� %RWK 51$ DQG '1$�EDVHG PHDVXUHPHQWV ZHUH KLJKO\ FRQVLVWHQW EHWZHHQ WUDQVIHFWLRQ UHSOLFDWHV
�6XSSOHPHQWDU\ )LJXUH �F�G�� )XUWKHUPRUH� ZH REVHUYHG D VWURQJ FRUUHODWLRQ EHWZHHQ WKH UHFRUGHG DFWLYLWLHV
�(1*5$0� '1$� DQG WKH GLUHFWO\ PHDVXUHG DFWLYLWLHV �035$� 51$�� LQGLFDWLQJ WKDW WKH UHODWLYH WUDQVFULSWLRQDO
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DFWLYLWLHV RI HQKDQFHU UHSRUWHUV FDQ EH TXDQWLWDWLYHO\ UHFRUGHG WR JHQRPLF '1$ �6XSSOHPHQWDU\ )LJXUH �H��
&RUUHFWLRQ IRU VHTXHQFH�EDVHG LQVHUWLRQDO ELDVHV IXUWKHU LPSURYHG WKH FRUUHODWLRQ EHWZHHQ HQKDQFHU�GULYHQ
UHSRUWHUV��035$��DQG�UHFRUGHUV��(1*5$0���)LJXUH��K� 6XSSOHPHQWDU\�)LJXUH��I��

)LJXUH �� 'HYHORSPHQW DQG EHQFKPDUNLQJ RI (1*5$0 ��� UHFRUGHUV� �D� ,Q (1*5$0 ���� &V\� LV HQFRGHG E\ WKH
VDPH WUDQVFULSW WKDW HQFRGHV WKH FV\� KDLUSLQ�IODQNHG SHJ51$� 7KLV LV H[SHFWHG WR UHGXFH EDFNJURXQG DFWLYLW\� UHODWLYH WR
(1*5$0 ���� ZKHUH &V\� ZDV FRQVWLWXWLYHO\ H[SUHVVHG� �E� (1*5$0 ��� H[KLELWV ORZHU OHYHOV RI EDFNJURXQG UHFRUGLQJ
WKDQ (1*5$0 ���� 0HDVXUHPHQWV DUH IRU PLQ3 DORQH GULYLQJ SHJ51$V SURJUDPPLQJ D GHJHQHUDWH �1 LQVHUWLRQ WR WKH
+(.� ORFXV LQ WULSOLFDWH� � GD\V SRVW�WUDQVIHFWLRQ� (UURU EDUV FRUUHVSRQG WR VWDQGDUG GHYLDWLRQV DFURVV � WUDQVIHFWLRQ
UHSOLFDWHV� �F� 7KUHH YHUVLRQV RI (1*5$0 ��� ZLWK WKH FV\� KDLUSLQ�IODQNHG SHJ51$ HPEHGGHG LQ WKH �¶ RU �¶ 875 RI D
WUDQVFULSW HQFRGLQJ &V\�� RU �¶ (1*5$0 ��� ZLWK DQ DGGLWLRQDO FV\� KDLUSLQ LQ WKH �¶ 875 LQ RUGHU WR LPSRVH
DXWR�UHJXODWRU\ QHJDWLYH IHHGEDFN RQ &V\� OHYHOV� �G� $OO WKUHH (1*5$0 ��� UHFRUGHUV ZHUH LQWHJUDWHG YLD SLJJ\%$& LQWR
3(��H[SUHVVLQJ FHOOV LQ WULSOLFDWH� HDFK GULYLQJ ����� �1 EDUFRGHV ZLWK PLQ3� 7KH EDFNJURXQG HGLWLQJ HIILFLHQF\ ZDV
SHULRGLFDOO\ FKHFNHG RYHU �� GD\V� (UURU EDUV FRUUHVSRQG WR VWDQGDUG GHYLDWLRQV DFURVV � WUDQVIHFWLRQ UHSOLFDWHV� �H�
%HQFKPDUNLQJ RI (1*5$0 ��� ZLWK HQKDQFHUV ZLWK NQRZQ DFWLYLWLHV LQ D UHSRUWHU DVVD\� �¶�(1*5$0 UHFRUGHUV ZLWK
DFWLYH DQG LQDFWLYH HQKDQFHUV XSVWUHDP RI D PLQ3� WRJHWKHU ZLWK PLQ3�RQO\ DQG SURPRWHU�OHVV FRQVWUXFWV� ZHUH FORQHG�
HDFK GULYLQJ H[SUHVVLRQ RI GLVWLQFW SHJ51$�HQFRGHG EDUFRGHV� �I� %DUFRGHV FRUUHVSRQGLQJ WR WKH DFWLYH HQKDQFHU
FRPSULVHG WKH YDVW PDMRULW\ ������� RI UHFRUGHG HYHQWV� (UURU EDUV FRUUHVSRQG WR VWDQGDUG GHYLDWLRQV IURP � WUDQVIHFWLRQ
UHSOLFDWHV� �J�K� )XUWKHU EHQFKPDUNLQJ RI (1*5$0 ��� ZLWK ��� HQKDQFHUV NQRZQ WR KDYH D UDQJH RI DFWLYLWLHV LQ D
UHSRUWHU DVVD\� �J� 7KLV OLEUDU\ ZDV GHVLJQHG VXFK WKDW HDFK HQKDQFHU GURYH H[SUHVVLRQ RI D GLVWLQFW SHJ51$�HQFRGHG
��PHU LQVHUWLRQDO EDUFRGH� �K� 9DOXHV FRUUHVSRQG WR WKH SURSRUWLRQ RI HDFK EDUFRGH UHDG RXW IURP WKH +(.� JHQRPLF
ORFXV �(1*5$0� RU IURP WKH SHJ51$V �035$�� RXW RI WKH WRWDO� 3URSRUWLRQV ZHUH FRUUHFWHG IRU VHTXHQFH�EDVHG
LQVHUWLRQDO ELDVHV �GHWDLOV LQ 6XSSOHPHQWDU\ )LJXUH �I�� 7KH ORJ�VFDOHG SURSRUWLRQV RI (1*5$0 HYHQWV UHFRUGHG WR '1$
ZHUH�KLJKO\�FRUUHODWHG�ZLWK�ORJ�VFDOHG�SURSRUWLRQV�RI�EDUFRGHV�PHDVXUHG�GLUHFWO\�IURP�51$�
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6XSSOHPHQWDU\ )LJXUH �� %HQFKPDUNLQJ RI (1*5$0 ��� UHFRUGHUV� �D� $OO WKUHH (1*5$0 ��� UHFRUGHUV ZHUH
LQWHJUDWHG YLD SLJJ\%$& LQWR 3(��H[SUHVVLQJ FHOOV LQ WULSOLFDWH� HDFK GULYLQJ ����� �1 EDUFRGHV ZLWK PLQ3� 7KH
EDFNJURXQG HGLWLQJ HIILFLHQF\ ZDV SHULRGLFDOO\ FKHFNHG RYHU �� GD\V� 6LPLODU WR )LJ� �E EXW ZLWK HDFK WUDQVIHFWLRQ
UHSOLFDWH RI HDFK UHFRUGHU GHVLJQ SORWWHG VHSDUDWHO\� �E� %HQFKPDUNLQJ RI (1*5$0 ��� ZLWK HQKDQFHUV ZLWK NQRZQ
DFWLYLWLHV LQ D UHSRUWHU DVVD\� �¶�(1*5$0 UHFRUGHUV ZLWK DFWLYH DQG LQDFWLYH HQKDQFHUV XSVWUHDP RI D PLQ3� WRJHWKHU ZLWK
PLQ3�RQO\ DQG SURPRWHU�OHVV FRQVWUXFWV� ZHUH FORQHG� HDFK GULYLQJ H[SUHVVLRQ SHJ51$�HQFRGHG EDUFRGHV� %DUFRGHV
FRUUHVSRQGLQJ WR WKH DFWLYH HQKDQFHU ZHUH LQWURGXFHG DW D PXFK KLJKHU UDWH� (UURU EDUV UHSUHVHQW VWDQGDUG GHYLDWLRQV
IURP � WUDQVIHFWLRQ UHSOLFDWHV� 6LPLODU WR )LJ� �I EXW VKRZLQJ WKH HGLWLQJ UDWH UDWKHU WKDQ WKH SURSRUWLRQ RI EDUFRGHV� �F�
/RJ�WUDQVIRUPHG LQVHUWLRQ SURSRUWLRQV IRU ��� ��PHU EDUFRGHV ZHUH KLJKO\ UHSURGXFLEOH DFURVV WUDQVIHFWLRQ UHSOLFDWHV�
(DFK YDOXH FRUUHVSRQGV WR WKH SURSRUWLRQ RI EDUFRGHV UHDG RXW DW WKH '1$ OHYHO IURP WKH +(.� ORFXV� �G�
/RJ�WUDQVIRUPHG 51$ SURSRUWLRQV IRU ��� ��PHU EDUFRGHV ZHUH KLJKO\ UHSURGXFLEOH DFURVV WUDQVIHFWLRQ UHSOLFDWHV� (DFK
YDOXH FRUUHVSRQGV WR WKH SURSRUWLRQ RI EDUFRGHV UHDG RXW DW WKH 51$ OHYHO IURP WUDQVFULEHG SHJ51$V� �H� 7KH ORJ�VFDOHG
SURSRUWLRQV RI (1*5$0 HYHQWV UHFRUGHG WR '1$ ZHUH KLJKO\ FRUUHODWHG ZLWK ORJ�VFDOHG SURSRUWLRQV RI EDUFRGHV
PHDVXUHG GLUHFWO\ IURP 51$� �I� 6DPH DV SDQHO H� EXW DIWHU FRUUHFWLQJ IRU VHTXHQFH�EDVHG LQVHUWLRQDO ELDVHV� ,Q PRUH
GHWDLO� WR GHWHUPLQH VHTXHQFH�EDVHG LQVHUWLRQDO ELDVHV IRU ��PHUV� ZH FORQHG D OLEUDU\ RI SHJ51$V HQFRGLQJ D
GHJHQHUDWH �1 LQVHUWLRQ� GULYHQ E\ WKH KLJKO\ DFWLYH 3*. SURPRWHU� 7KLV OLEUDU\ ZDV WUDQVLHQWO\ WUDQVIHFWHG LQWR .��� FHOOV
H[SUHVVLQJ 3(�� *HQRPLF '1$ ZDV KDUYHVWHG DW IRXU GD\V SRVW WUDQVIHFWLRQ� )RU ��� EDUFRGHV IRU ZKLFK ZH UHFRYHUHG
UHDGV� HGLWLQJ VFRUHV �(6� ZHUH FDOFXODWHG DV �JHQRPLF UHDGV ZLWK VSHFLILF LQVHUWLRQ�WRWDO HGLWHG +(.� UHDGV���SODVPLG
UHDGV ZLWK VSHFLILF LQVHUWLRQ�WRWDO SODVPLG UHDGV�� 7R FRUUHFW WKH FRXQWV RI (1*5$0�UHFRUGHG HYHQWV IRU VHTXHQFH�EDVHG
LQVHUWLRQDO ELDV� ZH VLPSO\ GLYLGHG WKHP E\ WKH (6 RI WKH FRUUHVSRQGLQJ ��PHU LQVHUWLRQ� 7KLV QRUPDOL]DWLRQ LPSURYHG WKH
FRUUHODWLRQ�ZLWK�UHSRUWHU�EDVHG�51$�SURSRUWLRQV��SDQHO H YV��SDQHO I��
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4XDQWLWDWLYH�UHFRUGLQJ�RI�VLJQDOLQJ�SDWKZD\�DFWLYDWLRQ�RU�VPDOO�PROHFXOH�H[SRVXUH�ZLWK�(1*5$0

:H QH[W VRXJKW WR DVN ZKHWKHU (1*5$0 FRXOG EH XVHG WR UHFRUG WKH LQWHQVLW\ RU GXUDWLRQ RI VLJQDOLQJ
SDWKZD\ DFWLYDWLRQ RU VPDOO PROHFXOH H[SRVXUH� )RU WKLV� ZH VHOHFWHG VHYHUDO VLJQDO�UHVSRQVLYH UHJXODWRU\
HOHPHQWV� WKH 7HW 5HVSRQVH (OHPHQW �75(� DFWLYDWHG E\ GR[\F\FOLQH���� D 1)�ț% UHVSRQVLYH HOHPHQW �DFWLYDWHG
E\ 71)Į���� DQG D 7&)�/() UHVSRQVLYH HOHPHQW �:QW VLJQDOLQJ SDWKZD\� DFWLYDWHG E\ &+,5��������� HDFK
SUHYLRXVO\ XVHG WR GULYH IOXRUHVFHQW UHSRUWHUV LQ D VLJQDO�UHVSRQVLYH PDQQHU �6XSSOHPHQWDU\ 7DEOH ��� 7KHVH
VLJQDO�UHVSRQVLYH VHTXHQFHV ZHUH FORQHG XSVWUHDP RI PLQ3 ZLWKLQ �¶ (1*5$0 ��� UHFRUGHUV� ZLWK HDFK
GULYLQJ H[SUHVVLRQ RI D SHJ51$ HQFRGLQJ RQH RU WZR VSHFLILF LQVHUWLRQV WR WKH +(.� ORFXV �)LJXUH �D�� 7KH
WKUHH UHFRUGHUV ZHUH VHSDUDWHO\ LQWHJUDWHG LQWR WKH JHQRPHV RI 3(���� +(.���7 FHOOV YLD SLJJ\%$& LQ
WULSOLFDWH �IRU WKH GR[\F\FOLQH UHFRUGHU� FRQVWLWXWLYHO\ H[SUHVVHG UHYHUVH WHWUDF\FOLQH�FRQWUROOHG WUDQVDFWLYDWRU
�UW7$� ZDV LQWHJUDWHG VHSDUDWHO\�� $ ��IROG GLOXWLRQ VHULHV RI GR[\F\FOLQH� 71)Į RU &+,5����� ZDV DGGHG WR WKH
PHGLD RI WKH FHOO OLQHV LQWR ZKLFK WKH UHOHYDQW UHFRUGHU KDG EHHQ LQWHJUDWHG� DQG JHQRPLF '1$ ZDV KDUYHVWHG
���KRXUV�DIWHU�WKH�RQVHW�RI�H[SRVXUH�

)RU DOO WKUHH VLJQDO�UHVSRQVLYH (1*5$0 UHFRUGHUV� HGLWLQJ UDWHV DW WKH +(.� ORFXV H[KLELWHG D VWULNLQJO\
VLJPRLGDO GHSHQGHQFH RQ WKH ORJ�WUDQVIRUPHG FRQFHQWUDWLRQ RI WKH FRUUHVSRQGLQJ VWLPXODQW �)LJXUH �E�G��
7KLV ZDV SDUWLFXODUO\ WKH FDVH IRU WKH :QW VLJQDOLQJ� ZKHUHLQ WKH FRUUHVSRQGLQJ UHFRUGHU H[KLELWHG QHDUO\
VZLWFK�OLNH EHKDYLRU DFURVV DQ DSSUR[LPDWHO\ IRXU�IROG UDQJH RI &+,5����� FRQFHQWUDWLRQ �)LJXUH �G�� $V ZLWK
SUHYLRXV H[SHULPHQWV� HDFK (1*5$0 UHFRUGHU H[KLELWHG VRPH GHJUHH RI QRQ�DFFXPXODWLQJ� EDVDO UHFRUGLQJ
HYHQ LQ WKH DEVHQFH RI VLJQDO H[SRVXUH ������ 6XSSOHPHQWDU\ )LJXUH �D�� SRWHQWLDOO\ GXH WR 25,�GULYHQ�
SODVPLG�PHGLDWHG WUDQVFULSWLRQ����� VKRUWO\ DIWHU WUDQVIHFWLRQ� DV GLVFXVVHG DERYH� 'HVSLWH WKLV EDFNJURXQG� ZH
REVHUYHG D G\QDPLF UDQJH LQ HGLWLQJ HIILFLHQF\ EHWZHHQ EDFNJURXQG YV� PD[LPDO VWLPXODWLRQ RI ����IROG�
����IROG�DQG������IROG�IRU�WKH�7HW��1)�ț%�DQG�:QW�UHFRUGHUV��UHVSHFWLYHO\��)LJXUH��H��

,Q DQ DWWHPSW WR IXUWKHU LPSURYH VLJQDO�WR�QRLVH� ZH UHPDGH WKH 1)ț% DQG :QW UHFRUGHU FHOO OLQHV� EXW ZLWK
FR�WUDQVIHFWLRQ RI D QRQ�LQWHJUDWLQJ SODVPLG H[SUHVVLQJ D QRQ�WDUJHWLQJ SHJ51$ GULYHQ E\ D 8� SURPRWHU� 7KH
LQWHQW RI WKLV QRQ�WDUJHWLQJ SHJ51$ ZDV WR FRPSHWH IRU 3(� ELQGLQJ DQG WKHUHE\ PLQLPL]H DQ\ ³SUH�LQWHJUDWLRQ´
DFWLYLW\ IURP SHJ51$V HQFRGHG E\ WKH (1*5$0 UHFRUGHUV� ,QGHHG� WKH SODVPLG H[SUHVVLQJ WKH EORFNLQJ
SHJ51$ UHGXFHG EDFNJURXQG UHFRUGLQJ WR IURP a���� WR ����� �IRU 1)ț% UHFRUGHU� DQG ����� �IRU :QW
UHFRUGHU���6XSSOHPHQWDU\�)LJXUH��E��

$IWHU ZDLWLQJ ILYH GD\V WR DOORZ IRU WKH SODVPLG H[SUHVVLQJ WKH EORFNLQJ SHJ51$ WR EH GLOXWHG RXW DQG WKH
(1*5$0 UHFRUGHUV WR EH LQWHJUDWHG� ZH UHSHDWHG WKH GLOXWLRQ VHULHV H[SHULPHQW� IXUWKHU XVLQJ WKLV RSSRUWXQLW\
WR DGMXVW WKH FRQFHQWUDWLRQV VDPSOHG �H�J� IRU :QW� PRUH GHQVHO\ VDPSOLQJ &+,5����� FRQFHQWUDWLRQV DURXQG
WKH LQIOHFWLRQ SRLQW RI WKH GRVH�UHVSRQVH FXUYH� )LJXUH �G�J�� $OWKRXJK WKH RYHUDOO OHYHOV RI UHFRUGLQJ ZHUH
UHGXFHG� SRVVLEO\ GXH WR D ORZHU PXOWLSOLFLW\ RI LQIHFWLRQ RI WKH SLJJ\%$&�EDVHG (1*5$0 UHFRUGHU SODVPLGV�
WKH VLJQDO�WR�QRLVH DSSUR[LPDWHO\ GRXEOHG� ZLWK D G\QDPLF UDQJH LQ HGLWLQJ HIILFLHQF\ EHWZHHQ EDFNJURXQG YV�
PD[LPDO�VWLPXODWLRQ�RI������IROG�DQG������IROG�IRU�WKH�1)�ț%�DQG�:QW�UHFRUGHUV��UHVSHFWLYHO\��)LJXUH �H�J��

7R H[SORUH WKH GHSHQGHQFH RI (1*5$0 RQ QRW RQO\ WKH LQWHQVLW\ RI VLJQDOV EXW DOVR WKHLU GXUDWLRQ� ZH
SHUIRUPHG D PDWUL[ H[SHULPHQW RQ WKH 1)�ț% DQG :QW UHFRUGHUV� YDU\LQJ VWLPXODQW FRQFHQWUDWLRQ DV SUHYLRXVO\
EXW DOVR YDU\LQJ WKH GXUDWLRQ RI H[SRVXUH IURP � WR �� KRXUV �� UHFRUGHUV [ � FRQFHQWUDWLRQV [ � GXUDWLRQV [ �
UHSOLFDWHV  ��� FRQGLWLRQV� )LJXUH �K�N�� ,Q WKLV H[SHULPHQW� HDFK EDWFK RI FHOOV ZDV KDUYHVWHG �� KRXUV DIWHU
WKH UHPRYDO RI VWLPXODQWV IURP WKH PHGLD� ,Q WKH UHVXOWLQJ OHYHOV RI HGLWLQJ� WKH GHSHQGHQF\ RI WKH 1)�ț% DQG
:QW UHFRUGHUV RQ ERWK WKH LQWHQVLW\ DQG GXUDWLRQ RI VWLPXODWLRQ ZDV LPPHGLDWHO\ HYLGHQW �)LJXUH �M�N�� )RU ERWK
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UHFRUGHUV� HYHQ � KRXUV RI VWLPXODWLRQ ZDV VXIILFLHQW WR REVHUYH VLJQDO LQ H[FHVV RI EDFNJURXQG� +RZHYHU� WKH
1)�ț%�UHFRUGHU�DSSHDUHG�WR�H[KLELW�IDVWHU�NLQHWLFV�WKDQ�WKH�:QW�UHFRUGHU��)LJXUH��K�L��

)LJXUH �� 5HFRUGLQJ WKH LQWHQVLW\ DQG GXUDWLRQ RI VLJQDOLQJ SDWKZD\ DFWLYDWLRQ RU VPDOO PROHFXOH H[SRVXUH� �D�
6LJQDO�UHVSRQVLYH UHJXODWRU\ HOHPHQWV ZHUH XVHG WR FRQVWUXFW (1*5$0 ��� UHFRUGHUV IRU DFWLYDWLRQ E\ GR[\F\FOLQH
�7HW21� 7HW 5HVSRQVH (OHPHQW�� 71)Į �D 1)�ț% UHVSRQVLYH HOHPHQW� DQG &+,5����� �D 7&)�/() UHVSRQVLYH HOHPHQW�
UHVSRQVLYH WR :QW VLJQDOLQJ�� �E�G� 8SRQ �� KRXUV RI VWLPXODWLRQ ZLWK WKH FRUUHVSRQGLQJ VWLPXODQW� WKH 7HW21 �E�� 1)�ț%
�F�� DQG :QW �G� UHFRUGHUV H[KLELWHG GRVH�GHSHQGHQW OHYHOV RI UHFRUGLQJ� 7KHVH H[SHULPHQWV ZHUH FRQGXFWHG RQ VHSDUDWH�
SRO\FORQDO FHOO OLQHV� HDFK RI ZKLFK KDG RQH UHFRUGHU LQWHJUDWHG YLD SLJJ\%$&� &HOOV ZHUH H[SRVHG WR D VHULDO WZR�IROG
GLOXWLRQ VHULHV RI GR[\F\FOLQH �E�� 71)Į �F� RU &+,5����� �G�� ZLWK VWDUWLQJ FRQFHQWUDWLRQV RI � QJ�PO� ��� QJ�PO DQG ��
ȝ0� UHVSHFWLYHO\� �H� '\QDPLF UDQJH REVHUYHG LQ VLJQDO UHFRUGLQJ H[SHULPHQWV ZLWKRXW �OHIW� RU ZLWK �ULJKW� FR�WUDQVIHFWLRQ
RI SODVPLG�HQFRGHG� QRQ�WDUJHWLQJ� QRQ�LQWHJUDWLQJ EORFNLQJ SHJ51$ WR VXSSUHVV EDFNJURXQG� &RORUV DV LQ SDQHO D� �I�
6LPLODU WR 1)�ț% H[SHULPHQW VKRZQ LQ SDQHO F� H[FHSW ZLWK FR�WUDQVIHFWLRQ RI SODVPLG�HQFRGHG� QRQ�WDUJHWLQJ�
QRQ�LQWHJUDWLQJ EORFNLQJ SHJ51$ WR VXSSUHVV EDFNJURXQG� )XUWKHUPRUH� WKH VWDUWLQJ 71)Į FRQFHQWUDWLRQ IRU WKH WZR�IROG
GLOXWLRQ VHULHV ZDV DGMXVWHG WR �� QJ�PO� �J� 6LPLODU WR :QW H[SHULPHQW VKRZQ LQ SDQHO G� H[FHSW ZLWK FR�WUDQVIHFWLRQ RI
SODVPLG�HQFRGHG� QRQ�WDUJHWLQJ� QRQ�LQWHJUDWLQJ EORFNLQJ SHJ51$V WR VXSSUHVV EDFNJURXQG� $GGLWLRQDOO\� PRUH
&+,5����� FRQFHQWUDWLRQV ZHUH VDPSOHG EHWZHHQ � WR � ȝ0� (UURU EDUV FRUUHVSRQG WR VWDQGDUG GHYLDWLRQV IURP �
VWLPXOXV UHSOLFDWHV� �K�L� +LVWRJUDPV VKRZLQJ HGLWLQJ HIILFLHQFLHV UHVXOWLQJ IURP PDWUL[ H[SHULPHQW RQ WKH 1)�ț% �K� DQG
:QW �L� UHFRUGHUV� LQ ZKLFK ERWK VWLPXODQW FRQFHQWUDWLRQV DQG GXUDWLRQV RI H[SRVXUH ZHUH YDULHG �� UHFRUGHUV [ �
FRQFHQWUDWLRQV [ � GXUDWLRQV [ � UHSOLFDWHV  ��� FRQGLWLRQV�� (UURU EDUV FRUUHVSRQG WR VWDQGDUG GHYLDWLRQV IURP � VWLPXOXV
UHSOLFDWHV� �M�N� +HDWPDS UHSUHVHQWDWLRQ RI WKH VDPH GDWD DV LQ SDQHOV K DQG L� LOOXVWUDWLQJ WKH MRLQW GHSHQGHQFH RI
UHFRUGLQJ�OHYHOV�RQ�WKH�GRVH�DQG�GXUDWLRQ�RI�VWLPXODWLRQ�
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6XSSOHPHQWDU\ )LJXUH �� 6XFFHVVIXO VXSSUHVVLRQ RI SUH�LQWHJUDWLRQ EDFNJURXQG DFFXPXODWLRQ� �D� $V ZLWK WKH
HQKDQFHU�UHVSRQVLYH (1*5$0 UHFRUGHUV �)LJXUH �G� 6XSSOHPHQWDU\ )LJXUH �D�� ZH REVHUYHG PRGHVW OHYHOV RI
EDFNJURXQG UHFRUGLQJ HYHQ LQ WKH DEVHQFH RI VWLPXOXV ZLWK WKH VLJQDO�UHVSRQVLYH (1*5$0 UHFRUGHUV� 2QFH DJDLQ� WKLV
EDFNJURXQG GLG QRW DFFXPXODWH RYHU WLPH� FRQVLVWHQW ZLWK WKH K\SRWKHVLV WKDW LW SULPDULO\ DFFXPXODWHV VKRUWO\ DIWHU
WUDQVIHFWLRQ� SRWHQWLDOO\ GXH WR 25,�GULYHQ� SODVPLG�PHGLDWHG WUDQVFULSWLRQ� �E� :H UHSHDWHG WKH FRQVWUXFWLRQ RI WKH 1)ț%
DQG :QW�UHVSRQVLYH (1*5$0 UHFRUGHUV EXW ZLWK FR�WUDQVIHFWLRQ RI D SODVPLG�HQFRGHG� QRQ�WDUJHWLQJ� QRQ�LQWHJUDWLQJ
EORFNLQJ SHJ51$ H[SUHVVHG IURP D 8� SURPRWHU� 7KLV VXFFHVVIXOO\ UHGXFHG EDFNJURXQG� ZKLFK ZDV RQFH DJDLQ
QRQ�DFFXPXODWLQJ�RYHU�WLPH��IURP�a�����WR��������IRU�WKH�1)ț%�UHFRUGHU��DQG��������IRU�WKH�:QW�UHFRUGHU��
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0XOWLSOH[�UHFRUGLQJ�RI�VLJQDOLQJ�SDWKZD\�DFWLYLW\�ZLWK�(1*5$0

:H QH[W VRXJKW WR LQWURGXFH PXOWLSOH (1*5$0 UHFRUGHUV IRU GLIIHUHQW VLJQDOLQJ SDWKZD\V LQWR D VLQJOH
SRSXODWLRQ RI FHOOV� WR HYDOXDWH ZKHWKHU WKH\ FRXOG EH XVHG WRJHWKHU� L�H� FRPSHWLQJ WR ZULWH WR D VKDUHG '1$
7DSH �)LJXUH �D�� ,Q EULHI� FRQVWUXFWV FRUUHVSRQGLQJ WR WKH 7HW21� 1)�ț% DQG :QW UHFRUGHUV ZHUH PL[HG DW DQ
HTXLPRODU UDWLR DQG FR�LQWHJUDWHG WR 3(���� +(.���7 FHOOV� (DFK UHFRUGHU GULYHV SHJ51$�V� HQFRGLQJ WKH
LQVHUWLRQ RI RQH RU WZR GLVWLQFW� VLJQDO�VSHFLILF EDUFRGHV �6XSSOHPHQWDU\ 7DEOH ��� 7KHVH FHOOV ZHUH H[SRVHG
WR D KLJK FRQFHQWUDWLRQ RI DOO SRVVLEOH FRPELQDWLRQV RI � WR � VWLPXOL� LQ WULSOLFDWH �� RQ�RII VWLPXOXV FRPELQDWLRQV
[ � UHSOLFDWHV  �� FRQGLWLRQV�� +DUYHVWLQJ FHOOV DIWHU �� KRXUV RI VWLPXODWLRQ� ZH SHUIRUPHG 3&5 DPSOLILFDWLRQ
DQG VHTXHQFLQJ RI WKH VKDUHG '1$ WDSH� $V SUHGLFWHG� WKH DEXQGDQFHV RI VLJQDO�VSHFLILF EDUFRGHV ZHUH KLJKO\
GHSHQGHQW RQ WKH SUHFLVH FRPELQDWLRQ RI VWLPXOL DSSOLHG �)LJXUH �E�� 3XW DQRWKHU ZD\� ZH REVHUYHG PLQLPDO
FURVV�WDON� FRQVLVWHQW ZLWK WKH RUWKRJRQDOLW\ RI WKHVH VLJQDOLQJ SDWKZD\V WR RQH DQRWKHU �6XSSOHPHQWDU\
)LJXUH �D�� 7R SXVK WKLV V\VWHP IXUWKHU� ZH SHUIRUPHG D VHSDUDWH H[SHULPHQW LQ ZKLFK SRSXODWLRQV RI FHOOV
EHDULQJ DOO WKUHH UHFRUGHUV ZHUH H[SRVHG WR DOO SRVVLEOH FRPELQDWLRQV RI ORZ� PHGLXP RU KLJK FRQFHQWUDWLRQV RI
HDFK VWLPXOXV �� FRQFHQWUDWLRQV A � VWLPXOL [ � UHSOLFDWHV  �� FRQGLWLRQV�� 2QFH DJDLQ KDUYHVWLQJ FHOOV DIWHU ��
KRXUV DQG UHDGLQJ WKH '1$ 7DSH� ZH REVHUYH WKDW VLJQDO�VSHFLILF EDUFRGHV DUH LQWURGXFHG DW UDWHV FRUUHODWHG
ZLWK WKH FRQFHQWUDWLRQ RI WKH FRUUHVSRQGLQJ VWLPXOXV �)LJXUH �F� 6XSSOHPHQWDU\ )LJXUH �E�� IXUWKHU
VXSSRUWLQJ WKH FRQFOXVLRQ WKDW WKHVH UHFRUGHUV DUH DEOH WR FDSWXUH TXDQWLWDWLYH LQIRUPDWLRQ RQ VHSDUDWH
FKDQQHOV�GHVSLWH�ZULWLQJ�WR�D�VKDUHG�'1$�7DSH�

&DSWXULQJ�WKH�RUGHU�LQ�ZKLFK�(1*5$0�UHFRUGHUV�DUH�DFWLYH

,Q WKH FRQWH[W RI D PXOWLSOH[ VLJQDO UHFRUGHU� LW LV REYLRXVO\ RI LQWHUHVW WR FDSWXUH QRW RQO\ WKH LQWHQVLW\ DQG
GXUDWLRQ RI LQGLYLGXDO VLJQDOV� EXW DOVR WKH RUGHU LQ ZKLFK WKH\ DUH DFWLYH UHODWLYH WR RQH DQRWKHU� 7R WKLV HQG� ZH
GHYLVHG (1*5$0 ��� UHFRUGHUV WKDW HDFK FRPSULVH DQ ³RSHURQ´ RI PXOWLSOH� FV\� KDLUSLQ�IODQNHG SHJ51$V�
HDFK GHVLJQHG WR SURJUDP LQVHUWLRQDO HGLWV EXW LQ D PDQQHU WKDW GHSHQGV RQ ZKHWKHU RWKHU HGLWV KDG �RU KDG
QRW� DOUHDG\ RFFXUUHG� )RU H[DPSOH� LQ WKH VLPSOHVW YHUVLRQ RI WKLV VFKHPH� ZH PLJKW ZDQW WR PDS WKH RUGHU RI
WZR VLJQDOLQJ HYHQWV� $ DQG % �)LJXUH �G�� )RU WKLV JRDO� DQ $�UHVSRQVLYH UHFRUGHU ZRXOG HQFRGH D ILUVW
SHJ51$ WKDW WKDW ZURWH DQ $�VSHFLILF EDUFRGH WR EODQN '1$ 7DSH �$�� EXW DOVR D VHFRQG SHJ51$ WKDW RQO\
WDUJHWHG DQ DOUHDG\ %�HGLWHG '1$ 7DSH ZLWK D GLIIHUHQW EDUFRGH �$¶�� 0HDQZKLOH� D %�UHVSRQVLYH UHFRUGHU
ZRXOG HQFRGH D ILUVW SHJ51$ WKDW WKDW ZURWH DQ %�VSHFLILF EDUFRGH WR EODQN '1$ 7DSH �%�� EXW DOVR D VHFRQG
SHJ51$�WKDW�RQO\�WDUJHWHG�DQ�DOUHDG\�$�HGLWHG�'1$�7DSH�ZLWK�D�GLIIHUHQW�EDUFRGH��%¶��

7R WHVW WKLV FRQFHSW� ZH FORQHG (1*5$0 ��� UHFRUGHUV HQFRGLQJ $$¶ RU %%¶ SHJ51$ RSHURQV� HDFK GULYHQ
E\ WKH FRQVWLWXWLYH 3*. SURPRWHU� :H WKHQ SHUIRUPHG D VHULHV RI WUDQVIHFWLRQ SURJUDPV LQ ZKLFK HLWKHU ERWK $
	 % ZHUH LQWURGXFHG VLPXOWDQHRXVO\ �� SURJUDP�� RQO\ $ RU % ZDV LQWURGXFHG �� SURJUDPV�� RU WKH UHFRUGHUV
ZHUH VHULDOO\ WUDQVIHFWHG �$ĺ% RU %ĺ$� ZLWK WKH UHFRYHU\ WLPH EHWZHHQ WUDQVIHFWLRQV YDU\LQJ EHWZHHQ � DQG
�� KRXUV �� SURJUDPV� �)LJXUH �H�� 7KHVH H[SHULPHQWV ZHUH SHUIRUPHG LQ WULSOLFDWH LQ 3(���� +(.���7 FHOOV�
ZLWK KDUYHVWLQJ� DPSOLILFDWLRQ DQG VHTXHQFLQJ RI WKH '1$ 7DSH DW ILYH GD\V DIWHU WKH ILUVW WUDQVIHFWLRQ ���
SURJUDPV [ � WUDQVIHFWLRQ UHSOLFDWHV  �� FRQGLWLRQV� �6XSSOHPHQWDU\ )LJXUH �F�� $V SUHGLFWHG� DQG SURYLGHG
WKHUH ZHUH ��� KRXUV RI UHFRYHU\ EHWZHHQ WUDQVIHFWLRQV� ZH REVHUYHG JURVVO\ GLIIHUHQW UDWLRV RI $%¶�%$¶ HGLWV
IRU �$ĺ%� YV� �%ĺ$� SURJUDPV �)LJXUH �I� 6XSSOHPHQWDU\ )LJXUH �G�� LQGLFDWLQJ WKDW WKH JHQHUDO VFKHPH LV
FRPSDWLEOH�ZLWK�WKH�UHFRYHU\�RI�LQIRUPDWLRQ�DERXW�WKH�RUGHU�LQ�ZKLFK�(1*5$0�����UHFRUGHUV�DUH�DFWLYH�
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)LJXUH �� 0XOWLSOH[ UHFRUGLQJ RI VLJQDOLQJ SDWKZD\V RU WKH RUGHU RI VLJQDOLQJ HYHQWV ZLWK (1*5$0� �D� 6FKHPDWLF
RI PXOWLSOH[ UHFRUGLQJ RI VLJQDOLQJ SDWKZD\V� 6LPLODU WR )LJXUH �D H[FHSW WKDW DOO WKUHH UHFRUGHUV DUH LQWHJUDWHG ZLWKLQ D
VLQJOH SRSXODWLRQ RI FHOOV DQG DUH ZULWLQJ WR D VKDUHG '1$ 7DSH� �E� &HOOV EHDULQJ PXOWLSOH UHFRUGHUV ZHUH H[SRVHG WR DOO
SRVVLEOH RQ�RII FRPELQDWLRQV RI WKUHH VWLPXOL IRU �� KUV� IROORZHG E\ KDUYHVWLQJ DQG VHTXHQFLQJ�EDVHG TXDQWLILFDWLRQ RI WKH
OHYHOV RI VLJQDO�VSHFLILF EDUFRGHV� &RORUHG VKDSHV DV LQ SDQHO D� &RQFHQWUDWLRQV XVHG ZHUH ��� QJ�PO� �� QJ�PO DQG � ȝ0
IRU GR[\F\FOLQH� 71)Į DQG &+,5������ UHVSHFWLYHO\� �F� &HOOV EHDULQJ PXOWLSOH UHFRUGHUV ZHUH H[SRVHG WR DOO SRVVLEOH
FRPELQDWLRQV RI KLJK� PHGLXP RU ORZ FRQFHQWUDWLRQV RI WKUHH VWLPXOL IRU �� KUV� IROORZHG E\ KDUYHVWLQJ DQG
VHTXHQFLQJ�EDVHG TXDQWLILFDWLRQ RI WKH OHYHOV RI VLJQDO�VSHFLILF EDUFRGHV� )RU 'R[� ����� ��� RU ���� QJ�PO ZHUH XVHG� IRU
71)Į� �� � RU �� QJ�PO� DQG IRU &+,5������ �� � RU ��� ȝ0� �G� 6WUDWHJ\ IRU (1*5$0�EDVHG UHFRUGLQJ RI WKH RUGHU RI
HYHQWV $ 	 %� ,Q EULHI� HDFK VLJQDO�UHVSRQVLYH UHFRUGHU SURJUDPV WKH H[SUHVVLRQ RI WZR SHJ51$V� RQH RI ZKLFK WDUJHWV
EODQN '1$ 7DSH� DQG WKH RWKHU RI ZKLFK WDUJHWV '1$ 7DSH WKDW KDV DOUHDG\ EHHQ HGLWHG LQ UHVSRQVH WR WKH RWKHU VLJQDO�
�H� :H TXDQWLILHG WKH HGLWLQJ RXWFRPHV �$ RQO\� % RQO\� $�%¶ DQG %�$¶� DVVRFLDWHG ZLWK �� WUDQVIHFWLRQ SURJUDPV LQ ZKLFK
HLWKHU ERWK $ 	 % ZHUH LQWURGXFHG VLPXOWDQHRXVO\ �� SURJUDP�� RQO\ $ RU % ZDV LQWURGXFHG �� SURJUDPV�� RU WKH UHFRUGHUV
ZHUH VHULDOO\ WUDQVIHFWHG ZLWK YDU\LQJ UHFRYHU\ SHULRGV �$ĺ% RU %ĺ$� � SURJUDPV�� �I� 7KH GLIIHUHQW FODVVHV RI
WUDQVIHFWLRQ SURJUDPV FDQ EH GLVWLQJXLVKHG E\ WKH UDWLRV RI $�%¶�%�$¶ �\�D[LV� DQG $�% HGLWLQJ �[�D[LV� RXWFRPHV� 3URYLGHG
DW OHDVW �� KUV RI UHFRYHU\ EHWZHHQ WUDQVIHFWLRQV� $ĺ% SURJUDPV DUH UHDGLO\ GLVWLQJXLVKHG IURP %ĺ$ SURJUDPV� (UURU
EDUV�FRUUHVSRQG�WR�VWDQGDUG�GHYLDWLRQV�DFURVV���WUDQVIHFWLRQ�UHSOLFDWHV�
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6XSSOHPHQWDU\ )LJXUH �� 0XOWLSOH[ UHFRUGLQJ RI VLJQDOLQJ SDWKZD\V RU WKH RUGHU RI VLJQDOLQJ HYHQWV ZLWK
(1*5$0� �D� %DUFRGH FRPSRVLWLRQ RI '1$ 7DSH IURP FHOOV WUHDWHG ZLWK GLIIHUHQW FRPELQDWLRQV RI VWLPXOL� 7KH UHFRUGHUV
H[KLELW PLQLPDO FURVVWDON EHWZHHQ VLJQDOLQJ SDWKZD\V �H�J� VWLPXODWLQJ ZLWK &+,5 GRHV QRW OHDG WR DSSUHFLDEOH UHFRUGLQJ
E\ WKH 1)�ț% UHFRUGHU�� �E� +HDWPDS YLVXDOL]DWLRQ RI WKH GDWD VKRZQ LQ )LJXUH �F� /HYHOV RI UHFRUGLQJ DUH LQIRUPDWLYH RI
HDFK VWLPXODQW¶V FRQFHQWUDWLRQ� HYHQ LQ WKH FRQWH[W RI FRQFXUUHQW UHFRUGLQJ RI WKUHH VLJQDOV WR D VKDUHG '1$ 7DSH� �F�
2YHUDOO HGLWLQJ HIILFLHQFLHV IRU WKH HOHYHQ WUDQVIHFWLRQ SURJUDPV UHSUHVHQWHG LQ )LJXUH �H� �G� %DU SORW UHSUHVHQWDWLRQ RI
WKH VDPH GDWD VKRZQ LQ )LJXUH �I� 7KH GLIIHUHQW FODVVHV RI WUDQVIHFWLRQ SURJUDPV FDQ EH GLVWLQJXLVKHG E\ WKH UDWLRV RI
$�%¶�%�$¶ DQG $�% HGLWLQJ RXWFRPHV� 3URYLGHG DW OHDVW �� KUV RI UHFRYHU\ EHWZHHQ WUDQVIHFWLRQV� $ĺ% SURJUDPV DUH
UHDGLO\�GLVWLQJXLVKHG�IURP�%ĺ$�SURJUDPV�
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'LVFXVVLRQ

+HUH ZH GHVFULEH (1*5$0� D QHZ VWUDWHJ\ IRU PXOWLSOH[� '1$�EDVHG VLJQDO UHFRUGLQJ� ZKHUHLQ HDFK
ELRORJLFDO VLJQDO RI LQWHUHVW LV FRXSOHG WR WKH 3RO���PHGLDWHG WUDQVFULSWLRQ RI D VSHFLILF JXLGH 51$� ZKRVH
H[SUHVVLRQ WKHQ SURJUDPV WKH LQVHUWLRQ RI D VLJQDO�VSHFLILF EDUFRGH WR D JHQRPLFDOO\ HQFRGHG '1$ 7DSH� $V
'1$ LV VWDEOH� UHFRUGHG VLJQDOV FDQ EH UHDG RXW DW DQ\ VXEVHTXHQW SRLQW LQ WLPH� H�J� E\ '1$ VHTXHQFLQJ RU�
SRWHQWLDOO\� HYHQ E\ '1$ ),6+� $ NH\ VWUHQJWK RI (1*5$0 LV LWV PXOWLSOH[LELOLW\� )RU H[DPSOH� ZLWK WKH ��ES RU
��ES LQVHUWLRQV XVHG KHUH� WKRXVDQGV RI GLVWLQFW ELRORJLFDO VLJQDOV FDQ SRWHQWLDOO\ EH UHFRUGHG ZLWKLQ WKH VDPH
FHOO� DOO FRPSHWLQJ WR ZULWH WR D VKDUHG '1$ 7DSH� :H GHPRQVWUDWH WKLV PXOWLSOH[LELOLW\ E\ VKRZLQJ WKDW
DQDORJRXV WR DQ 035$� (1*5$0 FDQ EH DSSOLHG WR FRQFXUUHQWO\ DQG TXDQWLWDWLYHO\ FDSWXUH WKH DFWLYLW\ RI
KXQGUHGV RI HQKDQFHUV� +RZHYHU� XQOLNH DQ 035$� WKHVH DFWLYLWLHV DUH UHFRUGHG LQ WKH UHODWLYH DEXQGDQFHV RI
WKH�FRUUHVSRQGLQJ�LQVHUWLRQDO�EDUFRGHV�LQ�'1$��UDWKHU�WKDQ�EHLQJ�PHDVXUHG�IURP�DFWLYH�WUDQVFULSWLRQ�

,Q PHWD]RDQV� D PRGHVW QXPEHU RI FRUH VLJQDOLQJ SDWKZD\V DUH OHYHUDJHG WR JLYH ULVH WR GHYHORSPHQWDO
DQG IXQFWLRQDO FRPSOH[LW\� 7R GHPRQVWUDWH KRZ (1*5$0 FDQ EH DSSOLHG WR UHFRUG WKH DFWLYLW\ RI FRUH VLJQDOLQJ
SDWKZD\V� ZH XVHG :QW DQG 1)�ț%�UHVSRQVLYH UHJXODWRU\ HOHPHQWV WR GULYH SHJ51$V WKDW ZULWH WR '1$ 7DSH
LQ D TXDQWLWDWLYH� VSHFLILF� VLJQDO�UHVSRQVLYH PDQQHU� :H IXUWKHU VKRZHG KRZ ERWK WKH LQWHQVLW\ DQG GXUDWLRQ RI
SDWKZD\ VWLPXODWLRQ FRQWULEXWH WR REVHUYHG OHYHOV RI UHFRUGLQJ� :H DOVR EXLOW DQG FKDUDFWHUL]HG D UHFRUGHU IRU
7HW�2Q� KLJKOLJKWLQJ WKH SRWHQWLDO RI (1*5$0 WR EH XVHG LQ FRQMXQFWLRQ ZLWK KHWHURORJRXV VLJQDO WUDQVGXFWLRQ
V\VWHPV� ,Q D PXOWLSOH[ LPSOHPHQWDWLRQ RI WKHVH WKUHH UHFRUGHUV� WKHUH ZDV PLQLPDO FURVV�WDON� FRQVLVWHQW ZLWK
WKH�H[SHFWHG�RUWKRJRQDOLW\�RI�WKHVH�VLJQDOLQJ�SDWKZD\V�WR�RQH�DQRWKHU�

)LQDOO\� ZH GHPRQVWUDWHG D YDULDQW RI WKH (1*5$0 PHWKRG LQ ZKLFK WKH UHFRUGHU FRPSULVHV DQ ³RSHURQ´ RI
PXOWLSOH SHJ51$V� ZKLFK DUH GHVLJQHG WR HLWKHU SURJUDP RU UHVWULFW VXFFHVVLYH HGLWV WR WKH '1$ 7DSH� 7KH
UHVXOWLQJ SDWWHUQ RI LQVHUWLRQDO HGLWV DOORZV XV WR LQIHU WKH WHPSRUDO RUGHU LQ ZKLFK WKH UHFRUGHUV ZHUH DFWLYDWHG�
2I QRWH� LQ SDUDOOHO WR WKLV ZRUN� ZH GHYHORSHG D GLIIHUHQW VWUDWHJ\ IRU ³SVHXGR�SURFHVVLYH´ JHQRPH HGLWLQJ
FDOOHG '1$ 7LFNHU 7DSH� ,Q SULQFLSOH� (1*5$0 DQG '1$ 7LFNHU 7DSH DUH FRPSDWLEOH� )RU WKH JRDO RI PXOWLSOH[�
WHPSRUDOO\ UHVROYHG UHFRUGLQJ RI FRUH VLJQDOLQJ SDWKZD\ DFWLYLW\ RYHU H[WHQGHG SHULRGV RI WLPH� WKH FRPELQDWLRQ
RI�(1*5$0�DQG�'1$�7LFNHU�7DSH�PD\�EH�PRUH�SRZHUIXO�WKDQ�WKH�(1*5$0�YDULDQW�GHVFULEHG�KHUH�

$ QXPEHU RI OLPLWDWLRQV UHPDLQ WR EH DGGUHVVHG� )LUVW� DV RXU LQLWLDO DWWHPSWV WR LPSOHPHQW (1*5$0
H[KLELWHG SRRU VLJQDO�WR�QRLVH� ZH VRXJKW WR UHGXFH EDFNJURXQG UHFRUGLQJ E\ YDULRXV PHDQV� LQFOXGLQJ E\
H[SUHVVLQJ &V\� DV SDUW RI WKH UHFRUGHU� E\ LQWURGXFLQJ DXWR�UHJXODWRU\ QHJDWLYH IHHGEDFN RQ &V\� OHYHOV� E\
LQWHJUDWLQJ UHFRUGHU FRQVWUXFWV WR WKH JHQRPH� DQG E\ ³EORFNLQJ´ HGLWLQJ ZLWK QRQ�WDUJHWLQJ SHJ51$V GXULQJ WKH
SRVW�WUDQVIHFWLRQ� SUH�LQWHJUDWLRQ ZLQGRZ� $OWKRXJK WKHVH VWUDWHJLHV ZHUH VXFFHVVIXO� ZH LPDJLQH WKDW IXUWKHU
LPSURYHPHQWV WR VLJQDO�WR�QRLVH PLJKW GHULYH IURP� �� LQWHJUDWLQJ WKHVH DQG RWKHU EDFNJURXQG UHGXFWLRQ
VWUDWHJLHV� �� JHQHUDO LPSURYHPHQWV WR SULPH HGLWLQJ HIILFLHQF\��� DQG �� RSWLPL]DWLRQ RI WKH VSHFLILFLW\ RI
VLJQDO�UHVSRQVLYH�&5(V�

6HFRQG� KHUH ZH KDYH RQO\ GHPRQVWUDWHG (1*5$0 UHFRUGHUV IRU D IHZ KXQGUHG HQKDQFHU IUDJPHQWV�
DORQJ ZLWK WZR FRUH �:QW� 1)�ț%� DQG RQH KHWHURORJRXV �7HW�2Q� VLJQDOLQJ SDWKZD\� /RRNLQJ IRUZDUG� ZH
HQYLVLRQ WKDW PDQ\ DGGLWLRQDO VXFK VLJQDO�VSHFLILF UHFRUGHUV FDQ EH FRQVWUXFWHG� YDOLGDWHG DQG RSWLPL]HG� ,Q
DGGLWLRQ WR FRUH VLJQDOLQJ SDWKZD\V� RQH FDQ DOVR LPDJLQH (1*5$0 UHFRUGHUV IRU VSHFLILF HOHFWULFDO DQG
FKHPLFDO VLJQDOV� )RU SDWKZD\V IRU ZKLFK D VLJQDO�UHVSRQVLYH� V\QWKHWLF HQKDQFHU LV XQNQRZQ RU PD\ QRW H[LVW�
KHWHURORJRXV VLJQDO FRQYHUVLRQ PDFKLQHU\ FDQ SRWHQWLDOO\ EH FRQVWUXFWHG DQG LQWURGXFHG DORQJ ZLWK WKH
UHFRUGHU� DV ZH GLG IRU 7HW�2Q� )LQDOO\� ZH HQYLVLRQ WKDW D VHW RI FHOO W\SH�VSHFLILF UHFRUGHUV EDVHG RQ
GHYHORSPHQWDO�HQKDQFHUV�FDQ�EH�FRQVWUXFWHG�WR�IDFLOLWDWH�UHFRUGLQJ�RI�WKH�LGHQWLW\�RI�FHOOV¶�DQFHVWRUV�
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7KLUG� (1*5$0 UHFRUGHUV ZULWH WR D VKDUHG '1$ 7DSH �RU '1$ 7LFNHU 7DSH�� EXW HDFK XQLTXH UHFRUGHU LV
SUHVHQWO\ a��� .E� $V VXFK� DOWKRXJK WUDQVLHQW WUDQVIHFWLRQ RI D SRRO RI KXQGUHGV WR WKRXVDQGV RI (1*5$0
UHFRUGHUV LV VWUDLJKWIRUZDUG� LW LV PRUH GLIILFXOW WR LPDJLQH KRZ GR]HQV RU KXQGUHGV RI UHFRUGHUV FDQ EH
FRQFXUUHQWO\ LQWHJUDWHG WR WKH JHQRPH� +RZHYHU� ZH HQYLVLRQ WKDW DV DGGLWLRQDO VLJQDO�VSHFLILF UHFRUGHUV DUH
GHVLJQHG DQG YDOLGDWHG� WKH\ FDQ EH FRQVROLGDWHG WR D VLQJOH ³UHFRUGHU ORFXV´� ZKLFK FDQ WKHQ VHUYH DV D
FRPPRQ�UHDJHQW�IRU�WKH�PXOWLSOH[�UHFRUGLQJ�RI�GR]HQV�RI�ELRORJLFDO��FKHPLFDO�DQG�HOHFWULFDO�VLJQDOV�RI�LQWHUHVW�

)LQDOO\� WKH GHFRQYROXWLRQ RI (1*5$0 VLJQDOV� HVSHFLDOO\ ZKHQ UHFRUGHG WR '1$ 7LFNHU 7DSH� ZLOO
XQGRXEWHGO\ SRVH VRPH LQWHUHVWLQJ DOJRULWKPLF FKDOOHQJHV� )RU H[DPSOH� KHUH ZH VKRZ KRZ ERWK WKH GXUDWLRQ
DQG LQWHQVLW\ RI D VLJQDO FDQ FRQWULEXWH WR WKH RYHUDOO HGLWLQJ UDWH RI D JLYHQ (1*5$0 UHFRUGHU� ,I ZH QRZ
LPDJLQH UHFRUGLQJ PXOWLSOH� IOXFWXDWLQJ VLJQDOV LQ WKH FRQWH[W RI D GLYLGLQJ DQG GLIIHUHQWLDWLQJ SRSXODWLRQ RI FHOOV�
KRZ�FDQ�ZH�HIIHFWLYHO\�DQG�DFFXUDWHO\�GHFRQYROYH�WKHLU�G\QDPLFV"

,Q VXPPDU\� (1*5$0 LV D PHWKRG IRU UHFRUGLQJ VSHFLILF ELRORJLFDO VLJQDOV WR WKH JHQRPH� ,W LV JHQHUDO ��
DQ\ VLJQDO WKDW FDQ EH FRQYHUWHG WR 3RO�� PHGLDWHG WUDQVFULSWLRQ FDQ EH XVHG WR FRQVWUXFW DQ (1*5$0
UHFRUGHU� ,W LV PXOWLSOH[DEOH �� E\ FRXSOLQJ VSHFLILF VLJQDOV WR VSHFLILF LQVHUWLRQV� WKH QXPEHU RI VLJQDOV WKDW FDQ
EH HQFRGHG JURZV H[SRQHQWLDOO\ ZLWK WKH LQVHUWLRQ OHQJWK� ,W LV TXDQWLWDWLYH �� WKH VWUHQJWK RU GXUDWLRQ RI VLJQDOV�
DQG SRWHQWLDOO\ ERWK� FDQ EH UHFRUGHG DQG UHFRYHUHG� 3DUWLFXODUO\ LI FRPELQHG ZLWK '1$ 7LFNHU 7DSH� ZH
HQYLVLRQ WKDW (1*5$0 FDQ EH DSSOLHG DV D PHDQV RI HQULFKLQJ WKH '1$�EDVHG UHFRUGLQJV RI FHOOXODU KLVWRULHV�
DFURVV�VWDWH��VSDFH�DQG�WLPH�
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$FNQRZOHGJHPHQWV
:H WKDQN PHPEHUV RI WKH 6KHQGXUH /DE IRU KHOSIXO GLVFXVVLRQV� SDUWLFXODUO\ ;LDR\L /L� 1REXKLNR +DPD]DNL�
-HDQ�%HQ{LW /DODQQH� 6DPXHO 5HJDODGR� 6LOYLD 'RPFNH� $DURQ 0F.HQQD� $QQD 0LQNLQD� )ORUHQFH &KDUGRQ
DQG 7UR\ 0F'LDUPLG� DV ZHOO DV PHPEHUV RI WKH $OOHQ 'LVFRYHU\ &HQWHU IRU &HOO /LQHDJH 7UDFLQJ� IRU KHOSIXO
GLVFXVVLRQV� :H WKDQN 'DYLG /LX¶V ODE IRU VKDULQJ WKH SULPH HGLWLQJ SODVPLGV� 7KLV ZRUN ZDV VXSSRUWHG E\ D
JUDQW IURP WKH 3DXO *� $OOHQ )URQWLHUV *URXS �$OOHQ 'LVFRYHU\ &HQWHU IRU &HOO /LQHDJH 7UDFLQJ WR -�6�� DQG WKH
1DWLRQDO +XPDQ *HQRPH 5HVHDUFK ,QVWLWXWH �80�+*������ WR -�6��� -�&� LV D +RZDUG +XJKHV 0HGLFDO
,QVWLWXWH )HOORZ RI WKH 'DPRQ 5XQ\RQ &DQFHU 5HVHDUFK )RXQGDWLRQ �'5*���������� -�6� LV DQ ,QYHVWLJDWRU RI
WKH�+RZDUG�+XJKHV�0HGLFDO�,QVWLWXWH�

&RPSHWLQJ�LQWHUHVWV
7KH 8QLYHUVLW\ RI :DVKLQJWRQ KDV ILOHG D SDWHQW DSSOLFDWLRQ SDUWLDOO\ EDVHG RQ WKLV ZRUN� LQ ZKLFK -�&�� :�&��
DQG�-�6��DUH�OLVWHG�DV�LQYHQWRUV��7KH�UHPDLQLQJ�DXWKRUV�GHFODUH�QR�FRPSHWLQJ�LQWHUHVWV�

'DWD�DYDLODELOLW\�VWDWHPHQW
5DZ VHTXHQFLQJ GDWD LV LQ WKH SURFHVV RI EHLQJ XSORDGHG WR WKH 6HTXHQFLQJ 5HDG $UFKLYH �65$� DQG WKLV
SUHSULQW ZLOO EH XSGDWHG DV VRRQ DV WKH OLQN LV DYDLODEOH� 3ODVPLGV IRU (1*5$0 ��� UHFRUGHUV DUH LQ WKH
SURFHVV�RI�EHLQJ�GHSRVLWHG�WR�$GGJHQH�
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0DWHULDOV�DQG�0HWKRGV

&HOO�FXOWXUH��WUDQVLHQW�WUDQVIHFWLRQV�DQG�SLJJ\%$&�LQWHJUDWLRQV

+(.���7 FHOOV �&5/������� DQG .��� FHOOV �&&/����� ZHUH SXUFKDVHG IURP $7&&� +(.���7 FHOOV DQG
.��� FHOOV ZHUH FXOWXUHG LQ '0(0 +LJK JOXFRVH �*,%&2� DQG 530, ���� PHGLXP �*,%&2�� UHVSHFWLYHO\�
VXSSOHPHQWHG ZLWK ��� )HWDO %RYLQH 6HUXP �5RFN\ 0RXQWDLQ %LRORJLFDOV� DQG �� SHQLFLOOLQ��VWUHSWRP\FLQ
�*,%&2���&HOOV�ZHUH�JURZQ�ZLWK����&2� DW����&�

)RU WUDQVLHQW WUDQVIHFWLRQV� � [ ��� FHOOV ZHUH VHHGHG RQ D ���ZHOO SODWH D GD\ EHIRUH WUDQVIHFWLRQ DQG ZHUH
WUDQVIHFWHG ZLWK ��� QJ SODVPLG XVLQJ /LSRIHFWDPLQH ���� �7KHUPR)LVKHU /�������� IROORZLQJ WKH
PDQXIDFWXUHU
V�SURWRFRO�

)RU LQWHJUDWLRQV PHGLDWHG E\ WKH SLJJ\%$& WUDQVSRVRQ� � [ ��� FHOOV ZHUH VHHGHG RQ D ���ZHOO SODWH D GD\
EHIRUH WUDQVIHFWLRQ DQG WKHQ WUDQVIHFWHG ZLWK ��� QJ FDUJR SODVPLG DQG ��� QJ 6XSHU SLJJ\%$& WUDQVSRVDVH
H[SUHVVLRQ YHFWRU �6%,� XVLQJ /LSRIHFWDPLQH ���� IROORZLQJ WKH PDQXIDFWXUHU
V SURWRFRO� 0RQRFORQDO OLQHV
H[SUHVVLQJ 3(� ZHUH FRQVWUXFWHG E\ VRUWLQJ VLQJOH FHOOV LQWR �� ZHOOV DQG VHOHFWHG EDVHG RQ SULPH HGLWLQJ
HIILFLHQF\�

0RVW (1*5$0 UHFRUGHUV WHVWHG LQ WKLV VWXG\ ZHUH LQWHJUDWHG LQWR PRQRFORQDO 3(���� +(.���7 FHOO OLQH
YLD WKH SLJJ\%DF WUDQVSRVRQ PHWKRG GHVFULEHG DERYH� 2I QRWH� IRU GR[\F\FOLQH UHFRUGHUV� DQ H[WUD LQWHJUDWLRQ
ZDV SHUIRUPHG WR LQWURGXFH UHYHUVH WHWUDF\FOLQH�FRQWUROOHG WUDQVDFWLYDWRU �UW7$�� ZKLFK LV DFWLYDWHG E\
GR[\F\FOLQH DQG ELQGV WR WKH WHWUDF\FOLQH UHVSRQVH HOHPHQW WR DFWLYDWH GRZQVWUHDP UHFRUGHU H[SUHVVLRQ� )RU
UHFRUGHUV FR�WUDQVIHFWHG ZLWK EORFNLQJ SHJ51$ SODVPLG� ��� QJ SODVPLG ZDV DGGHG WR WKH ��� QJ FDUJR
SODVPLG�DQG�����QJ�SLJJ\%DF�WUDQVSRVDVH�SODVPLG�

)RU OLJDQG UHFRUGLQJ H[SHULPHQWV� � [ ��� FHOOV ZHUH VHHGHG RQ D ���ZHOO SODWH �K SULRU WR WUHDWPHQW� � PO
PHGLXP ZLWK OLJDQG RU QHJDWLYH FRQWURO ZDV DGGHG WR HDFK ZHOO� )RU WKH WLPH VHULHV H[SHULPHQW� FHOOV ZHUH
ZDVKHG ZLWK ZDUP PHGLXP DQG ZHUH KDUYHVWHG �� KRXUV DIWHU OLJDQG UHPRYDO� 'R[\F\FOLQH K\FODWH �'R[�
6LJPD� ZDV UHFRQVWLWXWHG LQ �; 3KRVSKDWH %XIIHU 6ROXWLRQ �3%6� WR WKH ILQDO FRQFHQWUDWLRQ RI �� PJ�P/� 71)Į
�5	' V\VWHPV� ����7$�����&)� ZDV UHFRQVWLWXWHG LQ � PO 3%6 WR PDNH D �� ȝJ�PO VWRFN� &+,5������
�6HOOHFN� 6����� ZDV SXUFKDVHG DV �� P0 VWRFN �� PO LQ '062�� $OO OLJDQGV ZHUH VWRUHG DW ����&� /LJDQGV
ZHUH WKDZHG LPPHGLDWHO\ EHIRUH H[SHULPHQWV� DQG GLOXWHG ZLWK WKH DSSURSULDWH FXOWXULQJ PHGLXP� 7KH VDPH
YROXPH�RI�'062�RU�3%6�ZDV�DGGHG�WR�WKH�PHGLXP�DV�D�QHJDWLYH�FRQWURO�

/LEUDU\�&ORQLQJ
7KH SHJ51$��1 UHFRUGHU �LQFOXGLQJ (1*5$0 ���� DQG DOO WKUHH YDULDQWV RI (1*5$0 ���� ZDV FORQHG ZLWK

WZR VWHSV� )LUVW� JHQH IUDJPHQW FRQWDLQLQJ &77 SHJ51$ �$GGJHQH �������� ZDV 3&5 DPSOLILHG XVLQJ SULPHU
VHWV DGGLQJ ��ES GHJHQHUDWH EDUFRGH DQG IODQNLQJ %VP%, VLWH IRU WKH GRZQVWUHDP FORQLQJ VWHSV� $ FDUULHU
SODVPLG FRQWDLQLQJ WZR %VP%, VLWHV DQG WZR FV\� KDLUSLQV ZDV RUGHUHG IURP 7ZLVW� &DUULHU SODVPLG DQG WKH
3&5 SURGXFW IURP WKH ODVW VWHS ZHUH GLJHVWHG ZLWK %VP%, �1(%� EXIIHU ���� DW ���& IRU �K DQG ZHUH SXULILHG IRU
OLJDWLRQ� 7KH FRPSOHWH SHJ51$ ZLWK �1 GHJHQHUDWH EDUFRGH DQG FV\� KDLUSLQV ZDV 3&5 DPSOLILHG IURP WKH
OLJDWLRQ SURGXFW� (1*5$0 SODVPLG DQG 3&5 SURGXFW IURP DERYH ZHUH GLJHVWHG ZLWK %VP%, �1(%� EXIIHU ����
DW ���& IRU �K DQG SXULILHG IRU OLJDWLRQ� /LJDWLRQ SURGXFWV ZHUH SXULILHG DQG UHVXVSHQGHG ZLWK �XO +�2 IRU
HOHFWURSRUDWLRQ� (OHFWURSRUDWLRQ ZDV SHUIRUPHG XVLQJ 1(%� ���EHWD (OHFWURFRPSHWHQW (� FROL �&����� ZLWK
PDQXIDFWXUHU
V�SURWRFRO��7UDQVIRUPHG�FHOOV�ZHUH�FXOWXUHG�DW����&�RYHUQLJKW�

��
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7KH OLEUDULHV RI ��� HQKDQFHUV RU SODVPLGV EHDULQJ VLJQDO�UHVSRQVLYH HOHPHQWV ZHUH FORQHG LQ WZR VWHSV�
)LUVW� ROLJRV FRQWDLQLQJ HQKDQFHU�&5(� WZR %VP%, UHVWULFWLRQ VLWH� EDUFRGH� �¶ HQG RI SHJ51$ DQG FV\� KDLUSLQ
ZHUH RUGHUHG DV R3RROV IURP ,'7� �¶�(1*5$0 ��� UHFRUGHU ZDV GLJHVWHG ZLWK ;EDO DQG 1FRO �1(%� &XW6PDUW
EXIIHU� DW ���& IRU �K DQG SXULILHG� 2OLJRV ZHUH FORQHG LQWR WKH �¶�(1*5$0��� UHFRUGHU XVLQJ *LEVRQ
DVVHPEO\� 6HFRQG� D JHQH IUDJPHQW FRQWDLQLQJ PLQ3� FV\� KDLUSLQ� +(.� VSDFHU VHTXHQFH DQG SHJ51$
EDFNERQH IODQNLQJ ZLWK WZR %VP%, VLWHV ZHUH RUGHUHG DV J%ORFN IURP ,'7� J%ORFN DQG FRQVWUXFW IURP VWHS�
ZHUH GLJHVWHG ZLWK %VP%, �1(%� EXIIHU ���� DW ���& IRU �K WR JHQHUDWH FRPSDWLEOH VWLFN\ HQGV DQG ZHUH
SXULILHG IRU OLJDWLRQ� /LJDWLRQ SURGXFWV ZHUH WUDQVIRUPHG LQWR 6WDEOH &RPSHWHQW (�FROL �1(% &������
7UDQVIRUPHG�FHOOV�ZHUH�FXOWXUHG�DW����&�RYHUQLJKW�

$OO 3&5 DQG GLJHVWLRQ SXULILFDWLRQ ZHUH SXULILHG ZLWK $03XUH ;3 EHDGV ����[ IRU SODVPLGV DQG ���[ IRU
IUDJPHQWV ZLWK VL]H ������� ES� XVLQJ PDQXIDFWXUHU
V SURWRFRO XQOHVV VSHFLILHG� $OO OLJDWLRQ UHDFWLRQV ZHUH
XVLQJ 4XLFN OLJDVH �1(%� ZLWK YHFWRU�LQVHUW UDWLR ��� XQOHVV VSHFLILHG� $OO *LEVRQ UHDFWLRQV ZHUH XVLQJ
1(%XLOGHU �1(%� ZLWK YHFWRU�LQVHUW UDWLR ��� XQOHVV VSHFLILHG� $OO SODVPLG '1$ ZDV SUHSDUHG XVLQJ D
=\PR385(�,,�3ODVPLG�.LW�

6HTXHQFLQJ�/LEUDU\�*HQHUDWLRQ
*HQRPLF '1$ ZDV H[WUDFWHG XVLQJ SURWRFRO DV IROORZV� :DVK KDUYHVWHG FHOOV ZLWK 3%6� DGG ��� ȝO RI

IUHVKO\ SUHSDUHG O\VLV EXIIHU ��� P0 7ULV�+&O� S+ ���� ����� 6'6� �� ȝJ�PO SURWHDVH �7KHUPR)LVKHU�� SHU
�����0 FHOOV GLUHFWO\ LQWR HDFK ZHOO RI WKH WLVVXH FXOWXUH SODWH� 7KH JHQRPLF '1$ PL[WXUH ZDV LQFXEDWHG DW
���&�IRU���K��IROORZHG�E\�DQ����&�HQ]\PH�LQDFWLYDWLRQ�VWHS�IRU����PLQ�

)RU HDFK UHDFWLRQ ZH XVHG � ȝO RI FHOO O\VDWH� ���� ȝO ���P0 IRUZDUG DQG UHYHUVH SULPHU VHWV� ���� ȝO +�2
DQG �� ȝO 5REXVW +RW6WDUW 5HDG\0L[ �[ �.$3$ %LRV\VWHPV�� 3&5 UHDFWLRQV ZHUH SHUIRUPHG DV IROORZV� ���& [
� PLQV� �� F\FOHV RI ����& [ �� VHFRQGV� ���& [ �� VHFRQGV DQG ���& [ �� VHFRQGV�� 7KH UHVXOWLQJ 3&5
SURGXFW ZDV WKHQ VL]H�VHOHFWHG XVLQJ D GXDO VL]H�VHOHFWLRQ FOHDQXS RI ���[ DQG �[ $03XUH ;3 EHDGV
�%HFNPDQ &RXOWHU� WR UHPRYH JHQRPLF '1$ DQG VPDOO IUDJPHQWV ����� ES� UHVSHFWLYHO\� 7KLV VL]H�VHOHFWHG
SURGXFW ZDV VXEVHTXHQWO\ UH�DPSOLILHG WR DGG IORZ�FHOO DGDSWHU DQG VDPSOH LQGH[ IRU � F\FOHV� 7KH ILQDO 3&5
SURGXFW ZDV FOHDQHG ZLWK ���[ $03XUH ;3 EHDGV �%HFNPDQ &RXOWHU�� 7KH OLEUDU\ ZDV VHTXHQFHG RQ DQ
,OOXPLQD 1H[W6HT ��� VHTXHQFHU� DQ ,OOXPLQD 0LVHT VHTXHQFHU� RU DQ ,OOXPLQD 1H[W6HT ���� VHTXHQFHU
IROORZLQJ�PDQXIDFWXUHU¶V�SURWRFRO�

6HTXHQFH�SURFHVVLQJ�SLSHOLQH
6HTXHQFHV ZHUH ILUVW DOLJQHG WR +(.� WDUJHW UHIHUHQFH XVLQJ %XUURZV�:KHHOHU $OLJQHU VRIWZDUH �EZD� ZLWK

GHIDXOW VHWWLQJV� $OLJQHG UHDGV ZHUH WKHQ SDUVHG DQG DQDO\]HG IRU LQVHUWLRQ HGLWLQJ HIILFLHQFLHV XVLQJ
SDWWHUQ�PDWFKLQJ IXQFWLRQV� )RU WKH SRRO RI KH[DPHU EDUFRGHV XVHG IRU HQKDQFHU UHFRUGLQJ� DV ZHOO DV WKH
SHQWDPHU EDUFRGHV XVHG IRU VLJQDO UHVSRQVLYH UHFRUGLQJ� EDUFRGH VHTXHQFHV ZHUH FKRVHQ WR KDYH D
+DPPLQJ 'LVWDQFH RI JUHDWHU WKDQ � IURP DOO RWKHU PHPEHUV RI WKH VDPH VHW� $IWHU H[WUDFWLQJ EDUFRGH
VHTXHQFHV IURP WKH DOLJQHG UHDGV� XQH[SHFWHG EDUFRGHV ZLWKLQ � +DPPLQJ 'LVWDQFH IURP WKH H[SHFWHG
VHTXHQFHV�ZHUH�FRUUHFWHG�IRU�LQVHUWLRQ�FRXQWV�

��

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted November 5, 2021. ; https://doi.org/10.1101/2021.11.05.467434doi: bioRxiv preprint 

https://doi.org/10.1101/2021.11.05.467434
http://creativecommons.org/licenses/by-nc-nd/4.0/


5()(5(1&(6

�� /L��3��	�(ORZLW]��0��%��&RPPXQLFDWLRQ�FRGHV�LQ GHYHORSPHQWDO�VLJQDOLQJ�SDWKZD\V� 'HYHORSPHQW ����

�������

�� 3DWZDUGKDQ��5��3� HW�DO� +LJK�UHVROXWLRQ�DQDO\VLV RI�'1$�UHJXODWRU\�HOHPHQWV�E\�V\QWKHWLF�VDWXUDWLRQ

PXWDJHQHVLV� 1DW��%LRWHFKQRO� ��������±������������

�� 'RXSp��'��3��	�3HUULPRQ��1��9LVXDOL]LQJ�DQG�PDQLSXODWLQJ WHPSRUDO�VLJQDOLQJ�G\QDPLFV�ZLWK

IOXRUHVFHQFH�EDVHG�WRROV� 6FL��6LJQDO� ���UH���������

�� ,QRXH��)���.UHLPHU��$���$VKXDFK��7���$KLWXY��1� 	�<RVHI��1��,GHQWLILFDWLRQ�DQG�0DVVLYHO\�3DUDOOHO

&KDUDFWHUL]DWLRQ�RI�5HJXODWRU\�(OHPHQWV�'ULYLQJ�1HXUDO�,QGXFWLRQ� &HOO�6WHP�&HOO �������±����H����������

�� 6KHWK��5��8��	�:DQJ��+��+��'1$�EDVHG�PHPRU\�GHYLFHV IRU�UHFRUGLQJ�FHOOXODU�HYHQWV� 1DW��5HY��*HQHW�

�������±�����������

�� 7DQJ��:��	�/LX��'��5��5HZULWDEOH�PXOWL�HYHQW�DQDORJ UHFRUGLQJ�LQ�EDFWHULDO�DQG�PDPPDOLDQ�FHOOV� 6FLHQFH

������������

�� +DXUZLW]��5��(���-LQHN��0���:LHGHQKHIW��%���=KRX� .��	�'RXGQD��-��$��6HTXHQFH��DQG�VWUXFWXUH�VSHFLILF

51$�SURFHVVLQJ�E\�D�&5,635�HQGRQXFOHDVH� 6FLHQFH ���� ����±������������

�� 6WHUQEHUJ��6��+���+DXUZLW]��5��(��	�'RXGQD��-� $��0HFKDQLVP�RI�VXEVWUDWH�VHOHFWLRQ�E\�D�KLJKO\�VSHFLILF

&5,635�HQGRULERQXFOHDVH� 51$ �������±�����������

�� +DXUZLW]��5��(���6WHUQEHUJ��6��+��	�'RXGQD��-� $��&V\��UHOLHV�RQ�DQ�XQXVXDO�FDWDO\WLF�G\DG�WR�SRVLWLRQ�DQG

FOHDYH�&5,635�51$� 7KH�(0%2�-RXUQDO YRO���������±���� �������

��� 1LVVLP��/���3HUOL��6��'���)ULGNLQ��$���3HUH]�3LQHUD� 3��	�/X��7��.��0XOWLSOH[HG�DQG�SURJUDPPDEOH�UHJXODWLRQ

RI�JHQH�QHWZRUNV�ZLWK�DQ�LQWHJUDWHG�51$�DQG�&5,635�&DV�WRRONLW�LQ�KXPDQ�FHOOV� 0RO��&HOO �������±���

�������

��� $Q]DORQH��$��9� HW�DO� 6HDUFK�DQG�UHSODFH�JHQRPH HGLWLQJ�ZLWKRXW�GRXEOH�VWUDQG�EUHDNV�RU�GRQRU�'1$�

1DWXUH ��������±�����������

��� 6KLSPDQ��6��/���1LYDOD��-���0DFNOLV��-��'��	�&KXUFK� *��0��0ROHFXODU�UHFRUGLQJV�E\�GLUHFWHG�&5,635

VSDFHU�DFTXLVLWLRQ� 6FLHQFH �����DDI������������

��
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��� 6KLSPDQ��6��/���1LYDOD��-���0DFNOLV��-��'��	�&KXUFK��*��0��&5,635�&DV�HQFRGLQJ�RI�D�GLJLWDO�PRYLH�LQWR�WKH

JHQRPHV�RI�D�SRSXODWLRQ�RI�OLYLQJ�EDFWHULD� 1DWXUH ��������±�����������

��� 6KHWK��5��8���<LP��6��6���:X��)��/��	�:DQJ��+� +��0XOWLSOH[�UHFRUGLQJ�RI�FHOOXODU�HYHQWV�RYHU�WLPH�RQ

&5,635�ELRORJLFDO�WDSH� 6FLHQFH ���������±������������

��� 6FKPLGW��)���&KHUHSNRYD��0��<��	�3ODWW��5��-� 7UDQVFULSWLRQDO�UHFRUGLQJ�E\�&5,635�VSDFHU�DFTXLVLWLRQ�IURP

51$� 1DWXUH ��������±�����������

��� <LP��6��6� HW�DO� 5REXVW�GLUHFW�GLJLWDO�WR�ELRORJLFDO GDWD�VWRUDJH�LQ�OLYLQJ�FHOOV� 1DW��&KHP��%LRO� ��� ���±���

�������

��� %KDWWDUDL�.OLQH��6� HW�DO� 5HFRQVWUXFWLQJ�WUDQVFULSWLRQDO KLVWRULHV�E\�&5,635�DFTXLVLWLRQ�RI�UHWURQ�EDVHG

JHQHWLF�EDUFRGHV� ELR5[LY ������������������������ GRL���������������������������

��� .OHLQ��-��&� HW�DO� $�V\VWHPDWLF�HYDOXDWLRQ�RI WKH�GHVLJQ�DQG�FRQWH[W�GHSHQGHQFLHV�RI�PDVVLYHO\�SDUDOOHO

UHSRUWHU�DVVD\V� 1DW��0HWKRGV ��������±������������

��� 5DM��%� HW�DO� 6LPXOWDQHRXV�VLQJOH�FHOO�SURILOLQJ RI�OLQHDJHV�DQG�FHOO�W\SHV�LQ�WKH�YHUWHEUDWH�EUDLQ� 1DW�

%LRWHFKQRO� �������±�����������

��� 0XHUGWHU��)� HW�DO� 5HVROYLQJ�V\VWHPDWLF�HUURUV LQ�ZLGHO\�XVHG�HQKDQFHU�DFWLYLW\�DVVD\V�LQ�KXPDQ�FHOOV� 1DW�

0HWKRGV �������±�����������

��� *RVVHQ��0� HW�DO� 7UDQVFULSWLRQDO�$FWLYDWLRQ�E\ 7HWUDF\FOLQHV�LQ�0DPPDOLDQ�&HOOV� 6FLHQFH YRO�����

����±������������

��� =DEHO��8���6FKUHFN��5��	�%DHXHUOH��3��$��'1$�ELQGLQJ RI�SXULILHG�WUDQVFULSWLRQ�IDFWRU�1)�NDSSD�%��$IILQLW\�

VSHFLILFLW\��=Q��GHSHQGHQFH��DQG�GLIIHUHQWLDO�KDOI�VLWH�UHFRJQLWLRQ� -RXUQDO�RI�%LRORJLFDO�&KHPLVWU\ YRO� ���

���±�����������

��� S*/����>OXF�3�7&)�/()�+\JUR@�9HFWRU�3URWRFRO�

KWWSV���ZZZ�SURPHJD�FRP�UHVRXUFHV�SURWRFROV�SURGXFW�LQIRUPDWLRQ�VKHHWV�D�SJO�����YHFWRU�SURWRFRO��

��� &KHQ��3��-� HW�DO� (QKDQFHG�SULPH�HGLWLQJ�V\VWHPV E\�PDQLSXODWLQJ�FHOOXODU�GHWHUPLQDQWV�RI�HGLWLQJ

RXWFRPHV� &HOO ���������±�����H����������

��
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