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0HGLFLQDO�&KHPLVWU\�	�&KHPLFDO�%LRORJ\��6KRUW�WDON 0&����

6\QWKHVLV�DQG�ELRORJLFDO�LQYHVWLJDWLRQ�RI�QHZ��૱��]DPSDQROLGH�DQDORJXHV

6��%HUDUGR]]L���7��%U¾WVFK���$��3URWD���(��&RWWHU���(��%RQYLQ���-��(VWHYH]�*DOOHJR���0��6WHLQPHW]���-��)�
'¯D]�3DUHLUD���&��6WHXHU���.��$OWPDQQ�

�,QVWLWXWH�RI�3KDUPDFHXWLFDO�6FLHQFHV��(7+�=¾ULFK��������=¾ULFK��6ZLW]HUODQG���/DERUDWRU\�RI
%LRPROHFXOHFXODU�5HVHDUFK��36,��������9LOOLQJHQ��6ZLW]HUODQG���&HQWUR�GH�,QYHVWLJDFLRQHV

%LROµJLFDV��&6,&���������0DGULG��6SDLQ

7KH FRQWLQXRXV HYDOXDWLRQ RI QHZ F\WRWR[LF QDWXUDO SURGXFWV RIIHUV VLJQLILFDQW SRWHQWLDO IRU WKH
GLVFRYHU\ RI QHZ DQWLWXPRU DJHQWV� ZKLFK PD\ RYHUFRPH WKH PXOWL�GUXJ�UHVLVWDQFH �0'5�
SUREOHP� �૱��=DPSDQROLGH>���@ LV D PDULQH PDFUROLGH� ZKLFK H[KLELWV ORZ Q0 F\WRWR[LFLW\ DJDLQVW
ERWK�GUXJ�VHQVLWLYH�DQG�0'5�FDQFHU�FHOO�OLQHV�>�@

,Q ����� D FU\VWDO VWUXFWXUH RI WKH FRPSOH[ EHWZHHQ ͆ͅ�WXEXOLQ DQG �૱��]DPSDQROLGH KDV EHHQ
FKDUDFWHUL]HG�>�@ %DVHG RQ WKH FU\VWDO VWUXFWXUH DQG H[LVWLQJ 6$5 GDWD� ZH KDYH SUHSDUHG QHZ
�૱��]DPSDQROLGH DQDORJXHV ZLWK UHGXFHG VWUXFWXUDO FRPSOH[LW\ DQG ZH KDYH LQYHVWLJDWHG WKH
HIIHFWV�RI�WKHVH�VWUXFWXUDO�FKDQJHV�RQ�PLFURWXEXOH�ELQGLQJ�DIILQLW\�DQG�FHOOXODU�SRWHQF\�

)RU RQH DQDORJXH� ZH ZHUH DOVR DEOH WR REWDLQ DQ ;�UD\ FU\VWDO VWUXFWXUH LQ FRPSOH[ ZLWK ͆�WXEXOLQ�
:KLOH WKLV DQDORJXH KDG UHWDLQHG WKH SRWHQF\ RI �૱��]DPSDQROLGH DOPRVW FRPSOHWHO\� VLJQLILFDQW
GLIIHUHQFHV ZHUH IRXQG EHWZHHQ WKH ELQGLQJ PRGH RI WKH QDWXUDO SURGXFW DQG LWV PRGLILHG
FRQJHQHU� )LQDOO\� ZH KDYH HYDOXDWHG EDVLF SKDUPDFRNLQHWLF SURSHUWLHV RI VHOHFWHG FRPSRXQGV LQ
YLWUR��DV�D�EDVLV�IRU�SRWHQWLDO�IXWXUH�LQ�YLYR�DSSOLFDWLRQV�

>�@�-��7DQDND��7��+LJD��7HWUDKHGURQ�/HWW����������������૱�����
>�@ -� -� )LHOG� $� -� 6LQJK� $� .DQDNNDQWKDUD� 7� +DODILKL� 3� 7� 1RUWKFRWH� -� +� 0LOOHU�-� 0HG� &KHP�
��������������૱�����
>�@�4��+��&KHQ��'��*��,��.LQJVWRQ��1DW��3URG��5HS����������������૱�����
>�@ $� (� 3URWD� .� %DUJVWHQ� '� =XUZHUUD� -� -� )LHOG� -� )� '¯D]� .� +� $OWPDQQ� 0� 2� 6WHLQPHW]�
6FLHQFH������������������������૱����

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


0HGLFLQDO�&KHPLVWU\�	�&KHPLFDO�%LRORJ\��6SRQVRU�/HFWXUH 0&����

ૼ0LQL�0RQRSODQW�7HFKQRORJ\�IRU�3KDUPDFHXWLFDO�0DQXIDFWXULQJૻ

3��(OVQHU�����%��-��'R\OH���'��0��5REHUJH�

�$3,�&KHPLFDO�6HUYLFHV��/RQ]D�/WG���6ZLW]HUODQG����SHWWHUL�HOVQHU#ORQ]D�FRP

&RQWLQXRXV SURFHVVHV DUH RIWHQ UHODWHG WR WKH FRQFHSW RI SURFHVV LQWHQVLILFDWLRQ DV WKH XQLW
RSHUDWLRQV DUH RSWLPL]HG DQG LQWHQVLILHG E\ XVLQJ WKH EHVW LQ FODVV WHFKQRORJ\� ,Q RWKHU ZRUGV� WKH
HTXLSPHQW LV VHOHFWHG WR ILW WKH RSWLPDO SURFHVV UDWKHU WKDQ WKH SURFHVV LV ILWWHG LQWR WKH DYDLODEOH
HTXLSPHQW� +RZHYHU� WKLV PDQQHU RI RSHUDWLRQ LV E\ IDU PRUH FRPSOH[ DQG SURQH WR H[WHQGHG 5	'
GHYHORSPHQW WLPH� 7KXV� IRU GUXJ VXEVWDQFHV LQ FOLQLFDO GHYHORSPHQW SKDVH� IORZ SURFHVV VWHSV RU
HYHQ IXOO IORZ SURFHVVHV KDYH QRW EHHQ FRQVLGHUHG XQWLO UHFHQWO\ RQ D EURDG EDVLV� $ ODWHU RU LQ�
SDUDOOHO GHYHORSHG FRQWLQXRXV SURFHVV RU SURFHVV VWHS PD\ HQFRXQWHU DGGLWLRQDO KXUGOHV DV LW KDV
WR RXWSHUIRUP WKH FXUUHQW SURFHVV RU SURFHVV VWHS VLJQLILFDQWO\ LQ RUGHU WR MXVWLI\ D FKDQJH LQ
UHJXODWRU\ GRFXPHQWV� $QRWKHU LPSRUWDQW DVSHFW WKDW PXVW EH FRQVLGHUHG LV WKH FDSLWDO LQYHVWPHQW
LQWR�QHZ�HTXLSPHQW�XSRQ�VFDOH�XS�

,Q WKLV WDON WKH FRQFHSW RI PLQL�PRQRSODQW WHFKQRORJ\ ZLOO EHGLVFXVVHG DQG KRZ WKH FRQFHSW FDQ
SURYLGH D PRUH DWWUDFWLYH DSSURDFK WRZDUGV WKH GHYHORSPHQW RI FRQWLQXRXV SURFHVVHV RU SURFHVV
VWHSV IRU $3, PDQXIDFWXULQJ� 6RPH UHFHQW DQG SXEOLVKHG H[DPSOHV ZLOO EH JLYHQ WR GHPRQVWUDWH
WKH�YHUVDWLOLW\�RI�FRQWLQXRXV�SURFHVVLQJ�LQ�WKH�ILHOG�RI�$3,�PDQXIDFWXULQJ�

>�@ %UHQGRQ -� 'R\OH� 3HWWHUL (OVQHU� %HUQKDUG *XWPDQQ� 2OLYLHU +DQQDHUWV� &KULVWRI $HOOLJ� $UWXUR
0DFFKL��DQG�'RPLQLTXH�0��5REHUJH��2UJ��3URFHVV�5HV��'HY���������DFFHSWHG�
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6\QWKHVLV�DQG�FKDUDFWHUL]DWLRQ�RI�DQ�DGHQRVLQH�$��UHFHSWRU�DJRQLVW�ZLWK�QRQ�RSLRLG
DQDOJHVLF�SURSHUWLHV�EDVHG�RQ�*ͅ�VLJQDOLQJ�ELDV

%��3UHWL���0��/HXHQEHUJHU���0��/RFKQHU�

�,QVWLWXWH�RI�%LRFKHPLVWU\�DQG�0ROHFXODU�0HGLFLQH��8QLYHUVLW\�RI�%HUQ

7KH IRXU DGHQRVLQH UHFHSWRU VXEW\SHV �$�� $�$� $�%� DQG $�� EHORQJ WR WKH RI * SURWHLQ�FRXSOHG
UHFHSWRUV �*3&5V�� 7KH SXULQHUJLF VLJQDOLQJ V\VWHP SOD\V DQ LPSRUWDQW UROH ERWK LQ WKH FHQWUDO
�&16� DQG SHULSKHUDO QHUYRXV V\VWHP �316�� EXW LW LV ZLGHO\ RSHUDWLRQDO LQ RWKHU KXPDQ WLVVXHV� )RU
WKLV UHDVRQ� DGHQRVLQH UHFHSWRUV �$5V� DUH OLQNHG WR RQFRORJLFDO� FDUGLRYDVFXODU� QHXURORJLFDO�
UHVSLUDWRU\ DQG LQIODPPDWRU\ GLVRUGHUV� 6LJQLILFDQW HIIRUWV ZHUH PDGH E\ FRPSDQLHV WR GHYHORS
DJRQLVW RU DQWDJRQLVWV DJDLQVW VSHFLILF $5 VXEW\SHV LQ RUGHU WR WUHDW GLVHDVHV LQ WKH
DIRUHPHQWLRQHG DUHDV� 6R IDU� QR VXFK GUXJV KDYH EHHQ DSSURYHG� *3&5V DUH RQH RI WKH SURPLQHQW
WDUJHW FODVVHV LQ PHGLFLQDO FKHPLVWU\ DQG FRYHU RQH WKLUG RI DOO PHGLFLQHV� KRZHYHU� DGHQRVLQH
UHFHSWRUV �$5V� KDYH SDUWLFXODUO\ VXIIHUHG DV GUXJ WDUJHWV GXH WR WKHLU SURSHQVLW\ WR FRXSOH WR
GLIIHUHQW *ͅ VXEXQLWV� DFWLYDWLQJ VHYHUDO GRZQVWUHDP VLJQDOLQJ SDWKZD\ DQG WKHUHIRUH FDXVLQJ
XQZDQWHG VLGH HIIHFWV� ,Q WKH FDVH RI $�5� LWV DFWLYDWLRQ FDQ FDXVH FDUGLRUHVSLUDWRU\ VLGH HIIHFWV�
7KH WKHUDSHXWLF OLPLWDWLRQV RI $�5 GXH WR LWV XQVHOHFWLYH FRXSOLQJ FRXOG EH RYHUFRPH E\ GHYHORSLQJ
ELDVHG DJRQLVWV� FRPSRXQGV WKDW VHOHFWLYHO\ DFWLYDWH RQH LQWUDFHOOXODU VLJQDOLQJ SDWKZD\ RYHU
RWKHUV�

$PRQJ WKH FRPSRXQGV V\QWKHVL]HG LQ RXU ODERUDWRU\� VHYHUDO VKRZHG $�5 VXEW\SH�VHOHFWLYH
DJRQLVW DFWLYLW\� ,QWHUHVWLQJO\� FRPSRXQG %Q2&3$ VWRRG RXW LQ WKDW LW LV DEOH WR DFWLYDWH RQH
SDUWLFXODU * SURWHLQ�PHGLDWHG VLJQDOLQJ SDWKZD\ LQ D KLJKO\ SRWHQW DQG VHOHFWLYH PDQQHU� 7KLV
H[FOXVLYH *ͅ VLJQDOLQJ ELDV ZDV YDOLGDWHG IRU WKH ILUVW WLPH LQ YLYR� %Q2&3$ SURSHUWLHV ZHUH
VWXGLHG LQ D UDW PRGHO RI FKURQLF QHXURSDWKLF SDLQ DQG VKRZHG WKDW LW LV D SRWHQW DQG SRZHUIXO
DQDOJHVLF ZLWKRXW FDXVLQJ DQ\ VLGH HIIHFWV VXFK DV EUDG\FDUGLD� K\SRWHQVLRQ� UHVSLUDWRU\
GHSUHVVLRQ� WROHUDQFH� GHSHQGHQFH DQG DEXVH SRWHQWLDO� DV PRVW RSLRLG GUXJV� 7KHUHIRUH� %Q2&3$
UHSUHVHQWV D SRZHUIXO WR LQYHVWLJDWH ELDVHG *3&5 VLJQDOLQJ DQG LW LV DOVR D OHDG VWUXFWXUH RI D QHZ
ILUVW�LQ�FODVV�DQDOJHVLF�GUXJ�

>�@�ELR5[LY��GRL�RUJ��������������������������
>�@�-��0HG��&KHP������������������૱���
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'LVFRYHU\�DQG�RSWLPL]DWLRQ�RI�QRYHO�/S[&�LQKLELWRUV�IRU�WKH�WUHDWPHQW�RI�VHULRXV�*UDP�
QHJDWLYH�LQIHFWLRQV

-��3��6XULYHW���3��3DQFKDXG���*��5XHHGL�

�,GRUVLD�3KDUPDFHXWLFDOV�/WG��$OOVFKZLO

8'3���2���5����K\GUR[\P\ULVWR\O��1�JOXFRVDPLQH GHDFHW\ODVH �/S[&� LV DV DQ DWWUDFWLYH WDUJHW IRU
WKH GLVFRYHU\ DQG GHYHORSPHQW RI QRYHO DQWLEDFWHULDO GUXJV DGGUHVVLQJ PXOWL�GUXJ UHVLVWDQW *UDP�
QHJDWLYH EDFWHULD� $IWHU WKH GLVFRYHU\ RI QRYHO LQKLELWRUV RI /S[&� IHDWXULQJ D PHWK\OVXOIRQH
K\GUR[DPLF DFLG ZDUKHDG KDUQHVVHG RQ D ����GLK\GUR��+�S\UUROR>����F@LPLGD]ROH���RQH VFDIIROG� D
VWUXFWXUH�EDVHG OHDG JHQHUDWLRQ DIIRUGHG ELV�DON\QH FRPSRXQGV VXFK DV � ZLWK GHFHQW LQ YLWUR
SRWHQF\� +RZHYHU� WKHLU VROXELOLW\ DQG HIILFDF\ LQ YLYR UHPDLQHG OLPLWHG� 7KH OHDG RSWLPL]DWLRQ
SURJUDP UHVXOWHG HYHQWXDOO\ LQ WKH LGHQWLILFDWLRQ RI D VHULHV RI D]HWLGLQHV ZLWK KLJK VROXELOLW\ DQG
SRWHQW HIILFDF\ DJDLQVW *UDP�QHJDWLYH SDWKRJHQV LQ DQLPDO LQIHFWLRQ PRGHOV� 7KH SUHVHQWDWLRQ ZLOO
GHVFULEH WKH GLVFRYHU\ RI FRPSRXQG � DQG WKH GHGLFDWHG RSWLPL]DWLRQ SURFHVV WKDW OHG WR
FRPSRXQG���>���@

>�@�6XULYHW��-�3��HW�DO��-��0HG��&KHP�����������������
>�@�3DQFKDXG��3��HW�DO��-��0HG��&KHP������������������
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+XPDQ�DQG�&KLPS�&3(%��ULER]\PHV��XQH[SHFWHG�IROG�RI�WKH�+'9�OLNH�ULER]\PHV

$��,��3U]\WXOD�0DOO\���6��(QJLOEHUJH���6��-RKDQQVHQ���(��)UHLVLQJHU���9��2OLHULF���5��.��6LJHO�

�8QLYHUVLW\�RI�=XULFK��'HSDUWPHQW�RI�&KHPLVWU\��:LQWHUWKXUHUVWUDVVH�����������=XULFK���3DXO
6FKHUUHU�,QVWLWXWH��)RUVFKXQJVVWUDVVH�����������9LOOLJHQ�36,

&\WRSODVPLF SRO\DGHQ\ODWLRQ HOHPHQW ELQGLQJ �&3(%� SURWHLQV DUH LQYROYHG LQ PDQ\ YLWDO SURFHVVHV
LQFOXGLQJ FHOO GLYLVLRQ� V\QDSWLF SODVWLFLW\� OHDUQLQJ DQG PHPRU\� $ KLJKO\ FRQVHUYHG� VKRUW
PDPPDOLDQ ULER]\PH ZDV IRXQG ZLWKLQ DQ LQWURQ RI WKH &3(%� SURWHLQ� 7KLV &3(%� ULER]\PH LV WKH
WKLUG ULER]\PH FRQILUPHG LQ KXPDQV� EHVLGHV WKH ULERVRPH DQG WKH VSOLFHRVRPH� DQG EHORQJV WR
WKH EURDG IDPLO\ RI WKH KHSDWLWLV GHOWD YLUXV �+'9��OLNH ULER]\PH� $OO PHPEHUV RI WKH +'9�OLNH
IDPLO\ KDYH VHYHUDO IHDWXUHV LQ FRPPRQ� �L� D QHVWHG GRXEOH�SVHXGRNQRW VWUXFWXUH� �LL� ��HQG VHOI�
FOHDYDJH DFWLYLW\� DQG �LLL� D FRQVHUYHG F\WRVLQH LQ WKH FDWDO\WLF FRUH� +RZHYHU� WKHLU VHOI�FOHDYDJH
UDWHV DUH KLJKO\ GLYHUJHQW DQG LW LV DVVXPHG WKDW WKH UDWHV GLUHFWO\ GHSHQG RQ WKH RYHUDOO
VWDELOL]DWLRQ RI WKH FDWDO\WLF FRUH� 6LQFH WKH ILUVW FU\VWDO VWUXFWXUH RI WKH FOHDYHG +'9 ULER]\PH LQ
���� IROORZHG E\ VWUXFWXUHV RI XQFOHDYHG� PXWDQW�LQKLELWHG DQG LRQ�FRPSOH[HG IRUPV� QR WKUHH�
GLPHQVLRQDO�VWUXFWXUH�RI�DQ\�RWKHU�ULER]\PH�RI�WKLV�IDPLO\�ZDV�SXEOLVKHG�

+HUH ZH SUHVHQW WKH ILUVW FU\VWDO VWUXFWXUHV RI WKH FOHDYHG KXPDQ DQG FKLPS &3(%� ULER]\PH LQ
FRPSOH[ ZLWK WKH 8�$ VSOLFHRVRPDO SURWHLQ� 7KHVHV VHTXHQFHV GLIIHU E\ RQO\ D VLQJOH QXFOHRWLGH
EXW VKRZ D GLIIHUHQFH LQ FOHDYDJH UDWH E\ DURXQG a� RUGHU RI PDJQLWXGH� 2XU FU\VWDOORJUDSKLF
GDWD GLVFORVHG WZR KLJKO\ VLPLODU VWUXFWXUHV ZLWK WKH SURSRVHG VRSKLVWLFDWHG GRXEOH�SVHXGRNQRW
IROG� +RZHYHU� RQO\ WKH IRXU KHOLFDO UHJLRQV 3�� 3�� 3� DQG 3� DUH SUHVHQW� ZKHUHDV 3��� FRQVLVWLQJ
RI RQO\ RQH :DWVRQ�&ULFN EDVH SDLU DQG D 8�8 ZREEOH LV QRW IRUPHG� ,QVWHDG� ZH REVHUYHG DQ
DOWHUQDWLYH LQWHUDFWLRQ LQ ZKLFK WZR FRSLHV RI 51$ EDVH SDLU ZLWKLQ WKH /� UHJLRQ ZLWK HDFK RWKHU�
7KH GLPHU IRUPDWLRQ ZDV DOVR FRQVLVWHQW ZLWK 6(&�6$;6 H[SHULPHQWV DQG VXJJHVWLQJ WKH KLJKO\
G\QDPLF EHKDYLRU RI WKH FDWDO\WLF FRUH� 7KLV LV ZHOO LQ DFFRUGDQFH ZLWK RXU 105 GDWD RI WKH FOHDYHG
ZLOG�W\SH KXPDQ DQG FKLPS ULER]\PH LQ ZKLFK 3��� IRUPDWLRQ RFFXUV RQO\ LQ WKH SUHVHQFH RI DW
OHDVW���P0�0J���LRQV�
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'LVFRYHU\�RI�3RWHQW�6HOHFWLYH�*$%$$�$OSKD��3RVLWLYH�$OORVWHULF�0RGXODWRUV��3$0V��IRU
WKH�WUHDWPHQW�RI�QHXURORJLFDO�GLVRUGHUV

*��&HFHUH���

�5RFKH�3KDUPDFHXWLFDO�5HVHDUFK�DQG�(DUO\�'HYHORSPHQW���5RFKH�,QQRYDWLRQ�&HQWHU�%DVHO

*$%$$ UHFHSWRUV DUH OLJDQG�JDWHG FKORULGH FKDQQHOV DQG WKH PDLQ PHGLDWRUV RI LQKLELWRU\ V\QDSWLF
WUDQVPLVVLRQ LQ WKH KXPDQ EUDLQ� 7KHUH DUH �� JHQHV HQFRGLQJ IRU *$%$$ UHFHSWRU VXEXQLWV WKDW
DVVHPEOH DV SHQWDPHUV� ZLWK WKH PRVW FRPPRQ VWRLFKLRPHWU\ RI WZR ͅ� WZR ͆� DQG RQH ͇ VXEXQLW�
7KH ͅ� VXEXQLW�FRQWDLQLQJ *$%$$ UHFHSWRUV DUH RI SDUWLFXODU LQWHUHVW JLYHQ WKHLU VSHFLILF H[SUHVVLRQ
SDWWHUQ� DQG SK\VLRORJLFDO SURSHUWLHV�� 0XOWLSOH OLQHV RI HYLGHQFH VXJJHVW WKDW H[FHVVLYH QHXUDO
DFWLYLW\ LQ VHOHFWHG EUDLQ UHJLRQV ZLWK FRQVHTXHQW LPEDODQFH EHWZHHQ H[FLWDWRU\�LQKLELWRU\
QHXURWUDQVPLVVLRQ XQGHUOLH D YDULHW\ RI QHXURORJLFDO GLVRUGHUV VXFK DV HSLOHSV\� $XWLVP 6SHFWUXP
'LVRUGHU �$6'�� 6FKL]RSKUHQLD DQG $O]KHLPHUV GLVHDVH� 7KH SUHVHQWDWLRQ ZLOO KLJKOLJKW RXU HIIRUW WR
LGHQWLI\ KLJKO\ SRWHQW� VHOHFWLYH *$%$$ ͅ� 3$0V IURP D SURJUDP WKDW DOUHDG\ OHG WR D FOLQLFDO 1$0
DVVHW �%DVPLVDQLO�� .H\ PHGLFLQDO FKHPLVWU\ FRQFHSWV LQYROYHG LQ WKH RSWLPL]DWLRQ RI WKH OLJDQGV
DQG VWUXFWXUDO GHWHUPLQDQWV XQGHUOLQLQJ WKH 1$0�WR�3$0 VZLWFK ZLOO EH GLVFORVHG� )LQDOO\� SURRI RI
FRQFHSW�VWXGLHV�ZLWK�VHOHFWHG�3$0V�LQ�GLVHDVH�UHOHYDQW�DQLPDO�PRGHOV�ZLOO�EH�SUHVHQWHG�

>�@ &\ULOOH 6XU� /XLJLD )UHVX� 2ZDLQ +RZHOO� 5XWK 0� 0F.HUQDQ� -RKQ 5� $WDFN� %UDLQ 5HV�� �����
�������������
>�@�+DQQV�0RKOHU��1HXURSKDUPDFRORJ\����������������������
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0HGLFLQDO�&KHPLVWU\�	�&KHPLFDO�%LRORJ\��6KRUW�WDON 0&����

7KH�HIIHFWV�RI�FKHPLFDO�UHDFWLRQV�RQ�FRGRQ�GULIW�LQ�'1$�HQFRGHG�OLEUDULHV

%��6DXWHU���/��6FKQHLGHU���&��6WUHVV���'��*LOOLQJKDP�

�'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�%DVHO��6W��-RKDQQV�5LQJ�����&+������%DVHO��6ZLW]HUODQG

'1$ HQFRGHG OLEUDULHV FRQQHFW VPDOO PROHFXOHV ZLWK JHQHWLF LQIRUPDWLRQ DQG EHFDPH DQ LPSRUWDQW
WRRO IRU GUXJ GLVFRYHU\ LQ ERWK DFDGHPLD DQG LQGXVWU\ >�@� 7KH\ DOORZ WKH FRQVWUXFWLRQ RI OLEUDULHV
ZLWK PLOOLRQV RI GLIIHUHQW PHPEHUV WKDW FDQ EH WHVWHG DW WKH VDPH WLPH XVLQJ� IRU H[DPSOH� DIILQLW\
HQULFKPHQWV� $ PDMRU GLVDGYDQWDJH LV WKH OLPLWHG QXPEHU RI FKHPLFDO WUDQVIRUPDWLRQV DYDLODEOH
WKDW UHGXFH WKH DYDLODEOH FKHPLFDO VSDFH >�@� DOWKRXJK WKHUH KDV EHHQ VRPH VLJQLILFDQW SURJUHVV
RQ�WKDW�LQ�WKH�UHFHQW�\HDUV�>�@�

$ NH\ SUREOHP RI UHDFWLRQV LQ '1$ HQFRGHG UHDFWLRQV LV DOZD\V WKH VLGH UHDFWLRQV WKH\ PLJKW
XQGHUJR ZLWK WKH '1$ WDJ� LPSDLULQJ WKH JHQHWLF LQIRUPDWLRQ� $ SRSXODU DSSURDFK LV WKH
PHDVXUHPHQW RI '1$ DPSOLILDELOLW\ E\ XWLOL]LQJ T3&5 >�@� 0RUH UHFHQWO\� FKDUDFWHUL]DWLRQ RI
UHDFWLRQ FRQGLWLRQV DFFRUGLQJ WR WKHLU HQFRGLQJ ILGHOLW\ KDV EHHQ VKRZQ >�@� +HUHLQ� ZH JLYH LQVLJKW
LQWR D WKLUG SDUDPHWHU WKDW FDQ EH XVHG WR FKDUDFWHUL]H UHDFWLRQV� 0RGLILFDWLRQV RI QXFOHREDVHV FDQ
FDXVH�PXWDWLRQV�DQG��DV�D�UHVXOW��WKH�'1$�XVHG�IRU�HQFRGLQJ�FDQ�FKDQJH�

>�@�/LN�+DQJ�<XHQ��5DSKDHO�0��)UDQ]LQL��&KHP%LR&KHP������������������૱����
>�@�5DSKDHO�0��)UDQ]LQL��&DVVLH�5DQGROSK��-��0HG��&KHP���������������������૱�����
>�@ �D� $OH[DQGHU /HH 6DW]� -LDQSLQJ &DL� <L &KHQ� 5REHUW *RRGQRZ� )HOL[ *UXEHU� $JQLHV]ND
.RZDOF]\N� $QQ 3HWHUVHQ� *ROL 1DGHUL�2ERRGL� /XFMD 2U]HFKRZVNL� 4XHQWLQ 6WUHEHO� %LRFRQMXJDWH
&KHP� ����� ��� �� ����૱����� �E� 'LOORQ 7� )ORRG� 6KRWD $VDL� ;XHMLQJ =KDQJ� -LH :DQJ� /HRQDUG
<RRQ� =R &� $GDPV� %O\WKH &� 'LOOLQJKDP� %ULWWDQ\ %� 6DQFKH]� -XOLHQ &� 9DQWRXURXW� 0DUN (�
)ODQDJDQ� 'DYLG :� 3LRWURZVNL� 3DXO 5LFKDUGVRQ� 6DPDQWKD $� *UHHQ� 5\DQ $� 6KHQYL� -DVRQ 6�
&KHQ��3KLO�6��%DUDQ��3KLOLS�(��'DZVRQ��-��$P��&KHP��6RF���������������������૱������
>�@ �D� 0DULH /� 0DORQH� %ULDQ 0� 3DHJHO� $&6 &RPE� 6FL�� ����� ��� �� ���૱���� �E� &HGULF -� 6WUHVV�
%DVLOLXV 6DXWHU� /XNDV $� 6FKQHLGHU� 7LPRWK\ 6KDUSH� 'HQQLV *LOOLQJKDP�$QJHZ� &KHP� ,QW� (G��
������������������૱�����
>�@ $QRNKD 6� 5DWQD\DNH� 0DUN (� )ODQDJDQ� 7LPRWK\ /� )ROH\� -XVWLQ '� 6PLWK� -LOOLDQ *� -RKQVRQ�
-XVWLQ�%HOOHQJHU��-XVWLQ�,��0RQWJRPHU\��%ULDQ�0��3DHJHO��$&6�&RPE��6FL��������������������૱����
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0LFURF\FOH��$Q�,QWHJUDWHG�'HVLJQ�0DNH�7HVW�$QDO\VH�3ODWIRUP�WR�$FFHOHUDWH�'UXJ
'LVFRYHU\

$��1��0DU]LDOH�

�1RYDUWLV�3KDUPD�$*��1RYDUWLV�,QVWLWXWHV�IRU�%LRPHGLFDO�5HVHDUFK�������%DVHO��6ZLW]HUODQG��
DOH[DQGHU�PDU]LDOH#QRYDUWLV�FRP

0LFURF\FOH LV DQ LQWHJUDWHG GUXJ GLVFRYHU\ SODWIRUP ZKLFK XWLOL]HV PLFUR�VFDOH FKHPLVWU\�
DXWRPDWHG SXULILFDWLRQ� UHDO�WLPH ELRORJLFDO DQG SK\VLFRFKHPLFDO SURILOLQJ LQ FRPELQDWLRQ ZLWK
PDFKLQH OHDUQLQJ GULYHQ FRPSRXQG GHVLJQ� 7KLV PRGXODU WHFKQRORJ\ SODWIRUP HQDEOHV UDSLG DFFHVV
WR KLJK TXDOLW\ FKHPLFDO PDWWHU� E\ LQWHJUDWLQJ H[LVWLQJ DVVD\ WHFKQRORJ\ ZH GHOLYHU DQ DUUD\ RI
SURILOLQJ GDWD WR GULYH PXOWL�SDUDPHWHU RSWLPL]DWLRQ LQ HYHU\ OHDUQLQJ F\FOH� 7KLV HQKDQFHG
FRPSRXQG RSWLPL]DWLRQ SURFHVV LV JHQHUDWLQJ NQRZOHGJH IRU GUXJ GLVFRYHU\ SURMHFWV LQ D
WLPHIUDPH QHYHU EHIRUH SRVVLEOH� 2XU LQVSLUDWLRQ RULJLQDWHV IURP D GHVLUH WR HQDEOH IDVW DQG
LQWHJUDWHG WUDQVODWLRQ RI VFUHHQLQJ KLWV� LQWR EHVW LQ FODVV FKHPLFDO OHDGV IRXQGHG RQ GHHS
FROODERUDWLRQV�ZLWK�GUXJ�GLVFRYHU\�WHDPV�
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6\QWKHWLF�&ROODJHQ�+HWHURWULPHUV�E\�&RQIRUPDWLRQDO�'HVLJQ

1��%��+HQW]HQ���9��,VODPL���+��:HQQHPHUV�

�/DERUDWRU\�RI�2UJDQLF�&KHPLVWU\��'�&+$%��(7+�=XULFK

&ROODJHQ LV D NH\ VWUXFWXUDO SURWHLQ ZLWK D XQLTXH WULSOH KHOLFDO IROG WKDW FRPSULVHV WKUHH SURWHLQ
FKDLQV� &ROODJHQ KHWHURWULPHUV DUH FRPSRVHG RI WZR RU WKUHH GLIIHUHQW VWUDQGV DQG DVVXPH
HVVHQWLDO ELRORJLFDO IXQFWLRQV E\ ELQGLQJ WR WUDQVPHPEUDQH UHFHSWRUV YLD UHFRJQLWLRQ PRWLIV WKDW
DUH GHILQHG E\ WKH VSDWLDO DUUDQJHPHQW RI WKH VWUDQGV�>�@ 6\QWKHWLF DFFHVV WR KHWHURWULPHUV DOORZV
IRU GHWHUPLQLQJ XQNQRZQ FKDLQ DUUDQJHPHQWV RI QDWXUDO FROODJHQ DQG IRU GHYHORSLQJ FROODJHQ�OLNH
PDWHULDOV IRU ELRPHGLFDO DSSOLFDWLRQV�>���@ 7KH V\QWKHVLV RI KHWHURWULPHUV LV� KRZHYHU� FKDOOHQJLQJ
VLQFH WKUHH GLIIHUHQW VWUDQGV �$� %� &� FDQ VHOI�DVVHPEOH LQWR ��  �� WULSOH KHOLFHV RI GLIIHUHQW
FRPSRVLWLRQ DQG FKDLQ DUUDQJHPHQW �$&%� $$%� &%&� HWF���>�@ 7R DFKLHYH DVVHPEO\ RI GLVWLQFW
SHSWLGHV LQWR RQO\ RQH WULSOH KHOL[� DPLQR DFLGV WKDW VHOHFWLYHO\ LQWHUDFW ZLWK HDFK RWKHU QHHG WR EH
LQFRUSRUDWHG LQWR QHLJKERULQJ VWUDQGV� 6R IDU� /\V DQG $VS UHVLGXHV KDYH EHHQ XWLOL]HG WR GLUHFW
KHWHURWULPHU IRUPDWLRQ E\ VDOW EULGJHV EHWZHHQ WKH DPPRQLXP DQG FDUER[\ODWH JURXSV� EXW GXH WR
WKH�FRQIRUPDWLRQDO�IOH[LELOLW\�RI�WKH�/\V�VLGH�FKDLQ�WKHVH�LQWHUDFWLRQV�DUH�UDWKHU�ZHDN�>�@

+HUH� ZH SUHVHQW D VDOW EULGJH EHWZHHQ ��6��DPLQRSUROLQH �$PS� DQG $VS WKDW JXLGHV KHWHURWULPHU
IRUPDWLRQ�>�@ $V D UHVXOW RI WKH ULJLG FRQIRUPDWLRQ RI $PS� WKH DPPRQLXP JURXS IRUPV D
JHRPHWULFDOO\ GHILQHG VDOW EULGJH ZLWK WKH FDUER[\ODWH JURXS RI $VS LQ DQ DGMDFHQW VWUDQG RI WKH
WULSOH KHOL[� 7KUHH $PS૱$VS SDLUV SURYHG VXIILFLHQW WR DVVHPEOH D XQLTXH ���PHU $%& WULSOH KHOL[
ZLWK FRPSOHWH VHOHFWLYLW\ RYHU WKH �� FRPSHWLQJ KHOLFHV� 7KH SRVLWLRQ RI WKH $PS DQG $VS UHVLGXHV
FDQ UHDGLO\ EH DGMXVWHG WR DFFHVV DQ\ RWKHU W\SH RI KHWHURWULPHU �$$%� $%$� HWF��� 2XU GHVLJQ ZDV
FRUURERUDWHG E\ DQ ;�UD\ FU\VWDOORJUDSKLF VWUXFWXUH RI DQ $%% KHWHURWULPHU WKDW SURYLGHG GHWDLOHG
VWUXFWXUDO LQVLJKWV LQWR KHWHURWULPHULF WULSOH KHOLFHV DQG� LPSRUWDQWO\� FRQWULEXWHG WR WKH
XQGHUVWDQGLQJ RI WKH RSWLPDO FRQIRUPDWLRQ RI D VDOW EULGJH EHWZHHQ DPPRQLXP DQG FDUER[\ODWH
JURXSV�

,Q VXPPDU\� RXU VWXG\ HQDEOHV WKH UDWLRQDO GHVLJQ RI KHWHURWULPHULF FROODJHQ ZLWK IXOO VWUXFWXUDO
FRQWURO� 7KHVH UHVXOWV RSHQ LQWULJXLQJ SURVSHFWV IRU WKH GHYHORSPHQW RI V\QWKHWLF FROODJHQ IRU
ELRORJLFDO�DSSOLFDWLRQV��

>�@�%LUJLW�/HLWLQJHU��$QQX��5HY��&HOO�'HY��%LRO���������������૱����
>�@�$EKLVKHN�$��-DODQ��-HIIUH\�'��+DUWJHULQN��&XUU��2SLQ��&KHP���������������૱����
>�@ 1LQD %� +HQW]HQ� 9DOGULQ ,VODPL� 0DUWLQ .¸KOHU� 5HQDWR =HQREL� +HOPD :HQQHPHUV� -� $P� &KHP�
6RF�����������������૱�����
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6WHSZLVH�'HVLJQ�RI�͇�6HFUHWDVH�0RGXODWRUV

5��0��5RGU¯JXH]�6DUPLHQWR�

�)��+RIIPDQQ�/D�5RFKH�/WG��5RFKH�,QQRYDWLRQ�&HQWHU�%DVHO

:H ZLOO SUHVHQW WKH GHVLJQ DQG V\QWKHVLV RI VPDOO DQG SRWHQW ͇�6HFUHWDVH 0RGXODWRUV �*60V�
VWDUWLQJ IURP RXU PRVW SURILOHG OHDG FRPSRXQG 52������� XVLQJ VHTXHQWLDO VWUXFWXUDO
UHSODFHPHQWV�WR�LPSURYH�GHVLUHG�SURSHUWLHV��VDIHW\�DQG�SRWHQF\�

,PSRUWDQWO\� ZH DOVR GHVFULEH D QRYHO SKHQ\O ULQJ ELRLVRVWHUH WKDW DIIHFWV GUDPDWLFDOO\ WKH
FRPSRXQG�SURSHUWLHV�

2XU LQ�GHSWK OHDG RSWLPL]DWLRQ VWUDWHJ\ FXOPLQDWHG LQ VHULHV RI SRWHQW DQG LQ YLYR DFWLYH ͇�
VHFUHWDVH PRGXODWRUV GHYRLG RI VDIHW\ IODJV ZLWK RQH FRPSRXQG EHLQJ VHOHFWHG DV DQ DGYDQFHG
FDQGLGDWH
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+LJK�DIILQLW\�JO\FRPLPHWLF�OLJDQGV�IRU�KXPDQ�6LJOHF��

*��&RQWL�����%��.URH]HQ���-��&UDPHU���%��*LUDUGL���6��5DEEDQL���2��6FKZDUGW���'��5LFNOLQ���5��3LHWHUV���%�
(UQVW�

�0ROHFXODU�3KDUPDF\��'HSDUWPHQW�RI�3KDUPDFHXWLFDO�6FLHQFHV��8QLYHUVLW\�RI�%DVHO�������%DVHO�
6ZLW]HUODQG���&KHPLFDO�%LRORJ\�DQG�'UXJ�'LVFRYHU\��'HSDUWPHQW�RI�3KDUPDFHXWLFDO�6FLHQFHV�

8WUHFKW�8QLYHUVLW\�������&*�8WUHFKW��7KH�1HWKHUODQGV

:H SUHVHQW KHUH WKH LGHQWLILFDWLRQ RI JO\FRPLPHWLFV ZLWK ORZ w0 DIILQLW\ WRZDUGV WKH KXPDQ
6LJOHF��� 6LJOHF�� LV DQ LPPXQRJOREXOLQ�W\SH OHFWLQ VROHO\ H[SUHVVHG RQ HRVLQRSKLOV DQG PDVW FHOOV�
DQG ZHDNO\ RQ EDVRSKLOV� 0DQ\ SDWKRORJLFDO FRQGLWLRQV DUH DVVRFLDWHG ZLWK DOWHUHG IXQFWLRQV
DQG�RU QXPEHUV RI WKHVH FHOOV� DPRQJ ZKLFK DOOHUJLF LQIODPPDWLRQ DQG DVWKPD�� 'HVSLWH WKH RQO\
SDUWLDOO\ NQRZQ ELRORJLFDO PHFKDQLVP RI DFWLRQ� WKH SKDUPDFRORJLFDO LPSRUWDQFH RI 6LJOHF�� KDV
EHHQ GHPRQVWUDWHG DV HRVLQRSKLO DSRSWRVLV DQG LQKLELWLRQ RI PDVW FHOO GHJUDQXODWLRQ FRXOG EH
DFKLHYHG E\ PHDQV RI DQWL�6LJOHF�� PRQRFORQDO DQWLERGLHV RU V\QWKHWLF JO\FRSRO\PHUV GHFRUDWHG
ZLWK 6LJOHF�� OLJDQGV�� +RZHYHU� QR VPDOO PROHFXOHV WDUJHWLQJ 6LJOHF�� KDYH EHHQ GHVFULEHG VR IDU�
6XFK PROHFXOHV FRXOG EH XVHIXO WR EHWWHU HOXFLGDWH WKH DSRSWRWLF FHOOXODU SDWKZD\ DQG SRWHQWLDOO\
SURYLGH�D�QHZ�SKDUPDFRORJLFDO�DSSURDFK�IRU�HRVLQRSKLO�DQG�PDVW�FHOO�DVVRFLDWHG�GLVHDVHV�
7KH JO\FDQ HSLWRSH UHFRJQL]HG E\ 6LJOHF�� LV WKH WHWUDVDFFKDULGH ��VXOIR VLDO\O /HZLV[ ��6�V/H[���
:KLOH WKH VLDOLF DFLG FDUER[\ODWH DQG WKH VXOIDWH JURXS RQ WKH JDODFWRVH DUH LQYROYHG LQ WZR FUXFLDO
VDOW EULGJHV� IXFRVH DQG JOXFRVDPLQH VKRZ PLQRU FRQWULEXWLRQV WR ELQGLQJ� 7KHUHIRUH� QRW
VXUSULVLQJO\� ZH GLVFRYHUHG WKDW WKH UHODWHG GLVDFFKDULGH 1HX�$F�*DO�6 UHSUHVHQWV WKH PLQLPDO
ELQGLQJ HSLWRSH �)LJ� ��� 7KLV GLVDFFKDULGH VHUYHG DV OHDG FRPSRXQG IRU RXU VHDUFK RI QHZ OLJDQGV
ZLWK LPSURYHG DIILQLW\ DQG GUXJ�OLNH SURSHUWLHV� ,Q DGGLWLRQ� LW KDV EHHQ UHFHQWO\ UHSRUWHG WKDW
VXOIRQDPLGH PRGLILFDWLRQV DW WKH ��SRVLWLRQ RI WKH VLDOLF DFLG PRLHW\ OHDG WR FRPSRXQGV ZLWK
LQFUHDVHG�DFWLYLW\��
$SSO\LQJ GLIIHUHQW VWUDWHJLHV� VXFK DV *DO�6 UHSODFHPHQW ZLWK QRQ�FDUERK\GUDWH PRLHWLHV�
ELRLVRVWHUH PRGLILFDWLRQV� DQG H[WHQVLRQ RI WKH JO\FHURO VLGH FKDLQ �)LJ� ��� ZH V\QWKHVL]HG D QHZ
VHULHV RI JO\FRPLPHWLF VWUXFWXUHV� 7KH EHVW UHSUHVHQWDWLYH H[KLELWV D ORZ w0 DIILQLW\� L�H� DQ DOPRVW
���IROG LPSURYHG DIILQLW\ FRPSDUHG WR WHWUDVDFFKDULGH �6�V/H[� ,7& PHDVXUHPHQWV UHYHDOHG WKDW
ELQGLQJ RI �6�V/H[ LV SXQLVKHG ZLWK D VXEVWDQWLDO HQWURSLF SHQDOW\� ZKHUHDV WKH GLVDFFKDULGH
PLPHWLFV�H[KLELW�EHQHILFLDO�HQWURSLF�DQG�HQWKDOSLF�FRQWULEXWLRQV�
2XU VWXG\ PDGH DYDLODEOH SRWHQW VPDOO�PROHFXOH 6LJOHF�� DQWDJRQLVWV� ZKLFK FDQ EH XVHG WR IXUWKHU
H[SORUHG�WKH�ELRORJLFDO�UROH�RI�6LJOHF���

)LJXUH �� &KHPLFDO VWUXFWXUH RI 1HX�$F�*DO�6 DQG WKH YDULRXV PRGLILFDWLRQV H[SORLWHG IRU WKH
GLVFRYHU\�RI�KLJK�DIILQLW\�OLJDQGV�

>�@ +� )OR\G� -� 1L� $� /� &RUQLVK� =� =HQJ� '� /LX� .� &� &DUWHU� -� 6WHHO� 3� 5� &URFNHU�-� %LRO� &KHP�
����� ���� �������� >�@ D� 6� $� +XGVRQ� 1� 9� %RYLQ� 5� /� 6FKQDDU� 3� 5� &URFNHU� %� 6� %RFKQHU� -�
3KDUPDFRO� ([S� 7KHU� ����� ���� �������� E� %� $� <RXQJEORRG� (� &� %URFN� -� /HXQJ� 5� )DODKDWL�
%� 6� %RFKQHU� +� 6� 5DVPXVVHQ� .� 3HWHUVRQ� &� %HEELQJWRQ� 1� 7RPDVHYLF� -&, ,QVLJKW ����� ��
H������� >�@ -� 0� 3U¸SVWHU� )� <DQJ� 6� 5DEEDQL� %� (UQVW� )� +��7� $OODLQ� 0� 6FKXEHUW� 31$6 �����
���� (�����(����� >�@ &� 0� 1\FKRODW� 6� 'XDQ� (� .QXSOH]� &� :RUWK� 0� (OLFK� $� <DR� -� 26XOOLYDQ�
5� 0F%ULGH� <� :HL� 6� 0� )HUQDQGHV� =� =KX� 5� /� 6FKQDDU� %� 6� %RFKQHU� -� &� 3DXOVRQ� -� $P�
&KHP��6RF�������������������������
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�7DUJHW�EDVHG�,GHQWLILFDWLRQ�DQG�2SWLPL]DWLRQ�RI�7ROO�OLNH�5HFHSWRU���DQG���$QWDJRQLVWV

7��.QRHSIHO���&��%HWVFKDUW���5��*ODWWKDU���(��9DQJUHYHOLQJKH���7��-XQW���6��+DZWLQ���-��%ODQN�

�1RYDUWLV�3KDUPD�$*��%DVHO

7ROO�OLNH UHFHSWRUV �7/5V� DUH DQ LQWHJUDO SDUW RI WKH LQQDWH LPPXQH V\VWHP� 7KH\ VHUYH DV ERWK
H[WUDFHOOXODU DQG HQGRVRPDO VHQVRUV IRU D YDULHW\ RI SDWKRJHQ�DVVRFLDWHG PROHFXODU SDWWHUQV�
,QDSSURSULDWH DFWLYDWLRQ RI WKH HQGRVRPDO 7/5V � DQG � KDV EHHQ LPSOLFDWHG LQ WKH SDWKRJHQHVLV RI
D�VHULHV�RI�DXWRLPPXQH�GLVHDVHV��LQFOXGLQJ�OXSXV�

3UHYLRXV KLW JHQHUDWLRQ VWUDWHJLHV IRU LGHQWLILFDWLRQ RI 7/5 PRGXODWRUV UHOLHG RQ FHOOXODU SDWKZD\
DVVD\V� LQ ZKLFK 7/5 H[SUHVVLQJ FHOOV DUH VWLPXODWHG ZLWK 7/5 VSHFLILF DJRQLVWV WR HOLFLW F\WRNLQHV�
:KLOH WKLV DSSURDFK KDV EHHQ VXFFHVVIXOO\ DSSOLHG IRU GHFDGHV� YDOLGDWLRQ DQG RSWLPL]DWLRQ RI KLWV
IURP FHOOXODU VFUHHQLQJ FDPSDLJQV FDQ EH WLPH DQG UHVRXUFH LQWHQVLYH� ,Q RUGHU WR GHPRQVWUDWH
WDUJHW VSHFLILFLW\ D EDWWHU\ RI FRXQWHU�DVVD\V LV UHTXLUHG DQG UDWLRQDO RSWLPL]DWLRQ LV FRPSOLFDWHG
E\�WKH�FRPSOH[LW\�RI�WKH�DVVD\�V\VWHP�

,Q WKLV SUHVHQWDWLRQ ZH GHVFULEH RXU HIIRUWV WR LGHQWLI\ DQG RSWLPL]H 7/5 ��� DQWDJRQLVWV ZLWK QRYHO
DVVD\V XVLQJ WKH UHFRPELQDQW HQGRVRPDO 7/5 � GRPDLQ� $ 7/5 � ELQGLQJ DVVD\ ZDV VHW XS XVLQJ D
ODEHOHG DQWDJRQLVW DV SUREH DQG DSSOLHG IRU KLJK�WKURXJKSXW VFUHHQLQJ� 7KH YDOLGDWHG KLWV FRXOG EH
HIILFLHQWO\ RSWLPL]HG LQ D VWUXFWXUH�JXLGHG PDQQHU UHVXOWLQJ LQ KLJKO\ SRWHQW DQG VHOHFWLYH 7/5 ���
DQWDJRQLVWV�ZLWK�GHPRQVWUDWHG�LQ�YLYR�HIILFDF\�DIWHU�RUDO�GRVLQJ�
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,PPXQRORJLFDO�(SLWRSH�0DSSLQJ�RI�WKH�6$56�&R9���6SLNH�3URWHLQ

/��)DUUHUD�6ROHU���6��%DUOXHQJD���-��'DJXHU���1��:LQVVLQJHU�

�'HSDUWPHQW�RI�2UJDQLF�&KHPLVWU\��1DWLRQDO�&HQWUH�RI�&RPSHWHQFH�LQ�5HVHDUFK��1&&5��LQ
&KHPLFDO�%LRORJ\��)DFXOW\�RI�6FLHQFH��8QLYHUVLW\�RI�*HQHYD

2Q 'HFHPEHU ���� D QRYHO LQIHFWLRXV GLVHDVH FDXVLQJ SQHXPRQLD ZDV LGHQWLILHG LQ WKH FLW\ RI
:XKDQ �&KLQD�� 7KLV QHZ LQIHFWLRXV GLVHDVH �&29,'���� FDXVHG E\ VHYHUH DFXWH UHVSLUDWRU\
V\QGURPH FRURQDYLUXV � �6$56�&R9��� KDV VLJQLILFDQWO\ LPSDFWHG WKH HFRQRP\� HGXFDWLRQ DQG OLIH
RI PDQ\ FRXQWULHV LQ WKH ZRUOG� 7KH :RUOG +HDOWK 2UJDQL]DWLRQ GHFODUHG LW D SDQGHPLF RQ WKH ��WK
0DUFK ����� 0DSSLQJ WKH HSLWRSH UHVSRQVH RI WKH LPPXQH V\VWHP DJDLQVW WKH YLUXV LV RI YLWDO
LPSRUWDQFH VLQFH LW FDQ OHDG WR SRWHQWLDO YDFFLQHV� PRUH VSHFLILF VHURORJLFDO WHVWV DQG WR
QHXWUDOL]LQJ DQWLERGLHV ZKLFK FRXOG EH ILQDOO\ XVHG DV D WUHDWPHQW� ,Q WKLV ZRUN� XVLQJ D SHSWLGH
PLFURDUUD\� ZH KDYH LGHQWLILHG � LPPXQRGRPLQDQW UHJLRQV RQ WKH VSLNH SURWHLQ ZKLFK DUH RQO\
SUHVHQW LQ &29,'��� FRQYDOHVFHQW SDWLHQWV VHUD ZKLFK FRXOG OHDG WR SRWHQWLDO QHXWUDOL]LQJ
DQWLERGLHV�
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6HFRQGDU\�VWUXFWXUH�WUDQVLWLRQV�LQ�GHSKRVSKRU\ODWHG�SKRVYLWLQ�VWXGLHG�E\�FLUFXODU
GLFKURLVP�VSHFWURVFRS\

0��%HWVFKDUW���7��0XV]HU���0��6DUHP���6��/¾GHNH���9��6KDVWUL�

�,QVWLWXWH�RI�3KDUPDFHXWLFDO�6FLHQFHV��8QLYHUVLW\�RI�)UHLEXUJ���,QVWLWXWH�RI�3KDUPDFHXWLFDO�6FLHQFHV�
8QLYHUVLW\�RI�)UHLEXUJ���,QVWLWXWH�IRU�0DFURPROHFXODU�&KHPLVWU\��8QLYHUVLW\�RI�)UHLEXUJ

3RVW WUDQVODWLRQDO PRGLILFDWLRQ RI SURWHLQV VXFK DV SKRVSKRU\ODWLRQ DUH RIWHQ DVVRFLDWHG ZLWK D
SURWHLQV IXQFWLRQ LQ NLQDVH�GHSHQGHQW VLJQDOLQJ FDVFDGHV�>�@ +RZHYHU� WKH UROH RI SKRVSKRU\ODWLRQ
LQ KLJKO\�SKRVSKRU\ODWHG SURWHLQV VXFK DV SKRVYLWLQ IURP FKLFNHQ HJJ \RON�>�@ ZKHUH SKRVSKRURXV
DFFRXQWV IRU ��� RI LWV PROHFXODU ZHLJKW� LV VWLOO XQFOHDU� /L HW DO�>�@ SRVWXODWHG WKDW SKRVYLWLQ LV D
SKRVSKDWH VWRUDJH LQ HJJ \RON� 0� 6DUHP HW DO� KDYH VKRZQ WKDW SKRVYLWLQ LV FDSDEOH RI VXSSRUWLQJ
K\GUR[\DSDWLWH JURZWK VXJJHVWLQJ D UROH LQ WKH VNHOHWDO GHYHORSPHQW RI FKLFN HPEU\RV�>�@ 7KLV
FDSDELOLW\ GHSHQGV RQ SURWHLQ VHFRQGDU\ VWUXFWXUH� ZKLFK LWVHOI LV VWURQJO\ S+�GHSHQGHQW�>�@ $V DW
OHDVW RQH RI WKH VHFRQGDU\ VWUXFWXUH WUDQVLWLRQ S.�YDOXHV RI SKRVYLWLQ FRLQFLGHV ZLWK D S.�YDOXH RI
SKRVSKDWH�>�@ LW LV KLJKO\ SUREDEOH WKDW WKH PDVVLYH SKRVSKRU\ODWLRQ RI SKRVYLWLQ LV D PHDQV WR
FRQWURO�RU�VWDELOL]H�FRQIRUPDWLRQDO�VWDWXV�

,Q WKLV VWXG\� ZH PDQLSXODWHG WKH GHJUHH RI SKRVYLWLQ SKRVSKRU\ODWLRQ E\ HQ]\PDWLF K\GURO\VLV RI
SKRVSKRU\ODWHG DPLQR DFLG VLGH FKDLQV VXFK DV SKRVSKRVHULQH XVLQJ SRWDWR SKRVSKDWDVH �DFLG
RSWLPXP�� 7R FRQWURO WKH GHJUHH RI GHSKRVSKRU\ODWLRQ WKH SKRVSKDWDVH ZDV LPPRELOL]HG RQ
SRO\PHU EHDGV DQG UHPRYHG DIWHU YDU\LQJ UHDFWLRQ WLPHV� :H HPSOR\HG FLUFXODU GLFKURLVP �&'�
VSHFWURVFRS\�WR�DQDO\]H�WKH�VHFRQGDU\�VWUXFWXUH�RI�SKRVYLWLQ�DQG�LWV�GHSKRVSKRU\ODWHG�YDULDQWV�

,Q FRPSDULVRQ WR QDWLYH SKRVYLWLQ� LQ D GHSKRVSKRU\ODWHG YDULDQW� WKH WUDQVLWLRQ S. EHWZHHQ 3,,ಗ
GLVRUGHUHG VWUXFWXUH DQG ͆�VKHHW ZDV LQFUHDVHG IURP ���>�@ WR ���� )XUWKHUPRUH� GLIIHUHQW IURP
QDWLYH SKRVYLWLQ ZKHUH WKH S+�GHSHQGHQW HTXLOLEULXP EHWZHHQ WKH WZR FRQIRUPDWLRQV LV
HVWDEOLVKHG LQVWDQWDQHRXVO\� WKH WUDQVLWLRQ LQ GHSKRVSKRU\ODWHG SKRVYLWLQ JRHV WKURXJK D
PHWDVWDEOH LQWHUPHGLDWH LQGLFDWHG E\ WUDQVLHQW EDQG VKLIWV LQ WKH &'�VSHFWUXP WKDW FDQ QHLWKHU EH
DWWULEXWHG�WR�3,,ಗ�QRU�WR�͆૯VKHHW�VWUXFWXUH�

>�@�6��+��<DQJ��$��'��6KDUURFNV��$��-��:KLWPDUVK��*HQH�������������૱���
>�@�'��.��0HFKDP��+��6��2OFRWW��-�$P�&KHP�6RF���������������૱�����
>�@�&��<��/L��)��*HQJ��;��+XDQJ�HW�DO���3RXOWU\�6FL���������������૱�����
>�@�0��6DUHP��6��/¾GHNH��5��7KRPDQQ�HW�DO���$GY�0DWHU������������૱���
>�@�*��7DERUVN\��-�%LRO�&KHP����������������૱�����
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7DUJHWHG�7KHUDS\�IRU�1HXURORJLFDO�'LVRUGHUV��$�1RYHO��2UDOO\�$YDLODEOH��DQG�%UDLQ�
3HQHWUDQW�P725�,QKLELWRU��345����

&��%RUVDUL���(��.HOHV���0��'H�3DVFDOH���$��7UH\HU���5��6ULUDPDUDWQDP���0��+DPEXUJHU���3��+HEHLVHQ��
'��)DEEUR���3��+LOOPDQQ���0��3��:\PDQQ�

�8QLYHUVLW\�RI�%DVHO��6ZLW]HUODQG���3,485�7KHUDSHXWLFV�$*��6ZLW]HUODQG

0HFKDQLVWLF WDUJHW RI UDSDP\FLQ �P725� LV D NH\ UHJXODWRU RI FHOO JURZWK DQG VXUYLYDO� 7KH P725
SDWKZD\ LV G\VUHJXODWHG LQ PDQ\ GLVHDVHV LQFOXGLQJ FDQFHU DQG QHXURORJLFDO GLVRUGHUV� $PRQJ
&HQWUDO 1HUYRXV 6\VWHPV GLVRUGHUV� P725 LV LPSOLFDWHG LQ 3DUNLQVRQV� $O]KHLPHUV DQG
+XQWLQJWRQV GLVHDVH DQG HSLOHSV\� 5DSDP\FLQ GHULYDWLYHV �UDSDORJV� DQG P725 NLQDVH LQKLELWRUV
�725.L� KDYH UHFHQWO\ EHHQ DSSOLHG WR DOOHYLDWH HSLOHSWLF VHL]XUHV LQ 7XEHURXV 6FOHURVLV &RPSOH[
�76&��

+HUHLQ� ZH GHVFULEH D SKDUPDFRSKRUH H[SORUDWLRQ WR LGHQWLI\ D KLJKO\ SRWHQW� VHOHFWLYH� EUDLQ
SHQHWUDQW 725.L ZLWK RSWLPL]HG PHWDEROLF VWDELOLW\� $Q H[WHQVLYH LQYHVWLJDWLRQ RI WKH PRUSKROLQH
ULQJ HQJDJLQJ WKH P725 VROYHQW H[SRVHG UHJLRQ OHG WR WKH GLVFRYHU\ RI 345���� 345��� GLVSOD\HG
H[FHOOHQW EUDLQ SHQHWUDWLRQ DV FRPSDUHG WR HYHUROLPXV DQG $='���� LQ UDWV DQG PLFH
�EUDLQ�SODVPD�UDWLR�RI�a�������IRU�345�����a������IRU�HYHUROLPXV��a������IRU�$='������

345��� ZDV ZHOO WROHUDWHG LQ PLFH �07'� ������� PJ�NJ�� $ GRVH�UDQJH ILQGLQJ HIILFDF\ VWXG\ LQ
PLFH ZLWK D FRQGLWLRQDOO\ LQDFWLYDWHG 7VF� JHQH LQ JOLD �7VF�*)$3&.2 PLFH� VKRZHG D VLJQLILFDQW
UHGXFWLRQ�RI�ORVV�RI�7VF��LQGXFHG�PRUWDOLW\�DW����PJ�NJ�345�����S�R��%,'��WZLFH�D�GD\��

345��� RYHUFRPHV WKH PHWDEROLF OLDELOLWLHV RI 345���>�@� WKH D ILUVW�LQ�FODVV EUDLQ SHQHWUDQW 725.L
VKRZLQJ HIILFDF\ LQ D 76& PRXVH PRGHO� 7KH LPSURYHG VWDELOLW\ LQ KXPDQ KHSDWRF\WHV� WRJHWKHU
ZLWK WKH H[FHOOHQW EUDLQ SHQHWUDWLRQ� VDIHW\ SURILOH DQG HIILFDF\ LQ 7VF�*)$3&.2 PLFH TXDOLI\
345��� DV D SRWHQWLDO WKHUDSHXWLF FDQGLGDWH IRU WKH WUHDWPHQW RI HSLOHSV\ DQG QHXURORJLFDO
GLVRUGHUV�

>�@ 'HQLVH 5DJHRW� 7KRPDV %RKQDFNHU� $QQD 0HORQH� -HDQ�%DSWLVWH /DQJORLV� &KLDUD %RUVDUL� 3HWUD
+LOOPDQQ� $OH[DQGHU 0� 6HOH� )ORUHQW %HDXILOV� 0DUNHWD =YHOHELO� 3DXO +HEHLVHQ� :ROIJDQJ /¸VFKHU�
-RKQ %XUNH� 'RULDQR )DEEUR� 0DWWKLDV 3� :\PDQQ� -RXUQDO RI 0HGLFLQDO &KHPLVWU\� ����� ���
������������
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105�6WXGLHV�RI�+LHUDUFKLFDO�3URWHLQ�'\QDPLFV

%��%XVL���-��5��<DUDYD���0��%ODFNOHGJH���+��2VFKNLQDW���/��(PVOH\�

�(3)/�/DXVDQQH���)03�%HUOLQ���,%6�*UHQREOH���/DERUDWRU\�RI�0DJQHWLF�5HVRQDQFH��(3)/

$ IXQGDPHQWDO FKDOOHQJH LQ ELRORJ\ LV WR XQGHUVWDQG WKH FRPSOH[ LQWHUDFWLRQ EHWZHHQ SURWHLQ
PRWLRQ DQG SURWHLQ IXQFWLRQ� ,Q ���� /HZDQGRZVNL DQG FRZRUNHUV KDYH VKRZQ WKDW WHPSHUDWXUH
GHSHQGHQW PDJLF DQJOH VSLQQLQJ PXOWLQXFOHDU VROLG VWDWH 105 UHOD[DWLRQ PHDVXUHPHQWV DW
WHPSHUDWXUHV UDQJLQJ IURP ��� WR ���. FDQ SURYLGH D ZLQGRZ LQWR WKH KLHUDUFK\ RI G\QDPLF
SURFHVVHV�LQ�SURWHLQV��

,Q RUGHU WR EHWWHU PDS WKH UHOD[DWLRQV SURFHVVHV� WKH VDPH PHDVXUHPHQWV ZHUH SHUIRUPHG DW ����
����� ���� DQG ����7 ����� ���� ��� DQG ���0+]� VDPH REVHUYDEOHV DQG WHPSHUDWXUH� ZLWK WKH
VDPH H[SHULPHQWDO SURWRFRO� $W DOO ILHOG ZH DUH DEOH WR LGHQWLI\ WKH VDPH G\QDPLF� (DFK PRWLRQ
FDQ EH FKDUDFWHUL]HG E\ WKUHH SDUDPHWHUV LQFOXGLQJ WKH HQHUJ\ RI DFWLYDWLRQ� 7KRVH LQIRUPDWLRQ
VKRZ WUDQVLWLRQV KDSSHQLQJ� ZKHUH GLIIHUHQW PRWLRQDO SURFHVV DULVHV WRJHWKHU� EHFDXVH WKHLU
HQHUJ\ RI DFWLYDWLRQ LV YHU\ FORVH� $QG ILQDOO\ D FRPSDULVRQ EHWZHHQ *%�� 6+�� 6HQGDL YLUXV /DUJH
SURWHLQ 1WDLO �DQ ,QWULQVLFDOO\ 'LVRUGHUHG 3URWHLQ� DQG 2PS* KDYH EHHQ SHUIRUPHG� DQG WKH
GLIIHUHQFHV�FDQ�EH�KLJKOLJKWHG�VSHFLDOO\�RQ�WKH�VLGH�FKDLQ�DQG�VROYHQW�G\QDPLF�

>�@ -R]HI 5 /HZDQGRZVN\� 0HJDQ ( +DOVH� 0DUWLQ %ODFNOHGJH� /\QGRQ (PVOH\� 6FLHQFH � ����� ����
���૱����
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2QH�)LQJHUSULQW�WR�5XOH�WKHP�$OO��'UXJV��WKH�0HWDERORPH��DQG�%LRPROHFXOHV

$��&DSHFFKL���'��3UREVW���-��/��5H\PRQG�

�'HSDUWPHQW�RI�&KHPLVWU\�DQG�%LRFKHPLVWU\��8QLYHUVLW\�RI�%HUQ

7KH GHVFULSWLRQ RI PROHFXOHV WKURXJK PROHFXODU ILQJHUSULQWV LV FUXFLDO LQ YDULRXV FKHPLQIRUPDWLF
DSSURDFKHV VXFK DV YLUWXDO VFUHHQLQJ DQG YLVXDOL]DWLRQ� :KLOH VXEVWUXFWXUH ILQJHUSULQWV��� DUH
NQRZQ WR SHUIRUP EHVW IRU VPDOO PROHFXOHV DQG DWRP�SDLU ILQJHUSULQWV DUH SUHIHUDEOH IRU ODUJH
PROHFXOHV��૱� QR DYDLODEOH ILQJHUSULQW DFKLHYHV JRRG SHUIRUPDQFH RQ ERWK FODVVHV RI PROHFXOHV�
+HUH ZH UHSRUW D QHZ ILQJHUSULQW WKDW FRPELQHV VXEVWUXFWXUH DQG DWRP�SDLU FRQFHSWV� WKH
0LQ+DVKHG DWRP�SDLU ILQJHUSULQW XS WR D GLDPHWHU RI IRXU ERQGV �0$3��� 0$3�
�KWWSV���JLWKXE�FRP�UH\PRQG�JURXS�PDS�� LV VXLWDEOH IRU GUXJV� WKH PHWDERORPH� DQG
ELRPROHFXOHV� DQG LW FDQ EH XVHG WR VHDUFK �KWWS���PDS�VHDUFK�JGE�WRROV�� DQG YLVXDOL]H �70$3V��
KWWS���WP�JGE�WRROV�PDS����YDULRXV�GDWDEDVHV�

>�@ 5RJHUV� '�� +DKQ� 0� ([WHQGHG�&RQQHFWLYLW\ )LQJHUSULQWV� -� &KHP� ,QI� 0RGHO� ����� �� ����
���૱����
>�@ 3UREVW� '�� 5H\PRQG� -��/� $ 3UREDELOLVWLF 0ROHFXODU )LQJHUSULQW IRU %LJ 'DWD 6HWWLQJV� -�
&KHPLQIRUPDWLFV������������������
>�@ &DUKDUW� 5� (�� 6PLWK� '� +�� 9HQNDWDUDJKDYDQ� 5� $WRP 3DLUV DV 0ROHFXODU )HDWXUHV LQ 6WUXFWXUH�
$FWLYLW\�6WXGLHV��'HILQLWLRQ�DQG�$SSOLFDWLRQV��-��&KHP��,QI��0RGHO������������������૱���
>�@ $ZDOH� 0�� 5H\PRQG� -��/� $WRP 3DLU �'�)LQJHUSULQWV 3HUFHLYH �'�0ROHFXODU 6KDSH DQG
3KDUPDFRSKRUHV IRU 9HU\ )DVW 9LUWXDO 6FUHHQLQJ RI =,1& DQG *'%���� -� &KHP� ,QI� 0RGHO� ����� ��
���������૱�����
>�@ -LQ� ;�� $ZDOH� 0�� =DVVR� 0�� .RVWUR� '�� 3DWLQ\� /�� 5H\PRQG� -��/� 3'%�([SORUHU� $ :HE�%DVHG
,QWHUDFWLYH�0DS�RI�WKH�3URWHLQ�'DWD�%DQN�LQ�6KDSH�6SDFH��%0&�%LRLQIRUPDWLFV����������
>�@ &DSHFFKL� $�� $ZDOH� 0�� 3UREVW� '�� 5H\PRQG� -��/� 3XE&KHP DQG &K(0%/ EH\RQG /LSLQVNL� 0RO�
,QIRUP�������
>�@ 3UREVW� '�� 5H\PRQG� -��/� 9LVXDOL]DWLRQ RI 9HU\ /DUJH +LJK�'LPHQVLRQDO 'DWD 6HWV DV 0LQLPXP
6SDQQLQJ�7UHHV��-��&KHPLQIRUPDWLFV�������������������
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7DUJHWLQJ�+,)��ͅ�LQ�&OHDU�&HOO�5HQDO�&HOO�&DUFLQRPD�ZLWK�3527$&V

&��&HFFKLQL

�)XQFWLRQDO�&DQFHU�*HQRPLFV�*URXS��,QVWLWXWH�RI�2QFRORJ\�5HVHDUFK��9LD�9HOD���������%HOOLQ]RQD�
�6FKRRO�RI�3KDUPDFHXWLFDO�6FLHQFHV��8QLYHUVLW\�RI�*HQHYD��5XH�0LFKHO�6HUYHW���������*HQªYH

,W KDV EHHQ VKRZQ WKDW G\VUHJXODWLRQ RI WKH 8ELTXLWLQ�3URWHDVRPH 6\VWHP �836� PD\ UHVXOW LQ WKH
RYHUH[SUHVVLRQ RI RQFRJHQLF VXEVWUDWHV�>�@ ,Q SDUWLFXODU� PXWDWLRQV LQ 9RQ +LSSHO�/LQGDX �9+/�
WXPRU VXSSUHVVRU JHQH� ZKLFK HQFRGHV IRU 9+/ (� XELTXLWLQ OLJDVH� KDYH EHHQ IRXQG LQ WKH YDVW
PDMRULW\ RI SDWLHQWV ZLWK FOHDU FHOO UHQDO FHOO FDUFLQRPD �FF5&&��>�@ 7KH ORVV RI 9+/ OLJDVH LPSDLUV
WKH SK\VLRORJLFDO SURWHRO\WLF GHJUDGDWLRQ RI K\SR[LD�LQGXFLEOH IDFWRUV �+,)��ͅ DQG +,)��ͅ�� WKXV
DFWLYDWLQJ SDWKZD\V WKDW SURPRWH VXUYLYDO�>�@ 7KH JURZLQJ HYLGHQFH WKDW +,)��ͅ SOD\V D FHQWUDO UROH
LQ FF5&& RYHU +,)��ͅ IRVWHUHG WKH GHYHORSPHQW RI +,)��ͅ DQWDJRQLVWV�>�@ 6LQFH WKH WUDGLWLRQDO XVH
RI VPDOO PROHFXOH LQKLELWRUV LV UHODWHG WR UHVLVWDQFH PHFKDQLVPV� ZH ZDQW WR WDNH DGYDQWDJH RI WKH
SURPLVLQJ WDUJHWHG SURWHLQ GHJUDGDWLRQ DSSURDFK WR JHQHUDWH QHZ +,)��ͅ GHJUDGHUV�>�@ (VVHQWLDOO\�
3URWHRO\VLV 7DUJHWLQJ &KLPHUDV �3527$&V� DUH KHWHURELIXQFWLRQDO PROHFXOHV WKDW ELQG VSHFLILFDOO\ D
WDUJHW SURWHLQ LQGXFLQJ LWV GHJUDGDWLRQ WKURXJK D JLYHQ (� XELTXLWLQ OLJDVH�>�@ 7KH\ VKRZHG WR EH D
YDOLG DOWHUQDWLYH LQ SKDUPDFRORJ\ WR GULYH WKH NQRFNGRZQ RI D ODUJH SDQHO RI SURWHLQV WKDW DUH
G\VUHJXODWHG LQ FDQFHU DQG RWKHU GLVHDVHV�>�@ 0RUH VSHFLILFDOO\� RXU ZRUNLQJ K\SRWKHVLV LV WR UHFUXLW
RWKHU (� XELTXLWLQ OLJDVHV WR UHVWRUH WKH QRUPDO XELTXLW\ODWLRQ DQG GHJUDGDWLRQ RI +,)��ͅ� 2XU
SUHYLRXV ZRUN VKRZHG WKDW� LQ WKH DEVHQFH RI 9+/� FHUHEORQ XELTXLWLQ OLJDVH �&5%1� PLJKW LQGXFH
VHOHFWLYH GHJUDGDWLRQ RI +,)��ͅ DQG ��ͅ� 7R SXUVXH WKLV SDWK� ZH DLP DW JHQHUDWLQJ QHZ 3527$&V
UHFUXLWLQJ DQRWKHU (� OLJDVH �0'0��� DQG KDYLQJ D SRWHQW +,)��ͅ LQKLELWRU �37����� DV D QHZ
ZDUKHDG� 'ULYHQ E\ PROHFXODU PRGHOOLQJ� ZH KDYH EHHQ DEOH LGHQWLI\ DFFHVVLEOH SRLQWV WR
IXQFWLRQDOL]H WKH LQKLELWRU ZLWK D OLQNHU� %HFDXVH RI LWV ZLGH DSSOLFDELOLW\ DQG KLJK FRPSDWLELOLW\� ZH
FKRVH WKH FOLFN FKHPLVWU\ DV D OLQNLQJ VWUDWHJ\ WR FRQQHFW WKH (� UHFUXLWLQJ PRLHWLHV WR WKH WDUJHW
RI LQWHUHVW �72,� OLJDQGV�>�@ 7KH GDWD RI WKH LQ YLWUR ELRORJLFDO HYDOXDWLRQ RI WKH QHZ GHJUDGHUV WR
SURYH WKHLU HIILFDF\ DQG WR[LFLW\ ZLOO EH SUHVHQWHG� 7KH SRWHQWLDO RI WKLV DSSURDFK UHOLHV RQ WKH
SRVVLELOLW\ WR FRPELQH GLIIHUHQW (� UHFUXLWLQJ PRLHWLHV WR WKH 72, OLJDQGV� WKXV JHQHUDWLQJ D
SODWIRUP�RI�QHZ�GHJUDGHUV�ZLWK�GLIIHUHQW�GHJUDGDWLRQ�SURILOHV�WRZDUGV�+,)��ͅ�

>�@ -� +� -DUD� '� '� )UDQN� 3� +� �]GLQOHU� &HOO ELRFKHPLVWU\ DQG ELRSK\VLFV ����� ��� ��� >�@ 2�
0DUW¯QH]�6£H]� 3� *DMDWH %RUDX� 7� $ORQVR�*RUGRD� -� 0ROLQD�&HUULOOR� (� *UDQGH� &ULWLFDO 5HYLHZV LQ
2QFRORJ\�+HPDWRORJ\ ����� ���� ���� >�@ &� &HFFKLQL� 6� 7DUG\� 9� &HVHUDQL� -� 3� 7KHXULOODW� /�
6FDSR]]D� &KLPLD ����� ��� ���� >�@ :� &KHQ� +� +LOO� $� &KULVWLH� HW DO�� 1DWXUH ����� ���� ���� >�@
$� &� /DL� &� 0� &UHZV� 1DW 5HY 'UXJ 'LVFRY ����� ��� ���� >�@ '� 3� %RQGHVRQ� %� (� 6PLWK� *� 0�
%XUVOHP� HW DO�� &HOO FKHPLFDO ELRORJ\ ����� ��� ��� >�@ ;� 6XQ� +� *DR� <� <DQJ� HW DO�� 6LJQDO
7UDQVGXFWLRQ DQG 7DUJHWHG 7KHUDS\ ����� �� ��� >�@ 5� 3� :XU]� .� 'HOODPDJJLRUH� HW DO�� -RXUQDO RI
0HGLFLQDO�&KHPLVWU\���������������
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3UHFOLQLFDO�'HYHORSPHQW�RI�345�����D�+LJKO\�3RWHQW�3,�.�,QKLELWRU�%HDULQJ�D
'LIOXRURPHWK\O�3\ULPLGLQH�0RLHW\

0��'H�3DVFDOH���&��%RUVDUL���'��5DJHRW���)��%HDXILOV���7��%RKQDFNHU���(��.HOHV���$��0HORQH���3�
+HEHLVHQ���'��)DEEUR���0��3��:\PDQQ�

�'HSDUWPHQW�RI�%LRPHGLFLQH��8QLYHUVLW\�RI�%DVHO��0DWWHQVWUDVVH����������%DVHO��6ZLW]HUODQG���
3,485�7KHUDSHXWLFV�$*��+RFKEHUJHUVWUDVVH����������%DVHO��6ZLW]HUODQG

7KH SKRVSKRLQRVLWLGH ��NLQDVH �3,�.� ૱ PHFKDQLVWLF WDUJHW RI UDSDP\FLQ �P725� VLJQDOLQJ SDWKZD\
SOD\V D NH\ UROH LQ PDQ\ FHOOXODU SURFHVVHV� LQFOXGLQJ FHOO JURZWK� SUROLIHUDWLRQ DQG VXUYLYDO�
+\SHUDFWLYDWLRQ RI WKH 3,�.�P725 SDWKZD\ FDQ RFFXU DW PXOWLSOH OHYHOV RI WKLV VLJQDOLQJ FDVFDGH�
ILQDOO\ SURPRWLQJ FDQFHU JURZWK DQG SURJUHVVLRQ� 7KHUHIRUH� 3,�. LQKLELWRUV UHSUHVHQW D YDOXDEOH
DVVHW LQ FDQFHU WKHUDS\� 5HFHQWO\� ZH KDYH UHSRUWHG RQ 345��� �ELPLUDOLVLE�� D EUDLQ�SHQHWUDQW
SDQ�3,�. LQKLELWRU� ZKLFK DOVR PRGHUDWHO\ WDUJHWV P725 NLQDVH� 345��� LV FXUUHQWO\ LQ SKDVH ,,
FOLQLFDO WULDOV IRU WKH WUHDWPHQW RI O\PSKRPD DQG VROLG WXPRUV DQG ILUVW SKDVH , FOLQLFDO UHVXOWV KDYH
EHHQ�GLVFORVHG�>���@

+HUHLQ� ZH KDYH GHYHORSHG D QRYHO DQWL�FDQFHU DJHQW� WKH SRWHQW SDQ�3,�. LQKLELWRU 345���� ZKLFK LV D
IROORZ�XS FRPSRXQG IRU WKH SKDVH ,, FOLQLFDO FRPSRXQG 345���� 345��� KDV DQ LPSURYHG SRWHQF\ ERWK LQ
YLWUR DQG LQ FHOOXODU DVVD\V ZLWK UHVSHFW WR LWV SUHGHFHVVRU FRPSRXQGV� 3KDUPDFRNLQHWLF VWXGLHV RI 345���
VKRZHG JRRG RUDO ELRDYDLODELOLW\ DQG D PLQLPDO EUDLQ SHUPHDELOLW\� ZKLFK VXJJHVWV WKH SRVVLEOH DSSOLFDWLRQ
LQ WKH WUHDWPHQW RI V\VWHPLF WXPRUV� ZLWK WKH DGYDQWDJH RI DYRLGLQJ SXWDWLYH QHXURORJLFDO VLGH HIIHFWV�
345��� VKRZHG VXSHULRULW\ LQ WKH VXSSUHVVLRQ RI FDQFHU FHOO SUROLIHUDWLRQ� DQG GHPRQVWUDWHG VLJQLILFDQW
DQWL�WXPRU DFWLYLW\ LQ DQ 29&$5�� [HQRJUDIW PRGHO� DW FRQFHQWUDWLRQV a��IROG ORZHU WKDQ WKH SDUHQWDO
3KDVH ,, LQKLELWRU 345���� 2Q WKH EDVLV RI LWV UHPDUNDEOH 3,�. DIILQLW\� IDYRUDEOH SKDUPDFRORJLFDO
SDUDPHWHUV� VDIHW\ SURILOH� DQG LQ YLYR DQWLWXPRU HIILFDF\� 345��� TXDOLILHV DV DQ RSWLPL]HG FDQGLGDWH IRU
WKH�WUHDWPHQW�RI�V\VWHPLF�WXPRUV�>�@

>�@ %HDXILOV� )�� &PLOMDQRYLF� 1�� &PLOMDQRYLF� 9�� %RKQDFNHU� 7�� 0HORQH� $�� 0DURQH� 5�� -DFNVRQ� (��
=KDQJ� ;�� 6HOH� $�� %RUVDUL� &�� 0HVWDQ� -�� +HEHLVHQ� 3�� +LOOPDQQ� 3�� *LHVH� %�� =YHOHELO� 0��
)DEEUR��'���:LOOLDPV��5��/���5DJHRW��'���:\PDQQ��0��3���-�0HG�&KHP���������������������������
>�@ :LFNL� $�� %URZQ� 1�� ;\UDIDV� $�� %L]H� 9�� +DZOH� +�� %HUDUGL� 6�� &PLOMDQRYLF� 1�� &PLOMDQRYLF� 9��
6WXPP� 0�� 'LPLWULMHYLF� 6�� +HUUPDQQ� 5�� 3UHWUH� 9�� 5LWVFKDUG� 5�� 7]DQNRY� $�� +HVV� 9�� &KLOGV� $��
+LHUUR� &�� 5RGRQ� -�� +HVV� '�� -RHUJHU� 0�� YRQ 0RRV� 5�� 6HVVD� &�� .ULVWHOHLW� 5��(XU - &DQFHU�
���������������
>�@ %RUVDUL� &�� 5DJHRW� '�� %HDXILOV� )�� %RKQDFNHU� 7�� .HOHV� (�� %XVORY� ,�� 0HORQH� $�� 6HOH� $� 0��
+HEHLVHQ��3���)DEEUR��'���+LOOPDQQ��3���:\PDQQ��0��3���$&6�0HG�&KHP�/HWW����������������������
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+LJK�FRQWHQW�VFUHHQLQJ�RQ�SDWLHQW�GHULYHG�FHOOV�WR�EUHDN�GUXJ�UHVLVWDQFH�LQ�PHODQRPD
WDUJHWHG�WKHUDS\

/��'¾UU���7��+HOO���0��'REU]\QVNL���6��5DGHW]NL���$��0DWWHL���-��3��YRQ�.ULHV���0��+DPEXUJHU���2��3HUW]��
(��*DUR�

�8QLYHUVLW\�RI�%DVHO��6ZLW]HUODQG���8QLYHUVLW\�RI�%HUQ��6ZLW]HUODQG���/HLEQL]�)RUVFKXQJVLQVWLWXW�I¾U
0ROHNXODUH�3KDUPDNRORJLH��*HUPDQ\

0HODQRPD LV WKH PRVW IDWDO GHUPDWRORJLF FDQFHU� 6WXGLHV KDYH VKRZQ WKDW PRUH WKDQ ��� RI
PDOLJQDQW PHODQRPDV H[KLELW WKH %5$) 9���( PXWDWLRQ� OHDGLQJ WR FRQVWLWXWLYH DFWLYDWLRQ RI WKH
(5. SDWKZD\� DQG GULYLQJ DEHUUDQW SUROLIHUDWLRQ� 9HPXUDIHQLE� D VSHFLILF %5$) 9���( LQKLELWRU� KDV
EHHQ DSSURYHG LQ ���� IRU WKH WUHDWPHQW RI PHWDVWDWLF PHODQRPDV >�@� 'HVSLWH KLJK UHVSRQVH
UDWHV� GUXJ UHVLVWDQFH DSSHDUV ZLWKLQ PRQWKV� D FODVVLF SUREOHP LQ FDQFHU WDUJHWHG WKHUDS\�
6WXGLHV RQ WKH PHFKDQLVP RI GUXJ UHVLVWDQFH VXJJHVW WKDW WKH GHYHORSPHQW RI FRPELQDWLRQ
WKHUDSLHV LV QHHGHG WR DGGUHVV WKLV SUREOHP� 1RYHO LQKLELWRUV WDUJHWLQJ DEHUUDQW SUROLIHUDWLYH
VLJQDOLQJ�LQ�PHODQRPD�DUH�WKHUHIRUH�XUJHQWO\�QHHGHG�

:H HVWDEOLVKHG DQ LQQRYDWLYH KLJK FRQWHQW VFUHHQLQJ �+&6� DVVD\ EDVHG RQ PXOWLSOH[HG
JHQHWLFDOO\�HQFRGHG IOXRUHVFHQW ELRVHQVRUV LQ SDWLHQW�GHULYHG FHOOV KDUERULQJ WKH %5$) 9���(
PXWDWLRQ� 7KHVH ELRVHQVRUV UHSRUW RQ (5. DQG $.7 DFWLYLW\ DW WKH VLQJOH FHOO OHYHO� :KHQ FRXSOHG
WR KLJK FRQWHQW PLFURVFRS\ DQG DXWRPDWHG LPDJH DQDO\VLV� RXU SLSHOLQH DOORZV XV WR VFUHHQ �����
SXULILHG FRPSRXQGV RI V\QWKHWLF DQG QDWXUDO RULJLQ� :H XVH WKLV ZRUNIORZ WR VFUHHQ WZR NLQGV RI
OLEUDULHV� �� &RPSRXQGV ZLWK NQRZQ DFWLYLW\ �)'$ DSSURYHG� NQRZQ NLQDVH DQG UHFHSWRU LQKLELWRUV�
DQG �� &RPSRXQGV ZLWK KLJK VWUXFWXUH GLYHUVLW\ LQFOXGLQJ D OLEUDU\ RI LVRODWHG QDWXUDO SURGXFWV�
7KLV ZLOO DOORZ XV WR �� ([SORUH WKH ELRORJ\ RI WKH DEHUUDQW VLJQDOLQJ QHWZRUNV LPSOLFDWHG LQ
PHODQRPD� DQG �� 7R LGHQWLI\ QRYHO FRPSRXQGV WKDW GLUHFWO\ WDUJHWV RQFRJHQLF (5.�$.7 VLJQDOLQJ�
7KLV HIIRUW LV H[SHFWHG WR SURYLGH QHZ OHDGV WR EUHDN GUXJ UHVLVWDQFH LQ WDUJHWHG WKHUDS\ LQ
PHODQRPD�

>�@��6KHOOHG\�/�HW�DO���-�$GY�3UDFW�2QFRO�����������������
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/LSRSURWHLQ�PLPLFNU\�WKURXJK�VXSUDPROHFXODU�SURWHLQ�HQJLQHHULQJ

7��*��(GZDUGVRQ���6��7HWWHU���'��+LOYHUW�

�(7+�=XULFK

([SDQGLQJ SURWHLQ GHVLJQ WR LQFOXGH RWKHU PROHFXODU EXLOGLQJ EORFNV KDV WKH SRWHQWLDO WR LQFUHDVH
VWUXFWXUDO FRPSOH[LW\ DQG SUDFWLFDO XWLOLW\� 1DWXUH RIWHQ HPSOR\V K\EULG V\VWHPV� VXFK DV FODWKULQ�
FRDWHG YHVLFOHV� OLSLG GURSOHWV� DQG OLSRSURWHLQV� ZKLFK FRPELQH ELRSRO\PHUV DQG OLSLGV WR WUDQVSRUW
D EURDGHU UDQJH RI FDUJR PROHFXOHV� 7R UHFDSLWXODWH WKH VWUXFWXUH DQG IXQFWLRQ RI VXFK FRPSRVLWH
FRPSDUWPHQWV� ZH GHYLVHG D VXSUDPROHFXODU VWUDWHJ\ WKDW HQDEOHV SRURXV SURWHLQ FDJHV WR
HQFDSVXODWH SRRUO\ ZDWHU�VROXEOH VPDOO PROHFXOH FDUJR WKURXJK WHPSODWHG IRUPDWLRQ RI D
K\GURSKRELF VXUIDFWDQW�EDVHG FRUH� 7KHVH OLSRSURWHLQ�OLNH FRPSOH[HV SURWHFW WKHLU FDUJR IURP
VHTXHVWUDWLRQ E\ VHUXP SURWHLQV DQG HQKDQFH WKH FHOOXODU XSWDNH RI IOXRUHVFHQW SUREHV DQG
F\WRWR[LF GUXJV� 7KLV GHVLJQ FRQFHSW FRXOG EH DSSOLHG WR RWKHU SURWHLQ FDJHV� VXUIDFWDQW PL[WXUHV�
DQG�FDUJR�PROHFXOHV�WR�JHQHUDWH�XQLTXH�K\EULG�DUFKLWHFWXUHV�DQG�IXQFWLRQDO�FDSDELOLWLHV�

6HOI�DVVHPEO\ RI OLSRSURWHLQ�PLPHWLF FDSVLGV� �D� &DUWRRQ GHSLFWLRQ RI D KLJK GHQVLW\
OLSRSURWHLQ �+'/� SDUWLFOH� VKRZLQJ WKH FKDUJHG SKRVSKROLSLGV� SURWHLQV DQG K\GURSKRELF FDUJR
PROHFXOHV� �E� 6XUIDFH UHSUHVHQWDWLRQV RI WKH DUWLILFLDO SURWHLQ FDJH 23 YLHZHG DORQJ WKH ��IROG
�OHIW� DQG ��IROG �ULJKW� V\PPHWU\ D[HV DQG D FDUWRRQ FXW DZD\ GHSLFWLQJ WKH SRVLWLYHO\ FKDUJHG
LQWHULRU� �F� 7ZR�WLHU HQFDSVXODWLRQ FRQFHSW� HOHFWURVWDWLF DWWUDFWLRQ GULYHV WKH HQFDSVXODWLRQ RI
DQLRQLF VXUIDFWDQWV� ZKLFK SKDVH VHSDUDWH GXH WR WKHLU KLJK HIIHFWLYH FRQFHQWUDWLRQ� IRUPLQJ
PLFHOODU DJJUHJDWHV ZLWKLQ 23 FDJHV� 7KH K\GURFDUERQ FRUH RI WKHVH VWDEOH SURWHLQ૮VXUIDFWDQW
FRPSOH[HV�WKHQ�VHTXHVWHUV�QRQSRODU�VPDOO�PROHFXOHV�E\�PHDQV�RI�WKH�K\GURSKRELF�HIIHFW�
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3HSWLGH�'HQGULPHUV�0LPLFNLQJ�*ODWLUDPHU�$FHWDWH

'��(U]LQD���$��&DSHFFKL���6��-DYRU���-��/��5H\PRQG�

�'HSDUWPHQW�RI�&KHPLVWU\�DQG�%LRFKHPLVWU\

0XOWLSOH VFOHURVLV �06� LV D FKURQLF DXWRLPPXQH QHXURGHJHQHUDWLYH GLVHDVH FKDUDFWHUL]HG E\
GHP\HOLQDWLQJ OHVLRQV LQ WKH FHQWUDO QHUYRXV V\VWHP �&16�� */$7LUDPHU DFHWDWH �*$� LV D ILUVW�OLQH
WUHDWPHQW GUXJ ZKLFK FRQVLVW RI ODUJH SRO\SHSWLGHV ZLWK VL]H GLVWULEXWLRQ ���� N'D EDVHG RQ IRXU
DPLQR DFLGV FRPLQJ IURP WKH QDPH� *OXWDPLF DFLG� /\VLQH� $ODQLQH� 7\URVLQH� *$ H[KLELW
LPPXQRPRGXODWRU\ SURSHUWLHV DQG HVSHFLDOO\ DIIHFWV DGDSWLYH UHVSRQVH RQ DQWLJHQ SUHVHQWLQJ
FHOOV��$3&���>���@

+HUH ZH XVHG D FKHPLFDO VSDFH JXLGHG DSSURDFK >���@ WR GHVLJQ SHSWLGH GHQGULPHU DQDORJV RI *$
DFFRUGLQJ WR VL]H DQG DPLQR DFLG UDWLR� )RU LQVWDQFH� VRPH RI WKH GHQGULPHUV ZHUH FKRVHQ DQG
V\QWKHWL]HG E\ VROLG SKDVH SHSWLGH V\QWKHVLV �6336�� ,PPXQRPRGXODWRU\ SURSHUWLHV RI GHQGULPHUV
ZHUH LQYHVWLJDWHG RQ SULPDU\ PRQRQXFOHDU FHOOV LQ FRPSDULVRQ ZLWK *$� +HUHLQ ZH GLVFXVV
GHSHQGHQFH RI VWUXFWXUDO IHDWXUHV RI V\QWKHWLVHG GHQGULPHUV RQ WKHLU DELOLW\ WR SURPRWH DQWL�
LQIODPPDWRU\�UHVSRQVH�RQ�SULPDU\�KXPDQ�PRQRF\WHV�

>�@�7��3URGKRPPH��6��6��=DPYLO��&ROG�6SULQJ�+DUE��3HUVSHFW�0HG�������������
>�@ 5� &DUSLQWHUR� .� -� %UDQGW� /� *UXD]� 1� 0ROQDUIL� 3� +� /DOLYH� '� %XUJHU� 3URF� 1DWO� $FDG� 6FL� 8�
6��$������������������૱������
>�@ 7� 1� 6LULZDUGHQD� $� &DSHFFKL� %� +� *DQ� ;� -LQ� 5� +H� '� :HL� /� 0D� 7� .RKOHU� &� YDQ 'HOGHQ�
6��-DYRU��HW�DO���$QJHZ��&KHP���,QW��(G��(QJO����������������૱�����
>�@ ,� 'L %RQDYHQWXUD� ;� -LQ� 5� 9LVLQL� '� 3UREVW� 6� -DYRU� %� +� *DQ� *� 0LFKDXG� $� 1DWDOHOOR� 6� 0�
'RJOLD��7��.RKOHU��HW�DO���&KHP��6FL���������������૱�����
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,PPXQRORJLFDO�(SLWRSH�0DSSLQJ�RI�WKH�6$56�&R9���6SLNH�3URWHLQ

/��)DUUHUD�6ROHU���6��%DUOXHQJD���-��'DJXHU���1��:LQVVLQJHU�

�'HSDUWPHQW�RI�2UJDQLF�&KHPLVWU\��1DWLRQDO�&HQWUH�RI�&RPSHWHQFH�LQ�5HVHDUFK��1&&5��LQ
&KHPLFDO�%LRORJ\��)DFXOW\�RI�6FLHQFH��8QLYHUVLW\�RI�*HQHYD

2Q 'HFHPEHU ���� D QRYHO LQIHFWLRXV GLVHDVH FDXVLQJ SQHXPRQLD ZDV LGHQWLILHG LQ WKH FLW\ RI
:XKDQ �&KLQD�� 7KLV QHZ LQIHFWLRXV GLVHDVH �&29,'���� FDXVHG E\ VHYHUH DFXWH UHVSLUDWRU\
V\QGURPH FRURQDYLUXV � �6$56�&R9��� KDV VLJQLILFDQWO\ LPSDFWHG WKH HFRQRP\� HGXFDWLRQ DQG OLIH
RI PDQ\ FRXQWULHV LQ WKH ZRUOG� 7KH :RUOG +HDOWK 2UJDQL]DWLRQ GHFODUHG LW D SDQGHPLF RQ WKH ��WK
0DUFK ����� 0DSSLQJ WKH HSLWRSH UHVSRQVH RI WKH LPPXQH V\VWHP DJDLQVW WKH YLUXV LV RI YLWDO
LPSRUWDQFH VLQFH LW FDQ OHDG WR SRWHQWLDO YDFFLQHV� PRUH VSHFLILF VHURORJLFDO WHVWV DQG WR
QHXWUDOL]LQJ DQWLERGLHV ZKLFK FRXOG EH ILQDOO\ XVHG DV D WUHDWPHQW� ,Q WKLV ZRUN� XVLQJ D SHSWLGH
PLFURDUUD\� ZH KDYH LGHQWLILHG � LPPXQRGRPLQDQW UHJLRQV RQ WKH VSLNH SURWHLQ ZKLFK DUH RQO\
SUHVHQW LQ &29,'��� FRQYDOHVFHQW SDWLHQWV VHUD ZKLFK FRXOG OHDG WR SRWHQWLDO QHXWUDOL]LQJ
DQWLERGLHV�
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,QFUHDVLQJ�IOXRURSKRUH�EULJKWQHVV�WKURXJK�VHOI�ODEHOLQJ�SURWHLQ�WDJV

0��6��)UHL�����0��7DUQDZVNL���-��+LEORW���.��-RKQVVRQ���

�,QVWLWXWH�RI�&KHPLFDO�6FLHQFHV�DQG�(QJLQHHULQJ��,6,&����FROH�3RO\WHFKQLTXH�)«G«UDOH�GH�/DXVDQQH
�(3)/��������/DXVDQQH��6ZLW]HUODQG���3URWHLQ�([SUHVVLRQ�DQG�&KDUDFWHUL]DWLRQ�)DFLOLW\��0D[�3ODQFN
,QVWLWXWH�IRU�0HGLFDO�5HVHDUFK��-DKQVWUDVVH�����������+HLGHOEHUJ��*HUPDQ\���'HSDUWPHQW�RI

&KHPLFDO�%LRORJ\��0D[�3ODQFN�,QVWLWXWH�IRU�0HGLFDO�5HVHDUFK��-DKQVWUDVVH�����������+HLGHOEHUJ�
*HUPDQ\

6HOI�ODEHOLQJ SURWHLQ WDJV KDYH EHFRPH LQGLVSHQVDEOH WRROV LQ IOXRUHVFHQFH PLFURVFRS\ DQG DUH
FRPPRQO\ XVHG WR ODEHO SURWHLQ WDUJHWV ZLWK VPDOO�PROHFXOH IOXRURSKRUHV LQ OLYLQJ FHOOV� 7KH\ DOORZ
WKH SHUIRUPDQFH RI DGYDQFHG OLYH�FHOO IOXRUHVFHQFH PLFURVFRS\ LQFOXGLQJ VXSHU�UHVROXWLRQ
H[SHULPHQWV� 7KHLU XVH LQ FRPELQDWLRQ ZLWK IOXRURJHQLF IOXRURSKRUHV� ZKLFK RQO\ EHFRPH
IOXRUHVFHQW ZKHQ ERXQG WR WKHLU SURWHLQ WDUJHW� UHGXFHV EDFNJURXQG IOXRUHVFHQFH WR D PLQLPXP�
PDNLQJ WKHP KLJKO\ VXLWDEOH IRU OLYH�FHOO DSSOLFDWLRQV� $ ORW RI HIIRUW KDV EHHQ LQYHVWHG LQ WKH
GHYHORSPHQW RI IOXRURJHQLF IOXRURSKRUHV EXW VR IDU� OLWWOH DWWHQWLRQ KDV EHHQ SDLG WR WKH VHOI�
ODEHOLQJ SURWHLQ WDJ� ,QGHHG� WKH SURWHLQ VXUIDFH LV NQRZQ WR LQIOXHQFH WKH IOXRUHVFHQFH SURSHUWLHV
RI�IOXRURJHQLF�IOXRURSKRUHV�

+HUH� ZH SUHVHQW WKH RSWLPL]DWLRQ RI WKH VHOI�ODEHOLQJ SURWHLQ WDJ +DOR7DJ ZLWK UHJDUG WR WKH
EULJKWQHVV RI FRYDOHQWO\ ERXQG UKRGDPLQH IOXRURSKRUHV� $ VFUHHQLQJ EDVHG DSSURDFK RI +DOR7DJ
YDULDQWV KDUERXULQJ PXWDWLRQV DW WKH SURWHLQ�IOXRURSKRUH LQWHUIDFH DOORZHG IRU WKH LGHQWLILFDWLRQ RI
ERWK EULJKWHU DQG GLPPHU YDULDQWV FRPSDUHG WR SDUHQWDO +DOR7DJ �)LJXUH�� 0XOWLSOH URXQGV RI
GLUHFWHG HYROXWLRQ WKHQ OHG WR WKH LVRODWLRQ RI D YDULDQW WKDW VKRZHG IOXRUHVFHQFH LQWHQVLW\
LQFUHDVHV DV KLJK DV ���� LQ FRPELQDWLRQ ZLWK D YDULHW\ RI IOXRURJHQLF UKRGDPLQHV LQ YLWUR�
0HFKDQLVWLF DQDO\VLV YLD VSHFWURVFRSLF PHWKRGV DQG ;�UD\ FU\VWDO VWUXFWXUH GHWHUPLQDWLRQ UHYHDOHG
WKDW WKH EULJKWHU YDULDQWV LQFUHDVHG IOXRUHVFHQFH LQWHQVLWLHV WKURXJK FKDQJHV LQ WKH ORFDO
HOHFWURVWDWLF SRWHQWLDO� 7KH PHDVXUHG WUHQGV ZHUH IXUWKHU FRQILUPHG LQ OLYH�FHOO PLFURVFRS\
GHPRQVWUDWLQJ WKH WUDQVIHUDELOLW\ WR PDPPDOLDQ FHOOV� 7KH REWDLQHG UHVXOWV DUH FUXFLDO IRU OLYH�FHOO
PLFURVFRS\ DQG DOORZ SHUIRUPLQJ ORQJHU WLPH�ODSVH H[SHULPHQWV ZLWK ORZHU ODVHU LQWHQVLWLHV
UHGXFLQJ SKRWREOHDFKLQJ� ,Q DGGLWLRQ� LW LV DQWLFLSDWHG WKDW WKH HQKDQFHG +DOR7DJ YDULDQW ZLOO EH
HVSHFLDOO\�EHQHILFLDO�WR�VXSHU�UHVROXWLRQ�PLFURVFRS\�DQG�OLYH�FHOO�WUDFNLQJ�H[SHULPHQWV�
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1HZ�DQWL�LQIODPPDWRU\�DQG�SUR�DSRSWRWLF�SKRWRVHQVLWL]HUV�DJDLQVW�DUWKULWLV

0��*DOODUGR�9LOODJUDQ�����'��/«JHU���%��7KHUULHQ���%��/LDJUH�

�8QLYHUVLW\�RI�1HXFKDWHO���8QLYHUVLW\�RI�/LPRJHV��)5$�

&RQWUDU\ WR SRSXODU EHOLHI� UKHXPDWRLG DUWKULWLV �5$� LV QRW D GLVHDVH RQO\ DVVRFLDWHG ZLWK DJLQJ�
VLQFH LW FDQ DOVR DIIHFW \RXQJ SHRSOH�� ,W LV DQ DXWRLPPXQH SDWKRORJ\ WKDW� DOWKRXJK PDLQO\
DIIHFWLQJ MRLQWV� FDQ DOVR DWWDFN RWKHU RUJDQV VXFK DV NLGQH\V� OXQJV RU KHDUW� ,I OHIW XQWUHDWHG� LW
FDQ OHDG WR D VHULRXV SURJQRVLV�� 7KH PRVW FRPPRQ WUHDWPHQW UHPDLQV V\QRYHFWRP\� ZKLFK LV DQ
LQYDVLYH WUHDWPHQW DQG LQYROYHV ORQJ SHULRGV RI SRVWRSHUDWLYH UHKDELOLWDWLRQ� ,Q UHFHQW \HDUV�
SURPLVLQJ UHVXOWV KDYH EHHQ DFKLHYHG XVLQJ QRQ�LQYDVLYH WUHDWPHQWV VXFK DV DQWL�WXPRU QHFURVLV
IDFWRU GUXJV� -DQXV NLQDVH LQKLELWRUV� DQG HVSHFLDOO\ SKRWRG\QDPLF WKHUDS\ �3'7��� 7KH ODWWHU
LQYROYHV D SKRWRDFWLYH FRPSRXQG� D SKRWRVHQVLWL]HU �36�� DQG OLJKW DFWLYDWLRQ� 7KH VLPSOLFLW\ DQG
QRQ�LQYDVLYHQHVV PDNH 3'7 DQ LGHDO WUHDWPHQW WR DOOHYLDWH WKH SDLQ RU GLVDELOLW\ FDXVHG E\ 5$�
8QIRUWXQDWHO\� FRQYHQWLRQDO 36V RIWHQ KDYH VRPH GUDZEDFNV UHODWHG PDLQO\ WR WKHLU ORZ VROXELOLW\
LQ ELRORJLFDO PHGLD DQG XQGHVLUDEOH VLGH HIIHFWV VXFK DV OLJKW K\SHUVHQVLWLYLW\�� :H EHOLHYH WKDW LW
PD\ EH SRVVLEOH WR VROYH WKH SRRU ZDWHU VROXELOLW\ RI 36V XVLQJ UXWKHQLXP PHWDOODFDJHV� 7KHVH
PHWDOODFDJHV DUH VROXEOH LQ ELRORJLFDO PHGLD DQG KDYH DQ LQQHU FDYLW\ LQ ZKLFK WKH 36 FDQ ORGJH�
6XFK UXWKHQLXP PHWDOODFDJHV KDYH DOUHDG\ EHHQ WHVWHG LQ YLWUR RQ FDQFHU FHOOV� GHPRQVWUDWLQJ
WKHLU�SRWHQWLDO��

:H KDYH QRZ GHVLJQHG QHZ UXWKHQLXP PHWDOODFDJHV DQG WHVWHG WKHP DV 3'7 DJHQWV DJDLQVW 5$�
7KH LQ YLWUR DFWLYLW\ RI WKHVH 36 FDUULHUV LQ KXPDQ ILEUREODVW�OLNH V\QRYLRF\WHV FHOOV LV SURPLVLQJ�
7KH DQWL�SUROLIHUDWLYH DVVD\V DUH H[FHOOHQW� DQG QRZ WKH DQWL�LQIODPPDWRU\ DQG SUR�DSRSWRWLF
DFWLYLW\ RI RXU QHZ UXWKHQLXP PHWDOODFDJHV�36V DUH XQGHU LQYHVWLJDWLRQ� 2XU PRVW UHFHQW UHVXOWV
ZLOO�EH�SUHVHQWHG�

>�@�6WXDUW��0�-���5DQG�-�$���-��%RQH�-RLQW�6XUJ������������������
>�@ 0DUDGLW૮.UHPHUV� +�� &URZVRQ� &�6�� 1LFROD� 3�-�� %DOOPDQ� .�9�� 5RJHU� 9�/�� -DFREVHQ� 6�-��
*DEULHO��6�(���$UWKULWLV�5KHXPDWRO��������������������
>�@�*DOODUGR�9LOODJU£Q��0���/HJHU��'�<���/LDJUH��%���7KHUULHQ��%���,QW�-�0RO�6FL�����������������
>�@ .RGHUKROG� *�� -LQGUD� 5�� .RUHQ� +�� $OWK� *�� 6FKHQN� *�� - 3KRWRFKHP 3KRWRELRO %� ����� ���
��������
>�@ 6FKPLWW� )�� )UHXGHQUHLFK� -�� %DUU\� 1�3�� -XLOOHUDW�-HDQQHUHW� /�� 6¾VV�)LQN� *�� 7KHUULHQ� %�� - $P
&KHP�6RF���������������������
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)OXRUHVFHQW�3UREHV�IRU�0HDVXULQJ�0HPEUDQH�7HQVLRQ��WRZDUGV�6XSHU�5HVROXWLRQ
0LFURVFRS\

-��*DUF¯D�&DOYR���-��0DLOODUG���,��)XUHUDM���.��6WUDNRYD���$��&RORP���9��0HUFLHU���$��5RX[���(��9DXWKH\��
1��6DNDL���$��)¾UVWHQEHUJ���6��0DWLOH�

�6FKRRO�RI�&KHPLVWU\�DQG�%LRFKHPLVWU\��8QLYHUVLW\�RI�*HQHYD��*HQHYD��6ZLW]HUODQG

3ODQDUL]DEOH SXVK�SXOO SUREHV �ૺ)OLSSHUVૻ� '77�'772� GHULYDWLYHV� DUH KLJKO\ PHFKDQRVHQVLWLYH
SUREHV� ZKLFK UHSUHVHQW QRZDGD\V D KRW WRSLF IRU IOXRUHVFHQFH ELRLPDJLQJ� 7KH IOXRUHVFHQW
SURSHUWLHV RI )OLSSHUV KDYH DOORZHG XV WR GHWHFW GLIIHUHQW GLVWULEXWLRQV DQG�RU VPDOO FKDQJHV LQ WKH
RUJDQL]DWLRQ RI WKH FHOOXODU PHPEUDQH�>�@ &XUUHQWO\� ZH KDYH GHYHORSHG QHZ )OLSSHU GHULYDWLYHV
ZLWK LPSURYHG SURSHUWLHV� 7KHVH GHULYDWLYHV SRVVHVV UHG VKLIWHG IOXRUHVFHQFH� LQFUHDVHG
SKRWRVWDELOLW\ DQG WKH SRVVLELOLW\ RI ૺEOLQNLQJૻ� ZKLFK LV D G\QDPLF RII�RQ�RII IOXRUHVFHQW
PHFKDQLVP WKDW DOORZV WKH SUREH WR EH DSSOLHG LQ VXSHU�UHVROXWLRQ PLFURVFRS\ H[SHULPHQWV �650��
$GGLWLRQDOO\� WKHVH )OLSSHUV DUH SRWHQWLDOO\ XVHIXO IRU WKH VWDLQLQJ GLIIHUHQW RUJDQHOOHV� UHDFKLQJ
KLJKHU�UHVROXWLRQV�DQG�EHLQJ�PRUH�VWDEOH�DJDLQVW�WLPH�DQG�LUUDGLDWLRQ�>�@

>�@ .� 6WUDNRYD� /� $VVLHV� $� *RXMRQ� )� 3LD]]ROOD� +� 9� +XPHQLXN� 6� 0DWLOH &KHP� 5HY� ����� ����
�����૱������
>�@ $� *RXMRQ� $� &RORP� .� 6WUDNRYD� 9� 0HUFLHU� '� 0DKHFLF� 6� 0DQOH\� 1� 6DNDL� $� 5RX[� 6� 0DWLOH
-��$P��&KHP��6RF�����������������ಗ������

�
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)XQFWLRQDOL]DWLRQ�RI�KDUPRQLF�QDQRSDUWLFOHV�IRU�XOWUD�VHQVLWLYH�LPDJLQJ�DQG�WKHUDQRVWLF
DSSOLFDWLRQV

$��*KHDWD���5��GH�0DWRV���-��9XLOOHXPLHU���/��%RQDFLQD���6��*HUEHU�/HPDLUH�

�,QVWLWXWH�RI�FKHPLFDO�VFLHQFHV�	�HQJLQHHULQJ��(3)/�/DXVDQQH���*$3�%LRSKRWRQLFV��8QLYHUVLW\�RI
*HQHYD

&DQFHU LV DPRQJ WKH OHDGLQJ FDXVHV RI GHDWK ZRUOGZLGH� DQG DV NQRZOHGJH RI WKH GLVHDVH
FRQWLQXHV WR JURZ WKHUH LV DQ LQFUHDVLQJ LQWHUHVW WRZDUGV SUHFLVLRQ PHGLFLQH� PRUH VSHFLILFDOO\
WRZDUGV WKH WKHUDQRVWLFV ILHOG� L�H� WKH GHYHORSPHQW RI WDUJHWHG PROHFXODU SUREHV FRPELQLQJ
VSHFLILF GLDJQRVLV DQG WUHDWPHQW PRGDOLWLHV� 7KH WKHUDQRVWLF SDUDGLJP LQYROYHV PHUJLQJ� LQ D
VLQJOH DJHQW� VSHFLILF WXPRU ELRPDUNHU WDUJHWLQJ� PXOWLPRGDO LPDJLQJ WHFKQLTXHV ZKLFK DOORZ WR
RYHUFRPH WKH LQKHUHQW OLPLWDWLRQV RI FODVVLFDO PHWKRGV� DQG WKH FRQWUROOHG GHOLYHU\ RI DQWLFDQFHU
FRPSRXQGV� 7KLV VWUDWHJ\ WKXV DLPV DW KLJK GLDJQRVLV VHQVLWLYLW\ IRU HDUOLHU WXPRU GHWHFWLRQ DQG
WKH UHGXFWLRQ RI RII�WDUJHW HIIHFWV� ZKLFK DUH FULWLFDO IDFWRUV LQ SDWLHQW VXUYLYDO UDWHV� ,Q WKLV
FRQWH[W� LQRUJDQLF QDQRSDUWLFOHV HPHUJH DV SURPLVLQJ WRROV RZLQJ WR WKHLU VXUIDFH SURSHUWLHV�
ZKLFK DUH DPHQDEOH WR SRVW�IXQFWLRQDOL]DWLRQ� DQG WKHLU LPDJLQJ SURSHUWLHV� :H KHUHLQ SUHVHQW WKH
GHYHORSPHQW RI VXFK WKHUDQRVWLF WRROV EDVHG RQ KDUPRQLF QDQRSDUWLFOH �+13� PDWHULDOV� 7KHVH
PHWDO R[LGH QDQRSDUWLFOHV� FKDUDFWHUL]HG E\ D FU\VWDOOLQH VWUXFWXUH ODFNLQJ LQYHUVLRQ V\PPHWU\
�H�J� /L1E2��� H[KLELW D QRQ�OLQHDU RSWLFDO UHVSRQVH E\ JHQHUDWLQJ VHFRQG� DQG WKLUG� KDUPRQLF
XSRQ ODVHU H[FLWDWLRQ� $ VLOLFD FRDWLQJ OD\HU DOORZV IRU LPSURYHG ELRFRPSDWLELOLW\ RI WKH LQRUJDQLF
+13V DQG IRU WKH LQWURGXFWLRQ RI VXUIDFH D]LGH PRLHWLHV� ZKLFK ZHUH H[SORLWHG IRU VXEVHTXHQW
IXQFWLRQDOL]DWLRQ WKURXJK ELRRUWKRJRQDO FRSSHU�IUHH FOLFN UHDFWLRQ ZLWK D YDULHW\ RI
F\FORRFW\QH PRGLILHG OLJDQGV� (UORWLQLE DQDORJXHV DQG DQ LQKLELWRU RI ILEUREODVW DFWLYDWLRQ SURWHLQ ͅ
ZHUH FKRVHQ IRU VHOHFWLYH WDUJHWLQJ RI QHRSODVWLF FHOOV DQG WXPRU PLFURHQYLURQPHQW� UHVSHFWLYHO\�
,Q DGGLWLRQ� WKH +13V FDQ EH FRYDOHQWO\ FRQMXJDWHG WR D JDGROLQLXP �,,,� FKHODWH DFWLQJ DV D 7� 05,
FRQWUDVW DJHQW� SHUPLWWLQJ PXOWLPRGDO LPDJLQJ� /LJKW�VHQVLWLYH GUXJ FDUULHUV ZHUH SURGXFHG E\ WKH
JUDIWLQJ RI FKHPRWKHUDSHXWLFV WR WKH VXUIDFH RI +13V WKURXJK SKRWRVHQVLWLYH WHWKHUV EDVHG RQ
FRXPDULQ\O PRLHWLHV� ,UUDGLDWLRQ RI WKH +13V ZLWK QHDU�LQIUDUHG �1,5� OLJKW DOORZHG VZLWFKLQJ
EHWZHHQ LPDJLQJ DQG WUHDWPHQW PRGDOLWLHV E\ WXQLQJ RI WKH H[FLWDWLRQ HQHUJ\� ([FLWDWLRQ DW KLJK
ZDYHOHQJWKV �! ���� QP� ZDV XVHG IRU PXOWL�KDUPRQLF GHWHFWLRQ� ZKLOH ORZHU ZDYHOHQJWKV �a���
QP� UHVXOWHG LQ WKH KDUPRQLF HPLVVLRQ RI XOWUDYLROHW OLJKW� LQGXFLQJ FOHDYDJH RI WKH SKRWRWULJJHU
DQG�UHOHDVH�RI�WKH�WKHUDSHXWLF�FRPSRXQG�

)LJXUH��6FKHPDWLF�UHSUHVHQWDWLRQ�RI�WKH�PXOWLIXQFWLRQDO�WKHUDQRVWLF�QDQRSUREH
:H DUH JUDWHIXO WR WKH )UHQFK�6ZLVV ,QWHUUHJ 3URJUDP IRU ILQDQFLDO VXSSRUW �2QFR1DQR6FUHHQ
SURMHFW��
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1RYHO�0RQRYDOHQW�/LJDQGV�IRU�6LJOHF����D�3URPLVLQJ�7DUJHW�IRU�(RVLQRSKLO�DQG�0DVW�&HOO
5HODWHG�'LVRUGHUV

%��*LUDUGL�����*��&RQWL���-��&UDPHU���%��.URH]HQ���6��5DEEDQL���7��7RPDVLF���0��$QGHUOXK���-��0UDYOMDN��
'��5LFNOLQ���2��6FKZDUGW���%��(UQVW�

�0ROHFXODU�3KDUPDF\�*URXS��3KDUPDFHQWHU��8QLYHUVLW\�RI�%DVHO��&+������%DVHO��6ZLW]HUODQG���
)DFXOW\�RI�3KDUPDF\��8QLYHUVLW\�RI�/MXEOMDQD�������/MXEOMDQD��6ORYHQLD

,Q WKLV ZRUN� ZH SUHVHQW WKH GHVLJQ DQG V\QWKHVLV RI JO\FRPLPHWLF OLJDQGV IRU 6LJOHF��� 6LJOHF�� LV D
VLDOLF DFLG ELQGLQJ OHFWLQ H[SUHVVHG H[FOXVLYHO\ RQ PDVW FHOOV DQG HRVLQRSKLOV���� %LQGLQJ RI 6LJOHF��
ZLWK DQWLERGLHV RU JO\FDQ OLJDQGV UHVXOWV LQ DSRSWRVLV RI HRVLQRSKLOV DQG LQKLELWLRQ RI PDVW FHOOV
GHJUDQXODWLRQ���� )RU WKLV UHDVRQ� 6LJOHF�� LV JDLQLQJ DWWHQWLRQ DV D QHZ LQWHUHVWLQJ SKDUPDFRORJLFDO
WDUJHW IRU WKH WUHDWPHQW RI HRVLQRSKLO RU PDVW FHOO UHODWHG GLVHDVHV� VXFK DV DVWKPD� FKURQLF
UKLQRVLQXVLWLV� K\SHUHRVLQRSKLOLF V\QGURPHV� HWF�� 5HFHQWO\� WKH 105 VROXWLRQ VWUXFWXUH RI WKH
6LJOHF�� OHFWLQ GRPDLQ WRJHWKHU ZLWK LWV SUHIHUUHG OLJDQG� WKH WHWUDVDFFKDULGH �ଐ�VXOIR VLDO\O /HZLV[�
KDV EHHQ VROYHG�� %\ LQYHVWLJDWLQJ WKH PDLQ LQWHUDFWLRQV EHWZHHQ WKLV OLJDQG DQG WKH SURWHLQ� ZH
ILUVW LGHQWLILHG WKH GLVDFFKDULGH ��VXOIR 6LD�*DO DV WKH PLQLPDO ELQGLQJ HSLWRSH IRU 6LJOHF��� 7KHQ�
WKH UHSODFHPHQW RI WKH JDODFWRVH E\ D K\GUR[\PHWK\O�F\FORKH[DQH� ZKLOH NHHSLQJ WKH VXOIDWH LQ
WKH VDPH SRVLWLRQ� OHG WR WKH QHZ OHDG FRPSRXQG �� ZKLFK VKRZHG D ��IROG KLJKHU DIILQLW\ WR
6LJOHF�� FRPSDUHG WR WKH SDUHQW GLVDFFKDULGH� ,QVSHFWLRQ RI WKH ELQGLQJ PRGH RI � E\ GRFNLQJ
VWXGLHV UHYHDOHG DQ HPSW\ SRFNHW FORVH WR SRVLWLRQ � RI WKH VLDOLF DFLG� :H WKHUHIRUH SHUIRUPHG D
IUDJPHQW�EDVHG YLUWXDO VFUHHQLQJ WR H[SORUH WKLV SRFNHW LQ RUGHU WR JDLQ DGGLWLRQDO LQWHUDFWLRQV�
)XUWKHUPRUH� RXU GRFNLQJ VWXGLHV LQGLFDWHG EHQHILFLDO ͔�VWDFNLQJ LQWHUDFWLRQV ZLWK DURPDWLF
UHVLGXHV�LQ�WKH�ELQGLQJ�SRFNHW�E\�UHSODFLQJ�WKH�F\FORKH[DQH�ZLWK�DQ�DURPDWLF�ULQJ�
7KHUHIRUH� ZH V\QWKHVL]HG D OLEUDU\ RI QRYHO JO\FRPLPHWLFV� LQWURGXFLQJ PRGLILFDWLRQV ERWK RQ WKH
VLDOLF DFLG DQG RQ WKH F\FORKH[DQH PRLHW\� 7KHVH QRYHO FRPSRXQGV DUH H[SHFWHG WR VKRZ EHWWHU
DIILQLW\ WRZDUGV 6LJOHF�� FRPSDUHG WR RXU OHDG FRPSRXQG� SDYLQJ WKH ZD\ WR QHZ SURVSHFWLYHV IRU
WKH�WUHDWPHQW�RI�HRVLQRSKLO�DQG�PDVW�FHOO�DVVRFLDWHG�GLVRUGHUV�

>�@ )OR\G� +�� 1L� -�� &RUQLVK� $� /�� =HQJ� =�� /LX� '�� &DUWHU� .� &�� 6WHHO� -�� &URFNHU� 3� 5� -� %LRO�
&KHP� ����� ���� �������� >�@ .LNO\� .� .��� %RFKQHU� %� 6�� )UHHPDQ� 6� '�� 7DQ� .�%�� *DOODJKHU�
.� 7�� 'DOHVVLR� .� -�� +ROPHV� 6� '�� $EUDKDPVRQ� -� $�� (ULFNVRQ�0LOOHU� &� /�� 0XUGRFN� 3� 5��
7DFKLPRWR� +�� 6FKOHLPHU� 5� 3�� :KLWH� -� 5� -� $OOHUJ\ &OLQ� ,PPXQRO� ����� ���� ���������� >�@
1XWNX� (�� $L]DZD� +�� +XGVRQ� 6� $�� %RFKQHU� %� 6�� 'F� :�� 1XWNX� (�� $L]DZD� +�� +XGVRQ� 6� $��
%RFKQHU� %� 6� %ORRG ����� ���� ���������� >�@ <RNRL� +�� &KRL� 2� +�� +XEEDUG� :�� /HH� +��
&DQQLQJ� %� -�� /HH� +� +�� 5\X� 6�� *XQWHQ� 6� 9RQ� %LFNHO� &� $�� +XGVRQ� 6� $�� HW DO� -� $OOHUJ\ &OLQ�
,PPXQRO� ����� ���� ���૱���� >�@ .LZDPRWR� 7�� .DZDVDNL� 1�� 3DXOVRQ� -� &�� %RFKQHU� %� 6�
3KDUPDFRO��7KHUDSHXW���������������������
>�@ 3U¸SVWHU� -� 0�� <DQJ� )�� 5DEEDQL� 6�� (UQVW� %�� $OODLQ� )� +�� 6FKXEHUW� 0� 31$6 ����� ����
(����������
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$,�EDVHG�GHVLJQ�DQG�V\QWKHVLV�RI�SXWDWLYH�+WU$�LQKLELWRUV

$��&��*¸W]LQJHU���'��0RQWHUR�6DODV���0��2UVL���$��/��%XWWRQ���)��*ULVRQL���*��6FKQHLGHU�

�'HSDUWPHQW�RI�&KHPLVWU\�DQG�$SSOLHG�%LRVFLHQFHV��6ZLVV�)HGHUDO�,QVWLWXWH�RI�7HFKQRORJ\��(7+��
=¾ULFK��6ZLW]HUODQG

7KH GHYHORSPHQW RI DQWLELRWLFV LV RQH RI WKH PRVW SUHVVLQJ QHHGV LQ FXUUHQW PHGLFLQDO FKHPLVWU\�
5HFHQWO\� WKH EDFWHULDO VHULQH SURWHDVH +WU$ KDV EHHQ SURSRVHG DV D SRWHQWLDO WDUJHW� LQ SDUWLFXODU
IRU WKH VHOHFWLYH WUHDWPHQW RI +� S\ORUL LQIHFWLRQV� D PDLQ FDXVH RI JDVWULWLV DQG VWRPDFK FDQFHU��
7KH�ILUVW�NQRZQ�LQKLELWRUV�RI�+WU$�ZHUH�UHFHQWO\�LGHQWLILHG��

:H GHFLGHG WR H[SDQG XSRQ WKRVH UHVXOWV E\ XVLQJ $UWLILFLDO�,QWHOOLJHQFH�EDVHG DSSURDFKHV� $, LQ
PHGLFLQDO FKHPLVWU\ KDV H[SHULHQFHG D UHQDLVVDQFH LQ UHFHQW \HDUV� 'H QRYR GHVLJQ LQ SDUWLFXODU
HQDEOHV XV WR UDSLGO\ H[SORUH FKHPLFDO VSDFH DQG WR JHQHUDWH QRYHO VFDIIROGV IURP NQRZQ
SKDUPDFHXWLFDOO\�DFWLYH�FRPSRXQGV��

:H FKRVH WKUHH NQRZQ +WU$ LQKLELWRUV DV WHPSODWHV IRU GLIIHUHQW DOJRULWKPV� $V D ILUVW VWHS� ZH
HPSOR\HG ',1*26� D UXOH�EDVHG PHWKRG WKDW JHQHUDWHV V\QWKHWLFDOO\ DFFHVVLEOH PROHFXOHV IURP
FRPPHUFLDOO\ DYDLODEOH EXLOGLQJ EORFNV�� :H JHQHUDWHG DQG UDQNHG D WRWDO RI ������ SXWDWLYH
DFWLYH FRPSRXQGV� 6HYHQ FRPSRXQGV IURP WKH WRS �� ZHUH FKRVHQ IRU V\QWKHVLV DQG IXWXUH
ELRORJLFDO HYDOXDWLRQ� ,Q PRVW FDVHV� ZH VXFFHVVIXOO\ IROORZHG WKH RQH� RU WZR VWHS URXWHV SURSRVHG
E\ WKH DOJRULWKP� ZLWK PDQXDO DGMXVWPHQWV PDGH ZKHQ QHFHVVDU\� ,Q PDQ\ FDVHV� WKH SURSRVHG
VWDUWLQJ PDWHULDOV ZHUH DOVR V\QWKHVLVHG� DV WKH\ ZHUH FRPPHUFLDOO\ DYDLODEOH RQO\ LQ YHU\ VPDOO
TXDQWLWLHV�

:H DUH FXUUHQWO\ HPSOR\LQJ RWKHU UXOH�EDVHG DSSURDFKHV DV ZHOO DV GHHS OHDUQLQJ PHWKRGV LQ D
VLPLODU IDVKLRQ� :H KRSH WR FRQWULEXWH WR WKH LQYHVWLJDWLRQ RI DQWLELRWLFV WDUJHWLQJ +� S\ORUL +WU$ E\
VLJQLILFDQWO\�LQFUHDVLQJ�WKH�QXPEHU�RI�NQRZQ�DFWLYH�LQKLELWRUV�

>�@�6��:HVVOHU��*��6FKQHLGHU��6��%DFNHUW��&HOO�&RPPXQ��6LJQDO���������������
>�@ 0� /¸ZHU� 7� *HSSHUW� 3� 6FKQHLGHU� %� +R\� 6� :HVVOHU� *� 6FKQHLGHU� 3/26 2QH� ����� ��
H������
>�@�;��<DQJ��<��:DQJ��5��%\UQH��*��6FKQHLGHU��6��<DQJ��&KHP��5HY�������������������������
>�@�$��%XWWRQ��'��0HUN��-��$��+LVV��*��6FKQHLGHU��1DWXUH�0DFK��,QWHOO���������������������

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


0HGLFLQDO�&KHPLVWU\�	�&KHPLFDO�%LRORJ\��9LUWXDO�3RVWHU 0&����

3HSWLGH�6WDSOLQJ�YLD�6HOHFWLYH�&\VWHLQH�$ON\Q\ODWLRQ�8VLQJ�+\SHUYDOHQW�,RGLQH�5HDJHQWV

(��*ULQKDJHQD���-��&HEDOORV���-��:DVHU�

�/DERUDWRU\�RI�&DWDO\VLV�DQG�2UJDQLF�6\QWKHVLV��/&62���,QVWLWXWH�RI�&KHPLFDO�6FLHQFHV�DQG
(QJLQHHULQJ��,6,&���(3)/

$ VWDSOHG SHSWLGH LV IRUPHG YLD D FRYDOHQW OLQNDJH RI WZR DPLQR DFLG VLGH FKDLQV� 6XFK FURVV�
OLQNLQJ FDQ EH XVHG WR VWDELOLVH VKRUW ͅ�KHOLFHV� 7KLV VHFRQGDU\ VWUXFWXUH LV FRPPRQO\ PHGLDWLQJ
SURWHLQ�SURWHLQ LQWHUDFWLRQV �33,V�� 7KXV� VWDSOHG SHSWLGHV EHDULQJ KHOLFLW\ KDYH D SRWHQWLDO WR
LQKLELW�33,V��PDNLQJ�WKHP�D�GHVLUDEOH�V\QWKHWLF�WDUJHW��

6HOHFWLYH F\VWHLQH DON\Q\ODWLRQ XVLQJ K\SHUYDOHQW LRGLQH UHDJHQWV KDV EHHQ SUHYLRXVO\ GHYHORSHG
LQ RXU JURXS�������� 7KLV PHWKRG KDV QRZ EHHQ IXUWKHU H[WHQGHG WR F\VWHLQH�F\VWHLQH DQG F\VWHLQH�
O\VLQH VWDSOLQJ E\ LQWURGXFWLRQ RI QRYHO EL�IXQFWLRQDO UHDJHQWV� +HUHLQ� ZH ZLOO SUHVHQW WKH UHFHQW
SURJUHVV WRZDUGV RXU PHWDO DQG SURWHFWLQJ JURXS IUHH SHSWLGH VWDSOLQJ WKDW DOORZV IRU DQG HDV\
DFFHVV WR GLYHUVH DQG IXQFWLRQDOLVDEOH SURGXFWV� 'LVFXVVLRQ DERXW WKLV UHVHDUFK ZLOO EH SRVVLEOH
GXULQJ�D�]RRP�PHHWLQJ�RQ�7XHVGD\���������������K�����K����

>�@ <X +HQJ /DX� 3HWHUVRQ GH $QGUDGH� <XWHQJ :X DQG 'DYLG 5� 6SULQJ� &KHP� 6RF� 5HY�� �����
������૱����
>�@�5HWR�)UHL��-HURPH�:DVHU��-��$P��&KHP��6RF������������������૱�����
>�@ 5HWR )UHL� 0DWWKHZ '� :RGULFK� 'XUJD 3UDVDG +DUL� 3LHUUH�$QWRLQH %RULQ� &OHPHQW &KDXYLHU�
-HURPH�:DVHU��-��$P��&KHP��6RF�������������������૱������
>�@ 'DQLHO $EHJJ� 5HWR )UHL� /XFD &HUDWR� 'XUJD 3UDVDG +DUL� &KDR :DQJ� -HURPH :DVHU� $OH[DQGHU
$GLEHNLDQ��$QJHZ��&KHP��,QW��(G������������������૱�������
>�@ 5RPDLQ 7HVVLHU� 5DM .XPDU 1DQGL� %UHQGDQ *� 'Z\HU� 'DQLHO $EHJJ� &KDUORWWH 6RUQD\� -DYLHU
&HEDOORV� 6WSKDQH (UE� 6DUDK &LDQIUDQL� $ODLQ :DJQHU� *XLOKHP &KDXEHW� $OH[DQGHU $GLEHNLDQ�
-HURPH�:DVHU��$QJHZ��&KHP��,QW��(G��������������૱���
>�@ 7KH OLQN ZLOO EH DYDLODEOH RQ WKH IROORZLQJ GRFXPHQW VKRUWO\ EHIRUH�
KWWSV���GULYH�JRRJOH�FRP�ILOH�G��V�7J��$%M�T���)\89��VFN7+*RS4Y�R�YLHZ"XVS VKDULQJ
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2SWLPL]DWLRQ�RI�$QWLPLFURELDO�3HSWLGH�'HQGULPHUV�8VLQJ�D�*HQHWLF�$OJRULWKP

;��&DL���$��&DSHFFKL���6��-DYRU���-��/��5H\PRQG�

�'HSDUWPHQW�RI�&KHPLVWU\�DQG�%LRFKHPLVWU\��8QLYHUVLW\�RI�%HUQ

7KHUH LV DQ XUJHQW QHHG IRU QHZ VWUDWHJLHV WR ILJKW PXOWLGUXJ UHVLVWDQW EDFWHULD� 5HFHQWO\ ZH
UHSRUWHG DQWLPLFURELDO SHSWLGH GHQGULPHU �$03'� *�./ ZLWK SRWHQW DFWLYLWLHV DJDLQVW 3�
DHUXJLQRVD DQG $� EDXPDQQLL� WZR RI WKH PRVW SUREOHPDWLF DQWLELRWLF�UHVLVWDQW QRVRFRPLDO
SDWKRJHQV� DQG VKRZHG WKDW WKLV $03' DFWV E\ D PHPEUDQH GLVUXSWLYH PHFKDQLVP�>���@ )XUWKHU
RSWLPL]DWLRQ E\ D FKHPLFDO VSDFH JXLGHG DSSURDFK ODWHU XQFRYHUHG DQDORJ 7� ZLWK D EURDGHU
DFWLYLW\ VSHFWUXP�>�@ +HUH ZH FRPSXWDWLRQDOO\ JHQHUDWHG QHZ DQDORJV RI $03' 7� XVLQJ WKH
SHSWLGH GHVLJQ JHQHWLF DOJRULWKP �3'*$�� D FRPSXWDWLRQDO WRRO WR JHQHUDWH WRSRORJLFDOO\ GLYHUVH
SHSWLGHV ZLWK KLJK VLPLODULW\ WR DQ\ PROHFXOH RI LQWHUHVW�>�@ 6\QWKHVLV DQG WHVWLQJ RI �� 3'*$
DQDORJV DOORZHG XV WR LGHQWLI\ D QHZ $03' ZLWK DQ HYHQ EURDGHU DFWLYLW\ VSHFWUXP WKDQ 7� RU
*�./ DJDLQVW PXOWLGUXJ UHVLVWDQW *UDP�QHJDWLYH VWUDLQV ZKLOH UHWDLQLQJ JRRG VHUXP VWDELOLW\ DQG
QHJOLJLEOH�KHPRO\VLV��

>�@ 0� 6WDFK� 7� 1� 6LULZDUGHQD� 7� .RKOHU� &� YDQ 'HOGHQ� 7� 'DUEUH� -� /� 5H\PRQG� $QJHZ� &KHP��
,QW��(G��(QJO�����������������૱������
>�@ %��+� *DQ� 7� 1� 6LULZDUGHQD� 6� -DYRU� 7� 'DUEUH� -��/� 5H\PRQG� $&6 ,QIHFW� 'LV� ����� ��
����૱�����
>�@ 7� 1� 6LULZDUGHQD� $� &DSHFFKL� %� +� *DQ� ;� -LQ� 5� +H� '� :HL� /� 0D� 7� .RKOHU� &� YDQ 'HOGHQ�
6��-DYRU��HW�DO���$QJHZ��&KHP���,QW��(G��(QJO����������������૱�����
>�@�$��&DSHFFKL��$��=KDQJ��-��/��5H\PRQG��-��&KHP��,QI��0RGHO���������������૱����
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6\QWKHVLV�DQG�5HDFWLYLW\�RI�&ROLEDFWLQ�,QVSLUHG�����0LFKDHO�$FFHSWRU

$��,OD]L���.��*DGHPDQQ�

�8QLYHUVLW\�RI�=XULFK��:LQWHUWKXUHUVWUDVVH���������

'RXEOH FRQMXJDWHG ��� 0LFKDHO DFFHSWRU ZDV V\QWKHVL]HG EDVHG RQ PHWDEROLWHV LVRODWHG IURP
KXPDQ JXW LQKDELWDQW (� &ROL� 8QH[SHFWHGO\� WKH FRPSRXQG VKRZHG KLJK VWDELOLW\ WRZDUGV
QXFOHRSKLOHV�DQG�DFLGLF�FRQGLWLRQV�
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�+�+5�0$6�105�%DVHG�0HWDEROLF�3URILOLQJ�RI�&HOOV�LQ�5HVSRQVH�WR�7UHDWPHQW�ZLWK�WKH
3KRWRVHQVLWL]HU�&KORULQ�H��ZLWK�DQG�ZLWKRXW�3RO\PHULF�&DUULHU�6\VWHPV

7��.¦PSIHU���3��9HUPDWKHQ���0��9HUPDWKHQ�

�8QLYHUVLW\�	�,QVHOVSLWDO�%HUQ��$060��'511�'%05��VLWHP�LQVHO��%HUQ��6ZLW]HUODQG���8QLYHUVLW\�RI
%HUQ��'HSDUWPHQW�RI�&KHPLVWU\�DQG�%LRFKHPLVWU\��%HUQ��6ZLW]HUODQG

3RUSK\ULQLF SKRWRVHQVLWL]HUV �36V� DUH XVHG LQ SKRWRG\QDPLF WKHUDS\ �3'7� RI FDQFHU DQG QRQ�
FDQFHURXV GLVHDVHV GXH WR WKHLU F\WRWR[LF SURSHUWLHV WKDW DUH RQO\ XQIROGHG LQ FRPELQDWLRQ ZLWK
OLJKW DQG R[\JHQ� 3RO\PHU�EDVHG QDQRSDUWLFOHV �13V� DUH PRVWO\ XVHG DV GHOLYHU\ V\VWHPV IRU 36V
VLQFH WKH\ HQKDQFH SRUSK\ULQ VROXELOLW\ DQG VWDELOLW\ XQGHU SK\VLRORJLF FRQGLWLRQV DQG FDQ LQFUHDVH
WXPRU XSWDNH >�@� %RWK� WKH 36 DQG WKH 13 DUH LPSOLFLWO\ UHTXLUHG WR H[KLELW ORZ GDUN WR[LFLW\ WR
DYRLG VLGH HIIHFWV DQG HQVXUH D OLJKW GLUHFWHG ORFDOL]HG WKHUDS\� 7KHUHIRUH� LW LV LPSRUWDQW WR DVVHVV
WKH�LQ�YLYR�WROHUDELOLW\�RI�ERWK��WKH�36�LQ�WKH�GDUN�DQG�LWV�SRO\PHULF�GHOLYHU\�V\VWHP�

5HFHQWO\� ZH KDYH VKRZQ WKDW FKORULQ H� W\SH 36V LQFOXGLQJ FKORULQ H� �&H�� DUH ZHOO HQFDSVXODWHG
LQWR SRO\YLQ\OS\UUROLGRQH �393� DQG LQWR ELRGHJUDGDEOH EORFN FRSRO\PHU PLFHOOHV IRUPHG E\
.ROOLSKRU 3��� �.3� >���@� :KLOH WKH FHOOXODU XSWDNH RI WKH 36V FRXOG EH UHDGLO\ SURYHG E\
IOXRUHVFHQFH� OLWWOH LV NQRZQ DERXW WKH PHWDEROLF UHVSRQVH RI WKH FHOOV WRZDUGV WKH 36V DQG 13V LQ
WKH GDUN� ,Q WKLV VWXG\ ZH DLP WR DGGUHVV WKH TXHVWLRQ KRZ 393 DQG .3�PLFHOOHV DIIHFW WKH
PHWDEROLF UHVSRQVH RI FDQFHU FHOOV DIWHU LQFXEDWLRQ ZLWK &H�� +LJK 5HVROXWLRQ 0DJLF $QJOH
6SLQQLQJ �+5�0$6� 105 VSHFWURVFRS\ FRPELQHG ZLWK PXOWLYDULDWH VWDWLVWLFDO DQDO\VHV ZDV XVHG WR
VWXG\ WKH PHWDEROLF SURILOH RI FXOWXUHG +H/D FHOOV WUHDWHG ZLWK &H� DORQH RU HQFDSVXODWHG LQWR 393
RU�.3�DW�WKUHH�GLIIHUHQW�&H��FRQFHQWUDWLRQV�

�� PHWDEROLWHV FRXOG EH DVVLJQHG LQ WKH �+ +5�0$6 105 VSHFWUD RI O\VHG +H/D FHOOV� $ WRWDO RI ��
�+ VSHFWUD �FRUUHVSRQGLQJ WR � FRQWUROV� DQG � RI HDFK JURXS RI ��� �� DQG ���� w0 &H� DORQH RU
FRPELQHG ZLWK 393 RU .3� DQG SXUH 393 DQG .3� HDFK VXEGLYLGHG LQWR ��� EXFNHW UHJLRQV ZHUH
DQDO\]HG� ,Q SULQFLSDO FRPSRQHQW DQDO\VLV �3&$�� WKH FHOO VDPSOHV WKDW ZHUH LQFXEDWHG ZLWK FDUULHU�
IUHH &H� ZHUH FOHDUO\ VHSDUDWHG IURP DOO RWKHU VDPSOHV� 7KH PHWDEROLF UHVSRQVH ZDV DOVR
FRUUHODWHG WR WKH &H� FRQFHQWUDWLRQ ZLWK WKH KLJKHVW FRQFHQWUDWLRQV RI &H� VKRZLQJ WKH VWURQJHVW
GHYLDWLRQ IURP WKH FRQWURO VDPSOHV� )XUWKHUPRUH� ERWK FDUULHUV� 393 DQG .3� DWWHQXDWHG WKH HIIHFW
RI &H� RQ WKH +H/D PHWDEROLWHV� 0RUHRYHU� FHOO VDPSOHV LQFXEDWHG ZLWK WKH SXUH FDUULHUV
RYHUODSSHG ZLWK WKH FRQWURO VDPSOHV LQGLFDWLQJ WKDW WKH\ VHHP WR EH ODUJHO\ QRQ�WR[LF�
&RQWULEXWLRQV RI VLQJOH PHWDEROLWHV WR WKH VHSDUDWLRQ RI &H� FRQWDLQLQJ VDPSOHV ZLOO EH GLVFXVVHG
LQ GHWDLO EDVHG RQ SDUWLDO OHDVW VTXDUHV �3/6� DQG 3/6�GLVFULPLQDQW DQDO\VLV �3/6�'$� PRGHOV DQG
WKH�FRUUHVSRQGLQJ�ORDGLQJ�SORWV�

>�@�)��0RUHW��(��5HGGL��-��3RUSK��3KWKDORF\DQLQHV��������������������
>�@�0��+¦GHQHU��,��*MXURVNL��-��)XUUHU��0��9HUPDWKHQ��-��3K\V��&KHP��%�������������������������
>�@�,��*MXURVNL��-��)XUUHU��0��9HUPDWKHQ��&KHP3K\V&KHP����������������������
>�@ ,� *MXURVNL� (� *LURXVL� &� 0H\HU� &� +HUWLJ� '� 6WRMNRY� 0� )X[� 1� 6FKQLGULJ� -� %XFKHU� 6� 3ILVWHU�
/� 6DXVHU� +�8� 6LPRQ� 3� 9HUPDWKHQ� -� )XUUHU� 0� 9HUPDWKHQ� -� &RQWUROOHG 5HOHDVH ����� ����
���૱����
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0RGHO�3HSWLGH�6WXGLHV�RI�$J��%LQGLQJ�6LWHV�,QVSLUHG�E\�WKH�6LOYHU�5HVLVWDQFH�3URWHLQ
6LO(

)��0DUTXHQHW���/��%DEHO���9��&KDEHUW���.��0��)URPP�

�'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�)ULERXUJ��&KHPLQ�GX�0XV«H����)ULERXUJ��6ZLW]HUODQG

7KH VLOYHU FDWLRQ $J� DQG LWV FRPSRXQGV KDYH EHHQ NQRZQ IRU WKHLU DQWLEDFWHULDO SURSHUWLHV� >�@
+RZHYHU� DQ LQFUHDVLQJ QXPEHU RI UHSRUWV KDYH KLJKOLJKWHG WKH HPHUJHQFH RI VLOYHU UHVLVWDQW
EDFWHULDO VWUDLQV LVRODWHG IURP EXUQ FDUH FHQWHUV RU VLOYHU FRQWDPLQDWHG PHGLD� 7KH UHVLVWDQFH LV
SURYLGHG E\ WKH VLOYHU HIIOX[ SXPS� ZKLFK FRQWDLQV HLJKW SURWHLQV WKDW DFW WRJHWKHU WR H[SRUW VLOYHU
LRQV� $PRQJ WKHP� WKH 6LO( SURWHLQ LV WKH RQO\ RQH RI ZKLFK WKH UROH LV VWLOO XQNQRZQ� DFWLQJ DV D
VSRQJH�IRU�VLOYHU�

0RGHO SHSWLGHV ZHUH VWXGLHG WR LGHQWLI\ $J��ELQGLQJ VLWHV RI WKH EDFWHULDO VLOYHU UHVLVWDQFH SURWHLQ 6LO(� >�@
7KH VLOYHU LRQV DUH ELQGLQJ LQ D OLQHDU FRRUGLQDWLRQ PRGH RQ KLVWLGLQH �+LV� +� DQG PHWKLRQLQH �0HW� 0�
UHVLGXHV� )ROORZLQJ WKLV VWXG\� WKH DPLQR DFLGV �$$� SUHVHQW EHWZHHQ WKHVH WZR UHVLGXHV FRXOG LQIOXHQFH
WKH FRRUGLQDWLRQ RI WKH +LV DQG 0HW UHVLGXHV ZLWK $J�� 7KXV UHSODFLQJ RQH $$ E\ DQ RWKHU RQH FRXOG
LQFUHDVH RU GHFUHDVH WKH VWDELOLW\ RI WKH FRPSOH[ $J��+;;0 �ZLWK ; RQH $$�� 7KH JRDO RI WKLV VWXG\ LV WR
XQGHUVWDQG WKH FRQWULEXWLRQV RI GLIIHUHQW $$ RQ WKH OLQHDU FRRUGLQDWLRQ RI WKH +LV DQG 0HW UHVLGXHV ZLWK
$J��

>�@�%DUDV�)���$XVVHO�/���(]UDW\�%���$QWLELRWLFV��������������
>�@ &KDEHUW 9�� +RORJQH 0�� 6«QªTXH 2�� &URFKHW $�� :DONHU 2�� )URPP .� 0��&KHP� &RPPXQ��
��������������������
>�@�6LOYHU�6���3KXQJ�/��7���6LOYHU�*���-��,QG��0LFURELRO��%LRWHFKRO��������������������
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6\QWKHVLV�DQG�ELRORJLFDO�HYDOXDWLRQ�RI�3527$&V�DQG�GHVWDELOL]HUV�ZLWK�SXWDWLYH�DQWL�
LQIODPPDWRU\�DFWLYLW\

6��3DQQLOXQJKL

�6FKRRO�RI�3KDUPDFHXWLFDO�6FLHQFHV��8QLYHUVLW\�RI�*HQHYD��5XH�0LFKHO�6HUYHW���������*HQªYH���
$OSLQH�,QVWLWXWH�IRU�'UXJ�'LVFRYHU\��(3)/��,QQRYDWLRQ�3DUN�%XLOGLQJ�&�������/DXVDQQH

,Q PXOWLFHOOXODU RUJDQLVPV� DSRSWRVLV LV KLJKO\ LQWHJUDWHG ZLWK LQIODPPDWLRQ DQG LW LV FUXFLDO IRU
SK\VLRORJLFDO KRPHRVWDVLV DQG KRVW GHIHQVH DJDLQVW SDWKRJHQV DW WKH PROHFXODU OHYHO� 'HDWK
'RPDLQ �''� FRQWDLQLQJ UHFHSWRUV� ZKLFK DUH PHPEUDQH SURWHLQV EHORQJLQJ WR WKH 7XPRU 1HFURVLV
)DFWRU UHFHSWRUV �71)5� VXSHUIDPLO\� DUH LQYROYHG LQ ERWK DSRSWRWLF DQG LQIODPPDWRU\ VLJQDOLQJ����
7KH WXPRU QHFURVLV IDFWRU �71)� LV D F\WRNLQH SOD\LQJ D FUXFLDO UROH LQ WKH UHJXODWLRQ RI ERWK LQQDWH
DQG DGDSWLYH LPPXQH UHVSRQVH DQG LWV GHUHJXODWLRQ LV UHVSRQVLEOH IRU WKH SDWKRORJLFDO RFFXUUHQFH
RI YDULRXV DXWRLPPXQH GLVRUGHUV DQG SHUSHWXDWLRQ RI FKURQLF LQIODPPDWLRQ���� 71) H[HUWV LWV
IXQFWLRQV WKDQNV WR WKH LQWHUDFWLRQ ZLWK WZR GLVWLQFW UHFHSWRUV� 71) UHFHSWRU � �71)5��� DQG 71)
UHFHSWRU � �71)5���� :KLOH 71)5�� LV PDLQO\ LQ FKDUJH RI WKH 1)�͎% PHGLDWHG SUR�LQIODPPDWRU\
UHVSRQVH DQG DSRSWRVLV LQGXFWLRQ� 71)5�� SURPRWHV FHOO VXUYLYDO DQG WLVVXH UHJHQHUDWLRQ� )URP D
VWUXFWXUDO SRLQW RI YLHZ� WKHLU LQWUDFHOOXODU GRPDLQV SUHVHQW GLVWLQFW IHDWXUHV WKDW GHILQH WKHP DV
UHSUHVHQWDWLYHV RI WKH WZR PDLQ FODVVHV RI WKH 71)5 VXSHUIDPLO\� WKH ''�FRQWDLQLQJ UHFHSWRUV IRU
71)5�� DQG WKH 75$)�LQWHUDFWLQJ UHFHSWRUV IRU 71)5������ 8OWLPDWHO\� LW LV FOHDU WKDW WDUJHWLQJ
71)5�� '' FRXOG EHFRPH D SURPLVLQJ DQG VHOHFWLYH WKHUDSHXWLF DSSURDFK WR QHXWUDOL]H WKH SUR�
LQIODPPDWRU\ DFWLYLW\ RI 71) ZKLOH PDLQWDLQLQJ WKH DGYDQWDJHRXV HIIHFWV SURPRWHG E\ 71)5��� ,Q
WKLV SHUVSHFWLYH� ZH VWDUWHG DGGUHVVLQJ WZR PDLQ VFLHQWLILF TXHVWLRQV� L� ,V LW SRVVLEOH WR XVH WKH
ૺVPDOO�PROHFXOHૻ DSSURDFK WR LQGXFH VHOHFWLYH 71)5�� LQKLELWLRQ LQ DXWRLPPXQH DQG
DXWRLQIODPPDWRU\ GLVHDVHV" LL� &DQ ZH FRPELQH WKH ૺVPDOO�PROHFXOHૻ DSSURDFK ZLWK 3527$&
WHFKQRORJ\�IRU�VHOHFWLYH�71)5���GHJUDGDWLRQ�E\�WKH�836�PDFKLQHU\"

%DVHG RQ D VFUHHQLQJ RI ��� IUDJPHQWV DJDLQVW 71)5�� ''� WKLUW\�IRXU QHZ KLWV KDYH EHHQ
GLVFRYHUHG� 7KHVH WKLUW\�IRXU IUDJPHQWV KDYH HLWKHU VWDELOL]LQJ RU GHVWDELOL]LQJ HIIHFWV WRZDUGV WKH
WDUJHW� 7KLV UHSUHVHQWV D YHU\ JRRG VWDUWLQJ SRLQW IRU GHYHORSLQJ VPDOO PROHFXOHV VSHFLILFDOO\
WDUJHWLQJ 71)5��� E\ FRPELQLQJ PROHFXODU PRGHOLQJ� PHGLFLQDO FKHPLVWU\ DQG LQ YLWUR�DVVD\V� ,Q
WKLV SRVWHU� , ZLOO EH SUHVHQWLQJ WKH ILUVW UHVXOWV WRZDUGV UHDFKLQJ WKH DLP RI V\QWKHWL]LQJ DQG
ELRORJLFDO�HYDOXDWLQJ�3527$&V�DQG�GHVWDELOL]HUV�ZLWK�SXWDWLYH�DQWL�LQIODPPDWRU\�DFWLYLW\�

>�@�3DUN�++��/R�<&�HW�DO��$QQX�5HY�,PPXQRO������������������
>�@�$JJDUZDO�%%��1DW�5HY�,PPXQRO��������������������
>�@�)LVFKHU�5��.RQWHUPDQQ�5��0DLHU�2��$QWLERGLHV������������������
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%LR�LQVSLUHG�GLYHUJHQW�V\QWKHVLV�RI�YDULRXV�VHVTXLWHUSHQH�LQFOXGLQJ�*R\D]HQVROLGH��LWV
QHZ�FHOOXODU�WDUJHW�DQG�LWV�WKHUDSHXWLF�SRWHQWLDO�LQ�FDQFHU�DQG�YLURORJ\�

5��3DWRXUHW���:��/LX���6��%DUOXHQJD���0��3ODQFN���5��/RHZLWK���1��:LQVVLQJHU�

�'HSDUWPHQW�RI�2UJDQLF�&KHPLVWU\��1DWLRQDO�&HQWUH�RI�&RPSHWHQFH�LQ�5HVHDUFK��1&&5��LQ
&KHPLFDO�%LRORJ\��)DFXOW\�RI�6FLHQFH��8QLYHUVLW\�RI�*HQHYD���'HSDUWPHQW�RI�0ROHFXODU�%LRORJ\

:H KDYH GHYHORSHG D GLYHUJHQW VWUDWHJ\� EDVHG LQ WKH PHUJHG RI ͅ�PHWK\OHQH�͇�EXW\URODFWRQH
IRUPDWLRQ DQG ���PHPEHUHG ULQJ FRQVWUXFWLRQ LQ RQH VWHS IRU WKH V\QWKHVLV RI GR]HQV RI QDWXUDO
SURGXFWV DQG V\QWKHWLF DQDORJV LQFOXGLQJ IXUDQRKHOLDQJROLGHV� JHUPDFUDQH ODFWRQHV DQG FKDSOLDWULQ�
W\SH VHVTXLWHUSHQRLGV� 2QH RI WKHVH QDWXUDO SURGXFWV LV *R\D]HQVROLGH� ZKLFK ZDV LQLWLDOO\ LVRODWHG
LQ (UHPDQWKXV *R\D]HQVLV GXULQJ D UHVHDUFK SURJUDP WR ILQG VFKLVWRVRPLFLGDO DJHQWV� :H KDYH
DOVR GLVFRYHUHG D QHZ WDUJHW RI *R\D]HQVROLGH� WR ZKLFK LW ELQGV FRYDOHQWO\ DQG WKDW SHUWXUEDWHV
WKH WUDQVORFDWLRQ RI 5$6$/�� DQG SHUWXUEDWHV WKH ELQGLQJ ZLWK LQIOXHQ]D $ 1/6� ZKDW PLJKW OHDG WR
D�WKHUDSHXWLF�IRU�YLUDO�WUHDWPHQW�
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;�5D\�&U\VWDOORJUDSKLF�6WXGLHV�RI�6KRUW�$QWLPLFURELDO�+HOLFDO�3HSWLGHV�DJDLQVW
0XOWLGUXJ�5HVLVWDQW�*UDP�1HJDWLYH�%DFWHULD

+��3HUVRQQH���6��%DHULVZ\O���$��6WRFNHU���6��-DYRU���-��/��5H\PRQG�

�'HSDUWPHQW�RI�&KHPLVWU\�DQG�%LRFKHPLVWU\��8QLYHUVLW\�RI�%HUQ

0XOWLGUXJ UHVLVWDQW EDFWHULD UHSUHVHQW D JOREDO SXEOLF KHDOWK WKUHDW� FDOOLQJ IRU WKH GHYHORSPHQW RI
QHZ DQWLELRWLFV� ,Q RXU LQYHVWLJDWLRQV RI DQWLPLFURELDO SHSWLGHV �$03V� WR WUHDW PXOWLGUXJ UHVLVWDQW
*UDP�QHJDWLYH EDFWHULD VXFK DV 3VHXGRPRQDV DHUXJLQRVD DQG $FLQHWREDFWHU EDXPDQQLL� RXU JURXS
UHFHQWO\ UHSRUWHG WKH ILUVW ;�5D\ FU\VWDO VWUXFWXUHV RI VKRUW $03V LQ IRUP RI 1�WHUPLQDOO\
IXFRV\ODWHG DQDORJV LQ FRPSOH[ ZLWK WKH PLFURELDO /HFWLQ /HF% >�@� 7KHVH VKRUW SHSWLGHV DUH
GLVRUGHUHG LQ DTXHRXV VROXWLRQ EXW IRUP KHOL[ EXQGOHV LQ WKH FU\VWDO� ZKLFK SUREDEO\ UHSUHVHQWV WKH
ELRDFWLYH FRQIRUPDWLRQ DW WKH EDFWHULDO PHPEUDQH� )ROORZLQJ WKH VDPH DSSURDFK� ZH ODWHU
REWDLQHG WKH VWUXFWXUH RI VKRUW ELF\FOLF DQWLPLFURELDO SHSWLGHV DQG GLVFRYHUHG WKDW WKH\ DOVR
FRQWDLQ DQ ͅ�KHOLFDO FRQIRUPDWLRQ DJJUHJDWLQJ WR IRUP KHOL[ EXQGOHV� 7R WHVW ZKHWKHU WKH ͅ�KHOL[
REVHUYHG LQ RXU ELF\FOLF $03 ZDV HQDEOHG E\ WKH ELF\FOL]DWLRQ� ZH LQYHVWLJDWHG WKH SDUHQW OLQHDU
���UHVLGXH $03 VHTXHQFH� DQG GLVFRYHUHG WKDW WKLV VHTXHQFH LV DOVR ͅ�KHOLFDO� )XUWKHU RSWLPL]DWLRQ
OHG WR QHZ YHU\ VKRUW OLQHDU $03V ZLWK SRWHQW DFWLYLWLHV DJDLQVW D EURDG UDQJH RI PXOWLGUXJ
UHVLVWDQFH�*UDP�QHJDWLYH�EDFWHULD��LQFOXGLQJ�.OHEVLHOOD�SQHXPRQLDH�

>�@ 6W«SKDQH %DHULVZ\O� 7KLVVD 1� 6LULZDUGHQD� 5LFDUGR 9LVLQL� 0DXUDQH 5REDGH\� 6DFKD -DYRU�
$FKLP�6WRFNHU��7DPLV�'DUEUH��-HDQ�/RXLV�5H\PRQG��$&6�&KHP��%LRO��������������������
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6ROYLQJ�WKH�;�UD\�VWUXFWXUH�RI�D�ELR�DUWLILFLDO�QHXURWUDQVPLWWHU�UHFHSWRU�GHVLJQHG�IRU
WKH�QDNHG�H\H�UHFRJQLWLRQ�RI�GRSDPLQH

7��5RVVHO���5��*REDW���%��=KDQJ�

�*\PQDVH�IUDQ©DLV�GH�%LHQQH���8QLYHUVLW\�RI�%DVHO

7KH OLWHUDWXUH LV FRQVWDOOHWHG ZLWK D ZLGH YDULHW\ RI FKHPRVHQVRUV DJDLQVW D SOHWKRUD RI DQDO\WHV
>�������@� 7KLV VHPLQDO OLEUDU\ LV XVHG WR LQVSLUH FKHPLVWV WR LPSURYH WKHP XVLQJ FKHPLFDO
V\QWKHVLV� +RZHYHU� WKHLU RSWLPL]DWLRQ YLD FKHPLFDO V\QWKHVLV LV D GLIILFXOW WDVN ZKLFK WDNHV WLPH
ZLWKRXW WKH JXDUDQWHH RI ILQDO VXFFHVV >�����@� :H VKRZ KHUH WKDW FRPELQDWRULDO FKHPLVWU\� WKH XVH
RI ILUVW DQG VHFRQG FRRUGLQDWLRQ VSKHUHV LQWHUDFWLRQV DQG WKH GLVSODFHPHQW RI LQGLFDWRUV XQLWHG
ZLWKLQ D SURWHLQ FDYLW\ RIIHUV DQ HDV\�WR�DVVHPEOH FRORULPHWULF ELR�FKHPLFDO VHQVRU >�@� ,W FRQVLVWV
RQO\ RI FRPPHUFLDO FKHPLFDOV� 7KLV FRORULPHWULF VHQVRU LV KLJKO\ PRGXODU� FKHDS DQG HYROYDEOH� ,WV
;�UD\ VWUXFWXUH UHYHDOV WKH FRPSRVLWLRQ RI LWV DFWLYH VLWH� 7KLV DOORZV WR GHVLJQ LW UDWLRQDOO\ IRU WKH
UHFRJQLWLRQ RI GRSDPLQH ZLWK WKH QDNHG�H\H� 2XU ELR�VHQVRU WKHUHIRUH UHVHPEOHV D ELRORJLFDO
UHFHSWRU IRU WKH UHFRJQLWLRQ RI QHXURWUDQVPLWWHUV� ,WV LPPHGLDWH KLJK DGDSWDELOLW\ DQG DELOLW\ WR EH
HYROYHG FDQ EH XVHIXO IRU WKH VHOHFWLYH GHWHFWLRQ RI D ZLGH YDULHW\ RI DQDO\WHV JRLQJ IURP VPDOO
PROHFXOHV WR PLFURRUJDQLVPV� 7KLV GLVFRYHU\ WKHUHIRUH PDNHV LW SRVVLEOH WR GUHDP RI QHZ
ELRWHFKQRORJLFDO�RU�QHZ�LPPXQRWKHUDSHXWLF�DSSOLFDWLRQV�

>�@�7��5RVVHO��%��=KDQJ��5��*REDW��&KHP5;,9�������
>�@�*��6SULQJVWHHQ��%��:DQJ��&KHPLFDO�&RPPXQLFDWLRQV����������������૱�����
>�@�7��5RVVHO��0��&UHXV��&KHPLFDO�&RPPXQLFDWLRQV�����������������૱�����
>�@�7��5RVVHO�DQG�0��&UHXV��&+,0,$���������������૱����
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7KH�HIIHFWV�RI�FKHPLFDO�UHDFWLRQV�RQ�FRGRQ�GULIW�LQ�'1$�HQFRGHG�OLEUDULHV

%��6DXWHU���/��6FKQHLGHU���&��6WUHVV���'��*LOOLQJKDP�

�'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�%DVHO��6W�����'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�%DVHO

'1$ HQFRGHG OLEUDULHV FRQQHFW VPDOO PROHFXOHV ZLWK JHQHWLF LQIRUPDWLRQ DQG EHFDPH DQ LPSRUWDQW
WRRO IRU GUXJ GLVFRYHU\ LQ ERWK DFDGHPLD DQG LQGXVWU\ >�@� 7KH\ DOORZ WKH FRQVWUXFWLRQ RI OLEUDULHV
ZLWK PLOOLRQV RI GLIIHUHQW PHPEHUV WKDW FDQ EH WHVWHG DW WKH VDPH WLPH XVLQJ� IRU H[DPSOH� DIILQLW\
HQULFKPHQWV� $ PDMRU GLVDGYDQWDJH LV WKH OLPLWHG QXPEHU RI FKHPLFDO WUDQVIRUPDWLRQV DYDLODEOH
WKDW UHGXFH WKH DYDLODEOH FKHPLFDO VSDFH >�@� DOWKRXJK WKHUH KDV EHHQ VRPH VLJQLILFDQW SURJUHVV
RQ�WKDW�LQ�WKH�UHFHQW�\HDUV�>�@�

$ NH\ SUREOHP RI UHDFWLRQV LQ '1$ HQFRGHG UHDFWLRQV LV DOZD\V WKH VLGH UHDFWLRQV WKH\ PLJKW
XQGHUJR ZLWK WKH '1$ WDJ� LPSDLULQJ WKH JHQHWLF LQIRUPDWLRQ� $ SRSXODU DSSURDFK LV WKH
PHDVXUHPHQW RI '1$ DPSOLILDELOLW\ E\ XWLOL]LQJ T3&5 >�@� 0RUH UHFHQWO\� FKDUDFWHUL]DWLRQ RI
UHDFWLRQ FRQGLWLRQV DFFRUGLQJ WR WKHLU HQFRGLQJ ILGHOLW\ KDV EHHQ VKRZQ >�@� +HUHLQ� ZH JLYH LQVLJKW
LQWR D WKLUG SDUDPHWHU WKDW FDQ EH XVHG WR FKDUDFWHUL]H UHDFWLRQV� 0RGLILFDWLRQV RI QXFOHREDVHV FDQ
FDXVH�PXWDWLRQV�DQG��DV�D�UHVXOW��WKH�'1$�XVHG�IRU�HQFRGLQJ�FDQ�FKDQJH�

>�@�/LN�+DQJ�<XHQ��5DSKDHO�0��)UDQ]LQL��&KHP%LR&KHP������������������૱����
>�@�5DSKDHO�0��)UDQ]LQL��&DVVLH�5DQGROSK��-��0HG��&KHP���������������������૱�����
>�@ �D� $OH[DQGHU /HH 6DW]� -LDQSLQJ &DL� <L &KHQ� 5REHUW *RRGQRZ� )HOL[ *UXEHU� $JQLHV]ND
.RZDOF]\N� $QQ 3HWHUVHQ� *ROL 1DGHUL�2ERRGL� /XFMD 2U]HFKRZVNL� 4XHQWLQ 6WUHEHO� %LRFRQMXJDWH
&KHP� ����� ��� �� ����૱����� �E� 'LOORQ 7� )ORRG� 6KRWD $VDL� ;XHMLQJ =KDQJ� -LH :DQJ� /HRQDUG
<RRQ� =R &� $GDPV� %O\WKH &� 'LOOLQJKDP� %ULWWDQ\ %� 6DQFKH]� -XOLHQ &� 9DQWRXURXW� 0DUN (�
)ODQDJDQ� 'DYLG :� 3LRWURZVNL� 3DXO 5LFKDUGVRQ� 6DPDQWKD $� *UHHQ� 5\DQ $� 6KHQYL� -DVRQ 6�
&KHQ��3KLO�6��%DUDQ��3KLOLS�(��'DZVRQ��-��$P��&KHP��6RF���������������������૱������
>�@ �D� 0DULH /� 0DORQH� %ULDQ 0� 3DHJHO� $&6 &RPE� 6FL�� ����� ��� �� ���૱���� �E� &HGULF -� 6WUHVV�
%DVLOLXV 6DXWHU� /XNDV $� 6FKQHLGHU� 7LPRWK\ 6KDUSH� 'HQQLV *LOOLQJKDP�$QJHZ� &KHP� ,QW� (G��
������������������૱�����
>�@ $QRNKD 6� 5DWQD\DNH� 0DUN (� )ODQDJDQ� 7LPRWK\ /� )ROH\� -XVWLQ '� 6PLWK� -LOOLDQ *� -RKQVRQ�
-XVWLQ�%HOOHQJHU��-XVWLQ�,��0RQWJRPHU\��%ULDQ�0��3DHJHO��$&6�&RPE��6FL��������������������૱����
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$QWLELRWLF�'HOLYHU\�YLD�'LVXOILGH�([FKDQJH

,��6KFKHOLN���.��*DGHPDQQ�

�8QLYHUVLW\�RI�=XULFK��:LQWHUWKXUHUVWUDVVH������������=XULFK��6ZLW]HUODQG

$IWHU WKH GLVFRYHU\ RI SHQLFLOOLQ DQG KHUHE\ RSHQLQJ WKH ૺJROGHQ DJHૻ RI DQWLELRWLF UHVHDUFK� IRU WKH
ILUVW WLPH� PDQ\ FRPPRQ EDFWHULDO GLVHDVHV FRXOG EH FOLQLFDOO\ DGGUHVVHG�� 7KH EDFWHULDO GLVHDVHV
VHHPHG WR EH SHUPDQHQWO\ GHIHDWHG E\ XVLQJ D ZLGH UDQJH RI GLIIHUHQW FODVVHV RI DQWLELRWLFV�
+RZHYHU� ZLWK WKH LQFUHDVH RI DQWLELRWLF XWLOL]DWLRQ� PRUH DQG PRUH SDWKRJHQLF EDFWHULD VWDUWHG WR
GHYHORS UHVLVWDQFH WR WKH LQKLELWRU\ HIIHFW RI DQWLPLFURELDOV� 1RZDGD\V� UDSLGO\ HVFDODWLQJ EDFWHULDO
UHVLVWDQFH GHYHORSPHQW FDXVHV VHULRXV FRQFHUQ IRU SXEOLF KHDOWK�� 7KHUHIRUH� WKHUH UHPDLQV DQ
XUJHQW QHHG IRU WKH GHYHORSPHQW RI QHZ DQWLELRWLFV� +RZHYHU� WKH QXPEHU RI DSSURYHG DQWLELRWLFV
LQ WKH PDUNHW KDV EHHQ GHFUHDVLQJ RYHU WKH GHFDGHV� 2QH RI WKH UHDVRQV LQFOXGHV WKH IDLOXUH RI
SRWHQWLDO DQWLELRWLFV WR UHDFK WKH WDUJHW�� LQ SDUWLFXODU IRU *UDP�QHJDWLYH EDFWHULD� RU LQ ELRILOPV�
7KHUHIRUH� VHYHUDO VWUDWHJLHV KDYH EHHQ GHYHORSHG IRU DQWLELRWLF GHOLYHU\ EDVHG RQ QDQRPDWHULDOV
�VHOI�WKHUDSHXWLF DJHQWV DQG FDUULHUV IRU DQWLPLFURELDO FDUJR�� DQG PRGLILHG OLYLQJ RUJDQLVPV��
+RZHYHU� WKHUH UHPDLQV JUHDW LQWHUHVW LQ ILQGLQJ QHZ VWUDWHJLHV IRU GUXJ GHOLYHU\ EDVHG RQ QRYHO
PROHFXODU�PHFKDQLVPV�

$ QXPEHU RI G\QDPLF FRYDOHQW FKHPLVWU\ VWUDWHJLHV KDYH DOUHDG\ EHHQ H[SORLWHG� ZKLFK FDQ VHOI�
DVVHPEOH� UHVSRQG� DQG GHJUDGH LQ D FRQWUROOHG PDQQHU LQ PDPPDOLDQ FHOOV�� 2QH RI WKHP
LQFOXGHV WKH XWLOL]DWLRQ RI FHOO VXUIDFH WKLROV WR LQFUHDVH FHOOXODU XSWDNH������ *UDP�SRVLWLYH DQG
*UDP�QHJDWLYH FHOOV DOVR FRQWDLQ WKLRO JURXSV LQ WKHLU FHOO HQYHORSHV� ZKLFK HPHUJHV DV D SRWHQWLDO
WDUJHW IRU GLWKLRO�PHGLDWHG XSWDNH VWUDWHJ\� 0RUHRYHU� WKHUH DUH VHYHUDO H[DPSOHV LQ WKH
LPSURYHPHQW RI ELRILOP LQKLELWLRQ IRU WKH FRPSRXQGV FRQWDLQHG GLWKLRO PRLHW\ RU DIWHU WKH
LQWURGXFWLRQ�RI�WKRVH�LQWR�NQRZQ�DQWLPLFURELDO���

,Q WKH SXUVXLW RI WKHVH JRDOV� RXU JURXS VHOHFWHG WZR DQWLELRWLFV WR EH GHULYDWL]HG� 9DQFRP\FLQ DQG
FHSKDORVSRULQ DUH WZR ZHOO�NQRZQ DQG EURDGO\ XVHG LQKLELWRUV RI EDFWHULDO FHOO ZDOO ELRV\QWKHVLV���
7KH DIRUHPHQWLRQHG DQWLELRWLFV ZHUH PRGLILHG ZLWK GLWKLRO�FRQWDLQLQJ DOLSKDWLF FKDLQV� OLSRLF DFLG�
DQG�RU DVSDUDJXVLF DFLG�� $OO WKH REWDLQHG FRPSRXQGV ZHUH WHVWHG DJDLQVW VHYHUDO *UDP�QHJDWLYH
DQG *UDP�SRVLWLYH EDFWHULD� LQFOXGLQJ 056$ DQG YDQFRP\FLQ�UHVLVWDQW 6WDSK\ORFRFFXV DXUHXV
�956$�� $GGLWLRQDOO\� ZH VWXGLHG WKH PHFKDQLVP RI DFWLRQ E\ PLFURVFRS\ YLVXDOL]DWLRQ RI *UDP�
QHJDWLYH EDFWHULD PL[HG ZLWK IOXRURSKRUH�ODEHOHG GLWKLRO GHULYDWLYHV� 0RUHRYHU� WKH V\QWKHVL]HG
FRPSRXQGV�KDYH�WKH�SRWHQWLDO�LQ�WKH�LQKLELWLRQ�RI�ELRILOP�IRUPDWLRQ�

>�@�6KHR�%��6LQJK��-RKQ�)��%DUUHWW��%LRFKHP��3KDUPDFRO����������������૱�����
>�@�6WHYHQ�/��%DUULHUH��([SHUW�2SLQ��3KDUPDFRWKHU���������������૱����
>�@�0LFKHOOH�)��5LFKWHU��3DXO�-��+HUJHQURWKHU��$��1��<��$FDG��6FL�����������������૱���
>�@ $NDVK *XSWD� 6KD]LD 0XPWD]� &KHQJ�+VXDQ /L� ,UVKDG +XVVDLQ� 9LQFHQW 0� 5RWHOOR�
&KHP�6RF�5HY���������������������
>�@�,VDEHO�3��.HUVFKJHQV��.DUO�*DGHPDQQ��&KHP%LR&KHP���������������૱����
>�@�6«EDVWLHQ�8OULFK��$FF��&KHP��5HV����������������ಗ����
>�@�$GULDQ�*��7RUUHV��0LFKDHO�-��*DLW��7UHQGV�LQ�%LRWHFKQRORJ\����������������
>�@ 4XHQWLQ /DXUHQW� 0DWK«R %HUWKHW� <DQJ\DQJ &KHQJ� 1DRPL 6DNDL� 6RILD %DUOXHQJD� 1LFRODV
:LQVVLQJHU��6WHIDQ�0DWLOH��&KHP%LR&KHP������������������
>�@�7LDQVKX�/L��6KLQML�7DNHRND��,QW��-��RI�1DQRPHG����������������������
>��@ -RRQJ 6XS 6KLP� +\L�6HXQJ /HHE� -RQJKHRQ 6KLQF� +R -HRQJ .ZRQ� &DQFHU /HWWHUV� ����� ����
���૱���
>��@ 3DUDPLWD 6DUNDU� 9HQNDWHVZDUOX <DUODJDGGD� &KDQGUDGKLVK *KRVK� -D\DQWD +DOGDU� 0HG�
&KHP��&RPP������������������૱����
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([SORULQJ�WKH�UROH�RI�&(0,3�LQ�$OSRUW�V\QGURPH

6��6SDWDUR���-��6JULJQDQL���$��&DYDOOL���/��6FDSR]]D���0��3UXQRWWR�

�6FKRRO�RI�3KDUPDFHXWLFDO�6FLHQFHV��8QLYHUVLW\�RI�*HQHYD��5XH�0LFKHO�6HUYHW���������*HQªYH���
,QVWLWXWH�IRU�5HVHDUFK�LQ�%LRPHGLFLQH��8QLYHUVLW¢�GHOOD�6YL]]HUD�,WDOLDQD��9LD�9HOD���������%HOOLQ]RQD

$OSRUW V\QGURPH �$6�� D SHGLDWULF UDUH GLVHDVH FDXVHG E\ PXWDWLRQV DIIHFWLQJ W\SH ,9 FROODJHQ� D
PDMRU QHWZRUN�IRUPLQJ VWUXFWXUDO FRPSRQHQW RI EDVHPHQW PHPEUDQHV� LV RQH RI WKH EHVW
FKDUDFWHUL]HG 0HQGHOLDQ KXPDQ GLVHDVHV DIIHFWLQJ � LQ ������������ LQGLYLGXDOV� $6 OHDGV DOPRVW
LQHYLWDEO\ WR ORVV RI UHQDO IXQFWLRQ RU HQG�VWDJH UHQDO GLVHDVH �(65'�� 3UHYLRXV ZRUN KDV
KLJKOLJKWHG D PDMRU UROH IRU D FROODJHQ UHFHSWRU W\URVLQH NLQDVH FDOOHG 'LVFRLGLQ 'RPDLQ 5HFHSWRU �
�''5�� LQ WKH RQVHW DQG SURJUHVVLRQ RI $6� %HFDXVH RI WKH PDJQLWXGH RI UHQDO GDPDJH UHGXFWLRQ
REVHUYHG LQ ''5� JHQHWLF GHOHWLRQ PXULQH PRGHOV� D VHULHV RI ''5� LQKLELWRUV KDYH EHHQ
GHYHORSHG E\ VHYHUDO UHVHDUFK JURXSV� 7KRVH ''5� LQKLELWRUV� WKRXJK KLJKO\ VHOHFWLYH� KDYH
KRZHYHU D OLPLWHG FOLQLFDO YDOXH� :H WKHUHIRUH VHW WR H[SORUH WKH SURWHFWLYH PHFKDQLVP
GRZQVWUHDP RI ''5� DQG� LQ D VHULHV RI H[SHULPHQWV� ZH LGHQWLILHG DQ HQ]\PH� &(0,3� VHOHFWLYHO\
LQGXFHG E\ ''5� LQ SUHVHQFH DQG SRWHQWLDOO\ PHGLDWLQJ ''5� SURWHFWLYH UROH LQ $6� 7KH RYHUDOO
DLP RI WKLV SURMHFW LV WR LQYHVWLJDWH WKH ELRORJ\ RI ''5��&(0,3�+$ D[LV LQ $OSRUW V\QGURPH ERWK LQ
YLWUR DQG LQ YLYR� 5HOHYDQFH RI &(0,3 ZLOO EH WHVWHG LQ YLWUR ZLWK D VHULHV RI PHFKDQLVWLF
H[SHULPHQWV H[SORULQJ WKH UROH RI &(0,3 DQG +$ IUDJPHQWV LQ LQGXFLQJ FHOO VHYHUDO DXWRQRPRXV
EHKDYLRXUV� 0ROHFXODU WRROV �H�J�� D VHOHFWLYH &(0,3 LQKLELWRU� ZLOO EH GHYHORSHG WR IXUWKHU
LQYHVWLJDWH DQG FKDUDFWHUL]H WKH ''5��&(0,3�+$ D[LV ERWK LQ YLWUR DQG LQ YLYR� 3RWHQWLDOO\ WKHVH
PROHFXOHV�ZLOO�WKHQ�EH�WHVWHG�LQ�$OSRUW�PLFH�DQG�KRSHIXOO\�H[SORLWDEOH�WR�SURWHFW�$6�SDWLHQWV�
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6WUXFWXUDO�LQYHVWLJDWLRQ�RI�WKH�ILUVW�XQLPROHFXODU�51$�*�TXDGUXSOH[�YLD�105
VSHFWURVFRS\

=��:DQJ���6��-RKDQQVHQ���$��'RPLQJXH]�0DUWLQ���5��.��6LJHO�

�'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�=XULFK

*�TXDGUXSOH[HV �*�V� DUH QRQ�FDQRQLFDO QXFOHLF DFLG VWUXFWXUHV� ZKLFK DUH XVXDOO\ IRUPHG E\
JXDQLQH�ULFK '1$ DQG 51$ VHTXHQFHV�>�@ 7KH EDVLF VFDIIROG RI D *� DUH VWDFNHG *�TXDUWHWV� ZKLFK
FRQVLVW RI IRXU +RRJVWHHQ EDVH SDLUHG JXDQLQHV DQG DUH VWDELOL]HG E\ PRQRYDOHQW FDWLRQV VXFK DV
1D� DQG .��>�@ *�V DUH VXSSRVHG WR SOD\ FUXFLDO UHJXODWRU\ UROHV LQ JHQH UHSOLFDWLRQ� WUDQVODWLRQ DQG
H[SUHVVLRQ DQG DUH WKHUHIRUH KDQGOHG DV D SURPLVLQJ WDUJHW IRU FKHPRWKHUDS\� $V *�V FDQ DGRSW D
ODUJH YDULHW\ RI GLIIHUHQW WRSRORJLHV� NQRZLQJ WKHLU WKUHH�GLPHQVLRQDO VWUXFWXUHV LV DQ LPSRUWDQW
VWHS WRZDUGV DQ HIILFLHQW GUXJ GHVLJQ� 7R GDWH� PRVW VWUXFWXUDO VWXGLHV FRQFHQWUDWH RQ '1$ *�V�
ZKLOH�WKH�XQGHUVWDQGLQJ�RI�51$�*�V�LV�TXLWH�SRRU�

105 VSHFWURVFRS\ LV D SRZHUIXO WRRO WR HOXFLGDWH WKUHH�GLPHQVLRQDO VWUXFWXUHV RI ELRPROHFXOHV DW
DWRPLF OHYHO LQFOXGLQJ *�V�>�@ +RZHYHU� PDLQO\ OLPLWHG E\ WKH FRPPHUFLDO DYDLODELOLW\ RI WKH LVRWRSH
ODEHOOHG 51$ SKRVSKRUDPLGLWHV� YHU\ IHZ VROXWLRQ VWUXFWXUHV RI 51$ *� KDYH EHHQ VROYHG VR IDU
�RQO\ � FDVHV IURP WKH 3'% GDWDEDQN� E\ 105�>�@ 3DUWLFXODUO\� VROXWLRQ VWUXFWXUHV RI XQLPROHFXODU
51$ *�V KDV QRW EHHQ UHSRUWHG \HW� $V 51$ LV QRUPDOO\ VLQJOH�VWUDQGHG LQ YLYR� XQLPROHFXODU 51$
*��VWUXFWXUHV�ZRXOG�JLYH�DQ�UHDO�LQVLJKW�LQWR�51$�*��VWUXFWXUHV�WKDW�RFFXU�LQ�YLYR�

,Q WKLV ZRUN� ZH LQYHVWLJDWHG D WULSOH PXWDQW RI D ��PHU 51$ VHTXHQFH DW � 875 RI WKH %&/��
SURWR�RQFRJHQH WKDW IRUPV D XQLPROHFXODU *� VWUXFWXUH LQ WKH SUHVHQFH RI .� LRQV� >�@ 'LIIHUHQW
IURP WKH VLWH�VSHFLILF ODEHOOLQJ DSSURDFK� ZKLFK LV FRPPRQO\ XVHG WR VROYH WKH VWUXFWXUH RI '1$
*�V E\ 105� ZH SUHSDUHG YDULRXV XQLIRUPO\ ODEHOHG 51$ VDPSOHV �H�J� ��&���1�*��51$� ��

1�8��51$�� E\ LQ YLWUR WUDQVFULSWLRQ� :LWK WKH KHOS RI DQ DGDSWHG +11�&26< H[SHULPHQW RI WKH
��1 ODEHOOHG �*��51$ VDPSOH WKH K\GURJHQ SDWWHUQ RI DOO *�TXDUWHWV ZDV GHWHUPLQHG DQG EDVHG RQ
WKLV VFDIIROG D IXOO DVVLJQPHQW RI WKLV 51$ TXDGUXSOH[ ZDV DFKLHYHG� 7KLV DOORZHG IRU WKH
HOXFLGDWLRQ�RI�WKH�ILUVW�XQLPROHFXODU�51$�VWUXFWXUH�

>�@ 6KDQNDU %DODVXEUDPDQLDQ� /DXUHQFH + +XUOH\� 6WHSKHQ 1HLGOH�1DWXUH UHYLHZV 'UXJ GLVFRYHU\�
������������������
>�@�0LFKDHO�$GULDQ��%UDKLP�+HGGL��$QK�7XDQ�3KDQ��0HWKRGV������������������
>�@ 0DJGDOHQD 0DOJRZVND� .DUROLQD &]DMF]\QVND� 'RURWD *XGDQLV� $OHNVDQGHU 7ZRUDN� =RILD
*GDQLHF��$FWD�%LRFKLPLFD�3RORQLFD��������������������
>�@�$OLFLD�'RPLQJXH]�0DUWLQ��-DQH]�3ODYHF��5RODQG�.�2��6LJHO��8QSXEOLVKHG�ZRUN
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3HSWLGH�GHQGULPHUV�IRU�FLVSODWLQ�GHOLYHU\�WR�FDQFHU�FHOOV

(��=DNKDURYD���6��-DYRU���-��/��5H\PRQG�

�'HSDUWPHQW�RI�&KHPLVWU\�DQG�%LRFKHPLVWU\��8QLYHUVLW\�RI�%HUQ

&LV�GLDPPLQH�3ODWLQXP�,,� �FLV3W� DQG ����'LDPLQRF\FORKH[DQH�3ODWLQXP�,,� �'$&+3W� DUH XVHG LQ
DOPRVW HYHU\ FDQFHU FKHPRWKHUDS\ WUHDWPHQW� KRZHYHU WKHVH PHWDO FRPSOH[HV FDXVH ODVWLQJ VLGH�
HIIHFWV� ZKLFK PLJKW EH UHGXFHG E\ WDUJHWHG GHOLYHU\ WR FDQFHU WLVVXH LQ IRUP RI QDQRSDUWLFOHV
H[SORLWLQJ WKH HQKDQFHG SHUPHDWLRQ DQG UHWHQWLRQ HIIHFW�>���@ 7DUJHWLQJ RI 3W KDV DOVR EHHQ
LQYHVWLJDWHG XVLQJ 3W�,9� FRPSOH[HV ERXQG WR FHOO SHQHWUDWLQJ SHSWLGHV�>�@ +HUH ZH LQYHVWLJDWH
SHSWLGH GHQGULPHUV DV SRVVLEOH GHOLYHU\ YHFWRUV IRU FLV3W DQG '$&+3W� 2XU JURXS KDV GHYHORSHG D
UHOLDEOH VROLG�SKDVH V\QWKHVLV DFFHVV WR SHSWLGH GHQGULPHUV FRQVLVWLQJ RI VKRUW GLSHSWLGH RU
WULSHSWLGH EUDQFKHV OLQNHG E\ O\VLQH EUDQFKLQJ SRLQWV�>�@ :H UHFHQWO\ UHSRUWHG VXFK SHSWLGH
GHQGULPHUV ZLWK VHTXHQFHV WDLORUHG IRU VL51$ GHOLYHU\� 7KHVH GHQGULPHUV FRQVLVW RI SRO\FDWLRQLF
EUDQFKHV FRQQHFWHG WR D K\GURSKRELF FRUH DQG IRUP QDQRSDUWLFOHV DW QHXWUDO S+ ZKLFK XQGHUJR
HQGRF\WRVLV DQG GLVDVVHPEO\ XSRQ DFLGLILFDWLRQ RI WKH HQGRVRPH� UHVXOWLQJ LQ LQWUDFHOOXODU GHOLYHU\
RI WKHLU VL51$ FDUJR�>�@ +HUH ZH DGDSWHG WKHVH SHSWLGH GHQGULPHUV E\ LQWURGXFLQJ PXOWLSOH PHWDO
FRRUGLQDWLQJ VLGH FKDLQV HQDEOLQJ ELQGLQJ WR FLV3W DQG '$&3W� 2SWLPL]DWLRQ RI GUXJ ORDGLQJ DV ZHOO
DV K\GURSKRELFLW\ DQG FKDUJH GLVWULEXWLRQ LQ WKH GHQGULPHU VWUXFWXUH DOORZHG XV WR REWDLQ
PDFURPROHFXODU V\VWHPV ZLWK LPSURYHG LQ YLWUR F\WRWR[LFLW\ DJDLQVW +H/D FHOOV FRPSDUHG WR IUHH
GUXJV�

>�@ ;LQ <DR� .HVVDULQ 3DQLFKSLVDO� 1HLO .XUW]PDQ� .HQQHWK 1XJHQW� 7KH $PHULFDQ -RXUQDO RI WKH
0HGLFDO�6FLHQFHV���������������૱����
>�@ :HLTL =KDQJ� =KH =KDQJ� &KLQJ�+VXDQ 7XQJ� :LOH\ ,QWHUGLVFLS 5HY� 1DQRPHG
1DQRELRWHFKQRO��������������૱����
>�@�'DULXV]�ĜPLĄRZLF]��-DFN�&��6ORRWZHJ��1LOV�0HW]OHU�1ROWH��'DOWRQ�7UDQV�����������������૱������
>�@�-HDQ�/RXLV�5H\PRQG��7DPLV�'DUEUH��2UJ��%LRPRO��&KHP����������������૱�����
>�@ 0DUF +HLW]� 6DFKD -DYRU� 7DPLV 'DUEUH� -HDQ�/RXLV 5H\PRQG� %LRFRQMXJDWH &KHP� ����� ���
����૱�����
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3HSWLGH�EDVHG�YHFWRUV�IRU�GHOLYHU\�RI�S'1$�HQFRGLQJ�&5,635�&DV��LQ��'�WXPRU
VSKHURLGV

6��-��=DPROR���7��'DUEUH���-��/��5H\PRQG�

�'HSDUWPHQW�RI�&KHPLVWU\�DQG�%LRFKHPLVWU\���'HSDUWPHQW�RI�&KHPLVWU\�DQG�%LRFKHPLVWU\�

*HQH WKHUDS\ LV D SRZHUIXO WHFKQLTXH WKDW DOORZV WKH WUHDWPHQW RI PDQ\ GLVHDVHV DW D PROHFXODU
OHYHO WKURXJK WKH LQWURGXFWLRQ RI JHQHWLF PDWHULDOV LQWR FHOOV� +RZHYHU� WKH WUDQVIHFWLRQ SURFHGXUH
LV�RIWHQ�YHU\�FKDOOHQJLQJ��GXH�WR�WKH�ODFN�RI�HIILFLHQW�GHOLYHU\�V\VWHPV��>�@

3HSWLGH GHQGULPHUV�OLSLG K\EULG V\VWHPV ZHUH VKRZHG WR EH HIILFLHQW WUDQVIHFWLRQ UHDJHQWV IRU '1$
>�@ DQG VL51$ LQWR +H/D FHOOV >�@� 5HFHQWO\� WKHVH FRPSRXQGV KDYH DOVR EHHQ VXFFHVVIXOO\ DSSOLHG LQ
ROLJRQXFOHRWLGHV�GHOLYHU\�>�@�

:H DUH QRZ H[SORULQJ D QHZ OLEUDU\ RI WKLUG JHQHUDWLRQ SHSWLGH GHQGULPHUV LQ RUGHU WR SHUIRUP
WUDQVIHFWLRQ RI SODVPLG '1$ FRGLQJ IRU &5,635�&DV�� 7KH RSWLPL]DWLRQ RI K\GURSKLOLFLW\�
K\GURSKRELFLW\ DQG WKH LQWURGXFWLRQ RI QRQ�QDWXUDO DPLQR DFLGV LQ WKH VWUXFWXUH DOORZHG XV WR
REWDLQ V\VWHPV GLVSOD\LQJ KLJK S'1$ WUDQVIHFWLRQ HIILFLHQF\ LQ DEVHQFH RI KHOSHU OLSLG� ,Q
SDUWLFXODU� ELRORJLFDO H[SHULPHQWV VKRZHG KLJK WUDQVIHFWLRQ HIILFLHQF\ �PHDVXUHG DV *)3
H[SUHVVLRQ�E\�)$&6�DQDO\VLV��ORZ�F\WRWR[LFLW\�DQG�ORZ�LPPXQRJHQLFLW\�

)XUWKHUPRUH� S'1$ WUDQVIHFWLRQ H[SHULPHQWV SHUIRUPHG RQ �' FHOOXODU VSKHURLGV VKRZHG
SURPLVLQJ WUDQVIHFWLRQ HIILFLHQF\ DQG ORZ F\WRWR[LFLW\� SURSHUWLHV QHFHVVDU\ IRU SRWHQWLDO LQ YLYR
DSSOLFDWLRQV�

>�@ 8� /DFKHOW� (� :DJQHU� &KHP� 5HY� ����� ���� ������������>�@ $� .ZRN� *� (JJLPDQQ� -� /�
5H\PRQG��7��'DUEUH��)��+ROOIHOGHU��$&6�1DQR���������������������
>�@ $� .ZRN� *� (JJLPDQQ� 0� +HLW]� -� /� 5H\PRQG� )� +ROOIHOGHU� 7� 'DUEUH� &KHP%LR&KHP� �����
��������
>�@ 2�6DKHU� &� 5RFKD� (� =DJKORXO� 2� :LNODQGHU� 6� =DPROR HW DO�� (XU� -� 3KDUP� %LRSKDUP�� �����
�����������
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