
��

%UD]LOLDQ�$UFKLYHV�RI�%LRORJ\�DQG�7HFKQRORJ\

9RO�����6SHFLDO�Q����SS���������6HSWHPEHU�����,661��������������3ULQWHG�LQ�%UD]LO %5$=,/,$1�$5&+,9(6�2)�%,2/2*<�$1'�7(&+12/2*<
$ 1 � , 1 7 ( 5 1 $ 7 , 2 1 $ / � - 2 8 5 1 $ /

,QIHFWLRQ� ,PDJLQJ� ZLWK� 5DGLRSKDUPDFHXWLFDOV� LQ� WKH� ��VW&HQWXU\
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$%675$&7
,QIHFWLRQ�FRQWLQXHV�WR�EH�D�PDMRU�FDXVH�RI�PRUELGLW\�DQG�PRUWDOLW\�ZRUOGZLGH��1XFOHDU�PHGLFLQH�KDV�DQ�LPSRUWDQW�UROH�LQ�DLGLQJ�WKH�GLDJQRVLV�RI�SDUWLFXODUO\�GHHS�VHDWHG�LQIHFWLRQV�VXFK�DV�DEVFHVVHV��RVWHRP\HOLWLV��VHSWLF�DUWKULWLV��HQGRFDUGLWLV�� DQG� LQIHFWLRQV� RI� SURVWKHWLF� GHYLFHV�� (VWDEOLVKHG� WHFKQLTXHV� VXFK� DV� UDGLRODEHOOHG� OHXFRF\WHV� DUH�VHQVLWLYH�DQG�VSHFLILF�IRU�LQIODPPDWLRQ�EXW�GR�QRW�GLVWLQJXLVK�EHWZHHQ�LQIHFWLYH�DQG�QRQ�LQIHFWLYH�LQIODPPDWLRQ��7KH�FKDOOHQJH�IRU�1XFOHDU�PHGLFLQH�LQ�LQIHFWLRQ�LPDJLQJ�LQ�WKH���VW FHQWXU\�LV�WR�EXLOG�RQ�WKH�UHFHQW�WUHQG�WRZDUGV�WKH�GHYHORSPHQW� RI� PRUH� LQIHFWLRQ� VSHFLILF� UDGLRSKDUPDFHXWLFDOV�� VXFK� DV� UDGLRODEHOOHG� DQWL�LQIHFWLYHV� �H�J�� ��P7F�FLSURIOR[DFLQ���,Q�DGGLWLRQ�WR�DLGLQJ�HDUO\�GLDJQRVLV�RI�LQIHFWLRQ� WKURXJK�VHULDO�LPDJLQJ�WKHVH�DJHQWV�PLJKW�SURYH�YHU\� XVHIXO� LQ� PRQLWRULQJ� WKH� UHVSRQVH� WR� DQG� GHWHUPLQLQJ� WKH� RSWLPXP� GXUDWLRQ� RI� DQWL�LQIHFWLYH� WKHUDS\�� 7KLV�DUWLFOH� UHYLHZV� WKH� FXUUHQW� DSSURDFK� WR� LQIHFWLRQ� LPDJLQJ� ZLWK� UDGLRSKDUPDFHXWLFDOV� DQG� WKH� IXWXUH� GLUHFWLRQ� LW�PLJKW�WDNH��
.H\� ZRUGV�� 5DGLRSKDUPDFHXWLFDOV�� LPDJLQJ�� LQIHFWLRQ�� LQIODPPDWLRQ�� UDGLRODEHOOHG� DQWL�LQIHFWLYHV����������������������P7F� FLSURIOR[DFLQ


 $XWKRU�IRU�FRUUHVSRQGHQFH

,1752'8&7,21
$W� WKH� GDZQ� RI� WKH� ��VW FHQWXU\�� LQIHFWLRQ� VWLOO�UHPDLQV�D�PDMRU�FDXVH�RI�PRUWDOLW\�DQG�PRUELGLW\�JOREDOO\�� DOWKRXJK� WKH� GHYHORSLQJ� FRXQWULHV� EHDU�WKH� JUHDWHVW� EXUGHQ�� 7XEHUFXORVLV� DQG� PXOWL �GUXJ�UHVLVWDQW�EDFWHULD�DUH�LQFUHDVLQJ�DW�DQ�DODUPLQJ�UDWH�DQG�SURYLGH�GLDJQRVWLF�� WKHUDSHXWLF��DQG� LQIHFWLRQ�FRQWURO� FKDOOHQJHV�� ,Q� DGGL WLRQ�� GHHS�VHDWHG�LQIHFWLRQV� H�J�� LQWUD�DEGRPLQDO� DEVFHVVHV��HQGRFDUGLWLV� DQG� RVWHRP\HOLWLV�� GXH� WR� WKHVH� DQG�RWKHU� LQIHFWLYH� DJHQWV� FDQ� EH� GLIILFXOW� WR� GHWHFW��UHVXOWLQJ� LQ� GHOD\HG� GLDJQRVLV�� WUHDWPHQW�� DQG�VRPHWLPHV�HYHQ�GHDWK��&OLQLFLDQV�XVH�D�YDULHW\�R I�FOXHV�� H�J�� FOLQLFDO�� ODERUDWRU\�� DQG� UDGLRORJLFDO�

WHVWV�� WR� DLG� GLDJQRVLV� DQG� LQIOXHQFH� GHFLVLRQ �PDNLQJ�� $OWKRXJK� FRPPRQO\� HPSOR\HG� DQG�XVHIXO�� WKH� GHPRQVWUDWLRQ� RI� D� OHVLRQ� E\�FRQYHQWLRQDO� UDGLRORJLFDO� WHFKQLTXHV� VXFK� DV� ; �UD\�� XOWUDVRXQG�� FRPSXWHUL]HG� WRPRJUDSK\� �&7���PDJQHWLF� UHVRQDQFH� LPDJLQJ� �05,��� GHSHQGV� RQ�WKH� SUHVHQFH� RI� VWUXFWXUDO� DEQRUPDOLWLHV�� 7KHVH�PD\� WDNH� VRPH� WLPH� WR� EHFRPH� YLVLEOH�� PD\� QRW�DOZD\V�EH�SUHVHQW��DQG�WKHLU�UHVROXWLRQ�ODJ�EHKLQG�FXUH�RI�WKH�LQIHFWLRQ��H�J��PRQLWRULQJ�RI�WUHDW PHQW�RI�HPSK\VHPD�LQ�WKH�OXQJ�E\�VHULDO�FKHVW�; �UD\V�RU�&7� VFDQV��� ,Q� DGGLWLRQ� WKH\� DUH� QHLWKHU�LQIODPPDWLRQ�QRU�LQIHFWLRQ�VSHFLILF����7KH� LQWURGXFWLRQ� RI� UDGLRSKDUPDFHXWLFDOV� LQ�1XFOHDU�0HGLFLQH�KDV�HQKDQFHG�LQIHFWLRQ�LPDJLQJ��



'DV��6��6��HW�DO�

%UD]LOLDQ�$UFKLYHV�RI�%LRORJ\�DQG�7HFKQRORJ\

��
EHFDXVH� LW� GHSHQGV� RQ� WKH� GHPRQVWUDWLRQ� RI�SDWKRSK\VLRORJLFDO� DQG� SDWKRELRORJLFDO� FKDQJHV��ZKLFK� RFFXU� HDUOLHU� LQ� WKH� LQIHFWLRQ� SURFHVV� DQG�DOVR� UHVROYH� TXLFNHU� DIWHU� FXUH� RI� WKH� LQIHFWLRQ�FRPSDUHG� ZLWK� JURVV� FKDQJHV� LQ� VWUXFWXUH�� 7KH\�DUH� RIWHQ� HPSOR\HG� LQ� WKH� FRQWH[W� RI� IHYHU� RI�XQNQRZQ� RULJLQ� �)82��� ZKHUH� ���� �KLJKHU� LQ�ROGHU�DJH�JURXSV��RI� WKH�FDXVHV�DUH�QRQ �LQIHFWLYH��RU�VXVSHFWHG�GHHS�VHDWHG�LQIHFWLRQ�WR�DLG�GLDJQRVLV�DQG� HVWDEOLVK� WKH�QHHG� IRU� DQWL �PLFURELDO� WKHUDS\���+RZHYHU�� WKH� FXUUHQWO\� DYDLODEOH� DJHQWV� WDUJHW� RU�ODEHO� FRPSRQHQWV� RI� WKH� LQIODPPDWRU\� UHVSRQVH��H�J�� LPPXQH�JOREXOLQ�� QHXWURSKLOV�� DQG� F\WRNLQHV��DQG� DUH� WKXV� LQIODPPDWLRQ� VSHFLILF� EXW� XQDEOH� WR�GLVWLQJXLVK� EHWZHHQ� LQIHFWLYH� DQG� QRQ �LQIHFWLYH�LQIODPPDWLRQ�� +HQFH� WKH� H[SDQGLQJ� UDQJH� RI�UDGLRSKDUPDFHXWLFDOV�RYHU�WK H�ODVW�IHZ�\HDUV��VXFK�DV� UDGLRODEHOOHG� DQWL�LQIHFWLYHV�� ZKLFK� DLP� WR� EH�LQIHFWLRQ�VSHFLILF�KDV�EHHQ�RI�SDUWLFXODU�LQWHUHVW�WR�&OLQLFDO� 0LFURELRORJLVWV� DQG� ,QIHFWLRXV� 'LVHDVH�SK\VLFLDQV� DV� ZHOO� DV� VSHFLDOLVWV� LQ� 1XFOHDU�0HGLFLQH� >%HFNHU� DQG�0HOOHU��������:DUHKDP� HW�DO���������&RUVWHQV�HW�DO�������@��,Q�WKLV�UHYLHZ��WKH�XWLOLW\� DQG� OLPLWDWLRQV� RI� WKH� YDULRXV�UDGLRSKDUPDFHXWLFDOV��ROG��QHZ��DQG�H[SHULPHQWDO��IRU�LPDJLQJ�LQIHFWLRQ�DUH�GLVFXVVHG��DV�ZHOO�DV�WKH�GLUHFWLRQ�IRU�IXWXUH�UHVHDUFK�LQ�WKLV�LPSRUWDQW�DU HD�
,PDJLQJ�DJHQWV
,UUHVSHFWLYH� RI� WKH� FDXVH�� DFXWH� LQIODPPDWLRQ�PDQLIHVWV�DV�VZHOOLQJ��UHGQHVV��DQG�SDLQ��OHDGLQJ�WR�SURWHFWLYH� ORVV� RI� IXQFWLRQ�� ,W� UHVXOWV� IURP�YDVRGLODWDWLRQ� DQG� LQFUHDVHG� FDSLOODU\�SHUPHDELOLW\�� H[WUDYDVDWLRQ� RI� SURWHLQV� DQG� FHOOV��FRPSOHPHQW�DFWLYDWLRQ�DQG�UHOHDVH�RI�VROXEOH�SUR �LQIODPPDWRU\�F\WRNLQHV��1HXWURSKLOV�DGKHUH�WR�WKH�YDVFXODU� HQGRWKHOLXP� E\� ELQGLQJ� WR� DGKHVLRQ�PROHFXOHV� �H�J��(�VHOHFWLQ�� ,&$0����9�&$0�� WKH�H[SUHVVLRQ� RI� ZKLFK� DUH� XS�UHJXODWHG� ORFDOO\� E\�LQIODPPDWLRQ��� H[LW� WKH� FLUFXODWLRQ� E\� GLDSHGHVLV�DQG� PLJUDWH� WR� WKH� VLWH� RI� LQIODPPDWLRQ� E\�FKHPRWD[LV��GRZQ�WKH�FKHPRDWWUDFWDQW�JUDGLHQW��&KURQLF� LQIODPPDWLRQ� LV� FKDUDFWHULVHG� E\� D�UHGXFWLRQ� LQ�YDVRGLODWDWLRQ��FDSLOODU\�SHUPHDELOLW\�DQG� QHXWURSKLO� LQILOWUDWLRQ�� EXW� DQ� LQ FUHDVH� LQ� WKH�QXPEHU� RI� O\PSKRF\WHV� DQG� PDFURSKDJHV� DW� WKH�IRFXV�RI�LQIODPPDWLRQ�(VWDEOLVKHG� UDGLRQXFOLGH� LPDJLQJ� DJHQWV� WDUJHW�FRPSRQHQWV� RI� WKHVH� LQIODPPDWRU\� UHVSRQVHV� DQG�WKRVH� WKDW� GHSHQG� RQ� YDVFXODU� SHUPHDELOLW\� �H�J��UDGLRODEHOOHG� OHXFRF\WHV�� KDYH� JUHDWHU� VHQVLWLYLW\�

IRU� GHWHFWLQJ� DFXWH� WKDQ� FKURQLF� LQIODPPDWLRQ��+RZHYHU��QRQH�RI�WKHVH�DUH�LQIHFWLRQ�VSHFLILF��7KH�SURSHUWLHV�RI�DQ� LGHDO� LQIHFWLRQ� LPDJLQJ�DJHQW�DUH�VKRZQ�LQ�7DEOH���
7DEOH�� � 3URSHUWLHV�RI�DQ�LGHDO�LQIHFWLRQ�LPDJLQJ�DJHQW3URSHUWLHVx 1R�VLGH�HIIHFWVx 6SHFLILF�WR�LQIHFWLRQx $SSOLFDEOH� WR� LPPXQRFRPSURPLVHG�SDWLHQWVx /RZ�QRQ�VSHFLILF�XSWDNHx /RZ�PDUURZ��JXW��UHQDO�XSWDNHx 6DIH�DQG�HDV\�WR�SUHSDUH�DQG�DGPLQLVWHUx 1RW�WRR�H[SHQVLYH
7KH� YDULRXV� UDGLRSKDUPDFHXWLFDOV�� ZKLFK� KDYH�EHHQ� GHYHORSHG IRU� LPDJLQJ� LQIHFWLRQ� DQG�LQIODPPDWLRQ�DUH�GLVFXVVHG�EHORZ�DQG�VXPPDUL]HG�DW�WKH�HQG�LQ�7DEOH����
*DOOLXP����FLWUDWH����*D�
*DOOLXP���� FLWUDWH� ���*D�� ZDV� RQH� RI� WKH� ILUVW�UDGLRSKDUPDFHXWLFDOV� GHYHORSHG� IRU� LPDJLQJ�LQIHFWLRQ� >+RIIHU�� ����@�� ,W� LV� WUDQVSRUWHG� LQ� WKH�EORRG�HLWKHU�LQ�LRQLF�IRUP�RU�ERXQG�WR�WUDQVIHUULQ��EXW� DW� VLWHV� RI� LQIODPPDWLRQ� LW� OHDNV� RXW� RI� WKH�FDSLOODULHV� LQWR� WKH� WLVVXHV� DIWHU� ELQGLQJ� WR� WKH�WUDQVIHUULQ� UHFHSWRU� &'���� ,Q� WKH� WLVVXH� LW� ELQGV�ZLWK�KLJK�DIILQLW\�WR�ODFWRIHUULQ��ZKLFK�LV SUHVHQW�LQ�DEXQGDQFH� LQ� DEVFHVV� IOXLG� DQG� QHXWURSKLOV��$GGLWLRQDOO\� ��*D� PD\� EH� WDNHQ� XS� E\�VLGHURSKRUHV� SURGXFHG� E\� PLFURRUJDQLVPV� DV� D�PHFKDQLVP� IRU� VFDYHQJLQJ� LURQ� IURP� WKH� KRVW� LQ�ORZ�LURQ� HQYLURQPHQW� IRXQG� LQ� LQIHFWHG� WLVVXHV���+RZHYHU�� ��*D�KDV�D�QXPEHU�RI�PDMRU�GUDZEDFNV��ZKLFK�LQFOXGH�����XVXDOO\�LW�KDV�WR�EH�RUGHUHG�IURP�DQ�H[WHUQDO�VXSSOLHU��ZKLFK�WDNHV�WLPH�����LPDJLQJ�LV� XVXDOO\� RYHU� ��� K�� ��� KLJK� UDGLDWLRQ� H[SRVXUH��DQG� ��� XQIDYRXUDEOH� SK\VLFDO� FKDUDFWHULVWLFV� IRU�JDPPD� FDPHUD� LPDJLQJ�� +HQFH� L W� LV� QRW� ZLGHO\�XVHG�� KDYLQJ� EHHQ� VXSHUVHGHG� E\� ��P7F�ODEHOOHG�SKDUPDFHXWLFDOV�� ZKLFK� KDYH� PRUH� IDYRXUDEOH�SURSHUWLHV� DV� LQIHFWLRQ� LPDJLQJ� DJHQWV�� ,W� LV�VRPHWLPHV� XVHIXO� IRU� WKH� LQYHVWLJDWLRQ� RI�PDOLJQDQF\� DQG� DXWRLPPXQH� GLVHDVHV�� DQG� LV�RFFDVLRQDOO\� XVHG� IRU� WKH� LQYHVWLJDWLRQ� RI� )82��FKURQLF��EXW�QRW�DFXWH��LQIHFWLRQV��LQFOXGLQJ�VSLQDO�RVWHRP\HOLWLV�� DQG� SXOPRQDU\� LQIHFWLRQV��
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SDUWLFXODUO\� LQ� LPPXQRFRPURPLVHG� SDWLHQWV��+RZHYHU�� LW�PD\� EH� XQUHOLDEOH� SRVW� VXUJHU\� RU� LI�IUDFWXUH�LV�SUHVHQW�
5DGLRODEHOOHG�/HXFRF\WHV��:KLWH�FHOOV�
5DGLRODEHOOHG� SRO\PRUSKRQXFOHDUOHXFRF\WH��301��LPDJLQJ�LV�UHJDUGHG�DV�WKH�³JROG�VWDQGDUG´�LQ� QXFOHDU� PHGLFLQH� WHFKQLTXH� IRU� LPDJLQJ�LQIHFWLRQ� DQG� LQIODPPDWLRQ� LQ� PDQ\� FRXQWULHV��301� PLJUDWH� WR� DQG� FRQFHQWUDWH� DW� WKH� VLWH� RI�LQIHFWLRQ� WKURXJK� GLDSHGHVLV� DQG� FKHPRWD[LV��7KHVH� FHOOV� FDQ� EH� ODEHOOHG� ZLWK� ,QGLXP� ��������,Q���XVLQJ�R[LQH��WURSRORQH�RU�PHUFDSWRS\ULGLQH�1�2[LGH� �0(5&�� DV� D� FKHODWLQJ� DJHQW�� RU� ��P7F�XVLQJ� KH[DPHWK\OSURS\OHQHDPLQHR[LPH��+03$2��DV�WKH�FKHODWLQJ�DJHQW��7KH�WHFKQLT XH�LV�KLJKO\� VHQVLWLYH�� H[FHHGLQJ� ���� LQ� VRPH� VWXGLHV�>3HWHUV������@�DQG�VSHFLILF�IRU�DFXWH�LQIODPPDWLRQ��OHVV� XVHIXO� LQ� FKURQLF� LQIODPPDWLRQ� EHFDXVH� WKH�LQIOX[� RI� QHXWURSKLOV� LQWR� WKH� OHVLRQ� LV� JUHDWO\�UHGXFHG�� EXW� GRHV� QRW� GLVWLQJXLVK� EHWZHHQ�LQIHFWLYH� DQG� QRQ�LQIHFWLYH� LQIODPPDWRU\�FRQGLWLRQV��H�J��LQIODPPDWRU\�ERZHO�GLVHDVHV�VXFK�DV�&URKQ¶V�GLVHDVH�DQG�XOFHUDWLYH�FROLWLV��ZKLFK�DUH�NH\� LQGLFDWLRQV� IRU� OHXFRF\WH� LPDJLQJ� �ILJXUH� ����IURP� LQIHFWLYH� HQWHULWLV� >'DW]�� ����@�� 8SWDNH� RI�ZKLWH� FHOOV� E\� ERQH�PDUURZ� DQG� IUDFWXUHV�PDNHV�ERQH� LPDJHV� GLIILFXOW� WR� LQWHUSUHW�� H�J�� LQ�RVWHRP\HOLWLV� DQG� VHSWLF� DUWKULWLV�� 1HXWURSDHQLF�SDWLHQWV� GR� QRW� KDYH� VXIILFLHQW� QXPEHU� RI�QHXWURSKLOV� WR� PLJUDWH� WR� VLWHV� RI� LQIHFWLRQ� DQG�IRUP� DEVFHVVHV� DQG� KHQFH� WKH� WHFKQLTXH� LV�XQUHOLDEOH� LQ� WKHVH� SDWLHQWV�� ,Q� DGGLWLRQ� WR� EHLQJ�WHFKQLFDOO\�GHPDQGLQJ�DQG�ODERXU �LQWHQVLYH��DERXW���KRXUV�WR�SUHSDUH���D�PDMRU�GUDZEDFN�LV�WKDW�ZKLWH�FHOO� LPDJLQJ� LQYROYHV� H[�YLYR� ODEHOOLQJ� ZLWK� WKH�DWWHQGDQW� KD]DUGV� RI� EORRG� ERUQH� LQIHFWLRQV� IURP�QHHGOH�VWLFN LQMXULHV��VXFK�DV�+,9��KHSDWLWLV�%�DQG�&�� DV� ZHOO� DV� GHWHULRUDWLRQ� RI� WKH� ZKLWH� FHOOV�WKHPVHOYHV��
���,Q�/HXFRF\WHV
���,Q�ODEHOOHG�OHXFRF\WHV�KDYH�EHHQ�XVHG�IRU�PDQ\�\HDUV� IRU� WKH� ORFDOLVDWLRQ� RI� LQIHFWLRQ�� DIWHU� WKH�ODEHOOLQJ�SURFHVV�ZDV�ILUVW�GHVFULEH G�E\�7KDNXU� HW�DO� LQ� ������ ,W� LV� OLSRSKLOLF� ZLWK� D� ORQJ� KDOI �OLIH��ZKLFK�DOORZV�LPDJLQJ�EH\RQG����K�SRVW�LQMHFWLRQ��7KH� DJHQW� LV� UDSLGO\� FOHDUHG� IURP� WKH� EORRG� SRRO�DQG�QRUPDO�OXQJV�DQG�LV�WDNHQ�XS�E\�WKH�VSOHHQ�DQG�OLYHU�� EXW� QRW� WKH� NLGQH\V�� EODGGHU�� JD OO� EODGGHU��DQG� WKH� JXW�� 7KLV� PDNHV� LW� D� JRRG� DJHQW� IRU�

LPDJLQJ�WKH�DEGRPHQ��WKRUD[��DQG�UHJLRQV�QHDU�WKH�EORRG� SRRO�� VXFK� DV� YDVFXODU� SURVWKHVHV�� 7KH�WHFKQLTXH� LV� KLJKO\� VHQVLWLYH� LQ� DFXWH� LQIHFWLRQV�LQYROYLQJ�WKHVH�DUHDV�EXW�LQ�FKURQLF�LQIHFWLRQV�DQG�LQIHFWLRQV�RI�WKH�FHQWUDO�VNHOHWRQ�WKH�VHQVLWLYLW\�LV�ORZHU��
��P7F�ODEHOOHG�/HXFRF\WHV
��P7F� LV� RQH� RI� WKH� PRVW� FRPPRQO\� XVHG�UDGLRLVRWRSHV� LQ� 1XFOHDU� 0HGLFLQH� DQG KDV� D�QXPEHU� RI� LPSRUWDQW� DGYDQWDJHV� RYHU� ���,Q�OHXFRF\WHV�� 7KH� UDGLDWLRQ� GRVH� LV� ORZ�� TXDOL W\� RI�WKH� LPDJHV� LV� VXSHULRU�� DQG� WKH� DJHQW� LV� UHDGLO\�DYDLODEOH� VLQFH� LW� LV� REWDLQHG� IURP� JHQHUDWRUV� RQ�VLWH� UDWKHU� WKDQ� KDYLQJ� WR� EH� REWDLQHG� IURP� DQ�RXWVLGH� VRXUFH�� ��P7HFKQHWLXP�OHXFRF\WHV� ORFDOLVH�WR� WKH� VLWHV� RI� LQIHFWLRQ� PRUH� UDSLGO\� WKDQ� ���,Q�OHXFRF\WHV�DQG�LWV�VHQVLWLYLW\�LV�KLJKHU�>0RXQWIRUG�HW� DO��� ����@�� 7KXV� LW� KDV� UHSODFHG� WKH ODWWHU� IRU�LPDJLQJ� LQIODPPDWLRQ� DQG� LQIHFWLRQ� LQ� PRVW�VLWXDWLRQV�� +RZHYHU� LW� LV� OHVV� VWDEOH� WKDQ� ���,Q�OHXFRF\WHV��ZLWK�WKH�UDGLRODEHO�VWDUWLQJ�WR�OHDFK�RXW�RI� WKH� OHXFRF\WHV� VRRQ� DIWHU� LQMHFWLRQ��DFFRPSDQLHG� E\� UHQDO� DQG� WKHQ� ELOLDU\� H[FUHWLRQ�>%HFNHU�� ����@�� 7KLV� GRHV� QRW� RFFXU� ZLWK� ���,Q��ZKLFK� LV�� WKHUHIRUH�� VRPHWLPHV� SUHIHUUHG� IRU�LPDJLQJ� UHQDO�� JHQLWRXULQDU\�� DQG� JDVWURLQWHVWLQDO�LQIHFWLRQV�LQIODPPDWLRQ���

)LJXUH� � � 6WHULOH� SRXFKLWLV�� ��P7F�OHFXFRF\WH� LPDJLQJ�VKRZLQJ�LQIODPHG�ORRSV�RI�ERZHO��
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+XPDQ�3RO\FORQDO�,PPXQRJOREXOLQ�*��+,*�
+,*� PD\� EH� ODEHOOHG� ZLWK� ���,Q� RU� ��P7F�>%XVFRPEH�� ����@�� 7KH\� DFFXPXODWH� DW� VLWHV� RI�LQIODPPDWLRQ� PDLQO\� YLD� FDSLOODU\� OHDNDJ H�� ZLWK�VPDOOHU� FRQWULEXWLRQ� IURP� ELQGLQJ� RI� WKH� )F�SRUWLRQ� RI� ,J*� WR� )F� UHFHSWRUV� RQ� JUDQXORF\WHV�DQG��GHSHQGLQJ�RQ�WKH�VRXUFH�RI�WKH�SRROHG�KXPDQ�LPPXQH� JOREXOLQ�� ELQGLQJ� RI� ,J*� WR� EDFWHULD��%HFDXVH� +,*� ORFDOLVHV� DW� VLWHV� RI� EDFWHULDO�LQIHFWLRQ�� VWHULOH� LQIODPPDWLRQ�� DQG� LQIODPPDWRU\�WXPRXUV�� LW� LV� D� JRRG� ³FDWFK� DOO´� DJHQW� LQ� )82��HVSHFLDOO\� LQ� QHXWURSDHQLF� DQG�LPPXQRFRPSURPLVHG�SDWLHQWV��,W�KDV�D�KDOI �OLIH�RI���� K�� DOORZLQJ� LPDJLQJ� ��� K� SRVW� LQMHFWLRQ� ZLWK����,Q�+,*�� ,W� KDV� EHHQ� UHSRUWHG� WR� EH� PRUH�VHQVLWLYH�WKDQ�OHXFRF\WH�LPDJLQJ�>'H�.OHLMQ� HW�DO�������@�DQG�GRHV�QRW�UHTXLUH� H[�YLYR ODEHOOLQJ��'XH�WR�KLJK�EORRG�SRRO�DFWLYLW\��D�OLPLWDWLRQ�LV�WKDW�LW�LV�XQDEOH�WR�LPDJH�YDVFXODU�OHVLRQV��
5DGLRODEHOOHG�0RQRFORQDO�DQWLERGLHV��0&$V�
5DGLRODEHOOHG� PXULQH� 0&$V� DJDLQVW� VXUIDFH�DQWLJHQV� RI� JUDQXORF\WHV�ZHUH� LQLWLDOO\� GHYHORSHG�DV�D�PHWKRG�RI�ODEHOOLQJ�OHXFRF\WHV� LQ�YLYR�>/RFKHU�HW� DO��� ����@�� %XW� QRQ�VSHFLILF� H[WUDYDVDWLRQ�WKURXJK� OHDN\� FDSLOODULHV� DW� VLWHV� RI� LQIODPPDWLRQ�LV� QRZ� UHFRJQLVHG� DV� WKH� PDLQ� PHFKDQLV P� RI�ORFDOLVDWLRQ� RI� WKHVH� DJHQWV� DW�LQIHFWLYH�LQIODPPDWRU\� IRFL� >0RUUHO� HW� DO��� ����@����P7F� ODEHOOHG� DQWL�1&$���� DQWLERG\� �DQWL�&'���&'����LV�WKH�PRVW�FRPPRQO\�XVHG�DQWLERG\��*UDQXORVFLQW�� LQ� WKLV� FDWHJRU\�� %HFDXVH� RI� WKHLU�KLJK�PROHFXODU� ZHLJKW� WKH\� SHQ HWUDWH� SRRUO\� DQG�DUH� VORZO\� FOHDUHG� IURP� WKH� EORRG� DQG� KHQFH�XVXDOO\� UHTXLUH� ��� KU� LPDJHV� WR� DFFXUDWHO\� ORFDWH�LQIODPPDWRU\� IRFL�� 7KLV� DQG� WKH� SUREOHP� RI� WKH�LQGXFWLRQ� RI� KXPDQ� DQWL �PRXVH� DQWLERGLHV��+$0$V�� KDYH� EHHQ� RYHUFRPH� WR� D� ODUJH� H[WHQW�E\� XVLQJ� DQWLERG\� IUDJPHQWV�� ZKLFK� DUH� VPDOOHU��PRUH� UDSLGO\� FOHDUHG�� DQG� DUH� OHVV� LPPXQRJHQLF��([DPSOHV� LQFOXGH� ��P7F� ODEHOOHG� DQWLJUDQXORF\WH�)DE¶�IUDJPHQW� �/HXNRVFDQ�� >%HFNHU� HW� DO��� ����@����P7F� ODEHOOHG� DQWL�&'��� ,J0� PRQRFORQDO�DQWLERG\� �/HX7HF�� KRZHYHU� LV� D� ODU JH� PROHFXOH��ZKLFK� KDV� EHHQ� XVHG� WR� LPDJH� SDWLHQWV� ZLWK�DSSHQGLFLWLV� >0R]OH\� HW�DO�������@��0&$V�DJDLQVW�HQGRWKHOLDO� DGKHVLRQ� PROHFXOHV�� H�J�� ( �VHOHFWLQ�KDYH� DOVR�EHHQ�HYDOXDWHG� >-DPDU� HW�DO�������@�EXW�OLNH�WKH�DERYH��DUH�QRW�VSHFLILF�IRU�LQIHFWLRQ��7KH� GHYHORSPHQW� RI� 0&$V� GLUHFWHG� DJDLQVW�PLFURELDO� DQWLJHQV� LV� D� SURPLVLQJ�� DQG� LQ� WKHRU\�

SHUKDSV� WKH� PRVW� VSHFLILF�� DSSURDFK� IRU� LPDJLQJ�LQIHFWLRQ�� 3URPLVLQJ� UHVXOWV� ZHUH� REWDLQHG� ZLWK�UDGLRODEHOOHG� PRQRFORQDOV� IRU� WKH� GHWHFWLRQ� RI�V\SKLOLWLF� OHVLRQV� >/HH� HW� DO��� ����@��3QHPRF\VWLV�FDULQDH SQHXPRQLD� >*ROGHQEHUJ� HW�DO�������@�DQG�3VHXGRPRQDV� DHUXJLQRVD LQIHFWLRQ�� &OLQLFDO�HIILFDF\� PD\� EH� HQKDQFHG� E\� XVLQJ� D� SRRO� RI�PRQRFORQDOV� RU� PRQRFORQDOV� DJDLQVW� JHQXV �VSHFLILF� HSLWRSHV�� +RZHYHU�� FXUUHQWO\� GDWD� LV�OLPLWHG�WR VXSSRUW�WKHLU�XVH�LQ�KXPDQ�LQIHFWLRQV��
%DFWHULDO�&KHPRWDFWLF�SHSWLGHV
7KHVH� VPDOO�PROHFXOHV�� WKH�SURWRW\SH�RI�ZKLFK� LV�1�IRUP\O�PHWKLRQ\O�OHXF\O�SKHQ\ODODQLQH� �I�0HW�/HX�3KH��� SURGXFHG� E\� EDFWHULD� ELQG� WR�JUDQXORF\WH� VXUIDFH� UHFHSWRUV� ZLWK� KLJK� DIILQLW \�DQG� VWLPXODWH� FKHPRWD[LV�� +RZHYHU�� WKHLU�GHYHORSPHQW� DV� UDGLRSKDUPDFHXWLFDOV� KDYH� EHHQ�FXUWDLOHG�EHFDXVH�WKH\�FDXVH�VLJQLILFDQW�OHXFRSHQLD�DW�SK\VLRORJLFDO�FRQFHQWUDWLRQV�
&\WRNLQHV
$JHQWV� VXFK�DV� UDGLRODEHOOHG� LQWHUOHXNLQ ��� �,/�����,/��� UHFHSWRU� DQWDJRQLVW� �,/��UD��� ,/���� SODWHOHW�IDFWRU� �� �3)���� DQG� WXIWVLQ� DQWDJRQLVW� ELQG� WR�VXUIDFH�UHFHSWRUV�RQ�SRO\PRUSKV�ZLWK�KLJK�DIILQLW\�DQG�PD\�EH�SURPLVLQJ�IRU�LPDJLQJ�DFXWH�LQIHFWLRQV�>9DQ� GHU� /DNHQ� HW� DO��� ����@�� 2WKHU� FHOOXODU�PHVVHQJHUV�PD\�EH� VXSHULRU� IRU� WDUJHWLQJ� VXUIDFH�UHFHSWRUV�RI�WKH�SUHGRPLQDQW�FHOO�W\SHV�LQ�FKURQLF�LQIODPPDWLRQ� DQG� LQIHFWLRQ�� H�J�� VXEVWDQFH� 3�WDUJHWV� PRQRQXFOHDU� FHOOV�� DQG� ,/ ��� DQG� ���,Q�RFWUHRWLGH� WDUJHW� DFWLYDWHG� 7 �FHOOV� >3URFDFFLQL� HW�DO��� ����@�� +RZHYHU�� DV� ZLWK� WKH� EDFWHULDO�FKHPRWDFWLF� SHSWLGH� DQDORJXHV�� WKHVH� DJHQWV�GHPRQVWUDWH�DJRQLVW�DFWLYLW\��FDXVLQJ�WR[LFLW\��H�J��OHXFRSDHQLD�� HYHQ� DW� ORZ� �SK\VLRORJLFDO�� GRVHV��7KH� GHYHORSPHQW� RI� WKH� UHFHSWRU� DQWDJRQLVWV� DV�LPDJLQJ�DJHQWV�ZDV�D�ZD\�DURXQG�WKLV�SUREOHP�EXW�WKH\� DUH� WDNHQ� XS WR� D� PXFK� ORZHU� H[WHQW� E\�LQIHFWLYH� DQG� LQIODPPDWRU\� IRFL� WKDQ� WKH� DJRQLVWV�>9DQ� GHU� /DNHQ� HW� DO��� ����@�� ,Q� DGGLWLRQ��F\WRNLQHV� DQG� WKH� UHFHSWRU� DQWDJRQLVWV� DUH�LQIODPPDWLRQ�EXW�QRW�LQIHFWLRQ�VSHFLILF�����
1DQRFROORLGV
1DQRFROORLGV� DUH� FROORLGV� RI� KXPDQ� VHUXP�DOEXPLQ��+6$�� OHVV� WKDQ���QP�LQ�VL]H�>6WUHXOH� HW�DO�������@��ZKLFK�ORFDOLVH�DW�VLWHV�RI�LQIODPPDWRU\�
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IRFL� WKURXJK� LQFUHDVHG� FDSLOODU\� SHUPHDELOLW\����P7F�ODEHOOHG� QDQRFROORLGV� KDYH� EHHQ� PRVW�FRPPRQO\� XVHG� IRU� PDUURZ� DQG� O\PSKDWLF�LPDJLQJ� DQG� IRU� SDWLHQWV� ZLWK� PXVFXORVNHOHWDO�LQIHFWLRQ��ZLWK�UHSRUWHG�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI� ���� DQG� ���� UHVSHFWLYHO\�� 7KH� JUHDWHVW�GLVDGYDQWDJH� LV� WKHLU� LQDELOLW\� WR� LPDJH� LQIHFWLRQV�RXWVLGH� WKH� PXVFXORVNHOHWDO� V\VWHP� DQG�� DV� ZLWK�PRVW� RI� WKH� FXUUHQWO\� DYDLODEOH�UDGLRSKDUPDFHXWLFDOV�� GLVWLQJXLVKLQJ� LQIHFWLRQ�IURP�LQIODPPDWLRQ�
5DGLRODEHOOHG�/LSRVRPHV
/LSRVRPHV� DUH� ELOD\HU� YHVLFOHV� IRUPHG�VSRQWDQHRXVO\� ZKHQ� DPSKLSKLOLF� SKRVSKROLSLGV�DUH�H[SRVHG�WR�DTXHRXV�VROXWLRQV��7KH\�KDYH�EHHQ�XVHG� DV� GUXJ� GHOLYHU\� DJHQWV�� EXW FDQ� DOVR� WUDS�UDGLRSKDUPDFHXWLFDOV� >'DW]�� ����@�� 5DGLRODEHOOHG�OLSRVRPHV� DUH� SKDJRF\WRVHG� E\� SRO\PRUSKV� DQG�PDFURSKDJHV��ZKLFK�DFFXPXODWH� DW� LQIHFWLYH� IRFL��7KHLU�UDSLG�FOHDUDQFH�IURP�WKH�FLUFXODWLRQ�E\�FHOOV�RI�WKH�PRQRQXFOHDU�SKDJRF\WLF�V\VWHP��036��DQGDFFXPXODWLRQ� LQ�RUJDQV�VXFK� WKH� OLYHU��VSOHHQ�DQG�ERQH� PDUURZ� OLPLW� WKHLU� XVHIXOQHVV� DV�UDGLRSKDUPDFHXWLFDOV��SDUWLFXODUO\�IRU�LPDJLQJ�WKH�XSSHU� DEGRPHQ�� /RQJ�FLUFXODWLQJ� OLSRVRPHV��/&/V�� RU� VWHULFDOO\� VWDELOLVHG� OLSRVRPHV� KDYH�EHHQ�GHYHORSHG��H�J��SRO\HWK\OHQH�JO\FRO�RU�3(*�OLSRVRPHV�� ZKLFK� DOORZ� PRUH� SURORQJHG�FLUFXODWLRQ�WLPH�LQ�WKH�EORRG�DQG�LQFUHDVHG�XSWDNH�DW� VLWHV� RI� LQIODPPDWLRQ� >7RUFKLOLQ�� ����@��+RZHYHU�� WKH� SURORQJHG� EORRG� SRRO� DFWLYLW\� LV� D�GLVDGYDQWDJH� IRU� LPDJLQJ� LQIHFWLRQV� LQ� ZHOO�SHUIXVHG�WLVVXHV��%LRWLQ\ODWHG�OLSRVRPHV�RYHUFRPH�WKLV� SUREOHP� E\� FOHDULQJ� UDSLGO\� IURP� WKH�FLUFXODWLRQ�� IROORZLQJ� WKH� LQWUDYHQRXV�DGPLQLVWUDWLRQ� RI� DYLGLQ� >2JLKDUD �8PHGD� HW� DO�������@��)DFWRUV�VXFK�DV�VL]H�DQG�OLSLG�FRPSRVLWLRQ�DIIHFW� WKH� DELOLW\� RI� OLSRVRPHV� WR� OR FDOLVH� DW�LQIODPPDWRU\�IRFL�� �,Q�D�VWXG\�RI����SDWLHQWV�ZLWK�SUHGRPLQDQWO\� PXVFXORVNHOHWDO� SDWKRORJ\�� ��P7F�3(*�OLSRVRPH� VFLQWLJUDSK\�ZDV� VKRZQ� WR� KDYH� D�VHQVLWLYLW\� RI� ���� DQG� VSHFLILFLW\� RI� ���� IRU�LQIHFWLRQ� >'DPV� HW� DO��� ����@�� 5DGLRODEHOOHG�OLSRVRPHV� DUH� GLIILFXOW� WR� SUHSDUH� DQG� GR� QRW�GLVWLQJXLVK� EHWZHHQ� LQIHFWLYH� DQG� QRQ �LQIHFWLYH�LQIODPPDWLRQ��+RZHYHU�� ODEHOOLQJ� OLSRVRPDO� DQWL �LQIHFWLYH� DJHQWV� FRXOG� EH� D SRWHQWLDOO\� SURPLVLQJ�DGDSWDWLRQ� RI� WKLV� DSSURDFK� DQG� PLJKW� PDNH� LW�PRUH�VSHFLILF�IRU�LQIHFWLRQ� LPDJLQJ�

6WUHSWDYLGLQ�%LRWLQ
6WUHSWDYLGLQ� LV� D� VPDOO� SURWHLQ�� ZKLFK� GLIIXVHV�UDSLGO\� WKURXJK� OHDN\� FDSLOODULHV� DW� VLWHV� RI�LQIODPPDWLRQ�� %LRWLQ� KDV� ERWK� KLJK� DIILQLW\� IRU�VWUHSWDYLGLQ� DQG� UDSLG� ZKROH� ERG\� FOHDUDQFH��:KHQ� LW� LV� UDGLRODEHOOHG� ZLWK� ���,Q�� WKH�6WUHSWDYLGLQ� ���,Q�%LRWLQ�FRPSOH[�FDQ�EH�GHWHFWHG�DW�WKH�VLWH�RI�LQIODPPDWLRQ��+HQFH�WKH�WHFKQLTXH�LV�FDOOHG� SUHWDUJHWWLQJ�� $� SUHOLPLQDU\� VWXG\� RQ� �SDWLHQWV�ZLWK�FKURQLF�RVWHRP\HOLWLV�JDYH�SURPLVLQJ�UHVXOWV�>5XVFNRZVNL�HW�DO� ����@��EXW�ODUJHU�VWXGLHV�DUH�ODFNLQJ�
��)�'HR[\JOXFRVH��)'*�
)OXRULQH���� IOXRURGHR[\JOXFRVH� �)'*�� LV� D�SRVLWURQ� HPLWWHU� DQG� LV�SUHIHUHQWLDOO\� WDNHQ�XS�E\�FHOOV��ZKLFK�SUHGRPLQDQWO\�PHWDEROLVH�JOXFRVH�DV�D� VRXUFH� RI� HQHUJ\�� H�J�� FDQFHU� FHOOV� DQG�LQIODPPDWRU\� FHOOV� VXFK� DV� QHXWUR SKLOV� DQG�PDFURSKDJHV�� :KHQ� VWLPXODWHG�� LQIODPPDWRU\�FHOOV� H[SUHVV� KLJK� FRQFHQWUDWLRQV� RI� JOXFRVH�WUDQVSRUWHUV� �*/87��� WR� */87����� IDFLOLWDWLQJ�HQWU\�RI�)'*�LQWR�WKHVH�FHOOV�>6KHSKHUG�DQG�.DKQ������@�� $OWKRXJK� FOLQLFDO� H[SHULHQFH� ZLWK� WKLV�DJHQW� LV� OLPLWHG�� FOHDUO\� )'*� LV� QRW� DQ� LQIHFWLRQ�VSHFLILF� DJHQW� >$ODYL� DQG� =KXDQJ�� ����@��+RZHYHU�� D� SURVSHFWLYH� VWXG\� VKRZHG� LW� WR� EH�VXSHULRU� WR� ��*D� VFLQWLJUDSK\� LQ� LPDJLQJ� )82��ZLWK� VHQVLWLYLW\� DQG� VSHFLILFLW\� RI� ���� DQG� ����UHVSHFWLYHO\� >0HOOHU� HW� DO��� ����@�� )'*�3(7�ZDV�UHSRUWHG�WR�EH�KLJKO\�DFFXUDWH�LQ�WKH�HYDOXDWLRQ�RI�PXVFXORVNHOHWDO� LQIHFWLRQV� LQ� ��� SDWLHQWV�� ZLWK� D�VHQVLWLYLW\� RI� ����� DQG� VSHFLILFLW\� RI� ���� >'H�:LQWHU� HW� DO��� ����@�� ,Q� FKURQLF� RVWHRP\HOLWLV�>*XKOPDQQ� HW� DO��� ����@� DQG� LQIHFWHG� ORZHU� OLPE�SURVWKHVLV� LPSODQWV� >=KXDQJ� HW� DO��� ����@��VHQVLWLYLWLHV�RI������DQG�������DQG�VSHFLILFLWLHV�RI�����DQG�����UHVSHFWLYHO\�KDYH�EHHQ�UHSRUWHG�
5DGLRODEHOOHG�$QWLPLFURELDO�SHSWLGHV
$� YDULHW\� RI� HQGRJHQRXV� DQWLPLFURELDO� SHSWLGHV�DUH� IRXQG� LQ� DEXQGDQFH� LQ� PDPPDOV� ELUGV��DPSKLELDQV�� LQVHFWV� DQG� SODQWV�� SURYLGLQJ�SURWHFWLRQ�DJDLQVW�PLFURELDO�DWWDFNV�DQG�FRQWULEXWH�WR� WKH� LQQDWH� UHVLVWDQFH� WR� LQIHFWLRQ� >/HKUHU� DQG�*DQ]�� ������ *DQ]� DQG� /HKUHU�� ����@�� 'HIHQVLQV�DUH� VPDOO� SHSWLGHV� FRQWDLQLQJ� �� ���� DPLQR� DFLG�UHVLGXHV� DQG� DUH� V\QWKHVL]HG� E\� VHYHUDO�
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PDPPDOLDQ� FHOO� W\SHV� EXW� SDUWLFXODUO\� QHXWURSKLO�SUHFXUVRUV� LQ� WKH�ERQH�PDUURZ��7KH\�PDNH�XS�� ���� RI� WKH� WRWDO� SURWHLQ� LQ� QHXWURSKLOV�� EHLQJ�SUHVHQW� LQ� KLJK� FRQFHQWUDWLRQV� LQ� WKH� D]XURSKLO�JUDQXOHV�DQG�SKDJRF\WLF�YDFXROHV��+HQF H�WKH\�DUH�DOVR� FDOOHG� KXPDQ� QHXWURSKLO� SHSWLGHV�� RI� ZKLFK�WKHUH�DUH�IRXU�W\SHV��+13V������7KH\�DUH�UHOHDVHG�LQWR� WKH�SKDJRVRPH��ZKHUH� WKH\� FRQWULEXWH� WR� WKH�R[\JHQ�LQGHSHQGHQW� F\WRWR[LF� NLOOLQJ� RI� WKH�SKDJRF\WRVHG� PLFURRUJDQLVP�� 7KHLU� EURDG�VSHFWUXP� DQWLPLFURELDO� DFWLYLW\� LQFOXGHV� *UDP�SRVLWLYH� DQG� *UDP�QHJDWLYH� EDFWHULD��P\FREDFWHULD�� VSLURFKDHWHV�� PDQ\� IXQJL� DQG�HQYHORSHG� YLUXVHV�� 7KH\� DFW� E\� LQVHUWLQJ� LQWR� WKH�WDUJHW�FHOO�PHPEUDQH��IRUPLQJ�YROWDJH �VHQVLWLYH�RU�LRQ�FKDQQHOV��FDXVLQJ�WKH�PLFURELDO�FHOO�PH PEUDQH�WR�EHFRPH�SHUPHDEOH�DQG�WKH�GHDWK�RI�WKH�PLFUREH��+RZHYHU�WKH�NLOOLQJ�PHFKDQLVP�LV�QRW�VSHFLILF�IRU�PLFURRUJDQLVPV� >/LFKWHQVWHLQ�� ����@�� DQG� QRUPDO�FHOOV� PD\� EH� GHVWUR\HG� LI� WKH� SURFHVV� LV� QRW�FDUHIXOO\�FRQWUROOHG�DQG�FRQILQHG�WR�WKH�SKDJRF\WLF�YDFXROH� ZLWKLQ� WKH� QHXWURSKLOV�� $GGLWLRQDOO\�IXQFWLRQV� LQGHSHQGHQW� RI� F\WRWR[LFLW\� KDYH� EHHQ�UHSRUWHG�LQ�PDQ\�LQVWDQFHV��UDLVLQJ�WKH�SRVVLELOLW\�WKDW�+13V�VXEVHUYH�PXOWLSOH�UROHV�LQ�LQIODPPDWLRQ�DQG�WKXV�DUH�QRW�VSHFLILF�WR�LQIHFWLRQ�>/HY\������@��7KLV�LV�FRPSDWLEOH�ZLWK�RXU�FXUUHQW�XQGHUVWDQGLQJ�RI� WKH� LPPXQH� V\VWHP�� L�H�� WKH� LQQDWH� LPPXQH�V\VWHP� LV� FULWLFDO� LQ� WKH� UDSLG� KRVW� UHVSRQVH� WR�FKDOOHQJH� E\� IRUHLJQ� DQWLJHQV�� LQIHFWLYH� DQG� QRQ �LQIHFWLYH��ZKHUHDV�KXPRUDO��DQWLERG\�SURGXFHG�E\�%�O\PSKRF\WHV�SODVPD�FHOOV ��DQG�FHOO�PHGLDWHG��7�O\PKRF\WHV� DQG� PDFURSKDJHV�� DXJPHQWHG� E\�F\WRNLQHV��LPPXQLW\�WDNH�ORQJHU�WR�DSSHDU�EXW�DUH�VSHFLILF�WR�WKH�DQWLJHQ�DQG�PD\�SURYLGH�ORQJ�WHUP�SURWHFWLRQ�DJDLQVW�LQIHFWLRQ�WKURXJK�WKH�JHQHUDWLRQ�RI�PHPRU\�FHOOV��7KH� SODVPD� FRQFHQWUDWLRQ� RI� +13V� ULVH� WR� KLJK�OHYHO� ZLWK� LQIHFWLRQ� >,KL� HW� DO��� ����@�� 3UR�+13V�FLUFXODWH�LQ�WKH�SODVPD�DV�IUHH�IRUPV��%\�FRQWUDVW��+13V�����ELQG�WR�D��PDFURJOREXOLQ��DOEXPLQ��DQG�LPPXQRJOREXOLQV�� ZKLFK� PD\� IXQFWLRQ� WR�VFDYHQJH� WKHVH� ELRORJLFDOO\� YHU\� SRWHQW� DJH QWV��UHVWULFWLQJ� WKHLU� DFWLYLW\� WR� WKH� SKDJRO\VRPHV� LQ�QHXWURSKLOV��7KHUH� LV� VWLOO� D� ORW� WR�EH� OHDUQW� DERXW�WKHVH� LPSRUWDQW�PROHFXOHV��H�J��SK\VLRORJLFDO� UROH�DQG� SDWKRSK\VLRORJLFDO� LPSOLFDWLRQV� ��PHWDEROLVP��VLWH� DQG� UDWH� RI� GHJUDGDWLRQ��� SHUPHDELOLW\� LQW R�GLIIHUHQW� WLVVXHV� DQG� SKDUPDNRNLQHWLFV� LQFOXGLQJ�SODVPD� KDOI�OLIH� �SDUWLFXODUO\� RI� H[WUDFHOOXODU�GHIHQVLQV��>/HKUHU������@�+RZHYHU�� SURPLVLQJ� UHVXOWV� ZHUH� UHSRUWHG� LQ�DQLPDO� PRGHOV� �PRXVH� DQG� UDEELW�� RI� LQIHFWLRQ�

XVLQJ� ��P7F�ODEHOOHG� DQWLPLFURELDO� SHSWL GHV�>:HOOLQJ�HW�DO�������@��,Q�WKLV�VWXG\����P7F�ODEHOOHG�+13��� DOORZHG� UDSLG� YLVXDOLVDWLRQ� RI��6WDSK\ORFRFFXV�DXUHXV DQG�.OHEVLHOOD�SQHXPRQLDHLQGXFHG� LQIHFWLRQV� �SHULWRQLWLV� DQG� WKLJK� DEVFHVV��EXW� QRW� VWHULOH� LQIODPPDWLRQ� LQ� PLFH�� ZKLFK� ZDV�FRQVLGHUDEO\�IDVWHU�WKDQ�WKDW�IRU���P7F�ODEHOOHG�,J*��DV�HDUO\�DV���PLQ�DIWHU�LQMHFWLRQ��FRPSDUHG�ZLWK���K�IRU�,J*����7KH�H[RJHQRXVO\�DGPLQLVWHUHG�+13 ���ZDV� UDSLGO\� FOHDUHG� IURP� WKH� FLUFXODWLRQ�� PDLQO\�WKURXJK�UHQDO�H[FUHWLRQ�LQWR�WKH�EODGGHU��ZLWK�KDOI �OLYHV� RI� ���� DQG� ��� PLQ� IRU� 6�� DXUHXV DQG�.�SQHXPRQLDH LQGXFHG� LQIHFWLRQV� UHVSHFWLYHO\��6LPLODU� UHVXOWV� ZHUH� REWDLQHG� ZLWK� WKH�DQWLPLFURELDO� SHSWLGH� XELTXLFLGLQ� �8%,�� ODEHOOHG�ZLWK���P7F��8%,�������DQG�8%,��������EXW�UHVXOWV�ZHUH� OHVV� IDYRXUDEOH� IRU� KXPDQ� ODFWRIHUULQ� �K/ )��DQG� UHODWHG� SHSWLGHV� >:HOOLQJ� HW� DO��� ����@��,QIHFWLRQ� GXH� WR� &DQGLGD� DOELFDQV FRXOG� DOVR� EH�LPDJHG� >:HOOLQJ� HW� DO��� ����@�� :HOOLQJ� DQG�FROOHDJXHV� SUHIHUUHG� ��P7F�ODEHOOHG� 8%,� SHSWLGHV�RYHU�GHIHQVLQV�IRU�LPDJLQJ�LQIHFWLRQ�EHFDXVH�WKH\�FDQ� EH� SUHSDUHG� V\QWKHWLFDOO\� XQGHU� JRRG�PDQXIDFWXULQJ�FRQGLWLRQV�LQ�ODUJH�DPRXQWV�DQG�VR�IDU�DSSHDU�WR�ODFN�LPPXQRORJLFDO�VLGH �HIIHFWV��H�J��RQ� OHXFRF\WH� IXQFWLRQ��+RZHYHU�� DV� \HW� WKHUH� DUH�QR�VWXGLHV�RI� WKHVH�DJHQWV� LQ�KXPDQ�SDWLHQWV�ZLWK�LQIHFWLRQ�
5DGLRODEHOOHG�$QWLPLFURELDO�DJHQWV
7KH�SURSHUW\� RI� VHOHFWLYH� WR[LFLW\� �L�H�� GHVWUR\LQJ�WKH�PLFUREH�EXW�FDXVLQJ�OLWWOH�KDUP�WR�WKH�SDWLHQW��LV�WKH�EDVLV�RI�WKH�XVH�RI�DQWLPLFURELDO�FRPSRXQGV��H�J��DQWLELRWLFV��WR�WUHDW�LQIHFWLRQV�DQG�KDV�EHHQ�OLIH�VDYLQJ�LQ�WKLV�UHVSHFW��7KH� VDPH�SURSHUW\�SURYLGHV�WKH� SRWHQWLDO� IRU� WKHVH� DJHQWV� WR� EH� H[SORLWHG� DV�UDGLRSKDUPDFHXWLFODV� IRU� LQIHFWLRQ� LPDJLQJ�� 7KH�SULQFLSOH� LV�VLPSOH��WKH�VSHFLILFLW\�IRU�LQIHFWLRQ�LV�SURYLGHG�E\�WKH�DQWLPLFURELDO�DJHQW�ELQGLQJ�WR�WKH�PLFUREH�� ZKLFK� LQ� WXUQ� FDQ� EH� YLVXDOLVHG� E\� D�JDPPD�FDPHUD�EHFDXVH�WKH�DQWLPLFURELDO�DJHQW�LV�ODEHOOHG�ZLWK�D�JDPPD�HPLWWHU�VXFK�DV� ��P7F��
��P7F�&LSURIOR[DFLQ��,QIHFWRQ�
7KH� ILUVW� DQWLELRWLF� WR� EH� GHYHORSHG� DV� D�UDGLRSKDUPDFHXWLFDO� ZDV� ��P7F�FLSURIOR[DFLQ��,QIHFWRQ���ZKLFK�SRVVHVVHV PDQ\�RI�WKH�SURSHUWLHV�RI� WKH� LGHDO� LQIHFWLRQ�VSHFLILF� DJHQW� �7DEOH� ����&LSURIOR[DFLQ� LV� D� EURDG� VSHFWUXP� TXLQRORQH�DQWLELRWLF�� ZKLFK� ELQGV� WR� EDFWHULDO� '1$� J\UDVH�
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DQG� LQKLELWV�'1$�V\QWKHVLV�� ,W� LV� UHWDLQHG�DW�VLWHV�RI�LQIHFWLRQ�DQG�DVVRFLDWHV�IUHHO\�ZLWK PHWDO�LRQV��DOORZLQJ� LW� WR� EH� UDGLROEHOOHG� ZLWK� WHFKQHWLXP��&LSURIOR[DFLQ� DOVR� ELQGV� WR� WKH� HTXLYDOHQW�PDPPDOLDQ� HQ]\PH�� WRSRLVRPHUDVH� ,,�� EXW� ZLWK�����WR�����WLPHV�OHVVHU�DIILQLW\�DQG�WKH�ELQGLQJ�LV�UHDGLO\� UHYHUVLEOH�� 6LPLODUO\�� DOWKRXJK� WKH\� PD\�SHQHWUDWH�QHXWURSKLOV��PDFURSKDJHV�DQG�RWKHU�FHOOV�DQG�WLVVXHV��WKH\�DUH�QRW�UHWDLQHG�DW�WKHVH�VLWHV�IRU�SURORQJHG� SHULRGV�� 7KXV� DIWHU� WKH� LQLWLDO�GLVWULEXWLRQ� SKDVH�� DV� WKH� VHUXP� FRQFHQWUDWLRQ�IDOOV��WKH�DQWLELRWLF�UHDGLO\�OHDFKHV�RXW�RI�WKH�FHOOV�DQG�WLVVXHV�LQWR�WLVVXH�IOXLG�DQG�WKHQ�WKH�EORRG��DQG�H[FUHWHG� IUHHO\�� SUHGRPLQDQWO\� LQ� WKH� XULQH�� %\�FRQWUDVW� FLSURIOR[DFLQ� LV� UHWDLQHG� DW� VLWHV� RI�LQIHFWLRQ�� JLYLQJ� KLJK� WDUJHW� WR� EDFN� JURXQG� UDWLR�DQG�SHUPLWWLQJ�LQIHFWLRQ�VSHFLILF�LPDJLQJ�WR�RFFXU�ZKHQ� VHTXHQWLDO� LPDJHV� DUH� WDNHQ� DW� ����� DQG� LI�UHTXLUHG����K�SRVW�LQMHFWLRQ�,Q�YLWUR��,QIHFWRQ�LV�WDNHQ�XS�E\�D�ZLGH�YDULHW\�RI�*UDP�SRVLWLYH�� *UDP� QHJDWLYH� DQG� DQDHURELF�EDFWHULD��LQFOXGLQJ�FLSURIOR[DFLQ�UHVLVWDQW�EDFWHULD�DV� ORQJ� DV� WKH� UHVLVWDQFH� LV� QRW� PHGLDWHG� E\� FHO O�PHPEUDQH� LPSHUPHDELOLW\�� ZKLFK� SUHYHQWV� HQWU\�RI�WKH�DQWLELRWLF�LQWR�WKH�EDFWHULDO�FHOO��EXW�QRW�E\�GHDG�EDFWHULD�RU�ZKLWH�FHOOV�>+DOO� HW�DO�������@��,Q�D�UDEELW� WKLJK� PRGHO�� WKH� DJHQW� ZDV� WDNHQ� XS� E\�LQIHFWHG�DEVFHVV� LQGXFHG�E\� LQMHFWLRQ�RI� 6�DXUHXVEXW QRW�E\�VWHULOH�DEVFHVV�SURGXFHG�E\�LQMHFWLRQ�RI�WXUSHQWLQH�� ,Q� PDQ�� WKH� QRUPDO� ,QIHFWRQ� LPDJH�VKRZV�KLJK�XSWDNH�E\�WKH�NLGQH\V��ZLWK�H[FUHWLRQ�WR� WKH� XULQDU\� EODGGHU�� PRGHUDWH� XSWDNH� E\� WKH�OLYHU� DQG� VSOHHQ� DQG� QR� XSWDNH� E\� ERQH� RU� ERQH�PDUURZ��ILJ������(DUO\� LPDJHV� VKRZ� SUHGRPLQDQWO\� EORRG� SRRO�DFWLYLW\�� 7KH� JDOO� EODGGHU� PD\� EH� VHHQ�RFFDVLRQDOO\�DQG�ERZHO�DFWLYLW\�LV�FRPPRQO\�VHHQ�DW���K LQ�SDWLHQWV�IURP�WKH�$VLDQ�VXEFRQWLQHQW�EXW�UDUHO\� LQ� (XURSHDQV� RU� 6RXWK� $PHULFDQV�� $Q�DEQRUPDO� LPDJH�� DV� ZHOO� DV� VKRZLQJ� QRUPDO�XSWDNH�� VKRZV� GLIIXVH� XSWDNH� DW� VLWHV� RI� EDFWHULDO�LQIHFWLRQ��ILJ�����,Q� D� FRPSDUDWLYH� VWXG\� LQ� ��� SDWLHQWV�� ,QIHFWRQ�GHPRQVWUDWHG� JUHDWHU� VSHFLILFLW\� ������ IRU�LPDJLQJ� LQIHFWLRQ� WKDQ�ZKLWH� FHOO� LPDJLQJ� ������>9LQMDPXUL� HW� DO��� ����@�� 7KH� KLJK� VSHFLILFLW\� IRU�EDFWHULDO� LQIHFWLRQ�ZDV�FRQILUPHG�LQ�D�VXEVHTXHQW�VWXG\� LQYROYLQJ� ��� SDWLHQWV� >+DOO� HW� DO��� ����@�� ,W�DOVR� VKRZHG� WKDW� VRPH� LQIHFWLRQV� GXH� WR�FLSURIOR[DFLQ�UHVLVWDQW�EDFWHULD�FRXOG�EH�LPDJHG�E\�,QIHFWRQ�DQG�WKDW�SULRU�DQWLELRWLF�WUHDWPHQW�G LG�QRW�VLJQLILFDQWO\� DIIHFW� WKH� LPDJLQJ� UHVXOW�� 7KH�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�,QIHFWRQ�LPDJLQJ�KDV�

EHHQ�YDOLGDWHG�IXUWKHU�LQ�D�ODUJH�PXOWL �FHQWUH�VWXG\�LQYROYLQJ� ���� SDWLHQWV�� ZLWK� D� ZLGH� YDULHW\� RI�LQIHFWLYH� DQG� QRQ�LQIHFWLYH� FRQGLWLRQV� �LQFOXGLQJ�QRQ�LQIHFWLYH� LQIODPPDWRU\� GLVRUGHUV��� LQ� HLJKW�FRXQWULHV�� XQGHU� WKH� DXVSLFHV� RI� WKH� ,QWHUQDWLRQDO�$WRPLF� (QHUJ\� $JHQF\� �,$($�� >%ULWWRQ� HW� DO�������@�� ,QWHUQDWLRQDOO\� UHFRJQLVHG� FULWHULD� �H�J��&'&��'XNH¶V�IRU�LQIHFWLYH�HQGRFDUGLWLV��DQG�:+2�IRU�WXEHUFXORVLV� ZHUH�XVHG�WR�GHILQH�LQIHFWLRQV��DV�ZHUH� DJUHHG� FULWHULD� IRU� WKH� LQWHUSUHWDWLRQ� RI�,QIHFWRQ�LPDJHV�

)LJXUH� � � /HIW� OXQJ� DEVFHVV� GHPRQVWUDWHG� E\� ��P7F�FLSURIOR[DFLQ� �,QIHFWRQ�� LPDJLQJ�� 7KH� ODFN� RI� ERQH�PDUURZ� XSWDNH� VHHQ� KHUH� LQ� WKH� YHUWHEUDH� LV� DQ�DGYDQWDJH�ZLWK�WKLV�WHFKQLTXH
1R� DGYHUVH� UHDFWLRQV� RFFXUUHG� DQG� DQWLELRWLF�UHVLVWDQW� RUJDQLVPV� GLG� QRW� HPHUJH� DV� D� UHVXOW� RI�WKH� DGPLQLVWUDWLRQ� RI� ,QIHFWRQ� LQWR� SDWLHQWV�� 7KLV�ZDV� H[SHFWHG� EHFDXVH� RQO\� D� WUDFHU� GRVH� RI�FLSURIOR[DFLQ�LV�SUHVHQW�LQ�,QIHFWRQ � ��PJ��ZKLFK�LV������WK RI�D�VLQJOH�WKHUDSHXWLF�LQWUDYHQRXV�GRVH�RI�FLSURIOR[DFLQ� ����� PJ��� 2YHUDOO�� WKH� VHQVLWLYLW\���������DQG�VSHFLILFLW\���������IRU�LPDJLQJ�VLWHV�RI�LQIHFWLRQ�ZHUH�JRRG��EXW�YDULHG�DFFRUGLQJ�WR�WKH�W\SH�RI�LQIHFWLRQV�LPDJHG��7KH�KLJKHVW VHQVLWLYLWLHV��LQ� H[FHVV� RI� ����� ZHUH� VHHQ� LQ� RVWHRP\HOLWLV��VHSWLF�DUWKULWLV��LQIHFWLRQ�RI�RUWKRSDHGLF�SURVWKHVHV��ZKLFK� LV� RIWHQ� GLIILFXOW� WR� GLDJQRVH� E\� VWDQGDUG�WHFKQLTXHV� DQG� GLIIHUHQWLDWH� IURP� DVHSWLF�ORRVHQLQJ��� DQG� FXOWXUH� SURYHQ� VRIW� WLVVXH� DQG�DEGRPLQDO� LQIHFWLRQV� DQG� WXEHUFXORVLV�� 7KH�JUHDWHVW� VSHFLILFLWLHV� �DERYH� ����� ZHUH� VHHQ� LQ�RUWKRSDHGLF� SURVWKHVLV� LQIHFWLRQV�� VXUJLFDO�ZRXQG�LQIHFWLRQV��DQG�LQIHFWLYH�HQGRFDUGLWLV��:KHUH�VHULDO�
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LPDJHV� ZHUH� GRQH�� FRQYHUVLRQ� IURP� SRVLWLYH� WR�QHJDWLYH� ,QIHFWRQ LPDJH� FRUUHODWHG� ZHOO� ZLWK� WKH�UHVROXWLRQ�RI� WKH� LQIHFWLRQ�ZLWK�DQWLELRWLF� WKHUDS\��ILJXUH� ��� ZLWK� RU� ZLWKRXW� RWKHU� WUHDWPHQW�PRGDOLWLHV��VXFK�DV�VXUJHU\�

)LJXUH�� � 2VWHRP\HOLWLV�RI�WKH�OHIW�WKXPE�
��P7F�FLSURIOR[DFLQ� �,QIHFWRQ�� LPDJHV� VKRZLQJ�UHVROXWLRQ� RI� LQIHFWLRQ� ZLWK� VXFFHVVIXO� WUHDWPHQW�/HIW��EHIRUH�WUHDWPHQW��5LJKW��DIWHU�WUHDWPHQW��6HULDO� LPDJLQJ�ZLWK� ,QIHFWRQ�� WKHUHIRUH��PLJKW� EH�XVHIXO�WR�PRQLWRU�WKH�UHVSRQVH�WR�DQWLELRWLF�WKHUDS\�DQG�KHOS�WR�GHFLGH�ZKHQ�WR�VWRS�LW�RU�FRQWLQXLQJ�LW�LI�QR�FRQYHUVLRQ�KDV�RFFXUUHG�,Q� DGGLWLRQ�� ,QIHFWRQ� KDV� VHYHUDO� DGYDQWDJHV� RYHU�HVWDEOLVKHG�� H�J�� UDGLRODEHOOHG� OHXFRF\WHV�� DQG�RWKHU� PHWKRGV� IRU� LPDJLQJ� LQIHFWLRQ�� ZKLFK�LQFOXGH�� ��� 6SHFLILFLW\� IRU� LQIHFWLRQ�� ��� /DFN� RI�ERQH� PDUURZ� XSWDNH�� ZKLFK� LV� D� VLJQLILFDQ W�DGYDQWDJH� LQ� LPDJLQJ� ERQH� DQG� MRLQW� DQG�RUWKRSDHGLF�SURVWKHVHV�LQIHFWLRQV�����(DVH�DQG�FRVW�RI� SUHSDUDWLRQ� RI� WKH� DJHQW�� ��� ([�YLYR ODEHOOLQJ��ZKLFK� DYRLGV� FRQWDFW� ZLWK� EORRG� DQG� KHQFH� WKH�ULVN� RI� DFTXLULQJ� EORRG� ERUQH� LQIHFWLRQV� VXFK� DV�+,9� DQG� +HSDWLWLV� %� DQG� &�� ��� ,QGHSHQGHQFH� RI�WKH� KRVW� LQIODPPDWRU\� UHVSRQVH� DQG� QHXWURSKLO�FRXQW�DQG�KHQFH�LW�FDQ�EH�XVHG�WR�LPDJH�LQIHFWLRQV�LQ� LPPXQRFRPSURPLVHG� SDWLHQWV�� LQFOXGLQJ� WKRVH�ZKR� DUH� QHXWURSDHQLF�� ZKHUH� FXOWXUH� LV� RIWHQ�QHJDWLYH�DQG�ZKLWH�FHOO�LPDJLQJ�XQUHO LDEOH��DQG����$YDLODELOLW\� LQ� D� NLW� IRUPDW� ZLWK� ORQJ� VKHOI �OLIH��PDNLQJ�LW�XVHU�IULHQGO\�DQG�PRUH�ZLGHO\�DYDLODEOH�
��P7F� (WKDPEXWRO
(WKDPEXWRO�LV�D�QDUURZ�VSHFWUXP�DQWLELRWLF��ZKLFK�LV� DFWLYH� DJDLQVW� P\FREDFWHULD� �LQKLELWV� FHOO� ZDOO�P\FROLF�DFLG�V\QWKHVLV��DQG� LV�XVHG�DV�D� ILUVW� OLQH�GUXJ�IRU�WKH�WUHDWPHQW�RI�WXEHUFXORVLV��7%���+HQFH�UDGLRODEHOOHG�HWKDPEXWRO�LV�DQ�DWWUDFWLYH�FDQGLGDWH�IRU� VSHFLILFDOO\� LPDJLQJ�P\FREDFWHULDO� LQIHFWLRQV��LQFOXGLQJ�HDUO\�7%��*RRG�UHVXOWV�ZHUH�REWDLQHG�E\�9HUPD� HW� DO�� ������ LQ� D� WKLJK� PRGHO� RI�

0\FREDFWHULXP�WXEHUFXORVLV LQIHFWLRQ�LQ�PLFH�DQG�UDEELWV�� ��P7F� (WKDPEXWRO�DFFXPXODWHG�DW�WKH�VLWH�RI� LQIHFWLRQ� DV� HDUO\� DV� �� K� SRVW� LQMHFWLRQ��ZKLFK�LQFUHDVHG� DW� �K� DQG� SHUVLVWHG� WLOO� ��� K�� )XUWKHU�VWXGLHV�ZLWK�WKLV�DJHQW�DUH�HDJHUO\ DZDLWHG�
��P7F�)OXFRQD]ROH
/XSHWWL� HW� DO�� ������� UHSRUWHG� WKDW� WKH� DQWLIXQJDO�DJHQW� IOXFRQD]ROH� UDGLRODEHOOHG� ZLWK� WHFKQHWLXP�FRXOG� GLVWLQJXLVK� &�DOELFDQV LQIHFWLRQV� IURP�EDFWHULDO� LQIHFWLRQV� DQG� VWHULOH� LQIODPPDWLRQ� LQ�PLFH�� 7KLV� LV� HQFRXUDJLQJ� DQG� RQ H� KRSHV� WKDW��JLYHQ�WKH�GLIILFXOW\�RI�HDUO\�GLDJQRVLV�ZLWK�H[LVWLQJ�PHWKRGV� DQG� WKH� VLJQLILFDQFH� RI� &�DOELFDQV� DV D�PDMRU� SDWKRJHQ� LQ� LPPXQRFRSURPLVHG� SDWLHQWV����P7F�IOXFRQD]ROH�PLJKW�EH� VXFFHVVIXO� LQ� LPDJLQJ�LQYDVLYH� &�DOELFDQV� DQG� RWKHU� \HDVW� LQIHFWLRQV LQ�KXPDQV�
&21&/86,21
$� SOHWKRUD� RI� UDGLRSKDUPDFHXWLFDOV� LV� QRZ�DYDLODEOH� IRU� LPDJLQJ� LQIHFWLRQ�LQIODPPDWLRQ� DQG�WKH� OLVW� LV�H[SDQGLQJ�HYHU\�\HDU��7KH�SUREOHP�IRU�WKH�QXFOHDU�PHGLFLQH�SK\VLFLDQ�LV�WR�VHOHFW�WKH�EHVW�DJHQW� IRU� WKH� FRQGLWLRQ� EHLQJ� LQYHVW LJDWHG�� 7KLV�PD\� GHSHQG� RQ� ZKHWKHU� WKLV� LV� DFXWH� RU� FKURQLF��WKH� ERG\� ORFDWLRQ�� WLVVXH� W\SH� RI� WKH� OHVLRQ� �H�J��VNHOHWDO�RU�VRIW�WLVVXH���SDWLHQW¶V�LPPXQH�VWDWXV��DV�ZHOO�DV�VLGH�HIIHFW��SKDUPDFRNLQHWLF��DQG�LPDJLQJ�SURSHUWLHV� RI� WKH� UDGLRSKDUPDFHXWLFDO�� 7 KXV� WKH�IROORZLQJ� RSWLRQV� KDYH� EHHQ� VXJJHVWHG� E\�&RUVWHQV� DQG� YDQ� GHU� 0HHU� >����@�� ��� %RQH�LQIHFWLRQ� ��P7F�PHWK\OHQHGLSKRVSKRQDWH� �0'3�����P7F�+,*�� DQG� ��P7F�DQWLJUDQXORF\WH� 0&$� �LQ�SHULSKHUDO� VNHOHWDO� LQIHFWLRQ��� ��� 6RIW �WLVVXH�LQIHFWLRQ� ��P7F�OHXFRF\WHV��LQ�DFXWH�OHVLRQ�EXW�QRW�FKURQLF� EHFDXVH� RI� WKH� ORZ� LQIOX[�RI� OHXFRF\WHV�����*D�IRU�SXOPRQDU\�FRQGLWLRQV��EXW�QRW�DEGRPLQDO�EHFDXVH� RI� WKH� H[FUHWLRQ�RI� WKH� DJHQW� LQ� WKH�JXW�����P7F�DQWLJUDQXORF\WH� 0&$� �LQ� DSSHQGLFLWLV��YDVFXODU�JUDIW� LQIHFWLRQ��DQG�QDWLY H�DQG�SURVWKHWLF�YDOYH� HQGRFDUGLWLV��� ��� 1HXWURSDHQLF� SDWLHQW ���P7F�+,*�� ��*D� �LQ� YLUDO�� IXQJDO�� P\FREDFWHULDO��DQG� SURWR]RDO� LQIHFWLRQV��� ��� )82� ���,Q�OHXFRF\WHV� DQG� ��*D�� ��� 6HSWLFDHPLD� �WR� ORFDWH� D�IRFXV� RI� LQIHFWLRQ�� LI� SUHVHQW� � UDGLRODEHOOHG�OHXFRF\WHV� DQG� ��)'*�� ,W� LV� XQOLNHO\� WKDW� PRVW�QXFOHDU�PHGLFLQH� GHSDUWPHQWV�ZRXOG� KDYH� DFFHVV�WR�DOO�WKHVH�DJHQWV��
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)XUWKHUPRUH�� ZKLOH� VHQVLWLYH� DQG� VSHFLILF� IRU�LQIODPPDWLRQ�� QRQH� RI� � WKHVH� UDGLR �SKDUPDFHXWLFDOV�DUH�VSHFLILF�IRU�LQIHFWLRQ��,Q� LQIHFWLRQ� LPDJLQJ WKH� NH\� SUREOHP� LV� WKH�GLVWLQFWLRQ� EHWZHHQ� LQIHFWLRQ� DQG� LQIODPPDWLRQ��7KHUH�DUH�PDQ\�FDXVHV�RI�LQIODPPDWLRQ��LQIHFWLRQ�EHLQJ� RQO\� RQH�� WKRXJK� D� YHU\� LPSRUWDQW� RQH�� ,Q�DGGLWLRQ�� WKH�GHJUHH�DQG�W\SH�RI�WKH�LQIODPPDWRU\�UHVSRQVH�YDULHV�DFFRUGLQJ� WR� WKH� W\SH RI�LQIHFWLRQ�

DQG� WKH� LQIHFWLRXV�DJHQW�DV�ZHOO�KRVW� IDFWRUV�VXFK�DV�QXWULWLRQ��QHXWURSDHQLD�DQG�LPPXQRVXSSUHVVLRQ�ZKHWKHU�GXH�WR�XQGHUO\LQJ�GLVHDVHV�VXFK�DV�FDQFHU�DQG� +,9� LQIHFWLRQ� RU� WUHDWPHQW� ZLWK� GUXJV�� H�J��F\WRWR[LF� DJHQWV� DQG� VWHURLGV��5DGLRSKDUPDFHXWLFDOV� WKDW� WDUJHW� WKH� KRVW�LQIODPPDWRU\�UHVSRQVH�DUH�QRW��WKHUHIRUH��LGHDO�IRU�LPDJLQJ� LQIHFWLRQ��PRVW� LPSRUWDQWO\�EHFDXVH� WKH\�DUH�QRW�VSHFLILF�WR�LW�
7DEOH�� � 5DGLRSKDUPDFHXWLFDOV�IRU�LQIHFWLRQ�LPDJLQJ5$',23+$50$&(87,&$/ 0(7+2'�2)�/2&$/,6$7,21 ',6$'9$17$*(6
*DOOLXP����FLWUDWH /DFWRIHUULQ�ELQGLQJ 1RQ�VSHFLILF�IRU�LQIHFWLRQ��SRRU�LPDJH�TXDOLW\��VXSHUVHGHG�E\�EHWWHU�DJHQWV5DGLRODEHOOHG�OHXFRF\WHV 'LDSHGHVLV�DQG�FKHPRWD[LV ,QIODPPDWLRQ�EXW�QRW�LQIHFWLRQ�VSHFLILF3RO\FORQDO�LPPXQRJOREXOLQ�* 8QFOHDU�EXW�PDLQO\�FDSLOODU\�OHDNDJH 1RQ�VSHFLILF�IRU�LQIHFWLRQ��ORFDOLVH�WXPRXUV�DOVR0RQRFORQDO�DQWLERGLHV D��%LQGLQJ�WR�OHXFRF\WH�VXUIDFH�DQWLJHQVE��%LQGLQJ�WR�PLFURELDO�DQWLJHQV

D��1RQ�VSHFLILF�IRU�LQIHFWLRQ
E��/LPLWHG�DQLPDO�VWXGLHV

&KHPRWDFWLF�SHSWLGHV %LQG�WR�UHFHSWRUV�RQ�SRO\PRUSKV &DXVH�D�IDOO�LQ�SHULSKHUDO�ZKLWH�FRXQW&\WRNLQHV %LQG�WR�UHFHSWRUV�RQ�LQIODPPDWRU\�FHOOV $JRQLVW�DFWLYLW\��VLGH�HIIHFWV��,QIODPPDWLRQ�VSHFLILF&\WRNLQH�UHFHSWRU�DQWDJRQLVWV $V�DERYH /RZHU�XSWDNH�DW�LQIODPPDWRU\�IRFL1DQRFROORLGV ,QFUHDVHG�YDVFXODU�SHUPHDELOLW\ 1RQ�VSHFLILF�IRU�LQIHFWLRQ
/LSRVRPHV 3KDJRF\WRVLV�E\�SRO\PRUSKV�DQG�PDFURSKDJHV 'LIILFXOW�WR�SUHSDUH��DFFXPXODWH�LQ�OLYHU�DQG�VSOHHQ��QRQ�VSHFLILF�IRU�LQIHFWLRQ6WUHSWDYLGLQ�%LRWLQ ,QFUHDVHG�YDVFXODU�SHUPHDELOLW\3UHWDUJHWWLQJ

1RQ�VSHFLILF�IRU�LQIHFWLRQ
)����'HR[\JOXFRVH 8SWDNH�E\�PHWDEROLFDOO\�DFWLYH�FHOO 1RQ�VSHFLILF�IRU�LQIHFWLRQ
$QWLPLFURELDO�SHSWLGHV %LQGLQJ�WR�PLFURELDO�DQG�RWKHU�FHOO�PHPEUDQHV 0D\�KDYH�PXOWLSOH�UROHV�LQ�LQIODPPDWLRQ$QWLPLFURELDO�DJHQWV��&LSURIOR[DFLQ��,QIHFWRQ�
�(WKDPEXWRO
�)OXFRQD]ROH

�%LQGLQJ�WR�EDFWHULDO�'1$�J\UDVH��,QKLELWLRQ�RI�P\FROLF�DFLG�V\QWKHVLV��P\FREDFWHULDO�FHOO�ZDOO���,QKLELWLRQ�RI�HUJRVWHURO�V\QWKHVLV��\HDVW�FHOO�PHPEUDQH��

(PHUJHQFH�RI�UHVLVWDQW�RUJDQLVPV�D�SRWHQWLDO SUREOHP�EXW�WKH�ULVN�LV�SUREDEO\�PLQLPDO�ZLWK�WUDFHU�GRVHV�RI�WKH�DQWL�LQIHFWLYH�DJHQW�
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7KH� VHQVLWLYLWLHV� DQG� VSHFLILFLWLHV� UHSRUWHG� LQ� WKH�OLWHUDWXUH� IRU� WKHVH� DJHQWV� IRU� ORFDOLVLQJ� LQIHFWLYH�IRFL� DUH� LQ� UHDOLW\� WKRVH� RI� LQIODPPDWLRQ�� ZKLFK�RIWHQ� �EXW� QRW� DOZD\V�� DFFRPSDQ\� LQIHFWLRQ�� EXW�QRW�RI�LQIHFWLRQ�LWVHOI��7R�EH�LQIHFWLRQ�VSHFLILF��WKH�DJHQW� PXVW� WDUJHW� WKH� PLFUREH�� ZKLFK� LV� FDXVLQJ�WKH�LQIHFWLRQ��7KH�DQDORJ\�KHUH�LV�WKH�PDQDJHPHQW�RI� D� SDWLHQW� ZLWK� VXVSHFWHG� LQIHFWLRQ�� ZKHUH�OHXFRF\WRVLV��UDLVHG�(65�DQG�&53��DQG�LI�DYDLODEOH�VRPHWLPHV� FKDQJHV� LQ� F\WRNLQH� OHYHOV� RU� WKHLU�UHFHSWRU�H[SUHVVLRQ��PD\�EH�XVHIXO�DV�QRQ�VSHFLILF��LQIODPPDWRU\��PDUNHUV� RI� LQIHFWLRQ� DQG� DUH� WKXV�RIWHQ� PHDVXUHG�� EXW� E\� WKHPVHOYHV� DUH� QRW�GLDJQRVWLF�RI�LQIHFWLRQ� WKLV�GHSHQGV�RQ�FXOWXUH�RI�WKH�PLFUR�RUJDQLVP�RU�GHWHFWLRQ�RI�LWV�FRPSRQHQWV��H�J�� DQWLJHQV�� '1$�� RU� IDLOLQJ� WKHVH� VSHFLILF�DQWLERG\� DJDLQVW� WKH� RUJDQLVP��7KH� FKDOOHQJH� IRU�

QXFOHDU�PHGLFLQH�IRU�LQIHFWLRQ�LPDJLQJ�LQ�WKH��� VWFHQWXU\� LV�� WKHUHIRUH�� WR� PRYH� DZD\� IURP� RY HU�GHSHQGHQFH� RQ� ODEHOOLQJ� FRPSRQHQWV� RI� WKH� KRVW�LQIODPPDWRU\� UHVSRQVH�� ZKLFK� LV� QRW� DOZD\V�UHOLDEOH�� DQG� LQVWHDG� IRFXV� RQ� DQG� GHYHORS�UDGLRSKDUPDFHXWLFDOV�� ZKLFK� ELQG� WR� WKH�PLFUREH�GLUHFWO\�DQG�DUH�VSHFLILF�WR�LW�7KHVH� LQFOXGH� DQWLPLFURELDO� DJHQWV�� VXF K� DV�DQWLELRWLFV�� ZKLFK� LQWHUIHUH� ZLWK� LPSRUWDQW�PHWDEROLF� SURFHVVHV� RU� PROHFXOHV� ZLWKLQ� WKH�PLFUR�RUJDQLVP� VXFK� DV� '1$� V\QWKHVLV� �H�J��FLSURIOR[DFLQ��� FHOO� ZDOO�PHPEUDQH� FRPSRQHQWV��H�J�� HWKDPEXWRO� DQG� IOXFRQD]ROH�� DQG� SURWHLQ�V\QWKHVLV�� DQG� PRQRFORQDO� DQ WLERGLHV� DJDLQVW�PLFURELDO� VSHFLILF� HSLWRSHV� �H�J�� UDGLRODEHOOHG�PRQRFORQDOV�DJDLQVW� WKH�RXWHU�PHPEUDQH�SURWHLQV�RI�3�DHUXJLQRVD���

)LJXUH�� � 6FKHPDWLF�GLDJUDP�RI�WKH�DSSURDFK�WR�LQIHFWLRQ�LPDJLQJ�

%URDG�VSHFWUXP�DJHQW�IRU�LPDJLQJ�,QIHFWLRQ��,QIODPPDWLRQ�DQG�7XPRXUV��H�J��+,*��)'*��

,QIODPPDWLRQ�VSHFLILF�DJHQW�H�J��UDGLRODEHOOHG�OHXFRF\WHV�DQG�HQGRJHQRXV�DQWLPLFURELDO�SHSWLGHV�

,QIHFWLRQ�VSHFLILF�DJHQW

%DFWHULD�*UDP��YHV��*UDP��YHV��DQDHUREHV��H�J����P7F�FLSURIOR[DFLQ��0\FREDFWHULD��H�J� ��P7F�HWKDPEXWRO��³$W\SLFDOV´ �H�J��0\FRSODVPD��&KODP\GLD�

)XQJL�<HDVWV��H�J����P7F�IOXFRQD]ROH��$VSHUJLOOXV�2WKHU�IXQJL
9LUXVHV���3DUDVLWHV
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7KH� H[SORLWDWLRQ� RI� WKHVH� WDUJHWV� IRU� LP DJLQJ�EDFWHULDO��LW�PD\�EH�SRVVLEOH�WR�GHVLJQ�DJHQWV�WKDW�DUH� VSHFLILF� DJDLQVW�SDUWLFXODU� VSHFLHV�RI�EDFWHULD��H�J�� ��P7F� HWKDPEXWRO� IRU�P\FREDFWHULD��� IXQJDO��YLUDO��DQG�SDUDVLWLF�LQIHFWLRQV�ZLOO�GHSHQG�RQ�FORVHU�FROODERUDWLRQ�EHWZHHQ�QXFOHDU�PHGLFLQH�VS HFLDOLVWV�DQG� WKHLU� FROOHDJXHV� LQ� PLFURELRORJ\� DQG�LQIHFWLRXV� GLVHDVHV� WR� VHOHFW� WKH� EHVW� WDUJHWV� DQG�FRQGXFW�ZHOO�GHVLJQHG�FOLQLFDO�WULDOV��LQFRUSRUDWLQJ�VWDQGDUGLVHG� FULWHULD� IRU� LQIHFWLRQ� GLDJQRVLV� DQG�LPDJH� LQWHUSUHWDWLRQ�� WR�YDOLGDWH� HIILFDF\�RI� WKHVHDJHQWV� IRU� LPDJLQJ� VLWHV� RI� LQIHFWLRQ�� ZKLFK� ZLOO�VWDQG�XS�WR�FORVH�VFLHQWLILF�VFUXWLQ\�7KLV� DSSURDFK� LV� PRUH� OLNHO\� WR� \LHOG�UDGLRSKDUPDFHXWLFDOV� WKDW� DUH� LQIHFWLRQ� VSHFLILF�DQG� JHQHUDWH� FRQILGHQFH� LQ� FOLQLFLDQV� DERXW�QXFOHDU�PHGLFLQH¶V�DELOLW\�WR�RIIHU WHVWV��ZKLFK�FDQ�UHOLDEO\� ORFDWH� VLWHV� RI� LQIHFWLRQ� DQG� GLVWLQJXLVK�WKHVH� IURP� LQIODPPDWRU\� DQG� RWKHU� OHVLRQV� DQG�WKXV� DLG� SDWLHQW� PDQDJHPHQW�� %URDG �VSHFWUXP�DJHQWV� ZLWK� KLJK� VHQVLWLYLW\�� H�J�� ��P7F�+,*��ZLOO�VWLOO� EH� KHOSIXO� LQ� WKH� FRQWH[W� RI�)82� WR� SLFN XS�ERWK�LQIHFWLYH�DQG�QRQ�LQIHFWLYH��H�J��WXPRXUV�DQG�LQIODPPDWRU\� GLVRUGHUV� VXFK� DV� FRQQHFWLYH� WLVVXH�DQG� LQIODPPDWRU\� ERZHO� GLVHDVHV�� FDXVHV�� %XW� D�SRVLWLYH� UHVXOW� VKRXOG� WKHQ� SURPSW� LPDJLQJ� ZLWK�PRUH�VSHFLILF�DJHQWV��VXFK�DV�,QIHFWRQ��WR�FRQILUP�RU�H[FOXGH�LQIHFWLRQ��ILJ������&RQYHUVHO\�� GHSHQGLQJ� RQ� WKH� FOLQLFDO� XUJHQF\��LQIHFWLRQ� VSHFLILF� DJHQWV� FRXOG� EH� XVHG� ILUVW� WR�SHUPLW� HDUO\� GLDJQRVLV� DQG� WUHDWPHQW� RI� VHULRXV�LQIHFWLRQV�� IROORZHG� E\� LPDJLQJ� ZLWK� DQ�LQIODPPDWLRQ�VSHFLILF�DJHQW�LI�WKH�WHVW�LV�QHJ DWLYH��6XFK� WHFKQLTXHV� ZLOO� KDYH� JUHDWHVW� LPSDFW� LI��WKURXJK� VHULDO� LPDJLQJ�� WKH\� FDQ� EH� XVHG� WR�PRQLWRU� WKH� SDWLHQW¶V� UHVSRQVH� WR� DQWL �LQIHFWLYH�WKHUDS\��$Q�DJHQW�DEOH� WR�SUHGLFW� WKH�UHTXLUHPHQW�IRU�DQG�WKH�GXUDWLRQ�RI�DQWLELRWLF�WUHDWPHQW�ZLOO�QRW�RQO\� GHFUHDVH� FRVWV� DQG� VLGH� HIIHFWV� EXW� DOVR�FRQWULEXWH� WR� WKH� ILJKW� DJDLQVW� WKH� JURZLQJ� DQG�VLQLVWHU� SUREOHP�RI� DQWL �PLFURELDO� UHVLVWDQFH��7KH�UHFHQW�WUHQG�WRZDUGV�WKH�GHYHORSPHQW�RI�LQIHFWLRQ�VSHFLILF�UDGLRSKDUPDFHLWLFDOV�LV�ORQJ�RYHU�GXH�DQG�WR�EH�ZHOFRPH��EXW�WKHUH�LV�VWLOO�PXFK�WR�EH�GRQH�LI�WKH� IXOO�SRWHQWLDO�RI� WKHVH�H[FLWLQJ�DJHQWV� LV� WR�EH�UHDOLVHG�
5(6802
$�LQIHFomR�FRQWLQXD�D�VHU�XPD�GDV�JUDQGHV�FDXVDV�GH� PRUELGDGH� H� PRUWDOLGDGH� PXQGLDLV�� � $�0HGLFLQD� 1XFOHDU� WHP� XP� LPSRUWDQWH� SDSHO� HP�

FRQWULEXLU�HOXFLGDU�R�GLDJQyVWLFR�GH�LQIHFo}HV�WDLV�FRPR� DEVFHVVRV�� RVWHRPLHOLWHV�� DUWULWH� VpSWLFD��HQGRFDUGLWH�H�LQIHFomR�QRV�DSDUDWRV�GH�SUyWHVH��$V�WpFQLFDV� Mi� HVWDEHOHFLGDV� WDLV� FRPR� OHXFyFLWRV�PDUFDGRV� VmR� VHQVtYHLV� H� HVSHFtILFDV� SDUD�LQIODPDomR��PDV�QmR�GLVWLQJXHP�HQWUH� LQIODPDomR�LQIHFFLRVD� H� QmR�LQIHFFLRVD�� 2� GHVDILR� SDUD� D�0HGLFLQD� 1XFOHDU� SDUD� REWHQomR� GH� LPDJHP� GH�LQIHFo}HV� QR� VpFXOR� ��� p� WUDEDOKDU� QD� UHFHQWH�WHQGrQFLD� SDUD� R� GHVHQYROYLPHQWR� GH�UDGLRIiUPDFRV� PDLV� HVSHFtILFRV� SDUD� R� HVWXGR� GH�LQIHFo}HV�� WDLV� FRPR� DJHQWHV� DQWL�LQIHFFLRVRV�PDUFDGRV� �SRU� H[HPSOR�� ��P7F�FLSURIOR[DFLQD���$OpP� GLVWR�� � SDUD� DMXGDU� QR� GLDJQyVWLFR� SUHFRFH�GDV� LQIHFo}HV�� DWUDYpV� GH� LPDJHQV� VHULDGDV�� HVWHV�DJHQWHV� SRGHP� VH� SURYDU� PXLWR� ~WHLV� � QR�PRQLWRUDPHQWR� GDV� UHVSRVWDV� H� SDUD� GHWHUPLQ DU� D�GXUDomR�yWLPD�GH�XPD�WHUDSLD�DQWL �LQIHFFLRVD��(VWH�DUWLJR� UHYr�D�DWXDO� WHQGrQFLD�GD�XWLOL]DomR�GR�XVR�GD� LPDJHP� GH� SURFHVVRV� LQIHFFLRVRV� FRP�UDGLRIiUPDFRV�H�R�VHX�IXWXUR�GLUHFLRQDPHQWR�
$&.12:/('*(0(176
:H�DUH�YHU\�JUDWHIXO�WR�WKH�%0-�3XEOLVKLQJ�*U RXS�DQG�WKH�DXWKRUV�IRU�SHUPLVVLRQ�WR�UHSURGXFH�ILJXUHV��� DQG� ��� ZKLFK� DUH� WDNHQ� UHVSHFWLYHO\� IURP� WKH�DUWLFOHV� E\� +DOO� HW� DO��� ����� DQG� %ULWWRQ� HW� DO��������� WKH� IXOO� UHIHUHQFHV� IRU� ZKLFK� DUH� JLYHQ�EHORZ��
5()(5(1&(6
$ODYL�� $�DQG� =KXDQJ�� +�� �������� )LQGLQJ� LQIHFWLRQ�KHOS�IURP�3(7� /DQFHW������������%HFNHU�� :��� *ROGHQEHUJ�� '�� 0�� DQG� :ROI�� )�� ��������7KH� XVH� RI� PRQRFORQDO� DQWLERGLHV� DQG� DQWLERG\�IUDJPHQWV�LQ�WKH�LPDJLQJ�RI�LQIHFWLRXV�OHVLRQV��6HPLQ��1XFO��0HG���������������%HFNHU�� :�� �������� 7KH� FRQWULEXWLRQ� RI� QXFOHDU�PHGLFLQH� WR� WKH� SDWLHQW� ZLWK� LQIHFWLRQ� (XU�� -�� 1XFO��0HG�����������������%HFNHU��:�� DQG�0HOOHU�� -�� �������� 7KH� UROH� RI� QXFOHDU�PHGLFLQH� LQ� LQIHFWLRQ� DQG� LQIODPPDWLRQ�� /DQFHW�,QIHFW��'LV��������������%ULWWRQ�� .�� (���:DUHKDP�� '��:�� DQG� 'DV�� 6�� 6�� HW� DO���������� ,PDJLQJ� EDFWHULDO� LQIHFWLRQ� ZLWK� ��P7F�&LSURIOR[DFLQ��,QIHFWRQ���-��&OLQ��3DWKRO� >,Q�SUHVV@�%XVFRPEH�� -�� �������� 5DGLRODEHOOHG� KXPDQ�LPPXQRJOREXOLQV��1XFO��0HG��&RPPXQ�� �������������
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&RUVWHQV��)��+��0��DQG�YDQ�GHU�0HHU��-��:��0� ��������1XFOHDU� PHGLFLQH¶V� UROH� LQ� LQIHFWLRQ� DQG�LQIODPPDWLRQ��/DQFHW���������������'DPV�� (�� 7��0���2\HQ��:�� -��*�� DQG�%RHUPDQ��2�� &�����HW� DO�� �������� 7F���P�3(*�OLSRVRPHV� IRU� WKH�VFLQWLJUDSKLF�GHWHFWLRQ�RI�LQIHFWLRQ�DQG�LQIODPPDWLRQ��FOLQLFDO�HYDOXDWLRQ��-��1XFO��0HG�� ������������'DW]�� )�� /�� �������� 7KH� FXUUHQW� VWDWXV� RI� UDGLRQXFLGH�LQIHFWLRQ�LPDJLQJ��1XFO��0HG��$QQ�� ������'DW]�� )�� /�� �������� ,QGLXP�����ODEHOOHG� OHXFRF\WHV� IRU�WKH� GHWHFWLRQ� RI� LQIHFWLRQV�� FXUUHQW� VWDWXV�� 6HPLQ��1XFO��0HG�� �����������'H�.OHLMQ��(��$���2\HQ��:��-��*��DQG�&RUVWHQV��)��+��0��HW� DO�� �������� 8WLOLW\� RI� LQGLXP�����ODEHOOHG�SRO\FORQDO�LPPXQRJOREXOLQ�*�VFLQWLJUDSK\�LQ�IHYHU�RI�XQNQRZQ�RULJLQ��)82���-��1XFO��0HG���������������'H�:LQWHU��)���YDQ�GH�:LHOH��&��DQG�9RJHODHUV��'��HW�DO���������� )OXRULQH����IOXRURGHR[\JOXFRVH� ±SRVLWURQ�HPLVVLRQ� WRPRJUDSK\�� D� KLJKO\� DFFXUDWH� LPDJLQJ�PRGDOLW\�IRU�WKH�GLDJQRVLV�RI�FKURQLF�PXVFXORVNHOHWDO�LQIHFWLRQV��-��%RQH�-RLQW�6XUJ��$P�����$����������*DQ]�� 0�� (�� DQG� /HKUHU�� 5�� ,�� �������� 'HIHQVLQV� DQG�RWKHU� HQGRJHQRXV� SHSWLGH� DQWLELRWLFV� RI� YHUWHEUDWHV���-��/HXNRF��%LRO���������������*ROGHQEHUJ��'��0���6KDUNH\��5��0��DQG�8GHP��6��HW�DO���������� ,PPXQRVFLQWLJUDSK\� RI�3QHXPRF\VWLV� FDULQLLSQHXPRQLD� LQ� $,'6� SDWLHQWV�� -�� 1XFO�� 0HG��� ���������������*XKOPDQQ�� $��� %UHFKW�.UDXVV�� '�� DQG� 6XJHU�� *�� HW� DO���������� &KURQLF� RVWHRP\HOLWLV�� GHWHFWLRQ� ZLWK� )'*�3(7� DQG� FRUUHODWLRQ� ZLWK� KLVWRSDWKRORJLF� ILQGLQJV��5DGLRORJ\���������������+DOO�� $�� 9��� 6RODQNL�� .�� .�� DQG� %RPDQML�� -�� -�� HW� DO���������� ��P7F�,QIHFWRQ�� ,Q�YLWUR ELQGLQJ� WR� EDFWHULD�DQG� FOLQLFDO� HIILFDF\� LQ� LPDJLQJ� VLWHV� RI� LQIHFWLRQ��3DSHU� SUHVHQWHG� DW� ��WK ,QWHUVFLHQFH� &RQIHUHQFH� RQ�$QWLPLFURELDO� $JHQWV� DQG� &KHPRWKHUDS\�� ������6HSWHPEHU��1HZ�2UOHDQV�+DOO�� $�� 9��� 6RODQNL�� .�� .�� DQG� 9LQMDPXUL�� 6�� HW� DO����������(YDOXDWLRQ�RI�WKH�HIILFDF\�RI���P7F�,QIHFWRQ��D�QRYHO� DJHQW� IRU� GHWHFWLQJ� VLWHV� RI� LQIHFWLRQ�� -�� &OLQ��3DWKRO�� ������������+RIIHU��3����������*DOOLXP��PHFKDQLVPV��-��1XFO��0HG��������������,KL�� 7��� 1DND]DWR�� 0��� 0XNDH�� +�� DQG� 0DWVXNXUD�� 6���������� (OHYDWHG� FRQFHQWUDWLRQV� RI� KXPDQ����QHXWURSKLO�SHSWLGHV�LQ�SODVPD��EORRG��DQG�ERG\�IOXLGV�IURP� SDWLHQWV� ZLWK� LQIHFWLRQV� &OLQ�� ,QIHFW�� 'LV��� �������������-DPDU��)���&KDSPDQQ��3��<�� DQG�+DUULVRQ��$��$��HW� DO����������,QIODPPDWRU\�DUWKULWLV��LPDJLQJ�RI�HQGRWKHOLDO�FHOO� DFWLYDWLRQ� ZLWK� DQ� ,Q����� ODEHOOHG� )�DE¶���IUDJPHQW� RI� DQWL�(�VHOHFWLQ� PRQRFORQDO� DQWLERG\��5DGLRORJ\� �������������

/HH��0��*���&KXQJ��.��<��DQG�/HH��-��'��HW�DO����������6FLQWLJUDSKLF� GLDJQRVLV� RI� RI� V\SKLOLWLF� OHVLRQV� E\�UDGLROEHOOHG PRQRFORQDO� DQWLERGLHV� LQ� GLDJQRVLV� E\�LPPXQRVFLQWLJUDSK\��&OLQ��([S��,PPXQRO���������������/HKUHU�� 5�� ,�� DQG� *DQ]�� 7�� �������� 'HIHQVLQV��HQGRJHQRXV� DQWLELRWLF� SHSWLGHV� IURP� KXPDQ�OHXFRF\WHV��&LED��)RXQG�6\PS����������������/HKUHU�� 5�� ,�� �������� (GLWRULDO� UHVSRQVH�� 4XHVWLRQV����DQG� DQVZHUV� DERXW� GHIHQVLQV�� &OLQ�� ,QIHFW�� 'LV�� ��������������/HY\�� 2�� �������� $QWLELRWLF� SURWHLQV� RI�SRO\PRUSKRQXFOHDU� OHXFRF\WHV�� (XU�� -�� +DHPDWRO���������������/LFKWHQVWHLQ��$����������0HFKDQLVP�RI�PDPPDOLDQ�FHOO�O\VLV�PHGLDWHG� E\� SHSWLGH� GHIHQVLQV�� HYLGHQFH� IRU� DQ�LQLWLDO� DOWHUDWLRQ� RI� WKH� SODVPD� PHPEUDQH�� -�� &OLQ��,QYHVW��������������/RFKHU�� -�� 7��� 6H\EROG�� .�� DQG� $QGUHV�� 5�� <�� HW� DO���������� ,PDJLQJ� RI� LQIODPPDWRU\� DQG� LQIHFWLRXV�OHVLRQV� DIWHU� LQMHFWLRQ� RI� UDGLRLRGLQDWHG� PRQRFORQDO�DQWLJUDQXORF\WH� DQWLERGLHV��1XFO�� 0HG�� &RPPXQ��� �����������/XSHWWL��$���:HOOLQJ��0��0��DQG�0D]]L��8��HW�DO����������7HFKQHWLXP���P� ODEHOOHG� IOXFRQD]ROH� DQG�DQWLPLFURELDO�SHSWLGHV� IRU� LPDJLQJ�&DQGLGD�DOELFDQVDQG� $VSHUJLOOXV� IXPLJDWXV LQIHFWLRQV� (XU�� -�� 1XFO��0HG���������������0HOOHU�� -��� $OWHQYRHUGH�� *�� DQG� 0XQ]HO�� 8�� HW� DO���������� )HYHU� RI� XQNQRZQ� RULJLQ� SURVSHFWLYH�FRPSDULVRQ�RI�)����)'*�LPDJHV�ZLWK�D�GRXEOH�KHDG�FRLQFLGHQFH� FDPHUD� �'+&&�� DQG� *D���� FLWUDWH�63(&7��(XU��-��1XFO��0HG�� ��������������0RUUHO��(��0���7RPSNLQV��5��*��DQG�)LVFKPDQ��$��-��HW�DO�� �������� ,PDJLQJ� LQIHFWLRQV� ZLWK� DQWLERGLHV�� $�TXDQWLWDWLYH� DXWRUDGLRJUDSKLF� DQDO\VLV�� -�� ,PPXQRO��0HWK��������������0RXQWIRUG�� 3�� -��� .HWWOH�� $��*���2¶'RKHUW\��0�� -�� DQG�&RDNOH\�� $�� -�� �������� &RPSDULVRQ� RI� WHFKQHWLXP���P�+03$2� OHXFRF\WHV� ZLWK� LQGLXP�,,,�R[LQH�OHXFRF\WHV� IRU� ORFDOLVLQJ� LQWUDDEGRPLQDO� VHSVLV����������-��1XFO��0HG���������������0R]OH\�� 3�� '��� 7KDNXU�� 0�� /�� DQG� $ODYL�� $�� HW� DO���������� (IIHFWV� RI� D� ��P7F�ODEHOOHG� PXULQH�LPPXQRJOREXOLQ� 0� DQWLERG\� WR� &'��� DQWLJHQV� RQ�KXPDQ�JUDQXORF\WH�PHPEUDQHV�LQ�KHDOWK\�YROXQWHHUV��-��1XFO��0HG�����������������2JLKDUD�8PHGD��,���6DVDNL��7��DQG�1LVKLJRUL��+����������$FWLYH� UHPRYDO� RI� UDGLRDFWLYLW\� LQ� WKH� EORRG�FLUFXODWLRQ�XVLQJ�ELRWLQ�EHDULQJ�OLSRVRPHV�DQG�DYLGLQ�IRU� UDSLG� WXPRXU� LPDJLQJ�� (XU�� -�� 1XFO�� 0HG��� ������������3HWHUV��$��0����������7KH�XWLOLW\�RI�>��P7F@�+03$2�OHXFRF\WHV� IRU� LPDJLQJ� LQIHFWLRQ��6HPLQ��1XFO��0HG��������������3URFDFFLQL��(���&KLDQHOOL��0���3DQWDQR��3�� DQG�6LJQRUH��$����������,PDJLQJ�RI�DXWRLPPXQH�GLVHDVHV��4XDUW��-��1XFO��0HG�����������������
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