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,1752'8&7,21��0HODQRPDFURSKDJH� DJJUHJDWLRQV� DUH� GLVFUHWH� JURXSV� RI� ODUJH� SLJPHQWHG� FHOOV� LQ� WKH�KHPDWRSRLHWLF� DQG� FHUWDLQ� RWKHU� VRIW� WLVVXHV� RI� ORZHU� YHUWHEUDWHV� �:RONH� ������0HVHJXHU�HW�DO��������=XDVWL�HW�DO� �������7KH\�DUH�FRQFHQWUDWHG�LQ�WKH�OLYHU�RI�SULPLWLYH�ILVKHV��$JQDWKD�	�&KRQGULFKWK\HV��DQG�LQ�WKH�NLGQH\�DQG�VSOHHQ�RI�DGYDQFHG�WHOHRVWV��UHIOHFWLQJ� WKH� O\PSKR�UHWLFXODU� HYROXWLRQDU\� UHODWLRQVKLSV� �$JLXV� ������� (OOLV� HO� DO��������IRXQG�WKH�VSOHHQ�RI�WHOHRVWV��SODLFH��WR�EH�D�FHQWHU�RI�PHODQRPDFURSKDJH�DFWLYLW\�ZKHUH�UHVLGHQW�FHOOV�FDQ�FRQVXPH�FDUERQ�SDUWLFOHV��2WKHU�PDFURSKDJH�SRVVLEO\�GHULYHG�IURP� UHWLFXOR�HQGRWKHOLDO� FHOOV�� FDQ� SKDJRF\WL]H� FDUERQ� LQMHFWHG� LQWR� WKH� DEGRPLQDO�FDYLW\��HQWHU�WKH�VSOHHQ��DQG�MRLQ�DJJUHJDWLRQV�WKHUH��5REHUWV��������=XDVWL�HW�DO� �������SRLQWHG�RXW�WKDW�WKH�PHODQLQ�LQ�WKHVH�DJJUHJDWHV�KDV�KLVWRULFDOO\�EHHQ�EHOLHYHG�WR�KDYH�EHHQ�SKDJRF\WL]HG��V\QWKHVL]HG�HOVHZKHUH��$JLXV�������%OD]HU�HW�DO��������%XNH�HW�DO��������+RZHYHU��WKH\�GHPRQVWUDWH�W\URVLQDVH�DFWLYLW\�LQ�WKHVH�FHOOV�FRQVLVWHQW�ZLWK�WKH�SUHVHQFH�RI�PHODQRVRPHV�LQ�WKH�PHVHQWU\�RI�RQH�ILVK�VSHFLHV�DQG�LQ�WKH�PHVHQWU\�DQG�VSOHHQ� RI� DQRWKHU� VSHFLHV�� 7KH\� IRXQG� WKDW� WKHVH� FHOOV� LQ� D� WKLUG� ODFNHG� W\URVLQDVH�DFWLYLW\��VXJJHVWLQJ�WKDW�WKH�RUJDQV�LQ�WKHVH�FHOOV�SURGXFH�RU�SKDJRF\WL]H�PHODQLQ�ZKLFK�YDULHV�DPRQJ�GLIIHUHQW�WD[RQRPLF�JURXSV��5REHUWV��������DQG�RWKHUV�KDYH�GHPRQVWUDWHG�WKDW�WKHVH�FHOOV�FDQ�DFW�DV�VFDYHQJHUV�RI�PDWHULDO�RI�KRVW�RULJLQ��JHQHUDWLQJ�OLSRIXVFLQ�DV�D E\SURGXFW��6SD]LHU�HW�DO��������6WHQVYDJ�HW�DO� �������7KH\�KDYH�EHHQ�IRXQG�WR�FRQWDLQ�KHPRVLGHULQ� FRQVLVWHQW� ZLWK� SKDJRF\WL]DWLRQ� RI� KHPRJORELQ� GHJUDGDWLRQ� SURGXFWV��0DFFKL�HW�DO� ������0HLQHOW�HW�DO� ������)RXUQLH�HW�DO� �������7KH�IXQFWLRQ�RI�H[WUDFXWDQHRXV�SURGXFWLRQ�RI�PHODQLQ� LV�XQNQRZQ��EXW�WKHUH�KDV�EHHQ�FRQVLGHUDEOH� VSHFXODWLRQ�� =XDVWL� HW� DO� ������� SRLQW� RXW� WKDW� ³PHODQLQ� LV� D� FRPSOH[�SRO\PHU�WKDW�FDQ�DEVRUE�DQG�QHXWUDOL]H�IUHH�UDGLFDOV��FDWLRQV��DQG�RWKHU�SRWHQWLDOO\�WR[LF�DJHQWV´� GHULYHG� IURP� GHJUDGDWLRQ� RI� SKDJRF\WL]HG� FHOOXODU� PDWHULDOV�� :RONH� HW� DO��������VXJJHVW�WKDW�PHODQLQ�PD\�EH�LPSRUWDQW�LQ�SURGXFWLRQ�RI�EDFWHULFLGLDO�FRPSRXQGV��HVSHFLDOO\�K\GURJHQ�SHUR[LGH��DQG�WKDW�WKHLU�TXLQRQH�SUHFXUVRUV�PD\�EH�EDFWHULFLGDO�DQG�RI� SDUWLFXODU� EHQHILW� WR� SRLNLORWKHUPV�� ZKHUH� HQ]\PDWLF� DFWLYLW\� PD\� EH� VHYHUO\�UHVWULFWHG�DW� ORZ� WHPSHUDWXUHV��7KH\�DOVR�REVHUYHG� WKDW� WKHLU�QXPEHUV� LQFUHDVH�JUHDWO\�ZLWK�GLVHDVH� �:RONH�������� ,W� KDV�EHHQ� VXJJHVWHG� WKDW� LQFUHDVH� LQ�PHODQRPDFURSKDJH�
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FHQWHUV� ZHUH� UHODWHG� WR� KXPRUDO� DQG� LQIODPPDWRU\� UHVSRQVHV�� VWRUDJH�� GHVWUXFWLRQ��GHWR[LILFDWLRQ� RI� H[RJHQRXV� DQG� HQGRJHQRXV� VXEVWDQFHV�� DQG� LURQ� UHF\FOLQJ� �:RONH���������7KH�SUHVHQW�VWXG\�LV�WKH�ILUVW�H[DPLQDWLRQ�RI�WLVVXH�SLJPHQW�FHOO�DJJUHJDWLRQV�RI�DQXUDQ�DPSKLELDQ��7KH�VWXG\�ORRNV�DW�WKHLU�GLVWULEXWLRQ�DPRQJ�WKH�O\PSKRLG�DQG�QRQ�O\PSKRLG�RUJDQV�RI�SDUDVLWH�LQIHFWHG�%XIR�UHJXODULV� 7KH�VWXG\�H[DPLQHV�WKH�UHODWLRQVKLS�EHWZHHQ�SDUDVLWH�LQIHFWLRQ��VL]H�DQG�QXPEHU�RI�WKHVH�DJJUHJDWLRQV�LQ�WKH�GLIIHUHQW�RUJDQV�RI�WKLV�VSHFLHV��7KLV�VWXG\�DOVR�H[DPLQHV�WKH�FHOOV�PRUSKRORJ\�DQG�FRQWHQWV�WR�GHWHUPLQH�KRZ�IDU�WKH\�DUH�FRQVLVWHQW�ZLWK�WKH�LQFOXVLRQV�LQ�WKH�PHODQRPDFURSKDJHV�RI�ILVK��$JLXV�	�5REHUWV���������
�0$7(5,$/6�$1'�0(7+2'6��$QLPDOV�� $� WRWDO� RI����PDOH�DQG� IHPDOH� VSHFLPHQV�RI� WKH�DPSKLELDQ�%XIR�UHJXODULV��IDPLO\�%XIRQLGDH��ZHUH�XVHG�LQ�WKH�SUHVHQW�VWXG\��$OO�DQLPDOV�ZHUH�FROOHFWHG�IURP�$ER�5DZDVK�DUHD��*L]D�DQG�ZHLJKWLQJ�EHWZHHQ����������J�DQG�VQRXW�YHQW� OHQJWK�LV���������FP��0RVW�RI�DQLPDOV�ZHUH�XVHG�IRU� LQYHVWLJDWLRQ�ZLWKLQ�D� IHZ�GD\V�RI�FDSWXUH��7RDGV�ZHUH�NHSW�LQ�JODVV�FDJHV�ZLWK����FP�GHHS��ZLWK�OLWWOH�DPRXQW�RI�WDS�ZDWHU��JUDVVHV�DQG�IHZ� URFNV��(YHU\� WZR�GD\V��ZDWHU� DQG� JUDVVHV�ZHUH� UHPRYHG� DQG� IRRG� �HDUWK�ZRUPV��$OORORERSKUD�FDOLJLQRVD� ZHUH�JLYHQ�DG OLELWXP�3DUDVLWRORJLFDO� H[DPLQDWLRQ�� 7KH� WRDGV� ZHUH� H[DPLQHG� IRU� KHOPLQWK� SDUDVLWHV�� 7KH�ERG\�FDYLW\�RI�HDFK�DQLPDO�ZDV�RSHQHG�DQG�WKHLU�JDVWURLQWHVWLQDO�WUDFW�ZDV�UHPRYHG�E\�FXWWLQJ�WKH�RHVRSKDJXV�DQG�UHFWXP��7KH�RHVRSKDJXV��VWRPDFK��VPDOO�LQWHVWLQH�DV�ZHOO�DV�WKH� OLYHU�� NLGQH\�� VSOHHQ� DQG� OXQJ� ZHUH� H[DPLQHG� VHSDUDWHO\� XQGHU� D� GLVVHFWLQJ�PLFURVFRSH��(DFK�VHFWLRQ�ZDV�H[DPLQHG�LQGLYLGXDOO\��DQG�DOO�KHOPLQWKHV�ZHUH�FRXQWHG�DQG�LGHQWLILHG�DFFRUGLQJ�WR�%DUWRQ���������/LJKW�PLFURVFRS\�� 3DUWV� IURP� WKH� OLYHU�� VSOHHQ�� NLGQH\� DQG� OXQJ� IURP� VRPH� DQLPDOV��QRQ�LQIHFWHG�DQG�LQIHFWHG��ZHUH�IL[HG�LQ�%RXLQ V IOXLG�DQG�URXWLQHO\�SURFHVVHG�IRU�OLJKW�PLFURVFRSLFDO� H[DPLQDWLRQ�� 6HULDO� VHFWLRQV� RI� SDUDIILQ� EORFNV� ZHUH� VWDLQHG� ZLWK�KHPDWR[\OLQ�DQG�HRVLQ��7UDQVPLVVLRQ�HOHFWURQ�PLFURVFRSH��)UDJPHQWV�RI�GLIIHUHQW�WLVVXHV�ZHUH�UHPRYHG�IURP�IUHVKO\� NLOOHG� VSHFLPHQV� DQG� IL[HG� LQ� ��� JOXWDUDOGHK\GH�� SRVWIL[HG� LQ� ��� RVPLXP�WHWUDR[LGH�� DQG� HPEHGGHG� LQ�HSR[\� UHVLQ��8OWUDWKLQ� VHFWLRQV� RI� ���QP� WKLFNQHVV�ZHUH�VWDLQHG�ZLWK�OHDG�FLWUDWH�DQG�H[DPLQHG�RQ�7(0�DW�;�������6RPH�WLVVXHV�ZHUH�HPEHGGHG�LQ�HSR[\�UHVLQ�DQG�VHFWLRQHG�DW������PP�IRU�OLJKW�PLFURVFRSLF�H[DPLQDWLRQ�DW�;��������
5(68/76���3DUDVLWRORJ\�� 7KURXJKRXW� WKH� SUHVHQW� VWXG\�� ���� RI� WKH� DQLPDOV� ZHUH� SDUDVLWLF±LQIHFWHG�� $OWKRXJK� WKHUH� ZHUH� FRQVLGHUDEOH� YDULDWLRQV� LQ� WKH� LQIHFWLRQ� SDWWHUQ� DPRQJ�SRSXODWLRQ� RI� %�UHJXODULV� WKH� VWXG\� VKRZHG� WKDW� ���� RI� WKH� FROOHFWHG� WRDGV� ZHUH�VLJQLILFDQWO\� LQIHFWHG� RQO\�ZLWK� QHPDWRGHV� �L�H��� VLQJOH� LQIHFWLRQ���+RZHYHU�� ���� DQG��� RI�WKH�FROOHFWHG�WRDGV�ZHUH�VLJQLILFDQWO\�LQIHFWHG�ZLWK�QHPDWRGHV�DQG�FHVWRGHV�DQG��RU�QHPDWRGHV�DQG�WUHPDWRGHV� �L�H���GRXEOH� LQIHFWLRQ���3UHYDOHQFH�DQG�VLWH�RI� LQIHFWLRQ�IRU�HDFK�VSHFLHV�RI�KHOPLQWK�DUH�JLYHQ�LQ�WDEOH�������

7DEOH����7KH�LQFLGHQFH�RI�KHOPLQWKHV�VSHFLHV�LQ�DGXOW�%XIR�UHJXODULV�LQ�WKH�SUHVHQW�����



6KRXNU\�	�6DDG��0HODQRPDFRSKDJH�LQ�SDUDVLWLF�LQIHFWHG�WRDGV�

���

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB������ +HOPLQWK�VSHFLHV��������������������������������3UHYDOHQFH�������������������6LWH�RI�LQIHFWLRQ�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�1HPDWRGD��)DODFDXVWUD�FLDQDHDWHVEH� ������������������������6PDOO�DQG�ODUJH�LQWHVWLQH�� &RVPRFHURLGHV�YDUDELOLV� ������������������������6PDOO�DQG�ODUJH�LQWHVWLQH�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �7UHPDWRGD��&HSKDORJRQLPXV�DPHULFDQXV� �������������������������������6PDOO�LQWHVWLQH��&HVWRGD��2SKLRWDHQLD�PDJQD� �������������������������������6PDOO�LQWHVWLQH�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB BB�
�/LJKW� PLFURVFRS\�� /LJKW� PLFURVFRSLFDO� H[DPLQDWLRQ� UHYHDOHG� DJJUHJDWLRQV� RI�PHODQRPDFURSKDJHV��00��LQ�ERWK�OLYHU�DQG�VSOHHQ��)LJV���	����7KH�OLYHU�SLJPHQW�FHOOV���$OVR�QDPHG�PHODQLQ�FRQWDLQLQJ�FHOOV��ZHUH�ORFDOL]HG�ERWK�LQ�WKH�SDUHQFK\PDO�DUHD��DW�WKH� VLQXVRLGDO� OHYHO�� DQG� LQ� WKH� KHPDWRSRLHWLF� FRPSRQHQW� RI� WKH� OLYHU� �)LJ��D���'LIIHUHQFHV� LQ� WKH� DPRXQW� DQG� GLVWULEXWLRQ� RI� WKH� SLJPHQWV� ZHUH� IRXQG� EHWZHHQ� WKH�VSHFLPHQ� FROOHFWHG� IURP� VLQJOH�RU� GRXEOH�LQIHFWHG� DQLPDOV� �)LJV�� �E	F��� $� GUDPDWLF�LQFUHDVH�LQ�WKH�GHJUHH�RI�00�GHSRVLWLRQ�ZDV�REVHUYHG�LQ�GRXEOH�LQIHFWHG�DQLPDOV��EXW�QHYHU� REVHUYHG� LQ� QRQ�LQIHFWHG� DQLPDOV� �)LJ��F��� 7KH� DJJUHJDWLRQV� ZHUH� FOHDUO\�FRPSRVHG�RI�PDFURSKDJHV�DQG�ZHUH�PXFK� ODUJHU�DQG�PRUH�DEXQGDQW� LQ� WKH� OLYHU� WKDQ�WKRVH�LQ�WKH�VSOHHQ��)LJ�����7KH�VSOHHQ�DJJUHJDWLRQV�ZHUH�PRVW�RIWHQ�LQ�WKH�YDVFXODU�UHG�SXOS�� XVXDOO\� QHDU� WKH�HGJH�RI� WKH�ZKLWH� SXOS��7KH�DJJUHJDWLRQV� IURP�GRXEOH�LQIHFWHG�DQLPDOV�ZHUH�PXFK�ODUJHU��FRQVLVWHG�RI�PRUH�FHOOV�DQG�ODUJHU�FHOOV�WKDQ�VHHQ�LQ�VLQJOH�LQIHFWHG�DQLPDOV��)LJ���D��E	F���7KH�DJJUHJDWLRQV�LQ�WKH�OLYHU�ZHUH�ORFDWHG�LQ�WKH�VPDOO�SRUWDO� YHLQV� DQG� WKH� DGMDXQW� VLQXVRLGV�� (YHQ� WKH� ODUJHVW� DJJUHJDWLRQV� ZHUH� QRW�HQFDSVXODWHG� DQG� FRQQHFWLYH� WLVVXHV� VWDLQLQJ� VKRZHG� QR� WUDFH� RI� FROODJHQ� RU� HODVWLQ�DURXQG�WKH�PDVVHV�LQ�HLWKHU�OLYHU�RU�VSOHHQ��)LJV���	����,QGLYLGXDO�FHOOV�RI�WKH�KHSDWLF�PDVVHV�ZHUH�VHSDUDWHG�IURP� WKH�KHSDWRF\WHV�E\� WKLQO\�VWUHWFKHG�HQGRWKHOLDO�FHOOV��7KH�QXFOHXV�RI� WKH�HQGRWKHOLDO�FHOO� LV�RIWHQ�ILWWLQJ�EHWZHHQ�DGMDFHQW�PDFURSKDJHV�� ,Q� ODUJH�DJJUHJDWLRQV�� WKH�FHQWUDOO\� ORFDWHG�PDFURSKDJHV�VHHPHG�QRW� WR�EH� LQ�FRQWDFW�ZLWK�DQ\�SDUW� RI� WKH� YHVVHO� ZDOO� �)LJV�� �	���� ,QGLYLGXDO� �QRQ�� DJJUHJDWHG�� DV�ZHOO� DV� JURXSHG�PHODQLQ�EHDULQJ� PDFURSKDJHV� DUH� SUHVHQW� LQ� WKH� OXQJ�� EXW� WKH� NLGQH\� KDG� PRUH�LQGLYLGXDO�SLJPHQWHG�PDFURSKDJHV� WKDQ� DJJUHJDWLRQV� �)LJV�� �	����$JJUHJDWLRQV�ZHUH�QRW� IRXQG� LQ� WKH� VWRPDFK�� GXRGHQXP� DQG� FRORQ� RI� WKH� SDUDVLWH�LQIHFWHG� WRDGV�� EXW�LQGLYLGXDO�SLJPHQWHG�PDFURSKDJHV�ZHUH�VHHQ�UDUHO\�LQ�WKH�PXFRVD�RI�WKH�GLJHVWLYH�WUDFW�RI�GRXEOH�LQIHFWHG�WRDGV��7KHVH�FHOOV�ZHUH�VLPLODU�LQ�VL]H�DQG�VKDSH�WR�WKRVH�IRXQG�LQ�WKH�OLYHU�DQG�VSOHHQ�RI�SDUDVLWH�LQIHFWHG�WRDGV��9HU\�GHQVH��PRUH�VWHOODWH��GDUNO\�SLJPHQWHG�FHOOV�ZHUH�DEXQGDQW�DURXQG�WKH�O\PSKDWLF�YHVVHOV�RI�WKH�OXQJV�DQG�NLGQH\V��)LJV���	����7KHVH� DSSHDUHG� VXSHUILFLDOO\� PRUH� VLPLODU� WR� LQWHJPHQWDU\� PHODQRF\WHV� WKDQ� WR� WKH�SLJPHQWHG�PDFURSKDJHV��GDWD�QRW�VKRZQ���7UDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��8OWUDVWUXFWXUDO�REVHUYDWLRQV� UHYHDOHG� WKDW�GXULQJ�SDUDVLWLF�LQIHFWLRQ��00�FRQWDLQHG�PHODQRVRPHV�WKDW�ZHUH�OHVV�KRPRJHQRXV�LQ�VL]H�DQG�PRUH�VFDWWHUHG��ZLWK�ODUJH�DPRUSKRXV�F\WRSODVPLF�DUHDV��)LJ��D���&RQYHUVHO\��LQ�VLQJOH�LQIHFWHG�DQLPDOV�QXPHURXV�SKDJRVRPHV��DOVR�FRQWDLQLQJ�PHODQRVRPHV�ZHUH�IRXQG��)LJ���D��� 7KH� F\WRSODVP� FRQWDLQHG� VRPH� PLWRFKRQGULD�� VFDUFH� FLVWHUQDH� RI� HQGRSODVPLF�UHWLFXOXP��DQG�YHVLFOHV�RI�D�VPDOO�*ROJL�DSSDUDWXV��7KH�PRVW�FRPPRQ�RUJDQHOOH�LQ�WKH�FHOO� ERG\� ZDV� XQLIRUPDO\� HOHFWURQ�GHQVH� PHODQRVRPHV� �)LJ�� �D��� 7KH� VSOHQLF�PHODQRF\WHV� ZHUH� QXPHURXV�� KDG� ORQJ� GHQGULWLF� SURFHVVHV�� DQG� ZHUH� VXUURXQGHG� E\�FRQQHFWLYH� WLVVXHV�� 7KH� QXFOHXV� SRVVHVVHG� PDQ\� LQGHQWDWLRQV� DQG� ZDV� SHULSKHUDOO\�
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ORFDWHG�� 7KH� F\WRSODVP� FRQWDLQHG� VHYHUDO� PLWRFKRQGULD�� DEXQGDQW� FLVWHUQDH� RI�UHWLFXOXP��QXPHURXV�FOHDU�YHVLFOHV��DQG�PHODQRVRPHV�VLPLODU�WR�WKRVH�IRXQG�LQ�WKH�OLYHU��)LJ���E���,Q�SDUDVLWH�LQIHFWHG�DQLPDOV��PHODQRF\WHV�ZHUH�VFDQW\�ERWK�LQ�WKH�NLGQH\�DQG�LQ�WKH�OXQJ��)LJ������7KH� OXQJ� FRQWDLQHG� LVRODWHG�00� LQ� WKH� FHQWUDO� FRUH� RI� DOO� DOYHRODU� WUDEHFXODH�� 7KHVH�DOYHRODU�WUDEHFXODH�FRPSULVHG�ORRVH�FRQQHFWLYH�WLVVXH��7KH\�FRQWDLQHG�YDULRXV�W\SHV�RI�FHOOV� VXFK� DV� ILEUREODVWV�� VPRRWK� PXVFOH� FHOOV��PHODQRF\WHV�� RFFDVLRQDO� JUDQXORF\WHV��PDFURSKDJHV�DQG�PDVW�FHOOV��)LJ���D���7KH�LQWUDFHOOXODU�PDWUL[�ZDV�ULFK�LQ�WKH�FROODJHQ�DQG�HODVWLF�ILEHUV��7KH�PHODQRF\WHV�ZHUH�UHSUHVHQWHG�E\�RQO\�IHZ�LVRODWHG�FHOOV�ZLWK�D�FHQWUDO�ERG\�FRQWDLQLQJ�D�QXFOHXV�DQG�QXPHURXV� ORQJ�� WKLQ��DQG�EUDQFKHG�F\WRSODVPLF�SURFHVVHV�� 7KH� F\WRSODVP� FRQWDLQHG� VFDUFH� RUJDQHOOHV� DQG� QXPHURXV�� RYDO�� KLJKO\�HOHFWURQ�GHQVH� PHODQRVRPHV� RI� GLIIHUHQW� VL]HV� �)LJ�� �E��� 7KHVH� PHODQF\WHV� ZHUH�LUUHJXODU��ZLWK�PDQ\�F\WRSODVPLF�SURFHVVHV�FRQWDLQLQJ�PHODQRVRPHV��0HODQRVRPHV�DOVR�RFFXUUHG� LQ� WKH�KHPDWRSRLHWLF� IDQ�RI� WKH�NLGQH\�� WKXV� VXJJHVWLQJ�DQ�DFWLYH� WUDQVIHU�RI�PHODQRVRPHV� IURP� WKH�F\WRSODVPLF�SURFHVVHV�RI� WKH�PHODQRF\WHV� WR� WKHLU� VXUURXQGLQJ�NLGQH\�FHOOV��)LJ���F��

� )LJ� �� 6HFWLRQ�LQ�WKH�OLYHU�RI�% �UHJXODULV�VKRZLQJ�SLJPHQW�FHOO�DJJUHJDWLRQV���D��1RQ�LQIHFWHG�FRQWURO����E��6LQJOH�SLJPHQW�FHOOV�LQIHFWHG�SDUDVLWHV���F��'RXEOH�LQIHFWHG�SDUDVLWHV��1RWH�DOO�SKRWRJUDSK�DUH�IURP�QHDU�WKH�PDUJLQ�RI�WKH�OLYHU�ZKHUH�SLJPHQW�FHOO�DJJUHJDWLRQV�DUH�PRUH�FRQFHQWUDWHG��;�����

)LJ� ���3LJPHQW�FHOO�DJJUHJDWLRQ�LQ�WKH�VSOHHQ�RI�%�UHJXODULV���D��1RQ�LQIHFWHG�FRQWURO���E��6LQJOH�LQIHFWHG�SDUDVLWHV���F��'RXEOH�LQIHFWHG�SDUDVLWHV��$JJUHJDWLRQV�LQ�WKH�VSOHHQ�DUH�UDUHO\�PRUH�WKDQ�WKUHH�FHOOV�DQG�LQGLYLGXDO�SLJPHQWHG�PDFURSKDJHV�DUH�PRUH�FRPPRQ�WKDQ�DJJUHJDWLRQ��:� ZKLWH�SXOS��5� UHG�SXOS��;������
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)LJ���� 3LJPHQW� FHOO� DJJUHJDWLRQ� LQ� WKH� OXQJ� RI�%�UHJXODULV�� �D�� 1RQ� LQIHFWHG� FRQWURO�� �E�� 6LQJOH�LQIHFWHG�SDUDVLWHV���F��'RXEOH�LQIHFWHG�SDUDVLWHV��1RWH�DOO� LQGLYLGXDO� SLJPHQWHG� PDFURSKDJHV� DUH� ZLGHO\�

)LJ��� 3LJPHQW�FHOO�DJJUHJDWLRQ�LQ�WKH�NLGQH\�RI�%�UHJXODULV�� �D��1RQ� LQIHFWHG� FRQWURO�� �E��6LQJOH�LQIHFWHG�SDUDVLWHV���F��'RXEOH�LQIHFWHG�SDUDVLWHV��1RWH�LQGLYLGXDO�SDOH�FRORXUHG�IRFDO�

)LJ����(OHFWURQ�PLFURJUDSK�RI�WKH�OLYHU RI�%�UHJXODULV�3LJPHQW� FHOOV� LQ� WKH� SDUHQFK\PDO� �VLQXVRLG�� �D�� DQG�KHPRSRLHWLF��VXE�FDSVXODU�VSDFH���E��DUHDV�RI�SDUDVLWH�LQIHFWHG� DQLPDOV� �D���0HODQRPDFURSKDJH� FHQWUH�ZLWK�PHODQRF\WHV�DUH� JURXSHG� WRJHWKHU�DQG� VXUURXQGHG�E\�D WKLQ� FRQQHFWLYH� FDSVXOH�� ;� ������ �E��� 7KH\� DUH�IRUPHG� E\� GHQVH� DJJUHJDWHV� RI� PHODQLQ� FRQWDLQLQJ�FHOOV��;������

)LJ� ���(OHFWURQ�PLFURJUDSK�RI�WKH�VSOHHQ�RI�%�UHJXODULV��1RWH� WKH� GLIIHUHQW� GLVWULEXWLRQ� RI� PHODQRVRPHV� LQ� WKH�ZKLWH� �D�� DQG� UHG� �E�� SXOS�� 7KH� DUURZV� LQGLFDWH� WKH�SUHVHQFH� RI� QXPHURXV� SKDJRF\WLF� ERGLHV� LQ� WKH� VSOHHQ��0HODQRF\WHV� DUH� LQFOXGHG� LQ� WKH� WLVVXH�� ,Q� WKHLU�F\WRSODVP�� WKHUH� DUH� PHODQRVRPHV� RI� GLIIHUHQW� VKDSHV��VL]H�DQG�GHJUHH�RI�PHODQL]DWLRQ��;�������
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',6&866,21��7KH� SLJPHQWHG� PDFURSKDJHV� RI� SDUDVLWH�LQIHFWHG�%XIR� UHJXODULV� DUH� VLPLODU� WR� WKRVH�UHSRUWHG� E\� %DUQL� HW� DO� ������� LQ� 5DQD� HVFXOHQWD�� DOWKRXJK� WKH\� ODFN� WKH� OLPLWLQJ�FDSVXOH� DURXQG� WKH� DJJUHJDWLRQV� LQ� ERWK� OLYHU� DQG� VSOHHQ� WKDW�ZDV� REVHUYHG�;HQRSXV�ODHYLV� �&RUVDUR� HW� DO�� �������7ULWXUXV� FULVWDWXV� �&RUVDUR� HW� DO�� �������5DQD� HVFXOHQWD��6LFKHO�HW�DO� ������DQG�7ULWXUXV�FDUQLIH[��%DUQL�HW�DO� �������7KH�KHSDWLF�DJJUHJDWLRQV�ZHUH�VXUURXQGHG�RQO\�E\�WKH�VWUHWFKHG�HQGRWKHOLXP�RI�WKH�VLQXVRLGV�VRPHZKDW�VLPLODU�WR�WKDW�REVHUYHG�LQ�WKH�VPDOOHU�DJJUHJDWLRQV�RI�WKH�SLJPHQWHG�FHOOV�RI�5� HVFXOHQWD�OLYHU�E\�&RUVDUR�HW�DO� ��������7KH�ODFN�RI�HQFDSVXODWLRQ�PD\�SHUPLW�DOPRVW�XQOLPLWHG�H[SDQVLRQ�RI� DJJUHJDWLRQ� WKURXJK� WKH� H[SRVXUH� RI� WKH� WRDG� WR� SDUDVLWHV�� 7KH� ORFDWLRQ� RI� WKH�DJJUHJDWLRQV�LQ�WKH�VLQXVRLG�SRVLWLRQV�WKH�PDFURSKDJHV�ZHOO�IRU�UHPRYLQJ�EDFWHULD�DQG�RWKHU�DJHQWV�IURP�WKH�EORRG��7KH�SUHVHQFH�RI�KHPRVLGHULQ�LQ�WKH�KHSDWLF�SLJPHQW�FHOOV�LV�FRQVLVWHQW�ZLWK�SKDJRF\WRVLV�RI�KHPRJORELQ�PHWDEROLWHV�DQG�WKH�SUHVHQFH�RI�OLSRIXVFLQ��DFFXPXODWLQJ�LQ�LQFUHDVLQJ�DPRXQWV�LQ�WKH�OLYHU�RI�SDUDVLWH�LQIHFWHG�WRDGV��VXSSRUWV�WKH�SKDJRF\WLF� IXQFWLRQ� RI� WKHVH� FHOOV� LQ� WRDGV� �7KHVH� FRPSRXQGV� KDYH� EHHQ� UHSRUWHG� E\�PDQ\� DXWKRUV� LQ� ILVK� �=XDVWL� HW� DO�� ������� IURJV� �6LFKHO� HW� DO�� ������ DQG� WXUWOHV��&KULVWLDQVHQ�HW�DO���������:H�KDYH�GHPRQVWUDWHG�WKDW�WKH�QXPEHU�DQG�VL]H�RI�SLJPHQW�FHOOV�DJJUHJDWLRQ�LQFUHDVH�ZLWK�WKH�SURJUHVVLRQ�RI�WKH�SDUDVLWH�LQIHFWLRQ�LQ�WKH�OLYHU�DQG�VSOHHQ� RI� %XIR� UHJXODULV�� 7KLV� LQFUHDVH� PD\� EH� GXH� WR� PLJUDWLRQ� LQWR� WKH� OLYHU� RI�PDFURSKDJHV� SURGXFHG� HOVHZKHUH�� 0LJUDWLRQ� RI� PHODQLQ� DQG� FDUERQ� EHDULQJ�PDFURSKDJHV�WR�PDFURSKDJH�FHQWHUV�VXFK�DV�WKH�OLYHU�LV�ZHOO�NQRZQ�LQ�WRDGV�DQG�IURJV��%DUQL�HW�DO�������&RUVDUR�HW�DO� ������6LFKHO�HW�DO� �������,Q�DGGLWLRQ�WR�SKDJRF\WL]LQJ�FRPSRQHQWV� RI� GHDG� KRVW� FHOOV�� WKHVH� PDFURSKDJHV� PD\� IXQFWLRQ� LQ� GHIHQVH� DJDLQVW�EDFWHULDO� DQG� YLUDO� LQIHFWLRQ��%DFWHULD�DQG�YLUXVHV� DUH� FRQFHQWUDWHG� LQ� WKHVH�FHQWHUV� LQ�

)LJ����(OHFWURQ�PLFURJUDSK�RI�WKH�OXQJ��D�DQG�E��DQG�NLGQH\��F��RI�%�UHJXODULV��7KH�OLJKWHU�FRORUHG� DPRUSKRXV� PDWHULDO� EHQHDWK� WKH�EODFN� PHODQLQ� JUDQXOHV� LQFOXGHV� OLSRIXVFLQ�DQG�VPDOO�DPRXQWV�RI�KHPRVLGHULQ��D���,Q�WKH�FRQQHFWLYH�WLVVXH�RI� WKH�DOYHRODU� WUDEHXODH�LV�DQ� LVRODWHG� PHODQRF\WH� FRQWDLQLQJ� HOHFWURQ�GHQVH�PHODQRVRPHV�VXUURXQGHG�E\�FROODJHQ�)LEHUV��E���7KH�F\WRSODVP�RI�PHODQRF\WHV� LQ�WKH� NLGQH\� VKRZV� PHODQRVRPHV� DQG� FHOO�GHEULV��F���;����������
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ILVK� �/DPDV� HW� DO������� )DON� HW� DO������� %UDWWJMHUG� 	� (YHQVHQ� ������ 3DOHQ]QHOD� HW�DO��������,Q�ILVK�WKH�SLJPHQW�FHOO�DJJUHJDWLRQV�LQFUHDVH�ZLWK�GLVHDVH��$JLXV�	�5REHUWV�������� DQG� DV� ZLWK� RXU� WRDGV�� ZLWK� SDUDVLWH� LQIHFWLRQ�� 3DUDVLWH�LQIHFWHG� WRDGV� KDYH� D�V\VWHP�RI�YLVFHUDO�SLJPHQW�FHOOV�WKDW�LQYROYH�DJJUHJDWLRQV�LQ�ERWK�WKH�OLYHU�DQG�VSOHHQ��7KH�SUHVHQFH�RI� DJJUHJDWHG� �SLJPHQWHG�PDFURSKDJHV� LQ�KHSDWLF� VLQXVRLGV� �DSSDUHQWO\�QRW� LQ�FRQWDFW�ZLWK� WKH�YHVVHO�ZDOO�RU�ZLWK�KHSDWLF�WLVVXH��DQG�WKH�SUHVHQFH�RI�VLPLODU��LQGLYLGXDO� �QRQ�DJJUHJDWHG� ��SLJPHQWHG�PDFURSKDJHV�� LQ� WKH� OLYHU�� VSOHHQ��NLGQH\�DQG�OXQJV�� VXJJHVWV�D�EHKDYLRU� LQFRQVLVWHQW�ZLWK� WKH�FRQFHSW�RI� WKH�FHOOV�RI�9RQ�.XSSIIHU��*DOORQ�HW�DO� �������:H�DJUHH�ZLWK�6LFKHO�HW�DO���������WKDW�LW�LV�GHVLUDEOH�WR�KDYH�D�WHUP�IRU� WKHVH� YHUVDWLOH� FHOOV� ZLWK� PDFURSKDJH� FDSDELOLWLHV� DQG� WKH� DELOLW\� RI� VRPH� WR�SKDJRF\WL]H�DQG�RWKHU�WR�V\QWKHVL]H�PHODQLQ��DV�ZHOO�DV�WR�KDYH�D�KLHUDUFK\�RI�VSHFLILF�WHUPV�IRU�VSHFLDOL]HG�FRORQLHV�RI��WKHVH�DQG�RWKHU�SLJPHQW�FHOOV��0XFK�ZRUN�LV�UHTXLUHG�OLNH� WKDW� RI� $JXLV� 	�5REHUWV� ������� RQ� WKH� VSHFLDOL]DWLRQ� RI� WKHVH� FHOOV� ZLWKLQ� HDFK�WLVVXH� RI� SDUDVLWH� LQIHFWHG� YHUWHEUDWHV�� $V� WKLV� SDSHU� GHPRQVWUDWHV�� WKH� DPSKLELDQV�SUHVHQW� SDUWLFXODUO\� LQWHUHVWLQJ� SUREOHPV� UHJDUGLQJ� DGDSWDWLRQV� RI� SLJPHQW� FHOOV� DIWHU�SDUDVLWH�LQIHFWLRQ��)XUWKHU�VWXG\�ZLOO�EH�QHFHVVDU\�WR�JDLQ�D�IXUWKHU�XQGHUVWDQGLQJ�RI�WKLV�FHOO�V\VWHP���
5()(5(1&(6�$JLXV��&��	��5REHUWV��5-����������0HODQR�±�PDFURSKDJH��FHQWUHV�DQG��WKHLU��UROH��LQ��ILVK�������SDWKRORJ\���-��)LVK�'LV� ��������������������������������������������������������$JLXV�&����������3K\ORJHQHWLF�GHYHORSPHQW�RI���PHODQR�PDFURSKDJH�FHQWUHV�LQ�ILVK����-��=RRO� ����������������$JLXV� &� �������� 7KH� PHODQR�PDFURSKDJH� FHQWUHV� LQ� ILVK�� D� UHYLHZ�� ,Q�� )LVK� ,PPXQRORJ\� �0DQQLQJ�	7DUQHU�0��HGV����SS����������$FDGHPLF�SUHVV�/RQGRQ��%DUWRQ�'3��������$�FKHFNOLVW�RI�KHOPLQWK�SDUDVLWHV�RI�$XVWUDOLDQ�$PSKLELD�5HV��6�$XVW��0XV�����������������%DUQL�6��%DUWRQ�9��&URFH�$&��%RWWLUROL�*��%HUQLQL�)�	�*HU]HOL�*��������,QFUHDVH�LQ�OLYHU��SLJPHQWDWLRQ�GXULQJ�QDWXUDO�KLEHUQDWLRQ�LQ�VRPH�DPSKLELDQV�-��$QDW� ����������������%DUQL�6��9DFFDURQH�5��%DUWRQ�9��)UDVFKLQL�$��%HUQLQL�	�)HQRJOLR�&���������0HFKDQLVPV��RI��FKDQJHV��WR��WKH� � OLYHU� � SLJPHQWDU\� � FRPSRQHQW� � GXULQJ� � WKH� DQQXDO� � F\FOH� � �DFWLYLW\� DQG� KLEHUQDWLRQ�� RI�5DQD�HVFXOHQWD��-��$QDW������������������%OD]HU�9��:RONH�5��%URZQ�-�	�3RZHOO�&������������3LVFLQH���PDFURSKDJH���DJJUHJDWH�3DUDPHWHUV�DV�KHDOWK�PRQLWRU��HIIHFW�RI�DJH��VH[��UHODWLYH�ZHLJKW��VHDVRQ�DQG�VLWH�TXDOLW\�LQ�ODUJHPRXWK�EDVV��0LFURSWHUXV��VDOPRLGHV���$TXDW��7R[LFRO� ���������������%UDWWJMHUG� 6� 	� (YHQVHQ� 2� ������� $� VHTXPHQWDO� OLJKW� PLFURVFRSLF� DQG� XOWUDVWUXWXUDO� VWXG\���������������������������RQ�WKH�XSWDNH�DQG�KDQGOLQJ�RI�9LEULR�VDOPRQLFLG�LQ�SKDJRF\WHV�RI�WKH�KHDG�NLGQH\�LQ�H[SHULPHQWDOO\�LQIHFWHG�$WODQWLF�VDOPRQ��6DOPR�VDODU��9HW��3DWKRO����������������%XNH�'��9HUWKDDN�$�	�/DQJ�7��������4XDQWLWDWLYH�DVVHVVPHQW�RI�PHODQR�PDFURSKDJH�FHQWUHV��00&��LQ�WKH�GDE��/LPDQGD�OLPDQGD�DORQJ� D SROOXWLRQ�WUDQVHFW�LQ�WKH�*HUPDQ�%LJKW��0DULQH�(FRO��3URJ��6HU�������������������&KULVWLDQVHQ�-/��*U]\ERZVNL��/�	.RGDPD�50��������0HODQR�PDFURSKDJH���DJJUHJDWLRQV�DQG�WKHLU�DJH�UHODWLRQVKLSV� LQ� WKH� \HOORZ� PXG� WXUWOH�� .LQRVWHUQRQ� IODYHVFHQV� �.LQRVWHUQLGDH��� 3LJPHQW� &HOO�5HV�����������������&RUVDUR�&��6FDOLD�0��/HRWWD�0���0RQGLR�)�	�6LFKHO�*��������&KDUDFWHUL]DWLRQ�RI���.XSIIHU�FHOOV�LQ�VRPH�$PSKLELD��-��$QDW��������������������(OOLV� $(�� 0XQUR� $/� 	� 5REHUWV� 5-� ������� 'HIHQVH� PHFKDQLVPV� LQ� ILVK�� )DWH� 2I� LQWUDSHULWRQHQOO\�LQWURGXFHG�FDUERQH�LQ�WKH�SODLFH��3OHXURQHFWHV�3ODWHVVD���-��)LVK�%LRO���������������)DON�.��3UHVV�&��/DQGVYHUN�7�	�'DQQHYLJ�%��������6SOHHQ�DQG�NLGQH\�RI�$WODQWLF�VDOPRQ��6DOPR�VDODU�VKRZ�KLVWRFKHPLFDO�FKDQJHV�HDUO\�LQ�WKH�FRXUVH�RI�H[SHULPHQWDOO\�LQGXFHG�LQIHFWLRXV�VDOPRQ�DQDHPLD��,6$����9HW��,PPXQRO��,PPXQRSDWKRO� ������������)RXUQLH�-��6XPPHUV�-��&RXUWQH\�/��(QJOH�9�	�%ODJHU�9��������8WLOLW\�RI�VSOHQLF�PDFURSKDJH�DJJUHJDWHV�DV�DQ�LQGLFDWRU�RI�ILVK�H[SRVXUH�WR�GHJUDGHG�HQYLURQPHQWV��-��$TXDW��$QLP��+HDOWK� ����������������*DOORQ� $�� *XLGD� *�� 0DLGD� ,� 	� &LFHUR� 5� ������� 6SOHHQ� DQG� OLYHU� SLJPHQWHG� PDFURSKDJH� RI� � 5DQD�HVFXOHQWD� $�QHZ�PHODQRJHQLF�V\VWHP"���3LJPHQW�&HOO�5HV������������������.UDQ]�+��������&KDQJV�LQ�VSOHQLF�PHODQRPDFURSKDJH�FHQWUHV�RI�GDE��/LPDQGD��/LPDQGD�GXULQJ�DQG�DIWHU�LQIHFWLRQ�ZLWK�XOFHU�GLVHDVH���'LV�$TXDWLF�RUJDQ� ���������������
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/DPDV� -�� 1R\D� 0�� )LJXHUDV� $� 	� 7RUDQ]R� $� ������� 3DWKRORJ\� DVVRFLDWHG� ZLWK� D� YLUDO� HU\WKURF\WLF�IXQFWLRQ�LQ�WXUERW��6FRSKWKDOPXV�PD[LPXV� -�)LVK�'LV������������������0DFFKL� *�� 5RPDQRO� $� 	� &KULVWLDQVHQ� +� ������� 0HODQRPDFURSKDJH� FHQWUHV� LQ� ZKLWH� PRXWK� FURDNHU�0LFURSRJRQLDV�IXQHUL� DV�ELRORJLFDO�LQGLFDWRUV�RI�HQYLURQPHQWDO�FKDQJHV��-�)LVK�'LV������������������0HLQHOW� 7��.UXJHU�0��3LHWURFN�0��2VWHQ�5�	�6WHLQEHUJ� &� �������0HUFXU\� SROOXWLRQ� DQG�PDFURSKDJH�FHQWUHV�LQ�SLNH��(VR[�OXFLXV� WLVVXHV(QYLURQ���6FL���3ROOXW���5HV���������������0HVHJXHU� /�� ORSH]� $� 	� (VWHEDQ� 0$� ������� 0HODQRPDFURSKDJHV� RI� WKH� VHDZDWHU� WHOHRVW� VHDEDVV��'LFHQWUDFKXV�ODEUD[� DQG�JLOWKHDG�VHDEUHDP��6SDUXV�DXLDWD� ��PRUSKRORJ\��IRUPDWLRQ�DQG�SRVVLEOH�IXQFWLRQ��&HOO�7LVV��5HV����������������3DOHQ]QHOD� 2�� $OYDUH]� 3�	� %REDGLOOD� $� ������� *ROPHUXODU� GLVHDVH� DVVRFLDWHG� ZLWK�3RO\VSRURSODVPD�VSDULV� �0\[R]RD�� LQIHFWLRQV� LQ� � FXOWXUHG� JLOWKHDG� VHD� EUHDP�� 6SDUXV� DXUDWD� �3LVFHV�� 7HOHRVWHL���3DUDVLWRORJ\������������������3UHVV�&��(YHQVHQ�2��5HLWDQ�/�	�/DQGVXHUN�7��������5HWHQWLRQ� RI� IXUXQFXORVLV�YDFFLQH�FRPSRQHQWV� LQ�$WODQWLF� VDOPRQ��6DOPR�6DODU� IROORZLQJ�GLIIHUHQW� URXWHV�RI�DGPLQLVWUDWLRQ��-��)LVK�'LV� ����������������5REHUWV�5-��������([SHULPHQWDO�SDWKRJHQHVLV�RI�O\PSKRF\WRVLV�LQ�WKH�SODLFH��3OHXURQHFWHV�SODWHVVD���,Q��:LOGOLIH�'LVHDVHV��3DJH�/$��HG���SS�����������3OHQXP��/RQGRQ��6LFKHO�*��6FDOLD�0�	�&RUVDUR�&��������$PSKLELD�.XSIIHU�FHOOV��0LFURVFRS��5HV��7HFKQLT������������������6SD]LHU�(��6WRUFK�9�	�%UDXQEHFN�7��������&\WRSDWKRORJ\�RI�VSOHHQ�LQ�HHO��$QJXLOOD�DQJXLOOD�H[SRVHG�WR�D FKHPLFDO�VSLOO�LQ�WKH�5KLQH�5LYHU���'LV��$TXDWLF�2UJDQ� �������������6WHQVUD\�.��$UQHVHQ� 6��%RJZDOG� -�	� -RUJHQVHQ� 7� ������� /RFDOL]DWLRQ� RI� � SXULILHG� VXUIDFH�PROHFXOHV��/LSRSRO\VDFFKDULGH� DQG� $�SURWHLQ�� IURP�$HURPDQV� 6DOPRQLFLGD� LQ� NLGQH\� DQG� VSOHHQ� RI� DWODQWLF�VDOPRQ���6DOP��VDODU���- �)LVK�'LV� �����������������:RONH�5(��������3LVFLQH�PDFURSKDJH�DJJUHJDWHV��D�UHYLHZ��$QQ��5HY���)LVK��'LV�����������������:RONH� 5�� 0XUFKHODQR� 5$�� 'LFNVWHLQ� &� 	� *HRUJH� &� ������� 3UHOLPLQDU\� HYDOXDWLRQ� RI� WKH� XVH� RI�PDFURSKDJH�DJJUHJDWHV��0$��DV�ILVK�KHDOWK�PRQLWRUV��%XOO��(QY��&RQW��7R[LFRO������������������=XDVWL� $�� )HUUHU� &�� � $URFD� 3�	�6RODQR� )� �������'LVWULEXWLRQ� RI� H[WUDFXWDQHRXV� PHODQLQ� SLJPHQWV� LQ�6SDUXV�DXUDWXV��0XJLO�FHSKDOXV�DQG�'LFHQWUDFKXV�ODEUD[��3LVFHV��7HOHRVWHL����3LJPHQW�&HOO�5HV�����������������=XDVWL�$��-DUD�-��)HUUHU�&�	�6RODQR�)��������2FFXUUHQFH�RI�PHODQLQ�JUDQXOHV�DQG�PHODQR±V\QWKHVLV�LQ�WKH�NLGQH\�RI��6SDUXV�DXUDWXV�� 3LJPHQW�&HOO�5HV����������������=XVDWL�$��-LP QH]�&HUYDQWHV�&��*XUFLD�%RURQ�-&�	�)HUUHU�&��������7KH�PHODQRJHQLF�V\VWHP�RI�;HQRSXV�ODHYLV�$UFK�� +LVWRORJ��&\WRORJ� �������������������
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