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$%675$&7
7URSLFDO� GLVHDVHV� DIIHFW�PRUH� SHRSOH� LQ� WKH�ZRUOG� WKDQ�DQ\� RWKHU� NLQG� RI� GLVHDVH�� EXW� VFLQWLJUDSKLF� GDWD� RQ� WKDW�PDWWHU�DUH�QRW�VR�IUHTXHQW�LQ�WKH�OLWHUDWXUH��6LQFH�WKH�JHRJUDSKLF�UHJLRQV�ZKHUH�VXFK�GLVHDVHV�RFFXU�DUH�QRUPDOO\�YHU\� SRRU�� VFLQWLOODWLRQ� FDPHUDV�PD\�QRW� EH� DYDLODEOH��:H�SUHVHQW� D� UHVXPHG� VXPPDU\�RI� SDUW� RI�ZKDW�KDV�EHHQ�GRQH�RQ� WKLV� VXEMHFW� WR�GDWH��/HSURV\ DIIHFWV� FLUFD����PLOOLRQ�SHRSOH�ZRUOGZLGH�DQG�KDV�DOUHDG\�EHHQ�VWXGLHG�E\�PHDQV� RI� WKH� IROORZLQJ� VFLQWLJUDSKLF� H[DPV�� *DOOLXP����� ��P7F�0'3� RU� +0'3�� ��P7F�FROORLG� RU� 'H[WUDQ����P7F�'73$� DQG� ��P7F�:%&��3DUDFRFFLGLRGRP\FRVLV LV� D� GHHS�P\FRVLV� DQG� VXFK� FDVHV�PD\� EH� HYDOXDWHG� E\�PHDQV� RI� *DOOLXP����� ERQH� VFLQWLJUDSK\�� O\PSKRVFLQWLJUDSK\�� KHSDWR�ELOOLDU\�� ERQH� PDUURZ� DQG� OLYHU� �� VSOHHQ�VFLQWLJUDSKLHV��0\FHWRPD LV� ERQH� DQG� VRIW� WLVVXH�P\FRVLV� DQG� JDOOLP���� DQG� ERQH� VWXGLHV� DUH� YHU\� XVHIXO� LQ� WKH�HYDOXDWLRQ�RI�VXFK�FDVHV��7XEHUFXORVLV LV�WKH�PRVW�ZHOO�VWXGLHG�WURSLFDO�GLVHDVH�DQG�GR]HQV�RI�UDGLRSKDUPDFHXWLFDOV�DQG�WHFKQLTXHV�ZHUH�GHVFULEHG�WR�HYDOXDWH�VXFK�SDWLHQWV��-RUJH�/RER¶V�GLVHDVH LV�D�UDUH�P\FRVLV�WKDW�DIIHFWV�PDLQO\�LQGLDQV�IURP�WKH�$PD]RQ�UHJLRQ�DQG�JDOOLXP����ZDV�VKRZQ�WR�DFFXPXODWH�LQ�DFWLYH�GLVHDVH��1HXURF\VWLFHUFRVLV LV�VSUHDG� ZRUOGZLGH� DQG� EUDLQ� 63(&7� ���P7F�(&'� RU� ��P7F�+03$2�� LV� D� YHU\� JRRG� WRRO� IRU� WKH� IXQFWLRQDO�HYDOXDWLRQ�RI�WKH�GLVHDVH��3DWLHQWV�VXIIHULQJ�IURP�&XWDQHRXV�DQG�PXFRXV�OHLVKPDQLRVLV PD\�EHQHILW�IURP�*DOOLXP���� VFLQWLJUDSK\��&KDJDV¶�GLVHDVH PD\�DIIHFW� WKH�KHDUW�DQG�RU� WKH�GLJHVWLYH� WUDFW�DQG� VHYHUDO� VFLQWLJUDSKLF�H[DPV�PD\� EH� KHOSIXO� LQ� WKH� HYDOXDWLRQ� RI� VXFK� FDVHV� �JDWHG� EORRG�SRRO�� KHDUW� SHUIXVLRQ� WHVWV�� SKDU\QJHDO� WUDQVLW� WHVWV��JDVWULF�HPSW\LQJ� WHVWV�� LQWHVWLQDO� WUDQVLW� WHVWV��KHSDWR�ELOOLDU\�VFLQWLJUDSK\��DPRQJ�RWKHUV���6FLQWLJUDSK\�VKRXOG�EH�PRUH�ODUJHO\�XVHG�LQ�WKH�IXQFWLRQDO�HYDOXDWLRQ�RI�RUJDQV�DQG�V\VWHPV�RI�SDWLHQWV�DIIHFWHG�E\�WRSLFDO�GLVHDVHV��,W�LV�D�SRZHUIXO WRRO�WR�HYDOXDWH�ERWK�WKH�H[WHQW�RI�GLVHDVH�DQG�WKH�HIILFDF\�RI�WKHUDS\��
.H\� ZRUGV� 1XFOHDU� PHGLFLQH�� VFLQWLJUDSK\�� WURSLFDO� GLVHDVHV�� OHSURV\�� SDUDFRFFLGLRLGRP\FRVLV�� EODVWRP\FRVLV��PXFRUP\FRVLV��WXEHUFXORVLV��QHXURF\VWLFHUFRVLV��FXWDQHRXV�DQG�PXFRXV�OHLVKPDQLDVLV��&KDJDV¶�GLVHDVH
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,1752'8&7,21
/HSURV\
/HSURV\� �RU� +DQVHQ¶V� GLVHDVH�� LV� D� PLOOHQDU\�FKURQLF� LQIHFWLRXV� JUDQXORPDWRXV� GLVHDVH� FDXVHG�E\� 0\FREDFWHULXP� OHSUDH �� D� EDFLOOXV� WKDW� KDV� D�VWURQJ�SRVLWLYH�QHXURWURSLVP��%HFKHOOL��������7KH�:RUOG� +HDOWK� 2UJDQLVDWLRQ� HVWLPDWHV� WKDW� PRUH�WKDQ����PLOOLRQ�SHRSOH� DUH� DIIHFWHG�E\� OHSURV\� LQ�

WKH� ZRUOG�� 6NLQ� LV� PRVW� IUHTXHQWO\� DIIHFWHG�� EXW�QHDUO\�DOO�RUJDQV�PD\�EH� WKH�VLHJH�RI�WKH�GLVHDVH��6FLQWLJUDSK\� LV�D� WHFKQLTXH� WKDW�DOORZV�IXQFWLRQDO�HYDOXDWLRQ� RI� RUJDQV� DQG� V\VWHPV�� LW� LV�FRPSOHPHQWDU\� WR� FRPPRQ� UDGLRORJLFDO�WHFKQLTXHV�� ZKLFK� DOORZ� RQO\� DQDWRPLFDO�HYDOXDWLRQ�� 7KH� QXFOHDU� WHFKQLTXH� FDQ� EH� XVHG�ERWK� WR� GHWHFW� DFWLYH� OHSURV\� LQ� WKH� VNLQ� DQG� WR�HYDOXDWH�GLIIHUHQW�RUJDQV�DQG�V\VWHPV�DIIHFWHG�E\�WKH�GLVHDVH�
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D��*DOOLXP����VFLQWLJUDSK\
*DOOLXP����FLWUDWH�VFLQWLJUDSK\�����DQG����K�DIWHU�LQMHFWLRQ� LPDJHV����������FRXQWV�SHU� LPDJH��PD\�EH� XVHG� WR� GHWHFW� DFWLYH� PXOWLEDFLODU\� IRUPV� RI�+DQVHQ¶V� GLVHDVH� �%UDJD� ����D�� %UDJD� ������0RXUDWLGLV� ������� 7\SLFDOO\�� WKH� ILQGL QJ� LV�PRGHUDWH� DQG� GLIIXVH� XSWDNH� RI� WKH�UDGLRSKDUPDFHXWLFDO�LQ�WKH�VNLQ��SURGXFLQJ�D�³VNLQ�RXWOLQLQJ´�VLJQ��3DUWLFXODUO\�LPSRUWDQW�LQ�WKH�IDFH��ZKLFK�RIWHQ�KDV�D�ODUJH�FRQFHQWUDWLRQ�RI�OHSURPDV��WKH� XSWDNH� RI� *DOOLXP� SURGXFHV� WKHUH� D� ³EHDUG�VLJQ´� �%UDJD� ������� 6HYHUDO� PRGHUDWH�� IRFDO� DQG�LUUHJXODU� VSRWV� RI� XSWDNH� DUH� VHHQ� ZLWK� ��P7F�+03$2� ODEHOOHG� ZKLWH� EORRG� FHOOV� LQ� FDVHV� RI�HU\WKHPD�QRGRVXP�OHSURVXP��3HQJ�������
E����P7F�'73$�G\QDPLF�UHQDO�VWXG\
5RXWLQH�G\QDPLF� UHQDO� VWXG\� ���P7F �'73$������0%T� LQWUDYHQRXVO\�� DUWHULDO� DQG� VHTXHQWLDO�LPDJHV�� FDQ� GHWHFW� LPSDLUHG� UHQDO� IXQFWLRQ�� DV�GHOD\HG� 7ò� RI� HOLPLQDWLRQ� RI� WKH�UDGLRSKDUPDFHXWLFDO� LV� VHHQ� EHIRUH� FUHDWLQLQH�OHYHOV� DUH� DEQRUPDO� �%UDJD� ������� $XWKRUV�PHQWLRQ� DP\ORLGRVLV� DQG� JORPHUXORQHSKULWLV��DPRQJ�RWKHUV��DV�WKH�PDLQ�FDXVHV�RI�DIIHFWHG�UHQDO�IXQFWLRQ�LQ�OHSURV\��%HFKHOOL��������
F����P7F�0'3�RU�+0'3�ERQH�VFLQWLJUDSK\
%RQH� OHSURV\�PD\�EH� FRQVLGHUHG�DV�RVWHRP\HOLWLV�DQG� FRQYHQWLRQDO� WKUHH�SKDVH� ERQH� VFLQWLJUDSK\����P7F�0'3�RU�+0'3������0%T�LQWUDYHQRXVO\��DUWHULDO�� HTXLOLEULXP� DQG� ODWH� LPDJHV�� �� K� DIWHU�LQMHFWLRQ��LV�YHU\�VHQVLWLYH�WR�GHWHFW�GLVHDVH��6RQL�������� ,Q� DGGLWLRQ�� WKH� H[DP� LV� XVHIXO� WR� GHWHFW�DFWLYH�GLVHDVH�LQ�FDVHV�RI�PXWLODWLRQ�RI�H[WUHPLWLHV��ZKLFK� ZDV� YHU\� IUHTXHQW� LQ� WKH� SDVW�� EXW� LV� VWLOO�IRXQG�� 0XWLODWHG� H[WUHPLWLHV� ZLWK� DFWLYH� GLVHDVH�DUH� VHHQ� DV� LQFUHDVHG� EORRG� IORZ� DUHDV� �LQ� WKH�DUWHULDO�SKDVH�RI�WKH�H[DP��DQG�LPSRUWDQW�DQG�IRFDO�LQFUHDVHG� XSWDNH� RI� WKH� WUDFHU� LQ� WKH� ODWH� SKDVH��7KH� QXFOHDU� H[DPLQDWLRQ� VHHPV� WR� EH� VXSHULRU� WR�FRQYHQWLRQDO�;�UD\�VWXGLHV�WR�GHWHFW�DFWLYH�OHSURV\�LQ�FDVHV�RI�PXWLODWLRQ��%UDJD�����D��
G�� ��P7F�VXOSKXU� OLYHU� DQG� VSOHHQ� FROORLG�VFLQWLJUDSK\
,PSRUWDQW� VSOHQRPHJDO\� LV� RIWHQ� VHHQ� LQ�PXOWLEDFLOODU\� OHSURV\� DQG� OLYHU� DQG� VSOHHQ�VFLQWLJUDSK\� ���P7F� VXOSKXU� RU� WLQ� F ROORLG�� ����

0%T� LQWUDYHQRXVO\�� �������� FRXQW� LPDJHV�REWDLQHG� ��� PLQXWHV� ODWHU�� LV� YHU\� XVHIXO� WR�HYDOXDWH� WKH� KRPRJHQHLW\� RI� VXFK� RUJDQV� �%UDJD�������� $OWKRXJK� IXUWKHU� ZRUN� LV� QHFHVVDU\�� LW� LV�SRVVLEOH� WKDW� LQKRPRJHQHRXV� GLVWULEXWLRQ� RI� WKH�WUDFHU�LQ�OLYHU DQG�VSOHHQ�PD\�LQGLFDWH�DFWLYH�ORFDO�GLVHDVH�
3DUDFRFFLGLRLGRP\FRVLV
3DUDFRFFLGLRLGRP\FRVLV� �DOVR� NQRZQ� DV�%ODVWRP\FRVLV�� LV� D� GHHS� P\FRVLV� FDXVHG� E\�3DUDFRFFLGLRLGLV�EUDVLOLHQVLV WKDW�DIIHFWV�QHDUO\�DOO�RUJDQV� DQG� V\VWHPV�� WKH� OXQJV� EHLQJ� WKH� PRVW�IUHTXHQW�RQHV��7KH�GHWHUPLQDWLRQ�RI�GLVHDVH�H[WHQW�DQG�WKH�GLIIHUHQWLDWLRQ�EHWZHHQ�DFWLYH�DQG�LQDFWLYH�GLVHDVH�PD\�QRW�EH�DQ�HDV\�WDVN�DQG�VFLQWLJUDSK\�LV�YHU\� KHOSIXO� LQ� VXFK� VLWXDWLRQV�� ,W� LV� VXSHULRU� WR�FRQYHQWLRQDO� ;�UD\� H[DPLQDWLRQV� �*LRUJL� �������7KH� IROORZLQJ� QXFOHDU� H[DPV� KDYH� DOUHDG\� EHHQ�VXFFHVVIXOO\� WHVWHG� WR� HYDOXDWH� EODVWRP\FRVLV��*DOOLXP����� ERQH� VFLQWLJUDSK\�� ERQH� PDUURZ�VFLQWLJUDSK\�� KHSDWR�ELOOLDU\� VFLQWLJUDSK\�� OLYHU�DQG�VSOHHQ�VFLQWLJUDSK\�DQG�O\PSKRVFLQWLJUDSK\�
D� *DOOLXP����VFLQWLJUDSK\
&RQYHQWLRQDO�*DOOLXP�VFLQWLJUDSK\� LV�D�JRRG� WRRO�ERWK� WR� GHWHFW� DFWLYH� IRFL� RI�SDUDFRFFLGLRLGRP\FRVLV�DQG�WR�IROORZ�XS�WKHUDS\��7KH� W\SLFDO� ILQGLQJ� LV�GLIIXVH�DQG�YDULDEOH�XSWDNH�RI� WKH� WUDFHU� LQ� WKH� OXQJV� DQG� IRFDO� EXW� DOVR�YDULDEOH�XSWDNH�LQ�RWKHU�DQDWRPLF DO�UHJLRQV��ERQH��O\PSK� QRGHV�� OLYHU� DQG� VSOHHQ��� &RQYHQWLRQDO�WKRUD[� ;�UD\� H[DPLQDWLRQV� PD\� QRW� EH� DEOH� WR�VHSDUDWH�DFWLYH�GLVHDVH�DQG�ILEURVLV��*LRUJL��������7KH� LQWHUSUHWDWLRQ� RI� WKH� DEGRPLQDO� DUHD�PD\� EH�GLIILFXOW� LQ� *DOOLXP� VFLQWLJUDSK\�� PDLQO\�FRQFHUQLQJ� O\PSK� QRGHV�� 6SHFLILF� H[DPV� �ERQH�DQG� OLYHU�VSOHHQ� VFLQWLJUDSK\� DQG�O\PSKRVFLQWLJUDSK\��PD\�EH�RI�YDOXH��%UDJD�������%UDJD�������%UDJD�����D��6KLNDQDL �<DVXGD�������DIWHU�WKH�*DOOLXP�HYDOXDWLRQ�
E� %RQH�VFLQWLJUDSK\
7KH� DVSHFW� RI� ERQH� EODVWRP\FRVLV� VHHQ ZLWK�GLSKRVSKRQDWHV� LV� VLPLODU� WR� WKH� RQH� RI� FKURQLF�RVWHRP\HOLWLV��ZLWK�PRGHUDWH���LPSRUWDQW�DEQRUPDO�XSWDNH� RI� WKH� UDGLRSKDUPDFHXWLFDO� LQ� WKH� DIIHFWHG�ERQH� �(YHQ�6DSLU�������'DQLHO��������7KH�H[WHQW�
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RI�ERQH�GLVHDVH�LV�EHWWHU�HYDOXDWHG�E\�VFLQWLJUDSK\��DV�FRPSDUHG�WR�FRQYHQWLRQDO�; �UD\�VWXGLHV�
F� ��P7F�FROORLG�RU�'H[WUDQ�O\PSKRVFLQWLJUDSK\
7KH� H[DP� LV� SHUIRUPHG� DIWHU� WKH� VXE �FXWDQHRXV�LQMHFWLRQ� RI� ��P7F�FROORLGV� RU� 'H[WUDQ� �����0%T���7KH�SODFH�RI�LQMHFWLRQ�ZLOO�GHSHQG�XSRQ�WKH�FKDLQ�WR�EH�HYDOXDWHG��1RUPD O�O\PSK�QRGHV�GR�QRW�WDNH� WKH� WUDFHUV�XS� DQG�DUH�QRW� VHHQ��EXW� DIIHFWHG�QRGHV� DUH� GHWHFWHG� DV� LPSRUWDQW� DUHDV� RI� XSWDNH��IROORZLQJ�WKH�SDWK�RI�WKH�FKDLQ��%UDJD�����D���)RU�WKH�HYDOXDWLRQ�RI�DEGRPLQDO�JDQJOLD�� ���KRXUV�PD\�EH�QHHGHG��7UHDWPHQW�LV�IROORZHG�E \�WKH�UHJUHVVLRQ�RI�WKH�DEQRUPDOLWLHV�
G� /LYHU�DQG�VSOHHQ�VFLQWLJUDSK\
%ODVWRP\FRWLF� OHVLRQV� LQ� WKH� OLYHU� DQG� VSOHHQ�SURGXFH�KHWHURJHQHRXV�GLVWULEXWLRQ�RI�WKH�WUDFHU�LQ�WKH�RUJDQV��ZLWK�FOHDUO\�FROG�GHIHFWV��%UDJD��������7UHDWPHQW� LV� IROORZHG� E\� WKH� UHJUHV VLRQ� RI� VXFK�DEQRUPDOLWLHV�
H� +HSDWR�ELOOLDU\�VFLQWLJUDSK\����P7F�+,'$V�
+HSDWR�ELOOLDU\� IXQFWLRQ� PD\� EH� HYDOXDWHG� E\�PHDQV� RI� WKH� ��P7F�+,'$V�� $FWLYH�EODVWRP\FRVLV� LQ� WKH� OLYHU� OHDGV� WR� D� VORZ� UDWH�RI�WUDFHU�XSWDNH�E\� WKH�KHSDWRF\WH�DIWHU� LQMHFWLRQ�� ,Q�PRGHUDWH�FDVHV�WKH�JDOOEODGGHU�LV�ODWHO\�DQG�IDLQWO\�VHHQ� EXW� LQ� VHYHUH� FDVHV� QHLWKHU� WKH� EODGGHU� QRW�UDGLRDFWLYLW\� LQ� WKH� LQWHVWLQHV� DUH� VHHQ� �%UDJD�����D���7KH�ODFN�RI�YLVXDOLVDWLRQ�RI�WKH�JDOOEODGGHU�PD\� OHDG� WR� DQ� HUURQHRXV� GLDJQRVLV� RI� DFXWH�FKROHF\VWLWLV�� +HSDWLF� HQ]\PHV� DUH� IUHTXHQWO\�QRUPDO� LQ� WKH� PHQWLRQHG� VLWXDWLRQ� DQG� WKH� H[DP�PD\� EH� XVHG� IRU� WKH� HDUO\� GHWHFWLRQ� RI� OLYHU�G\VIXQFWLRQ�
0XFRUP\FRVLV
7KHUH�LV�QRW�D�FRPSOHWH�DJUHHPHQW�DPRQJ�DXWKRUV��%HFKHOOL�������EXW�PDQ\�FRQVLGHU�PXFRUP\FRVLV��0DGXUD� IRRW� DQG�P\FHWRPD� DV� V\QRQ\PV�� ,W� LV� D�ERQH� DQG� VRIW� WLVVXH� IXQJDO� GLVHDVH� FDXVHG� E\�VHYHUDO�HWLRORJLFDO�DJHQWV��0DGXUHOOD�JULVHD EHLQJ�RQH�RI�WKH�PRVW�IUHTXHQW�RQHV��,W�DIIHFWV�PDLQO\�WKH�IHHW� SURGXFLQJ� LPSRUWDQW� HQODUJHPHQW� RI� WKH�H[WUHPLW\�� *DOOLXP���� DQG� WKUHH�SKDVH� ERQH�VFLQWLJUDSK\� KDYH� DOUHDG\� EHHQ� XVHG� WR� VWXG\� WKH�GLVHDVH��%UDJD�����E��%UDJD�������*DQJXOL�������

D� *DOOLXP���
&RQYHQWLRQDO� *DOOLXP���� VFLQWLJUDSK\� VKRZHG�WKDW� YHU\� LPSRUWDQW� DFFXPXODWLRQ� RI� WKH� WUDFHU� LV�VHHQ� LQ� DFWLYH� OHVLRQV�� ERWK� LQ� ERQH� DQG� LQ� VRIW�WLVVXHV��DQG� WKDW� WUHDWPHQW� OHDGV� WR�QRUPDOLVDWLRQ��,QWHUHVWLQJO\�� NLGQH\V� DOVR� FRQFHQWUDWH� WKH�UDGLRDFWLYH� PDWHULDO� DEQRUPDOO\�� DOWKRXJK� QR�H[SODQDWLRQ�FRXOG�EH�IRXQG�IRU�WKDW�ILQGLQJ�WR�GDWH��%UDJD�������
E� %RQH�VFLQWLJUDSK\
7KH�SDWWHUQ�RI�WKUHH�SKDVH�ERQH�VFLQWLJUDSK\�LQ�WKH�GLVHDVH� LV� VLPLODU� WR� WKH� RQH� VHHQ� LQ� DFFXWHRVWHRP\HOLWLV�DVVRFLDWHG�WR�FHOOXOLWLV��HYHQ�LQ�FDVHV�XQGHU�VSHFLILF�WUHDWPHQW��7KLV�ILQGLQJ�GLIIHUV�IURP�WKH� RQHV� GHVFULEHG� LQ� ERQH� EODVWRP\FRVLV� DQG� LQ�ERQH� OHSURV\�� ZKHUH� HYHQ� XQWUHDWHG� GLVHDVH�DSSHDUV� DV� FKURQLF RVWHRP\HOLWLV�� /DUJH� DUHDV� RI�DEQRUPDO�XSWDNH�RI�GLSKRVSKRQDWHV�DUH�VHHQ��ZLWK�LQFUHDVH� RI� IRRW� YROXPH� �%UDJD� ������ *DQJXOL�������� 0XFK� LQWHUHVWLQJO\�� DOVR� LQ� WKLV� H[DP�NLGQH\V� FRQFHQWUDWH� WKH� UDGLRDFWLYH� PDW HULDO�DEQRUPDOO\�DQG�RQH�RI�WKH�GLIIHUHQWLDO�GLDJQRVLV�WR�EH�WKRXJKW�RI�LV�GLDEHWHV��
7XEHUFXORVLV
7XEHUFXORVLV�LV�D�JUDQXORPDWRXV�GLVHDVH�FDXVHG�E\�VHYHUDO� 0\FREDFWHULD�� 0\FREDFWHULXP�WXEHUFXORVLV EHLQJ� WKH�PRVW� IUHTXHQW�RQH��DW� OHDVW�LQ� LPPXQH�FRPSHWHQW� SDWLHQWV�� ,W� LV� SHUKDSV� WKH�PRVW� H[WHQVLYHO\� VWXGLHG� LQIHFWLRXV� GLVHDVH��SUREDEO\� GXH� WR� LWV� GLVVHPLQDWLRQ� WKURXJKRXW� WKH�ZRUOG�� 7XEHUFXORVLV� PD\� DIIHFW� QHDUO\� DOO� RUJDQV�DQG� V\VWHPV�� EXW� WKH� OXQJV� DUH� IDU� WKH� PRVW�IUHTXHQW� VLWH� RI� GLVHDVH�� 7KH� OLVW� RI� 1XFOHDU�0HGLFLQH� WHFKQLTXHV� GHVFULEHG� DV� XVHIXO� LV�HQRUPRXV�
%ULHIO\�� D� UpVXPp� RI� WKH� QXFOHDU� WHFKQLTXHV� WKDW�PD\�EH�XVHG�LQFOXGH��
� SODQQDU� DQG� WRPRJUDSKLF� *DOOLXP���� �:DOVK�������� *ULHII�� ������ *RPH]�� ������ /DL�� ������8WVRQRPL\D�� ������ 'HO� 9DO� *RPH]�� ������0RQWHUR��������� ��P7F�7HWURIRVPLQ��'HJLUPHQFL��������� 7KDOOLXP�����*RPH]��������8WVRQRPL\D��������� ��P7F�0,%,��2QFHO��������
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� ��P7F�PDFUR�DJJUHJDWH� RI� DOEXPLQ� DQG���P7F�'73$� �3DODPDUFXN�� ������ &KDQRLQH��������� ��P7F�ODEHOOHG� DQWLERG\� IUDJPHQW� DJDLQVW�0\FREDFWHULXP� ERYLV� EDFLOOXV� &DLOPHWWH �*XpULQ��/HH��������� ODEHOOHG� VRPDWRVWDWLQ� DQDORJXHV� �9DQKDJHQ���������DQG� ��P7F�JOXFR�KHSWRQDWH��%UDJD������E��
0RVW�RI�WKHP�FRQFHUQ�OXQJ�WXEHUFXORVLV�EXW�PDQ\�PHQWLRQ� WKH� HYDOXDWLRQ� RI� RWKHU� VLWHV� DIIHFWHG� E\�WKH�GLVHDVH��7KH�PDLQ�XVHV�RI�WKH�WHFKQLTXH�DUH�WR�GHWHFW� DQG� HYDOXDWH� WKH� H[WHQW� RI� GLVHDVH� DQG�GLIIHUHQWLDWH�DFWLYH�IURP�LQDFWLYH�VWDWXV��
&KHORLGHDQ� 3DUDFRFFLGLRGR �0\FRVLV� �-RUJH�/RER
V�'LVHDVH�
&KHOORLGHDQ� 3DUDFRFFLGLRLGRP\FRVLV� �DOVR� NQRZQ�DV� -RUJH� /RER¶V� 'LVHDVH�� LV� D� UDUH� VXSHUILFLDO�P\FRVLV� FDXVHG� E\� 3DUDFFRFLGLRLGLV� ORERLL �� ,W�DIIHFWV�PDLQO\�LQGLDQV�IURP�WKH�$PD]RQ�UHJLRQ��,W�ZDV�VKRZQ�WKDW�*DOOLXP����VFLQWLJUDSK\� LV�XVHIXO�WR� GHWHFW� DFWLYH� GLVHDVH� �%UDJD�� ����E�� DQG� WKH�VFLQWLJUDSKLF�DVSHFW�VHHQ�LQ�WK H�H[DP�LV�D�IRFDO�DQG�PRGHUDWH�DEQRUPDO�XSWDNH�RI�JDOOLXP�
1HXURF\VLFHUFRVLV
&\VWLFHUFRVLV�RI� WKH�EUDLQ� LV�D�SDUDVLWLF� LQIHFWLRXV�GLVHDVH� FDXVHG� E\� 7DHQLD� VROLXP HJJV� WKDW� VHW� LQ�WKH� &HQWUDO� 1HUYRXV� 6\VWHP� DQG� SURGXFH� F\VWV�ZLWKLQ�WKH�EUDLQ�SDUHQFK\PD�� DOWKRXJK�RWKHU�IRUPV�RI� WKH� GLVHDVH� DOVR� H[LVW� �YHQWULFXODU�� PHQLQJHDO��HWF��� ,WV� LQFLGHQFH� LV� LQFUHDVLQJ� ERWK� LQ� WKH�GHYHORSLQJ� DQG� WKH� GHYHORSHG� ZRUOG� DQG� :+2�HVWLPDWHV� WKDW� GLVHDVH� DIIHFWV� DURXQG� ��� PLOOLRQ�SHRSOH�� &OLQLFDO� PDQLIHVWDWLRQ� RI� GLVHDVH� YDUL HV�IURP� QR� V\PSWRPV� WR� HSLOHSV\�� LQFUHDVHG� LQWUD �FUDQLDO� SUHVVXUH�� DUDFKQRLGLWLV� DQG�GHPHQWLD�� ,W� LV�WKH� PRVW� FRPPRQ� FDXVH� RI� HSLOHSV\� LQ� /DWLQ�$PHULFD����P7F�(&'�DQG���P7F�+03$2�EUDLQ�63(&7�FDQ�EH�XVHG�LQ�WKH�IXQFWLRQDO�HYDOXDWLRQ�RI�WKH�GLVHDVH��%UDJD���������7ZR�63(&7�SDWWHUQV�DUH�QRWHG�� D�� VHYHUDO� DUHDV� RI� IRFDOO\ UHGXFHG XSWDNH��UHVXOWLQJ�IURP�FRDOHVFHQW�DQG�ELJ�OHVLRQV�DQG�ODUJH�GHVWUXFWLRQ�RI�EUDLQ�WLVVXH��E��GLIIXVH�DWURSK\�ZLWK�UHGXFWLRQ� RI� WKH� WUDFHU� XSWDNH�� DVVRFLDWHG� ZLWK�YHQWULFOH� GLODWDWLRQ�� FRUUHVSRQGLQJ� WR� WKH� FDVHV�ZKHUH� YHQWULFXODU� QHXURF\VWLFHUFRVLV� ZDV�

LPSRUWDQW�� ,QWHUHVWLQJO\�� GLIIXVH� K\SRSHUIXVLRQ�LQGLFDWLQJ�DWURSK\�PD\�EH�VHHQ�LQ�FDVHV�RI�PDVVLYH�SDUHQFK\PDO� LQIHFWLRQ��ZLWK�PXFK� OHVV�SURPLQHQW�&7�VLJQV�RI�DWURSK\��%UDJD������F��%UDJD�� ����E���
&XWDQHRXV���0XFRXV�/HLVKPDQLDVLV
7KLV� IRUP� RI� OHLVKPDQLRVLV� LV� FDXVHG� E\�/HLVKPDQLD�EUDVLOLHQVLV DQG�WUDQVPLWWHG�WR�PDQ�E\�VRPH�LQVHFWV�IURP�WKH�3KOHERWRPLQDH IDPLO\��,W�LV�D� ZRUOGZLGH� VSUHDG� GLVHDVH�� *DOOLXP����VFLQWLJUDSK\� ZDV� VKRZQ� WR� DFFXPX ODWH� LQ�DQDWRPLFDO�DUHDV�DIIHFWHG�E\�DFWLYH�GLVHDVH�DQG�WKH�DVSHFW�VHHQ�LV�WKDW�RI�PRGHUDWH�DQG�IRFDO�XSWDNH�RI�WKH�UDGLRSKDUPDFHXWLFDO��%UDJD������F���
&KDJDV
�'LVHDVH
&KDJDV¶�GLVHDVH� LV�FDXVHG�E\� 7U\SDQRVRPD�FUX]L ��'LVHDVH�GHVWUR\V�VPDOO�QHUYHV�LQ�PXV FOHV��&OLQLFDO�PDQLIHVWDWLRQ� YDULHV� DFFRUGLQJ� WR� WKH� DIIHFWHG�RUJDQV� �� UHJLRQV�� 7KH� FKURQLF� FDUGLDF� IRUP� RI�&KDJDV� SUHVHQWV� ZLWK� FDUGLDF� LQVXIILFLHQF\� DQG�VHYHUH� KHDUW� GLODWDWLRQ�� &RURQDU\� DUWHU\� GLVHDVH�PD\�RFFXU��&KDJDV�LV�UHVSRQVLEOH�IRU�WKH�VPDOOHVW�/9 HMHFWLRQ� IUDFWLRQV� GHVFULEHG� LQ� WKH� OLWHUDWXUH���DV� VPDOO� DV� ������&KURQLF�JDVWURLQWHVWLQDO� IRUPV�RI� &KDJDV� OHDG� WR� G\VPRWLOLW\� DQG�PHJDV� �PHJD �FRORQ� DQG� PHJD�RHVRSKDJXV� EHLQJ� WKH� PRVW�IUHTXHQW� RQHV��� 7KH� GLVHDVH� LV� RQH� RI� WKH� PDLQ�FDXVHV� RI� VXGGHQ� GHDWK� RI� FDUGLDF� RULJLQ� LQ�HQGHPLF�DUHDV��
D� ��P7F�5HG�EORRG�FHOOV��JDWHG�EORRG�SRRO��
,PSDLUHG� /9� HMHFWLRQ� IUDFWLRQ�� DPSOLWXGH� DQG�SKDVH�FRQWUDFWLRQ�DUH�GHWHFWHG�E\�JDWHG�EORRG�SRRO�LQ�WKLV�FOLQLFDO�VLWXDWLRQ��$SH[�DQHXU\VP�UXSWXUH�LV�WKH�PDLQ� FDXVH� RI� GHDWK� LQ &KDJDV� DQG� LW� FDQ� EH�HDVLO\� GHWHFWHG� E\� VFLQWLJUDSK\� �0HQHJXHWWL�� �������7KH FRQYHQWLRQDO� UDGLRORJLFDO� DSSURDFK� WR� WKLV�VLWXDWLRQ�LV�YHU\�LQYDVLYH��
E� +HDUW�3HUIXVLRQ�H[DPLQDWLRQV
%RWK� 7KDOOLXP����� �0DULQ�1HWR� ������ DQG�PLFURVSKHUHV� �0DULQ�1HWR��������PD\ EH�XVHG� WR�GHWHFW� DEQRUPDO� SHUIXVLRQ� RI� WKH� OHIW� YHQWULFOH��DOWKRXJK� PLFURVSKHUHV� PXVW� EH� LQMHFWHG� GLUHFWO\�LQWR�WKH�FRURQDU\��5LJKW�YHQWULFOH�DIIHFWLRQ�PD\�EH�SURPLQHQW��0DULQ�1HWR����������
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F� *DVWURLQWHVWLQDO�G\VPRWLOLW\�HYDOXDWLRQ
'\VSKDJLD� �6RX]D�� ������� DEQRUPDO� LQWHVWLQDO�WUDQVLW� �7URQFRQ�� ������� DEQRUPDO� JDVWULF�HPSW\LQJ� �7URQFRQ�� ������ 7URQFRQ�� ������ DQG�GXRGHQR�JDVWULF� UHIOX[� �7URQFRQ�� ������ PD\� EH�HDVLO\�GHWHFWHG�DQG�TXDQWLILHG�E\�PHDQV�RI�QXFOHDU�WHFKQLTXHV��6HYHUDO� UDGLRWUDFHUV� �VROLG�� OLTXLG�DQ G�VHPL�OLTXLG� RQHV�� PD\� EH� XVHG�� $OO� RWKHU�WHFKQLTXHV�XVHG�WR�GDWH�LQ�VXFK�FDVHV�DUH�LQYDVLYH�,Q� FRQFOXVLRQ�� ZH� EHOLHYH� WKDW� VFLQWLJUDSKLF�WHFKQLTXHV� VKRXOG� EH� PRUH� ODUJHO\� XVHG� LQ� WKH�HYDOXDWLRQ� RI� RUJDQV� DQG� V\VWHPV� RI� SDWLHQWV�DIIHFWHG� E\� WURSLFDO� GLVHDVHV�� DV� LW� SURYLGHV�LQIRUPDWLRQ� FOLQLFLDQV� FDQQRW� REWDLQ� IURP�DQDWRPLFDO�PHWKRGV�
5(6802
'RHQoDV� WURSLFDLV�DIHWDP�PDLV�SHVVRDV�QR�PXQGR�GR�TXH�RXWURV� WLSRV�GH�GRHQoDV��PDV�QD� OLWHUDWXUD�HVWXGRV�FLQWLJUiILFRV�VREUH�HVWH�DVVXQWR�QmR�VmR�WmR�IUHT�HQWHV� Mi TXH�DV�FkPDUDV�GH�FLQWLODomR�SRGHP�QmR�HVWDU�GLVSRQtYHLV�QDV�UHJL}HV�JHRJUiILFDV�RQGH�HVVDV� GRHQoDV� RFRUUHP� TXH� VmR�� QRUPDOPHQWH��SREUHV�� 1HVVH� WUDEDOKR� DSUHVHQWDPRV� XP� UHVXPR�GR�TXH�WHP�VLGR�IHLWR�QHVWD�iUHD�DWp�R�PRPHQWR��$�/HSUD� �+DQVHQtDVH�� DIHWD� FHUFD� GH� ���PLOK}HV� GH�SHVVRDV�QR�PXQGR�WRGR�H�WHP�VLGR�HVWXGDGD�SHORV�VHJXLQWHV� H[DPHV� FLQWLJUiILFRV�� *iOLR ����� 0'3�7F���P� RX� +0'3�� FROyLGH� RX� 'H[WUDQ�PDUFDGR�FRP�7F���P��'73$�7F���P�H�KHPiFLDV�PDUFDGDV�FRP�7F���P��3DUDFRFFLGLRGRPLFRVH�p�XPD�PLFRVH�SURIXQGD� H WDLV� FDVRV� SRGHP� VHU� DYDOLDGRV� FRP�*iOLR����� FLQWLJUDILD� yVVHD�� OLQIRFLQWLJUDILD��FLQWLJUDILD�KHSDWR�ELOLDU��PHGXODU�H�GH�ItJDGR�EDoR��0LFHWRPD�p�XPD�PLFRVH�GH�RVVR�H�WHFLGR�PROH�H�R�JiOLR����H�D FLQWLJUiILD�yVVHD�VmR�~WHLV�QD�DYDOLDomR�GH� WDLV� FDVRV�� $� WXEHUFXORVH� p� D� GRHQoD� WURSLFDO�PDLV� HVWXGDGD� H� XPD� G~]LD� GH� UDGLRIiUPDFRV� H�WpFQLFDV� WrP� VLGR� GHVFULWDV� SDUD� DYDOLDU� RV�SDFLHQWHV��$�'RHQoD�GH�-RUJH�/RER�p�XPD�PLFRVH�UDUD� TXH� DIHWD� SULQFLSDOPHQWH� RV� tQGLRV�GD� UHJLmR�DPD]{QLFD� H� R� JiOLR���� PRVWURX� DFXPXODU�VH� QD�GRHQoD� DWLYD�� $� QHXURFLVWLFHUFRVH� HVWi� GLIXQGLGD�QR�PXQGR�LQWHLUR�H� LPDJHQV�FHUHEUDLV�HP�63(&7��(&'�7F���P� H� +03$2�7F���P�� FRQVWLWXHP�IHUUDPHQWDV�SDUD�D�DYDOLDomR�IXQFLRQDO�GD�GRHQoD��3DFLHQWHV� TXH� VRIUHP� GH� OHLVKPDQLRVH� FXWkQHD� H�YLVFHUDO� SRGHP� VHU HVWXGDGRV� DWUDYpV� GH�FLQWLJUDILDV� FRP� *iOLR����� $� 'RHQoD� GH� &KDJDV�SRGH� DIHWDU� R� FRUDomR� H�RX� R� WUDWR� GLJHVWLYR� H��

DOJXQV� H[DPHV� GH� FLQWLJUDILDV�SRGHP�VHU�~WHLV�QD�DYDOLDomR�GH� WDLV�FDVRV� �SRRO� VDQJXtQHR�� WHVWHV�GH�SHUIXVmR� FDUGtDFD�� GH� WUkQVLWR� IDULQJHDO �� GH�HVYD]LDPHQWR� JiVWULFR�GH� WUkQVLWR� LQWHVWLQDO��FLQWLJUDILDV� KHSDWR� ELOLDUHV�� GHQWUH� RXWURV��� $V�FLQWLJUDILDV� GHYHULDP� VHU� PDLV� ODUJDPHQWH�XWLOL]DGDV� SDUD� D� DYDOLDomR� IXQFLRQDO� GH� yUJmRV� H�VLVWHPDV� GH� SDFLHQWHV� DIHWDGRV� SRU� GRHQoDV�WURSLFDLV�� Ê� XPD� IHUUDPHQWD� SRGHURVD� SDUD� D�DYDOLDomR�GD� H[WHQVmR�GD�GRHQoD� H�GD�HILFiFLD�GD�WHUDSLD��
5()(5(1&(6�
%HFKHOOL�� /��0�� DQG�&XUYDQ��/�� ��������&RPSrQGLR� GH�'HUPDWRORJLD��6mR�3DXOR��)XQFRQL]���%UDJD�� )�� -�� +�� 1��� 6HJXUDGR�� $�$�� &��� 3LQWR�� :�� 3���6KLNDQDL�<DVXGD��0��$�� DQG�&DPDUJR��(��(�� ��������)RXU� UDGLRLVRWRSLF� VWXGLHV� LQ� SDUD�FRFFLGLRLGRP\FRVLV��SUHOLPLQDU\�UHVXOWV� ,Q� $EVWUDFW�ERRN� ,QWHUQDWLRQDO� &RQJUHVV� IRU� ,QIHFWLRXV�'LVHDVHV��9�&RQJUHVVR�GD�6RFLHGDGH�%UDVLOHLUD�GH�,QIHFWRORJLD��5LR� GH� -DQHLUR�� ,QWHUQDWLRQDO� 6RFLHW\� IRU� ,QIHFWLRXV�'LVHDVHV��SS������%UDJD�� )�� -�� +�� 1��� 5LYLWWL�� 0�� &�� 0��� $EUHX�� 3�� 5���7HGHVFR� 0DUFKHVL�� /�� &�� 0��� &DPDUJR�� (�� (�� DQG�6DPSDLR�� 6�� $�� 3�� �����D��� &LQWLORJUDILD� GH� FRUSR�LQWHLUR� FRP� *iOLR���� HP� +DQVHQtDVH� �UHVXOWDGRV�SUHOLPLQDUHV���5HY��,QVW��0HG��7URS��6��3DXOR� ��������%UDJD�� )�� -�� +�� 1��� 5LYLWWL�� 0�� &�� 0��� $EUHX�� 6�� 0���%HOGD� -U��� :�� DQG� &XFr�� /�� &�� �����E��� 'RXEOH�VFLQWLJUDSKLF� HYDOXDWLRQ� ZLWK� *D���� DQG� ERQH� VWXG\�LQ�P\FHWRPDV��D�SRVVLELOLW\�RI�WKHUDS\�FKHFNLQJ��(XU��-��1XFO��0HG�� ���������%UDJD��)��-��+��1���$EUHX��35��&DPDUJR��((��6KLNDQDL�<DVXGD�� 0$�� 6HJXUDGR�� $$&�� *DPELQL�� '-��%DUULWDXOW�� /�� �������� )RXU� UDGLRLVRWRSLF� VWXGLHV� LQ�SDUDFRFFLGLRLGRP\FRVLV��(XU��-��1XFO��0HG�� ��������%UDJD�� )�� -�� +�� 1��� $UD~MR�� (�� %��� 5LYLWWL� 0�� &�� 0���7HGHVFR� 0DUFKHVL�� /�� &�� 0�� &DPDUJR�� (�� (���%RXODGRXU�� +�DQG� *DOOH�� 3�� �������� *DOOLXP����VFLQWLJUDSK\� LQ�+DQVHQ
V�GLVHDVH��(XU�� -��1XFO��0HG���������������%UDJD�� )�� -�� +�� 1��� 6HJXUDGR�� $�� $�� &��� 6KLNDQDL�<DVXGD��0��$���&DPDUJR��(��(���,D]LJL��1���*DPELQL��'�� -�� DQG� %DUULWDXOW�� /�� �����D��� /D�SDUDFRFFLGLRLGRP\FRVH� pYDOXpH� SDU� TXDWUH� pWXGHV�LVRWRSLTXHV��%XOO�� 6RF�� 3DWK�� ([R�� ,QVW�� 3DVWHXU�� ������������%UDJD�� )�� -�� +�� 1��� $EUHX�� 3�� 5��� 5LYLWWL�� 0�� &�� 0���7HGHVFR� 0DUFKHVL�� /�� &�� 0�� �� *DPELQL�� '�� -���%DUULWDXOW�� /�� �����E��� /D� SDUDFRFFLGLRLGRP\FRVH�FKpORwGH� pWXGLpH� DYHF� OH� JDOOLXP�� %XOO�� 6RF�� 3DWK��([R��,QVW��3DVWHXU��������������
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%UDJD��)��-��+��1���5LYLWWL��0��&��0���7HGHVFR�0DUFKHVL��/��&��0���&DPDUJR��(��(���*DPELQL��'��-���%DUULWDXOW��/��������F���&RQWULEXWLRQ�DX�GpEXW�GH�O
pWXGH�GH�GHX[�PDODGLHV� LQIHFWLHXVHV� j� O
DLGH� GH� OD� VFLQWLJUDSKLH� DX�JDOOLXP����� OD� OqSUH� HW� DO� OHLVKPDQLRVH� FXWDQpH� HW�PXTXHXHVH��%XOO�� 6RF�� 3DWK�� ([R�� ,QVW�� 3DVWHXU�� ����������%UDJD�� )�� -�� +�� 1��� $UD~MR�� (�� %��� &DPDUJR�� (�� (���5LYLWWL�� 0�� &�� 0�� DQG� &XFr�� /�� &�� ��������6FLQWLJUDSKLF� HYDOXDWLRQ� RI� P\FHWRPD�� 1XFO�� 0HG��&RPP���������������%UDJD��)��-��+��1���7DND\DQDJXL��2���6DQWRV��$��&��DQG�0RXUD�� $�� &�� �������� +03$2� 63(&7� LQ�QHXURF\VWLFHUFRVLV�� SHUOLPLQDU\� UHVXOWV��(XU�� -�� 1XFO��0HG�� ��������%UDJD�� )�� -�� +�� 1��� )RVV�� 1�� 7��� 0HUFKLRU� -U��� (�� DQG�7IRXQL��(����������1XFOHDU�0HGLFLQH�LQ�OHSURV\��(XU��-��1XFO��0HG�� ���������%UDJD�� )�� -�� +�� 1��� 0DFKDGR�� $�� $�� DQG� ,D]LJL�� 1�������D��� ��P7F�',6,'$� VFLQWLJUDSK\� WR� HYDOXDWH�OLYHU� IXQFWLRQ� LQ� EODVWRP\FRVLV� SDWLHQWV�� ,Q� $EVWUDFW�ERRN��QG�(XURSHDQ�&RQJUHVV� RQ�7URSLFDO�0HGLFLQH��/LYHUSRRO�� 6HWHPEUR� GH� ������/LYHUSRRO�� )HGHUDWLRQ�RI� (XURSHDQ� 6RFLHWLHV� IRU� 7URSLFDO� 0HGLFLQH� DQG�,QWHUQDWLRQDO�+HDOWK��SS�����%UDJD�� )�� -�� +�� 1��� $UEH[�� 0�� $��� +DGGDG�� -�� DQG�%RQLQL�� (�� +�� �����E��� ��P7F�JOXFR�KHSWRQDWH�VFLQWLJUDSK\� LQ� OXQJ� WXEHUFXORVLV� SDWLHQWV�� LQLWLDO�UHVXOWV��(XU��-��1XFO��0HG�� ���������%UDJD�� )�� -�� +�� 1��� 7DND\DQDJXL�� 2��� 6DQWRV�� $�� &���,D]LJL�� 1�� DQG� 7UDG��&�� 6�� �����F���%UDLQ� 63(&7� LQ�QHXURF\VWLFHUFRVLV� SDWLHQWV�� ,Q� $EVWUDFW� ERRN� �QG�(XURSHDQ�&RQJUHVV�RQ�7URSLFDO�0HGLFLQH��/LYHUSRRO��6HWHPEUR�GH�������/LYHUSRRO��)HGHUDWLRQ�RI�(XURSHDQ�6RFLHWLHV� IRU� 7URSLFDO� 0HGLFLQH� DQG� ,QWHUQDWLRQDO�+HDOWK��SS�����%UDJD��)��-��+��1���)RVV��1��7���)HUULROOL��(���0LUDQGD��-��5�� $�� DQG� 0RUDHV�� 5�� �����D��� 7KH� XVH� RI� ERQH�VFLQWLJUDSK\� WR� GHWHFW� DFWLYH� +DQVHQ¶V� GLVHDVH� LQ�PXWLODWHG�SDWLHQWV��(XU��-��1XFO��0HG��%UDJD�� )�� -�� +�� 1��� 0LUDQGD�� -�� 5�� $��� 6DQWRV�� $�� &���7DND\DQDJXL�� 2�� 0��� )HUULROL�� (��� 0RUDHV�� 5���$JDSHMHY��6��DQG�$OYHV��$�������E���(&'�63(&7�LQ�QHXURF\VWLFHUFRVLV�� 1HXURUUDGLRO�� >VHQW� IRU�SXEOLFDWLRQ@�&KDQRLQH�� -�� 3�� �� 7RSSHW�� 0��� 'DE�� ,��� 7RSSHW�� 9���7RQGHXU�� 0��� +DP�� +�� DQG� 3LHSV]�� $�� ��������8QXVXDO� YHQWLODWLRQ�SHUIXVLRQ� SDWWHUQV� LQ� SULPDU\�OXQJ�WXEHUFXORVLV��3HGLDWU��3XOP������������'DQLHO�� %�� /��� &UDEEHUV�� -�� 3�� DQG�*ULHWHUV�� /�� ��������%RQH� VFLQWLJUDSK\� LQ� EODVWRP\FRWLF� RVWHRP\HOLWLV��&OLQ��1XFO��0HG���������������'HO� 9DO� *yPH]�0DUWtQH]�� 0��� *DOODUGR�� )�� *���0DUFK�� -��DQG� /DJXQD�� )�� �������� *DOOLXP���� �*D�����VFLQWLJUDSK\� LQ� WXEHUFXORVLV� DQG� 0\FREDFWHULXP�DYLXP�0�� LQWUDFHOOXODUH� LQIHFWLRQV� LQ� SDWLHQWV� ZLWK�+,9�LQIHFWLRQV��0HG��&OLQ���%DUF����������������
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