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7KH�%RZHQ�7HFKQLTXH� LV� D� VLPSOH�� \HW� KLJKO\� VSHFLILF�� KDQGV�RQ� SURFHGXUH�ZKLFK� KDV� EHHQ�ZLGHO\�SUDFWLFHG�LQ�$XVWUDOLD�VLQFH�LWV�GHYHORSPHQW�LQ�WKH�����
V�E\�7RP�%RZHQ��,QWURGXFWLRQ�DQG�WUDLQLQJ�LQ�WKLV�PHWKRGRORJ\�KDV�RQO\�EHHQ�GHOLYHUHG RXWVLGH�$XVWUDOLD�VLQFH������UHVXOWLQJ�LQ�DSSUR[LPDWHO\������DFFUHGLWHG� %RZHQ� 3UDFWLWLRQHUV� LQ� ��� FRXQWULHV� WKURXJKRXW� WKH� ZRUOG�� 7KLV� ILJXUH� LQFOXGHV� WKH�DSSUR[LPDWH�����SUDFWLWLRQHUV�LQ�WKH�8QLWHG�6WDWHV��7KH�WHFKQLTXH�LV�ZLGHO\�SUDFWLFHG�LQ�(XURSH�ZLWK D�FRQFHQWUDWLRQ� LQ� WKH�8QLWHG�.LQJGRP� RI� RYHU� ���� DFFUHGLWHG� SUDFWLWLRQHUV�� 7KH� %RZHQ� WHFKQLTXH� LV�FXUUHQWO\�EHLQJ�XVHG�LQ�8�.��KRVSLWDOV�DV�ZHOO�DV�SULYDWH�FOLQLFV������7KLV�UDSLG�JOREDOL]DWLRQ�RI�D�QRQ�LQYDVLYH�� FRVW�HIIHFWLYH� WUHDWPHQW� FRPELQHG�ZLWK�KXQGUHGV�RI�DQHFGRWDO� UHSRUWV�RI�EHQHILFLDO� HIIHFWV�IRU� QXPHURXV� PLQG�ERG\� V\VWHPV� SURPSWHG� WKLV� LQYHVWLJDWLRQ� WR� HYDOXDWH� WKH� %RZHQ� 7HFKQLTXH� DQG�IDFLOLWDWH�LWV�DGGLWLRQ�WR�WKH�DFFHSWHG�DUPDPHQWDULXP�RI�$PHULFDQ�DOWHUQDWLYH�PHGLFLQH�
%RZHQ�7HFKQLTXH�SURFHGXUHV�ZHUH� LQLWLDOO\� GLUHFWHG� DQ� DFXWH�PXVFXORVNHOHWDO� FRPSODLQWV� VXFK� DV�ZRUN� DQG� VSRUWV� UHODWHG� LQMXULHV�� ,W� VRRQ� EHFDPH� DSSDUHQW�� KRZHYHU�� WKDW�� WKHVH� SURFHGXUHV� KDG� D�GHPRQVWUDEOH� HIIHFW�RQ�PDQ\� FKURQLF�PHGLFDO�SUREOHPV��ZKLFK� LQFOXGH� D� OLWDQ\�RI�HQYLURQPHQWDO�PHGLFDO� V\QGURPHV��7KHVH� LQFOXGH�DVWKPD��KD\�IHYHU��DQG�YDULRXV� W\SHV�RI�KHDGDFKHV�DQG�RWKHU�SDLQV�� 3V\FKRORJLFDO� HIIHFWV� DUH� DOVR� UHSRUWHG� E\� %RZHQ� SUDFWLWLRQHUV� DQG� WKHLU� FOLHQWV�� 7KHVH� HIIHFWV�LQFOXGH� LQFUHDVHG� DELOLW\� WR� IRFXV�� PRRG� HOHYDWLRQ�� LPSURYHG� TXDOLW\� RI� VOHHS�� DQG� LPSURYHG� FRSLQJ�VNLOOV��3ULWFKDUG�����UHSRUWHG�LQ�D�VWXG\�RI����KHDOWK\�FROOHJH�VWXGHQWV�WKDW�IROORZLQJ�%RZHQ�7KHUDS\��WKH�VXEMHFWV�H[SHULHQFHG�FRQVLVWHQWO\�HQKDQFHG�SRVLWLYH�PRRGV�DQG�UHGXFHG�IHHOLQJV�RI�WHQVLRQ��IDWLJXH��DQJHU��GHSUHVVLRQ�DQG�FRQIXVLRQ��7KH�HIIHFWV�RI�%RZHQ�7KHUDS\�RQ�WKHVH�V\QGURPHV�KDYH�EHHQ�GHVFULEHG�DV�WKH�ERG\
V�UHWXUQ�WR�D�PRUH�EDODQFHG�VWDWH�RI�HTXLOLEULXP�����
,Q� RXU� FOLQLFDO� SUDFWLFH��ZH�KDYH�KDG� WKH� RSSRUWXQLW\� WR� REVHUYH� QXPHURXV�SRVLWLYH� HIIHFWV IROORZLQJ�ERWK� WKH� EDVLF� DQG�PRUH� DGYDQFHG�%RZHQ� SURWRFROV��([DPSOHV� RI� SUHVHQWLQJ� V\PSWRPV� WKDW� KDYH�UHVSRQGHG� WR�%RZHQ�ZRUN� DUH� DFXWH� DQG� FKURQLF� EDFN�SDLQ�� IUR]HQ� VKRXOGHU��70-�GLVFRPIRUW� DQG�G\VIXQFWLRQ�� DQG� 7LF� 'RXORXUHX[�� 6SRUWV� DQG� ZRUN�UHODWHG� V\PSWRPV� ZKLFK� KDYH� LPSURYHG� IROORZLQJ�%RZHQ�ZRUN� LQFOXGH�UXQQHU
V�NQHH�� WHQQLV�HOERZ��KDPVWULQJ�DQG�URWDWRU�FXII� LQMXULHV��7KHUH�DUH�VSHFLILF� VHWV�RI�PRYHV� WKDW�ZHUH�GHYHORSHG�E\�0U��%RZHQ�ZKLFK�DGGUHVV� WKH�PXVFOHV�DQG�FRQQHFWLYH�WLVVXH� LQ� HDFK�RI� WKHVH� DUHDV��2WKHU� LQFLGHQWDO� V\PSWRPV� WKDW� KDYH� VKRZQ� LPSURYHPHQW�ZLWK�%RZHQ�ZRUN� LQFOXGH� JDVWURLQWHVWLQDO� UHIOX[�� VLQXV� FRQJHVWLRQ� DQG� DVVRFLDWHG� KHDGDFKH� SDLQ� DQG�EURQFKRFRQVWULFXWLRQ�VHFRQGDU\�WR�DOOHUJLF�UHVSRQVH�RU�UHDFWLYH�DVWKPD�
,W�KDV�EHHQ� VXJJHVWHG� WKDW� WKH�%RZHQ�7HFKQLTXH�PD\� LQWURGXFH� VSHFLILF�KDUPRQLF� IUHTXHQFLHV� WR� WKH�ERG\�V\VWHPV��6RXQG�DQG�PXVLF�KDYH�EHHQ�XVHG�LQ�KHDOLQJ�ULWXDOV� LQ�DOO�RI�WKH�ZRUOG
V�FXOWXUHV��,Q�DQFLHQW� *UHHFH�� WKH� UHODWLRQVKLS� EHWZHHQ� KHDOLQJ� DQG� KDUPRQLF� YLEUDWLRQ� ZDV� WKH� IRXQGDWLRQ� RI� D�VFKRRO� RI� KHDOLQJ� HVWDEOLVKHG� E\� 3\WKDJRUDV�� 6LQFH� WKDW� WLPH�� WKHUH� KDV� EHHQ� VSHFXODWLRQ� WKDW� VSHFLILF�IUHTXHQFLHV�DIIHFW�SDUWLFXODU�SDUWV�RI�WKH�ERG\�����
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7KH�UHVRQDQFH�PRGHO��DV�LQWHUSUHWHG�E\�/LQGD�(GZDUGV��6\OYLD�2OLYD�DQG�-R�$QQH�:KLWDNHU��VXSSRUWV�WKLV�DV�DQ�H[SODQDWLRQ�RI�KRZ� WKH�%RZHQ�7HFKQLTXH�DIIHFWV� WKH�ERG\��7KH�ERG\� LV� OLNH�D� ILQH�YLROLQ��7KH�KHDOWKLHVW� ERG\� RU� WKH�PRVW� FRYHWHG� 6WUDGLYDULXV� ZLOO� QRW� IXQFWLRQ� SURSHUO\� ZLWKRXW� SHUIHFW� WXQLQJ�� 7KH�%RZHQ�7HFKQLTXH��OLNH�WKH�6WUDGLYDULXV�PD\�EH�EDVHG�RQ�UHVRQDQFH��,Q�HLWKHU�FDVH��WKH�HQHUJ\�PXVW�EH�GLUHFWHG�WR�WKH�ULJKW�VSRW�ZLWK�WKH�ULJKW�WHQVLRQ�LQ�RUGHU�WR�FUHDWH�D�YLEUDWLRQDO�SDWWHU�WKDW�FRUUHODWHV�ZLWK�D�VSHFLILF�IUHTXHQF\��6LQFH�VRXQG�WUDYHOV�WKURXJK�DOO�VXEVWDQFHV�WKLV�PD\�H[SODLQ KRZ�WKH�%RZHQ�7HFKQLTXH�DIIHFWV�VR�PDQ\�DUHDV�RI�WKH�ERG\�
%RZHQ�7KHUDS\� FRPSOHPHQWV�PDQ\�RWKHU� WUDGLWLRQDO� DV�ZHOO� DV� QRQ�WUDGLWLRQDO� WUHDWPHQW�PRGDOLWLHV��6RPH�RWKHU�PRGDOLWLHV��KRZHYHU��VHHQ�WR�GLPLQLVK�WKH�%RZHQ�HIIHFW�RQ�WKH�ERG\�SRVVLEO\�E\�GLVUXSWLQJ�WKH�KDUPRQLF�IUHTXHQFLHV�
7KH�PHDVXUHPHQW�RI�+59� LV� D� UHODWLYHO\�QHZ��QRQ�LQYDVLYH�PHWKRGRORJ\�ZKLFK�FDQ� HYDOXDWH�ERWK�FDUGLDF� DQG�$XWRQRPLF�1HUYRXV� 6\VWHP� �$16�� IXQFWLRQ�� ,W� FDQ�EH� H[SODLQHG� DV� WKH�YDULDWLRQ� LQ� WKH�EHDW� WR� EHDW� WLPH� LQWHUYDO� WKDW� VKRZV� DQ� DFFHOHUDWLQJ� DQG� GHFHOHUDWLQJ� RVFLOODWLRQ��0HDVXUHPHQWV� DUH�PDGH�XVLQJ�5�WR�5�WLPH�LQWHUYDOV�IURP�D�VLQJOH�OHDG�(&*�WKDW�DUH�WKHQ�FRQYHUWHG�WR�GDWD�UHSUHVHQWLQJ�WKH�V\PSDWKHWLF�DQG�SDUDV\PSDWKHWLF�FRPSRQHQWV�RI�WKH�$16�����
'XULQJ�WKH� ODVW�WZR�GHFDGHV�+HDUW�5DWH�9DULDELOLW\�KDV�EHHQ�H[WHQVLYHO\�VWXGLHG�LQ�YDULRXV�SRSXODWLRQV��6LJQLILFDQW�FKDQJHV� LQ�YDOXHV�RU�SDWWHUV�RI�+59�KDYH�EHHQ� UHSRUWHG� LQ�FDUGLDF�FRQGLWLRQV� VXFK�DV�K\SHUWHQVLRQ�� FRQJHVWLYH� KHDUW� IDLOXUH�� FDUGLDF� DUUHVW�� DQG�PLWUDO� YDOYH� DEQRUPDOLWLHV� ���������2WKHU�VWXGLHV�KDYH�UHYHDOHG�VLJQLILFDQW�FKDQJHV� LQ�+59�SDUDPHWHUV� LQ�D�YDULHW\�RI�QRQ�FDUGLDF�SRSXODWLRQV�LQFOXGLQJ� IHWDO� GLVWUHVV� V\QGURPH�� VXGGHQ� LQIDQW� GHDWK� V\QGURPH�� EUDLQ� LQMXU\��PXOWLSOH� VFOHURVLV��GLDEHWLF�QHXURSDWK\��GUXJ�DGGLFWLRQ��REHVLW\������KRPRHRSDWKLF�PHGLFDO�WUHDWPHQW�������DQG�D�KHDOLQJ�WRXFK�SURFHGXUH�������7KH�$16� LV�NQRZQ�WR�KDYH�DQ�HIIHFW�RQ�D�PXOWLWXGH�RI�UHJXODWRU\�IXQFWLRQV�VXFK� DV� FDUGLDF��SHULSKHUDO� YDVFXODU�� UHVSLUDWRU\�� UHSURGXFWLYH�� HQGRFULQH�� DQG�JDVWURLQWHVWLQDO� V\VWHP�UHJXODWLRQ�� JO\FRJHQRO\VLV�� DQG� VPRRWK�PXVFOH�FRQWURO�� DQG�KDV�EHHQ� LPSOLFDWHG� LQ�D�ZLGH�YDULHW\�RI�GLVRUGHUV� LQFOXGLQJ� DXWRLPPXQH� GLVHDVHV� WKDW� DIIHFW� WKH�PXVFXORVNHOHWDO� V\VWHP� ������ 7KH� ERG\�V\VWHPV�DQG�IXQFWLRQV�DIIHFWHG�E\� WKH�$16�DUH�VLPLODU� WR� WKRVH�DIIHFWHG�E\�WUHDWPHQW�ZLWK�WKH�%RZHQ�7HFKQLTXH�� ,W� LV� WKLV� VXEMHFWLYH� REVHUYDWLRQ� E\�QXPHURXV�SUDFWLWLRQHUV� DQG� DQHFGRWDO� UHSRUWV� WKDW�GHWHUPLQHG� RXU� VHOHFWLRQ� RI� WKH� DXWRQRPLF� DVVHVVPHQW� E\�PHDQV� RI�+59�PHDVXUHPHQW� DV� WKH�PHWKRGRORJ\� IRU� WKLV� VWXG\��7KH�ERG\�V\VWHPV�DQG�IXQFWLRQV�DIIHFWHG�E\� WKH�$16�DQG�UHSRUWHG�WR�EH�DIIHFWHG�E\� WKH�%RZHQ�7HFKQLTXH�FRLQFLGH�ZLWK�WKH�IRFXV�RI� WKH������$$(0�PHHWLQJ�ZKLFK� LV� WKH�0LQG�%RG\�&RQQHFWLRQ�LQ�UHODWLRQ�WR�RSWLPDO��FRVW�HIIHFWLYH�KHDOWK�FDUH�
2XU� LQLWLDO� H[SHULHQFH� ORRNLQJ� DW� WKH� DXWRQRPLF�QHUYRXV� V\VWHP��$16�� LQ�D�QRUPDO�SRSXODWLRQ�EHIRUH�DQG� DIWHU� D�%RZHQ�SURFHGXUH� UHYHDOHG� UDQGRP��EL�GLUHFWLRQDO� VKLIWV� LQ� VHYHUDO�RI� WKH� WLPH�DQG� IUHTXHQF\�GRPDLQ�SDUDPHWHUV��7KLV�FRUUHVSRQGHG�WR�VRPH�GHJUHH�ZLWK�WKH�YDULDWLRQ�LQ�FOLQLFDO�UHVSRQVHV�UHSRUWHG�LQ�WKLV� QRUPDO� JURXS�� 7KH� FRQVLVWHQW� FOLQLFDO� UHVSRQVHV� REVHUYHG� LQ� D� SRSXODWLRQ� RI� ILEURP\DOJLD�VXEMHFWV� OHG�XV� WR�K\SRWKHVL]H� WKDW� WKLV�JURXS�ZKLFK�SUHVHQWV�ZLWK�D�PXOWLWXGH�RI�VLJQV�DQG�V\PSWRPV�PLJKW�EHWWHU�WHVW�WKH HIILFDF\�RI�WKH�%RZHQ�7HFKQLTXH�DQG�PLJKW�VKRZ�D�ODUJHU�RU�PRUH�FRQVLVWHQW�VKLIW� LQ�$16�PHDVXUHV� WKDW� WKH�UDQGRP�VKLIW�REVHUYHG�LQ�RXU�QRUPDO�SRSXODWLRQ�ZLWK�LQFLGHQWDO�V\PSWRPV��7KHVH�VXEMHFWV�FRXOG�DOVR�SURYLGH�PRUH�FOLQLFDO�DVVHVVPHQW�GDWD�WR�IROORZ�RYHU�WKH�FRXUVH�RI�UHSHDW� WUHDWPHQW� DQG� KHDUW� UDWH� YDULDELOLW\� �+59�� PHDVXUHPHQWV�� *LYHQ� WKH� SRRU� UHVXOWV� RI�FRQYHQWLRQDO�PHGLFDO�LQWHUYHQWLRQ�YHUVXV�WKH�PRGHVW�VXFFHVV�RI�SK\VLFDO�WUHDWPHQW�DSSURDFKHV��WR�WHVW�WKH�XVH�RI�WKH�%RZHQ�7HFKQLTXH�RQ�ILEURP\DOJLD�VXEMHFWV�VHHPHG�TXLWH�ORJLFDO��SDUWLFXODUO\�VLQFH�WKH�XVH�RI�+59�FRXOG�JLYH�XV�DQ�REMHFWLYH�RXWFRPH��VHSDUDWH�IURP�RXU�FOLQLFDO�DVVHVVPHQW�,Q� RXU� VWXG\�� VXEMHFWV�ZLWK�PRGHUDWH�3ULPDU\�)LEURP\DOJLD�ZHUH� GLDJQRVHG� E\� 6DOO\� 0DUORZH��5KHXPDWRORJLVW��1�3�DQG�FKDUDFWHUL]HG�E\�WKH�SUHVHQFH�RI�ZLGHVSUHDG�FKURQLF�SDLQ�DQG�WHQGHU�SRLQWV� DV�SHU�FULWHULD�IRU�GLDJQRVLV�E\�WKH�$PHULFDQ�&ROOHJH�RI�5KHXPDWRORJ\������ 0DUORZH�KDV�WUHDWHG�RYHU������ILEURP\DOJLD�VXEMHFWV�LQ�KHU�5KHXPDWRORJ\�SUDFWLFH��ZKLFK�ZLOO�EH�XVHG�DV�D�U HVRXUFH�IRU�IXWXUH�VWXGLHV� �



,W�KDV�EHHQ�K\SRWKHVL]HG� WKDW� ILEURP\DOJLD� LV� DQ� HQHUJ\�GHILFLHQW� VWDWH� LQ� WKH�PXVFOH� WLVVXHV�GXH� WR�UHGXFHG� FLUFXODWLRQ�� ,W� LV� NQRZQ� WKDW� ILEURP\DOJLD� VXEMHFWV� FRQYHUW�PXVFOH� SURWHLQ� WR� JOXFRVH� DW� DQ�XQXVXDOO\�KLJK�UDWH�DQG�WKLV�KDV�EHHQ� LQWHUSUHWHG�DV�RQH�RI�WKH�PDLQ�UHDVRQV�IRU�SDLQ��DFKLQJ� DQG�IDWLJXH������������
$W� SUHVHQW� WKHUH� LV� QR� LGHDO� FRQYHQWLRQDO� PHGLFDO� WUHDWPHQW� IRU� ILEURP\DOJLD�� 7KH� XVH� RI� DQ�DQWLGHSUHVVDQW� �VXFK� DV� DPLWULSW\OLQH�� RU� DQ� DQWL �LQIODPPDWRU\� �VXFK� DV� LEXSURIHQ�� KDV� \LHOGHG� SRRU� WR�PRGHUDWH�UHVXOWV��0LOG�H[HUFLVH�ZKLFK�LQFOXGHV�IOH[LELOLW\�ZRUN�FDQ�KHOS�DOOHYLDWH�VRPH�RI�WKH�V\PSWRPV� DV�ZHOO�� $OVR�� DTXDWLF� H[HUFLVH�� FKLURSUDFWLF� FDUH�� PDVVDJH�� KHDW� WUHDWPHQWV� DQG� UHVW� FDQ� GHFUHDVH�VHQVLWLYLW\�DW�WKH�WHQGHU�SRLQWV�WR�LPSURYH�VWDPLQD��HQHUJ\�DQG�PRELOLW\� �����
7KH�VHQLRU�DXWKRU�RI�WKLV�SDSHU��DIWHU�SHUVRQDOO\�H[SHULHQFLQJ�DQG�WUDLQLQJ�LQ�WKH�%RZHQ�7HFKQLTXH�� KDV�EHHQ� VR� LPSUHVVHG� ZLWK� WKH� VLPSOLFLW\� RI� WKH� WHFKQLTXH� DQG� LWV� ZLGH� UDQJLQJ� EHQHILWV� WKDW� VK H� KDV�YROXQWHHUHG� WR� GLUHFW� DQG� LQWHUQDWLRQDO� UHVHDUFK� HIIRUW� WR� VFLHQWLILFDOO\� DVVHVV� LWV� YDOLGLW\�� 2QH�RI�WKH�UHDVRQV� WKH�$$(0�ZDV� FKRVHQ� IRU� WKLV� SUHVHQWDWLRQ� LV� GXH� WR� WKH� IDFW� WKDW� WKH�%RZHQ�7HFKQLTXH��ZKLFK� SDUDOOHOV�PDQ\� RI� WKH� LGHDV� DQG� WHFKQLTXHV� RI� WKH�$$(0�� KDV� UHFHLYHG� D� VLPLODU� UHVSRQVH� IURP�WUDGLWLRQDO��DOORSDWKLF��SK\VLFLDQV��WKDW�RI�EHLQJ�VXPPDULO\�GLVPLVVHG�DV�DQHFGRWDO�DQG�XQVFLHQWLILF�
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���3DUWLFLSDQWV�ZLOO�UHFHLYH�D�EULHI�RYHUYLHZ�RI�WKH�%RZHQ�7HFKQLTXH����3DUWLFLSDQWV�ZLOO�EH�VKRZQ�HYLGHQFH�WKDW�WKH�%RZHQ�7HFKQLTXH�FDQ�DIIHFW�DXWRQRPLF�IXQFWLRQV��XVLQJ�+59�DV�DQ�H[DPSOH����3DUWLFLSDQWV�ZLOO�OHDUQ�WKH�W\SHV�RI�LOOQHVVHV�WKDW�PD\�UHVSRQG�WR�WKLV�VLPSOH�WHFKQLTXH�35(6(17$7,21�'$7$7KH�%RZHQ�7HFKQLTXH7KH�ERG\ZRUN� NQRZQ�DV�WKH�%RZHQ�7HFKQLTXH�LV�EDVHG�RQ�WKH�SULQFLSOH�RI��OHVV�LV�PRUH�������DQG�FRQVLVWV�RI� VPDOO� SUHFLVH�PRYHV�RQ� VSHFLILF�SRLQWV�RI� WKH�ERG\�ZKLFK�DUH� OLJKW�DQG�JHQWOH�DQG�FDQ�EH�XVHG�RQ�WKH�\RXQJ��IUDJLOH�DQG�HOGHUO\��7KH�%RZHQ�PRYHV�DUH�RUJDQL]HG�LQW R�VHWV�ZLWK�IUHTXHQW�DQG�LPSRUWDQW�SDXVHV�EHWZHHQ�VHWV�WR�JLYH�WKH�ERG\�WLPH�WR�HTXLOLEUDWH��7KH�7HFKQLTXH�XVHV�PRYHPHQWV� RQ�VSHFLILF�SRLQWV�RQ�PXVFOHV��WHQGRQV��DQG�QHUYHV��VRPH�RI�ZKLFK�JHQHUDWH�HQHUJHWLF�PRYHPHQW�DQG� RWKHUV�ZKLFK�EORFN�RU�UHIOHFW�HQHUJH WLF�PRYHPHQW��7KH�WDUJHWHG�DUHD�RI�WKH�ERG\�LV�LVRODWHG�EHWZHHQ� EORFNV��HQHUJ\� LV� JHQHUDWHG� LQ� WKH� DUHD� DV� WKH� SUDFWLWLRQHU�PRYHV� RYHU� WKH�PXVFOH� DQG� WKH� HQHUJ\�UHYHUEHUDWHV�EHWZHHQ�WKH�EORFNV�XQWLO�WKH�PXVFOH�WHQVLRQ�LQ�WKH�DUHD�LV�UHGXFHG�DQG�WKHUHIRUH�� UHOD[HG�,Q�WKLV�SUHOLPLQDU\�VWXG\�WKH�IROORZLQJ�%RZHQ�SURWRFRO�ZDV�IROORZHG�RQ�ERWK�WKH�ILEURP\DOJLD�DQG�QRUPDO�JURXSV�6WXG\�VXEMHFWV�ZHUH�SODFHG�IDFH�GRZQ�RQ�D�VWDQGDUG�PDVVDJH�WDEOH��KHDG�WR�RQH�VLGH��DQG�DUPV�EHVLGH� WKH�KLSV��$OO�PRYHV�VWDUWHG�IURP� WKH�OHIW�VLGH��)RXU�%RZHQ�PRYHV�ZHUH�PDGH�RQ�WKH�ORZHU� EDFN��ELODWHUDOO\�IRU� D� WRWDO� RI� HLJKW�� 7KH� ILUVW�PRYH� LV� MXVW� DERYH� WKH� EXWWRFNV�� WKH� VHFRQG� RQ� WKH� RXWVLGH�RI� WKH�EXWWRFNV��WKH�WKLUG�DW�WKH�NQHH�DQG�IRXUWK�DW�PLG�WKLJK��(DFK�VLGH� LV�ZRUNHG�LQ�WXUQ�DQG�WKHUH� LV�D�WZR�PLQXWH�ZDLW� DQG�PRYH� WZR� LV� UHSHDWHG��(DFK�PRYH� LV� YHU\� VSHFLILF� DQG� ODVWV� RQO\� D� IHZ� VHFRQGV�� ,Q�JHQHUDO�� FHUWDLQ� ILQJHUV� DQG�RU� WKH� WKXPE� DUH� XVHG� WR� UROO� WLVVXH� RYHU� VSHFLILF� SRLQWV� RQ�PXVFOHV� RU�WHQGRQV��)RU�WKH�EXON�RI�WKH�WLPH�WKH�VXEMHFW�LV�VLPSO\�O\LQJ�FRPIRUWDEO\�ZLWK�QR�SK\VLFDO�LQWHUDFWLRQ�ZLWK�WKH�SUDFWLWLRQHU�
$�VLPLODU�VHW�RI�PDQHXYHUV�LV�WKHQ�IROORZHG�RQ�WKH�QHFN�DQG�VKRXOGHUV��WKHUH�DUH�VL[�PRYHV�ELODWHUDOO\�IRU�D�WRWDO�RI�WZHOYH�DQG�WZR�ZDLWLQJ�SHULRGV�RI�WZR�PLQXWHV�HDFK��1H[W�WKH�VXEMHFW�LV�JHQWO\�WXUQHG�RQWR�KLV�EDFN�DQG�WKUHH�PRYHU�PRYHV�DUH�PDGH�ELODWHUDOO\�IRU�D�WRWDO�RI�VL[��LQFOXGLQJ�WZR�ZDLWLQJ�SHULRGV�RI� �



WZR�PLQXWHV�HDFK��$W�WKH�FRQFOXVLRQ�WKH�VXEMHFW�LV�DVVLVWHG�WR�D�VLWWLQJ�SRVLWLRQ�ZLWK�OHJV�GDQJOLQJ�RII�WKH�WDEOH��7KH�VXEMHFW�LV�WKHQ�HDVHG�RII�WKH�WDEOH�VR�WKDW�ERWK�IHHW�WRXFK�WKH�IORRU�VLPXOWDQHRXVO\�DQG�JHQWO\�VHDWHG�LQ�WKH�UHFOLQLQJ�FKDLU�IRU�WKH�VHFRQG�+59�UHDGLQJ��7KLV�HQWLUH�SURFHGXUH�UHTXLUHV�DERXW����PLQXWHV�
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$V� RQ�JRLQJ� UHVHDUFK� HIIRUW� RI� RXUV� LV� WR� SHUIRUP� UHSHDWHG� %RZHQ� WUHDWPHQWV� DQG� VKRUW� WHUP�+59�VWXGLHV�RQ� WKH� VDPH� VXEMHFW�RYHU� WLPH� WR� VHH� LI�ZH� FDQ�GHWHUPLQH� WKH�RSWLPDO� WUHDWPHQW�SHULRG� IRU�ILEURP\DOJLD� VXEMHFWV�� DV�ZHOO� DV� WUHDWPHQW� SHULRGV� IRU� RWKHU� FRQGLWLRQV� IRU�ZKLFK�%RZHQ� LV�SUHVFULEHG��2ULJLQDOO\��0U��%RZHQ�HPSLULFDOO\�GHWHUPLQHG�WKDW�D�ZHHN�EHWZHHQ�WUHDWPHQWV��ZLWK�D�UDQJH�RI�ILYH�WR�WHQ�GD\V��ZDV�PRVW�HIILFDFLRXV��:H�UHFRJQL]H� WKDW� WKH� ODLG�EDFN� OLIHVW\OH�RI�$XVWUDOLD� LQ� WKH�����V�ZDV�FRQVLGHUDEO\� GLIIHUHQW� IURP� WKH� XUEDQ� OLIHVW\OH� RI� PRVW� SHRSOH� DW� WKH� HQG� RI� WKH� PLOOHQQLXP��&HUWDLQO\�FKHPLFDO� VHQVLWLYLW\�DQG�HQYLURQPHQWDO� HVWURJHQ�PLPLFV�ZRXOG�KDYH�EHHQ�UDUH�HYHQWV��7KXV��ZH� IHHO� WKHUH� LV� D� FRPSHOOLQJ�QHHG� WR�XSGDWH� DQG� LQGLYLGXDOL]H� WUHDWPHQW� VFKHGXOHV� IRU� WKH�%RZHQ�7HFKQLTXH�
/LNHZLVH��ZH� DOVR� IHHO� WKHUH� LV� D� QHHG� WR� GRFXPHQW� WKH� YDOXH� RI� WKH�%RZHQ�7HFKQLTXH� LQ� HPHUJHQF\�PHGLFLQH��7KHUH�DUH� VSHFLILF�PRYHV� UHVHUYHG� IRU�DFXWH�DQG�HPHUJHQW�FRQGLWLRQV�VXFK�DV�DVWKPD�DWWDFNV�� VHYHUH� PLJUDLQH� KHDGDFKHV�� DQG� DQJLQD� SDLQ� ZKLFK� ZRXOG� OHQG� WKHPVHOYHV� WR� HDV\�GRFXPHQWDWLRQ�ZLWK�VKRUW�WHUP�+59�VWXGLHV�RI�WKH�$16�EDODQFH�
7KH� IDFW� WKDW�RXU�QRUPDO�JURXS�WXUQHG�RXW WR�KDYH�D�YDULHW\�RI�UHVSRQVHV� WR� WKH�%RZHQ�7HFKQLTXH�LQLWLDOO\�VXUSULVHG�XV��,Q�UHWURVSHFW��WKLV�ZDV�SUHGLFWDEOH�DV�PRVW�SHRSOH�WRGD\�DUH�QRW� LQ�SHUIHFW�KHDOWK� DQG� WKH�%RZHQ�7HFKQLTXH� LV� UHSXWHG� WR�EHQHILFLDOO\�KHOS�D�ZLGH�DVVRUWPHQW�RI�FRQGLWLRQV��1RZ�UHFRJQLVLQJ� WKLV�PRGHUQ� UHDOLW\��ZH�ZRXOG�GHVLJQ�IXWXUH�VWXGLHV�XVLQJ�HDFK�VXEMHFW�DV�KLV�RU�KHU�RZQ�FRQWURO��7KH� IDFW� WKDW� IHZ�SHRSOH�DUH� WUXO\� LQ�SHUIHFW�KHDOWK� LV� DQ� LPSRUWDQW�SRLQW�ZKHQ�GHVLJQLQJ� VPDOO�� FOLQLFDO� VWXGLHV� LQ�HQYLURQPHQWDO�PHGLFLQH�� ,W�GRHV�QRW�SUHFOXGH� WKH�XVH�RI�YDOLG��EOLQGHG�VWXGLHV�EXW� LW�GRHV�PHDQ�WKDW� WUDGLWLRQDO�RXWFRPH�VWXGLHV�EDVHG�RQ�D�FRPSDULVRQ�RI�D� ODUJH�QXPEHU�RI� WUHDWHG� VXEMHFWV� YHUVXV� D�SODFHER�FRQWURO� JURXS� LV� LQDSSURSULDWH��:H� VWUHVV� WKLV�EHFDXVH�ZH�EHOLHYH� WKDW� VLPLODU� VWXGLHV� RI� WKH�$16��ZKLFK� FDQ�EH� WKRXJKW�RI� DV� D�ZLQGRZ� LQWR� WKH�PLQG�ERG\�FRQQHFWLRQ��E\� VKRUW� WHUP�+59�PHDVXUHPHQW�FDQ�EH� LPSOHPHQWHG� WR�GHWHUPLQH� WKH�YDOLGLW\�RI� VRPH�HQYLURQPHQWDO� PHGLFLQH� WHFKQLTXHV� ZKLFK� KDYH� EHHQ� UHMHFWHG� E\� WKH� DOORSDWKLF� PHGLFDO� FRPPXQLW\�VXFK�DV�HQG�SRLQW�WLWUDWLRQ�RU�HQ]\PH�SRWHQWDWH�GHVHQVLWL]DWLRQ�
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