
3,680�*(1(7,&6� ����³92/80(���� 3*$�0(0%(5�$''5(66(6�

7O�� D�QHZ�ORFXV�UHVHPEOLQJ�7O�LQ�LWV�DFWLRQ�
%HUGQLNRY��9�$��DQG�*RUHO��)�/�� ,QVW��RI�&\WRORJ\�DQG�*HQHWLFV��5XVVLDQ�$FDGHP\�RI�6FLHQFHV�� 1RYRVLELUVN��5XVVLD�� 3HD�SRVVHVVHV�WKH�PRVW�FRPSOH[�FRPSRXQG�OHDYHV�RI�DOO�JHQHWLFDOO\�VWXGLHG�SODQW�VSHFLHV��,WV�XQLSLQQDWH�OHDI�LV�FRPSRVHG�RI�D�SDLU�RI�EDVDO�VWLSXOHV��RQH�RU�PRUH�SDLUV�RI�SUR[LPDO�OHDIOHWV��RQH�RU�PRUH�SDLUV�RI�GLVWDO�WHQGULOV��DQG�D�VLQJOH�WHUPLQDO�WHQGULO��7KH�JHQH�7HQGULO�OHVV��WO�� WRJHWKHU�ZLWK�$ILOD��DI��DQG�8QLIROLDWD��XQL��EHORQJV�WR�D�JURXS�RI�JHQHV�DEOH�WR�GUDVWLFDOO\�DOWHU�WKH�OHDI�DUFKLWHFWXUH��7KH�PXWDWLRQ�WOZ� DSSHDUV�WR�UHSODFH�WKH�WHQGULOV�RI�WKH�GLVWDO�UHJLRQ�RI�WKH�OHDI�E\�QRUPDO�RYDO�OHDIOHWV��7KH�7O�JHQH�GLVSOD\V�LQFRPSOHWH�GRPLQDQFH�VR�WKDW�KHWHUR]\JRWHV�WOZ���LQ�WKH�GLVWDO�UHJLRQ�RI�WKH�OHDI�SRVVHVV�SLQQDH�PRUSKRORJLFDOO\�LQWHUPHGLDWH�EHWZHHQ�WHQGULOV�DQG�OHDIOHWV��ZH�FDOO�WKHP�µ)ODW�7HQGULOVµ�DQG�GHVLJQDWH�WKH�OHDI�SKHQRW\SH�RI�WKH�KHWHUR]\JRWHV�WOZ���DV�)7� ,W� VKRXOG�EH�QRWHG� WKDW� WKH�ZLOG�W\SH�DOOHOH�7O�QRW�RQO\� UHSUHVVHV� ODPLQD� IRUPDWLRQ� LQ� WKH�SLQQDH�RI� WKH�GLVWDO� SDUW� RI� WKH� OHDI� EXW� DOVR� FRQWULEXWHV� WR� EUDQFKLQJ� SRWHQWLDO� RI� WKH� UDFKLV�� WKLV� HIIHFW� EHLQJ� HVSHFLDOO\�HYLGHQW�LQ�D�DI�DI�EDFNJURXQG��
� ([DPLQDWLRQ�RI�WKH�0� JHQHUDWLRQ�SURGXFHG�E\�WUHDWLQJ�WKH�OLQH�6*��7O� 5� ZLWK�J�UD\V������5���UHYHDOHG�D�SODQW� ZLWK� WHQGULOV� FRQYHUWHG� WR� YHU\� QDUURZ� OHDIOHWV� �)LJ�� ���� ,WV� SKHQRW\SH� UHVHPEOHG� )7� H[KLELWHG� E\�KHWHUR]\JRWHV�WOZ��� VXJJHVWLQJ�WKDW�LW�ZDV�D�QHZ�PXWDWLRQ�DW�WKH�7O�ORFXV��:H�FURVVHG�WKLV�SODQW�ZLWK�WKH�OLQH�:/������WOZ U����2I�VHYHQ�)� SODQWV�H[DPLQHG��ILYH�KDG�WKH�SKHQRW\SH�)7�DQG�WZR�KDG�WKH�SKHQRW\SH�WHQGULO�OHVV��WO�� 7KH�DSSHDUDQFH�RI�WKHVH�SKHQRW\SHV�LV�FRQVLVWHQW�ZLWK�WKH�K\SRWKHVLV�WKDW�WKH�PXWDQW�SODQW�ZLWK�IODW�WHQGULOV�ZDV� KHWHUR]\JRXV� WO��� 7KH� )� SODQWV�ZLWK� WKH� SKHQRW\SH� WO� SURGXFHG� ��� VHHGV�� RI�ZKLFK� ���ZHUH�ZULQNOHG�DQG���� URXQG�� LQGLFDWLQJ� WKDW� VHJUHJDWLRQ� LQ� WKH� UHJLRQ�DURXQG�5 ZDV� UHODWLYHO\�QRUPDO��+RZHYHU��ZKHQ�ZH�JUHZ�RXW�WKH�)�� WZR�XQH[SHFWHG�SKHQRW\SLF�FODVVHV�ZLWK�UHVSHFW�WR�WHQGULO�VKDSH�ZHUH�REWDLQHG���7KH�)� FRQWDLQHG�WKUHH�SKHQRW\SLF�FODVVHV��WO�����SODQWV���)7�����SODQWV��DQG�1 ���SODQWV�ZLWK�ZLOG�W\SH�OHDYHV����$OO�RI� WKH� ��� SODQWV� JURZQ� IURP� WKH� ZULQNOHG� VHHGV� KDG� WKH� SKHQRW\SH� WO�� � 7KLV� UHVXOW� ZDV� QRW� VXUSULVLQJ�FRQVLGHULQJ�WKH�WLJKW�OLQNDJH�EHWZHHQ�WKH�ORFL�5 DQG�7O� 7KH�VHJUHJDWLRQ�SDWWHUQ�LQGLFDWHG�WKDW�WKH�PXWDQW�LQ�WKH�OLQH�6*�DIIHFWHG�D�KLWKHUWR�XQNQRZQ�JHQH�FRQGLWLRQLQJ�GHYHORSPHQW�RI�IODW�WHQGULOV��)7� XSRQ�LWV�LQDFWLYDWLRQ��:H�GHVLJQDWHG�WKLV�JHQH�DV�WHQGULO�OHVV���WO���

�)LJ�� ��� 3KHQRW\SHV� RI� WKH� WO��7O�� KHWHUR]\JRWHV� RI� WKH� OLQH� )ODW���� � OHIW�� \RXQJ� OHDI�� FHQWHU�� PDWXUH� OHDI�� ULJKW�� GLVWDO�SRUWLRQ�RI�D�FRPSRXQG�OHDI���� $ SODQW�ZLWK�WKH�SKHQRW\SH�)7� KRPR]\JRXV�IRU�5 DQG�VXSSRVHGO\�KHWHUR]\JRXV�IRU�WO���ZDV�FURVVHG�ZLWK�WKH�OLQH�6SDUNOH��U��D��7O� DQG�IRU�WKUHH�JHQHUDWLRQV�D�VLQJOH�PRVW�YLJRURXV�SODQW�ZLWK�WKH�SKHQRW\SH�)7�ZDV�VHOHFWHG���6HOI�SROOLQDWLRQ�RI�WKHVH�SODQWV�QHYHU�SURGXFHG�SODQWV�ZLWK�WKH�SKHQRW\SH�WO� ZKLOH�ZLOG�W\SH�DQG�)7�
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SKHQRW\SHV� ZHUH� SUHVHQW� LQ� DSSUR[LPDWHO\� HTXDO� SURSRUWLRQV�� WKH� ODWWHU� VOLJKWO\� SUHGRPLQDWLQJ�� 6XFK�VHJUHJDWLRQ�SDWWHUQ�VXJJHVWV�WKDW�LQ�WKH�FDVH�RI�WKH�WO��JHQH��WKH�)7�SKHQRW\SH�UHIOHFWV�KHWHUR]\JRVLW\�DW�7O��7KH�DEVHQFH�RI�WKH�WO�SKHQRW\SH�VXJJHVWV�OHWKDOLW\�RI�WKH�KRPR]\JRWHV�WO��WO�� 7KH�H[SODQDWLRQ�IRU�WKH�REVHUYHG�)7�1�UDWLR�RI�FORVH�WR�����LQVWHDG�RI�����PD\�UHVLGH�LQ�UHGXFHG�WUDQVPLVVLRQ�RI�WKH�OHWKDO�WKURXJK�WKH�JHUP�OLQH��7ZR�)� SODQWV�ZLWK�WKH�)7�SKHQRW\SH�EHFDPH�SURJHQLWRUV�RI�WKH�OLQHV�)ODW����D� WO�����5� DQG�)ODW����$��WO�����5���:H�PDGH�DQ�H[WHQVLYH�FURVV�EHWZHHQ�WKH�OLQH�)ODW���� � DQG�WKH�OLQH�'63��D��7O� � � GHULYHG�IURP�FY��'DUN�6NLQQHG�3ULQFHVV��7KH�VXFFHVV�RI�WKH�FURVV�ZDV�FRQILUPHG�E\�HOHFWURSKRUHWLF�DQDO\VLV�RI�WKH�FRW\OHGRQ�SURWHLQ�6&$���7KH�)� SURGXFHG�����VHHGV�DQG����)� SODQWV��RI�ZKLFK����KDG�WKH�SKHQRW\SH�)7�DQG����WKH�ZLOG�W\SH�SKHQRW\SH��7KH�VWULNLQJ�HTXDOLW\� LQ� WKH�QXPEHUV�RI�ERWK�SKHQRW\SLF�FODVVHV�VKRZHG�WKDW� WUDQVPLVVLRQ�RI� WO��WKURXJK�IHPDOH�JHUP�OLQH�GLG�QRW�GLIIHU�IURP�WKH�ZLOG�W\SH�DOOHOH�7O�� :H�FRQFOXGH�WKDW�WKH�GHYLDWLRQ�RI�WKH�SKHQRW\SH�UDWLR�LQ�WKH�SURJHQ\�SURGXFHG�E\�VHOI�SROOLQDWLRQ�LV�GXH�WR�D�GHFUHDVHG�WUDQVIHU�RI�WO��WKURXJK�WKH�PDOH�JHUP�OLQH��,W�VKRXOG�EH�QRWHG�WKDW�DOO�)7�SODQWV�KDG�IXOO\�IHUWLOH�SROOHQ�LPSO\LQJ�WKDW�QR�WUDQVORFDWLRQ�ZDV�LQYROYHG��� /HWKDOLW\� DQG� WKH�GLIIHUHQFH� LQ�JDPHWH�FRPSHWLWLYH�DELOLW\�SUHFOXGHV� VWDQGDUG�DQDO\VLV�RI� UHFRPELQDWLRQ�UHODWLRQVKLSV�LQ�WKH�)�� +RZHYHU��LI� WO�� LV� WLJKWO\� OLQNHG� WR� VRPH�PDUNHU�� WKH� SURSRUWLRQ� RI� SODQWV�ZLWK� WKLV� PDUNHU� VKRXOG� EH�VWURQJO\�ELDVHG�LQ�WKH�FODVVHV�)7�DQG� 1� $Q� H[DPSOH� RI� VXFK� DQ�DQDO\VLV� LV� JLYHQ� LQ� 7DEOH� ��� ,I�WKH� ORFL� 7O�� DQG� 5 ZHUH� WLJKWO\�OLQNHG��WKH�SODQWV�JURZQ�IURP�WKH�ZULQNOHG� VHHGV� ZRXOG� PRVWO\�KDYH� WKH� ZLOG�W\SH� SKHQRW\SH��KRZHYHU�� LQ� WKH� H[SHULPHQW� ZH�GLG� QRW� REVHUYH� D� QRWLFHDEOH�GHYLDWLRQ�LQ�WKH�UDWLR�)7�1�LQ�FODVVHV�U DQG�5� :H�WHVWHG�WKH�ORFL�&XUO� :OR� 8QL��,��$I� DQG�&UL�LQ�WKH�VDPH�PDQQHU�DQG�IRXQG�QR�HYLGHQFH�RI�OLQNDJH�ZLWK�7O��7R� FKHFN� PRUH� ORFL�� ZH� FURVVHG� WKH� OLQH� )ODW��� ZLWK� RXU� OLQH� +7�� �$�� 7O��� JS� KRPR]\JRXV� IRU� WKH�+DPPDUOXQG�WUDQVORFDWLRQ��7DEOH������7KLV�OLQH�ZDV�GHVFULEHG�LQ�UHI�������$QDO\VLV�RI�����)� SODQWV�UHYHDOHG�DQ�REYLRXV�OLQNDJH�RI�7O��ZLWK�WKH�WUDQVORFDWLRQ�EUHDNSRLQW�DQG� WKH� ORFXV� *S� UHVLGLQJ�QHDU� WKH� EUHDNSRLQW� LQ�FKURPRVRPH� 9� �KHUH� ZH�XVH� WKH� OLQNDJH� JURXS�QXPEHUV�IRU�GHVLJ�QDWLRQ�RI�WKH� FRUUHVSRQGLQJ�FKURPRVRPHV��� 7KH� PDMRU�LW\� ���� RI� ���� RI� WKH�VWUXFWXUDO� KHWHUR]\JRWHV��UHJLVWHUHG� E\� SROOHQ� VHPL�VWHULOLW\� KDG� WKH� SKHQRW\SH�)7� WKDW� LV�� ZHUH� KHWHUR�]\JRWHV�WO���� 7KH�PDMRULW\�RI IXOO\�IHUWLOH�SODQWV�����RI���� KDG�ZLOG�W\SH� WHQGULOV�� �2QH�FDQ�FRQFOXGH� WKDW�7O�� UHVLGHV�QHDU� WKH� WUDQVORFDWLRQ�EUHDNSRLQW�� ,Q� WKH� OLQH�+7��WKH�ORQJHU�LQWHUFKDQJH�FKURPRVRPH�EHDUV�WKH�DOOHOH�JS�QHDU�WKH�7�SRLQW��7KLUW\�WZR�RI����)� SODQWV�ZLWK�WKH�SKHQRW\SH�JS�KDG�QRUPDO�WHQGULOV�DQG�RQO\�WKUHH�KDG�IODW�WHQGULOV���7KHVH�GDWD�SURYLGH�HYLGHQFH�LQ�IDYRU�RI�WO��EHLQJ�ORFDWHG�RQ�D�QRQ�WUDQVORFDWHG�FKURPRVRPH��HLWKHU�9�RU�,,���

7DEOH����3KHQRW\SHV�RI� WKH�SURJHQ\�RI� VHOI�SROOLQDWHG�)� SODQWV�RI�WKH�)7�SKHQRW\SH�� UHVXOWLQJ� IURP� WKH� FURVV� )ODW��� �5�5�� WO��7O�� ;� '5&� �U�U��
7O��7O����1�VWDQGV�IRU�WKH�ZLOG�W\SH�SKHQRW\SH�RI�WHQGULOV��
� 3KHQRW\SH�RI�WHQGULOV�3KHQRW\SH�RI�VHHGV� )7� 1� 7RWDO�

5 ��� ��� ����
U ��� ��� ���7RWDO� ���� ���� ����

�-RLQW�VHJUHJDWLRQ�F�� ������3a������FDOFXODWHG�ZLWK�WKH�H[SHFWHG�QXPEHUV�GHULYHG�IURP�WKH�REVHUYHG�VHJUHJDWLRQ�IRU�HDFK�JHQH�DQG�D�QXOO�K\SRWKHVLV�
RI�WKH�DEVHQFH�RI�OLQNDJH��

7DEOH����7HQGULO�SKHQRW\SHV�RI�)� SODQWV�UHVXOWLQJ�IURP�WKH�FURVV�)ODW����D��WO�����*S� [ +7����$��7O���JS��+DPPDUOXQG�WUDQVORFDWLRQ���)7�UHIHUV�WR�IODW�WHQGULOV��1�� WR�ZLOG�W\SH�SKHQRW\SH��
� IHUWLOH�SROOHQ� VHPLVWHULOH�SROOHQ�3KHQRW\SHV�LQ�UHVSHFW�RI�JS�DQG�D )7� 1� )7� 1�

$ � �� ��� ���*S� D � �� �� ��
$ � ��� �� ��JS� D � �� �� ��

�-RLQW�VHJUHJDWLRQ�F���IRU�WO��DQG�WKH�EUHDNSRLQW�LV�������3���������IRU�WO��DQG�JS�LV�
����� �3��������� )RU� F�� FDOFXODWLRQ�� H[SHFWHG� YDOXHV� ZHUH� GHULYHG� IURP� WKH�REVHUYHG� VHJUHJDWLRQ� IRU� HDFK� IDFWRU� DQG� QXOO� K\SRWKHVLV� RI� WKH� DEVHQFH� RI�OLQNDJH�� -RLQW� VHJUHJDWLRQ� RI� WO�� DQG� D ZDV� QRW� HYDOXDWHG� VLQFH� VRPH� RI� WKH� D
SODQWV�ZHUH�WULVRPLFV��
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:H� PHQWLRQHG� DERYH� WKDW� QR� OLQNDJH� ZDV� REVHUYHG� EHWZHHQ� 7O�� DQG�&UL� WKH� ODWWHU� EHLQJ� ORFDWHG� RQ�FKURPRVRPH�9� LPPHGLDWHO\� DGMDFHQW� WR� WKH� EUHDNSRLQW�� � 7R� H[SORUH� WKH� UHODWLRQVKLS� EHWZHHQ�7O�� DQG�&UL�IXUWKHU�ZH�H[DPLQHG�)� SODQWV�IURP�WKH�FURVV�RI�RXU�OLQHV�&ULF\WDU��FUL� D� U� 7O�� ;�)ODW����&UL� D� 5� WO������WKH�)� SODQWV�KDYLQJ�D�)7�SKHQRW\SH���2I����&UL�SODQWV�LQ�WKH�)�� ���KDG�WKH�ZLOG�W\SH�SKHQRW\SH�DQG����KDG�WKH�)7�SKHQRW\SH�� � 7KLV� UDWLR� GLG� QRW� GLIIHU� VLJQLILFDQWO\� IURP� WKH� UDWLR� RI� WKHVH� SKHQRW\SHV� DPRQJ� WKH�FUL�)�SODQWV����7O�����)7� �F� �������3a������FDOFXODWHG�IRU�D�PRGHO�LPSO\LQJ�HTXDO�SURSRUWLRQ�RI�)7�SODQWV�LQ�ERWK�FODVVHV�&UL�DQG�FUL����%HFDXVH�7O��DQG�&UL�GR�QRW�DSSHDU�WR�EH�OLQNHG�DQG�&UL�LV�FORVHU�WR�WKH�EUHDNSRLQW�WKDQ�*S� ���� ���� 7O�� PRVW� SUREDEO\� UHVLGHV� RQ� FKURPRVRPH� ,,�� 7KLV� K\SRWKHVLV� LV� VXSSRUWHG� E\� D� GHFUHDVHG�SURSRUWLRQ�RI�SODQWV�ZLWK�WKH�SKHQRW\SH�D ����RI������LQVWHDG�RI����H[SHFWHG����0RUHRYHU��DV�GLVFXVVHG�EHORZ��VRPH�RI�WKHVH����D SODQWV�ZHUH�LQ�IDFW�WULVRPLFV���1RQH�RI�WKH�D SODQWV�ZDV�VHPLVWHULOH�RU�KRPR]\JRXV�IRU�WKH�DOOHOH�JS� 7KHVH�REVHUYDWLRQV�LQGLFDWH�WKDW�WKH�D SODQWV�DUH�VWUXFWXUDO�KRPR]\JRWHV�IRU�WKH�FKURPRVRPHV�RI�WKH�VWDQGDUG�NDU\RW\SH���� 6HOI� SROOLQDWLRQ� RI� OLQHV� KHWHUR]\JRXV� IRU� WKH� +DPPDUOXQG�WUDQVORFDWLRQ� LV� NQRZQ� WR� SURGXFH� WHUWLDU\� WULVRPLFV� ZKLFK� KDYH� WKH�NDU\RW\SH� UHSUHVHQWHG� E\� WZR� VWDQGDUG� VHWV� RI� FKURPRVRPHV� ZLWK� DQ�DGGLWLRQDO� VPDOO� LQWHUFKDQJH�FKURPRVRPH������������ � ,I� WKH�VSRURSK\WLF�OHWKDO� WO�� UHVLGHV� RQ� WKH� VKRUW� DUP� RI� FKURPRVRPH� ,,� DERYH� WKH�EUHDNSRLQW� �)LJ�� ���� VWUXFWXUDO� KRPR]\JRWHV� IRU� FKURPRVRPH� ,,� ZLOO�VXUYLYH�DV�WULVRPLFV�LI�WKH�H[WUD�FKURPRVRPH�FDUULHV�WKH�ZLOG�W\SH�DOOHOH�7O�� 6XFK� D� WULVRPLF� ZRXOG� KDYH� WKH� SKHQRW\SH�*S� D� )7� DQG� IHUWLOH�SROOHQ�� 2I� VHYHQ� SODQWV� ZLWK� WKLV� SKHQRW\SH� IRXU� H[KLELWHG� GLVWLQFW�H[WHUQDO� FKDUDFWHULVWLFV� RI� WULVRPLFV�� � $Q� DQDO\VLV� RI� WKH� NDU\RW\SH� LQ�SROOHQ�PRWKHU�FHOOV�UHYHDOHG�WKH�SUHVHQFH�RI�VHYHQ�ELYDOHQWV�SOXV�D�VPDOO�XQLYDOHQW�FKURPRVRPH��7KH�IRXU�SODQWV�ZLWK�WKH�SKHQRW\SH�*S�D��QRUPDO�WHQGULOV� DQG� IHUWLOH� SROOHQ� FRXOG� UHVXOW� IURP� WZR� FURVV�RYHU� HYHQWV�EHWZHHQ�WKH�ORFL�$ DQG�7O�� 7KXV��PRVW�SUREDEO\��7O��UHVLGHV�LQ�WKH�VKRUW�DUP�RI�FKURPRVRPH�,,��DOWKRXJK�LWV�ORFDWLRQ�FRXOG�EH�GHWHUPLQHG�PRUH�UHOLDEO\�LQ�FURVVHV�LQYROYLQJ�SODQWV�ZLWK�WKH�QRUPDO�NDU\RW\SH���� 7KH�SKHQRW\SH�RI�KHWHUR]\JRWH�WO����LV�YHU\�VLPLODU�WR�WKDW�RI�WOZ����DOWKRXJK� LQ� WO���� WKH� IODW� WHQGULOV� DUH� VRPHZKDW� ZLGHU� DQG� RIWHQ� DUH�GHQWLFXODWH��)LJ������ �0RUHRYHU�� WKH�GRXEOH�KHWHUR]\JRWH�WO�����WOZ���KDV�DWKDW� RI� WKH� KRPR]\JRWH� WOZ�WOZ� 7KH� RQO\� LPSRUWDQW� GLIIHUHQFH� LV� OHWKDOLW\
FRQVLGHULQJ�WKDW�WKH�WO��PXWDQW�ZDV�JHQHUDWHG�E\�J�UDGLDWLRQ��WKH�PXWDWLRQ�PUHPRYHV��LQ�DGGLWRQ�WR�WO���DQ�DGMDFHQW�HVVHQWLDO�JHQH��$FFRUGLQJ�WR�LWV�DFWLWO[ LQ�WKH�ORFXV�WO�GHVFULEHG�SUHYLRXVO\��������0RVW� OHJXPH� VSHFLHV� ODFN� WHQGULOV�� � ,W� LV� WKHUHIRUH� UHDVRQDEOH� WR� VXSOHDIOHWV� WR� WHQGULOV� DSSHDUHG� TXLWH� ODWH� LQ� HYROXWLRQ�� QDPHO\� LQ� WKH� DQFK\SRWKHVLV� LV�VXSSRUWHG�LQGLUHFWO\�E\�YLDELOLW\�RI� WKH�QXOO�PXWDWLRQ�LQ� WKH�PXWDWLRQ�WO�� WKH�HIIHFW�RI�ZKLFK�LQ�KHWHUR]\JRXV�VWDWH�LV�DOPRVW�LQGLVWLQJXGHYHORSPHQW�LQ�HDUO\�VWDJHV�RI�HPEU\RJHQHVLV���:H�SURSRVH�WKDW�WKH�ORFXVORFXV�7O�� ZKLFK�KDG�VRPH�IXQFWLRQ�LPSRUWDQW�IRU�YLDELOLW\���7KLV�K\SRWKHVWKDW� LQ� ERWK� JHQRPLF� UHJLRQV� WKH� WZR�7O�W\SH� JHQHV� DUH� OLQNHG� WR� OHJXPLQ6HTXHQFLQJ�RI�WKH�JHQHV�7O�DQG�7O��ZRXOG�SURYLGH�DQ�H[FHOOHQW�WHVW�RI�RXU�K�
$FNQRZOHGJHPHQW�� 7KLV� ZRUN� ZDV� SDUWO\� VXSSRUWHG� E\� WKH� 5XVVLDQ� 6WDWH� 3URJ5HVHDUFK
��JUDQW�1R��������������
��� %HUGQLNRY��9�$���*RUHO��)�/��DQG�7HPQ\NK��6�9����������3LVXP�*HQHWLF��� %HUGQLNRY��9�$���*RUHO�� )�/��� %RJGDQRYD��9�6���.RVWHULQ��2�(��� 7UXV*HQHW��5HV��������������
)LJ�����$�VFKHPH�RI�D�WUDQVORFDWLRQ�FURVV� IRUPHG� LQ� PHLRVLV� RI� WKH�K\EULG� )ODW��� [ +7���� $UURZV�LQGLFDWH� SXWDWLYH� SRVLWLRQ� RI� WKH�
�SKHQRW\SH�LQGLVWLQJXLVKDEOH�IURP�� RI� WO�� KRPR]\JRWHV�� � +RZHYHU��
LJKW�UHSUHVHQW�D�VPDOO�GHOHWLRQ�WKDW�RQ��WO��UHVHPEOHV�D�OHWKDO�PXWDWLRQ�
SRVH� WKDW� FRQYHUVLRQ� RI� WKH� GLVWDO�HVWRUV� RI� WKH� WULEH� 9LFLHDH�� 7KLV�JHQH� WO� +RZHYHU��ORVV�RI�IXQFWLRQ�LVKDEOH�IURP�WOZ��� VHHPV�WR�DUUHVW��7O�DSSHDUHG�YLD�GXSOLFDWLRQ�RI�WKH�LV�LV�VXSSRUWHG�E\�WKH�REVHUYDWLRQ�� JHQHV� DQG�KLVWRQH�+��JHQHV� �����\SRWKHVLV���

UDP� 
5XVVLDQ� )XQG� IRU� )XQGDPHQWDO�

V������������RY��<�$�� DQG�5R]RY�� 6�0�� � �������

O O
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��� *RUHO��)�/���%HUGQLNRY��9�$��DQG�7HPQ\NK��6�9����������3LVXP�*HQHWLFV��������������� *RUHO��)�/���.RVWHULQ��2�(��DQG�%HUGQLNRY��9�$����������3LVXP�*HQHWLFV������������ 3HOOHZ��&����������-��*HQHW������������������ :HHGHQ��1�)���(OOLV��7�+�1���7LPPHUPDQ�9DXJKDQ��*�0���6ZLHFLFNL��:�.���5R]RY��6�0��DQG�%HUGQLNRY��9�$����������3LVXP�*HQHWLFV����������


