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0LO�0RVFRZ�+HOLFRSWHU�3ODQW5XVVLD

$EVWUDFW7KH�0L����KHOLFRSWHU�LV�D�OLJKWZHLJKW�KHOLFRSWHU��6XFKKHOLFRSWHUV�� DV� LW� LV� ZHOO� NQRZQ�� DUH� WKH� PRVWZLGHVSUHDG� FODVV� LQ� WKH� ZRUOG�� 7KHUHRI�� GXULQJGHVLJQLQJ� D� OLJKWZHLJKW� +HOLFRSWHU� LW� LV� QHFHVVDU\� WRWDNH� LQWR� DFFRXQW� H[WUDRUGLQDU\� KLJK� OHYHO� RI� DFRPSHWLWLRQ�LQ�WKH�JOREDO�PDUNHW�7R� LQFUHDVH� FRPSHWLWLYHQHVV� RI� WKH� +HOLFRSWHU� LW� LVQHFHVVDU\� WR� LPSURYH�DV�PXFK�DV�SRVVLEOH� LWV� VWUHQJWKDQG� IOLJKW� SHUIRUPDQFH�� WR� LPSURYH� UHOLDELOLW\� DQG� WRUHGXFH�H[SHQVHV�ERWK�LQ�PDQXIDFWXUH��DQG�LQ�RSHUDWLRQ�7KH� FUHDWLRQ� RI� D� SHUIHFW� URWRU� LV� D� NH\� WDVN� LQDFKLHYHPHQW�RI�WKHVH�SXUSRVHV�'XULQJ� GHVLJQLQJ� RI� WKH� 0L���� +HOLFRSWHU� URWRUYDULRXV�YHUVLRQV�RI�LWV�DHURG\QDPLF�OD\RXW��GHVLJQ�DQGWHFKQRORJ\�RI�PDQXIDFWXULQJ�ZHUH�DQDO\]HG�7KH� SUHOLPLQDU\� HVWLPDWLRQV� RI� WKH� FRVW� RI� VHULHVSURGXFWLRQ� RI� DOWHUQDWLYH� YHUVLRQV� RI� WKH� GHVLJQ� ZHUHDOVR�PDGH��7KH�UHVXOW�RI�DFWLYLW\�ZDV�WKH�FUHDWLRQ�RI�DURWRU�PDGH�RQ�WKH�VFKHPH�FORVH�WR�EHDULQJOHVV�ZLWK�DOO�FRPSRVLWH� EODGHV�� 7KH� PDLQ� WHFKQRORJLFDO� IHDWXUH� RIWKHVH� EODGHV� LV� WKDW� WKH\� SUDFWLFDOO\� DUH� FRPSOHWHO\PDGH�E\�D�ZLQGLQJ�PHWKRG��7KLV�PHWKRG�RI��FRPSRVLWHEODGH� PDQXIDFWXULQJ� KDV� EHHQ� GHYHORSLQJ� DW� WKH�0LO0RVFRZ�+HOLFRSWHU�3ODQW�IRU�VHYHUDO�GHFDGHV�DQG�� WKHH[SHULHQFH�JDLQHG��ZDV� XVHG�GXULQJ� GHVLJQLQJ�RI� � WKH0L����+HOLFRSWHU� URWRU�DQG�KDV� DOORZHG� WR� GHVLJQ� WKHURWRU�ZLWK�YHU\�KLJK�FKDUDFWHULVWLFV�
�� ,QWURGXFWLRQ�
7KH� FRQWURO� V\VWHP� RI� WKH� 0L���� KHOLFRSWHU� KDV� QRK\GUDXOLF� DFWXDWRUV�� ,Q� RUGHU� WR� HQVXUH� DFFHSWDEOHIRUFHV� LQ� D� IOLJKW� FRQWURO� V\VWHP�� GXULQJ� URWRU

SDUDPHWHUV� VHOHFWLRQ� D� VSHFLDO� DWWHQWLRQ� ZDV� JLYHQ� WRDHURG\QDPLF�OD\RXW�RI�WKH�EODGH�'XULQJ�GHYHORSPHQW�RI�WKH�URWRU�GHVLJQ��WKH�DXWKRUV�RIWKH� SURMHFW� SURFHHGHG� IURP� WKH� DVVXPSWLRQ� WKDW� WKHPRGHUQ� UHTXLUHPHQWV� WR� WKH� KHOLFRSWHU� URWRUDHURG\QDPLF� FKDUDFWHULVWLFV�� ZHLJKW�� VWUHQJWK� DQGVHUYLFH�OLIH�FDQ�EH�RQO\�PHW�ZLWK�WKH�XVH�RI�FRPSRVLWHPDWHULDOV�� ,I� FRPSRVLWH� PDWHULDOV� DUH� XVHG� LQ� D� PDLQURWRU� GHVLJQ�� WZR� HVVHQWLDOO\� GLIIHUHQW� DSSURDFKHV� WRVHOHFWLRQ�RI�WKH�URWRU�GHVLJQ�FRQFHSW�DUH�IHDVLEOH�7KH�ILUVW�DSSURDFK�LV�WR�NHHS�SDUWLWLRQLQJ�RI�D�URWRU�LQWRVHSDUDWH�DJJUHJDWHV�±�URWRU�KXE�DQG�EODGHV��,Q�WKLV�FDVHWKH�EODGHV�FDQ�EH�FRPSOHWHO\��FRPSRVLWH��DQG�WKH�KXE�� FRPSOHWHO\� PHWDO� ZLWK� FRQYHQWLRQDO� KLQJHV� ZLWKEHDULQJV�� 7KH� FODVVLFDO� PHWDO� KLQJHG� URWRU� KXE� LV� DUDWKHU� LQWULFDWH� DJJUHJDWH� DQG� UHTXLUHV� VLJQLILFDQWH[SHQVHV� IRU� PDLQWHQDQFH� LQ� RSHUDWLRQ�� 7KHUHSODFHPHQW� RI� VXFK� D� FRQYHQWLRQDO� KLQJHV� E\HODVWRPHULF� EHDULQJV� RU� WRUVLRQ� EDUV� �PHWDO� RUFRPSRVLWH��� LV� REVROHWH� E\� LWV� �SKLORVRSK\�� DQG� GRHVQRW�FRUUHVSRQG�WR�FDSDELOLWLHV�RI�PRGHUQ�PDWHULDOV�DQGWHFKQRORJLHV��:LWK� VXFK� DQ�DSSURDFK� WKH�KXE�UHPDLQVWR� EH� RQH� RI� PRVW� FRPSOLFDWHG� DQG� H[SHQVLYHDJJUHJDWHV�RI�D�KHOLFRSWHU��ERWK�LQ�PDQXIDFWXUH�DQG�LQRSHUDWLRQ���7KH�QXPEHU�RI� SDUWV� DQG�FRQQHFWLRQV� LQ� DURWRU�GHFUHDVHV�� LQ�FRPSDULVRQ�ZLWK�D�FODVVLFDO�KLQJHGURWRU��EXW�GRHV�QRW�FKDQJH�LQ�HVVHQFH�7KH�VHFRQG�DSSURDFK�LV�EDVHG�RQ�WKH�IDFW�� WKDW� WKRXJKWKH�URWRU�KXE�EHFDPH�RQH�RI� WKH�PDLQ�DJJUHJDWHV�RI�DKHOLFRSWHU� �LI� WR� MXGJH� E\� GHVLJQ� FRPSOH[LW\��� LQWHFKQLFDO� HVVHQFH� LW� LV� QRW� D� PDQGDWRU\� HOHPHQW� RI� DKHOLFRSWHU��,W�LV�NQRZQ�WKDW�LQ�WKH�ILUVW�PRGHOV�DQG�IXOO�VFDOH� VDPSOHV� RI� URWDU\�ZLQJ� YHKLFOHV� WKH� URWRU� KXEV�DV� D� VHSDUDWH� DJJUHJDWH�� ZHUH� DFWXDOO\� DEVHQW� DQGORRNHG� OLNH� D� VLPSOH� ERVV�� IL[HG� RQ� WKH� VKDIW� RI� WKH
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JQW76DDPGUHE2HOLPLQDWLRQ� RI� �XQQHFHVVDU\�� MRLQWV� DQG� FRQVHTXHQWZHLJKW�UHGXFWLRQ��DV�ZHOO�DV�VHUYLFH�OLIH�LPSURYHPHQW�VXFK� D� GHVLJQ� �� WHFKQRORJLFDO� VFKHPH� ZDV� FKRVHQ
SDUHQW�YHUVLRQ�IRU�WKH�0L����KHOLFRSWHU�URWRU��ZKLFK�LQWKH�EHJLQQLQJ�RI� GHYHORSPHQW� KDG� D� WDNH�RII�PDVV� RI���� NJ�� +RZHYHU�� EHFDXVH� RI� LPSRVVLELOLW\� WR

)LJ���

)LJ���
HDUER[��+RZHYHU�PDWHULDOV��DYDLODEOH�DW� WDW� WLPH��GLGRW�DOORZ� WR�VROYH�SUREOHPV�RI� URWRUFUDIW�VWDELOLW\� DQGR� HQVXUH� QHFHVVDU\� VWUHQJWK�ZLWKRXW� KXE� DUWLFXODWLRQ�KH�LQYHQWLRQ�RI�WKH�LQJHQLRXV�GHVLJQHU�RI�J\URSODQHVLHUYD� KDV� LQLWLDWHG� RSHUDWLRQDO� XVH� RI� URWRUV� ZLWKUWLFXODWHG�KXEV��:LWK�WKH�PRGHUQ�FRPSRVLWH�PDWHULDOVYDLODEOH�� ZKLFK� DOORZ� WR� SURYLGH� EODGH� IODSSLQJRWLRQV� DQG� DQJOH� RI� DWWDFN� FKDQJHV� WKURXJK� HODVWLFHIRUPDWLRQV�� WKH� UHWXUQ� WR� �KXE�OHVV´� WR� KHOLFRSWHURWRUV�EHJDQ��6XFK�D�URWRUV�HLWKHU�KDYH�EODGHV�ZLWK�DQODVWLF� URRW� HQG�� RU� WKH\� KDYH� PRGXOXV� GHVLJQ� ZLWKXLOW�LQ� HODVWLF� HOHPHQWV� DQG� OHDG�ODJ� EODGH� GDPSHUV�ZLQJ� WR� IXQGDPHQWDO� GHFUHDVH� RI� SDUWV� QXPEHU� DQG

GXULQJ�WKH�0L����KHOLFRSWHU�PDLQ�URWRU�GHYHORSPHQW��� 6HOHFWLRQ�RI�WKH�PDLQ�URWRU�EODGHRSWLPXP�DHURG\QDPLF�OD\RXW�
$V�OLJKWZHLJKW�KHOLFRSWHUV�KDYH�QR�K\GUDXOLF�DFWXDWRUVLQ� IOLJKW� FRQWURO� V\VWHP�� LW� LV� HVVHQWLDOO\� LPSRUWDQW� WRSURYLGH�VPDOO�KLQJH�PRPHQWV�RQ�WKH�PDLQ�URWRU�EODGHV�'XULQJ� GHVLJQLQJ� RI� WKH� PDLQ� URWRU� IRU� � ©:\bZlbdZ����ª� KHOLFRSWHU�� ZLWK� WDNHRII� ZHLJKW� RI� ���� NJ�� WKHEODGH�VKRZQ�LQ�D�ILJ���ZDV�LQYHVWLJDWHG���7KH� EODGH� ZLWK� VXFK� D� SODQH� IRUP� KDV� UDWKHU� JRRGKLQJH�PRPHQW�FKDUDFWHULVWLFV�DQG�ZDV�FRQVLGHUHG�DV�D
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PHFKDQL]H� WKH�SURFHVV� RI�PDQXIDFWXULQJ� RI� WKH� EODGHZLWK�VXFK�FRPSOH[�VKDSH��WKLV�YDULDQW�ZDV�UHMHFWHG�DQGODWHU� RQ� WKH� YHUVLRQV� SUHVHQWHG� LQ� ILJ�� �� ZHUHFRQVLGHUHG�� 7KH� EDVLF� JHRPHWULFDO� DQG� PDVVFKDUDFWHULVWLFV�RI�YDULDQWV�RI�EODGHV�DUH�VXEPLWWHG� LQ�DILJ����

)LJ���7KH�ILUVW�OD\RXW�LV�FORVH�WR�D�FRQYHQWLRQDO� WDSHU�EODGH�6HFRQG� RQH� KDV� VR�FDOOHG� ©H[FUHVFHQFHª� RQ� LWV� URRWHQG�� ,W� ZDV� MRLQWO\� GHYHORSHG� E\�7V$*,� DQG� WKH�0LO0RVFRZ�+HOLFRSWHU� 3ODQW�DQG�KDV� GHPRQVWUDWHG� JRRGUHVXOWV� LQ� WHUPV� RI� FRPELQDWLRQ� RI� KLJK� KHOLFRSWHUIOLJKW� SHUIRUPDQFH� DQG� PRGHUDWH� ORDGV� LQ� D� FRQWUROV\VWHP��7KH�WKLUG� OD\RXW�UHSUHVHQWV�D�EODGH�ZLWK� WDSHUSODQH� IRUP� ZLWK� WKH� FKDQJHG� SRVLWLRQ� D� IHDWKHULQJKLQJH�D[LV�UHODWLYH� WR� WKH�EODGH�FHQWHUOLQH�� ,Q�RUGHU� WRUHGXFH�WKH�ZDYH�DQG�LQGXFHG�GUDJ�DW�WKH�EODGH�WLS��DQGDOVR� WR� UHGXFH� D� EODGH� QRLVH� OHYHO�� DOO� YHUVLRQV� KDYHSUDFWLFDOO\� LGHQWLFDO� WLS��ZKLFK� SODQH� IRUP� LV� FORVH� WRHOOLSWLFDO�7DNLQJ�LQWR�DFFRXQW�WKH�ILHOG�RI�KHOLFRSWHU�DSSOLFDWLRQDQG� IRU� WKH� SXUSRVH� RI� WHFKQRORJLFDO� HIIHFWLYHQHVVLPSURYHPHQW��RQH�PRGHUQ�&70�DLUIRLO�ZDV�FKRVHQ��,WZDV� GHYHORSHG� E\� 7V$*,� DQG� KDV� KLJK� DHURG\QDPLFHIILFLHQF\�DQG�KLJK�HQRXJK�PD[LPXPV�OLIW�FRHIILFLHQW�,Q� RUGHU� WR� DQDO\]H� WKH� EODGH� SODQH� IRUP� WKHFDOFXODWLRQV� IRU� DOO� EODGH� OD\RXWV�� ZLWK� VDPH� OLQHDUWZLVW�RI��q��ZHUH�PDGH��&RPSDUDWLYH�GDWD�IRU�KRYHULQJ�KRUL]RQWDO� IOLJKW� DQG� YHUWLFDO� PDQHXYHU� ZLWK� Q\ ���ORDG�IDFWRU�DUH�UHSUHVHQWHG�LQ�WDEOH���)URP�H[SHULHQFH�RI�URWRU�GHVLJQLQJ�LW�LV�NQRZQ��WKDW�LQGHYHORSPHQW�RI�QHZ�EODGH�OD\RXWV�LW�LV�PRVW�LPSRUWDQWWR�JLYH�DWWHQWLRQ�WR�FRVLQH�FRPSRQHQW�RI�D�EODGH�KLQJHV

PRPHQW� ILUVW� KDUPRQLF�� 7KLV� LV� EHFDXVH� RQ� DQDVVHPEOHG� LW� LV� SUDFWLFDOO\� LPSRVVLEOH� WR� DGMXVW� WKLVSDUDPHWHU� ZLWKRXW� LQWURGXFWLRQ� RI� PDMRU� FKDQJHV� WREODGH� GHVLJQ�� 8QOLNH� FRVLQH�� WKH� VLQH� FRPSRQHQW� RIKLQJH� PRPHQW� ILUVW� KDUPRQLF� PD\� EH� FKDQJHG� E\PHDQV�RI� WULPPHU�� XVHG� IRU� FRQFLQQLW\� DGMXVWPHQW�� RUE\�EHQGLQJ�RI�DQ�DLUIRLO�WDLO�SODWH�7KH� UHVXOWV� RI� FDOFXODWLRQV� �)LJ�� ��� KDYH� DOORZHG� WRPDNH� D� FRQFOXVLRQ� WKDW� WKH� EHVW� FRPELQDWLRQ� RI� WKHDHURG\QDPLF�FKDUDFWHULVWLFV�DQG�KLQJH�PRPHQW� IRU� WKHEODGH� RI� WKH� KHOLFRSWHU� EHLQJ� GHVLJQHG� KDV� D� OD\RXW����7KH�IDYRUDEOH� FRPELQDWLRQ�RI� WLS� DQG� URRW� SODQHIRUP� DOORZV� WR� HQVXUH� KLJK� KHOLFRSWHU� SHUIRUPDQFHZLWK�D�PRGHUDWH�KLQJH�PRPHQWV�RI�WKH�EODGH��+RZHYHUVXFK� D� IRUP� UHVXOWV� DOVR� LQ� SURGXFWLRQ� SURFHVVHVFRPSOLFDWLRQV� DQG�� KHQFH�� LQ� LQFUHDVH� RI� FRVW� RI� ERWKWKH�WROOLQJ�DQG�WKH�KHOLFRSWHU�DV�D�ZKROH��7KHUHIRUH��IRUWKH�IXUWKHU�VWXGLHV��WKH�EODGH�OD\RXW�D�WDSHU�SODQH�IRUPZDV� FKRVHQ� �)LJ�� ���� ,W� KDV� VLPLODU� DHURG\QDPLFFKDUDFWHULVWLFV�� PRUH� VLPSOH� DQG� FKHDS� SURGXFWLRQWHFKQRORJ\�ZLWK�VOLJKW�LQFUHDVH�RI�KLQJH�PRPHQW�OHYHO�7DEOH���
9DULDQW � � �0RGH�RI�IOLJKW 3DUDPHWHUKR+ ���,6$ ���� ���� ����
72:��NJIG ���,6$ ���� ���� ����
6WDWLF�FHLOLQJ��P72: �����NJI+ ���,6$
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1(��KS ��� ��� ���0E���NJIP ���� ��� ����0EF��NJIP ��� ��� ���0EV��NJIP ��� ��� ���
+RUL]RQWDOIOLJKW9 �����NP�K+ �P��,6$ 1(��KS ��� ��� ���0E���NJIP ���� ��� ����0EF��NJIP ��� ��� ����0EV��NJIP ��� ��� ���
+RUL]RQWDOIOLJKW9 �����NP�K+ �P��,6$ 1(��KS ��� ��� ���0E���NJIP ���� ���� ����0EF��NJIP ��� ��� ���+RUL]RQWDOIOLJKW9 �����NP�K+ ����P��,6$ 0EV��NJIP ��� ��� ����

0E���NJIP ���� ���� ���0EF��NJIP ��� ��� ���6WHHS� FOLPE�Q\ ���9LQ ����NP�K+ ��P��,6$ 0EV��NJIP ���� ���� ����
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�� 'HYHORSPHQW�RI�D�'HVLJQ�
'XULQJ�WKH�GHYHORSPHQW�RI�WKH�PDLQ�URWRU�EODGH�GHVLJQ��RQH�PDWHULDO� �� RQH� WHFKQRORJLFDO� SURFHVV��� � JXLGLQJSULQFLSOH� ZDV� SURFODLPHG�� 4XDOLW\�� UHSHDWDELOLW\� RIFKDUDFWHULVWLFV�DQG�FRVW�RI�SURGXFWV�PDGH�RI�FRPSRVLWHPDWHULDOV�� ODUJHO\� GHSHQG� RQ� KRZ� WKHLU� GHVLJQ� LVVXLWDEOH� IRU� DSSOLFDWLRQ� RI� PHFKDQL]HG� PHWKRGV� RIFRPSRVLWH� PDWHULDOV� SURFHVVLQJ�� DV� WKH� PDQXDORSHUDWLRQV� DUH� DQ� HVVHQWLDO� ULVN� IDFWRU� DQG�FRQVHTXHQWO\�� WKH� UHGXFWLRQ� RI� WKHLU� QXPEHU� WR� DPLQLPXP�LV�H[WUHPHO\�GHVLUDEOH�,W� LV� NQRZQ�� WKDW� WKRVH� GHVLJQV� PDGH� RI� FRPSRVLWHPDWHULDOV� DUH� PRVW� ZHLJKW� HIILFLHQW�� LQ� ZKLFK� WKHILEURXV� QDWXUH� DQG� DQLVRWURS\� RI� FRPSRVLWH� PDWHULDOVVWUHQJWK� SURSHUWLHV� DUH� XWLOL]HG� DW� WKH� PRVW�� )RU� WKLVUHDVRQ� WKH� EODGH� GHVLJQ� PDNHV� XVH� RI� WKH� ORRSEDFNMRLQWV� DQG� ORQJLWXGLQDO� FRPSRVLWH� PDWHULDOXQLGLUHFWLRQDO� SOLHV�� $OO� EODGH� GHVLJQ� HOHPHQWV� DUHVXSSRVHG� WR� EH� PDGH� E\� D� ZLQGLQJ� E\� D� ZLQGLQJPHWKRG��1RZDGD\V���H[FHSW�IRU�ZLQGLQJ��D�KDQG�OD\�XSPHWKRG� LV� DOVR� XVHG� GXULQJ� IDEULFDWLRQ� RI� FRPSRVLWHEODGHV��7KH�VHOHFWLRQ�RI�ZLQGLQJ�PHWKRG�ZDV�PDGH�IRUWKH�IROORZLQJ�UHDVRQV�x DW� VHULDO� SURGXFWLRQ� D� OD\�XS� SURFHVVHV� UHTXLUHLQGXVWULDO�SUHPLVHV�RI�VLJQLILFDQW�DUHD��7KH\�PXVW�KDYHFRQWUROOHG� FOLPDWH� DQG� VSHFLDO� DUUDQJHPHQWV� IRU
����
)LJ���
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ZRUNHUV�KHDOWK�SURWHFWLRQ�x VSHFLDO� H[SHQVLYH� HTXLSPHQW� LV� UHTXLUHG� IRU� KLJKTXDOLW\�FXW�RXW�RI�D�KXJH�QXPEHU�RI�SOLHV�x LQ� RUGHU� WR� HQVXUH� UHSHDWDELOLW\� RI� PDVV� DQGVWLIIQHVV� FKDUDFWHULVWLFV� RI� WKH� ILQDO� SURGXFWV� LW� LVUHTXLUHG� WR� PDUN� DQG� ZHLJKW� HDFK� VHSDUDWH� SO\� ZLWKVXEVHTXHQW�VHWV�VHOHFWLRQ�x DV� WKH� SURGXFWV� PDGH� E\� OD\�XS� WHFKQRORJ\� DUHKXQGUHG�SHUFHQW�KDQGPDGH��DQG�WKH�PDQ��DV�LV�NQRZQ�LV� WKH� PRVW� XQUHOLDEOH� HOHPHQW� LQ� VXFK� IDEULFDWLRQVFKHPHV��D� WRWDO�TXDOLW\�FRQWURO�DIWHU�HDFK�RSHUDWLRQ�LVUHTXLUHG��SOXV�LPSOHPHQWDWLRQ�RI�DOO�NLQGV�RI� WKH�QRQ�GHVWUXFWLYH�TXDOLW\�FRQWURO�RI�D�ILQDO�SURGXFW�x DW� VHULDO� SURGXFWLRQ� RI� FRPSRVLWH� SDUWV� ZLWK� WKHXVH� RI� OD\�XS� PHWKRG� WKHUH� DUH� VHULRXV� SUREOHPVUHODWHG� WR� VWRUDJH� DQG� WUDQVSRUWDWLRQ� RI� WKH� ODUJHQXPEHU�RI��ZHW��ORQJ�VL]HG�SOLHV�RI��SUHSUHJ��IURP�WKHDUHD�RI�SO\�FXW�RXW�WR�WKH�DUHD�RI�SDUW�DVVHPEO\��WKLV�LVWKH�VWDJH�ZKHUH�WKH�ZULQNOHV�DUH�PRVW�OLNHO\�WR�HPHUJH�
�� 5HIHUHQFHV�
�� -DVRQ� 'XUQR�� 6LNRUVN\� $LUFUDIW� &RUSRUDWLRQ�0LO�DQG�6LNRUVN\��7DNLQJ�5XVVLDQ� ��$PHULFDQ&RRSHUDWLRQ� WR� 1HZ� +HLJKWV�� 3URFHHGLQJV� RIWKH��WK�5XVVLDQ�+HOLFRSWHU�6RFLHW\�)RUXP�DQG<XULHY�0HPRULDO�/HFWXUH��0���������� 7LVFKHQNR� 0�1��� $UWDPRQRY� %�/��� =DYDORY2�$���0RL]\NK�(�,���=REQLQ�9�$���,YFKLQ�9�$��0LG]LDQRYVN\� 6�3��� 7NDFKHY� 9�,��� 3DYOHQNR1�6�� � 0L���� 0$,� /LJKW� 0XOWLSXUSRVH+HOLFRSWHU�� 3URFHHGLQJV� RI� WKH� �UG� 5XVVLDQ+HOLFRSWHU� 6RFLHW\� )RUXP� DQG� <XULHY0HPRULDO�/HFWXUH��0��������
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