
$5$%7$/.�
$Q�,PSOHPHQWDWLRQ�IRU�$UDELF�7H[W�7R�6SHHFK�6\VWHP��<DVVHU�+LIQ\����6KDG\�4XUDQ\� 6DODK�+DPLG����0RKVHQ�5DVKZDQ�

�

�'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH��8QLYHUVLW\�RI�6KHIILHOG��8.���'HSDUWPHQW�RI�,QIRUPDWLRQ�7HFKQRORJ\��&DLUR�8QLYHUVLW\��(J\SW��'HSDUWPHQW�RI�(OHFWULFDO�(QJLQHHULQJ��+LJKHU�7HFKQRORJLFDO�,QVWLWXWH��(J\SW��'HSDUWPHQW�RI�(OHFWURQLFV�DQG�&RPPXQLFDWLRQ�(QJLQHHULQJ��&DLUR�8QLYHUVLW\��(J\SW��2WKHU�SDUWLFLSDQWV�0XKDPPDG�$WL\\D� $KPLG�5DJKHE� *DODDO�.KDOODDI�
�5HVHDUFK�	�'HYHORSPHQW�,QWHUQDWLRQDO��5',�$EVWUDFW��

7KLV� SDSHU� GHVFULEHV� WKH� $5$%7$/.� 7H[W�7R�6SHHFK� �776�� V\QWKHVLV� V\VWHP�� GHYHORSHG� DW� 5',�� IRU� $UDELF� ODQJXDJH��
$5$%7$/.� LV�D�VWDWH�RI�WKH�DUW�FRUSXV�EDVHG�FRQFDWHQDWLYH�776�V\VWHP��7KH�V\VWHP�HPSOR\V�$UWLILFLDO�1HXUDO�1HWZRUNV��$11��VWDWLVWLFDO�SURVRG\�EDVHG�PRGHOV�IRU�GXUDWLRQ��HQHUJ\��DQG�JOREDO�SLWFK�FRQWRXU�SUHGLFWLRQ��,Q�DGGLWLRQ��LW�KDV�D�UHDO�WLPH�V\QWKHVLV�E\�
VHOHFWLRQ� DOJRULWKP� WR� H[SORUH� ODUJH� VSHHFK� FRUSXV�� $5$%7$/.� KDV� D� KLGGHQ� 0DUNRY� PRGHOV� �+00V�� EDVHG� SURFHGXUH� WR�DXWRPDWLFDOO\� WLPH�DOLJQ�QHZ�YRLFHV� WUDQVFULSWLRQV� WR� WKHLU� DFRXVWLF�SKRQHPH�ERXQGDULHV�� ,Q� WKLV� IUDPHZRUN�� D�PDWXUH�SKRQRORJ\�IUDPHZRUN�KDV�EHHQ�GHYHORSHG�DQG�PDQ\�SHUIHFW�UXOH�EDVHG�PRGHOV�ZHUH�XWLOL]HG�LQ�WKH�SURFHVV�RI�OHWWHU�WR�VRXQG�FRQYHUVLRQ��7KH�V\VWHP� LV� PXOWL�XVHU� DQG� VDIH�WKUHDGHG� HQDEOHG� IRU� VHUYHU� EDVHG� DSSOLFDWLRQV�� 7KLV� UHVHDUFK� DLPV� WR� DGYDQFH� WKH� SURFHVV� RI�GHYHORSLQJ�KLJK�TXDOLW\�$UDELF�776�V\QWKHVLV��ZKLFK�\LHOGV�QDWXUDO�DQG�KXPDQ�VRXQGLQJ�$UDELF�YRLFHV���
���,QWURGXFWLRQ��

&RUSXV�EDVHG�XQLW�VHOHFWLRQ�FRQFDWHQDWLYH�WH[W�WR�VSHHFK�SDUDGLJPV�DUH�WKH�VWDWH�RI�WKH�DUW�KLJK�TXDOLW\�QDWXUDO�776�
V\VWHPV�� $5$%7$/.� LV� RQH� RI� WKHVH� V\VWHPV�� ZKLFK� LV� GHYHORSHG� VSHFLDOO\� IRU� $UDELF� /DQJXDJH�� 7KLV� SDSHU�
GHVFULEHV� WKH� RYHUDOO� DUFKLWHFWXUH�� VHYHUDO� FRPSRQHQWV� RI� WKH� V\VWHP�� DQG� OLQJXLVWLF� FRQFHSWV� IRU� $UDELF�� 0DQ\�
FRPSRQHQWV�RI�WKH�V\VWHP�DUH�FRUSXV�EDVHG�OLNH�VWDWLVWLFDO�SURVRG\�PRGHOV�DQG�FRUSXV�SUHSDUDWLRQ���

7KLV�SDSHU�LV�VWUXFWXUHG�DV�IROORZV��6HFWLRQ���GHVFULEHV�WKH�$UDELF�SKRQRORJ\�GHYHORSHG�WR�JHQHUDWH�SKUDVHV�WDUJHWV�
DQG� SKRQRORJLFDO� IHDWXUHV�� ZKLFK� DUH� XWLOL]HG� LQ� WKH� SURVRG\� SUHGLFWLRQ� DQG� XQLW� VHOHFWLRQ� SURFHVV�� 7KH� DSSURDFK� WR�
SUHSDUH� WKH� VSHHFK�DOLJQHG� FRUSXV� LV� SUHVHQWHG� LQ� VHFWLRQ� ��� 7KH� GHVFULSWLRQ� RI� WKH� VWDWLVWLFDO� SURVRG\� PRGHOV� LV�
SUHVHQWHG� EULHIO\� LQ� VHFWLRQ� ��� 6HFWLRQ� ��� GHVFULEHV� WKH� WZR� NLQG� RI� XQLWV� XVHG� IRU� FRQFDWHQDWLRQ�� PRQRSKRQH� DQG�
GLSKRQH��6HFWLRQ����GHVFULEHV�WKH�XQLW�VHOHFWLRQ�SURFHVV��)LQDOO\��VHFWLRQ���VXPPDULHV�RXU�FRQFOXVLRQV�DQG�DQ�H[SHFWHG�
IXWXUH�ZRUN���

���$�IUDPHZRUN�IRU�$UDELF�SKRQRORJ\��
$5$%7$/.� KDV�D�PDWXUH�$UDELF�SKRQRORJ\�IUDPHZRUN��0DQ\�SUREOHPV�KDYH�WR�EH�GHILQHG�DQG�VROYHG�LQ�RUGHU�

WR�DFKLHYH�DXWRPDWLF�OHWWHU�WR�VRXQG�FRQYHUVLRQ�DQG�SURYLGH�DOO�WKH�QHFHVVDU\�LQIRUPDWLRQ�IRU�RWKHU�FRPSRQHQWV�RI�WKH�
V\VWHP�OLNH�SKRQRORJLFDO�WR�DFRXVWLF�FRPSRQHQWV�PDSSLQJ��GXUDWLRQ��HQHUJ\��DQG�LQWRQDWLRQ�PRGHOV��DQG�XQLW�VHOHFWLRQ�
SURFHVV���

2XU�YLVLRQ�IRU�$UDELF�ODQJXDJH�VXJJHVWHG�WKH�IROORZLQJ�WDVNV�WR�EH�VROYHG�LQ�RUGHU�WR�KDYH�D�UHDVRQDEOH�RXWSXW���
6WDQGDUG�$UDELF�ODQJXDJH�KDV�WZHQW\�HLJKW�FRQVRQDQWV�DQG�VL[�YRZHOV��7KH�VL[�YRZHOV�DUH�GLYLGHG�LQWR�WKUHH�VKRUW�

YRZHOV� DQG� WKUHH� ORQJ� YRZHOV��7KH� ORQJ� YRZHOV� KDYH� VLPLODU� VSHFWUDO� SURSHUWLHV� OLNH� WKHLU� VKRUW� YRZHO� YHUVLRQ�ZLWK�
� 5HVHDUFK�DQG�'HYHORSPHQW�,QWHUQDWLRQDO��5',��KWWS���ZZZ�UGL�HJ�FRP��
�



ORQJHU� GXUDWLRQV� WKDQ� WKH� VKRUW� YRZHO� YHUVLRQ��+RZHYHU�� WKH� FXUUHQW� V\VWHP� KDV� ��� SKRQHWLF� OHWWHUV� E\� DGGLQJ� H[WUD�
SKRQHPHV�WR�FRQVLGHU�WKH�HIIHFW�RI�WKH�SKDU\QJHDOL]HG�SKRQHPHV���

0RUSKRORJLFDO�GLDFULWLFV�DUH�WKH�GLDFULWLFV�RI�D�ZRUG�FKDUDFWHUL]HG�E\�ZRUG�VWUXFWXUH�DQG�LW�LV�RQH�RI�WKH�FRUH�WDVNV�
LQ�RUGHU� WR�KDYH�DXWRPDWLF� OHWWHU� WR� VRXQG�FRQYHUVLRQ��$UDELF�RUWKRJUDSK\�GRHV�QRW�FRQVLGHU� VKRUW�YRZHOV�ZLWKLQ� WKH�
ZRUG�VWUXFWXUH��5',�KDV�D�VWDWLVWLFDO�VROXWLRQ�GHYHORSHG�E\�WKH�1/3�JURXS�WR�SUHGLFW�SRVVLEOH�VKRUW�YRZHO�SDWWHUQV�IRU�D�
VHTXHQFH�RI�ZRUGV�>�@���

6\QWDFWLF�GLDFULWLFV�DUH� WKH� VKRUW�YRZHOV�DVVLJQHG� WR� WKH�HQG�RI�HDFK�ZRUG�DQG� WKH\�DUH� DVVLJQHG�RQ� WKH�EDVLV�RI�
V\QWDFWLF�DQDO\VLV�IRU�WKH�ZKROH�SKUDVH��7KH�SURVRG\�JHQHUDWLRQ�DQG�WKH�XQLW�VHOHFWLRQ�DOJRULWKPV�DUH�DIIHFWHG�GLUHFWO\�
E\� V\QWDFWLF� GLDFULWLFV� DV� WKH� DFWXDO� GDWDEDVHV� DUH� UHFRUGHG� LQ� D� QDWXUDO� ZD\�� ,Q� RUGHU� WR� DYRLG� GHYHORSLQJ� V\QWDFWLF�
$UDELF�DQDO\]HU��ZH�VXJJHVWHG�DQG�LQWURGXFHG�D�QRYHO�FRUSXV�EDVHG�DSSURDFK�DV�D�ZRUNDURXQG�WR�SUHGLFW�WKH�V\QWDFWLF�
GLDFULWLFV� EDVHG� RQ�+00�7DJJLQJ� PHWKRGV�� 7KLV� DSSURDFK� ZLOO� EH� GHYHORSHG� E\�1/3� JURXS� DQG� LQWHJUDWHG� WR� WKH�
V\VWHP�LQ�WKH�IXWXUH�YHUVLRQV��&XUUHQWO\��ZH�DVVLJQ�D�EOLQG�GHIDXOW�GLDFULWLF�W\SH�IRU�WKH�V\QWDFWLF�GLDFULWLFV�GXULQJ�WKH�
DXWRPDWLF�OHWWHU�WR�VRXQG�FRQYHUVLRQ�RU�WKH\�FRXOG�EH�VXSSOLHG�PDQXDOO\���

&RQVRQDQW�FOXVWHUV�DUH�HOLPLQDWHG�DV�$UDELF�KDV�D�SURVRGLF�QDWXUH�WR�UHPRYH�KHDY\�SURQXQFLDWLRQ��7KH�FRQVRQDQW�
FOXVWHUV� DUH� WKUHH� DGMDFHQW� FRQVRQDQWV�� ZKLFK� PD\� UHVXOW� GXULQJ� WKH� SK\VLFDO� SURQXQFLDWLRQ�� DQG� DUH� HOLPLQDWHG� E\�
LQVHUWLQJ�D�VKRUW�YRZHO�EHWZHHQ�WKH�ILUVW�DQG�VHFRQG�FRQVRQDQW��7KH�W\SH�RI�WKH�VKRUW�YRZHO�LV�VHOHFWHG�E\�XVLQJ�VLPSOH�
UXOH�EDVHG�PRGHO��

3KRQHWLF� JUDPPDU� YDOLGDWLRQ� LV� D� SURFHGXUH� WR� HQVXUH� WKDW� D� JLYHQ� SKUDVH� FRXOG� EH� SDUVHG� FRUUHFWO\� E\� WKH�
V\OODELILFDWLRQ� DOJRULWKP� ZKHUH� DQ� $UDELF� V\OODEOH� PXVW� VWDUW� ZLWK� RQO\� RQH� FRQVRQDQW� DQG� WKH� V\OODELF� VWUXFWXUH�
SUHYHQWV�WKUHH�FRQVRQDQWV�RU� WZR�YRZHOV�WR�DSSHDU�DGMDFHQWO\��7KLV�SUREOHP�XVXDOO\�KDSSHQV�ZKHQ�PL[LQJ�DQ�$UDELF�
WH[W�DQG�QRQ�$UDELF�WH[W��ZULWWHQ�LQ�$UDELF�RUWKRJUDSK\��LQ�RQH�VHQWHQFH���

/HWWHU�WR�VRXQG�FRQYHUVLRQ�IRU�$UDELF�XVXDOO\�KDV�VLPSOH�RQH�WR�RQH�PDSSLQJ�EHWZHHQ�RUWKRJUDSK\�DQG�SKRQHWLF�
WUDQVFULSWLRQ�IRU�JLYHQ�FRUUHFW�GLDFULWLFV��6RPH�VLPSOH�UXOH�EDVHG�PHWKRGV�DUH�XVHG�WR�FRPSOHPHQW�WKH�JHQHUDWLRQ�RI�WKH�
SKRQHWLF�WUDQVFULSWLRQ���

6\OODELILFDWLRQ� IRU�$UDELF� ODQJXDJH� DV�$UDELF� KDV� RQO\� VL[� V\OODEOH� W\SHV� �&9��&9&��&99��&99&��&9&&�DQG�
&99&&��� 7KH� ODVW� WKUHH� W\SHV� XVXDOO\� DSSHDU� DW� WKH� HQG� RI� D� SKUDVH� RQO\� GXH� WR� WKHLU� KHDY\� SURQXQFLDWLRQ�� 7KH�
GXUDWLRQV�RI�WKH�FRQVRQDQWV�DQG�WKH�YRZHOV�ZLWKLQ�WKHVH�WKUHH�W\SHV�DUH�NQRZQ�WR�EH� ORQJHU� WKDQ�WKH�RWKHU�UHPDLQLQJ�
W\SHV��7KH�QXPEHU�RI�YRZHOV�DQG�WKH�QXPEHU�RI�V\OODEOHV�LQ�DQ�$UDELF�SKUDVH�PXVW�EH�HTXDO��+HQFH��DQ\�VWUHDP�RI�YDOLG�
$UDELF�V\OODEOHV�FRXOG�EH�DFFXUDWHO\�SDUVHG�DFFRUGLQJ�WR�WKHVH�UXOHV���

0RUSKRORJLFDO�VWUHVV�DVVLJQPHQW�W\SLFDOO\�LV�GHVFULEHG�DV�SUHGLFWDEO\�IDOOLQJ�RQ�D�SDUWLFXODU�ORFDWLRQ�LQ�WKH�ZRUG��
GHSHQGLQJ�RQ�WKH�LQWHUQDO�VWUXFWXUH�RI�WKH�V\OODEOHV�PDNLQJ�XS�WKH�ZRUG�>�@��6R��$UDELF�VWUHVV�LV�NQRZQ�GLUHFWO\�IURP�WKH�
ZRUG�V\OODEOH�VWUXFWXUH�RI�D�ZRUG��$UDELF�VWUHVV�DVVLJQPHQW�LV�GLIIHUHQW�IURP�(QJOLVK�ODQJXDJH��ZKLFK�XVHV�WKH�VWUHVV�DV�
D IUHH� SKRQHPH��+HQFH��$UDELF� VWUHVV� LV� D�PRUSKRORJLFDO� VWUHVV� DQG� LW� LV� QRW� D� OH[LFDO� VWUHVV�� 7KH� VWUHVV� SDWWHUQV� DUH�
GHULYHG�IURP�DQ�LPSOHPHQWDWLRQ�RI�WKH�VWUHVV�DVVLJQPHQW�SURFHGXUH��ZKLFK�LV�D�FRPELQDWLRQ�RI�WKH�ZRUN�WKDW�KDV�EHHQ�
GHYHORSHG�E\� WKH�SKRQHWLFLDQV� >��� ��� DQG��@��)XUWKHU� HQKDQFHPHQWV�ZLOO� EH� LQWHJUDWHG� WR� WKH� FXUUHQW�PRGHO�ZKHQ�ZH�
GHYHORS�3DUW�2I�6SHHFK��326��WDJJHU�IRU�$UDELF��

&XUUHQWO\��WKH�V\VWHP�GRHV�QRW�KDYH�DQ\�DXWRPDWLF�SURFHGXUH�WR�DVVLJQ�GLIIHUHQW�DFFHQWV�GHJUHHV�WR�ZRUG�VHTXHQFH��
7KH�DFFHQW�GHJUHH�IRU�D�ZRUG�FRXOG�EH�DVVLJQHG�PDQXDOO\�RU�FRXOG�EH�LJQRUHG�GXULQJ�WKH�WUDQVFULSWLRQ�SURFHVV��7KH�ODVW�
ZRUG� RI� D� SKUDVH� KDV� D� KLJKHU� DFFHQW� GHJUHH� E\� GHIDXOW� LQ� WKH� FXUUHQW� LPSOHPHQWDWLRQ��0RUHRYHU�� DQ� DOJRULWKP� WKDW�



FKDQJHV�WKH�DFFHQW�GHJUHH�IRU�D�VHTXHQFH�RI�ZRUGV�LV�LPSOHPHQWHG��7KH�SULPDU\�REMHFWLYH�RI�WKLV�SURFHGXUH�LV�WR�DVVLJQ�
GLIIHUHQW� DFFHQW� GHJUHHV� IRU� IXQFWLRQ� ZRUGV� DQG� FRQWHQW� ZRUGV�� 'DWD� GULYHQ� DSSURDFKHV� IRU� SURVRGLF� SKUDVLQJ� DQG�
DFFHQW�ODEHO�SUHGLFWLRQV�ZLOO�EH�LQWHJUDWHG�LQ�QH[W�YHUVLRQV�DV�ZH�KDYH�VXJJHVWHG�DQG�GHYHORSHG�WKH�VSHFLILFDWLRQV�IRU�D�
QHZ�JHQHUDO�SXUSRVH�WH[W�FRUSXV�IRU�$UDELF�´$/�.+$/,/´�>�@��7KLV�FRUSXV�ZLOO�KDYH�ULFK�DQQRWDWLRQ�WDJV�IRU�V\QWDFWLF��
SURVRGLF�SKUDVLQJ��DQG�DFFHQWV��7KHVH�WDJV�DUH�DVVLJQHG�WR�JXLGH�VWDWLVWLFDO�PRGHOV�WR�GLVFRYHU�VRPH�UXOHV�DERXW�$UDELF�
JUDPPDU�DQG�$UDELF�VHPDQWLFV���

3DUVLQJ� D� JLYHQ� XWWHUDQFH� UHVXOWV� LQ� D�SURVRGLF� WUHH��ZKLFK� LV� FRQVWUXFWHG� WR� UHSUHVHQW� WKH�GLIIHUHQW� OHYHOV�RI� WKH�
SKRQRORJLFDO�GHVFULSWLRQ�DQG�WKH�UHODWLRQVKLS�EHWZHHQ�WKHVH�OHYHOV��7KH�RXWSXW�RI�WKLV�OLQJXLVWLF�FRPSRQHQW�LV�XWLOL]HG�
E\�SURVRG\�PRGHOV�DQG�XQLW�VHOHFWLRQ�SURFHVV���

���'DWDEDVH�SUHSDUDWLRQ��
7KH�V\VWHP�KDV�WZR�GDWDEDVHV�RQH�IRU�PDOH�VSHDNHU�DW����N+]�VDPSOLQJ�UDWH��RQH�KRXU��DQG�WKH�RWKHU�GDWDEDVH�LV�IRU�

D IHPDOH� VSHDNHU� DW� ��� N+]� VDPSOLQJ� UDWH� �IRXU� KRXUV��� 7KH� VSHHFK� LV� FRGHG� LQWR� ��� GLPHQVLRQDO�0)&&V� SOXV� ORJ�
HQHUJ\�DQG�WKHLU�GHULYDWLYHV��7KH�(**�VLJQDO�LV�UHFRUGHG�ZLWK�HDFK�XWWHUDQFH�WR�VXSSRUW�SLWFK�V\QFKURQRXV�DQDO\VLV�DQG�
SURVRGLF�PRGLILFDWLRQ�LI�QHFHVVDU\�GXULQJ�WKH�V\QWKHVLV�SURFHVV��:H�XVH�+00V�EDVHG�9LWHUEL�DOLJQPHQW�SURFHGXUH�WKDW�
LV�GHYHORSHG�DW�5',�IRU�WKLV�SXUSRVH�>�@�7KH�9LWHUEL�DOLJQPHQW�SURFHGXUH�FDQ�EH�VXPPDUL]HG�DV�D�SUREOHP�RI�VHDUFKLQJ�
WLPH�ERXQGDULHV�IRU�NQRZQ�VHTXHQFH�RI�+00�PRGHOV�IRU�SKRQHPHV��6LQFH�WKH�EHVW�VWDWH�VHTXHQFH��ZKLFK�LV�NQRZQ�WR�
EH� WKH�9LWHUEL� SDWK�� LV� REWDLQHG� GXULQJ� GHFRGLQJ� SURFHVV�� WLPH� ERXQGDULHV� FDQ� EH� REWDLQHG� GLUHFWO\�� 7KLV� SURFHVV� LV�
LOOXVWUDWHG�LQ�ILJXUH�������

$FWXDOO\��9LWHUEL��IRUFHG��DOLJQPHQW�SURFHGXUH�UHVXOWV�DUH�UHDVRQDEO\�ZHOO�EXW�WKH�ODEHOV�QHHG�WR�EH�PRUH�DFFXUDWH�
IRU�D� V\QWKHVLV�GDWDEDVH� WKDQ� IRU� UHFRJQLWLRQ��+HQFH��ZH�GLG�PDQ\�PDQXDO�FRUUHFWLRQV�DQG�ZH�KDYH�GHYHORSHG�PDQ\�
WRROV�WR�FRUUHFW�DQG�PRYH�ERXQGDULHV�IRU�VLPLODU�HUURU�SDWWHUQV�DXWRPDWLFDOO\��

���3URVRG\�PRGHOLQJ��
$V�VKRZQ�LQ�ILJXUH������3KRQRORJ\�WR�SURVRG\�PRGHOLQJ�LV�DFKLHYHG�YLD�%3�QHXUDO�QHWZRUNV��7KH�V\VWHP�XWLOL]HV�

WKUHH�GLIIHUHQW�QHXUDO�QHWZRUNV�WR�HVWLPDWH�WKH�GXUDWLRQ�IRU�HDFK�XQLW��WKH�DYHUDJH�HQHUJ\�SHU�VDPSOH�IRU�D�XQLW��DQG�WKH�
JOREDO� LQWRQDWLRQ�FRQWRXU� IRU�HDFK�SKUDVH��7KH�DXWKRUV�GHVFULEHG� WKH�GXUDWLRQ�PRGHO�RI� WKH�V\VWHP�DQG� LWV�SUHGLFWLRQ�



DFFXUDF\� LQ� GHWDLOV� >�@�� 7KH� JOREDO� LQWRQDWLRQ� FRQWRXUV� XVHG� IRU� WUDLQLQJ� ZHUH� H[WUDFWHG� IURP� WKH� VSHHFK� DQG� HDFK�
V\OODEOH�ZDV�UHSUHVHQWHG�E\�HLJKW�YDOXHV�IURP�WKH�FRQWRXU��7KH�SUHGLFWHG�SKUDVH�FRQWRXU�LV�D�VPRRWKLQJ�YHUVLRQ�RI�WKH�
FRQFDWHQDWLRQ�RI� WKH�SUHGLFWHG� V\OODEOH�SLWFK� FRQWRXUV��'XULQJ� WKH� XQLW� VHOHFWLRQ� WKH� WDUJHW� FRVWV� DUH�ZHLJKWHG� VFRUHV�
EHWZHHQ� WKH� SUHGLFWHG� GXUDWLRQ�SLWFK� DQG� WKH� H[WUDFWHG� YDOXHV� RI� GXUDWLRQ�SLWFK� IRU� D� XQLW�� 7KH� WUDLQLQJ� DQG� WHVWLQJ�
SURFHGXUHV�DUH�EDVHG�RQ�WKH�11�VLPXODWRU�WKDW�LV�GHYHORSHG�IRU�VLPLODU�WDVN�>�@��

���'DWDEDVH�8QLW��
&XUUHQW�YHUVLRQ�RI�$5$%7$/.� LV�EXLOW�VR�WKDW�WKH�FRQFDWHQDWLRQ�XQLW�FDQ�EH�HLWKHU�PRQRSKRQH�RU�GLSKRQH��,Q�

PRQRSKRQH� FDVH�� WKH� V\VWHP� ZDV� YHU\� VHQVLWLYH� WR� VHJPHQWDWLRQ� HUURUV� ZKLFK� GHJUDGHG� WKH� LQWHOOLJLELOLW\� RI� WKH�
SURGXFHG�VSHHFK��8VLQJ�KXPDQ�UHYLVLRQ�IRU�WKH�DXWRPDWLF�VHJPHQWDWLRQ��WKRXJKW�WHGLRXV�DQG�WLPH�FRQVXPLQJ��OLPLWHG�
WKLV�SUREOHP�DOWKRXJK�LW�ZDVQ
W�FRPSOHWHO\�VROYHG��

$V�D�VROXWLRQ�IRU�WKH�V\VWHP�VHQVLWLYLW\�WR�VHJPHQWDWLRQ�SUREOHPV��WKH�PRQRSKRQHV�ZHUH�UHSODFHG�E\�GLSKRQHV�DV�
FRQFDWHQDWLRQ�XQLWV��7KH�GLSKRQH�XQLW�VHJPHQWDWLRQ�ZDV�PDGH�XVLQJ�WKH�DXWRPDWLFDOO\�VHJPHQWHG�PRQRSKRQHV�DQG�WKH�
ERXQGDULHV�RI�WKH�GLSKRQH�ZHUH�WDNHQ�IURP�KDOI�WKH�ILUVW�SKRQHPH�WR�WKH�KDOI�RI�WKH�VHFRQG�SKRQHPH��6HJPHQWDWLRQ�FDQ�
EH�GRQH�LQ�WZR�PRUH�ZD\V��D��VWDUWLQJ�DQG�HQGLQJ�DW�QHDUHVW�SLWFK�PDUNV��E��$XWRPDWLF�VHJPHQWDWLRQ�RI�GLSKRQH�XQLWV�
XVLQJ�+00��7KLV�LV�OHIW�IRU�IXWXUH�LPSURYHPHQWV��

7KH�XVH�RI�GLSKRQH�XQLWV�DV�FRQFDWHQDWLRQ�XQLWV�PDLQO\�VROYHG�WKH�SUREOHP�RI�V\VWHP�VHQVLWLYLW\�WR�VHJPHQWDWLRQ�
SUREOHPV� DQG� WKH� JHQHUDWHG� VSHHFK� ZDV� PXFK� VPRRWKHU� DW� WKH� FRQFDWHQDWLRQ� SRLQWV�� WKLV� LQFUHDVHG� WKH� V\VWHP�
LQWHOOLJLELOLW\��$OVR�WKH�GLUHFW�XVH�RI�DXWRPDWLFDOO\�VHJPHQWHG�VSHHFK�ZDV�PDGH�SRVVLEOH��

)RU�WKH�FRQWH[W�FOXVWHULQJ�RI�WKH�GLSKRQH�XQLWV��WKH�VDPH�WUHH�VWUXFWXUH�ZDV�XVHG�DV�WKH�PRQRSKRQH�FDVH��7KH�RQO\�
GLIIHUHQFH� LV� WKDW� WKH� ILUVW� SDUW� RI� WKH� GLSKRQH� ZDV� FRQVLGHUHG� DV� WKH� SUHYLRXV� SKRQHPH� DQG� WKH� VHFRQG� SDUW� ZDV�
FRQVLGHUHG�WKH�QH[W�SKRQHPH��

���8QLW�VHOHFWLRQ�
8QLW� VHOHFWLRQ� DOJRULWKPV� DUH� GHYHORSHG� WR� H[SORUH� ODUJH� GDWDEDVHV� LQ� RUGHU� WR� PLQLPL]H� SURVRGLF� DQG� VSHFWUDO�

PRGLILFDWLRQV� IRU� KLJK� TXDOLW\� VSHHFK� V\QWKHVLV� >��@�� 7KH\� DLP� WR� VHOHFW� WKH� EHVW� VHTXHQFH� RI� XQLWV� WKDW� PDWFK� WKH�
UHTXLUHG� WDUJHWV� IURP� D� VSHDNHU� GDWDEDVH� E\� '\QDPLF� 3URJUDPPLQJ� �'3��� 7KH� VHOHFWLRQ� SURFHVV� LV� EDVHG� RQ� D�



FRPELQDWLRQ�RI�WDUJHW�FRVW�DQG�FRQWLQXLW\�FRVW��7DUJHW�FRVWV�PHDVXUH�KRZ�D�XQLW�LQ�WKH�GDWDEDVH�PDWFKHV�D�WDUJHW�XQLW�LQ�
WKH� WDUJHW�SKUDVH��7KH�FRQWLQXLW\�FRVW� LV�D�GLVWRUWLRQ�PHDVXUH�IRU�FRXSOLQJ� WZR�QHLJKERULQJ�XQLWV�� ,Q�JHQHUDO�� WKH�XQLW�
VHOHFWLRQ�DOJRULWKPV�DUH� VLPLODU� IRU� WKH�SUREOHP�RI� VHDUFKLQJ� WKH�EHVW� VWDWH� VHTXHQFH� LQ� WKH�+00V�XVLQJ� WKH�9LWHUEL�
DOJRULWKP��7KH�WUDQVLWLRQ�SUREDELOLWLHV�DQG�REVHUYDWLRQ�VFRULQJ�KDYH�WKH�VDPH�UROH�RI�WKH�WDUJHW�DQG�FRQWLQXLW\�FRVWV�LQ�
VHDUFKLQJ�WKH�EHVW�VWDWH�VHTXHQFH���

7KH�VHDUFK�VSDFH��WKH�VHDUFKHG�ODWWLFH��LV�FRQVLGHUHG�ODUJH�ERWK�LQ�WKH�KRUL]RQWDO�DQG�YHUWLFDO�GLUHFWLRQV�LQ�$UDELF�
ODQJXDJH�EHFDXVH�RI�WZR�GLIIHUHQW�IDFWRUV��7KH�KRUL]RQWDO�GLUHFWLRQ��ZKLFK�LV�GHILQHG�E\�WKH�QXPEHU�RI�WDUJHW�XQLWV�� LV�
UHODWLYLW\� ODUJH� WKDQ�(QJOLVK� ODQJXDJH�VLQFH� WKH�SKRQHWLF� OHWWHUV�SHU�ZRUG�DUH�DSSUR[LPDWHO\�GRXEOHG�DIWHU�DGGLQJ� WKH�
VKRUW�YRZHOV�WR�HDFK�ZRUG��7KH�YHUWLFDO�GLUHFWLRQ��ZKLFK�LV�GHILQHG�E\�WKH�DYDLODEOH�QXPEHU�RI�XQLW�FDQGLGDWHV��LV�DOVR�
ODUJH�DV�WKH�DFWXDO�QXPEHU�RI�YRZHOV�LQ�D�GDWDEDVH�LV�KXJH�EHFDXVH�$UDELF�ODQJXDJH�KDV�RQO\�VL[�GLIIHUHQW�YRZHOV�DQG�
HYHU\� V\OODEOH�PXVW�KDYH�D�YRZHO� LQ� WKH� WDUJHW�SKUDVH��$5$%7$/.�

� LPSOHPHQWDWLRQ�RI� WKH�XQLW� VHOHFWLRQ�SURFHVV� LV�
RSWLPL]HG�WR�DFKLHYH�D�UHDO� WLPH�SHUIRUPDQFH��$V�VKRZQ�LQ� ILJXUH������ WKH�FXUUHQW� LPSOHPHQWDWLRQ�XWLOL]HV�&DQGLGDWH�
&DFKLQJ��ZKLFK�UHGXFHV�WKH�VHDUFK�VSDFH�DQG�&RQWLQXLW\�&DFKLQJ� ZKLFK�UHGXFHV�FRQWLQXLW\�FRVW�FDOFXODWLRQV���

&DQGLGDWH�&DFKLQJ�DLPV�WR�FOXVWHU�WKH�FDQGLGDWHV�RI�WKH�VDPH�XQLWV�>��@��+HQFH��WKH�RQOLQH�VHDUFK�XVHV�WKH�XQLWV�RI�
WKH� VHOHFWHG� FOXVWHUV� WR� EXLOG� WKH�'3� ODWWLFH�� 7KH� FOXVWHULQJ� SURFHVV� LV� DFKLHYHG� E\� GHFLVLRQ� WUHHV� DQG� RQO\� VSHFWUDO�
VLPLODULW\�PHDVXUH� LV� XVHG�ZKLOH� VSOLWWLQJ� SURFHVV� WR� HYDOXDWH� XQLW� VLPLODULW\�� ,Q� WKLV� ZRUN�� GHWDLOHG� LQ� WDEOH� ����� WKH�
FOXVWHULQJ� TXHVWLRQV� UHSUHVHQW� GLIIHUHQW� SKRQRORJLFDO� OHYHOV� DQG�ZLGHU� FRQWH[W� TXHVWLRQV� DUH� XVHG� DV� WKH\�ZHUH�PRUH�
HIILFLHQW� WR�PRGHO� FRQWH[W�GHSHQGHQFLHV� LQ�RXU�GDWDEDVHV��7KH�:$*21�FOXVWHULQJ�SURJUDP��RXWSXW� WUHHV� ORDGHU�ZDV�
DYDLODEOH�IURP�(67�WRROV�>��@���

&RQWLQXLW\�&DFKLQJ� LV�DFKLHYHG�E\�9HFWRU�4XDQWL]LQJ��94��WKH�VSHFWUDO�IHDWXUHV��0)&&��RI�WKH�FRXSOLQJ�IUDPHV�
�ILUVW�DQG�WKH�ODVW�IUDPHV��IRU�HDFK�XQLW��7KH�TXDQWL]HU�LV�EDVHG�RQ�3ULQFLSOH�&RPSRQHQW�$QDO\VLV��3&$���,Q�WKH�FXUUHQW�
LPSOHPHQWDWLRQ�WKH�QXPEHU�RI�WKH�FHQWURLGV�LV�������$�GLVWDQFH�PDWUL[�EHWZHHQ�WKH�FHQWURLGV�LV�VDYHG�DQG�XVHG�GXULQJ�
WKH�V\QWKHVLV�SURFHVV�DV�D�ORRN�XS�WDEOH�WR�DSSUR[LPDWH�WKH�FRQWLQXLW\�FRVWV���



'XULQJ�WKH�V\QWKHVLV�SURFHVV��$5$%7$/.�
�WDUJHW�FRVWV�LPSO\�RQO\�ZHLJKWHG�SURVRGLF�FRVW�EHWZHHQ�WDUJHW�SLWFKHV�

DQG� GXUDWLRQV� ZLWK� UHVSHFW� WR� FDQGLGDWHV¶� YDOXHV�� 7KH� FRQWLQXLW\� FRVWV� DUH� GLIIHUHQWO\� ZHLJKWHG� DW� WKH� FRXSOLQJ�
ERXQGDULHV� IRU� V\OODEOHV� DQG� ZRUGV�� 7KHVH� ERXQGDULHV� DUH� GHILQHG� GXULQJ� JHQHUDWLQJ� WKH� WDUJHWV� IRU� D� SKUDVH�� 7KH�
DFRXVWLF�FRVWV�DUH�QRW�FRQVLGHUHG�LQ�WKH�FXUUHQW�LPSOHPHQWDWLRQ�VLQFH�WKH�FOXVWHU�XQLWV�DUH�YHU\�VLPLODU�DFRXVWLFDOO\��

3KRQRORJ\�/HYHO� )HDWXUH�'HVFULSWLRQ� )HDWXUH�FRXQW� 3RVVLEOH�UDQJH�
3KRQHPH� 6RXQG�7\SH�

9RLFLQJ�7\SH�
&RQVRQDQW�7\SH�
7\SH�2I�$UWLFXODWLRQ�
3ODFH�2I�$UWLFXODWLRQ�
3KRQHPH,'�
)X]]\�(PSKDWLF�
(PSKDWLF�7\SH�
6KDGGD�
7DQZHHQ�
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� WR�����
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� WR����
� WR����
� WR���
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6\OODEOH� 3KRQHPH�3RVLWLRQ�
&RXQW�RI�3KRQHPHV�
$FFHQW�'HJUHH�

�
�
�

� WR���
� WR���
� WR���

)RRW� 6\OODEOH�3RVLWLRQ�
&RXQW�RI�6\OODEOHV�

�
�

� WR����
� WR����

3KUDVH� )RRW�3RVLWLRQ� �� ��WR���

7DEOH����&OXVWHULQJ�4XHVWLRQV�'HVFULSWLRQ�
���6XPPDU\��

7KH� RYHUDOO� DUFKLWHFWXUH� DQG� JHQHUDO� IHDWXUHV� RI� $5$%7$/.�
�7H[W�7R�6SHHFK� V\VWHP� IRU�$UDELF� ODQJXDJH� KDV�

EHHQ�SUHVHQWHG��$Q�RQOLQH�GHPR�LV�DYDLODEOH�DW�KWWS���ZZZ�UGL�HJ�FRP�UGL�UHVHDUFK�DUDEWDON�DVS� 7KH�V\VWHP�LV�FRUSXV�
EDVHG�V\VWHP�DQG�KDV�PDQ\�VWDWLVWLFDO�PRGHOV��7KH�V\VWHP�KDV�UHDO�WLPH�XQLW�VHOHFWLRQ�ZLWK�GLIIHUHQW�FDFKLQJ�PHWKRGV��
2XU�FXUUHQW�UHVHDUFK�KDV�PDQ\�GLUHFWLRQV�WR�LPSURYH�WKH�TXDOLW\�RI�WKH�RXWSXW�VSHHFK��)RU�H[DPSOH��GLIIHUHQW�EDVLF�XQLWV�
ZLOO� EH� LQYHVWLJDWHG� DV� ZH� VHDUFK� EHWWHU� VPRRWK� FRQWLQXLW\� EHWZHHQ� WKH� VHOHFWHG� XQLWV�� $Q� DXWRPDWLF� GDWD� UHGXFWLRQ�
SURFHGXUH�� ZKLFK� RIIHUV� IOH[LELOLW\� LQ� WKH� GDWDEDVH� VL]H�� ZLOO� EH� LQWHJUDWHG� LQ� WKH� QH[W� YHUVLRQ� IRU� WKH� KDQGKHOG�
DSSOLFDWLRQV��7RZDUGV�EHWWHU�LQWRQDWLRQ�FRQWRXUV��WKH�JURXS�ZLOO�LQYHVWLJDWH�PHWKRGV�EDVHG�RQ�7R%,�ODEHOLQJ�PHWKRGV��
)LQDOO\��SDUDPHWULF�V\QWKHVLV� OLNH�+�1�PHWKRGV�PD\�EH�GHYHORSHG�LQ�RUGHU�WR�KDYH�EHWWHU�FRXSOLQJ�PHWKRGV�EHWZHHQ�
XQLWV���
���$FNQRZOHGJHPHQWV��

7KH�$XWKRUV�ZLVK�WR�H[SUHVV�WKHLU�WKDQNV�WR�PHPEHUV�RI�5',�VSHHFK�GHSDUWPHQW�IRU�WKHLU�VXSSRUW�LQ�FRQVWUXFWLQJ�
GDWDEDVHV��:H�WKDQN�1/3�JURXS�ZKR�PDGH�WKH�QHFHVVDU\�PRGLILFDWLRQV� IRU� WKHLU�ZRUN� WR�PDWFK�RXU�YLVLRQ�DQG�WR�EH�
LQWHJUDWHG�ZLWK�WKH�FXUUHQW�V\VWHP��:H�WKDQN�:DHO�+DP]D�ZKR�GHYHORSHG�WKH�ILUVW�VSHHFK�V\QWKHVLV�V\VWHP�DW�5',��:H�
DUH� DOVR� ZRXOG� OLNH� WR� WKDQN� $ODQ� %ODFN�� :DHO� +DP]D�� 0XKDPPDG� $ILI\� DQG� &KULVWRI� 7UDEHU� IRU� WKHLU� IUXLWIXO�
GLVFXVVLRQV��0DQ\�WKDQN�IRU�&KULVWRI�7UDEHU�ZKR�VXSSOLHG�XV�KLV�3K'�WKHVLV�KDUG�FRS\���



���5HIHUHQFHV��
>�@� 0XKDPPDG�$WL\\D��

$�ODUJH�VFDOH�FRPSXWDWLRQDO�SURFHVVRU�RI�WKH�$UDELF�PRUSKRORJ\

��06F�WKHVLV��&DLUR�8QLYHUVLW\��(J\SW���������
>�@� .HQQHWK�GH�-RQJ�DQG�EXVKUD�$GQDQ��

6WUHVV��GXUDWLRQ��DQG�LQWRQDWLRQ�LQ�$UDELF�ZRUG�OHYHO�SURVRG\

��-RXUQDO�RI�SKRQHWLF�9RO������������������
>�@� ,EUDKHHP�$QLV��

7KH�6RXQGV�RI�/DQJXDJH

��'DU�$O�1DKGD�$O�CUDELD�3UHVV��&DLUR��(J\SW��������
>�@� 7DPPDP�+DVVDQ��

�5HVHDUFK�0HWKRGV�LQ�/DQJXDJH

��$O�5LVDOD�3UHVV��&DLUR��(J\SW���������
>�@� 6DOPDQ�K��DO�DQL��

$UDELF�3KRQRORJ\��$Q�$FRXVWLFDO�DQG�3K\VLRORJLFDO�,QYHVWLJDWLRQ

��7KH�+DJXH��1HWKHUODQGV��0RXWRQ�DQG�&R����������-DQXD�/LQJXDUXP��VHULHV�SUDFWLFD�����7UDQVODWHG�LQWR�$UDELF���������
>�@� $KPLG�5DJKLE��<DVVHU�+LIQ\��0RKVHQ�5DVKZDQ�� 

$/.+$/,/��*HQHUDO�SXUSRVH�$UDELF�WH[W�FRUSXV�IRU�WKH�DSSOLFDWLRQV�RI�7H[W�7R�6SHHFK�V\QWKHVLV

��7HFKQLFDO�UHSRUW��5HVHDUFK�DQG�'HYHORSPHQW�,QWHUQDWLRQDO��5',��FRPSDQ\��&DLUR��(J\SW���������
>�@� :DHO� +DP]D� DQG� 0RKVHQ� 5DVKZDQ�� 

&RQFDWHQDWLYH� $UDELF� VSHHFK� V\QWKHVLV� XVLQJ� ODUJH� GDWDEDVH

�� ,Q� 3URFHHGLQJV� RI�,&6/3����� YRO�����SDJHV����������%HLMLQJ��&KLQD���������
>�@� <DVVHU�+LIQ\��0RKVHQ�5DVKZDQ��³'XUDWLRQ�0RGHOLQJ�IRU�$UDELF�7H[W�WR�6SHHFK�6\QWKHVLV´��,Q�3URFHHGLQJV�RI�,&6/3�����SDJHV������������'HQYHU��&RORUDGR��86$���������
>�@� <DVVHU�+LIQ\��

2QOLQH�$UDELF�+DQGZULWLQJ�&KDUDFWHU�5HFRJQWLRQ�

��06F�WKHVLV��&DLUR�8QLYHUVLW\��(J\SW���������
>��@� $��+XQW�DQG�$��%ODFN��

8QLW�VHOHFWLRQ�LQ�D�FRQFDWHQDWLYH�VSHHFK�V\QWKHVLV�V\VWHP�XVLQJ�D�ODUJH�VSHHFK�GDWDEDVH

��,Q�,&$663���� YROXPH����SDJHV�����������$WODQWD��*HRUJLD���������
>��@� %ODFN�� $�� DQG� 7D\ORU�� 3�� �$XWRPDWLFDOO\� FOXVWHULQJ� VLPLODU� XQLWV� IRU� XQLW� VHOHFWLRQ� LQ� VSHHFK� V\QWKHVLV��� (XURVSHHFK���5KRGHV��*UHHFH���������
>��@� 3DXO�7D\ORU��5LFKDUG�&DOH\��$ODQ�:��%ODFN��6LPRQ�.LQJ��³(GLQEXUJK�6SHHFK�7RROV�/LEUDU\´��YHUVRQ�����-XQH�������

$ERXW�WKH�$XWKRUV�
<DVVHU� +LIQ\� �� UHFHLYHG� WKH� %�6F�� DQG� 0�6F�� GHJUHHV� LQ� HOHFWULFDO� HQJLQHHULQJ� IURP� WKH� 'HSDUWPHQW� RI� (OHFWURQLFV� DQG�&RPPXQLFDWLRQ�(QJLQHHULQJ��&DLUR�8QLYHUVLW\��LQ������DQG�������UHVSHFWLYHO\��
1RZ�KH�LV�D�3K�'��VWXGHQW�DW�'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH��8QLYHUVLW\�RI�6KHIILHOG��8.�
6KDG\�4XUDQ\� �� UHFHLYHG�WKH�%�6F��DQG�0�6F��GHJUHHV� LQ�,QIRUPDWLRQ�7HFKQRORJ\� IURP�'HSDUWPHQW�RI�,QIRUPDWLRQ�7HFKQRORJ\��&DLUR�8QLYHUVLW\��LQ������DQG�������UHVSHFWLYHO\��1RZ�+H�LV�D�WHDFKLQJ�DVVLVWDQW�DW�'HSDUWPHQW�RI�,QIRUPDWLRQ�7HFKQRORJ\��&DLUR�8QLYHUVLW\�
6DODK�+DPLG�� ��UHFHLYHG�WKH�%�6F��DQG�0�6F��GHJUHHV�LQ�(OHFWULFDO�HQJLQHHULQJ�IURP�'HSDUWPHQW��RI�FRPSXWHU�DQG�DXWRPDWLF�FRQWURO�� $LQ�6KDPV�8QLYHUVLW\��DQG�'HSDUWPHQW�RI�V\VWHP�(QJLQHHULQJ��$O�$]KDU�XQLYHUVLW\��LQ�����DQG������UHVSHFWLYO\��
1RZ�+H� LV� D�3K�'��6WXGHQW� DW�'HSDUWPHQW�RI�(OHFWURQLFV� DQG�&RPPXQLFDWLRQ�(QJLQHHULQJ��&DLUR�8QLYHUVLW\��+H� LV�QRZ�KHDG�RI�VSHHFK�WHFKQRORJLHV�WHDP�DW�5',��
0RKVHQ�5DVKZDQ� ��5HFHLYHG�WKH�%�6F��DQG�0�6F��GHJUHHV�IURP�'HSDUWPHQW�RI�(OHFWURQLFV�DQG�(OHFWULFDO�&RPPXQLFDWLRQV��)DFXOW\�RI�(QJLQHHULQJ��&DLUR�8QLYHUVLW\�������DQG�������UHVSHFWLYHO\��,Q������KH�UHFHLYHG�0�6F��GHJUHH�IURP�WKH�6\VWHPV�DQG�&RPSXWHU�(QJLQHHULQJ� 'HSW��� &DUOHWRQ� 8QLYHUVLW\�� 2WWDZD�� 2QW��� &DQDGD�� ,Q� ����� KH� UHFHLYHG� 3K'�� LQ� (OHFWULFDO� (QJLQHHULQJ�� 4XHHQ¶V�8QLYHUVLW\��.LQJVWRQ��1RW��&DQDGD��
1RZ� +H� LV� D� 3URIHVVRU� RI� (OHFWULFDO� &RPPXQLFDWLRQV�� LQ� WKH� GHSW�� RI� (OHFWURQLFV� DQG� (OHFWULFDO� &RPPXQLFDWLRQV�� )DFXOW\� RI�(QJLQHHULQJ��&DLUR�8QLY���*D]D��(J\SW��+H�LV�DOVR�D�&RIRXQGHU�DQG�&(2�RI�5HVHDUFK�	�'HYHORSPHQW�,QW¶O��5',��
0XKDPPDG� $WL\\D� ��� UHFHLYHG� WKH� %�6F�� DQG� 0�6F�� GHJUHHV� LQ� (OHFWULFDO� HQJLQHHULQJ� IURP� 'HSDUWPHQW� RI� (OHFWURQLFV� DQG�&RPPXQLFDWLRQ�(QJLQHHULQJ��DQG�'HSDUWPHQW�RI�&RPSXWHU�(QJLQHHULQJ���&DLUR�8QLYHUVLW\��LQ�����DQG������UHVSHFWLYO\��
1RZ�+H� LV� D�3K�'��6WXGHQW� DW�'HSDUWPHQW�RI�(OHFWURQLFV� DQG�&RPPXQLFDWLRQ�(QJLQHHULQJ��&DLUR�8QLYHUVLW\��+H� LV�QRZ�KHDG�RI�(QJLQHHULQJ�'HSDUWPHQW�DW�5',��
$KPHG�5DJKHE��UHFHLYHG�WKH�%�6F��GHJUHH�LQ�$UDELF�DQG�,VODPLF�VFLHQFHV�IURP�)DFXOW\�RI�'DU�$OHORRP��&DLUR�8QLYHUVLW\��LQ�������
1RZ�KH�LV�D�0�6F��VWXGHQW�DW�)DFXOW\�RI�$UWV��$LQ�6KDPV�8QLYHUVLW\��+H�LV�D�WHDP�OHDGHU�RI�OLQJXLVWLF�UHVHDUFKHUV�DW�5',��
*DODDO� .KDOODDI�� UHFHLYHG� WKH� %�6F�� GHJUHH� LQ� (OHFWULFDO� HQJLQHHULQJ� IURP� 'HSDUWPHQW� RI� (OHFWURQLFV� DQG� &RPPXQLFDWLRQ�(QJLQHHULQJ��&DLUR�8QLYHUVLW\��LQ�������1RZ�KH�LV�6HQLRU�1/3�UHVHDUFKHUV�DW�5',��


