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5DVKDG�$�$O�-DZIL���
)DFXOW\�RI�VFLHQFH���'HSDUWPHQW�RI�0DWKHPDWLFV�DQG�&RPSXWHU�VFLHQFH��

DOJRIL#\HPHQ�QHW�\H$EVWUDFW��
&KDUDFWHU�UHFRJQLWLRQ�KDV�VHUYHG�DV�RQH�RI�WKH�SULQFLSDO�SURYLQJ�JURXQGV�IRU� QHXUDO� QHWZRUN� PHWKRGV� DQG� KDV� HPHUJHG� DV� RQH� RI� WKH� PRVW�VXFFHVVIXO�DSSOLFDWLRQV�RI�WKLV�WHFKQRORJ\��,Q�WKLV�SDSHU��D�QHZ�QHWZRUN�LV�GHVLJQHG� WR� UHFRJQL]H� D� VHW� RI� KDQGZULWWHQ�$UDELF� FKDUDFWHUV�� 7KLV� QHZ�QHWZRUN�FRQVLVWV�RI�WRZ�VWDJH��7KH�ILUVW�LV�WR�UHFRJQL]H�WKH�PDLQ�VKDSH�RI�WKH� FKDUDFWHU�� $QG� WKH� VHFRQG� VWDJH� LV� IRU� GRWV� UHFRJQLWLRQ�� $OVR�� WKH�FKDUDFWHULVWLFV�� VWUXFWXUH�� DQG� WKH� WUDLQLQJ� DOJRULWKP� IRU� WKH� QHWZRUN� DUH�SUHVHQWHG���

,QWURGXFWLRQ�� 7KHUH�DUH� WZR�ZD\V� WR�FRPSXWHUL]HG� WKH�ROG�SULQWHG�$UDELF�ERRNV�E\�PHDQV�RI�FRPSXWHUV�IRU�WKH�IDFLOLWDWH�GLVFXVVLRQ�DQG�UHVHDUFK����� (QWHU�WKRVH�SULQWHG�ERRNV�PDQXDOO\�DQG�WKLV�LV�YHU\�H[SHQVLYH�DQG�UHTXLUHV�JUHDW�HIIRUWV�WKDW�WKH�$UDEV�DELOLWLHV�IDLOV�WR�GR�EHFDXVH�WKHUH�DUH�PLOOLRQV�RI�ERRNV�WKDW�KDYH�VFLHQWLILF�DQG�KLVWRULFDO�YDOXH����� (QWHULQJ� WKH� SULQWHG� ERRNV� XVLQJ� VFDQQHUV� DQG� WKHQ� XVLQJ� D� VRIWZDUH� IRU�UHFRJQL]LQJ�V\PEROV��7KLV�ZD\�VHHPV�IDVWHU�DQG�DSSHDUV�PRUH�HFRQRPLF��+HUH� DSSHDUV� WKH� LPSRUWDQFH� RI� GHYHORSLQJ� WKDW� FDQ� SHUIRUP� WKH� WDVN� RI�UHFRJQLWLRQ�SUHFLVHO\��0RVW� RI� � WKH�PHWKRGV� IRU� SDWWHUQ� UHFRJQLWLRQ�� HVSHFLDOO\� WHPSODWH�PDWFKLQJ�WHFKQLTXHV�� DUH� RYHU� VHQVLWLYH� WR� VKLIWV� LQ� SRVLWLRQ� DQG� GLVWRUWLRQV� LQ� VKDSH� RI� WKH�VWLPXOXV�SDWWHUQV��DQG�LW� LV�QHFHVVDU\�WR�QRUPDOL]H�WKH�SRVLWLRQ�DQG�WKH�VKDSH�RI�WKH�VWLPXOXV� SDWWHUQ� EHIRUHKDQG�� 7KHUHIRUH�� WKH� ILQGLQJ� RI� DQ� DOJRULWKP� IRU� SDWWHUQ�UHFRJQLWLRQ�ZKLFK� FDQ� FRSH�ZLWK� VKLIWV� LQ� SRVLWLRQ� DQG� GLVWRUWLRQV� LQ� VKDSH� RI� WKH�SDWWHUQ�KDV�ORQJ�EHHQ�GHVLUHG��)XNXVKLPD� �)XNXVKLPD�������� SURSRVHG� D� QHZ� DOJRULWKP� WKDW� JLYHV� DQ�LPSRUWDQW� VROXWLRQ� WR� WKLV� SUREOHP�� 7KLV� DOJRULWKP� FDQ� EH� UHDOL]HG� ZLWK� D�PXOWLOD\HUHG� QHWZRUN� FRQVLVWLQJ� RI� QHXURQ�OLNH� FHOOV�� 7KH� QHWZRUN� LV� FDOOHG�
QHRFRJQLWURQ
�� 7KH� DELOLW\� RI� WKH� QHRFRJQLWURQ� KDV� DOUHDG\� EHHQ� GHPRQVWUDWHG� LQ�YDULRXV� H[SHULPHQWV�� 7KH� V\VWHP� ZDV� WUDLQHG� WR� UHFRJQL]H� (QJOLVK� KDQGZULWWHQ�QXPHUDOV��1DRXP� �1DRXP� HW� DO�������� XVH� QHRFRJQLWURQ� WR� UHFRJQL]H� WKH� LVRODWHG�KDQGZULWWHQ�$UDELF�FKDUDFWHUV��/H&XQ� �/H&XQ� HW� DO������� GHVLJQ� D� QHW� FDOOHG� /H1HW� DV� DQ� LVRODWHG� QRQ�$UDELF�FKDUDFWHU�UHFRJQL]HU��



��� 5DVKDG�$�$O�-DZIL����
,Q�WKLV�SDSHU�ZH�WU\�WR�XVH�/H1HW�WR�UHFRJQL]H�WKH�KDQGZULWWHQ�$UDELF�FKDUDFWHUV�LQYDULDQW�WR�VKLIW�LV�SRVLWLRQ��FKDQJH�LQ�VL]H��DQG�DQ\�GLVWRUWLRQ��7KH�&KDUDFWHU�5HFRJQLWLRQ�3URFHVV�)LJXUH����6KRZV�WKH��W\SLFDO��FKDUDFWHU�UHFRJQLWLRQ�SURFHVV��ZKLFK�VWDUWV�ZLWK�DQ�RSWLFDO�LPDJH�DQG�XOWLPDWHO\�SURGXFHV�D�V\PEROLF�LQWHUSUHWDWLRQ���

&DSWXUH�,PDJH�

)LQG�5HJLRQ�RI�,QWHUHVW�

)LQG�)LHOG�

6HJPHQW�&KDUDFWHU�

5HFRJQL]H�&KDUDFWHU�

)LJ����

7KH� SURFHVV� LV� GLYLGHG� LQWR� D� VHULHV� RI� WDVNV� WKDW� DUH� XVXDOO\� H[HFXWHG�LQGHSHQGHQWO\��,W�EHJLQV�ZLWK�LPDJH�FDSWXUH�LQ�ZKLFK�DQ�RSWLFDO�LPDJH�LV�FRQYHUWHG�WR�D�ELW�PDS��1H[W�WKH�UHJLRQ�RI�LQWHUHVW�LV�ORFDWHG��7KHQ�WKH�GHVLUHG�ILHOG�LV�IRXQG��7KLV� ILHOG� LV� WKHQ� XVXDOO\� VL]H�QRUPDOL]HG� DQG� VRPHWLPHV� GH�VODQWHG�� )LQDOO\�� WKH�FKDUDFWHUV�DUH�VHJPHQWHG�DQG�UHFRJQL]HG��1RWH�WKDW�WKH�UHFRJQLWLRQ�SKDVH�LV�RQO\�RQH�VWHS� LQ� D� ORQJ� SURFHVV�� ,Q� RXU� V\VWHP�ZH�PRGLI\� WKLV�PRGHO�� XVLQJ� IHHGEDFN� IURP�GRZQ�VWUHDP�VWDJHV�WR�LQIOXHQFH�XS��<XKDV�	�$QVDUL����������
/H1HW�/H1HW� UHFRJQL]HV�RQH� FKDUDFWHU�DW� WLPH��7KH�/H1HW�DUFKLWHFWXUH� LV� VKRZQ� LQ�)LJXUH� ��� ,Q� WKLV� ILJXUH� (DFK� VPDOO� ER[� UHSUHVHQWV� D� QHXUDO�QHW� �XQLW�� RU� �QHXURQ��><XKDV� ����@�� 7KH� PDSV� DUH� JHQHUDWHG� E\� FRQYROXWLRQV� ZLWK� IHDWXUH� H[WUDFWLRQ�NHUQHOV��,QSXW�LPDJHV�DUH�VL]HG�WR�ILW�LQ�D���[���SL[HO�ILHOG��EXW�HQRXJK�EODQN�SL[HOV�DUH� DGGHG� DURXQG� WKH� ERUGHU� RI� WKLV� ILHOG� WR� DYRLG� HGJH� HIIHFWV� LQ� WKH� FRQYROXWLRQ�FDOFXODWLRQV�� DQG� UHWXUQV� D� UDQN�RUGHUHG� OLVW� RI� SRVVLEOH� VLQJOH�FKDUDFWHU�LQWHUSUHWDWLRQV� RI� WKH� LQSXW� LPDJH�� DORQJ� ZLWK� FRQILGHQFH� VFRUHV� IRU� HDFK�LQWHUSUHWDWLRQ���



+DQGZULWLQJ�$UDELF�&KDUDFWHU�5HFRJQLWLRQ�8VLQJ�/H1HW�1HXUDO�1HWZRUN� ����������������������������

)LJ����
7KH� DFWLYDWLRQ� RI� WKH� LQSXW� ,Q� WKLV� ILJXUH�� DQG� WKH� ILUVW� WZR� OD\HUV� RI� WKH�QHWZRUN� DUH� LQGLFWHG�� GDUNHU� VKDGLQJ� LQGLFDWHV� JUHDWHU� DFWLYLW\�� 7KH� ZHLJKWHG�FRQQHFWLRQV�EHWZHHQ�XQLWV�DUH�KLJKO\�VWUXFWXUHG��7KH�PDSV�DUH�JHQHUDWHG�E\�FRQYROXWLRQV�ZLWK�IHDWXUH�H[WUDFWLRQ�NHUQHOV����

6HJPHQWDWLRQ�,I�RXU�REMHFWLYH�LV�WR�UHFRJQL]H�D�VWULQJ�RI�FKDUDFWHUV��WKH�VWULQJ�KDV�WR�EH�FXW�XS�LQWR�LQGLYLGXDO�FKDUDFWHUV��D�SURFHVV�FDOOHG�VHJPHQWDWLRQ��7KH�FRPSRQHQW�GR�WKLV�RSHUDWLRQ�LV�WKH�VHJPHQWHU��(DFK�SDUWLDO�LPDJH���VHJPHQW���LV�WKHQ�LQ�WXUQ�FODVVLILHG�E\�WKH�UHFRJQL]HU��7KH� GLIILFXOW\� RI� WKH� VHJPHQWDWLRQ� WDVN� VWURQJO\� GHSHQGV� RQ� WKH� TXDOLW\� DQG�W\SH� RI� WKH� VWULQJ�� )RU�PDFKLQH� SULQWLQJ� RI� SRRU� TXDOLW\� RU� IRU� KDQGZULWLQJ��ZKHUH�GLIIHUHQW�FKDUDFWHUV�PLJKW� WRXFK�DQG�VLQJOH�FKDUDFWHUV�PLJKW�EH�EURNHQ�LQWR�VHYHUDO�SLHFHV��WKH�WDVN�LV�YHU\�GLIILFXOW��(DFK�VHJPHQWV�LV�FDOOHG��&RQQHFWHG�&RPSRQHQWV���(DFK�RI�WKH�WKUHH�FRQQHFWHG�FRPSRQHQWV�LQ�)LJXUH���D��LV�LQGLYLGXDO�GLJLW��7KLV�LV�QRW�DOZD\V� WKH� FDVH�� LQ� )LJXUH� ��E�� WKHUH� DUH� WKUHH� GLJLWV� DQG� WKUHH� FRQQHFWHG�FRPSRQHQWV� DV� ZHOO�� 1RW� RQH� RI� WKH� FRQQHFWHG� FRPSRQHQWV� LV� DQ� LQGLYLGXDO� GLJLW��
7KH� ��� DQG� �®� DUH� FRPELQHG� WR� RQH� FRQQHFWHG� FRPSRQHQW� DQG� WKH� �m� LV�
GLVFRQQHFWHG� LQWR� WZR� FRQQHFWHG� FRPSRQHQWV�� 7KHUH� LV� QHHG� IRU� D� PXFK� PRUH�VRSKLVWLFDWHG� VHJPHQWHU��7KH� ILUVW� FRQQHFWHG� FRPSRQHQW�PXVW�EH�ELVHFWHG� LQWR� WZR�VHJPHQWV��DQG�UHPDLQLQJ�WZR�FRQQHFWHG�FRPSRQHQWV�MRLQHG�WR�RQH�VHJPHQW��:KDWHYHU� VHJPHQWDWLRQ� PHWKRG� LV� XVHG�� WKHUH� DUH� OLPLWDWLRQV� LQ� XVLQJ� WKH�SLSHOLQH�VFKHPH�VKRZQ�LQ�)LJXUH������
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�D�� �E�� �F�
)LJ���

)RU� WKH� FKDUDFWHUV� VKRZQ� LQ� )LJXUH� ��F��� ZH� FRQVLGHU� WKH� �WHQWDWLYH� FXWV��ZKHUH� D� FRQQHFWHG� FRPSRQHQWV� DQDO\VLV� ORFDWHV� JDSV� EHWZHHQ� EOREV� RI� LQN�� 6XFK�
FXWV� DUH� ZLWKLQ� WKH� �m� DQG� WKH� �®� DQG� EHWZHHQ� WKHP�� 7KH� QH[W� VWHS� LQ� RXU�
VHJPHQWDWLRQ� SURFHVV� LV� WR� SDVV� VHJPHQWV� DQG� SRVVLEOH� VHJPHQW� FRPELQDWLRQV� WR�/H1HW� IRU� VFRULQJ� DV� SRVVLEOH� FKDUDFWHUV�� )LJXUH� ��� VKRZV� WKHVH� VHJPHQWV� DQG�VHJPHQW� FRPELQDWLRQV� DORQJ� ZLWK� WKHLU� WRS� VFRULQJ� FODVVLILFDWLRQ� DQG� FRQILGHQFH�OHYHO��7KH�QXPEHU�QHDU� WKH� WRS�RI� HDFK�ER[� LV� WKH�PRVW� OLNHO\� FODVVLILFDWLRQ�RI� WKH��LQN��LQ� WKH�ER[��7KH�QXPEHU�QHDU� WKH�ERWWRP�LV�/H1HW
V�UHODWLYH�FRQILGHQFH� LQ� WKH�FODVVLILFDWLRQ�� ,Q� RUGHU� WR� FKRRVH� D� FRQVLVWHQW� VHJPHQWDWLRQ� RI� WKH� LPDJH�ZH�PXVW�HQVXUH�WKDW�DOO�WKH�EODFN�DUHD�LV�DFFRXQWHG�IRU��DQG�WKDW�LW�LV�RQO\�XVHG�RQFH��/H&XQ��HW�DO���������
5HFRJQLWLRQ�EDVHG�6HJPHQWDWLRQ�7KH� VHJPHQWDWLRQ� WKDW� JLYHV� WKH� EHVW� FRPELQHG� VFRUH� LV� FKRVHQ�� 7KLV��UHFRJQLWLRQ� GULYHQ�� VHJPHQWDWLRQ� LV� XVXDOO\� XVHG� LQ� FRQMXQFWLRQ� ZLWK� G\QDPLF�SURJUDPPLQJ� WR� HIILFLHQWO\� ILQG� WKH� RSWLPDO� VROXWLRQ�� ,Q� WKLV� DSSURDFK� WKH�UHFRJQLWLRQ� HQJLQH� DQG� WKH� VHJPHQWHU� DUH� WLJKWO\� FRXSOHG�� 7KLV� LV� D� PHWKRG� ZH�EHOLHYH�WR�EH�DSSOLFDEOH�WR�PXOWL�FKDUDFWHU�UHFRJQLWLRQ���7KH�QXPEHU�RI�SRVVLEOH�VHJPHQWDWLRQV�RI�D�VSHFLILF�LPDJH�LV�H[WUHPHO\�ODUJH��(YHQ� LI� ZH� FRXOG� UHO\� RQO\� RQ� WKH� UHFRJQLWLRQ� ILHOG� WR� GHWHUPLQH� WKH� FRUUHFW�VHJPHQWDWLRQ��LW�ZRXOG�QRW�EH�IHDVLEOH�WR�WU\�VFRULQJ�DOO�SRVVLEOH�VHJPHQWV��HYHQ�ZLWK�DQ�H[WUHPHO\�IDVW�FODVVLILHU��ZH�FRXOG�QRW�UHDFK�D�VROXWLRQ�LQ�UHDVRQDEOH�FRPSXWLQJ�WLPH�� ,W� LV� QHFHVVDU\� WR� OLPLW� WKH� QXPEHU� RI� FDQGLGDWH� VHJPHQWDWLRQV� DV� PXFK� DV�SRVVLEOH��:H�ZRXOG�OLNH�WR�OLPLW�WKH�FDQGLGDWHV�ZH�FRQVLGHU��WR�WKH�VPDOOHVW�SRVVLEOH�VHW�ZKLOH�UHWDLQLQJ�KLJK�FRQILGHQFH�WKDW�WKH�FRUUHFW�VROXWLRQ�LV�D�PHPEHU�RI�LW����



+DQGZULWLQJ�$UDELF�&KDUDFWHU�5HFRJQLWLRQ�8VLQJ�/H1HW�1HXUDO�1HWZRUN� ����������������������������

)LJ����
%DFNSURSDJDWLRQ�/HDUQLQJ�$OJRULWKP�7KH�EDFNSURSDJDWLRQ�DOJRULWKP�KDV�EHHQ�ZLGHO\�XVHG�DV�D�OHDUQLQJ�DOJRULWKP�LQ�IHHG�IRUZDUG�PXOWLOD\HU�QHXUDO�QHWZRUNV��7KH�EDFNSURSDJDWLRQ�LV�DSSOLHG�WR�IHHG�IRUZDUG�DUWLILFLDO�QHXUDO�QHWZRUNV�ZLWK�RQH�RU�PRUH�KLGGHQ�OD\HUV��%DVHG� RQ� WKLV� DOJRULWKP�� WKH� QHWZRUN� OHDUQV� D� GLVWULEXWHG� DVVRFLDWLYH� PDS�EHWZHHQ�WKH�LQSXW�DQG�RXWSXW�OD\HUV��,Q� JHQHUDO�� WKH� GLIILFXOW\� ZLWK� PXOWLOD\HU� 3HUFHSWURQV� LV� FDOFXODWLQJ� WKH�ZHLJKWV�RI�WKH�KLGGHQ�OD\HUV�LQ�DQ�HIILFLHQW�ZD\�WKDW�UHVXOW�LQ�WKH�ODVW�RXWSXW�HUURU��7R�XSGDWH� WKH� ZHLJKWV�� RQH� PXVW� FDOFXODWH� DQ� HUURU�� $W� WKH� RXWSXW� OD\HU� WKLV� HUURU� LV�HDVLO\�PHDVXUHG��WKLV�LV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�DFWXDO�DQG�WDUJHW�RXWSXWV��$W�WKH�KLGGHQ�OD\HUV��KRZHYHU��WKHUH�LV�QR�GLUHFW�REVHUYDWLRQ�RI�WKH�HUURU��KHQFH��VRPH�RWKHU�WHFKQLTXH� PXVW� EH� XVHG� WR� FDOFXODWH� DQ� HUURU� DW� WKH� KLGGHQ� OD\HUV� WKDW� ZLOO� FDXVH�PLQLPL]DWLRQ�RI�WKH�RXWSXW�HUURU��DV�WKLV�LV�WKH�XOWLPDWH�JRDO��:H� ZDQW� WR� WUDLQ� D� PXOWL�OD\HU� IHHG� IRUZDUG� QHWZRUN� E\� JUDGLHQW� GHVFHQW� WR�DSSUR[LPDWH�DQ�XQNQRZQ� IXQFWLRQ��EDVHG�RQ� VRPH� WUDLQLQJ�GDWD�FRQVLVWLQJ�RI�SDLUV�� � �[ W � 7KH�YHFWRU� [ UHSUHVHQWV�D�SDWWHUQ�RI�LQSXW�WR�WKH�QHWZRUN��DQG�WKH�YHFWRU�W WKH� FRUUHVSRQGLQJ� WDUJHW�� 7KH�RYHUDOO� JUDGLHQW�ZLWK� UHVSHFW� WR� WKH� HQWLUH� WUDLQLQJ�
VHW�LV�MXVW�WKH�VXP�RI�WKH�JUDGLHQWV�IRU�HDFK�SDWWHUQ��LQ�ZKDW�IROORZV�ZH�ZLOO�WKHUHIRUH�GHVFULEH�KRZ�WR�FRPSXWH�WKH�JUDGLHQW�IRU�MXVW�D�VLQJOH�WUDLQLQJ�SDWWHUQ��'XULQJ� WKH� WUDLQLQJ� VHVVLRQ� RI� WKH� QHWZRUN�� D� SDLU� RI� SDWWHUQV� LV� SUHVHQWHG�
� � �N N[ W � ZKHUH� N[ LV�WKH�LQSXW�SDWWHUQ�DQG�� NW LV�WKH�WDUJHW�RU�GHVLUHG�SDWWHUQ��
7KH� N[ SDWWHUQ�FDXVHV�RXWSXW�UHVSRQVHV�DW�HDFK�QHXURQ�LQ�HDFK�OD\HU�DQG��KHQFH��DQ�
DFWXDO�RXWSXW� N2 DW�WKH�RXWSXW�OD\HU��$W�WKH�RXWSXW�OD\HU��WKH�GLIIHUHQFH�EHWZHHQ�WKH�
DFWXDO� DQG� WDUJHW� RXWSXWV� \LHOGV� DQ� HUURU� VLJQDO�� 7KLV� HUURU� VLJQDO� GHSHQGV� RQ� WKH�YDOXHV� RI� WKH� ZHLJKWV� RI� WKH� QHXURQV� LQ� HDFK� OD\HU�� 7KLV� HUURU� LV� PLQLPL]HG�� DQG�GXULQJ�WKLV�SURFHVV�QHZ�YDOXHV�IRU�WKH�ZHLJKWV�DUH�REWDLQHG��7KH�VSHHG�DQG�DFFXUDF\�RI�WKH�OHDUQLQJ�SURFHVV�RI�XSGDWLQJ�WKH�ZHLJKWV�DOVR�GHSHQGV�RQ�D�OHDUQLQJ�UDWH���
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+DQGZULWLQJ�$UDELF�&KDUDFWHU�5HFRJQLWLRQ�� WKH�PDLQ�VKDSHV�RI�$UDELF�DOSKDEHW�$UDELF� ZULWLQJ� DQG� $UDELF� FKDUDFWHUV� KDYH� PDQ\� IHDWXUHV� WKDW� PDNH� WKH�$UDELF�FKDUDFWHU� � UHFRJQLWLRQ�V\VWHP�GLIIHUV� WKDQ� WKH� UHFRJQLWLRQ� V\VWHPV� IRU�RWKHU�ODQJXDJHV�VXFK�DV�/DWLQ�DQG�&KLQHVH��$UDELF�ZRUGV�DUH�ZULWWHQ�IURP�ULJKW�WR�OHIW�LQ�D�FXUVLYH� VFULSW� LQ� ERWK� KDQGZULWWHQ� DQG� W\SHZULWWHQ� �$PLQ�� ������� $OVR�� $UDELF�FKDUDFWHUV� KDYH� PDQ\� FKDUDFWHULVWLFV� WKDW� FRPSOLFDWH� WKH� UHFRJQLWLRQ� RI� VXFK�FKDUDFWHUV��6RPH�RI�WKHVH�FKDUDFWHULVWLFV�DUH�OLVWHG�EHORZ��
��� $UDELF� DOSKDEHW� FRQVLVWV� RI� ��� FKDUDFWHUV�� 7KH� VKDSH� RI� PRVW� RI� WKHVH�

FKDUDFWHUV�LV�D�IXQFWLRQ�RI�WKHLU�SRVLWLRQV�ZLWKLQ�WKH�ZRUG��ZKHUH�HDFK�FKDUDFWHU�
FDQ�KDYH�XS� WR�IRXU�GLIIHUHQW� IRUPV� WKDW� LQFUHDVH� WKH�QXPEHU�RI�SDWWHUQV� IURP�
���WR�DERXW����SDWWHUQV��$PLQ����������

��� 0RVW�RI�$UDELF� FKDUDFWHUV� ����RI�����KDYH� D� FKDUDFWHU� FRPSOHPHQWDU\� WKDW� LV�
DVVRFLDWHG�ZLWK�WKH�ERG\�RI�WKH�FKDUDFWHU��7KLV�FRPSOHPHQWDU\�PD\�EH�GRW��WZR�
GRWV�� WKUHH�GRWV��RU� ]LJ]DJ� �LQ�$UDELF� LW� LV� FDOOHG�KDP]D��� ,W� FDQ�EH� DERYH� WKH�
FKDUDFWHU��®���EHORZ��J� ��RU�LQVLGH�WKH�FKDUDFWHU��V� �6DOHK���������

��� 7KHUH� DUH� PDQ\� JURXSV� RI� FKDUDFWHUV� WKDW� KDYH� WKH� VDPH� ERG\�� EXW� WKH\� DUH�
GLVWLQJXLVKHG� E\� WKH� QXPEHU� RI� GRWV� � �]]]]*]]* ��� WKH� SRVLWLRQ� RI� GRWV� �V*a��� RU�
ZKHWKHU�LW�LV�GRW�RU�]LJ]DJ�� ]]* � �6DOHK���������

��� $Q�$UDELF�FKDUDFWHU�PD\�FRQQHFW�WR�RQH�VLGH��HLWKHU�ULJKW�RU�OHIW���WR�ERWK�VLGHV��
RU�WR�QHLWKHU�VLGH��)RU�H[DPSOH��WKH�µ$OLI¶�FRQQHFWV�WR�WKH�ULJKW�EXW�QHYHU�WR�WKH�
OHIW�� 7KLV� LQIRUPDWLRQ� RIIHUV� D� FOHDU�FXW� PHWKRG� RI� �XVXDOO\�� YDOLGDWLQJ� RU�
LQFUHDVLQJ� WKH� FRQILGHQFH� OHYHO� LQ� WKH� FODVVLILFDWLRQ� RI� VRPH� FKDUDFWHUV�� )RU�
H[DPSOH�� LI� D� µ:DZ¶�ZDV�PL[HG�ZLWK� D� µ0HHP¶�� WKH� FRQIOLFW� FRXOG� HDVLO\� EH�
UHVROYHG� WR� WKH� µ0HHP¶V¶�DGYDQWDJH� LI� WKH�VXVSHFWHG� FKDUDFWHU�ZDV� FRQQHFWHG�
WR�WKH�OHIW��IRU�D�µ:DZ¶�QHYHU�FRQQHFWV�WR�WKH�OHIW��.KDUPD�	�:DUG���������$ GHFLVLRQ�WUHH�ZDV�XVHG�IRU�FODVVLI\LQJ�$UDELF�FKDUDFWHUV��7KH�WUHH�LV�TXLWH�VKDOORZ�� �� OHYHOV� GHHS�� ZKLFK� LV� EHWWHU� IRU� VSHHG�� $OVR�� WKH� WHVWV� XVHG� IRU�FODVVLILFDWLRQ� DUH� WKHPVHOYHV� VLPSOH�� 7KLV� FRPELQDWLRQ�� WRJHWKHU� ZLWK� PXOWLSOH�WHVWLQJ� IHDWXUHV� LV� GHVLJQHG� WR� HQVXUH� VSHHG� RI� H[HFXWLRQ�� DV� ZHOO� DV� FHUWDLQW\� RI�FODVVLILFDWLRQ���.KDUPD�	�:DUG���������6LQFH� WKH� UHFRJQLWLRQ� LV� QRW� DIIHFWHG� E\� DGGLQJ� QRLVH�� LI� WKH� GRWV� DUH�LJQRUHG��WKH�QXPEHU�RI�GLIIHUHQW�VKDSHV�WR�EH�UHFRJQL]HG�ZLOO�EH�UHGXFHG�IURP�����

WR��6 DV�VKRZQ�LQ�WDEOH����
7DEOH����0DLQ�$UDELF�FKDUDFWHUV�VKDSHV�

,VRODWHG� %HJLQQLQJ� 0HGLDQ� (QG� ,VRODWHG� %HJLQQLQJ� 0HGLDQ� (QG� ,VRODWHG� %HJLQQLQJ� 0HGLDQ� (QG�
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,Q�RUGHU�WR�UHFRJQL]H�$UDELF�FKDUDFWHU��WKH�SUREOHP�ZLOO�EH�GLYLGHG�LQWR�WKUHH�SDUWV��ERG\�FODVVLILHU��ZKHUH�WKH�PDLQ�ERG\�RI�WKH�XQNQRZQ�FKDUDFWHU�UHJDUGOHVV�ZLOO�EH� FODVVLILHG� RI� WKH� GRWV� RU� ]LJ]DJ�� ,Q� DGGLWLRQ�� WKH� QRLVH� DQG� FKDUDFWHU�FRPSOHPHQWDU\� WKDW� LV� DVVRFLDWHG�ZLWK� WKH� ERG\� RI� WKH� XQNQRZQ� FKDUDFWHU� ZLOO� EH�UHPRYHG� XVLQJ� +RSILHOG� QHWZRUN�� 7KLV� SDUW� FODVVLILHV� WKH� PDLQ� ERG\� WKURXJK� WZR�VWDJHV�� 7KH� ILUVW� ZLOO� EH� XVHG� WR� HQDEOH� WKLV� QHWZRUN� RI� UHPRYLQJ� WKH� QRLVH� DQG�HQKDQFLQJ� WKH� ERG\� RI� WKH� FKDUDFWHU�� WKH� ERG\� RI�$UDELF� FKDUDFWHUV�ZLOO� EH� VWRUHG�ZLWKLQ�WKH�QHWZRUN��7KXV��WKLV�QHWZRUN�ZLOO�FRQVLGHU�WKH�FKDUDFWHU�FRPSOHPHQWDU\�DV�D QRLVH�DQG� WKH�RXWSXW�RI� WKH�QHWZRUN�ZLOO�EH� WKH�VWRUHG�ERG\�WKDW� LV� VLPLODU� WR� WKH�ERG\�RI�WKH�XQNQRZQ�FKDUDFWHU��7KH�RXWSXW�ZLOO�EH�VHQG�WR�DQRWKHU�VWDJH��LQ�WKLV�SDUW�DV� DQ� LQSXW� DQG� RXWSXWV� WKH� FODVV� WKDW� WKH� XQNQRZQ� SDWWHUQ� EHORQJV� WR�� XVLQJ� D�EDFNSURSDJDWLRQ�DOJRULWKP��7KH�VHFRQG�SDUW�LV� WKH�FRPSOHPHQWDU\�FODVVLILHU��ZKHUH�WKH� FRPSOHPHQWDU\� RI� WKH� XQNQRZQ� FKDUDFWHU� UHFRJQL]HG�� ,W� KDV� WR� GHWHUPLQH� WKH�QXPEHU�RI� GRWV�� SRVLWLRQ�� DQG�ZKHWKHU� WKH\� DUH�GRWV� RU� ]LJ]DJ��7KXV�� WKH� GRWV� DQG�WKHLU� QXPEHU� FDQ� EH� UHFRJQL]HG� E\� WKHLU� VL]H��$QG� � WKH� WKLUG� SDUW� LV� WKH� DJJUHJDWH�FODVVLILHU��:KHUH� WKH� UHVXOW� RI� WKH� SUHYLRXV�SDUWV� FRPELQHG� DQG�SURGXFHV� WKH� FODVV�WKDW�WKH�XQNQRZQ�FKDUDFWHU�EHORQJV�WR���� 8VLQJ�/H1HW�IRU�$UDELF�FKDUDFWHU�UHFRJQLWLRQ�2XU�V\VWHP�RI�$UDELF�FKDUDFWHU�UHFRJQLWLRQ�FDQ�EH�GLYLGHG�LQWR�WZR�VWDJHV�DV�IROORZLQJ��:H�ZLOO� VWDUW� ZLWK�PDLQ� ERG\� UHFRJQLWLRQ� XVLQJ� /H1HW�� DQG� DIWHU� WKDW�� GRWV�UHFRJQLWLRQ�XVLQJ�VHDUFK��DV�IROORZLQJ��)LUVWO\��QRLVH�ZLOO�EH�LVRODWHG�IURP�WKH�LQSXW�FKDUDFWHU��7KHQ��WKH�VHDUFK�DUHD�ZLOO�EH�GHWHUPLQLQJ�GHSHQGHQWO\�RQ�WKH�W\SH�RI�VKDSH��VRPH�DUHDV�ZLOO�EH�DERYH�WKH�PDLQ�VKDSH�DQG�RWKHUV�EHORZ�LW��$QG�ODVWO\��VHDUFKLQJ�WKH�GHWHUPLQHG�VHDUFK�DUHD�LQ�WKH�LVRODWHG�QRLVH�DUUD\�IRU�VLQJOH��GRXEOH��RU�WULSOH�GRWV�GHSHQGLQJ�RQ�WKH�VKDSH�RI�FKDUDFWHU���
1HWZRUN�GHVLJQ�� LQSXW�DQG�RXWSXW�XQLW��7KH� LQSXW� RI� WKH� QHWZRUN� LV� D� ��� E\� ��� QRUPDOL]HG� LPDJH�� 7KH� RXWSXW� LV�FRPSRVHG�RI����XQLWV��RQH�SHU�FODVV��DQG�XVHV�SODFH�FRGLQJ���

IHDWXUH�0DSV�DQG�:HLJKW�6KDULQJ��7KH�GHWHFWLRQ�RI�D�SDUWLFXODU�IHDWXUH�DW�DQ\�ORFDWLRQ�RQ�WKH�LQSXW�FDQ�EH�HDVLO\�GRQH� XVLQJ� WKH� �ZHLJKW� VKDULQJ��� 'LVWLQFWLYH� IHDWXUHV� RI� DQ� REMHFW� FDQ� DSSHDU� DW�YDULRXV� ORFDWLRQV�RQ� WKH� LQSXW� LPDJH��7KHUHIRUH� LW� VHHPV�MXGLFLRXV� WR�KDYH�D� VHW�RI�IHDWXUH�GHWHFWRUV� WKDW� FDQ�GHWHFW�D�SDUWLFXODU� LQVWDQFH�RI�D� IHDWXUH� DQ\ZKHUH�RQ� WKH�LQSXW� SODQH�� ,W� FDQ� EH� LQWHUSUHWHG� DV� LPSRVLQJ� HTXDOLW\� FRQVWUDLQWV� DPRQJ� WKH�FRQQHFWLRQ� VWUHQJWKV�� 7KLV� WHFKQLTXH� FDQ� EH� LPSOHPHQWHG� ZLWK� YHU\� OLWWOH�FRPSXWDWLRQDO�RYHUKHDG��:HLJKW�VKDULQJ�QRW�RQO\�JUHDWO\�UHGXFHV�WKH�QXPEHU�RI�IUHH�SDUDPHWHUV�LQ�WKH�QHWZRUN� EXW� DOVR� FDQ� H[SUHVV� LQIRUPDWLRQ� DERXW� WKH� JHRPHWU\� DQG� WRSRORJ\� RI� WKH�WDVN�� ,Q�RXU� FDVH�� WKH� ILUVW� KLGGHQ� OD\HU� LV� FRPSRVHG�RI� VHYHUDO�SODQHV� WKDW�ZH� FDOO�IHDWXUH�PDSV��$OO� XQLWV� LQ� D�SODQH� VKDUH� WKH� VDPH� VHW�RI�ZHLJKWV�� WKHUHE\�GHWHFWLQJ�
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WKH�VDPH�IHDWXUH�DW�GLIIHUHQW�ORFDWLRQV��6LQFH�WKH�H[DFW�SRVLWLRQ�RI�WKH�IHDWXUH�LV�QRW�LPSRUWDQW��WKH�IHDWXUH�PDSV�QHHG�QRW�KDYH�DV�PDQ\�XQLWV�DV�WKH�LQSXW���

1HWZRUN�$UFKLWHFWXUH��7KH�QHWZRUN�LV�UHSUHVHQWHG�LQ�)LJXUH����,WV�DUFKLWHFWXUH�LV�D�GLUHFW�H[WHQVLRQ�RI�WKH� RQH� SURSRVHG� LQ� �/H&XQ�� ������� 7KH� QHWZRUN� KDV� WZR� KLGGHQ� OD\HUV� QDPHG��+ DQG� �+ ��+ LV�FRPSRVHG�RI���JURXSV�RI����XQLWV�DUUDQJHG�DV��� LQGHSHQGHQW���E\���IHDWXUH�PDSV��(DFK�XQLW�LQ�D�IHDWXUH�PDSV�WDNHV�LQSXW�RQ�D���E\���QHLJKERUKRRG�RQ�WKH� LQSXW� SODQH�� 7KH�PRWLYDWLRQ� LV� KLJK� UHVROXWLRQ� PD\� EH� QHHGHG� WR� GHWHFW� WKH�SUHVHQFH�RI�D�IHDWXUH��ZKLOH�LWV�H[DFW�SRVLWLRQ�QHHG�QRW�EH�GHWHUPLQHG�ZLWK�HTXDOO\�KLJK�SUHFLVLRQ��,W� LV� NQRZQ� WKDW� WKH� NLQGV�RI� IHDWXUHV� WKDW� DUH� LPSRUWDQW� DW� RQH� SODFH� LQ� WKH�LPDJH� DUH� OLNHO\� WR� EH� LPSRUWDQW� LQ� RWKHU� SODFHV� �/H&XQ� HW� DO�� ������� 7KHUHIRUH�FRUUHVSRQGLQJ� FRQQHFWLRQV� RQ� HDFK� XQLW� LQ� D� JLYHQ� IHDWXUH�PDS� DUH� FRQVWUDLQHG� WR�KDYH�WKH�VDPH�ZHLJKWV��2Q�RWKHU�ZRUGV��HDFK�RI�WKH��XQLW�LQ�
��+ XVHV�WKH�VDPH�VHW�RI�

���ZHLJKWV��7KH� IXQFWLRQ�SHUIRUPHG�E\� D� IHDWXUH�PDS�FDQ� WKXV�EH� LQWHUSUHWHG� DV� D�QRQOLQHDU�VXE�VDPSOHG�FRQYROXWLRQ�ZLWK�D���E\���NHUQHO���

) L J � � ��
2I�FRXUVH��XQLWV�LQ�DQRWKHU�PDS�VKDUH�DQRWKHU�VHW�RI����ZHLJKWV��8QLWV�GR�QRW�VKDUH� WKHLU�ELDVHV��(DFK�XQLW� WKXV�KDV���� LQSXW�SODQH� WDNH� WKHLU� LQSXW� IURP�D�YLUWXDO�EDFNJURXQG�SODQH�ZKRVH�VWDWH�LV�HTXDO�WR�FRQVWDQW��SUHGHWHUPLQHG�EDFNJURXQG�OHYHO��
OD\HU� �+ FRPSULVHV�����XQLWV����E\���WLPHV����������FRQQHFWLRQV������WLPHV�����SOXV�����ELDVHV��EXW�RQO\�����IUHH�SDUDPHWHUV������ELDVHV�SOXV����WLPHV���IHDWXUH�NHUQHOV��VLQFH�PDQ\�FRQQHFWLRQV�VKDUH�WKH�VDPH�ZHLJKW��
/D\HU� �+ LV�FRPSRVHG�RI����IHDWXUHV�PDSV��(DFK�IHDWXUH�PDS�FRQWDLQV����

XQLWV�DUUDQJHG�LQ�D���E\���SODQH��7KH�FRQQHFWLRQ�VFKHPH�EHWZHHQ� �+ DQG� �+ LV�
TXLWH� VLPLODU� WR� WKH� RQH� EHWZHHQ� WKH� LQSXW� DQG� �+ � (DFK� XQLW� LQ� �+ FRPELQHV�
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ORFDO� LQIRUPDWLRQ� FRPLQJ� IURP� �� RI� WKH� �� GLIIHUHQW� IHDWXUH� PDSV� LQ� �+ � ,WV�UHFHSWLYH�ILHOG�LV�FRPSRVHG�RI�VL[���E\���QHLJKERUKRRGV�FHQWHUHG�DURXQG�XQLWV�WKDW�DUH� DW� LGHQWLFDO� SRVLWLRQV� ZLWKLQ� HDFK� RI� WKH� �� PDSV�� &RQQHFWLRQV� IDOOLQJ� RII� WKH�
ERXQGDULHV�DUH�WUHDWHG�OLNH�DV�LQ� �+ � 7R�VXPPDUL]H��OD\HU� �+ FRQWDLQV�����XQLWV�
����WLPHV���E\����DQG�WKHUH�LV�D�WRWDO�RI�������FRQQHFWLRQV�EHWZHHQ�OD\HUV� �+ DQG��+ �����XQLWV�WLPHV�����LQSXW�OLQHV���$OO�WKHVH�FRQQHFWLRQV�DUH�FRQWUROOHG�E\�RQO\����� IUHH� SDUDPHWHUV� ��� IHDWXUH� PDSV� WLPHV� ���� ZHLJKWV� SOXV� ���� ELDVHV���
&RQQHFWLRQV� HQWHULQJ� �+ DQG� �+ DUH� ORFDO� DQG� DUH� KHDYLO\� FRQVWUDLQHG��8QLWV� ��FRQQHFWLRQV�ZLWK�SUHYLRXV�OD\HU��DQG�IUHH�SDUDPHWHUV�RI�DOO�OD\HUV�DUH�LQ�WDEOH����

7KH�RXWSXW�OD\HU�KDV����XQLWV�DQG�LV�DOVR�IXOO\�FRQQHFWHG�WR� �+ � LW�FRQVLVWV�RI�������ZHLJKWV�� ,Q� VXPPDU\�� WKH�QHWZRUN�KDV�����XQLWV��������FRQQHFWLRQV��DQG�������LQGHSHQGHQW�SDUDPHWHUV���
1HWZRUN�7UDLQLQJ�7KH� QRQOLQHDU� IXQFWLRQ� XVHG� DW� HDFK� QRGH� ZDV� D� VFDOHG� K\SHUEROLF� WDQJHQW�6\PPHWULF�IXQFWLRQV�RI�WKDW�NLQG�DUH�EHOLHYHG�WR�\LHOG�IDVWHU�FRQYHUJHQFH��DOWKRXJK�WKH� OHDUQLQJ� FDQ� EH� H[WUHPHO\� VORZ� LI� VRPH� ZHLJKWV� DUH� WRR� VPDOO� �/H&XQ� HW� DO��������� 7KH� WDUJHW� YDOXHV� IRU� WKH� RXWSXW� XQLWV� ZHUH� FKRVHQ� ZLWKLQ� WKH� TXDVL� OLQHDU�UDQJH� RI� WKH� VLJPRLG�� 7KLV� SUHYHQWV� WKH� ZHLJKWV� IURP� JURZLQJ� LQGHILQLWHO\� DQG�SUHYHQWV�WKH�RXWSXW�XQLWV�IURP�RSHUDWLQJ�LQ� WKH�IODW�VSRW�RI�WKH�VLJPRLG��7KH�RXWSXW�FRVW�IXQFWLRQ�ZDV�WKH�PHDQ�VTXDUHG�HUURU��%HIRUH�WUDLQLQJ��WKH�ZHLJKWV�ZHUH�LQLWLDOL]HG�ZLWK�UDQGRP�YDOXHV��7KH� SURFHVV� VWDUWV� ZLWK� DSSO\LQJ� WKH� ILUVW� SDWWHUQ�� WKHQ� WKH� SDWWHUQV� ZHUH�UHSHDWHGO\�SUHVHQWHG�LQ�D�FRQVWDQW�RUGHU��7KH�ZHLJKWV�ZHUH�XSGDWHG�DFFRUGLQJ�WR�WKH�VR�FDOOHG�VWRFKDVWLF�JUDGLHQW��XSGDWLQJ�DIWHU�HDFK�SUHVHQWDWLRQ�RI�D�VLQJOH�SDWWHUQ��DV�RSSRVHG� WR� WKH� �WUXH�� JUDGLHQW� SURFHGXUH� �DYHUDJLQJ� RYHU� WKH� ZKROH� WUDLQLQJ� VHW�EHIRUH� XSGDWLQJ� WKH� ZHLJKWV�� )URP� HPSLULFDO� VWXG\� �VXSSRUWHG� E\� WKHRUHWLFDO�DUJXPHQWV���WKH�VWRFKDVWLF�JUDGLHQW�ZDV�IRXQG�WR�FRQYHUJH�PXFK�IDVWHU�WKDQ�WKH�WUXH�JUDGLHQW��HVSHFLDOO\�RQ�ODUJH��UHGXQGDQW�GDWD�EDVHV��

7DEOH����XQLWV��FRQQHFWLRQV�DQG�IUHH�SDUDPHWHUV�RI�DOO�OD\HUV�
/D\HU� 8QLWV� &RQQHFWLRQV�ZLWK�SUHYLRXV�OD\HU� )UHH�SDUDPHWHUV�
,QSXW� ���� ���� ����

)LUVW�KLGGHQ�OD\HU� ���� ����� ����
6HFRQG�KLGGHQ�OD\HU� ���� ������ ����

2XWSXW� ��� ������ ������
6XPPDWLRQ ��� ����� �����

IHDWXUH�ZRUN�7KH�QHHGLQJ�IRU�D�ORW�RI�LQWHUHVW�WR�UHFRJQL]H�KDQGZULWLQJ�$UDELF�FKDUDFWHU�LV�VWLOH� UHTXLUHG�� WR� PLQLPL]H� D� ORW� RI� HUURUV� GHSHQGLQJ� ZLWK� WKH� GHVLJQ� RI�KDQGZULWLQJ�ODQJXDJH�LWVHOI��$OVR�WKH�UHFRJQLWLRQ�RI�WKH�SLFWXUHV�WKDW�QRW�UHODWHG�ZLWK�ZULWWHQ�WH[W�DQG�VHOHFW�LW�DV�D�SLFWXUH�VWLOH�RSHQ�TXHVWLRQ��
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5HIHUHQFHV���� $PLQ�� $�� ������� 2II� OLQH� $UDELF� &KDUDFWHU� 5HFRJQLWLRQ� $� 6XUYH\��,&'$5
���YRO���SS�������������� $PLQ�� $�� ������� 5HFRJQLWLRQ� RI� +DQG�SULQWHG� &KDUDFWHUV� %DVHG� RQ�6WUXFWXUDO�'HVFULSWLRQ�DQG�,QGXFWLYH�/RJLF�3URJUDPPLQJ��35/�YRO������1R������SS���������������� %XUJHV��&�� -��&�� �������$� WXWRULDO�RQ� VXSSRUW� YHFWRU�PDFKLQHV� IRU�SDWWHUQ�UHFRJQLWLRQ��'DWD�0LQLQJ�DQG�.QRZOHGJH�'LVFRYHU\���������SS����±�������� (O�:DNLO�� 6��� 6KRXNU\�� $�� ������� 2Q�OLQH� 5HFRJQLWLRQ� RI� +DQGZULWWHQ�,VRODWHG�$UDELF�&KDUDFWHUV��3DWWHUQ�5HFRJQLWLRQ��9RO�����1R����SS������������ )XNXVKLPD��N���������QHRFRJQLWURQ��D�VHOI�RUJDQL]LQJ�QHXUDO�QHWZRUN�PRGHO�IRU� D� PHFKDQLVP� RI� SDWWHUQ� UHFRJQLWLRQ� XQDIIHFWHG� E\� D� VKLIW� LQ� SRVLWLRQ��ELRO��&\EHUQHWLFV�����SS������������� +DVKLPRWR�� :�������� 4XDGUDWLF� IRUPV� LQ� QDWXUDO� LPDJHV�� 1HWZRUN��&RPSXWDWLRQ�LQ�1HXUDO�6\VWHPV���������SS����±�������� .KDUPD��1���:DUG��5���������$�1RYHO�,QYDULDQW�0DSSLQJ�$SSOLHG�WR�+DQG�ZULWWHQ�$UDELF�&KDUDFWHU�5HFRJQLWLRQ��3DWWHUQ�5HFRJQLWLRQ��YRO������QR������SS��������������� /H&XQ��<���%RVHU��%���'HQNHU��-���+HQGHUVRQ��'���+RZDUG��5���+XEEDUG��:�����-DFNHO��/�� �������+DQGZULWWHQ�'LJHW�5HFRJQLWLRQ�ZLWK�D�%DFN�SURSDJDWLRQ�1HWZRUN��LQ�$GYDQFHV�LQ�1HXUDO�,QIRUPDWLRQ�3URFHVVLQJ�����1,36�����'��/��7RXUHWVN\�HG���SS������������� /H&XQ�� <��� %RWWRX�� /��� %HQJLR�� <��� +DIIQHU�� 3�� ������� *UDGLHQW�EDVHG�OHDUQLQJ�DSSOLHG�WR�GRFXPHQW�UHFRJQLWLRQ��3URFHHGLQJV�RI�WKH�,(((����������SS�����±���������� 0HXOOHU��.��5���0LND��6���5�DWVFK��*���7VXGD��.���6FK�RONRSI��%���������$Q�,QWURGXFWLRQ� WR�.HUQHO±%DVHG�/HDUQLQJ�$OJRULWKPV��,(((�7UDQVDFWLRQV�RQ�1HXUDO�1HWZRUNV���������SS����±��������� 1DRXP�� U���$O�UDZL��+��$QG� -DELU��$�� ������� VXSHUYLVHG� QHRFRJQLWURQ� IRU�KDQGZULWWHQ�$UDELF� FKDUDFWHUV� UHFRJQLWLRQ��%DVUDK� -�� 6FLHQFH��$�� YRO�� ����QR����SS�������������� 6DOHK�� 6�� ������� $Q�2Q�/LQH�$XWRPDWLF� $UDELF�'RFXPHQW� 5HDGHU��06F��7KHVLV��8QLYHUVLW\�RI�%DVUDK��,UDT������ <XKDV�� %��� $QVDUL�� 1�� ������� 1HXUDO� 1HWZRUNV� LQ� 7HOHFRPPXQLFDWLRQV��.OXZHU�$FDGHPLF�3XEOLVKHUV��
�


