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7KH�SURJUDP�FRQVLVWV�RI�WZR�ILOHV��6�GOOB������ 	�EDVLFPOLUWB�������VVF%HIRUH�RQH�FDQ�XVH�WKH�SURJUDP��� ,Q�³EDVLFPOLUWB������´�WKH�SRVLWLRQ�RI�WKH�6�GOO�PXVW�EH�JLYHQ��WKDW�LV��ILOO�LQ�DW�OLQH����DQG�����G\Q�RSHQ��F�??«??6�GOO��G\Q�FORVH��F�??«??6�GOO���'RXEOH�EUDFNHWV��??��DUH�QHHGHG��ZKLFK�LV�FRPPRQ�LQ�6�3OXV��� 2SHQ�6�SOXV��WR�PDNH�WKH�IXQFWLRQV�DYDLODEOH�ZLWKLQ�D�6�SOXV�VHVVLRQ��W\SH�LQ�WKHFRPPDQG�ZLQGRZ�VRXUFH�ILOH� ��F�??«??EDVLFPOLUWB�������VVF���HFKR� �)�ZKHUH�QRZ�WKH�SRVLWLRQ�LV�QHHGHG�RI�WKH�ILOH�EDVLFPOLUWB�������VVF��� $GG�WKH�ILOH�+3'�VVF IRU�WKH�FRPSXWDWLRQ�RI�FRQILGHQFH�LQWHUYDOVVRXUFH�ILOH� ��F�??«??+3'�VVF���HFKR� �)��� 7\SH�LQ�WKH�FRPPDQG�ZLQGRZ POLUWGLDORJ��� ZKHQ�REWDLQLQJ�WKH�GLDORJ�IRU�WKH�ILUVWWLPH��7R�REWDLQ�WKH�GLDORJ��W\SH�LQ�WKH�FRPPDQG�ZLQGRZJXL'LVSOD\'LDORJ��)XQFWLRQ��1DPH �POLUW����7KH�3URJUDP7KH�FRPSXWDWLRQV�DUH�SURJUDPPHG�LQ�)RUWUDQ���DQG�IRUPHG�LQ�6�GOO��6�3OXV���LV�XVHG�WRKDQGOH�WKH�LQSXW�DQG�WKH�RXWSXW�RI�WKH�6�GOO��6SOXV�LV�KDQG\�IRU�LPSRUWLQJ�ODUJH�GDWDILOHV�IRU�GRLQJ�GDWD�WUDQVIRUPDWLRQV��SORWWLQJ�UHVXOWV�HWF��$�GLDORJ�KDV�EHHQ�PDGH�LQ�6�3OXV���(VWLPDWLQJ�WKH�SDUDPHWHUV�RI�D�PXOWLOHYHO�,57�PRGHO�LV�GRQH�E\�ILOOLQJ�LQ�WKH�GLDORJ��%XW
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WKHUH�DUH�VRPH�LPSRUWDQW�UHPDUNV�ZKHQ�ILOOLQJ�LQ�WKLV�GLDORJ��7KH�GLDORJ�LV�GLVSOD\HG�LQWKH�IROORZLQJ�ILJXUH�
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!!!# !��
7KH�GLDORJ�FRQVLVWV�RI���SDJHV��0XOWLOHYHO�0RGHO��'HSHQGHQW��,57�/HYHO����,57�/HYHO���2XWFRPH��(DFK�SDJH�ZLOO�EH�GHVFULEHG�EHORZ��D�FRUUHVSRQGLQJ�ILJXUH�ZLOO�EH�JLYHQ�
7KH�ILUVW�SDJH�GLVSOD\HG�LQ�)LJXUH���GHILQHV�WKH�VWUXFWXUDO�PXOWLOHYHO�PRGHO��7KHUH�DUHIRXU�EORFNV��� ,QSXW�9DULDEOHV�0XOWLOHYHO�0RGHOx �REVHUYDWLRQV�SHU�JURXS��-[��YHFWRU��-�JURXSV��LQ�HDFK�HOHPHQW�WKH�QXPEHU�RI�REVHUYDWLRQVx 5DQGRP�,QWHUFHSW��WUXH�RU�QRW�� /HYHO��x ��REVHUYDWLRQV�/HYHO����QXPEHU�RU�V\PERO��IRU�H[DPSOH��1�VWXGHQWV�
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x ([SODQDWRU\�YDULDEOHV��IL[HG�FRHIILFLHQWV���WKHVH�DUH�WKH�REVHUYHG H[SODQDWRU\�YDULDEOHV�DW�/HYHO��ZLWK�IL[HG�FRHIILFLHQWV��$�YHFWRU��1[���;I�RU�LI�WKHUH�DUH�PRUH�WKDQ�RQH�H[SODQDWRU\�YDULDEOHV�GHQRWH�WKLV�DV��F�;I��;I��«���,Q�FDVH�RI�QR�REVHUYHG�H[SODQDWRU\�YDULDEOHV�ILOO�LQ�1$�x ([SODQDWRU\�YDULDEOHV��UDQGRP�FRHIILFLHQWV���WKHVH�DUH�WKH�REVHUYHG�H[SODQDWRU\�YDULDEOHV�DW�/HYHO��ZLWK�IL[HG�FRHIILFLHQWV��$�YHFWRU��1[���;U�RU�LI�WKHUH�DUH�PRUH�WKDQ�RQH�H[SODQDWRU\�YDULDEOHV�GHQRWH�WKLV�DV��F�;U��;U��«�� ,Q�FDVH�RI�QR�REVHUYHG�H[SODQDWRU\�YDULDEOHV�ILOO�LQ�1$�
�� /HYHO��x ��REVHUYDWLRQV�/HYHO����QXPEHU�RU�V\PERO��IRU�H[DPSOH��-�VWXGHQWV�x ([SODQDWRU\�YDULDEOHV��WKHVH�DUH�WKH�REVHUYHG H[SODQDWRU\�YDULDEOHV�DW�/HYHO���ZLWK�IL[HGFRHIILFLHQWV��RWKHUZLVH�D�WKLUWK�/HYHO�LV�QHHGHG��$�YHFWRU��-[���:�RU�LI�WKHUH�DUH�PRUH�WKDQ�RQHH[SODQDWRU\�YDULDEOHV��GHQRWH�WKLV�DV��F�:��:��«���,W�LV�DOVR�SRVVLEOH�WR�GHILQH�WKH�H[SODQDWRU\YDULDEOHV�:�DV�FELQG�:��:��«��DV�RQH�PDWUL[�RI�-�WLPHV�WKH�QXPEHU�RI�YDULDEOHV�LQ�WKH�FRPPDQGZLQGRZ��,Q�FDVH�RI�QR�REVHUYHG�H[SODQDWRU\�YDULDEOHV�ILOO�LQ�1$�x 5HODWLQJ�WR�UDQGRP�FRHIILFLHQW��7KH�H[SODQDWRU\�YDULDEOHV�DW�/HYHO���DUH�SUHGLFWRUV�RI�D�UDQGRPFRHIILFLHQW�DW�/HYHO����$�YHFWRU�:�DV�D�SUHGLFWRU�RI�WKH�UDQGRP�LQWHUFHSW��FRUUHVSRQGV�ZLWK�ILOOLQJLQ����,I�LW�SUHGLFWV� � ME WKLV�FDQ�EH�PHQWLRQHG�ZLWK�D���HWF��,I�D�YDULDEOH�:�LV�XVHG�DV�DQ�H[SODQDWRU\YDULDEOH�IRU�D�UDQGRP�LQWHUFHSW�DQG� � ME WKHQ�ILOO�LQ�F������DQG�VWDWH�WKDW�WZR�H[SODQDWRU\�YDULDEOHVDUH�XVHG��DOWKRXJK�WKH\�DUH�WKH�VDPH��� 6WDUWLQJ�9DOXHVx )L[HG�UHJUHVVLRQ�FRHIILFLHQWVx 5DQGRP�UHJUHVVLRQ�FRHIILFLHQWV��RI�OHQJWK�-x 9DULDQFH�/HYHO���� �Vx 9DULDQFH�/HYHO����&RYDULDQFH�PDWUL[�7�
)LJXUH���SUHVHQWV�WKH�QH[W�SDJH�RI�WKH�GLDORJ��FRQFHUQLQJ�WKH�GHSHQGHQW�YDULDEOH�RI�WKHVWUXFWXUDO�PRGHO�

)LJXUH����3DJH���PXOWLOHYHO�,57�GLDORJ7KH�EORFN�,GHQWLI\�JLYHV�WKUHH�RSWLRQV�KRZ�WR�LGHQWLI\�WKH�PHDVXUHPHQW�PRGHO�RQ�WKHODWHQW�GHSHQGHQW�YDULDEOH��7KDW�LV��WKH�VFDOH�RI�WKH�ODWHQW�GHSHQGHQW�YDULDEOH�LV�VWDQGDUGQRUPDO�RU�WKH�SURGXFW�RI�FRUUHVSRQGLQJ�GLVFULPLQDWLRQ�SDUDPHWHUV�HTXDOV�RQH�DQG�WKH�VXP
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RI�GLVFULPLQDWLRQ�SDUDPHWHUV�HTXDOV�]HUR�RU�WKH�VHFRQG�FXWRII�VFRUH�LV�IL[HG�DW�VRPHYDOXH��GHIDXOW�]HUR��$�XQOXFN\�FKRLFH�RI�WKLV�YDOXH�IRU�WKH�FXWRII�VFRUH�FDQ�OHDG�WRQXPHULFDO�SUREOHPV��,W�LV�DOVR�SRVVLEOH�WR�IL[�DOO�VHFRQG�FXWRII�VFRUHV��7KLV�FDQ�EH�KHOSIXO�IRU�H[DPSOH��ZKHQ�XQVWDEOH�HVWLPDWHV�DUH�REWDLQHG�XVLQJ�DQRWKHU�LGHQWLILFDWLRQ�PHWKRG�:LWKLQ�WKH�EORFN�'HSHQGHQW�9DULDEOH�WKH�REVHUYHG�GHSHQGHQW�YDULDEOH�FDQ�EH�JLYHQ�LI�LWLV�QRW�ODWHQW��,I�LW�LV�D�ODWHQW�YDULDEOH�RU�QRW�WKLV�PXVW�EH�VWDWHG�XVLQJ�WKH�FKHFNER[��,I�WKHGHSHQGHQW�YDULDEOH�LV�ODWHQW��PDUN�WKH�QH[W�FKHFNER[�LI�SRO\WRPRXV�GDWD�LV�XVHG��JLYH�WKHQXPEHU�RI�FDWHJRULHV�DQG�WKH�QDPH�RI�WKH�GDWD�PDWUL[�FRPSUHKHQGLQJ�WKH�VFRUHGUHVSRQVHV�WR�D�VHW�RI�LWHPV��7KLV�PDWUL[�LV�DVVXPHG�WR�EH�1[.��1�SHUVRQV�UHVSRQGLQJ�WR�.LWHPV��6WDUWLQJ�YDOXHV�IRU�WKH�ODWHQW�YDULDEOH��GLVFULPLQDWLRQ�SDUDPHWHUV�DQG�GLIILFXOW\SDUDPHWHUV�FDQ�EH�JLYHQ��WR�VSHHG�XS�WKH�FRQYHUJHQFH�RI�WKH�DOJRULWKP��7KH�GHIDXOWYDOXHV�DUH�1$��PHDQLQJ�1RQ�$YDLODEOH�
7KH�QH[W�SDJH�RI�WKH�GLDORJ�GHVFULEHV�WKH�SRVVLELOLW\�RI�XVLQJ�ODWHQW�H[SODQDWRU\�YDULDEOHVDW�/HYHO���XVLQJ�LWHP�UHVSRQVH�PRGHO�V��WR�PHDVXUH�WKH�YDULDEOHV��VHH�)LJXUH���

)LJXUH����3DJH���PXOWLOHYHO�,57�GLDORJ7KLV�SDJH�LV�VSOLW�LQWR�WZR�EORFNV��ODWHQW�YDULDEOH�V��ZLWK�IL[HG�FRHIILFLHQWV��OHIW��DQGODWHQW�YDULDEOH�V��ZLWK�UDQGRP�FRHIILFLHQWV��ULJKW���)RU�H[DPSOH��LI�D�ODWHQW�YDULDEOH�;�DW/HYHO���KDV�D�UDQGRP�FRHIILFHQW��ILOO�LQ�DW�WKH�ULJKW�x ��ODWHQW�YDULDEOHV �x ��LWHPV�SHU�WHVW� .��RQH�WHVW�ZLWK�.�LWHPVx ,WHP�6FRUHV ;��VD\�PDWUL[�;�RI�GLPHQVLRQ�1[.��HDFK�URZ�JLYHV�WKH�UHVXOW�RI�D�SHUVRQUHVSRQGLQJ�WR�.�LWHPV�x 3RO\WRPRXV�GDWD �� 7UXH��� )DOVH��PHDQLQJ�GLFKRWRPRXV�GDWD�x �&DWHJRULHV ��LI�WKHUH�DUH���FDWHJRULHV��LQ�FDVH�RI�GLFKRWRPRXV�GDWD�ILOO�LQ���,Q�FDVH�RI�WZR�ODWHQW�YDULDEOHV�ERWK�ZLWK�UDQGRP�FRHIILFLHQWV�x ��ODWHQW�YDULDEOHV �x ��LWHPV�SHU�WHVW� F�.��.����RQH�WHVW�ZLWK�.��LWHPV�DQG�RQH�ZLWK�.��LWHPVx ,WHP�6FRUHV F�;��;����VD\�PDWUL[�;��RI�GLPHQVLRQ�1[.���DQG�;��RI�1[.��x 3RO\WRPRXV�GDWD �� 7UXH��� )DOVH��PHDQLQJ�GLFKRWRPRXV�GDWD��%RWK�GLFKRWRPRXV��F������
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x �&DWHJRULHV F������7KH�RUGHU�RI�JLYLQJ�WKH�QXPEHU�RI�LWHPV�SHU�WHVW��.��	�.���DQG�WKH�YDULDEOHV�ZLWK�LWHPVFRUHV��;��	�;���PXVW�EH�WKH�VDPH��WKH�SURJUDP�ZLOO�OLQN�WKHP��7KLV�UHVHPEOHV�WKH�ZD\LI�WKH�ODWHQW�YDULDEOH�V��KDG�IL[HG�FRHIILFLHQWV��$W�WKH�ERWWRP�VWDUWLQJ�YDOXHV�FDQ�EH�JLYHQIRU�WKH�ODWHQW�YDULDEOHV�DQG�WKH�LWHP�SDUDPHWHUV��DW�WKH�OHIW��LQ�FDVH�RI�IL[HG�FRHIILFHQWV��DWWKH�ULJKW�LQ�FDVH�RI�UDQGRP�FRHIILFHQWV��1RWLFH��LI�VWDUWLQJ�YDOXHV�DUH�DYDLODEOH�IRU�DVSHFLILF�ODWHQW�YDULDEOH��DQG�WKHUH�DUH�PRUH�ODWHQW�YDULDEOHV�VSHFLILHG��VWDUWLQJ�YDOXHV�IRUDOO�ODWHQW�YDULDEOHV�PXVW�EH�JLYHQ�LQ�WKH�VDPH�RUGHU��RWKHUZLVH�WKH�SURJUDP�FDQQRW�OLQNWKHP�
*RLQJ�IXUWKHU��LW�LV�SRVVLEOH�WR�GHILQH�ODWHQW�YDULDEOHV�DW�/HYHO����)LJXUH���VKRZV�WKHRSWLRQV�WR�VSHFLI\�

)LJXUH��� 3DJH���PXOWLOHYHO�,57�GLDORJ$JDLQ��VSHFLI\�WKH�QXPEHU�RI�ODWHQW�YDULDEOHV�DW�/HYHO����WKH�QXPEHU�RI�LWHPV�SHUFRUUHSRQGLQJ�WHVW��DQG�WKH�YDULDEOHV�ZLWK�WKH�LWHP�VFRUHV��LQ�WKH�VDPH�RUGHU��6SHFLI\�LI�WKHVHW�RI�LWHP�VFRUHV�FRQWDLQ�SRO\WRPRXV�RU�GLFKRWRPRXV�GDWD�ZLWK�D�RQH�RU�]HUR�DQG�VSHFLI\WKH�QXPEHU�RI�FDWHJRULHV�IRU�HDFK�PDWUL[�ZLWK�LWHP�VFRUHV��LQ�WKH�VDPH�RUGHU��$JDLQVWDUWLQJ�YDOXHV�FDQ�EH�JLYHQ��(DFK�ODWHQW�YDULDEOH�LV�DQ�H[SODQDWRU\�YDULDEOH�IRU�D�UDQGRPFRHIILFHQWV��WKLV�LV�VSHFLILHG�LQ�WKH�IROORZLQJ�ZD\��$�UDQGRP�LQWHUFHSW�GHQRWHV����WKH�QH[WUDQGRP�FRHIILFLHQW�LV�PDUNHG���HWF��6R��ZLWKLQ�WKH�ILHOG�GHQRWHG�DV�5HODWH�V��WR�UDQGRPFRHIILFLHQW� WKH�GHILQHG�ODWHQW�H[SODQDWRU\�YDULDEOHV�DUH�UHODWHG�WR�WKH�UDQGRP�FRHIILFHQWVE\�VWDWLQJ�WKHLU�FRUUHVSRQGLQJ�QXPEHUV��LQ�WKH�VDPH�RUGHU�DV�WKH\�ZHUH�GHILQHG��7KLVPHWKRG�FRUUHVSRQGV�WR�KRZ�WKH�REVHUYHG�H[SODQDWRU\�YDULDEOHV�DW�/HYHO���ZHUH�GHILQHG�DW3DJH���RI�WKH�GLDORJ�
$W�ODVW��VRPH�VSHFLILFDWLRQV�FDQ�EH�PDGH�FRQFHUQLQJ�WKH�0&0&�DOJRULWKP��)LJXUH��VKRZV�WKH�RSWLRQV�
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)LJXUH����3DJH���PXOWLOHYHO�,57�GLDORJ$�QDPH�VKRXOG�EH�JLYHQ��HYHQWXDOO\��WKLV�FRQWDLQV�WKH�RXWFRPH�RI�WKH�0&0&�DOJRULWKP�,I�PDUNHG��RXWFRPHV�RI�WKH�SDUDPHWHU�HVWLPDWHV�DUH�SULQWHG�LQ�D�UHSRUW�ILOH��LQFOXGLQJVWDQGDUG�GHYLDWLRQV�KLJKHVW�SRVWHULRU�GHQVLW\�LQWHUYDOV��DQG�FUHGLELOLW\�LQWHUYDOV��$�VKRUWRXWSXW�ZLOO�QRW�JLYH�WKH�HVWLPDWHV�DQG�VWDQGDUG�GHYLDWLRQV�RI�WKH�LWHP�SDUDPHWHUV��7KHEXUQ�LQ�OHQJWK�VWDWHV�KRZ�PDQ\�RI�WKH�ILUVW�LWHUDWLRQV�VKRXOG�EH�LJQRUHG�ZKHQ�HVWLPDWLQJWKH�SDUDPHWHUV��7KH�FKDLQ�OHQJWK�GHILQHV�WKH�QXPEHU�RI�LWHUDWLRQV��,I�WKLQQLQJ�VWRUDJHHTXDOV�RQH�WKH�VDPSOHG�YDOXHV�LQ�HDFK�LWHUDWLRQ�DUH�VWRUHG��LI�LW�HTXDOV�WZR��WKH�YDOXHVVDPSOHG�LQ�HYHU\�VHFRQG�LWHUDWLRQ�DUH�VWRUHG�HWF��5HOLDELOLW\�LQWHUYDOV�DUH�FRPSXWHGDFFRUGLQJ�WR�D�VSHFLILHG�YDOXH��7KH�SDUDPHWHU�HVWLPDWHV�DUH�SULQWHG�LQ�D�UHSRUW�ILOH�ZLWKLQ6�3OXV��WKH�RXWFRPH�LQ�WKH�VSHFLILHG�REMHFW��GHIDXOW�POLUWRXW���FRQWDLQV�WKH�VDPSOHG�YDOXHV�,W�LV�SRVVLEOH�WR�SHUIRUP�VRPH�SRVWHULRU�SUHGLFWLYH�FKHFNV��7KH\�DUH�IXOO\�GHVFULEHG�LQ³0XOWLOHYHO�,57�XVLQJ�'LFKRWRPRXV�DQG�3RO\WRPRXV�5HVSRQVH�'DWD´��7KH�RXWSXW�ZLOOJLYH�VRPHWKLQJ�OLNH�� 6WDWLVWLFV�%DVHG�RQ�2EVHUYHG�'DWD3�9DOXH�V��&KL�6TXDUH�'LVFUHSDQF\ ��������3�9DOXH�V��&RUUHODWLRQ�6WUXFWXUH� ��������3VHXGR�%D\HV�)DFWRU�V�� ���������������7RWDO������������/RJ�/LNHOLKRRG�0XOWLOHYHO�0RGHO� �������������7KH�ILUVW�VWDWLVWLF�LV�WKH�ZHOO�NQRZQ� �F �GLVFUHSDQF\�WR�FKHFN�LI�WKH�UHSOLFDWHG�GDWD�XQGHUWKH�PRGHO�DUH�FORVH�WR�WKH�REVHUYHG�GDWD��7KH�VHFRQG�VWDWLVWLF�FDQ�EH�XVHG�WR�WHVW�LI�WKHWHWUD�RU�SRO\FKRULF�FRUUHODWLRQ�LQ�WKH�SUHGLFWLYH�GDWD�DUH�FRPSDUDEOH�WR�WKH�FRUUHODWLRQVWUXFWXUH�LQ�WKH�REVHUYHG�GDWD��7KH�VHFRQG�VWDWLVWLF�UHWXUQV�WKH�SVHXGR�%D\HV�IDFWRUFRUUHVSRQGLQJ�WR�WKH�REVHUYHG�GDWD�WKDW�FDQ�EH�XVHG�WR�FRPSDUH��PHDVXUHPHQW��PRGHOV�7KH�ORJ�OLNHOLKRRG�RI�WKH�VWUXFWXUDO�PXOWLOHYHO�PRGHO�FDQ�EH�XVHG�WR�FRPSDUH�VWUXFWXUDOPXOWLOHYHO�PRGHOV�ZLWK�WKH�VDPH�PHDVXUHPHQW�PRGHOV��6R��WKH�SURJUDP�FDQ�VDPSOHSUHGLFWLYH�GDWD�WR�GR�VRPH�PRGHO�FKHFNLQJ��+DQGOLQJ�VXFK�DQ�DPRXQW�RI�GDWD�FDQ�EHGLIILFXOW�ZLWKLQ�6�3OXV��7KLV�FDQ�DOVR�EH�D�SUREOHP�ZKHQ�ZLWK�D�ORW�RI�,57�PRGHOV�DOOVDPSOHG�LWHP�SDUDPHWHUV�DUH�VWRUHG��WKLQQLQJ� ���)RU�H[DPSOH��PRGHOLQJ�UHVSRQVHV�RIWKUHH�WHVWV�HDFK�ZLWK����LWHPV��SRO\WRPRXVO\�VFRUHG�ZLWK���FDWHJRULHV��FRUUHVSRQGV�WR��,57�PRGHOV��HDFK�ZLWK����GLVFULPLQDWLRQ�SDUDPHWHUV�DQG��
���FXWWRII�SDUDPHWHUV��7KLV
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PHDQV�WKDW�LQ�HDFK�URZ�����GLVFULPLQDWLRQ�SDUDPHWHUV�DUH�VWRUHG�DQG�LQ�HDFK�URZ�
��
� ����FXWRII�SDUDPHWHUV��,Q�FDVH�RI��������LWHUDWLRQV��WKLV�UHVXOWV�LQ�D�PDWUL[�ZLWK�������[�����VDPSOHG�FXWRII�YDOXHV�ZLWK����GHFLPDOV��&DFKLQJ�VXFK�ODUJH�PDWULFHV�ZLWKLQ6�3OXV�FDQ�EH�SUREOHPDWLF��$V�D�UHVXOW��WKH�SRVWHULRU�SUHGLFWLYH�FKHFNLQJ�LV�GRQH�LQ)RUWUDQ�DQG�RQO\�WKH�DERYH�VWDWLVWLFV�DUH�JLYHQ�DV�RXWSXW��7KH�SURJUDP�QHHGV�PRUH�WLPH�WRGR�WKH�FRPSXWDWLRQV�
7KH�HOHPHQWV�RI�WKH�RXWFRPH�YDULDEOH��IXUWKHU�RQ�FDOOHG�DV�POLUWRXW� DUH�GHILQHG�LQ�WKHDSSHQGL[��,W�FRQWDLQV�DOO�VDPSOHG�YDOXHV��,W�LV�LPSRUWDQW�WR�NQRZ�KRZ�WKH�YDOXHV�DUHVWRUHG��WR�REWDLQ�WKHP�LQ�D�SURSHU�ZD\��7KLV�LV�H[SODLQHG�LQ�WKH�DSSHQGL[��,Q�JHQHUDO�VDPSOHG�YDOXHV�RI�YDULDEOHV�ZLWK�PRUH�WKDQ�RQH�HOHPHQW�DUH�VWRUHG�RQH�DIWHU�DQRWKHU��7KDWLV��ILUVW�DOO�VDPSOHG�YDOXHV�RI�WKH�ILUVW�HOHPHQW�RI�WKH�YDULDEOH��WKHQ�DOO�VDPSOHG�YDOXHV�RIWKH�VHFRQG�HOHPHQW�HWF��)RU�H[DPSOH��6�VDPSOHG�YDOXHV�RI�D�YDULDEOH�RI�GLPHQVLRQ�WZR�; �;��;����DUH�VWRUHG�DV�IROORZV��;���;���«�;�6�;���;���«;�6��ZKHUH�;���LV�WKHILUVW�VDPSOHG�YDOXH�RI�;���7KH�6�3OXV�FRPPDQG�PDWUL[�;��QFRO ���QURZ 6��VWRUHV�DOOVDPSOHG�YDOXHV�RI�;��LQ�FROXPQ�RQH�DQG�;��LQ�FROXPQ���
6RPH�UHPDUNV�,W�LV�LPSRUWDQW�WKDW�HYHU\�LQSXW�ILHOG�JHWV�D�YDOXH��LI�LW�KDV�QR�ORJLFDO�YDOXH�WKHQ�D��VKRXOG�EH�ILOOHG�LQ��+RZHYHU��VWDUWLQJ�YDOXHV�DQG�REVHUYHG�H[SODQDWRU\�YDOXHV�KDYH1$�DV�WKH�GHIDXOW�YDOXH�ZKHQ�WKH\�DUH�PLVVLQJ��$OO�RWKHU�YDULDEOHV�RU�VSHFLILFDWLRQVVKRXOG�JHW�D���LI�QR�UHDO�YDOXH�LV�SUHVHQW��7KH�UHDVRQ�IRU�WKLV�LV�WKDW�WKH�GLDORJ�ZLOOJLYH�WKH�LQSXW�WR�6�GOO�DQG�WKH�LQSXW�LV�PDWFKHG�E\�WKH�WRWDO�OLVW�RI�YDULDEOHV��HPSW\FHOOV�DUH�QRW�SDVVHG�WKURXJK�DQG�WKLV�FDXVHV�D�PLVPDWFK�ZLWK�WKH�WRWDO�OLVW�RIYDULDEOHV�
7R�JHW�WKH�RXWSXW�LQ�D�QLFH�VWUXFWXUHG�ZD\��VHW�WKH�UHSRUW�IRQW�WR�FRXULHU�QHZ���SW�
$OWKRXJK�D�UDQGRP�FRHIILFLHQW�VKRXOG�EH�GHILQHG�DW�/HYHO����LW�LV�QRW�QHFHVVDU\�WR�GHILQHDQ\�ODWHQW�YDULDEOHV��WKLV�PHDQV�WKDW�DQ�RUGLQDU\�PXOWLOHYHO�PRGHO�ZLWK�WZR�OHYHOV�FDQ�EHHVWLPDWHG�
7KH�%8*6�2XWSXW�$QDO\VLV�3URJUDP��%2$��VRIWZDUH�IURP�KWWS���ZZZ�SXEOLF�KHDOWK�XLRZD�HGX�ERD FDQ�EH�XVHG��ZLWKLQ�6�SOXV��IRU�FDUU\LQJ�RXW�FRQYHUJHQFHGLDJQRVWLFV�DQG�VWDWLVWLFDO�DQG�JUDSKLFDO�DQDO\VLV�RI�0RQWH�&DUOR�VDPSOLQJ�RXWSXW�
%\�GHILQLQJ�D��)LUVW�IXQFWLRQ�ZLWKLQ�WKH�VWDQGDUG�ZRUN�GLUHFWRU\�RI�6�3OXV�ZLWK�WKHVWDWHPHQWV�WR�LQFOXGH�ERWK�WKH�PXOWLOHYHO�,57�DQG�WKH�%2$�VRIWZDUH��ERWK�SURJUDPV�ZLOOEH�DYDLODEOH�HYHU\�6�3OXV�VHVVLRQ�([DPSOH$Q�H[DPSOH�LV�XVHG�WR�GHVFULEH�WKH�RXWSXW��7KH�IROORZLQJ�H[DPSOH�LV�GHVFULEHG�LQ�)R[�	*ODV���������$�GXWFK�SULPDU\�VFKRRO�PDWKHPDWLFV�WHVW�����LWHPV��ZDV�WDNHQ�E\�����VWXGHQWV�GLVWULEXWHG�RYHU����VFKRROV�����VFKRROV�UHJXODUO\�SDUWLFLSDWHG�LQ�WKH�VFKRROOHDYLQJ�H[DPLQDWLRQ��DQG�DUH�FRGHG�RQH�WKH�RWKHU����VFKRROV�]HUR�GHQRWHG�LQ�WKH�YDULDEOH

http://www.public-health.uiowa.edu/boa
http://www.public-health.uiowa.edu/boa
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(QG��7KUHH�VWXGHQW�FKDUDFWHULVWLFV�ZHUH�REVHUYHG��VRFLR�HFRQRPLF�VWDWXV��6(6���QRQ�YHUEDO�LQWHOOLJHQFH��,6,���DQG�JHQGHU �ER\V ��JLUOV ����7KH�GDWD�DUH�VWRUHG�LQ�WKH�ILOHV�PDWK�GDW ��LWHP�VFRUHV�����FROXPQV��LWHPV��������URZV��SHUVRQV��SUHGLFW��GDW ��WKUHH�/HYHO���SUHGLFWRUV��,6,��6(6�HQ�*HQGHUSUHGLFW��GDW ��/HYHO���LQGLFDWRU�(QG��DQG�WKH�QXPEHU�RI�VWXGHQWV�SHU�JURXS�7KH�DVFLL�GDWD�DUH�UHDG�DV�IROORZV�<����PDWUL[�VFDQ�ILOH ��??«??PDWK�GDW���QFRO ���E\URZ 7�;����PDWUL[�VFDQ�ILOH ��??«??SUHGLFW��GDW���QFRO ��E\URZ 7�:����PDWUL[�VFDQ�ILOH ��??«??SUHGLFW��GDW���QFRO ��E\URZ 7�%HIRUH�ILOOLQJ�LQ�WKH�GLDORJ��QRWLFH�WKDW��.� ����HTXDOV�WKH�QXPEHU�RI�LWHPV��1 ����VWXGHQWV��- ���VFKRROV��'HILQH�:����:>��@�DV�WKH�OHYHO���SUHGLFWRU�DQG�:�����:>��@�DVWKH�LQGLFDWRU�IRU�WKH�QXPEHU�RI�VWXGHQWV�SHU�VFKRRO��7KH�IROORZLQJ�RXWFRPH�ZLOO�DULVH�ZLWK��������LWHUDWLRQV�DQG�D�EXUQ�LQ�OHQJWK�RI��������ZKHQ�HVWLPDWLQJ�WKH�PXOWLOHYHO�,57PRGHO��
(TXDWLRQ��

� � � �
� �� �� �
LM M LM

M M M
,6, 6(6 *HQGHU H: XT E E E EE J J � � � � � �

%HORZ�WKH�RXWSXW�ZLOO�EH�H[SODLQHG�LQ�PRUH�GHWDLO��7KH�PRGHO�ZDV�LGHQWLILHG�E\�IL[LQJ�WKHVFDOH�RI�WKH�ODWHQW�GHSHQGHQW�YDULDEOH�WR�D�VWDQGDUG�QRUPDO�VFDOH�
9HUVLRQ���������������










� 



















 0XOWLOHYHO�,57�0RGHO� 



















� 



















 :HG�-XQ�������������:('������ 



















 









7KHWDBLM  � %B�M ���%BI�
�;BI��HUURUBLM
%B���M� *B������ *B�����
:B��� � 8B��
7KLV�FDQ�WDNH�VRPH�WLPH ���










 



















 3DUDPHWHU�(VWLPDWHV�0XOWLOHYHO�,57�0RGHO� 



















� 



















 :HG�-XQ�������������:('������ 



















 









7KH�KHDGLQJ�RI�WKH�RXWSXW�FRQWDLQV�WKH�VWDUWLQJ�DQG�VWRSSLQJ�WLPH���������LWHUDWLRQV�WRRNDERXW����PLQXWHV��)XUWKHU�D�GHVFULSWLRQ�RI�WKH�PRGHO�LV�JLYHQ��7KHWDBLM�GHQRWHV�D�ODWHQWGHSHQGHQW�YDULDEOH��RWKHUZLVH�LW�VWDWHG�<BLM����%BI�
�;BI�PHDQV�WKUHH�REVHUYHG�YDULDEOHVZLWK�IL[HG�FRHIILFLHQWV��,6,��6(6��*HQGHU���%B�M�PHDQV�D�UDQGRP�LQWHUFHSW��:B��GHQRWHVDQ�H[SODQDWRU\�YDULDEOH�DW�/HYHO����LQ�WKLV�FDVH�DOVR�FDOOHG�:�




 0XOWLOHYHO�SDUDPHWHUV 



���)L[HG�(IIHFWV�/HYHO������0HDQ�V�� �����������������������6G�V�� ���������������������+3'� ��>���������������@� >���������������@� >�������� ������@�
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&,� ��>���������������@� >��������������@� >���������������@����)L[HG�(IIHFWV�/HYHO�������0HDQ�V�� ����������������6G�V� ���������������+3'� ��>�����������������@��>���������������@&,� ��>����������������@��>���������������@���9DULDQFH�&RPSRQHQWV��VLJPD����0HDQ� ��������6G� ��������+3'� ��>���������������@&,� ��>���������������@���9DULDQFH�&RPSRQHQWV��7����0HDQ�V� �������6G�V�� ��������+3'� ��>���������������@&,� ��>��������������@7KH�IL[HG�HIIHFWV�DW�/HYHO���DUH�SULQWHG�LQ�WKH�VDPH�RUGHU�DV�GHILQHG��WKDW�LV��DFFRUGLQJ�WRHTXDWLRQ���� �E  ��������,6,��� �E  ��������6(6���DQG� �E  ���������*HQGHU���7KH�SRVWHULRUVWDQGDUG�GHYLDWLRQV��6G�������KLJKHVW�SRVWHULRU�GHQVLW\�LQWHUYDOV��+3'��DQG�����FUHGLEOHLQWHUYDOV��&,��DUH�SULQWHG�LQ�WKH�VDPH�RUGHU��/DWHQW�H[SODQDWRU\�YDULDEOHV�GHILQHG�DW�/HYHO��DUH�SULQWHG�DIWHU�WKH�FRHIILFLHQWV�RI�WKH�REVHUYHG�YDULDEOHV�DQG�LQ�WKH�VDPH�RUGHU�DV�WKHODWHQW�YDULDEOHV�DUH�GHILQHG�
7KH�IL[HG�HIIHFWV�DW�/HYHO����ILUVW�DUH�WKH�LQWHUFHSWV�SULQWHG�RI�DOO�UDQGRP�FRHIILFLHQWV�KHUH�� ��J  ��������WKHQ�WKH�FRHIILFLHQWV�RI�WKH�REVHUYHG�YDULDEOHV�RI�WKH�ILUVW�UDQGRPFRHIILFLHQW��KHUH�� ��J  �������WKHQ�WKH�FRHIILFLHQWV�RI�WKH�ODWHQW�H[SODQDWRU\�YDULDEOHV�RIWKH�ILUVW�UDQGRP�FRHIILFLHQW��WKHQ�LQ�WKH�VDPH�RUGHU�WKH�FRHIILFHQWV�RI�H[SODQDWRU\YDULDEOHV�RI�WKH�VHFRQG�UDQGRP�FRHIILFHQW��7KH�SRVWHULRU�VG¶V��+3'¶V�DQG�&,¶V�DUH�SULQWHGLQ�WKH�VDPH�RUGHU��7KH�HVWLPDWH�RI�WKH�YDULDQFH�FRHIILFLHQW�DW�/HYHO���IROORZV�GLUHFWO\�7KH�HVWLPDWHG�FRPSRQHQWV�RI�WKH�FRYDULDQFH�PDWUL[�DUH�GLVSOD\HG�E\�URZV��+HUH��LWIROORZV�WKDW� �V  ������DQG� �W  ������
%HFDXVH�WKH�FKHFNER[�3RVWHULRU�SUHGLFWLYH�FKHFN�ZDV�PDUNHG��WKH�RXWSXW�FRQWDLQV�YDOXHVRI�VRPH�VWDWLVWLFV�DQG�S�YDOXHV�
���6WDWLVWLFV�%DVHG�RQ�2EVHUYHG�'DWD3�9DOXH�V��&KL�6TXDUH�'LVFUHSDQF\ ��������3�9DOXH�V��&RUUHODWLRQ�6WUXFWXUH ��������3VHXGR�%D\HV�)DFWRU�V� ���������������7RWDO������������/RJ�/LNHOLKRRG�0XOWLOHYHO�0RGHO� ������������%RWK�S�YDOXHV�VXJJHVW�WKDW�WKHUH�LV�QR�FRQFHUQ�WKDW�WKH�PRGHO�GRHV�QRW�ILW�WKH�GDWD��7KHSUHGLFWHG�GDWD�XQGHU�WKH�PRGHO�UHVHPEOH�WKH�REVHUYHG�GDWD��7KH�3VHXGR�%D\HV�IDFWRU�DQGWKH�ORJ�OLNHOLKRRG�YDOXH�FDQ�EH�XVHG�WR�FRPSDUH�PRGHOV�
$OVR��HVWLPDWHV�RI�WKH�LWHP�SDUDPHWHUV�DUH�SULQWHG�LI�QR�VKRUW�RXWSXW�LV�VSHFLILHG��%RWK�WKHGLVFULPLQDWLRQ�DQG�GLIILFXOW\�SDUDPHWHUV�DUH�JLYHQ�DQG�WKHLU�SRVWHULRU�VWDQGDUG�GHYLDWLRQV�




 ,57�0RGHO�3DUDPHWHUV 



���,57�0RGHO�'HSHQGHQW�9DULDEOH����






 ,WHP�SDUDPHWHUV 





'LVFULPLQDWLRQ�SDUDPHWHUV���'LIILFXOW\�SDUDPHWHUV
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,WHP��PHDQ������VG����PHDQ������VG���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������6KRUWFRPLQJV�DQG�([WHQVLRQV�7KHUH�DUH�VRPH�VSHFLILFDWLRQV�PDGH�LQ�WKH�SURJUDP�WKDW�FDQQRW�EH�DOWHUHG�E\�D�XVHU��7KHSULRUV�RQ�WKH�SDUDPHWHUV�DUH�IL[HG��WKDW�LV��YDJXH�SURSHU�SULRUV�DUH�XVHG�DQG�WKH\�FDQQRWEH�DOWHUHG�)R[���������7KH�UHODWLRQV�ZLWKLQ�WKH�VWUXFWXUDO�PRGHO�DUH�DVVXPHG�OLQHDU�ZLWKQRUPDO�GLVWULEXWHG�QRLVH��:LWK�D�0HWURSROLV�+DVWLQJV��0+��DOJRULWKP�SDUDPHWHUV�RI�DPRGHO�ZLWK�QRQ�OLQHDU�UHODWLRQV�DQG�RU�QRQ�JDXVVLDQ�QRLVH�FRXOG�EH�HVWLPDWHG�7KH�SURJUDP�GRHV�QRW�GR�PXFK�DERXW�FKHFNLQJ�WKH�LQSXW��7KHUH�LV�D�ZD\�WR�FKHFN�WKHLQSXW�ZLWK�FDOOEDFN�IXQFWLRQV�EXW�WKLV�KDV�QRW�EHHQ�LPSOHPHQWHG�FRPSOHWHO\��6R��WKHSURJUDP�ZLOO�FUDVK�ZKHQ�LOOHJDO�RSWLRQV�DUH�VSHFLILHG��,W�ZLOO�VKXW�GRZQ�6�3OXV�ZLWK�D)DWDO�(UURU��7KHUH�LV�QR�HVFDSH�SRVVLEOH��QRW�VDYHG�UHVXOWV�RU�VFULSW�ILOHV�ZLOO�EH�JRQH�7KHQ��LW�LV�DOVR�SRVVLEOH�WKDW�WKH��5DQGRP�VHHG�REMHFW�ZLWKLQ�WKH�ZRUN�GLUHFWRU\�KDV�EHHQFRUUXSWHG��,W�VKRXOG�EH�UHPRYHG�E\�JLYLQJ�WKH�FRPPDQG�UP��5DQGRP�VHHG���7LS��EHIRUHVWDUWLQJ�WR�FRPSXWH�EH�DZDUH�RI�WKH�IDFW�WKDW�6�3OXV�PD\�VKXW�GRZQ�7KH�VFDOH�RI�WKH�ODWHQW�LQGHSHQGHQW�YDULDEOHV�DUH�IL[HG�WR�D�VWDQGDUG�QRUPDO�VFDOH�DQG�WKLVFDQQRW�EH�FKDQJHG��,W�VKRXOG�EH�SRVVLEOH�LQ�WKH�IXWXUH�WR�LGHQWLI\�D�PHDVXUHPHQW�PRGHO�LQGLIIHUHQW�ZD\V�&DOOEDFN�IXQFWLRQV�VKRXOG�PDNH�LW�SRVVLEOH�WR�ILOO�LQ�WKH�QHFHVVDU\�ILHOGV�LQVWHDG�RI�DOOILHOGV��7KLV�VKRXOG�EH�IL[HG�TXLWH�IDVW��7KH�RXWSXW�LV�VWUXFWXUHG�EXW�WKH�KHDGLQJV�VZLWFKHVVRPHWLPHV��DQG�WDEV�DUH�QRW�DOZD\V�RQ�WKH�ULJKW�SODFHV��WKLV�UHDOO\�LUULWDWLQJ�ZRUN�WRFRUUHFW��%XW�VRPHWLPHV�«�7KHUH�DUH�RWKHU�IHDWXUHV��DVSHFWV�WR�EH�PHQWLRQHG�ODWHU�RQ�5HPRYH�'H�,QVWDOO7KH�VRIWZDUH�LV�UHPRYHG�E\�GHOHWLQJ�WKH�ILOHV�6�GOO�DQG�EDVLFPOLUWB�������DQG�W\SLQJ�LQWKH�FRPPDQG�ZLQGRZ�RI�6�3OXV�UP�UHDGGDWDOHY���UP�GDWDLQGL�UP�POLUWFDOOEDFN��UP�POLUW��UP�UHVXOWVPOLUW��UP�POLUWGLDORJ��UP�SULQW)�UP�IRUPDW)�
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UP�+3'��
5HIHUHQFHV5HIHUHQFHV�UHJDUGLQJ�WKH�PXOWLOHYHO�,57�VRIWZDUH�
)R[��-��3����������0XOWLOHYHO�,57��$�%D\HVLDQ�SHUVSHFWLYH�RQ�HVWLPDWLQJSDUDPHWHUV�DQG�WHVWLQJ�VWDWLVWLFDO�K\SRWKHVHV� 8QSXEOLVKHG�GRFWRUDO�GLVVHUWDWLRQ�7ZHQWH�8QLYHUVLW\��(QVFKHGH��1HWKHUODQGV�
)R[��-��3����������0XOWLOHYHO�,57�ZLWK�GLFKRWRPRXV�DQG�SRO\WRPRXV�LWHPV� 6XEPLWWHG�IRUSXEOLFDWLRQ�
)R[��-��3����������6WRFKDVWLF�(0�IRU�(VWLPDWLQJ�WKH�3DUDPHWHUV�RI�0XOWLOHYHO�,57�0RGHO�%ULWLVK�-RXUQDO�RI�0DWKHPDWLFDO�DQG�6WDWLVWLFDO�3V\FKRORJ\������������
)R[��-��3���	�*ODV��&�$�:����������%D\HVLDQ�HVWLPDWLRQ�RI�D�PXOWLOHYHO�,57�PRGHO�XVLQJ*LEEV�VDPSOLQJ��3V\FKRPHWULND�������������
)R[��-��3���	�&�$�:��*ODV����������0RGHOOLQJ�0HDVXUHPHQW�(UURU�LQ�6WUXFWXUDO0XOWLOHYHO�0RGHOV��,Q�*�$��0DUFRXOLGHV�DQG�,��0RXVWDNL��(GV����/DWHQW�9DULDEOH�DQG/DWHQW�6WUXFWXUH�0RGHOV �SS������������/RQGRQ��/DZUHQFH�(UOEDXP�$VVRFLDWHV�3XEOLVKHUV�
)R[��-��3���	�*ODV��&�$�:����������%D\HVLDQ�0RGHOLQJ�RI�0HDVXUHPHQW�(UURU�LQ3UHGLFWRU�9DULDEOHV�XVLQJ�,WHP�5HVSRQVH�7KHRU\��3V\FKRPHWULND��WR�EH�SXEOLVKHG�
$SSHQGL[7KH�REMHFW�POLUWRXW�LV�D�OLVW�ZLWK�WKH�IROORZLQJ�HOHPHQWV�POLUWRXW>>�@@���LWHPV�VFRUHV�RI�WKH�ODWHQW��GHSHQGHQW��YDULDEOH�V��DW�/HYHO���POLUWRXW>>�@@���VDPSOHG�DXJPHQWHG�GDWD�DW�WKH�ODVW�LWHUDWLRQ�POLUWRXW>>�@@���LQSXW�YDOXHV�RI�WKH�GLVFULPLQDWLRQ�SDUDPHWHU�V���FRUUHVSRQGLQJ�WR�WKH� LUWPRGHO�V��DW�/HYHO���POLUWRXW>>�@@���LQSXW�YDOXHV�RI�WKH�GLIILFXOW\�SDUDPHWHU�V���FRUUHVSRQGLQJ�WR�WKH� LUWPRGHO�V��DW�/HYHO���POLUWRXW>>�@@���LQSXW�VWDUWLQJ�YDOXHV�RI�WKH�ODWHQW�YDULDEOHV�DW�/HYHO���POLUWRXW>>�@@���VSHFLILFDWLRQV�RI�WKH�SRO\WRPRXV�DQG�RU�GLFKRWRPRXV�GDWD�POLUWRXW>>�@@���LWHPV�VFRUHV�RI�WKH�ODWHQW�YDULDEOH�V��DW�/HYHO���POLUWRXW>>�@@���VDPSOHG�DXJPHQWHG�GDWD�DW�WKH�ODVW�LWHUDWLRQ�POLUWRXW>>�@@���LQSXW�YDOXHV�RI�WKH�GLVFULPLQDWLRQ�SDUDPHWHU�V���FRUUHVSRQGLQJ�WR�WKH� LUWPRGHO�V��DW�/HYHO���POLUWRXW>>��@@���LQSXW�YDOXHV�RI�WKH�GLIILFXOW\�SDUDPHWHU�V���FRUUHVSRQGLQJ�WR�WKH� LUWPRGHO�V��DW�/HYHO���POLUWRXW>>��@@���LQSXW�VWDUWLQJ�YDOXHV�RI�WKH�ODWHQW�YDULDEOHV�DW�/HYHO���POLUWRXW>>��@@���VSHFLILFDWLRQV�RI�WKH�SRO\WRPRXV�DQG�RU�GLFKRWRPRXV�GDWD�
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POLUWRXW>>��@@���VSHFLILHV�WKH�QXPEHU�RI�ODWHQW�YDULDEOHV�DW�HDFK�OHYHO�POLUWRXW>>��@@���VSHFLILHV�WKH�QXPEHU�LWHPV�FRUUHVSRQGLQJ�WR�WKH�GLIIHUHQW�,57�PRGHOV�POLUWRXW>>��@@���RSWLRQDO�REVHUYHG�GHSHQGHQW�YDULDEOH�POLUWRXW>>��@@���REVHUYHG�H[SODQDWRU\�YDULDEOHV�ZLWK�UDQGRP�FRHIILFHQWV�DW�/HYHO���POLUWRXW>>��@@���REVHUYHG�H[SODQDWRU\�YDULDEOHV�ZLWK�IL[HG�FRHIILFHQWV�DW�/HYHO���POLUWRXW>>��@@���REVHUYHG�H[SODQDWRU\�YDULDEOHV�DW�/HYHO���POLUWRXW>>��@@���VWDUWLQJ�YDOXH�/HYHO���YDULDQFH�POLUWRXW>>��@@���VWDUWLQJ�YDOXH�/HYHO����FR�YDULDQFH�PDWUL[�POLUWRXW>>��@@���VWDUWLQJ�YDOXHV�UDQGRP�FRHIILFHQWV�/HYHO���POLUWRXW>>��@@���VWDUWLQJ�YDOXHV�IL[HG�FRHIILFLHQWV�/HYHO���POLUWRXW>>��@@���VWDUWLQJ�YDOXHV�IL[HG�FRHIILFLHQWV�/HYHO���POLUWRXW>>��@@���YHFWRU�ZLWK�WKH�QXPEHU�RI�REVHUYDWLRQV�SHU�JURXS�POLUWRXW>>��@@���VSHFLI\LQJ�WKH�IL[HG�DQG�UDQGRP�UHJUHVVLRQ�FRHIILFLHQWV�POLUWRXW>>��@@���UHODWLQJ�/HYHO���YDULDEOHV�WR�UDQGRP�FRHIILFLHQWV�POLUWRXW>>��@@���QXPEHU�RI�/HYHO���XQLWV�POLUWRXW>>��@@���QXPEHU�RI�/HYHO���XQLWV�POLUWRXW>>��@@���UDQGRP�QXPEHU�POLUWRXW>>��@@���QXPEHU�RI�LWHUDWLRQV�POLUWRXW>>��@@���6DPSOHG�YDOXHV�RI�WKH�IL[HG�FRHIILFLHQWV��/HYHO�����7R�REWDLQ�WKHP�LQ�DVSHFLILHG�RUGHU��IL[HGFRHIILHQWV� �PDWUL[�POLUWRXW>>��@@�QFRO QXPEHU�RI�IL[HGFRHIILFLHQWV�QURZ POLUWRXW>>��@@��7KLV�ZD\��ILUVW�WKH�LQWHUFHSWV�RI�DOO�UDQGRP�FRHIILFLHQWVDUH�JLYHQ��6XEVHTXHQWO\��WKH�FRHIILFLHQWV�IURP�WKH�REVHUYHG�H[SODQDWRU\�YDULDEOHV�DQGWKHQ�WKH�FRHIILFLHQWV�IURP�WKH�ODWHQW�H[SODQDWRU\�YDULDEOHV�DUH�JLYHQ��)LUVW�WKH�FRHIILFLHQWVUHODWLQJ�WR�WKH�UDQGRP�LQWHUFHSW��UHODWLQJ�WR�REVHUYHG�DQG�ODWHQW�YDULDEOHV���WKHQ�WKH�QH[WUDQGRP�FRHIILFLHQW�DFFRUGLQJ�WR�HTXDWLRQ�RQH��7KLV�RUGHU�LV�DOVR�SUHVHQW�LQ�WKH�UHSRUW�ILOHZKHUH�WKH�SDUDPHWHU�HVWLPDWHV�DUH�JLYHQ�POLUWRXW>>��@@���VDPSOHG�YDOXHV�RI�WKH�/HYHO���YDULDQFH�POLUWRXW>>��@@���VDPSOHG�YDOXHV�RI�WKH�IL[HG�FRHIILFLHQWV�DW�/HYHO����/HY�IL[HGFRHIILHQWV� PDWUL[�POLUWRXW>>��@@�QFRO QXPEHU�RI�IL[HG�FRHIILFLHQWV�DW�/HYHO���QURZ POLUWRXW>>��@@��$JDLQ��WKH�ILUVW�FROXPQ�GHQRWHV�D�IL[HG�LQWHUFHSW�RU�WKH�FRHIILFLHQW�RI�WKH�ILUVW�HQWHUHGREVHUYHG�FRYDULDWH�DW�/HYHO���ZLWK�D�IL[HG�VORSH��$IWHU�WKH�FRHIILFLHQWV�RI�WKH�REVHUYHGFRYDULDWHV�IROORZ�WKH�FRHIILFLHQWV�RI�WKH�ODWHQW�YDULDEOHV�ZLWK�D�IL[HG�VORSH�LQ�WKH�VDPHRUGHU�DV�WKH\�ZHUH�ILOOHG�LQ��7KLV�RUGHU�HTXDOV�WKH�RUGHU�LQ�ZKLFK�WKH�FRHIILFLHQWV�DUHSULQWHG�LQ�WKH�UHSRUW�ILOH�POLUWRXW>>��@@���D�PDWUL[�ZLWK�GLPHQVLRQ������QXPEHU�RI�ODWHQW�YDULDEOHV��FROXPQV�DQGPOLUWRXW>>��@@�URZV��&ROXPQ�RQH�JLYHV�WKH�QXPEHU�RI�WULDOV�LI�QHJDWLYH�GLVFULPLQDWLRQSDUDPHWHUV�ZHUH�VDPSOHG�FRUUHVSRQGLQJ�WR�,57�PRGHO�V��DW�/HYHO���DW�HDFK�LWHUDWLRQ��,IWKH�YDOXH����RFFXUV��WKH�QHJDWLYH�YDOXHV�KDV�EHHQ�UHSODFHG�ZLWK�RQH��LQ�FDVH�RISRO\WRPRXV�GDWD�����DWWHPSWV��DUH�DOORZHG�EHIRUH�VHWWLQJ�WKH�GLVFULPLWLRQ�YDOXHV�DW�RQH�&ROXPQ�WZR�FRUUHVSRQGV�LQ�WKH�VDPH�ZD\�WR�,57�PRGHO�V��DW�/HYHO����&ROXPQ���FDSWXUHVLQIRUPDWLRQ�FRQFHUQLQJ�WKH�ORJ�OLNHOLKRRG�RI�WKH�VWUXFWXUDO�PXOWLOHYHO�PRGHO�DIWHU�WKHEXUQLQ�SHULRG��&ROXPQ�VL[�FRQWDLQV�VDPSOHG�YDOXHV�RI�WKH�LQYHUVH�RI�WKH�YDULDQFHFRQFHUQLQJ�WKH�ILUVW�UDQGRP�FRHIILFLHQW��XVXDOO\�WKH�UDQGRP�LQWHUFHSW��&ROXPQ���FRQWDLQVVDPSOHG�YDOXHV�RI�WKH�ILUVW�UDQGRP�FRHIILFLHQW��XVXDOO\�WKH�LQWHUFHSW��UHJDUGLQJ�WKH�ILUVWJURXS��&ROXPQ���FRQWDLQV�VDPSOHG�YDOXHV�RI�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�GLVWXUEDQFH�DW/HYHO����)RU�WKH�ILUVW�ODWHQW�YDULDEOH��FROXPQ���FRQWDLQV�WKH�IROORZLQJ�LQIRUPDWLRQ��WKH
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ILUVW�HOHPHQW�SUHVHQWV�WKH�SVHXGR�ED\HV�IDFWRU��7KH�VHFRQG�HOHPHQW��WKH�QXPEHU�RI�WLPHVSUHGLFWLYH�GDWD�DUH�VDPSOHG�IRU�SRVWHULRU�SUHGLFWLYH�FKHFNLQJ�DQG�WKH�IRXUWK�HOHPHQWFRQWDLQV�WKH�QXPEHU�RI�SRVLWLYH�FRXQWV�FRUUHVSRQGLQJ�WR�WKH�&KL�6TXDUH�'LVFUHSDQF\�7KH�RWKHU�YDOXHV�VWRUHG�LQ�WKLV�FROXPQ�FRQFHUQV�WKH�FRPSXWDWLRQ�RI�WKH�RWKHU�S�YDOXH��,QFDVH�RI�D�VHFRQG�ODWHQW�YDULDEOH��FROXPQ����SUHVHQWV�FRPSDUDEOH�RXWSXW�RQO\�EDVHG�RQ�DGLIIHUHQW�LQGLFWRU�YDULDEOH�POLUWRXW>>��@@���VDPSOHG�YDOXHV�RI�WKH�UDQGRP�FRHIILFLHQWV��7KH\�DUH�VWRUHG�LQ�WKHIROORZLQJ�ZD\��7KH�FRPPDQG��UDQGRPFRHII����PDWUL[�POLUWRXW>>��@@�QFRO ��UDQGRPFRHIILFLHQWV�QURZ POLUWRXW>>��@@��ZLOO�SODFH�DOO�YDOXHV�RI�WKH�ILUVW�UDQGRP�FRHIILFLHQW��WKHUDQGRP�LQWHUFHSW��LQ�WKH�ILUVW�FROXPQ��WKH�QH[W�UDQGRP�FRHIILFLHQW�LQ�WKH�VHFRQG�FROXPQHWF�POLUWRXW>>��@@@���VDPSOHG�YDOXHV�RI�WKH�FRYDULDQFH�PDWUL[�DW�/HYHO�����VDPSOHG7���PDWUL[�POLUWRXW>>��@@�QFRO �HOHPHQWV�LQ�WKH�FRYDULDQFH�PDWUL[�QURZ POLUWRXW>>��@@��7KHQ��HDFK�URZ�UHSUHVHQW�D�GUDZ��WKH�ILUVW�HOHPHQWV�FRUUHVSRQG�WR�WKH�ILUVW�URZ�RI�WKHFRYDULDQFH�PDWUL[�LQ�WKH�VDPH�RUGHU��WKH�VHFRQG�VHW�RI�HOHPHQWV�FRUUHVSRQGV�WR�WKH�VHFRQGURZ�RI�WKH�FRYDULDQFH�PDWUL[��HWF��6D\��7�RI�GLPHQVLRQ�4�
,WHUDWLRQ�QXPEHU &RYDULDQFH�0DWUL[� � � � � � � ��� �� � �� �� �� � � � � � � � �4 4 44V V V V V V V! ! !

� ## #
POLUWRXW>>��@@���($3�HVWLPDWHV�RI�WKH�ODWHQW�YDULDEOHV�DW�/HYHO����,Q�WKH�VDPH�RUGHU�DV�WKH\ZHUH�GHILQHG��($3B/DWHQW9DULDEOHVBOHYHO�����PDWUL[�POLUWRXW>>��@@�QFRO �QXPEHU�RIODWHQW�YDULDEOHV��QURZ POLUWRXW>>��@@���,I�WKH�GHSHQGHQW�YDULDEOH�LV�GHILQHG�DV�ODWHQW�WKHILUVW�FROXPQ�FRQWDLQV�LWV�H[SHFWHG�D�SRVWHULRUL�HVWLPDWH�POLUWRXW>>��@@���($3�HVWLPDWHV�RI�WKH�ODWHQW�YDULDEOHV�DW�/HYHO����,Q�WKH�VDPH�RUGHU�DV�WKH\ZHUH�GHILQHG��($3B/DWHQW9DULDEOHVBOHYHO�����PDWUL[�POLUWRXW>>��@@�QFRO �QXPEHU�RIODWHQW�YDULDEOHV��QURZ POLUWRXW>>��@@��POLUWRXW>>��@@���6DPSOHG�YDOXHV�RI�WKH�GLVFULPLQDWLRQ�SDUDPHWHUV��$JDLQ�WKH\�DUH�VWRUHG�LQWKH�VDPH�RUGHU�DV�GHILQHG��7R�REWDLQ�DOO�VDPSOHG�YDOXHV��PDWUL[�POLUWRXW>>��@@�QURZ POLUWRXW>>��@@��QFRO WRWDO�QXPEHU�RI�LWHPV�UHJDUGLQJ�DOO�,57�PRGHOV���7KLV�PDWUL[KDV�WKH�IROORZLQJ�VWUXFWXUH���LQ�FDVH�RI�WZR�,57�PRGHOV��
,WHUDWLRQ�QXPEHU )LUVW�,57�PRGHOHO 6HFRQG�,57�PRGHO� ��� �� �� � � .D D D! ��� �� �� � � .D D D!� # ## # #ZKHUH� LND LV�D�GLVFULPLQDWLRQ�SDUDPHWHU�FRUUHVSRQGLQJ�WR�LWHP�N�DQG�,57�PRGHO�L�POLUWRXW>>��@@���6DPSOHG�YDOXHV�RI�WKH�GLIILFXOW\�SDUDPHWHUV��7KHVH�DUH�VWRUHG�WKH�VDPHZD\��WKDW�LV��WKH�FRPPDQG�PDWUL[�POLUWRXW>>��@@��QURZ POLUWRXW>>��@@��QFRO WRWDO�QXPEHURI�LWHPV�UHJDUGLQJ�DOO�,57�PRGHOV��UHVXOWV�LQ�WKH�PDWUL[,WHUDWLRQ�QXPEHU )LUVW�,57�PRGHOHO 6HFRQG�,57�PRGHO
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� ��� �� �� � � .E E E! ��� �� �� � � .E E E!� # ## # #:LWK�WKH�DSSO\�IXQFWLRQ�SDUDPHWHU�HVWLPDWHV�FDQ�EH�REWDLQHG��6�SOXV�ILOOV�D�PDWUL[�E\FROXPQV�DV�GHIDXOW��REYLRXVO\��ILOOLQJ�D�PDWUL[�E\�URZV�ZLOO�UHVXOW�LQ�GLIIHUHQW�RXWFRPHV�$OO�LQSXW�YDULDEOHV�DUH�VWRUHG�DV�DERYH�EORFN�VWUXFWXUH�
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