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���� 385326(7KH�SXUSRVH�RI�WKLV�GRFXPHQW�LV�WR�GHILQH�WKH�UHTXLUHPHQWV�DQG�XVH�FDVHV�IRU�PHWHRURORJLFDODSSOLFDWLRQ��7KLV�DSSOLFDWLRQ� LQ� WKH�&URVV*ULG�SURMHFW� LQFOXGHV� WKUHH�GLIIHUHQW�VXEWDVNV��7KHILUVW� RQH�� �����D�� DGGUHVVLQJ� VHD� ZDYH� PRGHOOLQJ� IRUFHG� E\� WKH� ZLQGV� VLPXODWHG� IURP� D&RXSOHG� 2FHDQ�$WPRVSKHUH� 0HVRVFDOH� 3UHGLFWLRQ� 6\VWHP� >�@�� 7KH� VHFRQG� RQH� �����E�FRYHUV�'DWD�0LQLQJ�WHFKQLTXHV�RQ�'LVWULEXWHG�'DWDEDVHV�LQ�WKH�*ULG�HQYLURQPHQW�DSSOLHG�WRGRZQVFDOLQJ�ZHDWKHU�IRUHFDVWV��DQG�WKH�WKLUG�RQH������F���LV�IRFXVHG�RQ�DQ�LPSOHPHQWDWLRQ�RIDLU�SROOXWLRQ�PRGHOV��7KLV� LV� GDWD�LQWHQVLYH�� KLJK�SHUIRUPDQFH� FRPSXWLQJ� DSSOLFDWLRQ��ZKLFKUHTXLUH� WKH� HIILFLHQW� PDQDJHPHQW� DQG� WUDQVIHU� RI� JLJDE\WHV� RI� LQIRUPDWLRQ� LQ� ZLGH�DUHD�GLVWULEXWHG�FRPSXWLQJ�HQYLURQPHQW��7KH�WDVN�LQFOXGHV�ERWK�GDWD�PLQLQJ�DQG�KLJK�FRPSXWLQJDSSOLFDWLRQV�� $� ODUJH� FRPPXQLW\� RI� UHVHDUFKHUV� VKDUHV� PDVVLYH� GDWD� VHWV�� 7KHVHUHVHDUFKHUV�QHHG�HIILFLHQW�WUDQVIHU�RI�ODUJH�GDWD�VHWV�WR�SHUIRUP�DQDO\VHV�LQ�WKHLU�ORFDO�VLWHV�,Q� PDQ\� FDVHV� GLIIHUHQW� SDUWLFLSDWLQJ� LQVWLWXWLRQV� FUHDWH� ORFDO� FRSLHV� DQG� UHSOLFDV� RI� WKHVLPXODWHG�DQG�REVHUYHG�GDWD�VHWV� WR�RYHUFRPH� ORQJ�ZLGH�DUHD�GDWD� WUDQVIHU� ODWHQFLHV�� 7KHGDWD� PDQDJHPHQW� HQYLURQPHQW� VKRXOG� SURYLGH� QR� RQO\� VHFXULW\� VHUYLFHV� VXFK� DVDXWKHQWLFDWLRQ�RI�XVHUV�DQG�FRQWURO�RYHU�ZKR�LV�DOORZHG�WR�DFFHVV�WKH�GDWD��EXW�PXVW�SURYLGHWRROV�DEOH� WR�GHWHUPLQH�ZKHUH�DOO� H[LVWLQJ�FRSLHV�DUH� ORFDWHG� WR�JLYH� WKH�XVHU� SRVVLELOLW\� WRGHFLGH�ZKHWKHU�WR�DFFHVV�DQ�H[LVWLQJ�FRS\�RU�FUHDWH�D�QHZ�RQH�WR�PHHW�SHUIRUPDQFH�QHHGVRI�WKHLU�DSSOLFDWLRQV�
���� 6&23(7KH�ZHDWKHU�IRUHFDVW�DQG�ZDYH�PRGHOOLQJ�DSSOLFDWLRQ�ZLOO�XVH�WKH�&2$036�>�@�DWPRVSKHULFPRGHO� WR� VLPXODWH� WKH� QHVWHG� VSHFWUXP� RI� ZHDWKHU� FRQGLWLRQV� RYHU� WKH� %DOWLF� 6HD� DQG� WRSURGXFH� LQLWLDO�DQG�ERXQGDU\�GDWD� IRU�ZDYH�PRGHOV��7KH�DSOLFDWLRQ�ZLOO� XVH�H[WHQVLYHO\� WKH:$0��>�@�DQG�6:$1�>�@�ZDYH�PRGHOV�IRU�GHWDLOHG�HVWLPDWLRQ�RI�VHD�FRQGLWLRQV�LQ�VHOHFWHGFDVHV��7KH�DWPRVSKHULF�SDUW�RI�ZHDWKHU�IRUHFDVW�DSSOLFDWLRQ�LV�PRVW�GHPDQGLQJ�IRU�QHWZRUNUHVRXUFHV�� 7KLV� DSSOLFDWLRQ� QHHGV� HIILFLHQW� UHVRXUFH� PDQDJHU�� DEOH� WR� HVWLPDWH� WKHSHUIRUPDQFH� RI� WKH� WDVN�� LGHQWLI\� VXLWDEOH� DOWHUQDWLYH� UHVRXUFHV� DQG� WR� PLJUDWH� WKHFRPSXWDWLRQ�WR�DQRWKHU�VLWH�ZKHQ�WKH�DFWXDO�SHUIRUPDFH�LV�WRR�ORZ�7KH� PHWHRURORJLFDO� GDWD� PLQLQJ� DSSOLFDWLRQV� ZLOO� XVH� JOREDO� PHWHRURORJLFDO� GDWD� EDVHVFUHDWHG� E\� UHDQDO\VLV� SURMHFWV� RI� 1&(3�1&$5� DQG� (5$����� WKH� PHVRVFDOH� GDWD� DUFKLYHJHQHUDWHG� E\� WKH� RSHUDWLRQDO� 803/� V\VWHP� DQG� ORFDO� GDWDEDVHV� ZLWK� REVHUYDWLRQV� IURP6SDQLVK�DQG�3ROLVK�PHWHRURORJLFDO�VWDWLRQV�DQG�SRVWV��'DWD�PLQLQJ�DSSOLFDWLRQV�ZLOO�EH�EDVHGRQ�PDFKLQH�LQGHSHQWHQW��VWUXFWXUHG�GDWD�IRUPDW��'XULQJ�WKH�SURMHFW�DW�OHDVW�WZR�GDWD�PLQLQJDOJRULWKPV�ZLOO�EH�GHYHORSHG�DQG�LPSOHPHQWHG�WR�VHOHFWHG�FDVHV��$Q�VFKHPH�IRU�GLVWULEXWHGXQVXSHUYLVHG�OHDUQLQJ�GDWD�PLQLQJ�WHFKQLTXH�ZLOO�EH�LPSOHPHQWHG�WR�JOREDO�UHDQDO\VLV�GDWD�WRSURGXFH� UHDOLVWLF� SURWRW\SH� IRU� ZHDWKHU� IRUHFDVWLQJ� DSSOLFDWLRQ� XVLQJ� 620� �VHOI�RUJDQLVLQJPDSV���0HVRVFDOH�GDWD�DUFKLYH�ZLOO�EH�XVHG�WR�GHYHORS� WKH�PHWKRGV�DEOH�WR� LPSURYH�GLUHFWDWPRVSKHULF�PRGHO�RXWSXW��:H�SODQQHG�WR�XVH�%�VSOLQHV�VPRRWK�RI�GDWD�ZLWK�VWDQGDUG�HUURUEDQGV�DQG�ERRWVWUDS� WHFKQLTXH�WR�FRPSOHWH� LPSOHPHQWDWLRQ�RI�QRQSDUDPHWULF�RU�SDUDPHWULFPD[LPXP�OLNHOLKRRG�PRGHO�LQIHUHQFH��7\SLFDO�WDVN�RI�WKH�0DUNRY�&KDLQ�0RQWH�&DUOR��0&0&�PHWKRG�ZH�SODQQHG� WR�XVH� LV� WR�GUDZ�D�VDPSOH� IURP�MRLQW�GLVWULEXWLRQ�RI� UDQGRP�YDULDEOHV�7KLV�LV�GRQH�E\�*LEV�VDPSOLQJ��ZKLFK�SURGXFHV�D�0DUNRY�FKDLQ�ZKRVH�VWDWLRQDU\�GLVWULEXWLRQLV�WKH�UHTXHVWHG�MRLQW�GLVWULEXWLRQ�
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7KH�DLU�SROOXWLRQ�DSSOLFDWLRQ�ZLOO�XVH� WKH�67(0�,,�PRGHO� >�@� WR�VLPXODWH� WKH�EHKDYLRXU�QHDUWKHUPDO SRZHU�SODQWV��,W�GHSHQGV�RQ�WKH�ZHDWKHU�IRUHFDVW�GDWD�DQG�LW�LQFOXGHV�PDQ\�FKHPLFDOUHDFWLRQV�DQG�WUDQVSRUW�VLPXODWLRQV�IRU�ERWK�GU\�DQG�ZHW�FRQGLWLRQV��:H�ZLOO�VWDUW�XVLQJ�GDWDIRU�WKH�$V�3RQWHV�SRZHU�SODQW�DV�ZH�KDYH�D�ORW�RI�LQIRUPDWLRQ�DERXW�LW��EXW�WKH�ILQDO�SURGXFWFDQ�EH�DGDSWHG�WR�RWKHU�HQYLURQPHQWV��7KH�SDUDOOHOL]DWLRQ�RI�WKLV�PRGHO�ZLOO�SURYLGH�UHDO�WLPHUHDFWLRQV� LQ� WKH�SRZHU�SODQW��7R�GHYHORS� WKH�FRGHV�ZH�RQO\�QHHG� WKH�VWDQGDUG�03,� OLEUDU\DQG�WR�H[HFXWH�LW��WUDQVSDUHQW�DFFHVV�WR�WKH�QRGHV�RQ�WKH�*5,'�
'HILQLWLRQV��DFURQ\PV��DQG�DEEUHYLDWLRQV�
$3, $SSOLFDWLRQ�3URJUDPPLQJ�,QWHUIDFH&2$036 &RXSOHG�2FHDQ�$WPRVSKHUH�0HVRVFDOH�3UHGLFWLRQ�6\VWHP&URVV*ULG 7KH�(8�&URVV*ULG�3URMHFW�,67�����������'DWD*ULG 7KH�(8�'DWD*ULG�3URMHFW�,67�����������'%06 'DWDEDVH�0DQDJHPHQW�6\VWHP')6 'LVWULEXWHG�)LOH�6\VWHP('* 7KH�(8�'DWD*ULG�3URMHFW�,67�����������*8, *UDSKLFDO�8VHU�,QWHUIDFH*5$'6 7KH�*ULG�$QDO\VLV�DQG�'LVSOD\�6\VWHP��YLVXDOL]DWLRQ�SDFNDJH�+')� +LHUDUFKLFDO�'DWD )RUPDW�YHUVLRQ��+773 +\SHUWH[W�7UDQVSRUW�3URWRFRO-'/ -RE�'HVFULSWLRQ�/DQJXDJH03, 0HVVDJH�3DVVLQJ�,QWHUIDFH03,&+�*� *ULG�HQDEOHG�LPSOHPHQWDWLRQ�RI�03,1HW&') 1HWZRUN�&RPPRQ�'DWD�)RUPDW2�5�'%06 2EMHFW�5HODWLRQDO�'%06803/ 8QLILHG�0RGHO�IRU�3RODQG�DUHD���RSHUDWLRQDO�DWPRVSKHULF�PRGHO�UXQQLQJ�DW�,&0:$0� :DYH�0RGHO�&\FOH��6+773 6HFXUH�+77364/ 6WUXFWXUHG�TXHU\�ODQJXDJH62$3 6LPSOH�2EMHFW�$FFHVV�3URWRFRO620 6HOI�2UJDQL]LQJ�0DSV67(0�,, 6XOIXU�7UDQVSRUW�(XOHULDQ�0RGHO�YHUVLRQ��66/ 6RFNHW�6HFXULW\�/D\HU6:$1 6LPXODWLQJ�:DYHV�1HDUVKRUH�PRGHO9,6�' 9LVXDOL]DWLRQ�3DFNDJH�IURP�:LVFRQVLQ�8QLYHUVLW\:6'/ :HE�6HUYLFH�'HILQLWLRQ�/DQJXDJH;0/ ([WHQGHG�PDUNXS�/DQJXDJH
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���� 5()(5(1&(6>�@��%RRLM��1���5�&��5LV�	�/�+��+ROWKXLMVHQ��������$�WKLUG�JHQHUDWLRQ�ZDYH�PRGHO�IRU�FRDVWDOUHJLRQV��,��0RGHO�GHVFULSWLRQ�DQG�YDOLGDWLRQ��-��*HRSK\V��5HV��������1R�&�������������>�@� &DUPLFKDHO�� *�5�� HW� DO�� ������� 7KH� 67(0�,,� UHJLRQDO� VFDOH� DFLG� GHSRVLWLRQ� DQGSKRWRFKHPLFDO�R[LGDQW�PRGHO��$WPRVSKHULF�(QYLURQPHQW����$����������������>�@� )DKUPHLU� /�� 	� *�� 7XW]�� ������ 0XOWLYDULDWH� 6WDWLVWLFDO� 0RGHOOLQJ� EDVHG� RQ� *HQHUDOL]HG/LQHDU�0RGHOV��6SULQJHU 6HULHV�LQ�6WDWLVWLFV������SS�>�@� +DVWLH� 7��� 5�7LELVKLUDQL� 	� -�)ULHGPDQ�� ������ 7KH� (OHPHQWV� RI� 6WDWLVWLFDO� /HDUQLQJ�6SULQJHU 6HULHV�LQ�6WDWLVWLFV������SS�>�@� +RGXU� 5�0��� ������ 7KH� 1DYDO� 5HVHDUFK� /DERUDWRU\¶V� &RXSOHG� 2FHDQ�$WPRVSKHUH0HVRVFDOH�3UHGLFWLRQ�6\VWHP��&2$036���0RQ��:HD��5HY������������������>�@�0LFKHOVRQ�'���������8VH�RI�WKH�+')��ILOH�IRUPDW�IRU�VWRULQJ�%$/7(;�5DGDU�'DWD�&HQWUHVHWV��60+,�����SS�>�@� 0LULQ� $�$��� *�$�� 6XJL\DPD�� 6�� &KHQ�� 5�0�� +RGXU�� 7�5�� +ROW� 	� -�0�� 6FKPLGW�� �����'HYHORSPHQW� DQG� SHUIRUPDQFH� RI� D� VFDODEOH� YHUVLRQ� RI� D� QRQK\GURVWDWLF� DWPRVSKHULFPRGHO�>�@� �:$0',�*URXS�� ������ 7KH�:$0�PRGHO� �� $� WKLUG� *HQHUDWLRQ� 2FHDQ�:DYH�3UHGLFWLRQ0RGHO��-��3K\V��2FHDQRJU�����������������
���� 29(59,(:7KLV� GRFXPHQW� SURYLGHV� WKH� VRIWZDUH� UHTXLUHPHQWV� IRU� PHWHRURORJLFDO� DSSOLFDWLRQV� DQGSURSRVHV� D� QXPEHU� RI� VHOHFWHG� FDVHV� IRU� WKH� ZDYH� PRGHOOLQJ� EDVHG� RQ� QHVWHG� ZHDWKHUIRUHFDVWV��IRU�PHWHRURORJLFDO�GDWD�PLQLQJ�DV�ZHOO�DV�IRU�DLU�SROOXWLRQ�DSSOLFDWLRQV�6HFWLRQ���SURYLGHV�WKH�RYHUDOO�GHVFULSWLRQ�6HFWLRQ���SURYLGHV�UHTXLUHPHQWV�DQG�UHODWLRQV�ZLWK�RWKHU�:3V�
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�� 29(5$//�'(6&5,37,21
���� 352'8&7�3(563(&7,9('DLO\�RXWSXW�IURP�DWPRVSKHULF�ZHDWKHU�SUHGLFWLRQ�VLPXODWLRQV�LV�FRPSDUDWLYHO\�ODUJH��LQ�RUGHURI�JLJDE\WHV���'DWD�DUH�QRW�PDLQWDLQHG�LQ�GDWD�EDVHV�EXW�UDWKHU�DV�IODW�ILOHV��W\SLFDOO\�VWRUHG�LQELQDU\�RU�VWUXFWXUHG�GDWD� IRUPDW�VXFK�DV�1HW&')�RU�+')��ZLWK�DVVRFLDWHG�PHWDGDWD��)LOHVDUH� QRW� XSGDWHG� RQFH� UHOHDVHG�� 5HVHDUFKHUV� LQ� WKH� DWPRVSKHUH� DQG� RFHDQ� PRGHOOLQJFRPPXQLW\�ZLOO� ILQG�LW�FRQYHQLHQW�WR�VWRUH� ORFDO�FRSLHV�RI�SRUWLRQV�RI�WKH�GDWD�VHW��7KHUHIRUH�WKH�DSSOLFDWLRQ�KDV�QHHGV�IRU�PDQDJLQJ�FRSLHV�RI�GDWD�VHWV�DW�PXOWLSOH�ORFDWLRQV��DV�ZHOO�DVKLJKHU�OHYHO�VHUYLFHV�VXFK�DV�UHSOLFD�VHOHFWLRQ�RU�DXWRPDWLF�UHSOLFD�FUHDWLRQ�
'DWDEDVHV� LQ� 0HWHRURORJ\� SURYLGH� WKH� EDVLF� LQSXW� IRU� DQ\� DQDO\VLV�� /RFDO� REVHUYDWRULHVSODFHG�FRYHULQJ�GLIIHUHQW�UHJLRQV�RI�D�FRXQWU\��VHH�ILJXUH���IRU�D�6SDQLVK�H[DPSOH���SURYLGHVLPSOH� REVHUYDWLRQ� GDWDEDVHV� LQFOXGLQJ� PHDVXUHPHQW� RI� W\SLFDO� YDULDEOHV�� OLNH� WKHWHPSHUDWXUH� �7��� JHRSRWHQWLDO� �=��� ZLQG� ILHOG� �8�9��� � KXPLGLW\� �+�� LQ� D� JLYHQ� REVHUYDWRU\SODFHG�DW�D�FHUWDLQ�OHQJWK��ODWLWXGH�DQG�KHLJKW�DW�D�WLPH��0HDVXUHPHQWV�DUH�SURYLGHG�W\SLFDOO\HYHU\���KRXUV�RU�OHVV�

)LJ�����'LVWULEXWLRQ�RI�JOREDO�PRGHO�JULGSRLQWV�DQG�ORFDO�REVHUYDWLRQ�VLWHV�XVHG�LQ�GDWD�PLQLQJDSSOLFDWLRQ
5HDQDO\VLV�0RGHOV�RI�$WPRVSKHULF�&LUFXODWLRQ�SURYLGH�JOREDO�GDWDEDVHV�ZLWK� LQIRUPDWLRQ�RQD�JOREDO�JULG�FRYHULQJ�WKH�ZKROH�JOREH��7KH�1&(3�1&$5�UHDQDO\VLV�SXEOLF�GDWDEDVH�RU�WKH(5$�����UHVWULFWHG�XVH��RQH��DUH�WZR�H[DPSOHV�RI�VXFK�GDWDEDVHV�SURYLGLQJ�PHWHRURORJLFDOLQIRUPDWLRQ�LQ�WKH�IRUP�RI��7�=�8�9�+��WXSOHV�DW�GLIIHUHQW�SUHVVXUH�OHYHOV���������FRYHULQJ�WKHZKROH� JOREH�ZLWK� D� �[��GHJUHHV�JULG� ����[������)RU�XVH� LQ� ORFDO� VKRUW�WHUP� SUHGLFWLRQ� WKHUHOHYDQW�]RQH� UDQJHV� IURP�D���[��JULG� IRU�D� FRXQWU\� �L�H��6SDLQ�� WR�D���[���JULG� IRU�ZKROH(XURSH�� 7\SLFDO� VL]HV� IRU� WKLV� GDWDEDVHV� H[SDQGLQJ� RYHU� ��� \HDUV� DUH� 2�*%��� � � 1HZUHDQDO\VLV� GDWDEDVHV� �(5$����� '(0(7(5��� ZLWK� PRUH� GHWDLOHG� LQIRUPDWLRQ� RYHU� D� ORQJHUSHULRG��ZLOO� LQFUHDVH� WKH� W\SLFDO� VL]H�RI� WKH� LQIRUPDWLRQ� WR�EH�DQDO\]HG� WR� WKH� 2�7%�� UDQJH�
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0HVRVFDOH�GDWDEDVH�LV�VWRUHG�LQ�KLHUDUFKLFDO�GLUHFWRULHV�RQ�PDJQHWLF�WDSHV�DQG�LQFOXGHV�D��\HDUV� ORQJ�DUFKLYH�RI�HYHU\�GD\�GDWD��,Q�HDFK�GD\���DVVLPLODWLRQ�F\FOHV�FRQVLVW�DQDO\VHV�RIDFWXDO� VWDWH� RI� WKH� DWPRVSKHUH� DQG� �K� IRUHFDVWV� IRU� &HQWUDO� (XURSH� UHJLRQ� ZLWK� D� VSDWLDOUHVROXWLRQ�RI����NP�RQ����VWDQGDUG�SUHVVXUH�OHYHOV�DUH�VWRUHG��7ZR�WLPHV�SHU�GD\��DW����DQG���87&��WKH�UHVXOWV�RI�EDVLF���K�IRUHFDVW�DUH�VWRUHG�
620�,03/(0(17$7,216HOI�2UJDQL]LQJ�0DSV�� DQ� ³8QVXSHUYLVHG�/HDUQLQJ�7HFKQLTXH´� >�@�� FRQVWLWXWHV�D�EDVLF�GDWDPLQLQJ� WRRO� YHU\� XVHIXO� IRU� ODUJH� GDWDEDVHV� ZLWK� ODUJH� QXPEHU� RI� YDULDEOHV�� ,W� FRQYHUWVFRPSOH[��QRQOLQHDU�VWDWLVWLFDO�UHODWLRQVKLSV�EHWZHHQ�KLJK�GLPHQVLRQDO�GDWD�LWHPV�LQWR�VLPSOHJHRPHWULF�UHODWLRQVKLSV�RQ�D�ORZ�GLPHQVLRQDO�GLVSOD\��$V�LW�WKHUHE\�FRPSUHVVHV�LQIRUPDWLRQZKLOH�SUHVHUYLQJ�WKH�PRVW�WRSRORJLFDO�DQG�PHWULF�UHODWLRQVKLSV�RI� WKH�SULPDU\�GDWD� LWHPV�RQGLVSOD\��LW�DOVR�EH�WKRXJKW�WR�SURGXFH�VRPH�NLQG�RI�DEVWUDFWLRQV�
7KH� 620� XVXDOO\� FRQVLVWV� RI� WZR�GLPHQVLRQDO� QRGHV� RQ� UHJXODU� JULG�� $� PRGHO� RI� VRPHREVHUYDWLRQ�LV�DVVRFLDWHG�ZLWK�HDFK�620�QRGH��7KH�620�DOJRULWKP�FRPSXWHV�WKH�PRGHO�VRWKDW� WKH\�RSWLPDOO\�GHVFULEH� WKH�REVHUYDWLRQV��7KH�PRGHOV�DUH�RUJDQL]HG� LQWR�D�PHDQLQJIXOWZR�GLPHQVLRQDO�RUGHU� LQ�ZKLFK�PRGHOV�DUH� FORVHU� WR�HDFK�RWKHU� LQ� WKLV�JULG� WKDQ� WKH�PRUHGLVVLPLODU�RQHV��,Q�WKLV�VHQVH�WKH�620�LV�D�VLPLODULW\�JUDSK��DQG�D�FOXVWHULQJ�GLDJUDP�WRR���,WLV�D�QRQ�SDUDPHWULF��UHFXUVLYH�UHJUHVVLRQ�SURFHVV�

)LJ�����620�QRGHV�DQG�GLVWULEXWLRQ�RI�PRGHO�YHFWRUV
7KH�³RQ�OLQH´�YHUVLRQ�DSSOLHV�WKH�UHJUHVVLRQ�RI�DQ�RUGHUHG�VHW�RI�PRGHO�YHFWRUV��DUUDQJHG�LQWKH�620�WZR�GLPHQVLRQDO�JULG��PL LQ�5Q��LQWR�WKH�VSDFH�RI�REVHUYDWLRQ�YHFWRUV�^[`�LQ�5Q XVLQJWKH�IRUPXOD� PL �W��� �PL �W���KF�[��L ��[�W���PL �W��ZKHUH� W�LV�WKH�VDPSOH�LQGH[�RI�WKH�UHJUHVVLRQ�VWHS��WKH�UHJUHVVLRQ�LV�SHUIRUPHG�UHFXUVLYHO\�DQG�KF�[��L LV� WKH�VR�FDOOHG�QHLJKERUKRRG� IXQFWLRQ��ZLWK� WKH� LQGH[�F� �³ZLQQHU´��GHILQHG�E\� WKHFRQGLWLRQ�
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__�[�W���PF �W�__��__�[�W���PL �W�__�IRU�DOO�W7KLV� LQFUHPHQWDO� UHJUHVVLRQ� SURFHVV� FDQ� EH� UHSODFHG� E\� D� ³EDWFK´� YHUVLRQ�� IROORZLQJ� WKLVVFKHPH��� ,QLWLDOL]H�WKH�PRGHO�YHFWRUV�PL�� )RU� HDFK� RQH�� LQGH[� L�� FROOHFW� WKH� OLVW� RI� DOO� WKRVH� REVHUYDWLRQ� VDPSOHV� ^[`� ZKRVHPRGHO�YHFWRU�EHORQJV�WR�WKH�QHLJKERUKRRG�VHW�RI�WKH�QRGH L��� &RPSXWH�WKH�QHZ�PRGHO�YHFWRU�DV�WKH�PHDQ�RYHU�WKH�UHVSHFWLYH�OLVW��� 5HSHDW�VWHSV���DQG���XQWLO�³FRQYHUJHQFH´�RI�WKH�SURFHGXUH
,PSOHPHQWDWLRQ� RI� WKH� 620� DOJRULWKP� LQ� D� GLVWULEXWHG� ZD\� LV� EDVHG� LQ� WKH� DGHTXDWHSDUWLWLRQLQJ�RI� WKH�GDWDEDVH� LQFOXGLQJ� WKH�REVHUYDWLRQ�VDPSOHV��$V� WKH� WRWDO�PHDQ� IRU�HDFKPRGHO� YHFWRU� LV� HDVLO\� FDOFXODWHG� IURP� SDUWLDO� PHDQV� IRU� WKDW� VDPH� YHFWRU� FRPSXWHG� RQGLVWULEXWHG� GDWDEDVHV�� WKH� H[FKDQJH� RI� LQIRUPDWLRQ� LV� UHGXFHG� WR� WKH� PRGHO� YHFWRUSDUDPHWHUV�XSGDWHV�DQG� WKHVH�SDUWLDO�PHDQV��ZKLOH� WKH� ODUJH�SDUW� RI� WKH� LQIRUPDWLRQ� LV�QRWWUDQVPLWWHG�� 0RUHRYHU�� WR� FRSH� ZLWK� SRVVLEOH� QHWZRUN� HIIHFWV� LQ� D� JULG� FRQILJXUDWLRQ�� WKHDV\QFKURQRXV�XSGDWH�PRGH��ZKHUH�WKH�0$67(5�ZDLWV�IRU�DOO�:25.(5�QRGHV�WR�XSGDWH�WKHLQIR�RQ�WKH�PRGHO�YHFWRUV��FDQ�EH�UHOD[HG�WR�XVH�D�PRGH�ZKHUH� WKH�0$67(5�ZDLWLQJ�WLPHRSWLPL]HV�WKH�FRQYHUJHQFH�WLPH��DQG�QHZ�PRGHO�YHFWRUV�DUH�XSGDWHG�ZDLWLQJ�RQO\�WR�SDUW�RIWKH� WRWDO� LQIRUPDWLRQ�� 2EYLRXVO\� WKLV� UHTXLUHV� D� FRPSOHWH� VWULSSLQJ� RI� WKH� GDWDEDVHVLQIRUPDWLRQ�WR�DYRLG�DQ\�XQEDODQFH�WKDW�FRXOG�DIIHFW�WKH�ILQDO�UHVXOWV��D�UHTXLUHPHQW�DOUHDG\SUHVHQW� LQ� WDVN� ����� DQG� D� PRQLWRULQJ� V\VWHP� �WDVN� ����� SURYLGLQJ� WKH� QHFHVVDU\� LQIR� WRRSWLPL]H�WKLV�ZDLWLQJ�SURFHVV�WDNLQJ�LQWR�DFFRXQW�ERWK�WKH�QHWZRUN�DQG�ZRUNHU�QRGHV�
7R�SURYLGH�VRPH� W\SLFDO�QXPEHUV��ZH�FDQ�FRQVLGHU�D�GDWDEDVH�ZLWK�GDWD�FRUUHVSRQGLQJ� WRWKH� QDWLRQDO� 6SDQLVK� JHRJUDSKLFDO� ��[�� JULG� DW� VL[� GLIIHUHQW� KHLJKWV� DQG� ILYH� YDULDEOHV�7�=�8�9�+�� �VR�GLPHQVLRQDOLW\� LV����[���[��� [�� � � ������ DORQJ�HDFK��� KRXUV� IRU���� \HDUV��[���[�� ������WXSOHV���ZRUNLQJ�RQ�WKH�VLPSOHVW���[��QRGHV�620�JULG��L�H���PL L �������6R��[����a���.�ZHLJKWV� ����.E\WHV��DUH�XSGDWHG� LQ�HDFK�FRQYHUJHQFH�VWHS��ZKLOH� WKH� WRWDOGDWDEDVH�VL]H�LV�DERXW���*E\WH�7KLV�ZLOO�SURYLGH�WKH�ILUVW�H[DPSOH�WR�EH�WULHG�LQ�WKH�QH[W�PRQWKV�
9,68$/,=$7,21�2)�620�5(68/76

620� FDQ� EH� VHHQ� DV� D� ³GDWD� YLVXDOL]DWLRQ� WRRO´�� DQG� DV� VXFK� LW� UHTXLUHV� D� JRRGJUDSKLFDO� LQWHUIDFH� WR� SURILW� IURP� LWV� DGYDQFHG� GDWD� UHSUHVHQWDWLRQ� IHDWXUHV�� &XUUHQWO\� WKH³9LV�'´� SDFNDJH� LV� RQH� RI� WKRVH� EHLQJ� HPSOR\HG� IRU� WKHVH� DQG� VLPLODU� SXUSRVHV� LQ� WKHPHWHRURORJLFDO� DSSOLFDWLRQV�� 9LV�'� �VHH� KWWS���ZZZ�VVHF�ZLVF�HGX�aELOOK�YLV�G�KWPO ��� DQRSHQ�VRXUFH�SURMHFW��DOORZV�WKH�XVHU�D�VLPSOH��'�YLVXDOL]DWLRQ��DQG�WKH�SRVVLELOLW\�WR�SHUIRUPWKH�UHTXLUHG�SURMHFWLRQV�
$,5�32//87,21�02'(/
7KH�67(0�,,�PRGHO�ZLOO�EH�LQLWLDOO\�DSSOLHG�WR�WKH�$V�3RQWHV� WKHUPDO SRZHU�SODQW�� ORFDWHG�LQWKH�1:�RI�6SDLQ��'\QDPLF�PHWHRURORJLFDO�FRQGLWLRQV�DQG�GLIIHUHQW�HPLVVLRQV�VFHQDULRV�ZLOOEH�FRQVLGHUHG��)LJXUH���VKRZV�WKH�VLPXODWHG�GLVWULEXWLRQ�RI�WZR�SROOXWDQWV�JHQHUDWHG�RQ�WKHSRZHU�SODQW�XVLQJ�WKH�67(0�,,�
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)LJXUH����6LPXODWLRQ�RI�WKH�GLVWULEXWLRQ�RI�SROOXWDQWV�JHQHUDWHG�E\�WKH�$V�3RQWHV�SRZHU�SODQW�
7KH�VWUXFWXUH�RI�WKH�67(0�,,�PRGHO�LV�VKRZQ�LQ�WKH�ILJXUHV���DQG���

INPUT DATA:

Chemical concentrations 
Meteorological conditions 
Emissions 
Topological data

STEM-II Text

OUTPUT DATA:

Gas-phase concentrations 
Deposition patterns 
Fluxes of the species

CHEMISTRY:

Gas-phase reactions 
Aqueous-phase 
reactions 

DEPOSITION:

Dry 
depositions 
Wet 

DISPERSION:

3-D advection 
Convection 
Vertical diffusion 

)LJXUH����6WUXFWXUH�RI�67(0�,,
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Input time independent data

Input time dependent data

Time step loop

Horizontal dispersion

Horizontal step loop

Vertical dispersion

Vertical step loop

Chemistry

End loops ?

)LJXUH����3VHXGRFRGH�RI�67(0�,,
7KH�FRGH�QHHGV�VWDWLRQDU\�LQSXWV��PHVK�FKDUDFWHULVWLFV��RURJUDSK\��HWF��DV�ZHHO�DV�WLPH�GHSHQGDQW� LQSXWV� IURP� WKH� HPLVVLRQV� �EDVLFDOO\� DPRXQW� RI� HPLWHG� SROOXWDQWV�� DQGZHDWKHU� IRUHFDVW� GDWD� IURP� WKH� PHWHRURORJLFDO� DSSOLFDWLRQ� �KXPLGLW\�� ZLQG� VSHHG�� DLUGHQVLW\��HWF��LQ�HDFK�SRLQW�RI�WKH�PHVK��7KLV�LQIRUPDWLRQ�PXVW�EH�SURYLGHG�E\�WKH�ZHDWKHUIRUHFDVW�DQG�XSGDWHG�LQ�D�ILOH�WKDW�LV�UHDG�E\�RXU�SURJUDP�LQ�HDFK�WLPH�VWHS�
7KH�FRGH�PXVW�EH�DGDSWHG� WR� LQWHUDFW�ZLWK� WKH�XVHU�� LQ�VXFK�D�ZD\� WKDW�KH�RU�VKH�FDQGLUHFWO\�FKDQJH�WKH�ZHDWKHU�RU�HPLVVLRQV�FRQGLWLRQV�WR�FKHFN�WKH�EHKDYLRXU�XQGHU�QHZYLUWXDO� VFHQDULRV�� ,Q� DGGLWLRQ�� RQH� RI� WKH� REMHWLYHV� RI� WKH� ILQDO� SURGXFW� LV� WKH� IDXOW�WROHUDQFH��:H�SODQ�WR�SURYLGH�WKH�FRGH�ZLWK�FDSDELOLWLHV�WR�FKHFN�WKH�IDXOW�LQ�VRPH�QRGH��DQG�WR�UHFRYHU�WKH�VLPXODWLRQ�IURP�WKLV�SRLQW�
7KH�YLVXDOL]DWLRQ�UHTXLUHPHQWV� IRU�WKH�DLU�SROOXWLRQ�DSSOLFDWLRQV�DUH�QRW�FULWLFDO��ZH�RQO\QHHG� WR� YLVXDOL]H� WKH� RXWSXWV� LQ� �'� DQG� �'� GLDJUDPV� VKRZLQJ� WKH� FRQFHQWUDWLRQV� RISROOXWDWV�LQ�WKH�VLPXODWLRQ�PHVK�RU�LQ�WKH�JURXQG�VXUIDFH��0RVW�RI�WKH�YLVXDOL]DWLRQ�WRROV
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XVHG�E\�RWKHU�DSSOLFDWLRQV��IRU�H[DPSOH�WKH�RQH�XVHG�LQ�WDVN������SUREDEO\�FDQ�EH�XVHGE\�RXUV�
������ 6\VWHP�LQWHUIDFHV$SSOLFDWLRQ� UHTXLUHV� D� VHFXUH�� HIILFLHQW� GDWD� WUDQVSRUW� PHFKDQLVP� EHWZHHQ� VWRUDJHV\VWHPV�DQG�DFFHVV�WR�FRPSDUDWLYHO\�ODUJH�DPRXQW�RI�GDWD�E\�JHRJUDSKLFDOO\�GLVWULEXWHGXVHUV� IRU� DQDO\VLV� DQG� YLVXDOLVDWLRQ� RI� WKH� GDWD�� :H� QHHG� VRPHWKLQJ� VLPLODU� WR� ')6�GLVWULEXWHG� ILOH� V\VWHP�� VXSSRUWHG� KLJK�YROXPH� XVDJH�� GDWD� UHSOLFDWLRQ� DQG� ORFDOFDFKLQJ�� :H� UHTXLUH� DOVR� WR� KDYH� DQ� DFFHVV� WR� VWUXFWXUHG� GDWD� IURP� D� YDULHW\� RIXQGHUO\LQJ�VWRUDJH�V\VWHPV��H[SORULQJ�IRU�H[DPSOH�+')��IDFLOLWLHV�>�@�$�XQLYHUVDO�JULG�GDWD� WUDQVIHU�DQG�DFFHVV�SURWRFRO� FDOOHG�*ULG)73�ZLOO� SURYLGH� VHFXUH�HIILFLHQW� GDWD� PRYHPHQW� LQ� *ULG� HQYLURQPHQW�� 7KLV� ZLOO� EH� DGYDQWDJHRXV� ERWK� WR� JULGVWRUDJH�SURYLGHU��,&0��DQG�HQG�XVHUV��PDULWLPH�LQVWLWXWLRQV��7RROV�IRU�DXWKHQWLFDWLRQ�RI�XVHUV�DQG�FRQWURO�RYHU�ZKR�LV�DOORZHG�WR�DFFHVV�WKH�GDWD�DUHDOVR�UHTXHVWHG�
������ 8VHU�LQWHUIDFHV*8,�PRGXOH�ZLOO�EH�D�QHZ�ZLQGRZ�VSOLWWHG�RQWR�IHZ�SDUWV�� $WPRVSKHULF�PRGHO� GHVNWRS�ZLOO� KDYH� VXFK� RSWLRQV� DV� GRPDLQ� RI� RXWHUPRVW� PRGHOJULG�� UHVROXWLRQ� RI� WKH�PRGHO�� QXPEHU� RI� QHVWHG� JULGV�� GXUDWLRQ� RI� WKH� IRUHFDVW�� WKHVRXUFH� RI� LQLWLDO� DQG� ODWHUDO� ERXQGDU\� FRQGLWLRQV� �L�H�� IURP� JOREDO� 12*$36� RUPHVRVFDOH� 803/� PRGHOV��� SUHIHUHG� PRGH� RI� FRPSXWDWLRQV� �KLJK� SHUIRUPDQFHFRPSXWHU� RU� OLQX[� FOXVWHU��� 7KH� WRRO� IRU� PRQLWRULQJ� DWPRVSKHULF� PRGHO� UXQV� VKRXOGKDYH� LQIRUP� D� QHZ� XVHU� RQ� DFWXDOO\� UXQQLQJ� WDVNV� VKRZLQJ� VHOHFWHG� GRPDLQV� DQGOHQJWKV� RI� IRUHFDVW�� 7KH� XVHU� FDQ� ILW� KLV� UHTXLUHPHQWV� WR� H[LVWLQJ� UXQ� DQG� JHW� WKHUHVXOWV�TXLFNHU�WKDQ�VWDUWLQJ�IURP�EHJLQ�� :$0��PRGHO�GHVNWRS�ZLOO�KDYH�VXFK�RSWLRQV�DV�GRPDLQ�DQG�UHVROXWLRQ�RI�WKH�PRGHO�IUHTXHQF\�RI�WKH�VWRUDJH�RI�RXWSXW�GDWD� 6:$1�PRGHO�GHVNWRS�ZLOO�KDYH�VXFK�RSWLRQV�DV�GRPDLQ�DQG�UHVROXWLRQ�RI�WKH�PRGHO�IUHTXHQF\�RI�WKH�VWRUDJH�RI�RXWSXW�GDWD� 7KH� PHWHRURORJLFDO� GDWDEDVH� GHVNWRS� ZLOO� KDYH� VXFK� FKRLFHV� DV� VHOHFWLRQ� RIPHWHRURORJLFDO�HOHPHQWV��VWDUW�GDWH�RI� WKH�VDPSOH��D� OHQJWK�RI� VDPSOH��QXPEHU�DQGSRVLWLRQ�RI�JULG�SRLQWV��VHOHFWHG�PHWKRG�RI�GDWD�PLQLQJ��8VHU�VKRXOG�KDYH�D�SRVVLELOLW\LQWHUDFWLYHO\�XVH�WKH�JUDSKLFDO�WRROV�IRU�DQDO\VLV�RI�UHVXOWV�� 7KH�DLU�SROOXWLRQ�GHVNWRS�PXVW�VKRZ�VLPXODWHG�UHVXOWV� IRU�WKH�FRQFHQWUDWLRQ�RI�HDFKSROOXODQW� RQ� HDFK� SRLQW� RI� WKH� VLPXODWLRQ� PHVK�� 6RPH� DODUP� VLJQDOV� KDYH� WR� EHLQFOXGHG�LQ�WKH�*8,�FDSDELOLWLHV�� 7KH� ILQDO� SURGXFW� VKRXOG� DOORZ� WKH� XVHU� WR� FKHFN� WKH� DLU� SROOXWLRQ� UHVXOWV�� QRW� RQO\XVLQJ� UHDO�ZHDWKHU� IRUHFDVWV��EXW�DOVR�XQGHU�GLIIHUHQW�K\SRWKHWLFDO� VFHQDULRV� �LQ� WKHZHDWKHU�RU�LQ�WKH�HPLVVLRQ�RI�SROOXWDQWV�FRQGLWLRQV��WKDW�KH�RU�VKH�FDQ�HVWDEOLVK�
������ +DUGZDUH�LQWHUIDFHV1R�VSHFLDO�LQWHUIDFHV�ZLWK�KDUGZDUH�FRPSRQHQWV�DUH�FRQVLGHUHG�DW�WKLV�PRPHQW�
������ 6RIWZDUH�LQWHUIDFHV
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3URSRVHG�WHFKQRORJLHV�x -DYDx +70/x 6HUYOHWx 03,
������ &RPPXQLFDWLRQV�LQWHUIDFHV3URSRVHG�SURWRFROV�x *ULG)73x 66/x 6+773
������ 0HPRU\�FRQVWUDLQWV,W�GHSHQGV�RQ�WKH�JUDQXODULW\�RI�WKH�VLPXODWLRQ��DQG�RQ�WKH�ZHDWKHU�IRUHFDVW�GDWD���)RU�WKH�DLUSROOXWLRQ�PRGHO��D�W\SLFDO�VLWXDWLRQ�RQ�D���;��;���PHVK�QHHG�DERXW�����0E�RI�GDWD� ���0%DUH�JHQHUDWHG�HDFK�KRXU� RI� VLPXODWHG� WLPH�� ,QSXW�DQG�RXWSXW� LQIRUPDWLRQ�DUH� OHVV� WKDQ� ��0%��7KLV�VLWXDWLRQ�LV�IRU�WKH�FXUUHQW�YHUVLRQ�RI�WKH�FRGH�WKDW�LV�EHLQJ�XVHG�LQ�WKH�SRZHU�SODQW�7KH�VL]H�RI�WKH�PHVK�DQG�WKH�WLPH�VWHS�FDQ�EH�DGDSWHG�WR�WKH�SRZHU�RI�WKH�FRPSXWHU�
������ 2SHUDWLRQV
:H�H[SHFW� WR�GHYHORS� WKH�PHWHRURORJLFDO�DSSOLFDWLRQ� LQ�DQ� LQWHUDFWLYH� IUDPHZRUN�EDVHG�RQPLGGOHZDUH�WRROV�SURYLGHG�E\�:3��DQG�:3��DFFRUGLQJ�WKH�IROORZLQJ�VFKHPH��� $Q� LQWHUDFWLYH� XVHU� LQWHUIDFH� �8,�� EDVHG� RQ� D� 3RUWDO� �WDVN� ������ 7KH� SRUWDO� VKRXOGVXSSRUW�;0/�IORZ�IRU�LQSXW�RXWSXW��DQG�LQFOXGH�WKH�IROORZLQJ�³SDQHOV´�D� 'LVWULEXWHG�5HVRXUFHV�8VH�0RQLWRULQJL� $GYDQFH�UHVHUYDWLRQ�IRU�SURFHVVLQJ�VWRUDJHLL� 0RQLWRULQJ�RI�*ULG�/RDGE� 'DWD�GHVFULSWLRQ�L� 'DWDVHW�VHOHFWLRQLL� 'DWD�GLFWLRQDU\LLL� 'HULYHG�³SURFHGXUHV´F� -RE�GHVFULSWLRQ��LQ�-'/���VFULSW�ODQJXDJH�RU��:6)/�G� /RFDO�SHUVLVWHQF\��FRRUGLQDWHG�ZLWK�VXSSRUW�IRU�URDPLQJ�DFFHVV�H� ,QWHUDFWLYH�FRQWURO��DW�OHDVW�WKH�EDVLF�³NLOO´�VHTXHQFH�I� *UDSKLFDO�2XWSXW��ZLWK�VXSSRUW�IRU�-DYD�JUDSKLFV�DQG�RU�69*�JUDSKLFV�J� $OSKDQXPHULFDO�2XWSXW�� *ULG� LQWHUDFWLYH� UHVRXUFHV� VHWXS�� GHILQHG� YLD� D� 5HVRXUFH� 0DQDJHU� IRU� WKHFRUUHVSRQGLQJ�9LUWXDO�2UJDQL]DWLRQ��LQFOXGLQJ��D� $Q�,QWHUDFWLYH�5HVRXUFH�%URNHU�WDNLQJ�FDUH�RI�ILQGLQJ�DGHTXDWH�UHVRXUFHV�DVGHVFULEHG� EHORZ�� WR� HVWDEOLVK� DQ� LQWHUDFWLYH� VHVVLRQ�� $GYDQFH� 5HVHUYDWLRQDQG� 6WRUDJH� FDSDELOLWLHV� YLD� 6FKHGXOHU� $JHQWV� �WDVN� ������ 7KH� UHVHUYDWLRQWDNHV�SODFH�ZLWK�WKH�IROORZLQJ�VHTXHQFH�
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L� )LUVW�WKH�'$7$6(7�WR�EH�SURFHVVHG�LV�DQDO\]HG�� ORJLFDO�GDWDEDVH�ILOHQDPHV�DUH�GHULYHG�DQG�WKHQ�WKH�FRUUHVSRQGLQJ�SK\VLFDO�GDWDEDVH�ILOHQDPHV�DUH�IRXQG�LQ�WKH�FDWDORJLL� 7KH�,QWHUDFWLYH�'LVWULEXWHG�'DWDEDVHV�5HVHUYDWLRQ�6HUYLFH�LV�LQYRNHG�WU\LQJ� WR� ILQG� DV� FORVH� DV� SRVVLEOH� LQ� WHUPV� RI� QHWZRUN� FRVWV�� LQSDUWLFXODU� ODWHQF\��D�0$1$*(5�QRGH�� VHYHUDO�:25.(5�QRGHV��DQGVHYHUDO� ,17(5$&7,9(� '$7$%$6(� 6(59(5� QRGHV�� 1RWH� WKDW:25.(5� QRGHV� DQG� '%6(59(5� QRGHV� FDQ� ILW� WKH� VDPH� SK\VLFDOPDFKLQH�LLL� ,I�QR�VXLWDEOH�FRQILJXUDWLRQ�LV�IRXQG��LQFOXGLQJ�DQ�HVWLPDWLRQ�RI�SDVW�DQGIXWXUH� FRVWV�� WKH� 'DWDEDVH� 5HSOLFDWLRQ� 6HUYLFH� LV� LQYRNHG�� PLJUDWLQJGDWDEDVH� ILOHV� WR� WKH� VHOHFWHG�:25.(5�QRGHV� LI� WKH\� DOORZ� IRU� WKLVVWRUDJH�UHVHUYDWLRQ�E� ,QWHUDFWLYH�&RQQHFWLRQ�0DQDJHU�1RGH� �0$1$*(5���ZKHUH� WKH� ³PDLQ´� MRE� LVH[HFXWHG��NHHSLQJ�FRQQHFWLRQ�ZLWK� WKH�XVHU�YLD�DQ�DGHTXDWH�PHFKDQLVP�DQGUHQRYDWLQJ�LW�YLD�D�³NHHS�DOLYH´�PHFKDQLVP��DQG�ZLWK�³:25.(56´�DFURVV�WKHJULG�LQ�FRPPXQLFDWLRQ�YLD�³03,´�FDOOV��ZLWK�FRUUHFWQHVV�YHULILHG�LQ�WDVN��������,WGLVWULEXWHV�WKH�LQIR�WR�WKH�GLIIHUHQW�*ULG�QRGHV�YLD�03,&+�*���DQG� SURFHVV�WKHDQVZHU�WR�JHW�ILQDO�UHVXOWV��WKDW�DUH�WKHQ�WUDQVPLWWHG�EDFN�WR�WKH�8,�F� $� FROOHFWLRQ� RI� FRPSXWLQJ� QRGHV� GLVWULEXWHG� DFURVV� WKH� JULG� WHVWEHG�:25.(56��SURFHVVLQJ�WKH�LQIR�DFFRUGLQJ�WR�WKH�0$1$*(5�LQVWUXFWLRQV��DQGUHWXUQLQJ�WKH�RXWSXW�LQIRUPDWLRQ�WR�LW��� $� 7HVWEHG� VHWXS� �GHILQHG� LQ�:3���� ZLWK� D� 9LUWXDO� 2UJDQL]DWLRQ� �92�� GHGLFDWHG� WRZHDWKHU�IRUHFDVWLQJ��&5266*5,'�:($7+(5���LQFOXGLQJ�WKH�SRVVLELOLW\�RI� LQWHUDFWLYHXVH�RI�DW�OHDVW�����:25.(5�QRGHV��GLVWULEXWHG�DFURVV�DW� OHDVW�WKUHH�GLIIHUHQW�VLWHV�ZLWK�UHSOLFDWLRQ�IDFLOLWLHV�IRU�GDWDEDVHV�
6(783�2)�0(7(2�'$7$%$6(67KH� PHWHRURORJLFDO� GDWDEDVHV� LQYROYHG� LQ� WKLV� WDVN� DUH� RI� WKUHH� GLIIHUHQW� W\SHV�� ORFDO�PHVRVFDOH�DQG�JOREDO��EXW�GR�LQYROYH�VLPLODU�LQIRUPDWLRQ�7KH� ILUVW� VWHS� VR� LV� WKH� GHILQLWLRQ� RI� DQ� ;0/� 6FKHPD� IRU� WKHVH� GDWD� SDWWHUQV�� $Q� ;0/LQVWDQFH�LV�GHVFULEHG�EHORZ�IRU�EHWWHU�XQGHUVWDQGLQJ�
�"[PO�YHUVLRQ ������HQFRGLQJ �87)���"!�&ODVV [POQV�[VL �KWWS���ZZZ�Z��RUJ������;0/6FKHPD�LQVWDQFH�[VL�QR1DPHVSDFH6FKHPD/RFDWLRQ �PHWHR�[VG�! �6WUHDP PRGHO �:DYH� PRGHO�! �9HUVLRQ YDOXH ������!�7\SH W\SH �)RUHFDVW�! �'DWH!������������'DWH! �7LPH!�������7LPH! �6WHS!����6WHS!�1XPEHU!���1XPEHU! �/HYHO W\SH �3UHVVXUH� OHYHO�!������/HYHO! �3DUDPHWHUWDEOH �(&0:)�!=��3DUDPHWHU! ��7\SH! ��9HUVLRQ! ��6WUHDP!��&ODVV!
7KH�FRUUHVSRQGLQJ�GLDJUDP�DV�SURYLGHG�E\�WKH�;0/�6S\�WRRO�LV�VKRZQ�EHORZ�
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7KLV� LQIRUPDWLRQ� LV�XVXDOO\� UHDG� IURP�H[WHUQDO� IRUPDWWHG� ILOHV�� DQG�ZLOO� EH�VWRUHG� LQ�DQ�2�5GDWDEDVH��7KH�;0/�VFKHPD�LV�XVHG�LQ�WKH�GDWDEDVH�VFKHPD�GHILQLWLRQ��7KLV�VKRXOG�WDNH�LQWRDFFRXQW� IRU� SHUIRUPDQFH� WKH� H[SHFWHG� TXHULHV� WKDW� ZLOO� EDVLFDOO\� UHTXHVW� WKH� ZKROH� VHW� RIYDULDEOHV�IRU�D�JLYHQ�JHRJUDSKLFDO�JULG�QRGH�7KH�GDWDEDVHV�ZLOO�EH�JULG�GLVWULEXWHG�DQG�RQO\�YHU\�ORRVHO\�FRXSOHG�WKURXJK�D�PHWDFDWDORJ�,Q� SUDFWLFH� LW� PHDQV� WKDW� D� ³JOREDO� GDWDEDVH� VHUYLFH´� ZLOO� EH� GHILQHG� YLD� WKLV� FDWDORJ� DQGLPSOHPHQWHG� YLD� WKH� FRUUHVSRQGLQJ� ³VXEGDWDEDVH� VHUYLFHV´� LPSOHPHQWHG� ORFDOO\� RQ� D JULGQRGH��7KHVH�JULG�QRGHV�ZLOO�UXQ�WKH�GDWDEDVH�VHUYHU��DQG�SURYLGH�WKH�LQIRUPDWLRQ�LQ�D�WKUHH�WLHU�VFKHPH��D�VHUYOHW�ZLOO�UHWXUQ�LQ�;0/�IRUPDW�WKH�LQIRUPDWLRQ�WR�WKH�FOLHQW�DIWHU�TXHU\LQJ�WKH2�5�'%06�GDWDEDVH�PRWRU��7KH�ILUVW� LPSOHPHQWDWLRQ�ZLOO� XVH�,%0�,'6������DQG� LPSOHPHQWTXHULHV�YLD�-'%&�FDOOV��7KH�5HVXOW6HW��DV� LQGLFDWHG�EHIRUH��ZLOO� SURYLGH�DQ�;0/�5HVXOW6HWRXWSXW�LQ�WKH�VSHFLILHG�IRUPDW��7KLV�VFKHPH�ZLOO�EH�LPSOHPHQWHG�LQ�WKUHH�VWHSV��ILUVW�LQ�D�ORFDOQRGH��FXUUHQWO\�EHLQJ�GRQH���WKHQ�LQ�D�ORFDO�FOXVWHU��DQG�ILQDOO\�LQ�WKH�JULG�HQYLURQPHQW�DFURVVDW�OHDVW�WKUHH�GLIIHUHQW�WHVWEHG�VLWHV�$GHTXDWH� ORDG� EDODQFH� LV� SURYLGHG� YLD� GDWDEDVH� SDUWLWLRQLQJ�� DQG� VR� LW� LV� DQ� HVVHQWLDOFRPSRQHQW�� $OVR� DQ� DGHTXDWH� VWULSSLQJ� RI� WKHVH� GDWDEDVHV� LV� PDQGDWRU\� WR� DYRLG� ERWKORRVHQLQJ� WKLV� ORDG� EDODQFH� DIWHU� DQ\� SUHILOWHULQJ�� DQG� SRVVLEOH� HIIHFWV� GXH� WR� SDUWLDOSURFHVVLQJ� RI� WKH� GDWDEDVH� OHDGLQJ� WR� SRVVLEOH� V\VWHPDWLF� VKLIWV� LQ� WKH� UHVXOWV�� 7KHVHUHTXLUHPHQWV�DV�RWKHU�H[SHFWHG� IURP�RWKHU�:3�DUH� WKRVH�GHVFULEHG� LQ�PRUH�GHWDLO� LQ� � WDVN������
������ 6LWH�DGDSWDWLRQ�UHTXLUHPHQWV'XULQJ�D�ILUVW�SKDVH�RI�&5266*5,'��WR�WKH�HQG�RI�\HDU�������DWPRVSKHULF�PRGHO�ZLOO�EHH[HFXWHG� LQ� VKDUHG�PHPRU\� YHUVLRQ�� VR� ILUVW� WHVWV� ZLOO� EH� GRQH DW� ,&0� ORFDO� VLWH�� 7KHUHVXOWV�RI�WKHVH�H[SHULPHQWV�ZLOO�FUHDWH�WKH�EHQFKPDUN�WR�GLVWULEXWHG�PHPRU\�YHUVLRQ�RQ/LQX[�FOXVWHU��ZKLFK�ZH�SODQQHG�WR�XVH�LQ�QH[W�\HDUV�RI�WKH�SURMHFWV��7KH�LPSOHPHQWDWLRQRI� WKH� DLU� SROOXWLRQ� VLPXODWLRQ� ZLOO� EH� GRQH� H[FOXVLYHO\� XVLQJ� WKH� PHVVDJH� SDVVLQJSDUDGLJP�
���� 352'8&7�)81&7,2167KH�PHWHRURORJLFDO�DSSOLFDWLRQ�ZLOO�SURYLGH�WKH�IROORZLQJ�PDLQ�IHDWXUHV�WR�HQG�XVHUV�L� )XQFWLRQV�FRQQHFWHG�WR�ZHDWKHU�DQG�VHD�ZDYH�IRUHFDVWLQJx $FFHVV� WR� WKH�DWPRVSKHULF��ZHDWKHU�SUHGLFWLRQ�PRGHO�ZLWK� VHUYLFHV� LQYROYLQJQXPHULFDO� VLPXODWLRQ� RI� WKH� HYROXWLRQ� RI� WKH� DWPRVSKHULF� VWDWH� LQ� GLIIHUHQW�QHVWHG�UHVROXWLRQV�DQG�JHRJUDSKLFDO�GRPDLQV�x $FFHVV� WR� WKH� GLIIHUHQW� VHD� ZDYH� PRGHOV� �:$0��� 6:$1�� ZLWK� VHUYLFHVDOORZLQJ�XVHUV�WR�UXQ�WKHVH�PRGHOV�IRU�GLIIHUHQW�VFHQDULRV�GHSHQGLQJ�RQ�VHWVRI�LQLWLDO�DQG�ERXQGDU\�GDWD�JHQHUDWHG�E\�WKH�DWPRVSKHULF�PRGHO�x $FFHVV� WR� YLVXDOLVDWLRQ� WRROV� �*5$'6�DQG�9,6�'�� DOORZLQJ� XVHUV� WR� FRQWUROVHD� ZDYH� DQG� DWPRVSKHULF� PRGHO� RXWSXW� LQ� VWDWLF� DQG� G\QDPLF� �DQLPDWHG�IDVKLRQ�
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LL� )XQFWLRQV�FRQQHFWHG�WR�GDWD�PLQLQJx $FFHVV�WR�GLVWULEXWHG�PHWHRURORJLFDO�GDWDEDVHV�ZLWK�VHUYLFHV�DOORZLQJ�WKH�XVHUWR�FKRRVH�VHOHFWHG�VXEVHW�RI�GDWD�DYDLODEOHx $FFHVV� WR� VWDWLVWLFDO� SDFNDJHV� SHUIRUPHG� VSHFLILF� QRQOLQHDU� GDWD� PLQLQJWHFKQLTXHV�RQ�PRGHOHG�DQG�REVHUYHG�GDWD�DUFKLYHVx $FFHVV� WR� YLVXDOLVDWLRQ� WRROV� DOORZLQJ� WKH� XVHUV� WR� HVWLPDWH� UHVXOWV� RI� GDWDPLQLQJ�DOJRULWKPV
LLL� )XQFWLRQV�FRQQHFWHG�WR�DLU�SROOXWLRQ�VLPXODWLRQVx $FFHVV� WR� WKH� DLU� SROOXWLRQ� VXOIXU� WUDQVSRUW� PRGHO� �67(0� ,,�� ZLWK� VHUYLFHVDOORZLQJ� WKH� XVHU� WR� VHOHFW� DQG� UXQ� DLU� SROOXWLRQ� PRGHO� RQ� GLVWULEXWHG� OLQX[FOXVWHU�x 6HUYLFHV� ZKLFK� DOORZ� WKH� XVHU� WR� FKDQJH� WKH� VHW� RI� SDUDPHWUV� GULYLQJ� WKHPRGHO�� GHSHQGLQJ� RQ� WKH� UHVXOWV� RI� VLPXODWLRQV�� VXFK� DV� UHVXOWV� DERXW� WKHFKHPLFDO� UHDFWLRQV� DQG� WUDQVSRUW� LQ� WKH� EHKDYLRXU� RI� WKH� SRZHU� SODQW�� 7KLVLQIRUPDWLRQ�VKRXOG�EH�DYDLODEOH�HDFK�SHULRG�RI�WLPH��HVWDEOLVKHG�E\�WKH�XVHU��x $FFHVV� WR� YLVXDOLVDWLRQ� WRROV� DOORZLQJ� WKH� XVHUV� WR� HVWLPDWH� UHVXOWV� RI� DLU�SROOXWLRQ�VLPXODWLRQV�XQGHU�GLIIHUHQW�UHDO�RU�K\SRWKHWLF�FRQGLWLRQV�

)XQFWLRQV�FRPPRQ�IRU�DOO�VXEWDVNV�LQ�PHWHRURORJLFDO�DSSOLFDWLRQ�VKRXOG DOORZ�XVHUV�WR�FKHFNWKH�VWDWXV�RI�WKHLU�RZQ�SHQGLQJ�MREV��WR�XVH�UHVXOWV�IURP�VLPLODU��HDUOLHU�UXQ�RI�DQRWKHU�XVHU�DQG�WR�UHWULHYH�MRE�RXWSXW�
���� 86(5�&+$5$&7(5,67,&6

7KH�PDLQ�XVHUV�RI�DSSOLFDWLRQV�DQG�WHFKQLTXHV�GHYHORSHG�LQ�WKLV�WDVN�ZLOO�EH�PHWHRURORJLVWV�RFHDQRJUDSKHUV�� DQG� DLU�SROOXWLRQ� UHVHDUFKHUV�� $V� DQ� H[DPSOH�� WKH� JURXS� ZRUNLQJ� LQ6DQWDQGHU XQGHU�DJUHHPHQW�ZLWK� WKH� ,QVWLWXWR 1DFLRQDO GH�0HWHRURORJLD �,10�� WKH�6SDQLVK1DWLRQDO� ,QVWLWXWLRQ� IRU� 0HWHRURORJ\�� LQFOXGHV� SHUVRQQHO� IURP� WKH� 'HSDUWDPHQWR GH0DWHPDWLFD $SOLFDGD \�&LHQFLDV GH�OD�&RPSXWDFLRQ GH�OD�8QLYHUVLGDG GH�&DQWDEULD��IURP�WKH&RQVHMR 6XSHULRU�GH�,QYHVWLJDFLRQHV &LHQWLILFDV �&6,&��ZRUNLQJ�LQ�WKH� ,QVWLWXWR GH�)LVLFD GH&DQWDEULD �,)&$��� DQG� IURP� WKH� ,10� LWVHOI�� 7KHVH� WHDPV� ������ SHRSOH�� ZRUN� LQ� WKHLPSURYHPHQW� RI� ZHDWKHU� IRUHFDVWLQJ� WHFKQLTXHV�� EXW� DOVR� WDNH� FDUH� RI� LPSOHPHQWLQJ� DQGUXQQLQJ� WKHVH� DSSOLFDWLRQV� XVLQJ� UHDO� GDWD� IURP� REVHUYDWRULHV� DQG� SURYLGLQJ� VKRUW� DQGPHGLXP� WLPH� SUHGLFWLRQV� IRU� WKH� ORFDO� DQG� QDWLRQDO� UDQJH�� 7KH\� ZLOO� EHQHILW� IURP� WKH� QHZSHUVSHFWLYHV�RSHQHG�E\�WKH�*ULG�IUDPHZRUN��DV� WKHLU�FRPSXWDWLRQDO�QHHGV�ERWK� LQ� WHUPV�RIFRPSXWLQJ� SRZHU� DQG� GLVWULEXWHG� VWRUDJH� DUH� KLJKO\� GHPDQGLQJ�� 7KH� HQG�XVHUV� RI� WKH� DLUSROOXWLRQ�PRGHO�DUH� WKH�SRZHU�SODQW�HQJLQHHUV�WKDW�KDYH�WR�GHFLGH�DFWLRQV�DFFRUGLQJ�WR� WKHVLPXODWLRQ�RXWSXW��DQG�WKH\�FDQ�LQYHVWLJDWH�WKH�EHKDYLRXU�RI�WKH�DLU�SROOXWLRQ�GXH�WR�WKH�SODQWXQGHU�GLIIHUHQW�VLWXDWLRQV�
���� &21675$,176
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D��+DUGZDUH�OLPLWDWLRQV��H�J���VLJQDO�WLPLQJ�UHTXLUHPHQWV���7%'E��,QWHUIDFHV�WR�RWKHU�DSSOLFDWLRQV��7%'F��3DUDOOHO�RSHUDWLRQ��PRVW�RI�WKH�FRPSXWLQJ�PRGXOHV�RI�WKH�DSSOLFDWLRQ�ZLOO�UXQ�LQ�SDUDOOHO�G��$XGLW�IXQFWLRQV��7%'H��&RQWURO�IXQFWLRQV�7%'I��+LJKHU�RUGHU�ODQJXDJH�UHTXLUHPHQWV��&��&����-DYD��)RUWUDQ�����)RUWUDQ���J��6LJQDO�KDQGVKDNH�SURWRFROV��7%'K��5HOLDELOLW\�UHTXLUHPHQWV��+LJK�L��&ULWLFDOLW\�RI�WKH�DSSOLFDWLRQ��7%'�M��6DIHW\�DQG�VHFXULW\�FRQVLGHUDWLRQV��'DWD�SULYDF\�LV�D�IXQGDPHQWDO�LVVXH�IRU�0HWHRURORJLFDO,QVWLWXWLRQV�
���� $668037,216�$1'�'(3(1'(1&,(66XSSRUWHG�SODWIRUPV�� /LQX[�
���� $33257,21,1*�2)�5(48,5(0(1760LJUDWLQJ�'HVNWRS�IURP��361&
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�� 63(&,),&�5(48,5(0(176
���� (;7(51$/�,17(5)$&(6$3,�WR�3+3�DQG�-DYD�ODQJXDJHV�IRU�HIILFLHQW�PDQDJHPHQW�RI�DSSOLFDWLRQ
���� )81&7,2167KH�DSSOLFDWLRQ�VKDOO�x EH�SODWIRUP�LQGHSHQGHQW�x FRQQHFW� WR� WKH�*5,'�5HVRXUFH�0DQDJHU� WR� DOORZ� XVHUV� WR� VHOHFW� UHVRXUFHV�DQG� WRVXEPLW�WKHLU�DSSOLFDWLRQV6HUYLFHV�LQYROYHG�*ULG�3RUWDO�6HUYLFH��IURP�WDVN������x 8,�LQSXW��PHVVDJH�LQ�;0/�LQFOXGLQJ�DOO�VXE�SDQHO�SDUDPHWHUV�SOXV�NHHS�DOLYHPHVVDJHx 2XWSXW�WR�XVHU��FRPSOHWH�;0/���;6/7�WUDQVIRUPDWLRQ�UHILOOLQJ�SDQQHOV���XSGDWH�RI³LQWHUDFWLYH´�MDYD�DSSOHWV�IRU��'�JUDSKLFVx 3HUVLVWHQFH��VDYLQJ�WR�GLVN�LQ�;0/�IRUPDW�DQG�LQ�DGHTXDWH�ORFDO�SODFH��� UHPRWH��IRUURDPLQJ�XVH�0RQLWRULQJ�6HUYLFHV��WDVN�����x ,QSXW��&RQQHFWLRQ�LGHQWLILHU�GHILQLQJ�DOORFDWHG�UHVRXUFHVx 2XWSXW��VWDWXV�RI�QHWZRUN�DQG�*ULG�QRGHV5HVRXUFH�0DQDJHPHQW�6HUYLFHV��WDVN�����x $GYDQFH�5HVHUYDWLRQ�6HUYLFH�IRU�,QWHUDFWLYH�8VHx 6FKHGXOLQJ�$JHQWV�IRU�,QWHUDFWLYH�8VH,QWHUDFWLYH�'LVWULEXWHG�'DWDEDVH�VHUYLFHV��WDVN�������x /RFDWLRQ�DQG�EHVW�ORFDWLRQ�VHUYLFHx 6WULSSLQJ�FRQILJXUDWLRQ�VHUYLFHx 5HSOLFDWLRQ�	�,QVWDOODWLRQ�VHUYLFH��WDVN�������x )LOWHULQJ�3HUPDQHQW�9LHZ�VHUYLFHx 6LPSOH�4XHU\�VHUYLFHx 6SHFLDO�SDUWLDO�620�SURFHVVLQJ�VHUYLFH��'%�VLGH�EDVHG�,QWHUDFWLYH�6HVVLRQ�0DQDJHU�6HUYLFHV��WDVN�������x ,QLWLDOLVH�VHVVLRQ�VHUYLFHx 3URFHVV�8VHU�5HTXHVW�VHUYLFH��8,�UHTXHVW��YLD�;0/����5HVRXUFH�0DQDJHU�DQVZHUx 'LVWULEXWHG�SURFHVVLQJ�VHUYLFH
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620�DQG�RWKHU�GDWD�PLQLQJ�VHUYLFH�x ,QSXW��JOREDO�RU�PHVRVFDOH�GDWDEDVHV���UHOHYDQW�YDULDEOHV���GDWD�PLQLQJ�DUFKLWHFWXUH�620�RU�0&0&�x 2XWSXW��UHVXOWV�RI�GDWD�PLQLQJ�DOJRULWKP0HWHRURORJLFDO�'RZQVFDOLQJ�6HUYLFH�x ,QSXW��UHVXOWV�RI�GDWD�PLQLQJ�DOJRULWKP���ORFDO�GDWDEDVHx 2XWSXW��ORFDO�ZHDWKHU�SUHGLFWLRQV
���� 3(5)250$1&(�5(48,5(0(1763HUIRUPDQFH�RI�OLQX[�FOXVWHU�VKRXOG�EH�FRPSDUDEOH�WR�WKH�SHUIRUPDQFH�RI�+3&�
���� /2*,&$/�'$7$%$6(�5(48,5(0(1767KH�2�5�'%06�V\VWHP�ZLOO�VXSSRUW�WKH�64/���DQG�64/���VWDQGDUGV��$OO�LQIRUPDWLRQ�ZLOO�EHGHVFULEHG�YLD�WKH�FRUUHVSRQGLQJ�;0/�6FKHPD�DQG�PDWFKHG�WR�WKH�'%06�YLD�2�5�YLHZV�%DVLF� LQIR� LQFOXGHV�WXSOHV�RI�PHWHR� LQIRUPDWLRQ��7�=�8�9�+��FROOHFWHG�IRU�GLIIHUHQW�SODFHV��DWGLIIHUHQW� WLPHV�� DQG� IRU�VHYHUDO� DOWLWXGHV��5HDQDO\VLV� DQG� DFWXDO� GDWD� ZLOO� VKDUH� WKLV� VDPHVFKHPH��5HDG�RQO\�DFFHVV�LV�QHHGHG�E\�WKH�XVHU�LQ�WKLV�DSSOLFDWLRQ�7KH�GDWD�FDWDORJ�ZLOO�IROORZ�WKH�*OREXV�DQG�('*�PLGGOHZDUH�LGHD�6WULSSLQJ�RI�GDWDEDVHV��WR�VXSSRUW�ORDG�EDODQFLQJ��ZLOO�EH�LPSOHPHQWHG�XVLQJ�GLUHFWO\�GLIIHUHQWGDWDEDVHV�FKXQNV�FRPSOHWHO\�GHFRXSOHG�
���� '(6,*1�&21675$,1767KH�DSSOLFDWLRQ�ZLOO�UXQ�LQ�,QWHO�,$���DUFKLWHFWXUH��XQGHU�WKH�/LQX[�RSHUDWLQJ�V\VWHP��YHUVLRQV����DQG�DERYH��DQG�ZLOO�EH�GHYHORSHG�PDLQO\�LQ�&���DQG�-DYD�7KH�620�DV�GDWD�PLQLQJ�SURFHGXUH�ZLOO�EH�LPSOHPHQWHG�LQ�D�*ULG�IULHQGO\�ZD\��IRU�H[DPSOHDV� D� *ULG� 6HUYLFH�� 03,� FDOOV� ZLOO� EH� XVHG� IRU� WKH� GLVWULEXWLRQ� DFURVV� *ULG� QRGHV� RI� WKHSDUDOOHOL]HG�FRPSXWLQJ�WDVNV�
���� 67$1'$5'6�&203/,$1&(,QIRUPDWLRQ� VWRUHG� LQ� GDWDEDVHV�ZLOO� EH� GHVFULEHG�XVLQJ� WKH�FRUUHVSRQGLQJ�;0/�6FKHPDV�DQG�WKH�FRUUHVSRQGLQJ�'%�6FKHPDV�LPSOHPHQWHG�DV�2�5�YLHZV�
���� 62)7:$5(�6<67(0�$775,%87(67KH�PRVW�LPSRUWDQW�DWULEXWHV�RI�WKH�VRIWZDUH�DUH�VHFXUH��UHOLDEOH��HIILFLHQW�WUDQVIHU�RI�GDWD�LQZLGH�DUHD�HQYLURQPHQWV� DQG� WKH�DELOLW\� WR� UHJLVWHU� DQG� ORFDWH�PXOWLSOH� FRSLHV�RI� GDWD� VHWV�0DLQWDLQDELOLW\��VHFXULW\�DQG�SRUWDELOLW\�RI�WKH�VRIWZDUH�DUH�DOVR�GHVLUDEOH�
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�� $33(1',;(6
��� 8VH�FDVH�IRU�WKH�ZHDWKHU�SUHGLFWLRQ�DQG�VHD�ZDYH�PRGHOOLQJ$VVXPSWLRQ��7KH�URXWLQH�PHVRVFDOH�ZHDWKHU�IRUHFDVW�IRU�WKH�QH[W����KRXUV�LQGLFDWHG�WKHVWURQJ� ZLQG� FRQGLWLRQV� IRU� 3ROLVK� FRDVWDO� ]RQH� RI� %DOWLF� 6HD�� 5HVHDUFKHUV� IURP� WKUHHPDULWLPH�LQVWLWXWLRQV��,0��,+�DQG�,28*��GHFLGH�WR�LQYHVWLJDWH�WKLV�VLWXDWLRQ�LQ�PRUH�GHWDLOIRU�WKUHH�GLIIHUHQW�VXE�EDVVLQV�RI�WKH�%DOWLF�6HD��:RUNLQJ�LQGHSHQGHQWO\�HDFK�RWKHU�WKH\GHFLGHG�WR�UXQ�WULSO\�QHVWHG�DWPRVSKHULF�PRGHO� WR�FUHDWH� WKH�VHW�RI� LQLWLDO�DQG�ERXQGDU\FRQGLWRQV�IRU�WKHLU�ZDYH�PRGHOV��5HVHDUFKHUV�IURP�,0�GHFLGHG�WR�DSSO\�:$0��VHD�ZDYHPRGHO� WR�*GDQVN�%D\�GRPDLQ�� UHVHDUFKHUV� IURP�,+�ZDQW� WR�DSSO\�:$0��PRGHO� WR� WKH3RPHUDQLD�%D\�DQG�UHVHDUFKHUV�IURP�,28*�SODQQHG�WR�XVH�6:$1�PRGHO�LQ�WKH�*GDQVN�6RSRW�*G\QLD�FRDVWDO�]RQH�VHFWRU�LQ�ZHVWHUQ�SDUW�RI�*GDQVN�%D\�
6WHS����8VLQJ�DWPRVSKHULF�PRGHO�GHVNWRS�XVHUV� IURP�DOO� WKUHH� LQVWLWXWLRQV�VHOHFWHG� WKHGRPDLQ�RI�WKH�RXWHUPRVW�PRGHO�JULG��QXPEHU�RI�QHVWHG�JULGV�DQG�GXUDWLRQ�RI�WKH�IRUHFDVW�,0� DQG� ,+� FKRVHG� WKH� 803/� PRGHO� DV� WKH� VRXUFH� RI� LQLWLDO� DQG� ODWHUDO� ERXQGDU\FRQGLWLRQV��,28*�FKRVHG�WKH�JOREDO�12*$36�PRGHO�IRU�WKLV�SXUSRVH�6WHS� ��� 7KH� V\VWHP�HVWLPDWHG� WKDW� WKH� GRPDLQ� RI� WKH� RXWKHUPRVW� JULG� LV� VLPLODU� IRU� DOOXVHUV�� 7KH� V\VWHP� IRXQG� WKDW� ERXQGDU\� DQG� LQLWLDO� FRQGLWRQV� IURP� 803/� PRGHO� DUHDYDLODEOH�RQ�,&0�VHUYHU�DQG�WKDW�ERXQGDU\�DQG�LQLWLDO�FRQGLWRQV�IURP�12*$36�PRGHO�DUHDYDLODEOH�RQ�WKH�*2'$(�VHUYHU��6\VWHP�HVWLPDWHG�WKH�DYHUDJH�WLPH�RI�GDWD�WUDQVPLVVLRQWR�WKH�*5,'�QRGHV�VKRZLQJ�WKLV�LQIRUPDWLRQ�WR�WKH�XVHUV�6WHS� ��� 6\VWHP� UHTXHVWHG� ���� QRGHV� IRU� DWPRVSKHULF� PRGHO� UXQ� IRU� RXWHUPRVW� JULGGHILQHG�E\�XVHUV�6WHS����,28*�GHFLGHG�WR�FKDQJH�KLV�UHTXHVW�IRU�ERXQGDU\�GDWD�IURP�12*$36�WR�803/PRGHO�� DV� HVWLPDWHG� WLPH� RI� WKH� DYDOLDELOW\� RI� WKH� GDWD� IURP� WKH� VHFRQG� PRGHO� LVVXIILFLHQWO\�VKRUWKHU��PRUH�WKDQ���KRXU��6WHS����8VHUV�JHW�DFFHVV� WR� WKH� UHVXOWV�RI� VLPXODWLRQV� IURP�WKH�RXWHUPRVW�DWPRVSKHULFJULG��7KH\�DSSO\�WKHVH�UHVXOWV�WR�WKHLU�VHD�ZDYH�PRGHOV�XVLQJ�DSSURSULDWH�GHVNWRSV�DQGDW�WKH�VDPH�WLPH�WKH\�UHTXHVWHG�WKH�V\VWHP�WR�YLVXDOL]H�WKH�VHOHFWHG�DWPRVSKHULF�ILHOGV�6HS����7KH�DSSOLFDWLRQ�VWDUWHG�WKUHH�VLPXODWLRQV�E\�WKH�DWPRVSKHULF�PRGHO�IRU�WKH�VHFRQGQHVWHG�JULG��(DFK�XVHU�KDV�EHHQ�LQIRUPHG�RQ�HVWLPDWHG�WLPH�RI�FRPSXWDWLRQV��,28*�XVHUGHFLGHG�WR�FKDQJH�KLV�VHFRQG�GRPDLQ�WR�WKH�GRPDLQ�RI�,0�XVHU�DQG�WR�XVH�KLV�RXWSXW�DVERXQGDU\�FRQGLWLRQV�6WHS����8VHUV�JHW� UHVXOWV� IURP� WKHLU� VHD�ZDYH�PRGHOV� VLPXODWLRQV�ZLWK� ZLQGV� IURP�WKHRXWHUPRVW�DWPRVSKHULF�PRGHO�JULG��8VHUV� UHTXHVWHG� WKH�YLVXDOLVDWLRQ�VHUYHU� WR�DQLPDWHWKH�ZDYH�PRGHO�UHVXOWV�6WHS����)LQDOO\��WKH�DSSOLFDWLRQ�DWWHPSWV�WR�UXQ�RI�DQ�DWPRVSKHULF�PRGHO�IRU�WKUHH�GLIIHUHQWLQWHUPRVW�PRGHO�JULGV��8VHUV�JRW�DQ�LQIRUPDWLRQ�RQ�UHVRXUFHV�DYDLODEOH�RQ�WKH�*5,'�DQGRQ�HVWLPDWHG�WLPH�RI�JHWLQJ�WKH�ILQDO�UHVXOWV�
��� 8VH�FDVH�IRU�WKH�GDWD�PLQLQJ��620�
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$VVXPSWLRQ��8VHU�ZRXOG�OLNH�WR�GRZQVFDOH�WKH�JOREDO�PRGHO�UHVXOWV�WR�WKH�ORFDO�PHVRQHWQHWZRUN�XVLQJ�GDWD�PLQLQJ�WHFKQLTXH�EDVHG�RQ�VHOI�RUJDQLVLQJ�PDSV�PHWKRG�6WHS����8VLQJ�GDWD�PLQLQJ�GHVNWRS�XVHU�FKHFNV�WKH�FRQWHQW�RI�WKH�JOREDO�GDWD�EDVH�DQGVHOHFWV�WKH�PHWHRURORJLFDO�HOHPHQWV�KH�WKLQNV�DUH�LPSRUWDQW�IRU�KLV�VWDWLVWLFDO�PRGHO��6XFKSDUDPHWHUV�DV�VWDUW�GDWH�RI�WKH�VDPSOH��WKH�OHQJWK�RI�WKH�VDPSOH��QXPEHU�DQG�SRVLWLRQ�RIVHOHFWHG�JULG�SRLQWV�DUH�DOVR�SURYLGHG�E\�WKH�XVHU�6WHS����5HTXHVW�RI� WKH�XVHU� LV� FRPSOHWHG�RQ� WKH�JOREDO� GDWD� EDVH� VHUYHU��7KH�V\VWHPVHQW� WKH� PHVVDJH� WR� WKH� XVHU� SURJUDP� ZLWK� LQIRUPDWLRQ� LQ� ZKLFK� QRGHV� WKH� GDWD� DUHDYDLODEOH�6WHS����7KH�XVHU�FKHFNV�WKH�FRQWHQW�RI�WKH�REVHUYDWLRQ��ORFDO��GDWD�EDVH�DQG�VHOHFWV�DOOSDUDPHWHUV�QHHGHG�IRU�H[WUDFWLRQ�RI�WKH�ORFDO�LQIRUPDWLRQ�IRU�KLV�GDWD�PLQLQJ�DOJRULWKP�6WHS����8VHU�VWDUWV�GDWD�PLQLQJ�SURFHVV�XVLQJ�PHWHRURORJLFDO�LQIRUPDWLRQ�IURP�JOREDO�DQGORFDO�GDWDEDVHV�DQG�SDUDPHWHUV�VSHFLILF�WR�WKH�LPSOHPHQWHG�PHWKRG�6WHS����0HWHRURORJLFDO�'RZQVFDOLQJ�6HUYLFH�� LQSXW��620��� ORFDO�GDWDEDVH��RXWSXW�� ORFDOZHDWKHU�SUHGLFWLRQV
��� 8VH�FDVH�IRU�WKH�GDWD�PLQLQJ��0&0&�$VVXPSWLRQ��8VHU�ZRXOG�OLNH�WR�LPSURYH�GLUHFW�PHVRVFDOH�PRGHO�RXWSXW�XVLQJ�DV�WRROV�WKH%D\HVVLDQ� DSSURDFK� YLD� 0DUNRY� &KDLQ� 0RQWH� &DUOR� VLPXODWLRQV� IRU� LQIHUHQFH� LQJHQHUDOL]HG� DGGLWLYH� DQG� YDU\LQJ� FRHIILFLHQWV� PRGHOV�� LQFOXGLQJ� PL[HG� PRGHOV� ZLWKVWUXFWXUHG�RU�XQVWUXFWXUHG�UDQGRP�HIIHFWV�
6WHS����8VLQJ�GDWD�PLQLQJ�GHVNWRS�XVHU�FKHFNV� WKH�FRQWHQW�RI� PHVRVFDOH�GDWD� DUFKLYHDQG� VHOHFWV� WKH� PHWHRURORJLFDO� HOHPHQWV� VKH� WKLQNV� DUH� LPSRUWDQW� IRU� KHU� VWDWLVWLFDOPRGHO��6XFK� SDUDPHWHUV� OLNH� D�VWDUW� GDWH� RI� WKH� VDPSOH�� WKH� OHQJWK� RI� WKH� VDPSOH�� WKHQXPEHU�DQG�WKH�SRVLWLRQ�RI�VHOHFWHG�JULG�SRLQWV�DUH�DOVR�SURYLGHG�E\�WKH�XVHU�6WHS����,I� WKH�VDPSOH�UHTXHVWHG�E\�WKH�XVHU�LV�DYDLODEOH� LQ�DQ\�UHSRVLWRU\�RQ�WKH�*5,'�WKH�V\VWHP�SURYLGHV�LW�IRU�WKH�XVHU��,I�WKH�VDPSOH�LV�QRW�DYDLODEOH��WKH�V\VWHP�FRQWDFWV�WKHVHUYHU��QRGH��ZKLFK� LV�UHVSRQVLEOH�IRU�WKH�PDQDJHPHQW�RI�WKH�PHVRVFDOH�GDWDEDVH�DQGWKH� VHUYHU� LQLWLDWH� WKH� SURFHVV� RI� SUHSDUDWLRQ� RI� UHTXHVWHG� GDWD� IURP� PDJQHWLF� WDSHVWRUDJH�V\VWHP��8VHU�LV�LQIRUPHG�RQ�HVWLPDWHG�WLPH�RI�VXFK�RSHUDWLRQ�6WHS� ��� 5HTXHVW� RI� WKH� XVHU� LV� FRPSOHWHG� RQ� WKH� PHVRVFDOH� GDWD� EDVH� VHUYHU�� 7KHV\VWHP�VHQW� WKH�PHVVDJH� WR� WKH�XVHU�SURJUDP�ZLWK� LQIRUPDWLRQ� LQ�ZKLFK�QRGH� WKH�GDWDDUH�DYDLODEOH�6WHS����7KH�XVHU�FKHFNV�WKH�FRQWHQW�RI�WKH�REVHUYDWLRQ��ORFDO��GDWD�EDVH�DQG�VHOHFWV�DOOSDUDPHWHUV�QHHGHG�IRU�H[WUDFWLRQ�RI�WKH�ORFDO�LQIRUPDWLRQ�IRU�KHU�GDWD�PLQLQJ�DOJRULWKP�6WHS����8VHU�VWDUWV�GDWD�PLQLQJ�SURFHVV�XVLQJ�PHWHRURORJLFDO�LQIRUPDWLRQ�IURP�PHVRVFDOHDQG�ORFDO�GDWDEDVHV�DQG�SDUDPHWHUV�VSHFLILF�WR�WKH�LPSOHPHQWHG�PHWKRG�6WHS� ��� 8VHU� DQDO\VHV� WKH� UHVXOWV� RI� GDWD� PLQLQJ� YLD� 0&0&� PHWKRG� ORRNLQJ� RQDOSKDQXPHULF�DQG�JUDSKLFDO�RXWSXW�6WHS����%DVHG�RQ� UHVXOWV� RI� ILUVW� GDWD�PLQLQJ�SURFHVV� XVHU� FKDQJHV� WKH� SDUDPHWHUV� RI0&0&�DOJRULWKP�DQG�UHVWDUW�WKH�GDWD�PLQLQJ�SURFHVVHV�LQ�QRGHV�DYDLODEOH�IRU�WKLV�WDVN�
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��� 8VH�FDVH�$�IRU�WKH�DLU�SROOXWLRQ�PRGHO$VVXPSWLRQ��7KH�V\VWHP�LV�XVHG�WR�FKHFN�WKH�SUHGLFWHG�EHKDYLRXU�RI�DFLG�GHSRVLWLRQ� LQWKH�QHLJKERXUKRRG�RI�WKH�WKHUPDO�SRZHU�SODQW��7KH�XVHU�LV�D�SRZHU�SODQW�HQJLQHHU�
6WHS����7KH�XVHU�VHQW�WKH�SURJUDP�WR�H[HFXWLRQ�RQ�WKH�*5,'��VSHFLI\LQJ�WKH�JUDQXODULW\�RIWKH�VLPXODWLRQ�PHVK��+H�RU�VKH�VSHFLILHV�WKH�WLPH�VWHS��DQG�WKH�WLPH�EHWZHHQ�XSGDWHV�RIUHVXOWV��$OO�WKHVH�GHFLVLRQV�KDYH�LQIOXHQFH�RQ�WKH�SHUIRUPDQFH�RI�WKH�SDUDOOHO�FRGH��VR�WKHXVHU�PXVW�NQRZ�WKHVH�FRQVWUDLQV�WR�GHFLGH�WKH�YDOXH�RI�DOO�WKHVH�SURJUDP�SDUDPHWHUV�6WHS����7KH�VLPXODWLRQ�VWDUWV�DQG�JHWV�QHZ�PHWHRURORJLFDO�GDWD�DV�VRRQ�DV�LW�LV�DYDLODEOH�7KH�RXWSXWV�DUH�VKRZQ�WR�WKH�XVHU�RQ�WKH�*8,��$ODUP�DQG�ZDUQLQJ�VLJQDOV�DUH�LQFOXGHG�LQWKH�*8,�V\VWHP�6WHS����7KH�XVHU�FDQ�FKDQJH�WKH�H[HFXWLRQ�SDUDPHWHUV��JUDQXODULW\��WLPH�VWHSV��HWF�DV�KHRU�VKH�ZDQWV�IDVWHU�DQVZHU�RU�PRUH�SUHFLVH�UHVXOWV�6WHS� ��� ,I� VRPH� FRQVWUDLQWV� DUH� QRW� VDWLVILHG�� WKH� XVHU� FDQ� WDNH� VRPH� DFWLRQV�� OLNHGHFUHDVLQJ�WKH�SURGXFWLRQ�RI�WKH�SRZHU�SODQW��RU�FKDQJH�WKH�NLQG�RI�FRDO�
��� 8VH�FDVH�%�IRU�WKH�DLU�SROOXWLRQ�PRGHO$VVXPSWLRQ�� 7KH� V\VWHP� LV� XVHG� WR� LQYHVWLJDWH� WKH� LQIOXHQFH� RI� QHZ� FRQGLWLRQV� LQ� WKHSUHGLFWLRQ�RI�WKH�EHKDYLRXU�RI�DFLG�GHSRVLWLRQ�LQ�WKH�QHLJKERXUKRRG�RI�D�SRZHU�SODQW��7KHXVHU�LV�D�SRZHU�SODQW�HQJLQHHU�
6WHS����7KH�XVHU�VHQW�WKH�SURJUDP�WR�H[HFXWLRQ�RQ�WKH�*5,'��VSHFLI\LQJ�WKH�JUDQXODULW\�RIWKH�VLPXODWLRQ�PHVK��8VLQJ�WKH�*8,�V\VWHP��KH�RU�VKH�FDQ�FKDQJH�WKH�LQIRUPDWLRQ�DERXWZHDWKHU� FRQGLWLRQV�� WR� VHH� IRU� H[DPSOH� ZKDW� LI� QRZ� WKH� KXPLGLW\� LQFUHDVHV� DQG� LW� LVUDLQLQJ��RU�ZKDW�LI�WKH�ZLQG�LV�WZLFH�IDVW�RU�LI�WKH�HPLVVLRQ�RI�SROOXWDQWV�LQFUHDVH�6WHS����7KH�VLPXODWLRQ�VWDUWV�DQG�JHWV�QHZ�UHVXOWV�6WHS����7KH�XVHU�FDQ�FKDQJH�WKH�FRQGLWLRQV�RI�WKH�VLPXODWLRQ�WR�FKHFN�QHZ�VFHQDULRV�6WHS����7KH�XVHU�FDQ�OHDUQ�D�ORW�DERXW�WKH�DLU�SROOXWLRQ�XQGHU�GLIIHUHQW�FRQGLWLRQV�DQG�EHSUHSDUHG�IRU�WKHP�DV�VRRQ�DV�WKH�LQ�IDFW�RFFXU�
��� 8VH�FDVH�&�IRU�WKH�DLU�SROOXWLRQ�PRGHO$VVXPSWLRQ��7KH�V\VWHP�FDQ�DVN�PRUH�DFFXUDF\�ZKHQ�FULWLFDO� VLWXDWLRQV�DUH� SUHGLFWHG�7KH�XVHU�LV�D�SRZHU�SODQW�HQJLQHHU�
6WHS����7KH�XVHU�VHQW�WKH�SURJUDP�WR�H[HFXWLRQ�RQ�WKH�*5,'��VSHFLI\LQJ�WKH�JUDQXODULW\�RIWKH�VLPXODWLRQ�PHVK��+H�RU�VKH�VSHFLILHV�WKH�WLPH�VWHS��DQG�WKH�WLPH�EHWZHHQ�XSGDWHV�RIUHVXOWV�6WHS����7KH�VLPXODWLRQ��6RPH�DODUP�RU�ZDUQLQJ�LV�GHWHFWHG�
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6WHS����7KH�SURJUDP�FDQ�FKDQJH�WKH�H[HFXWLRQ�SDUDPHWHUV��JUDQXODULW\��WLPH�VWHSV��HWF�WR�JHW�PRUH�SUHFLVH� UHVXOWV� IRU� WKLV�FULWLFDO� VLWXDWLRQV��7KLV� UHTXLUHV�PRUH� FRPSXWDWLRQDOSRZHU� IURP�WKH�*5,'��DQG�WKHQ��WKH�SURJUDP�FDQ�DVN�IRU�PRUH�FRPSXWDWLRQDO�SRZHU� WRWKH�*5,'�
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�� ,1'(;$WPRVSKHULF�PRGHO ��������������$LU�SROOXWLRQ ����������������������,QWHUIDFHV �����������GDWD�EDVH ������'DWD�PLQLQJ ������������������������3RUWDO �����8VH�FDVH ����������:HDWKHU�IRUHFDVW ��������������


