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�D.,GWG. � �����:KHUH�,�LQYHVWPHQW��7KH�DJJUHJDWH�RXWSXW�<�W��FDQ�EH�UHSUHVHQWHG�LQ�WKH�IRUP
<�W� &�W��,�W��/�W�������

ZKHUH�&�W��FRQVXPSWLRQ��,�W��LQYHVWPHQW��/�W��LQYHVWPHQW�IRU�SROOXWLRQ�FRQWURO��,Q�WKLV�FDVHWKH�RXWSXW�PD\� EH�GHYRWHG�QRW�RQO\� WR�FDSLWDO�DFFXPXODWLRQ� DQG�FRQVXPSWLRQ��EXW�DOVR� WRUHGXFH�WKH�VWRFN�RI�SROOXWLRQ��/HW� ED DQG UHSUHVHQW�WKH�QRQQHJDWLYH�IUDFWLRQV�RI�RXWSXWH[SHQGHG��UHVSHFWLYHO\��RQ�FRQVXPSWLRQ�DQG�SROOXWLRQ�FRQWURO��VR�WKDW��IRU�H[DPSOH�& D<�/ E<��7KHQ�WKH�HTXDWLRQ�RI�WKH�JURZWK�RI�WKH�FDSLWDO�VWRFN�FDQ�EH�UHSUHVHQWHG
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�� ��� E�D� � VZKHUH D.WV<GWG. �����
7KH�JURZWK�UDWH�RI�SROOXWLRQ�VWRFN�ZLOO�EH����� E3W<GGWG3 �E�Z �����ZKHUH� LVZ HPLVVLRQ�IDFWRU�SHU�XQLW�RI�RXWSXW��E�LV�GHSUHFLDWLRQ�UDWH�RI�SROOXWLRQ�QDWXUDOO\�$Q� H[SHQGLWXUH� RI� RQH�XQLW� RI� RXWSXW�ZLOO� UHGXFH� SROOXWLRQ� E\� G� XQLWV��:H� LQWURGXFH� IRUFRQVLGHUDWLRQ�RXWSXW�SHU�FDSLWD�\� �<�.�DQG�SROOXWLRQ�VWRFN�SHU�FDSLWDS �.3 7KHQ�IURP�WKLV�ZH�REWDLQ

�..\<<\\ ��� � �����
�..S33SS ��� � �����7KH�VXSSO\�RI�ODERU�LV�DVVXPHG�WR�EH�D�IXQFWLRQ�RI�WKH�WRWDO�SRSXODWLRQ�DQG�GHSHQGV�RQFDSLWDO�SHU�LQKDELWDQWV>��@

/ 11. P¹̧·©̈§ �����
ZKHUH� P LV�FRQVWDQW��/HW�WKH�FRQFHQWUDWLRQ�RI�WR[LFDQW�LQ�RUJDQLVP�DW�WLPH�W�LV�VS�W���7KHQWKH�G\QDPLFV�RI�WKH�SRSXODWLRQ�DUH�DVVXPHG�JLYHQ�E\>��@> @��� ����

�� �� H1HFU1 HF1HFU1SU1GWG1 ��� ���V ������
ZKHUH�U�LV�WKH�JURZWK�UDWH�RI�WKH�SRSXODWLRQU U���U�VS���������U� ±LV�WKH�LQWULQVLF�JURZWK�UDWH�RI�SRSXODWLRQ��U� ±LV�D�GRVH�UHVSRQVH�SDUDPHWHU��1���F��HDUH�FRQVWDQWV�2Q�VXEVWLWXWLQJ�������LQ������DQG�������LQ�������ZH�REWDLQ������ �� //\DV\\ �� D��D�� ����������� SDE\VSGS ���E�Z � ������)URP�������ZH�DOVR�JHW ���� ..11// ��� PP �� ������)LQDOO\�IURP������������������������G\QDPLF�HTXDWLRQ�IRU�\�LV�JLYHQ�DV�> @ ��� ������������ �� ����� H1HUF1 HF1HUF1SUDV\\\ ��� ���VP�D��D�PD�� �
)LQDOO\�RXU�PRGHO�RI�WKH�G\QDPLFV�HQYLURQPHQW�HFRORJLFDO�V\VWHP�FDQ�EH
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UHSUHVHQWHG ^ ` ��� ������������ �� ����� »»¼º««¬ª ��� ���VP�D��D�PD�� H1HUF1 HF1HUF1SUDV\\GWG\ > @��� ����

�� �� H1HFU1 HF1HFU1SU1GWG1 ��� ���V ������
����� SDE\VSGGWGS ���E�Z 

ZLWK�LQLWLDO�FRQGLWLRQV\��� \� !���1��� 1� !��S��� S� t��DQG����SDUDPHWHUV��ZKLFK�FDQ�EH�JURXSHG�DV�IROORZV�SRSXODWLRQ�1���F��U� �U� �H�HFRQRP\��D��D�HQYLURQPHQW��E��V��Z �HQYLURQPHQW�FRQWURO��E��G�7KHQ�WKH�HTXLOLEULXP�VROXWLRQ�RI�WKH�V\VWHP��������FDQ�QRZ�EH�REWDLQHG�DV��
 VD\  
����� ��

 HF HFU1SU1 ��V ������

���
 VE DEGS �Z +HUH�DOO�SDUDPHWHUV�DUH�FRQVWDQW�DQG� �� � HFUEG t�tZ7R�VWXG\�WKH�VWDELOLW\�RI�WKH�HTXLOLEULXP�VROXWLRQ�ZH�LQWURGXFH�WKH�IROORZLQJ�/\DSXQRYIXQFWLRQ>�@9 ��OQ����OQ�� 

�

�� 11N\\N ]��]�[��[�K ��������
ZKHUH ��� 


 11SS\\ � ]� K� [7KHQ�WKH�HTXDWLRQV��������ZLWK�UHVSHFW�WR�QHZ�YDULDEOHV�FDQ�EH�ZULWWHQ�DV�IROORZV

������� �������� 
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1SU1 F1USFUN
E DEG1SU1 SFUN

VNEDV\GWG9

)URP�WKLV�ZH�KDYH�FRQFOXGHG�WKDW�WKH�HTXLOLEULXP�VROXWLRQ��������LV�JOREDOO\�DV\PSWRWL�FDOO\�VWDEOH�IRU�DOO�SDUDPHWHUV�WKDW�DUH�VDWLVI\LQJ�DERYH�PHQWLRQHG�FRQGLWLRQV�
���7+(�()),&,(17�$//2&$7,21�2)�:$7(5�5(6285&(6�2)�7+(�$5$/�6($%$6,1/HW� XV� FRQVLGHU� D SUREOHP� RI� ILQGLQJ� RSWLPDO� DOORFDWLRQ� ZDWHU� UHVRXUFHV� RI� WKH� 6\U�'DU\D�ULYHU�EDVLQ�DPRQJ WKH�5HSXEOLFV�RI�&HQWUDO�$VLD� ZLWK VRFLDO��HFRQRPLF�DQG�HFRORJL�FDO�LQWHUHVWV�RI�WKH�VRFLHW\�LQ�FRQVLGHUDWLRQ� 1RZ�VXSSRVH�WKDW�WKH�ZDWHU�EDVLQ�RI�WKH�ULYHU�LVGLYLGHG� LQWR�Q�]RQHV� �ZDWHU�V\VWHPV���ZKLFK� FRUUHVSRQG�WR� WKH� WHUULWRULHV�RI� WKH�5HSXEOLF�7KHQ�WKH�SURILW�PD[LPL]DWLRQ�SUREOHP�RI�WKH�5HSXEOLFV�FDQ�EH�ZULWWHQ�DV�>�@�
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:KHUH� VLE[ LV�DJULFXOWXUDO�SURGXFWLRQ�RI�VRUW�L��FRWWRQ��ULFH��ZKHDW��IRGGHU�FURSV����LQ�WKHUHJLRQ�V��RQ�WKH�LUULJDWHG�DUHD�ZLWK�ERQLWHW�E��DQG� VLF LV�WKH�FRVW�RI�WKH�DJULFXOWXUDO�SURGXFW¦  O
E VLEVL [[ � �
1RZ�ZH�IRUPXODWH�WKH�UHVRXUFHV�FRQVWUDLQWV��� :DWHU�UHVRXUFHV�EDODQFH>�@
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+HUH� VLJ LV�WKH�LUULJDWLRQ�VWDQGDUG�� �VY WKH�DYDLODEOH�YROXPH�RI�ZDWHU�UHVRXUFHV� LQ�UH�JLRQ�V�� �VY' WKH�LQFUHDVLQJ�ZDWHU�YROXPH�LQ�UHJLRQ�V��DQG� �Z ZDWHU�LQIORZ�WR�WKH�$UDO�6HD�
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�� 5HVWULFWLRQ�IRU�/DQG�UHVRXUFHV�>�@

����������� � QV/[ VP
L

O
E VLE

VLE  dG¦¦  �����
:KHUH �VLEG DUH WKH�SURGXFWLYLW\�RI�DJULFXOWXUDO�FURSV��DQG� �V/ WKH�WRWDO�LUULJDWHGDUHD�LQ�UHJLRQ�V�
�� 5HVWULFWLRQ�IRU�SURGXFWLRQ�RI�WKH�PDMRU�W\SHV�RI�DJULFXOWXUDO�FURSV�LQ�WKH�5HSXEOLF5HVWULFWLRQ�IRU�SURGXFWLRQ�RI�WKH�PDMRU�W\SHV�RI�DJULFXOWXUDO�FURSV�LQ�WKH�5HSXEOLFVLO

E VLEVL <[; dd ¦ � � �����
ZKHUH�;��<�DUH�JLYHQ�PLQLPXP�DQG�PD[LPXP�YROXPH�RI�DJULFXOWXUDO�SURGXFWV�7KH�SUREOHP�LV� WR� ILQG� WKH�RSWLPDO�DOORFDWLRQ�RI�SURGXFWLRQ� VL[ WR� HDFK� UHJLRQ�XQGHUFRQVWUDLQWV��������������)RU�D�QXPHULFDO�VROXWLRQ�RI�WKH�SUREOHP��������������VRPH�GDWD�IURP6DU�1,*0,�DQG�:$50$3�SURMHFW�>�@ FDQ�EH�XVHIXO�7KH�UHVXOWV�RI�HVWLPDWLRQ�RI�DJULFXOWXUDO�SURGXFWLRQ�IRU�WKH�YDVW�DUHD�RI�$UDO�6HD�EDVLQDUH�JLYHQ�LQ�WKH�SDSHU�>�@��,Q�RXU�FDOFXODWLRQ�ZH�XVHG�WKH�GDWD IRU����������\HDUV��7KH�FRWWRQSURGXFWLRQ� SUHGRPLQDWHV� LQ� WKH� QDWLRQDO� HFRQRP\� RI� 8]EHNLVWDQ� DQG� 7XUNPHQLVWDQ�� DQGWKHLU�QRPLQDO�LQFRPHV DUH�KLJKHU�$FFRUGLQJ�WR�WKH�GDWD�EDVH�RI�6DU1,*0,�DQG�:$50$3�352-(&7��WKH�FRQVXPSWLRQRI�LUULJDWLRQ�ZDWHUV�LQ�UHSXEOLF�DPRXQWHG�LQ������WR��������ZLWK�UHVSHFW�WR�WKH�WRWDO�ZDWHUXVDJH� DQG�WR�������� LQ������ZLWK�QR�DOORFDWLRQV� IRU� LUULJDWLRQ� V\VWHPV� LQ�DQ\�RI� WKH�UH�SXEOLFV��)RU�UHVWULFWLRQV������������� D�IXOO�REMHFWLYH�GDWD�LQIRUPDWLRQ�IRU�D�YDVW�WHUULWRU\�FDQEH�REWDLQHG�XVLQJ�UHPRWH�VHQVLQJ�PHWKRGV�DQG�*HRJUDSKLFDO�,QIRUPDWLRQ�6\VWHP�(IILFLHQF\�RI�ODQG�XVH�ZDV�HVWLPDWHG�DV�WKH�UDWLR�RI�WKH�QRPLQDO�LQFRPH�WR�WKH�LUULJDWLRQODQGV� DQG�LW�VKRZV�WKDW�LW�LV�WKH�PRVW�HIILFLHQW�LQ�7XUNPHQLVWDQ��H�J������������KD��ZKLOH�WKHHIILFLHQF\�RI�ZDWHU�XVDJH�LQ�WKLV�UHSXEOLF�LV���FHQW�PHFXP��,W�LV�MXVW�WKH�VDPH�VLWXDWLRQ�DV�LQ8]EHNLVWDQ� ZKHUH�WKH�LUULJDWLRQ�DUHDV�DUH���WLPHV�ODJHU��(IILFLHQW�RI�WKH�LUULJDWHG�ODQGV�IRU.]\O�2UGD�DQG�.DUDNDOSDNLVWDQ�DUH�YHU\�ORZ�,Q� WKHVH� UHJLRQV� DOO� QHJDWLYH� FRQVHTXHQFHV� RI� LUULJDWLRQ� DFWLYLW\� DUH� FRQQHFWHG� ZLWKFOLPDWLF�FKDQJHV��GHJUDGDWLRQ�RI�HFRV\VWHPV��DQG�GHFUHDVLQJ�RI� WKH�JURXQG�ZDWHU� OHYHO�RQYDVW�WHUULWRULHV��)RU�H[DPSOH��QRPLQDO�LQFRPH�LQ�.]\O�2UGDD�UHJLRQ�LV�����WLPHV OHVV�WKDW�LQ6RXWK�.D]DNKVWDQ�UHJLRQ��ZKLOH�LUULJDWHG�DUHDV�GR�QRW�GLIIHU�FRQVLGHUDEO\����7+(�6758&785(�2)�*(2*5$3+,&�,1)250$7,21�6<67(0³$5$/´$�VSHFLILF� UROH� LQ� VROXWLRQ� RI�PHQWLRQHG�$UDO� FULVLV� LV� DOORWWHG� WR�*HRJUDSKLF� ,QIRUPDWLRQ6\VWHPV�� 7KH� JHRJUDSKLF� LQIRUPDWLRQ� V\VWHPV� �*,6�� DUH� GHVLJQHG� WR� LQSXW�� VWRUDJH�� PD�QLSXODWLRQ�� DQDO\VLV�� DQG� RXWSXW� RI� GDWD� UHJDUGLQJ� VSDWLDO� ORFDWLRQ�� ,Q� RWKHU� ZRUGV� *,6
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PHDQV� RI� LQWHJUDWLQJ� VSDWLDO� GDWD� DFTXLUHG� DW� GLIIHUHQW� VFDOHV� DQG� WLPHV�� DQG� LQ� GLIIHUHQWIRUPDWV�>��@�>�@��*HRJUDSKLF�LQIRUPDWLRQ�V\VWHPV�DOORZ�IRU�LPSURYLQJ�RXU�XQGHUVWDQGLQJ�RIWKH�ZRUOG�DURXQG�DV�DQG�SURYLGLQJ�VXVWDLQDEOH�GHYHORSPHQW�RI�VRFLHW\��)RU�H[DPSOH�HQYL�URQPHQWDO�PDQDJHUV�XVH�WKHVH�V\VWHPV�IRU�VXFK�DSSOLFDWLRQV�DV�PRQLWRULQJ�KD]DUGRXV�ZDVWHVLWHV�� PHDVXUHPHQW� HQYLURQPHQW� SDUDPHWHUV�� LQYHQWRU\� GLVDSSHDUHG� VSHFLHV� RI� IDXQD� DQGIORUD��PDSSLQJ�DQG�PRGHOLQJ��7KHVH�NH\�DFWLYLWLHV��PHDVXUHPHQW��PDSSLQJ��PRQLWRULQJ��DQGPRGHOLQJ�FDQ�EH�HQKDQFHG�WKURXJK�WKH�XVH�RI�FRQWHPSRUDU\�WHFKQRORJLHV��DQG�LQ�SDUWLFXODU�WKURXJK�WKH�XVH�RI�D�*,6��)RU�WKLV�UHDVRQ��QHHGV�GHYHORSPHQW�RI�QHZ�LQIRUPDWLRQ�WHFKQRO�RJ\�RQ�WKH�EDVH�RI�*,6��7KLV�V\VWHP�FRQVLVWV�RI�IRXU�SULQFLSDO�EORFNV�x GDWD�DFTXLVLWLRQ�x SUH�SURFHVVLQJ�DQG�VWRUDJH�x GDWD�PDQDJHPHQW��PDQLSXODWLRQ�DQG�DQDO\VLV�x EDVLF�PRGHOV�'$7$�$&48,6,7,21)RU�DQDO\]LQJ�DQG�HYDOXDWLRQ�RI�HFRORJLFDO�VLWXDWLRQ�LQ�$UDO�6HD�EDVLQ�DQG�DGMDFHQW�UH�JLRQV� ZDV� FDUULHG� RXW� LQYHVWLJDWLRQV� E\� GLIIHUHQW� LQVWLWXWLRQV� DQG� LQWHUQDWLRQDO� RUJDQL]D�WLRQV�� ,Q� UHVXOW� DW� SUHVHQW� ZH� KDYH� WKH� QXPHURXV� PDWHULDOV� RI� HFRORJLFDO�� HFRQRPLF� DQGGHPRJUDSKLF�VWDWHV�LQ�$UDO�6HD�UHJLRQ��ZKLFK�LQFOXGHG�K\GUR�JHRORJLFDO�DQG�K\GUR�ELRORJLFDO�FRQGLWLRQV�FOLPDWRORJLFDOO\�GHVFULSWLRQ�RI�WKH�$UDO�VHD�UHJLRQ�ODQGVFDSH�VWUXFWXUDO�FRQGLWLRQ�RI�$UDO�FRDVWDO�UHJLRQ��VWDWH�RI�VRLO�FRYHU�LUULJDWLRQ�DQG�LUULJDWLRQ�VWUXFWXUHV�LQ�&HQWUDO�$VLD�ELRGLYHUVLW\�RI�WKH�$UDO�6HD�EDVLQ�UHVXOWV�RI�DHURVSDFH�PRQLWRULQJ�RI�ZDWHU�DQG�ODQG�UHVRXUFHV��GHVHUWLILFDWLRQ�LQ�WKH�$UDOUHJLRQ�SRSXODWLRQ�GHQVLW\��VDQLWDU\�HSLGHPLRORJLFDO�VLWXDWLRQ�EDVH�DQG�WKHPDWLF�PDSV�VWDWLVWLFDO�GDWD�RI�HFRQRP\�GDWD�RI�SROOXWDQW�FRQFHQWUDWLRQV�LQ�ZDWHU��DWPRVSKHUH��VRLO�35(352&(66,1*,W� LQYROYHV�H[WUDFWLQJ� LQIRUPDWLRQ� IURP�PDSV�� VSDFH� LPDJHV��DQG�SULQWHG� UHFRUGV�� VWD�WLVWLFDO�\HDUERRNV��FRPSXWHU�GDWDEDVH�DQG�PDQLSXODWLQJ�WKH�GDWD�VR�WKDW�LW�PD\�LW�LV�HQWHUHGIURP�YDULRXV�VRXUFHV�LQWR�*,6��7KLV�EORFN�DOVR�LQFOXGHV� IRUPDW�FRQYHUVLRQ�RI� WKH�RULJLQDOGDWD�IURP�GLIIHUHQW�VRXUFHV�DQG�LGHQWLI\LQJ�WKH�ORFDWLRQ�RI�GDWD�LQ�WKH�V\VWHP�'DWD�PDQDJHPHQW�SURYLGHV�FRQVLVWHQW�PHWKRGV�IRU�GDWD�HQWU\��XSGDWH��GHOHWLRQ��DQG�UH�WULHYDO��'DWD�PDQDJHPHQW�FRQFHUQV�LQFOXGH�LVVXHV�RI�VHFXULW\�0$1,38/$7,21�$1'�$1$/<6,6,Q�WKLV�EORFN�RI�WKH�V\VWHP�DUH�DQDO\WLF�RSHUDWRUV�WKDW�ZRUN�ZLWK� WKH�GDWDEDVH�FRQWHQWVWR�GHULYH�QHZ�LQIRUPDWLRQ��:H�FDQ�WR�PRYH�GDWD�IURP�RXU�*,6�WR�DQ�H[WHUQDO�V\VWHP�ZKHUH
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D� SDUWLFXODU� PDWKHPDWLFDO� PRGHO� LV� DYDLODEOH�� DQG� WKHQ� WUDQVSRUW� WKH� GHULYHG� UHVXOWV� EDFNLQWR�VSDWLDO�GDWDEDVH�LQVLGH�WKH�*,6�%DVLF�PRGHOV��7KLV�EORFN�LQFOXGHV�D�VHYHUDO�PRGHOV�RI�HIILFLHQW�DOORFDWLRQ�RI�ODQG�DQGZDWHU� UHVRXUFHV�� HFRQRPLF�GHYHORSPHQW�� SRSXODWLRQ�JURZWK��RSWLPDO� FRQWURO� RI� SROOXWLRQ�7KXV�FUHDWHG�,QIRUPDWLRQ�V\VWHP�DOORZV�WR�LQWHJUDWH�QHFHVVDU\�GDWD�IURP�GLIIHUHQW�VRXUFHVDQG�WR�GHFLVLRQ�RQ�EDVH�RI�PRGHOV�SURYLGLQJ�VXVWDLQDEOH�GHYHORSPHQW�3URGXFW� JHQHUDWLRQ�� 7KHVH� RXWSXW� SURGXFWV� PLJKW� LQFOXGH� VWDWLVWLFDO� UHSRUWV� PDSV�JUDSKLFV�&21&/86,21,W�LV�QHFHVVDU\�IRU�IXWXUHx LQWHJUDWLQJ�LQIRUPDWLRQ�IURP�GLIIHUHQW�VRXUFHV�DQG�WR�FUHDWH�FRPPRQ�XQLILHG�GDWDEDVH�IRU�*,6�³$5$/¶¶�DQG�³6HPLSDODWLQVN´�x GHYHORSPHQW�RI�*HRJUDSKLF� ,QIRUPDWLRQ�6\VWHP´�$5$/´� IRU�PRQLWRULQJ��GLDJ�QRVWLFV��SURJQRVLV�HFRORJLFDO�VLWXDWLRQ� LQ�$UDO�6HD�EDVLQ�DQG�RSWLPL]DWLRQ�RI�XVLQJ�ZDWHU� �ODQG�UHVRXUFHV�x FRRUGLQDWLRQ� DFWLYLWLHV� GLIIHUHQW� FRXQWULHV� LQ� VDWHOOLWH� UHPRWH� VHQVLQJ� RI� WHUULWRU\&HQWUDO�$VLD�x WR�FUHDWH�FRPPRQ�PRQLWRULQJ� V\VWHP�RQ� WKH�EDVH�RI� WKH�QHWZRUN�RI� LQVWUXPHQWDOJURXQG�REVHUYDWLRQV�2Q�EDVH�RI�XQLILHG�GDWD�EDVH�DQG�*HRJUDSKLF�,QIRUPDWLRQ�6\VWHP��*,6�x HODERUDWLRQ� DQG� UHDOL]DWLRQ� RI� VFHQDULRV� RI� VRFLR�HFRQRPLF� GHYHORSPHQW� RI� $UDOUHJLRQ�LQ�FRQGLWLRQV�RI� WUDQVLWLRQ� WR�PDUNHW�HFRQRP\�DQG�VRYHUHLJQW\�RI�&HQWUDO�$VLD�5H�SXEOLFV��GLVWULEXWLRQ�RI�PDQO\�DJULFXOWXUDO�FRPSOH[HV�x WKH�HIILFLHQW�DOORFDWLRQ�RI�VXUIDFH�ZDWHU�UHVRXUFHV�DORQJ�5HSXEOLFV�RI�&HQWUDO�$VLD�0XOW\�OD\HU�FDUWRJUDSK\�DQG�DHURVSDFH�GDWD�DV�ZHOO�DV�HFRQRPLF�PDWKHPDWLFDO�PRGHOVIRU�DQDO\VLV�DQG�IRUHFDVW�RI�KXPDQ�DFWLYLW\� LQ�WKH�ILHOG�RI�ODQG�XVH�DQG�HIILFLHQW�DOORFDWLRQZDWHU� UHVRXUFHV�ZLOO�EH� LQWHJUDWHG� LQ�$UFLQIR�HQYLURQPHQW��$IWHU� EDVLQJ�RQ�*,6� ³$5$/´UHFRPPHQGDWLRQV�WR�PRGHUQL]H�WHUULWRULDO�VWUXFWXUH�RI�HFRQRP\� LQ�$UDO� UHJLRQ�ZLOO� EH�GH�YHORSHG�7KHUH�DOVR�KRSH�WKDW�*,6�DQG�UHPRWH�VHQVLQJ�FRQVWLWXWHV�D�FRQWULEXWLRQ�IRU�VXVWDLQDEOHGHYHORSPHQW� LQ� WKLV� UHJLRQ� E\� SURYLGLQJ� WKH� QHFHVVDU\� LQIRUPDWLRQ� IRU� LW�� 7KH� PRQLWRUFKDQJHV�LQ�RXU�VXUURXQGLQJ�LQ�VSDFH�DQG�WLPH��,Q�DGGLWLRQ��WKH\�PRGHO�DOWHUQDWLYHV�RI�DFWLRQDQG�SURFHVVHV�RSHUDWLQJ�LQ�WKH�HQYLURQPHQW�5()(5(1&(6��� 0DUFKXN� *�� 0DWKHPDWLFDO� PRGHOV� LQ� HQYLURQPHQWDO� SUREOHPV�� 6WXGLHV� LQ� 0DWKH�PDWLFV�DQG�,WV�$SSOLFDWLRQV��9ROXPH�����1RUWK�+ROODQG�$PVWHUGDP�1HZ�<RUN�2[IRUG�7R�N\R����������6XOWDQJD]LQ�8��7VXNDWDQL�7��0RGHOLQJ� RI�.D]DNKVWDQ�(FRQRP\� DQG�(QYLURQPHQW��0DUFK��������.\RWR�8QLYHUVLW\��.\RWR��-DSDQ�
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