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8UEDQ%($76��$�VWUDWHJLF�SODQQLQJ�WRRO�IRU�H[SORULQJ�ZDWHU�
VHQVLWLYH�IXWXUHV�
3HWHU�0��%DFK��'DYLG�7��0F&DUWK\��$QD�'HOHWLF�

&5&�IRU�:DWHU�6HQVLWLYH�&LWLHV��&LYLO�(QJLQHHULQJ�'HSDUWPHQW��0RQDVK�8QLYHUVLW\��&OD\WRQ��$XVWUDOLD�

�

$EVWUDFW��

&RPSXWDWLRQDO�PRGHOV�KDYH�WKH�SRWHQWLDO� WR�HQKDQFH�LQWHUGLVFLSOLQDU\�FROODERUDWLRQ�DQG�SDUWLFLSDWRU\�
SODQQLQJ�RI�IXWXUH�XUEDQ�ZDWHU�LQIUDVWUXFWXUH��+RZHYHU��ZH�FXUUHQWO\�ODFN�VXLWDEOH�WRROV�WR�H[SORUH�DQG�
DVVHVV� DGDSWDWLRQ� PHDVXUHV� RI� RXU� ZDWHU� LQIUDVWUXFWXUH� WR� FRSH� ZLWK� IXWXUH� FKDOOHQJHV� RI� FOLPDWH�
FKDQJH��SRSXODWLRQ�DQG�XUEDQ�JURZWK��$� WRRO�ZDV�GHYHORSHG�ZKLFK�� VLPXODWHV� LQWHUDFWLRQV�EHWZHHQ�
XUEDQ� SODQQLQJ�� ZDWHU� PDQDJHPHQW� DQG� :DWHU� 6HQVLWLYH� 8UEDQ� 'HVLJQ� �:68'��� 7KH� 8UEDQ�
%LRSK\VLFDO� (QYLURQPHQWV� DQG� 7HFKQRORJLHV� 6LPXODWRU� �8UEDQ%($76�²D� VSDWLDO� PRGHO� IRU� WHVWLQJ�
VFHQDULRV�RI�SODQQLQJ��GHVLJQ�DQG�SODFHPHQW�RI�:68'� LQ�XUEDQ�FDWFKPHQWV�XQGHU� UHJXODWRU\�SROLF\�
FRQVWUDLQWV�� 7KH� PRGHO� UHFRQVWUXFWV� XUEDQ� IRUP� ZLWK� SODQQLQJ� UXOHV� DQG� DVVHVVHV� PDQ\� SRVVLEOH�
:68'� LQWHUYHQWLRQV� WR� PHHW� YDULRXV� WDUJHWV� �H�J�� SROOXWLRQ�� UHF\FOLQJ��� ,W� SURYLGHV� UHFRPPHQGHG�
ORFDWLRQV�IRU�VXLWDEOH�:68'�DQG�D�SRVVLEOH� µEOXHSULQW¶�RQ�KRZ�WR� LPSOHPHQW�VXLWDEOH�VWUDWHJLHV�RYHU�
WLPH��6XFK�D�WRRO�KDV�WKH�SRWHQWLDO�WR�EULQJ�VWDNHKROGHUV�WRJHWKHU�WR�HQJDJH�LQ�HIIHFWLYH�SDUWLFLSDWRU\�
SODQQLQJ��

�

,QWURGXFWLRQ�

&KDQJHV� LQ� XUEDQ� ZDWHU� PDQDJHPHQW� RYHU� WKH� ODVW� GHFDGH� KDYH� FDOOHG� IRU� JUHDWHU� GLYHUVLW\� RI�
VROXWLRQV�� ERWK� VWUXFWXUDOO\�QRQ�VWUXFWXUDOO\� DQG� FRQVLGHUDWLRQ� RI� PRUH� KROLVWLF� DQG� LQWHJUDWHG�
DSSURDFKHV� �%URZQ� HW� DO�� ������� 7KH� XVH� RI� QXPHULFDO� PRGHOV� WR� VXSSRUW� WKHVH� DSSURDFKHV� LV�
EHFRPLQJ�PRUH�ZLGHVSUHDG��:DWHU�6HQVLWLYH�8UEDQ�'HVLJQ��:68'��KDV�UHFHLYHG�PRUH�DWWHQWLRQ� LQ�
WKH� ODVW�GHFDGH�DQG� LWV�GHVLJQ�DQG�SHUIRUPDQFH�KDV�EHHQ�FDSWXUHG� LQ�VHYHUDO�ZHOO�NQRZQ�VRIWZDUH�
WRROV�H�J��086,&� �H:DWHU���������<HW��SODQQLQJ�DQG� LPSOHPHQWDWLRQ�RI�:68'� LQIUDVWUXFWXUH� LQ�QHZ�
DQG� H[LVWLQJ� DUHDV� DOVR� UHTXLUHV� DQ� XQGHUVWDQGLQJ� RI� LWV� LQWHUDFWLRQ� ZLWK� XUEDQ� IRUP� DQG� WKH�
FRQVWUDLQWV� WKDW� GHILQH� WKHVH�� $OWKRXJK� H[LVWLQJ� PRGHOV� H�J�� 6867$,1� �/HH� HW� DO�� ������� 8:27�
�0DNURSRXORV�HW�DO���������0DNURSRXORV�DQG�%XWOHU��������DQG�68'6/2&��9LDYDWWHQH�DQG�(OOLV��������
LQYHVWLJDWH� WKH� GHVLJQ� DQG� SODFHPHQW� RI� :68'�� WKH\� DUH� OLPLWHG� LQ� KRZ� LQWHUDFWLRQV� ZLWK� XUEDQ�
SODQQLQJ� DQG� ZDWHU� PDQDJHPHQW� SROLFLHV� DUH� FRQVLGHUHG� DQG� WKHLU� DELOLW\� WR� XQGHUWDNH� ULJRURXV�
VFHQDULR�WHVWLQJ��

7KH�8UEDQ%($76��8UEDQ�%LRSK\VLFDO�(QYLURQPHQWV�$QG�7HFKQRORJLHV�6LPXODWRU��PRGHO�LV�D�VWUDWHJLF�
SODQQLQJ� WRRO� WKDW�H[SORUHV� WKH�SODQQLQJ��GHVLJQ�DQG� LPSOHPHQWDWLRQ�RI�:68'� LQ�XUEDQ�FDWFKPHQWV�
XQGHU� GLIIHUHQW� XUEDQ� IRUP� DQG� SROLF\� VFHQDULRV� �%DFK�� ������� ,W� HQDEOHV� SODQQHUV� DQG� ZDWHU�
PDQDJHUV� WR� ULJRURXVO\� H[SORUH� D� ODUJH� QXPEHU� RI� IHDVLEOH� LQWHUYHQWLRQV� IRU� VWRUPZDWHU� TXDQWLW\��
TXDOLW\�PDQDJHPHQW�DQG�ZDWHU� UHF\FOLQJ�DW�D� UDQJH�RI�VFDOHV��8UEDQ%($76�FDQ�EH�DSSOLHG� WR�QHZ�
JUHHQILHOG� GHYHORSPHQWV� DV� ZHOO� DV� UHWURILW� LQ� H[LVWLQJ� XUEDQ� DUHDV� DQG� FDQ� EH� XVHG� WR� EHWWHU�
XQGHUVWDQG�KRZ�IXWXUH�FKDQJHV�PD\�DIIHFW�FXUUHQW�DQG�SRWHQWLDO�IXWXUH�LQIUDVWUXFWXUH��7KLV�SDSHU�DLPV�
WR�JLYH�DQ�RYHUYLHZ�RI�PRGHO� IHDWXUHV�DQG�VKRZFDVH� LW� LQ�D�JUHHQILHOG�VXEXUEDQ�GHYHORSPHQW�FDVH�
VWXG\�ORFDWHG�ZHVW�RI�0HOERXUQH��$XVWUDOLD��

�
� �
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0RGHO�2YHUYLHZ�

8UEDQ%($76� LV� DQ� LQWHJUDWHG� VSDWLDO�PRGHO� WKDW� XVHV� JHRJUDSKLF� �*,6�PDSV��DQG� FOLPDWH� LQSXW� WR�
GHWHUPLQH� FDWFKPHQW� FKDUDFWHULVWLFV� DQG� XUEDQ� IRUP� RI� D� XVHU�GHILQHG� UHJLRQ� �H�J�� VPDOO� XUEDQ�
FDWFKPHQWV�WR�ODUJH�VFDOH�GHYHORSPHQWV�RU�HQWLUH�FLWLHV���5HSUHVHQWDWLRQ�RI�WKH�XUEDQ�HQYLURQPHQW�LV�
FRQFHSWXDOLVHG� DV� D� JULG� RI� VTXDUH� FLW\� EORFNV� �RI� XVHU�GHILQHG� VL]H��� HDFK� FRQWDLQLQJ� LQIRUPDWLRQ�
DERXW�WKH�ODQG�XVH�PL[��GHPRJUDSKLFV��XUEDQ�IRUP�DQG�RWKHU�FKDUDFWHULVWLFV�WKDW�ZLOO�DOORZ�WKH�PRGHO�
WR�GHVLJQ�DQG�LPSOHPHQW�:68'�LQIUDVWUXFWXUH��7KH�PRGHOOLQJ�SURFHVV�FDQ�EH�EURNHQ�GRZQ�LQWR�ILYH�
NH\�VWHSV��VHH�)LJXUH�����

�

)LJXUH�����8UEDQ%($76�2YHUYLHZ��6RXUFH��%DFK��������

�

8VHU�GHILQHG�LQSXW�UDVWHU�PDSV�RI� ODQG�XVH��SRSXODWLRQ��HOHYDWLRQ�DQG�VRLO� LQIRUPDWLRQ� LV� IHG� LQWR�WKH�
PRGHO��:KLOVW�8UEDQ%($76�FDQ�DOVR�SURFHVV�DGGLWLRQDO�LQSXWV��H�J��ULYHUV��H[LVWLQJ�:68'�V\VWHPV���
WKHVH� IRXU� PDSV� DUH� PLQLPDO� VSDWLDO� LQSXW� UHTXLUHPHQWV�� 6SDWLDO� GDWD� LV� WKHQ� GLVDJJUHJDWHG� LQWR�
LQGLYLGXDO�FLW\�EORFNV��7RSRJUDSKLFDO� LQIRUPDWLRQ� LV�XVHG� WR�GHWHUPLQH�GUDLQDJH�SDWKV�DFURVV�EORFNV�
DQG�JURXS�WKHVH�LQWR�VXE�FDWFKPHQWV�RU�EDVLQV��7KH�PRGHO� WKHQ�XVHV�D� ODUJH�VHW�RI�XUEDQ�SODQQLQJ�
LQIRUPDWLRQ� REWDLQHG� IURP� SODQQLQJ� VFKHPHV� DQG� EXLOGLQJ� FRGHV� WR� FDOFXODWH� XUEDQ� IRUP�
FKDUDFWHULVWLFV� �H�J�� DOORWPHQW� VL]HV�� URRI� DUHDV�� SDUNLQJ� DUHDV��� 'LIIHUHQW� ODQG� XVHV� KDYH� GLIIHUHQW�
XUEDQ� W\SRORJLHV��0RUH� LQIRUPDWLRQ�RQ� WKLV�DOJRULWKP�FDQ�EH� IRXQG� LQ�D�SUHYLRXV�VWXG\� �%DFK�HW�DO���
�������2QFH�WKLV�XUEDQ�IRUP�LQIRUPDWLRQ�KDV�EHHQ�GHWHUPLQHG��WKH�PRGHO�FDQ�DGDSW�H[LVWLQJ�:68'�
LQIUDVWUXFWXUH�RU�GHVLJQ�DQG�SODFH�QHZ�V\VWHPV�WR�PHHW�FXUUHQW�OHJLVODWLRQ��

7KH�SODQQLQJ�DOJRULWKP�IRU�:68'�WHFKQRORJLHV�LQ�8UEDQ%($76�LV�GHVFULEHG�LQ�GHWDLO�E\�%DFK�HW�DO���
�LQ� SUHVV��� FRPSULVLQJ� WZR� SDUWV�� �L�� DVVHVVPHQW� RI� DOO� SRVVLEOH� ORFDWLRQV� DQG� VFDOHV� �ORW�� VWUHHW��
QHLJKERXUKRRG�DQG�VXE�EDVLQ��DW�ZKLFK�GLIIHUHQW�:68'� WHFKQRORJLHV�FDQ�EH� LPSOHPHQWHG� WR�PHHW�
ZDWHU�PDQDJHPHQW�WDUJHWV�IRU�D�JLYHQ�SURSRUWLRQ�RI�XSVWUHDP�LPSHUYLRXV�DUHD�DQG�RU�SRSXODWLRQ�DQG�
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�LL��UDQGRPO\�JHQHUDWLQJ�WHFKQRORJLFDO�FRPELQDWLRQV�WR�PHHW�ZDWHU�PDQDJHPHQW�WDUJHWV�IRU�HDFK�VXE�
FDWFKPHQW� RU� EDVLQ� ZLWKLQ� WKH� VLPXODWLRQ� UHJLRQ�� 7KLV� SURFHVV� LV� DGGLWLRQDOO\� LQIOXHQFHG� E\� PXOWL�
FULWHULD�DVVHVVPHQW��ZKLFK�VFRUHV�DQG�UDQNV�HDFK�RI�WKH�GLIIHUHQW�WHFKQRORJLFDO�FRQILJXUDWLRQV�EDVHG�
RQ� WHFKQLFDO�� HQYLURQPHQWDO�� HFRQRPLF� DQG� VRFLDO� DVSHFWV�� 7RS�VFRULQJ� VWUDWHJLHV� WKDW� EHVW� PDWFK�
VLPXODWLRQ� FRQVWUDLQWV� DUH� VHOHFWHG� IURP� WKH� DUUD\� RI� RSWLRQV� IRU� IXUWKHU� DQDO\VLV�� 7KH� ILQDO� VWHS�
FRQYHUWV� WKHVH� VWUDWHJLHV� XVLQJ� WKHLU� GHVLJQ� DQG� XUEDQ� LQIRUPDWLRQ� LQWR� LQSXW� ILOHV� IRU� WKH� 086,&�
VRIWZDUH��H:DWHU���������ZKLFK�FDQ�EH�XVHG�WR�VLPXODWH�V\VWHP�SHUIRUPDQFH��

8UEDQ%($76� FXUUHQWO\� VXSSRUWV� VL[� :68'� WHFKQRORJLHV� �ELRILOWHUV�� LQILOWUDWLRQ�� VXUIDFH� ZHWODQGV��
SRQGV�� VZDOHV� DQG� UDLQWDQNV��� 7KH�PRGHO� XVHV� GHVLJQ� FXUYHV� �FUHDWHG� ZLWK� 086,&²V\VWHP� VL]H�
H[SUHVVHG�DV�D���RI�FDWFKPHQW� LPSHUYLRXVQHVV���HTXDWLRQV�DQG�VWRUDJH�EHKDYLRXU�DQDO\VLV� WR�VL]H�
WKHVH� V\VWHPV� EDVHG� RQ� FXUUHQW� XVHU�GHILQHG� WDUJHWV� IRU� UXQRII� UHGXFWLRQ�� WRWDO� VXVSHQGHG� VROLGV�
�766��� WRWDO�QLWURJHQ��71��DQG� WRWDO�SKRVSKRUXV��73�� ORDG�UHGXFWLRQ�DQG�UHOLDELOLW\�RI� UHF\FOHG�ZDWHU�
VXSSO\��$GGLWLRQDO� VSDFH� UHTXLUHPHQWV� DUH� FRPSXWHG�EDVHG�RQ� WKH�XUEDQ� FKDUDFWHULVWLFV� GHULYHG� LQ�
WKH�SUHYLRXV�VWHSV�RI� WKH�PRGHO� IRU� WKH�FXUUHQW�EORFN��:68'� LQWHUYHQWLRQV�FDQ�DOVR�EH�GHVLJQHG� WR�
VHUYLFH�DOO�RU�RQO\�D�IUDFWLRQ�RI�LPSHUYLRXV�DUHD�DQG�RU�SRSXODWLRQ�ZLWKLQ�WKH�VLPXODWLRQ�UHJLRQ��

�

&DVH�6WXG\�

7R�VKRZFDVH� WKH� IHDWXUHV�RI�8UEDQ%($76��D�QHZO\�SODQQHG�JUHHQILHOG�VXEXUEDQ�GHYHORSPHQW�ZDV�
VLPXODWHG�� 7RROHUQ� 3UHFLQFW� LV� DQ� DSSUR[LPDWHO\� ��� NP�� IXWXUH� VXEXUEDQ� PL[HG� XVH� GHYHORSPHQW�
ZLWKLQ�0HOERXUQH¶V�8UEDQ�*URZWK�%RXQGDU\�DQG�LV�HQYLVLRQHG�ZLWK�D�SRSXODWLRQ�RI��������DQG��������
MREV� �*$$�� ������� $FFRUGLQJ� WR� LWV� SUHFLQFW� VWUXFWXUH� SODQ� �363��� WKH� GHYHORSPHQW� VKRXOG� VWULYH� WR�
DFKLHYH�DQ�HQYLURQPHQWDOO\� VXVWDLQDEOH�FRPPXQLW\� DQG�KDUQHVV�:68'� WR�SURYLGH� IORZ� UHWDUGDWLRQ��
ZDWHU�TXDOLW\�FRQWURO�DQG�UHF\FOLQJ��

'DWD� IRU� WKH� 7RROHUQ� 3UHFLQFW� ZDV� REWDLQHG� IURP� DXWKRULWLHV� DQG� WKH� SXEOLVKHG� 363� �*$$�� �������
FRPSULVLQJ�EDVLF�PRGHO� LQSXWV��VHH�)LJXUH����DQG�FRQWH[WXDO�XUEDQ�SODQQLQJ� LQIRUPDWLRQ�UHTXLUHG�WR�
GHWHUPLQH� LQSXW�SDUDPHWHUV� �H�J��VWUHHW� W\SHV�DQG�GLPHQVLRQV���/DQG�XVH�DQG�SRSXODWLRQ�GDWD�ZHUH�
GHULYHG� IURP�WKH�363¶V�SURSRVHG� ODQG�XVH�EXGJHW��VRLO� W\SH�REWDLQHG� IURP�WKH�$XVWUDOLDQ�6RLO�$WODV�
�0F.HQ]LH�HW�DO��������DQG�HOHYDWLRQ�GDWD�IURP�FRQWRXUV�RI�RQH�PHWUH�YHUWLFDO�UHVROXWLRQ��

�
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�

)LJXUH�����7KH�7RROHUQ�3UHFLQFW�0RGHOOLQJ�&DVH�6WXG\²/RFDWLRQ�DQG�'DWD�

�

$� EORFN� VL]H� RI� ���� P� ZDV� FKRVHQ� IRU� WKH� VLPXODWLRQ� DV� WKLV� ZDV� UHJDUGHG� DV� UHDVRQDEOH� �IRU�
FRPSXWDWLRQDO� HIILFLHQF\� DQG� SODQQLQJ� DFFXUDF\�� IURP� SUHYLRXV� UHVHDUFK� �%DFK� HW� DO��� LQ� SUHVV���
+RZHYHU��WR�HQVXUH�WKDW�WKH�PRGHO�SURYLGHV�DFFXUDWH�UHVXOWV�RQ�GUDLQDJH�SDWKV�DQG�EDVLQV��D�WHVW�UXQ�
RQ� ���� P� EORFNV� ZDV� FRQGXFWHG� DV� D� FRPSDULVRQ�� 7R� HQVXUH� WKDW� WKH� RXWSXWV� UHIOHFW� UHDOLW\�� NH\�
FRPSRQHQWV�WKURXJKRXW�WKH�VLPXODWLRQ�ZHUH�FDOLEUDWHG�XVLQJ�FRQWH[WXDO�LQIRUPDWLRQ��

x� 8UEDQ� SODQQLQJ� SDUDPHWHUV� ZHUH� DGMXVWHG� IRU� RXWSXWV� WR� UHIOHFW� WKH� 363� UHTXLUHPHQWV� RI�
SRSXODWLRQ�DQG�MREV�SURYLGHG�

x� 7KH�DPRXQW� RI� SURSRVHG�:68'� LQIUDVWUXFWXUH� WR� VHUYLFH� WKH� GHYHORSPHQW�ZDV�GHWHUPLQHG�
IURP� WKH� DFTXLUHG� GDWD� DQG� LQSXW� LQWR� WKH� PRGHO� DV� D� µOHYHO� RI� VHUYLFH¶�� 3ODQQLQJ� RI�
LQWHUYHQWLRQV�ZDV�OLPLWHG�WR�FRYHU�RQH�WKLUG�RI�WKH�FDWFKPHQW��

7KH�GLVFXVVLRQ�RI�UHVXOWV�ZLOO�RQO\�EH�DERXW�LQWHUYHQWLRQV�IRU�VWRUPZDWHU�TXDOLW\�PDQDJHPHQW��7KHVH�
UHVXOWV� DUH� SDUW� RI� WKH� ILUVW� VWDJH� RI� WKLV� VWXG\�� ZKLFK� DLPV� WR� JHQHUDWH� LQLWLDO� RXWSXWV� WR� IDFLOLWDWH�
GLVFXVVLRQ�DQG�SDUWLFLSDWRU\�PRGHOOLQJ�DPRQJ�VWDNHKROGHUV��

�
� �

/DQG�8VH

'ZHOOLQJ�'HQVLW\
>GZ�KD@

(OHYDWLRQ�

6RLO
�$65,6��33)����'U�����

/RFDWLRQ
0HOWRQ�6RXWK��9,&��$XVWUDOLD
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h

5LYHUV

0RGHOOHG�)ORZSDWKV
6XEFDWFKPHQW�2XWOHW�%ORFNV

���P�[����P�%ORFNV

���P�[����P�%ORFNV

1RWH��6KDGHG�UHJLRQV�
UHSUHVHQW�GLIIHUHQW�
VWRUPZDWHU�GUDLQDJH�
EDVLQV

7RROHUQ�&UHHN

7RROHUQ�&UHHN

:HUULEHH�5LYHU

:HUULEHH�5LYHU

5HVXOWV�	�'LVFXVVLRQ�

5HVXOWV�IRU�WKH�ILUVW�SDUW�RI�WKH�PRGHOOLQJ�SURFHVV��6WHSV��±���)LJXUH����DUH�VKRZQ�IRU�����P�DQG�����
P�EORFN�VL]HV�LQ�)LJXUH���EHORZ��,W�FDQ�EH�VHHQ�WKDW�D�ILQHU�EORFN�VL]H�LV�DEOH�WR�FDSWXUH�PRUH�GHWDLOHG�
GUDLQDJH� LQIRUPDWLRQ� LQFOXGLQJ� ORFDO�GHSUHVVLRQV� LQ� WKH�DUHD��)RU�SODQQLQJ�SXUSRVHV�GUDLQDJH�SDWKV�
DQG�WKH�JURXSLQJ�RI�EORFNV�LQWR�VXE�FDWFKPHQWV�DSSHDUV�WR�EH�FRQVLVWHQW�DFURVV�WKH�GHYHORSPHQW��

)LJXUH�����5HVXOWLQJ�%XLOGLQJ�%ORFNV��6WRUPZDWHU�)ORZ�3DWKV�DQG�%DVLQV�IRU�7RROHUQ�3UHFLQFW�

5HVXOWV�VKRZ�WKDW�WKHUH�DUH�WKUHH�NH\�GUDLQDJH�DUHDV��WKH�FHQWUDO�FDWFKPHQW�WKDW�GUDLQV�LQWR�7RROHUQ�
&UHHN�� WKH�HDVWHUQ�SDUWV�RI� WKH�GHYHORSPHQW� WKDW� IORZ� LQWR�.RURURLW� FUHHN�QRUWK�RI� WKH�GHYHORSPHQW�
DQG�VPDOOHU�FDWFKPHQWV�DORQJ�WKH�ZHVW�GUDLQLQJ�LQWR�WKH�:HUULEHH�ULYHU��7KLV�LV�FRQVLVWHQW�ZLWK�ZKDW�
WKH�363�UHSRUWV��WKHUHE\�HQVXULQJ�WKDW�PRGHO�DOJRULWKPV�DUH�YDOLG�DQG�QRW�KHDYLO\�LQIOXHQFHG�E\�EORFN�
VL]H��
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0RGHOOHG� LPSHUYLRXV� DUHD� DQG� WKH� GLVWULEXWLRQ� RI� UHVLGHQWLDO� GZHOOLQJV� �VHH� )LJXUH� ��� DUH� WZR�
H[DPSOHV�RI�RXWSXWV�IURP�WKH�PRGHO¶V�XUEDQ�SODQQLQJ�DOJRULWKPV��6WHS����)LJXUH�����8VHUV�FDQ�DOVR�
REWDLQ�LQIRUPDWLRQ�RQ�W\SLFDO�URRI�DQG�JDUGHQ�VL]HV�LQ�UHVLGHQWLDO�GLVWULFWV�RU�DYDLODEOH�VSDFH�IRU�:68'�
LPSOHPHQWDWLRQ�EDVHG�RQ�GLIIHUHQW�SODQQLQJ�UHVWULFWLRQV�RQ�RSHQ�VSDFHV�LQ�WKH�PRGHO��

�

�

)LJXUH�����0RGHOOHG�,PSHUYLRXVQHVV�DQG�5HVLGHQWLDO�'ZHOOLQJV�ZLWKLQ�7RROHUQ�3UHFLQFW�

�

7RWDO� LPSHUYLRXV�DUHD�UDQJHV�IURP�YHU\� ORZ�WR�DV�KLJK�DV�����LQ�KLJKO\�GHQVH�GLVWULFWV�VXFK�DV�WKH�
DFWLYLW\�FHQWUH�LQ�WKH�QRUWK�RU�KLJK�GHQVLW\�UHVLGHQWLDO�DUHDV�LQ�WKH�FHQWUDO�GHYHORSPHQW�DUHD��7KH�ORZHU�
LPSHUYLRXVQHVV�RI� WKH�HPSOR\PHQW�GLVWULFW� LQ� WKH�QRUWK�HDVW�FDQ�EH�DWWULEXWHG� WR� WKH� ORZ� LQWHQVLW\�RI�
ODQG�GHYHORSHG�IRU� LQGXVWULDO�DQG�FRPPHUFLDO�SXUSRVHV��WKH�PRGHO�ZDV�FDOLEUDWHG�WR�SURYLGH��������
MREV� LQ� WKHVH�DUHDV��� ,Q� WHUPV�RI�VWRUPZDWHU�PDQDJHPHQW�� LW� FDQ�EH�VHHQ� WKDW�:68'� LQWHUYHQWLRQV�
ZRXOG� EH� RI� SDUWLFXODU� LPSRUWDQFH� LQ� WKH� FHQWUDO� FDWFKPHQW� DUHD� �RI� 7RROHUQ� FUHHN�� GXH� WR� KLJK�
LPSHUYLRXVQHVV�FRPSDUHG�WR�WKH�RWKHU�VXE�FDWFKPHQWV��

8UEDQ%($76� SURYLGHV� VSDWLDOO\� H[SOLFLW� PDSV� DQG� VXPPDULHV� RI� :68'� RSWLRQV� WKDW� PHHW�
PDQDJHPHQW�WDUJHWV�XQGHU�XVHU�GHILQHG�FRQVWUDLQWV��)RU�7RROHUQ�3UHFLQFW��PRGHO�RXWSXWV�DUH�VKRZQ�
LQ� )LJXUH� ��� 2I� WKH� GLIIHUHQW� V\VWHPV� DYDLODEOH�� ELRILOWHUV�� ZHWODQGV� DQG� SRQGV� ZHUH� GHHPHG�PRVW�
IHDVLEOH� IRU� VWRUPZDWHU� TXDOLW\� PDQDJHPHQW� �766�73�71� ORDG� UHGXFWLRQ� WDUJHWV� RI� ������������
ZHUH�VSHFLILHG��� µ8WLOLVDWLRQ¶��D�PHWULF� WKDW�FKDUDFWHULVHV� WKH�SUHYDOHQFH�RI�D�SDUWLFXODU� WHFKQRORJ\� LQ�
UHODWLRQ�WR�RWKHUV��VHH�%DFK�HW�DO���LQ�SUHVV�IRU�PRUH�LQIRUPDWLRQ���ZDV�FDOFXODWHG�IRU�WKH�WRS����RSWLRQV�
DQG�VKRZV�WKDW�FRQGLWLRQV�LQ�7RROHUQ�IDYRXU�WKH�XVH�RI�EDVLQ�W\SH�V\VWHPV��SRQGV�DQG�ZHWODQGV���7KLV�
LV�DOVR�FRQVLVWHQW�ZLWK�WKH�SURSRVHG�V\VWHPV�IRU�WKH�GHYHORSPHQW��VHYHUDO�ODUJH�ZHWODQGV�DQG�EDVLQV�
GLVWULEXWHG�WKURXJKRXW�WKH�DUHD��

:KLOVW� ELRILOWHUV� DUH� QRW� DV� ZLGHO\� SUHVHQW� LQ� WKH� GLIIHUHQW� VXJJHVWHG� RSWLRQV�� WKHLU� XVH� KDV�
QHYHUWKHOHVV� EHHQ� VXJJHVWHG�E\� WKH�PRGHO�� )LJXUH� �¶V� H[DPSOH� VKRZV� WKDW� WKHVH� V\VWHPV� FDQ�EH�
LPSOHPHQWHG� ERWK� DV� DW�VRXUFH� FRQWUROV� ZLWKLQ� WKH� UHVLGHQWLDO� DQG� HPSOR\PHQW� DUHDV� RI� WKH�
GHYHORSPHQW� DV� ZHOO� DV� ODUJHU� HQG�RI�SLSH� VROXWLRQV�� 7KHVH� ILUVW� VWDJH� UHVXOWV� LQGLFDWH� VHYHUDO�
LPSRUWDQW�IHDWXUHV�DERXW�WKH�:68'�RSSRUWXQLWLHV�ZLWKLQ�WKH�7RROHUQ�GHYHORSPHQW�DQG�IXWXUH�ZRUN�ZLOO�
LQYROYH� D� PRUH� SDUWLFLSDWRU\� PRGHOOLQJ� DSSURDFK� WR� UHILQH� WKHVH� ILQGLQJV� DQG� XQGHUVWDQG� WKH�
HIIHFWLYHQHVV� RI� 8UEDQ%($76� LQ� LQIRUPLQJ� WKH� VWUDWHJLF� SODQQLQJ� SURFHVV��

�� ���7RWDO�,PSHUYLRXV�)UDFWLRQ� 5HVLGHQWLDO�'ZHOOLQJ�&RXQW � ���GZ
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)LJXUH�����:68'�3ODQQLQJ�2XWSXWV���D��([DPSOH�2XWSXW�0DS�IRU�7RS�UDQNHG�&RQILJXUDWLRQ���E��
5HODWLYH�8WLOLVDWLRQ�RI�GLIIHUHQW�WHFKQRORJLHV�DFURVV�WRS�WHQ�FRQILJXUDWLRQV��

�

&RQFOXVLRQ�

8UEDQ%($76� LV� DQ� H[SORUDWRU\� PRGHO� WKDW� FDQ� VXSSRUW� WKH� SDUWLFLSDWRU\� DQG� DGDSWLYH� SODQQLQJ� RI�
:68'�LQ�XUEDQ�FDWFKPHQWV��7KLV�SDSHU�VRXJKW�WR�SUHVHQW�DQ�RYHUYLHZ�RI�LWV�IHDWXUHV�DQG�VKRZFDVH�
LWV� DSSOLFDWLRQ� RQ� WKH� 7RROHUQ� 3UHFLQFW� GHYHORSPHQW�� 7KH� ILUVW� VWDJH� RI� WKLV� PRGHOOLQJ� FDVH� VWXG\�
SURGXFHG� UHDOLVWLF� UHSUHVHQWDWLRQV� RI� WKH� XUEDQ� HQYLURQPHQW� DQG� DQ� LQVLJKW� LQWR� SRVVLEOH� :68'�
RSSRUWXQLWLHV� IRU� VWRUPZDWHU� TXDOLW\� PDQDJHPHQW�� 0RGHO� RXWSXWV� FDQ� EH� XVHG� WR� IDFLOLWDWH� IXUWKHU�
GLVFXVVLRQ�DPRQJ�VWDNHKROGHUV� LQYROYHG� LQ� WKH�GHYHORSPHQW�DERXW�QHZ� LQVLJKWV� WKDW�FDQ�EH�JDLQHG�
IURP�XVLQJ�VXFK�H[SORUDWRU\�VRIWZDUH�WRROV��

�

$FNQRZOHGJHPHQWV�

7KH� DXWKRUV� ZRXOG� OLNH� WR� WKDQN� WKH� *URZWK� $UHD� $XWKRULWLHV�� :HVWHUQ� :DWHU� DQG� $(&20� IRU�
SURYLGLQJ�LPSRUWDQW�GDWD�DQG�WKHLU�VXSSRUW�WKURXJKRXW�WKLV�PRGHOOLQJ�SURMHFW��

%LRI LOWHUV �%)�
3RQGV��3%�

6XUIDFH�:HWODQGV��:685�
6XE�FDWFKPHQW�RXWOHW�EORFNV

0RGHO�2XWSXW� �7RS�&RQILJXUDWLRQ� ���
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1RWH��/RFDWLRQV�RI�:68'�V\VWHPV�LQGLFDWHG�LQ�WKH�PDS�
DUH�RQO\�UHODWLYH��7KH�PRGHO�VXJJHVWV�WKH�LPSOHPHQWDWLRQ�
RI�WKHVH�V\VWHPV�ZLWKLQ�WKH�XUEDQ�DUHD�RI�WKH�VSHFLILHG�
EORFN�
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