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58/(�%$6('�9,68$/�63((&+�6<17+(6,6�
-RQDV�%HVNRZ��
�
'HSDUWPHQW�RI�6SHHFK�&RPPXQLFDWLRQ�DQG�0XVLF�$FRXVWLFV�
.7+��6WRFNKROP��6ZHGHQ��
�

$%675$&7�
$�V\VWHP�IRU�UXOH�EDVHG�DXGLRYLVXDO�WH[W�WR�VSHHFK�V\QWKHVLV�KDV�EHHQ�FUHDWHG��7KH�V\VWHP�LV�
EDVHG� RQ� WKH� .7+� WH[W�WR�VSHHFK� V\VWHP� ZKLFK� KDV� EHHQ� FRPSOHPHQWHG� ZLWK� D� WKUHH�
GLPHQVLRQDO�SDUDPHWHUL]HG�PRGHO�RI�D�KXPDQ�IDFH��7KH�IDFH�FDQ�EH�DQLPDWHG�LQ�UHDO�WLPH��
V\QFKURQL]HG�ZLWK�WKH�DXGLWRU\�VSHHFK��7KH�IDFLDO�PRGHO�LV�FRQWUROOHG�E\�WKH�VDPH�V\QWKHVLV�
VRIWZDUH�DV�WKH�DXGLWRU\�VSHHFK�V\QWKHVL]HU��$�VHW�RI�UXOHV�WKDW�WDNHV�FRDUWLFXODWLRQ�LQWR�DF�
FRXQW� KDV� EHHQ� GHYHORSHG�� 7KH� DXGLRYLVXDO� WH[W�WR�VSHHFK� V\VWHP�KDV� DOVR� EHHQ� LQFRUSR�
UDWHG�LQWR�D�VSRNHQ�PDQ�PDFKLQH�GLDORJXH�V\VWHP�WKDW�LV�EHLQJ�GHYHORSHG�DW�WKH�GHSDUWPHQW��

� ,1752'8&7,21�
7KH�YLVXDO� FKDQQHO� LQ� VSHHFK� FRPPXQLFDWLRQ� LV� RI� JUHDW� LPSRUWDQFH�� DV� KDV�EHHQ�GHPRQ�
VWUDWHG�E\� IRU�H[DPSOH�0F*XUN� >�@��$�YLHZ�RI� WKH� IDFH�FDQ� LPSURYH� LQWHOOLJLELOLW\�RI�ERWK�
QDWXUDO� DQG� V\QWKHWLF�VSHHFK��HVSHFLDOO\�XQGHU�GHJUDGHG�DFRXVWLF�FRQGLWLRQV� >�@��0RUHRYHU��
YLVXDO�VLJQDOV�FDQ�H[SUHVV�HPRWLRQ��DGG�HPSKDVLV�WR�WKH�VSHHFK�DQG�VXSSRUW�WKH�LQWHUDFWLRQ�
LQ�D�GLDORJXH�VLWXDWLRQ�WKURXJK�H�J��WXUQ�WDNLQJ�VLJQDOV�DQG�EDFN�FKDQQHOLQJ��7KLV�PDNHV�WKH�
XVH�RI�D�FRPSXWHU�V\QWKHVL]HG�IDFH�WR�FUHDWH�YLVXDO�VSHHFK�V\QWKHVLV�DQ�LPSRUWDQW�FRPSOH�
PHQW�WR�WUDGLWLRQDO�VSHHFK�V\QWKHVLV��HVSHFLDOO\�LQ�DSSOLFDWLRQV�IRU�KHDULQJ�LPSDLUHG�SHRSOH��
LQ�QRLV\�HQYLURQPHQWV�DQG�LQ�VSHHFK�EDVHG�PXOWLPRGDO�XVHU�LQWHUIDFHV��
� %\� H[WHQGLQJ� WKH�.7+� UXOH�EDVHG� WH[W�WR�VSHHFK� V\QWKHVLV� V\VWHP� >�@�� >�@�ZLWK� D� UHDO�
WLPH� DQLPDWHG� �'�PRGHO� RI� D� KXPDQ� IDFH�� D� V\VWHP� IRU� DXGLRYLVXDO� VSHHFK� V\QWKHVLV� KDV�
EHHQ�GHYHORSHG��7KH�IDFH�LV�FRQWUROOHG�IURP�WKH�VDPH�WH[W�WR�VSHHFK�UXOH�FRPSLOHU�WKDW�FRQ�
WUROV� WKH� DXGLWRU\� VSHHFK� V\QWKHVL]HU�� 7KLV� SURYLGHV� D� XQLILHG� DQG� IOH[LEOH� IUDPHZRUN� IRU�
GHYHORSPHQW�RI�DXGLRYLVXDO�WH[W�WR�VSHHFK�V\QWKHVLV�WKDW�DOORZV�WKH�UXOHV�FRQWUROOLQJ�WKH�WZR�
PRGDOLWLHV�WR�EH�ZULWWHQ�XVLQJ�WKH�VDPH�QRWDWLRQ��

� 7+(�)$&,$/�02'(/�
7KH� IDFH� V\QWKHVLV� LV� EDVHG�RQ� D�PRGHO� GHYHORSHG�E\�3DUNH� >�@��7KH�PRGHO� FRQVLVWV� RI� D�
WKUHH�GLPHQVLRQDO�PHVK�ZLWK�����YHUWLFHV��FRQQHFWHG�WRJHWKHU�E\�DERXW�����SRO\JRQV��ZKLFK�
DSSUR[LPDWH� WKH� VXUIDFH�RI� D�KXPDQ� IDFH�� VHH�)LJXUH����7KH� VKDSH�RI� WKH�IDFLDO� VXUIDFH� LV�
FRQWUROOHG�E\�D�VHW�RI�SDUDPHWHUV��ZKLFK�RSHUDWHV�GLUHFWO\�RQ�WKH�FRRUGLQDWHV�RI�WKH�YHUWLFHV��
7KH�WRSRORJ\�RI�WKH�SRO\JRQ�QHWZRUN�UHPDLQV�FRQVWDQW���
7KHUH�DUH�DERXW����SDUDPHWHUV��ZKLFK�FDQ�EH�GLYLGHG�LQWR�WZR�JURXSV���
• H[SUHVVLRQ�SDUDPHWHUV��WKDW�FRQWURO�WKH�DUWLFXODWLRQ�DQG�PLPLF�RI�WKH�IDFH��7KHVH�LQFOXGH�

MDZ�URWDWLRQ��H\HEURZ�VKDSH�DQG�SRVLWLRQ��YDULRXV�PRXWK�VKDSH�SDUDPHWHUV�HWF���
• FRQIRUPDQFH�SDUDPHWHUV�� WKDW� FRQWURO� VWDWLF� IHDWXUHV� LQ� WKH� IDFH� OLNH� IRU�H[DPSOH�QRVH�

OHQJWK�DQG�MDZ�ZLGWK���
$�QXPEHU�RI�PRGLILFDWLRQV�KDYH�EHHQ�PDGH�WR�WKH�RULJLQDO�PRGHO��LQ�RUGHU�WR�PDNH�LW�PRUH�
VXLWDEOH� IRU� VSHHFK� V\QWKHVLV�� 7KHVH� PRGLILFDWLRQV� LQFOXGH� LQWURGXFWLRQ� RI� D� WRQJXH� DQG�
FUHDWLRQ�RI�D�QHZ�VHW�RI�SDUDPHWHUV�WR�FRQWURO�OLS�PRYHPHQWV��
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��� $�PRGHO�RI�WKH�WRQJXH�
+XPDQ�VSHHFK�SURGXFWLRQ�UHOLHV�KHDYLO\�RQ�WRQJXH�PRYHPHQWV��7RQJXH�DFWLRQV�DUH�LPSRU�
WDQW�QRW�RQO\� DXGLWRULO\� EXW� DOVR�YLVXDOO\��9LVLELOLW\�RI� WKH� WRQJXH�GXULQJ� VSHHFK� LV� VSHDNHU�
GHSHQGHQW�� GXH� WR� IRU� H[DPSOH� LQGLYLGXDO� DUWLFXODWLRQ� VW\OH�� &OHDUO\� YLVLEOH� WRQJXH�PRYH�
PHQWV� FDQ�KRZHYHU� UDLVH� WKH� LQWHOOLJLELOLW\� RI� VSHHFK�� ,Q�RUGHU� WR� DOORZ� V\QWKHVLV�RI�YLVXDO�
VSHHFK�ZLWKRXW�RPLWWLQJ�DQ\�SRWHQWLDOO\� LPSRUWDQW�YLVXDO� LQIRUPDWLRQ�FDUULHU��D�WRQJXH�ZDV�
PRGHOHG�DQG�DGGHG�WR�WKH�IDFH��
� ,Q� QDWXUDO� VSHHFK�� WKH� DSLFDOO\� DUWLFXODWHG� SKRQHPHV� DUH� UHVSRQVLEOH� IRU�PRVW� YLVXDOO\�
SHUFHLYDEOH�WRQJXH�DFWLRQV��7KXV��IRU�WKH�SXUSRVHV�RI�YLVXDO�VSHHFK��WKH�WRQJXH�FDQ�EH�PRG�
HOHG�TXLWH�VLPSO\��E\�RQO\�DOORZLQJ�WLS�PRYHPHQW�DQG�GLVUHJDUGLQJ�WKH�VKDSH�RI�WKH�WRQJXH�
ERG\��7KH�WRQJXH�ZDV�FUHDWHG�XVLQJ����SRO\JRQV��XQGHU�FRQWURO�RI�IRXU�SDUDPHWHUV��OHQJWK��
ZLGWK��WKLFNQHVV�DQG�DSH[��7KH�YDOXH�RI�WKH�DSH[�SDUDPHWHU�LV�JLYHQ�LQ�SHUFHQW��DQG�GHWHU�
PLQHV� WKH�YHUWLFDO�SRVLWLRQ�RI� WKH� WRQJXH� WLS�UHODWLYH� WR� WKH�KDUG�SDODWH��$�YDOXH�RI�������
DOZD\V�FRUUHVSRQGV�WR�PD[LPXP�HOHYDWLRQ�RI�WKH�WLS��UHJDUGOHVV�RI�WKH�FXUUHQW�MDZ�URWDWLRQ��
6HH�)LJXUH���IRU�DQ�LOOXVWUDWLRQ�RI�WKH�WRQJXH�DQG�WKH�DSH[�SDUDPHWHU��%\�DGMXVWPHQW�RI�WKH�
WRQJXH� OHQJWK�� WKHUH� LV� D� OLPLWHG�ZD\�RI� VLPXODWLQJ� UHWURIOH[� DUWLFXODWLRQ��$�PRUH�DFFXUDWH�
VLPXODWLRQ�RI�VXFK�WRQJXH�DFWLRQV�FRXOG�EH�DFKLHYHG�E\�LQWURGXFLQJ�D�SDUDPHWHU�GHGLFDWHG�
WR�GHWHUPLQH�WKH�SODFH�RI�DUWLFXODWLRQ��IURP�GHQWDO�WR�UHWURIOH[��

��� ,PSURYHG�FRQWURO�RI�OLS�PRYHPHQWV�
,Q� WKH� RULJLQDO� 3DUNH�PRGHO� >�@�� V\QWKHVLV� RI� VSHHFK�OLNH� OLS�PRYHPHQWV� LV� TXLWH� GLIILFXOW��
7KHUHIRUH��D�QHZ�VHW�RI�OLS�FRQWURO�SDUDPHWHUV�ZDV�GHYHORSHG��7KH�PRVW�LPSRUWDQW�DGGLWLRQV�
DUH� WKH�SDUDPHWHUV� IRU� OLS� URXQGLQJ�� ELODELDO� RFFOXVLRQ� DQG� ODELRGHQWDO�RFFOXVLRQ��/LNH� WKH�
DSH[��WKH�SDUDPHWHUV�DUH�GLPHQVLRQOHVV��
����� /LS�URXQGLQJ�
7KLV�SDUDPHWHU� IDFLOLWDWHV�V\QWKHVLV�RI� URXQGHG�YRZHOV��%\�FDOFXODWLQJ�WKH�FHQWHU�RI�WKH� OLS�
RSHQLQJ��DQG�PRYLQJ�DOO�OLS�YHUWLFHV�WRZDUGV�WKDW�SRLQW��D�IXQQHOHG�OLS�VKDSH�LV�DFKLHYHG��VHH�
)LJXUH����
����� %LODELDO�RFFOXVLRQ�
$OWKRXJK� ELODELDO� RFFOXVLRQ� FDQ� EH� DFKLHYHG� E\� DGMXVWLQJ� WKH� SDUDPHWHUV� WKDW� FRQWURO� WKH�
YHUWLFDO�SRVLWLRQV�RI�WKH�OLSV��WKLV�LV�LPSUDFWLFDO��VLQFH�LW�UHTXLUHV�WKUHH�SDUDPHWHUV��XSSHU�OLS�
UDLVH��ORZHU�OLS�GHSUHVVLRQ�DQG�MDZ�URWDWLRQ��WR�EH�JLYHQ�WKH�FRUUHFW�YDOXHV��LQ�RUGHU�IRU�WKH�
OLSV�WR�FORVH�WLJKW���

������������� �)LJXUH����:LUHIUDPH�DQG�VKDGHG�UHSUHVHQWDWLRQV�RI�WKH�IDFH�
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7KH� QHZ�SDUDPHWHU�ZRUNV� VLPLODU� WR� WKH� OLS� URXQGLQJ�� DQG� DOORZV�ELODELDO� RFFOXVLRQ� WR�EH�
FRQWUROOHG�ZLWK�RQO\�RQH�SDUDPHWHU�LQGHSHQGHQWO\�RI�DQ\�RWKHUV��E\�SXOOLQJ�WKH�OLSV�WRZDUGV�
HDFK�RWKHU��
����� /DELRGHQWDO�RFFOXVLRQ��
2QH�RI�WKH�PRVW�GLVWLQFWLYH�YLVXDO�VSHHFK�DFWLRQV�LV�WKH�ODELRGHQWDO�RFFOXVLRQ��DV�LQ��I��DQG�
�Y���7KLV�PRYHPHQW� KDV� DOVR�EHHQ� DVVLJQHG� LWV� RZQ�SDUDPHWHU��ZKLFK�SXOOV� WKH� ORZHU� OLS�
WRZDUGV�WKH�HGJH�RI�WKH�XSSHU�IURQW�WHHWK��

��� ,PSOHPHQWDWLRQ�
7KH�SRO\JRQ�VXUIDFH�FDQ�EH�UHQGHUHG�XVLQJ� LOOXPLQDWLRQ�DQG�LQWHUSRODWHG��JRXUDXG���VKDG�
LQJ��ZKLFK�JLYHV�WKH�VXUIDFH�D�VPRRWK�DSSHDUDQFH��7KH�PRGHO�LV�LPSOHPHQWHG�XVLQJ�D�VWDQ�
GDUG��'�JUDSKLFV�OLEUDU\�FDOOHG�3(;��ZKLFK�PDNHV�LW�SRUWDEOH�WR�PRVW�81,;�HQYLURQPHQWV��
7KH� PRGHO� FDQ� EH� DQLPDWHG� DW� D� UDWH� RI� DSSUR[LPDWHO\� ��� IUDPHV� SHU� VHFRQG� RQ� D� +3�
��������ZRUNVWDWLRQ��7KLV�DOORZV�IRU�UHDO�WLPH�YLVXDO�VSHHFK�V\QWKHVLV���

� $8',29,68$/�63((&+�6<17+(6,6�
%\�FRQQHFWLQJ�WKH�IDFLDO�PRGHO�WR�DQ�H[LVWLQJ�WH[W�WR�VSHHFK�V\VWHP�>�@�� >�@��DQ�DXGLRYLVXDO�
VSHHFK�V\QWKHVLV�V\VWHP�ZDV�FUHDWHG���

��DSH[� ������ � � �DSH[� ������� � � �DSH[� ��������
)LJXUH����9LHZ�RI�OLSV�DQG�WRQJXH�ZLWK�GLIIHUHQW�DSH[�YDOXHV�

�)LJXUH����/LS�VKDSH�IRU�GLIIHUHQW�YDOXHV�RI�WKH�OLS�URXQGLQJ�SDUDPHWHU����������������DQG�������URXQGLQJ��-DZ�URWDWLRQ�
LV���GHJUHHV��

-DZ�URWDWLRQ�
/LS�URXQGLQJ�
/LS�SURWUXVLRQ�
0RXWK�ZLGWK�
%LODELDO�RFFOXVLRQ�
/DELRGHQWDO�RFFOXVLRQ�
8SSHU�OLS�UDLVH�
/RZHU�OLS�GHSUHVVLRQ�
$SH[�
7RQJXH�OHQJWK�
7DEOH����3DUDPHWHUV�XVHG�IRU�DUWLFXODWRU\�FRQWURO�RI�WKH�IDFH��
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��� 6\VWHP�GHVFULSWLRQ�
7KH�DXGLRYLVXDO�WH[W�WR�VSHHFK�V\VWHP�FRQVLVWV�RI�WKUHH�SDUWV��DV�VKRZQ�LQ�)LJXUH����
• 7KH� DXGLWRU\� VSHHFK� V\QWKHVL]HU��*/29(�>�@��7KLV� LV� D� IRUPDQW�EDVHG� VSHHFK� V\QWKH�

VL]HU��FRQWUROOHG�E\����SDUDPHWHUV��
• 7KH�YLVXDO� VSHHFK� V\QWKHVL]HU��ZKLFK� LV� WKH� IDFLDO�PRGHO�GHVFULEHG� LQ� VHFWLRQ���RI� WKLV�

SDSHU��7HQ�RI�WKH�PRGHOV�ILIW\�SDUDPHWHUV�DUH�XVHG�LQ�WKH�SURGXFWLRQ�RI�YLVLEOH�DUWLFXOD�
WRU\�DFWLRQV��VHH�7DEOH�����

• 7KH�UXOH�V\QWKHVLV�IUDPHZRUN��58/6<6�>�@��7KLV�LV�D�JHQHULF�UXOH�V\QWKHVLV�V\VWHP��WKDW�
WUDQVIRUP� LQSXW� WH[W� �RUWKRJUDSKLF�RU�SKRQHWLF��WR�V\QWKHVL]HU�FRQWURO�SDUDPHWHUV��7KH�
V\VWHP� LWVHOI� LV� LQGHSHQGHQW�RI�ERWK� ODQJXDJH�DQG� V\QWKHVL]HU�XVHG� WR�SURGXFH�RXWSXW��
7KH�ODQJXDJH��DQG�V\QWKHVL]HU�VSHFLILF�IXQFWLRQDOLW\�OLHV�HQWLUHO\�LQ�WKH�UXOHV��

7KH� SURFHVV�ZRUNV� DV� IROORZV��58/6<6�RSHUDWHV� RQ� WKH� � LQFRPLQJ� WH[W� DFFRUGLQJ� WR� WKH�
PRUSKRORJLF�� V\QWDFWLF� DQG�SKRQHWLF� UXOHV�� DQG�RXWSXWV� D�PXOWL� FKDQQHO�GDWD� ILOH��7KLV� ILOH�
FRQWDLQV�SDUDPHWHU� YDOXHV� IRU�ERWK� WKH�DXGLWRU\�DQG� WKH�YLVXDO� V\QWKHVL]HU�� VDPSOHG�HYHU\�
��WK�PLOOLVHFRQG��
� 7KH�*/29(�V\QWKHVL]HU�PRGXOH�FUHDWHV�DQ�DXGLR�VDPSOH�ILOH�EDVHG�RQ�WKH�SDUDPHWHUV�
LQ�WKH�GDWD�ILOH��7KH�IDFH�V\QWKHVLV�PRGXOH�WKHQ�SOD\V�EDFN�WKH�DXGLR�ILOH��DQG�DQLPDWHV�WKH�
IDFH�PRGHO�LQ�UHDO�WLPH��V\QFKURQL]HG�ZLWK�WKH�DXGLR�SOD\EDFN��
� 58/6<6�FRQWUROV� ERWK�PRGDOLWLHV� RQ� WKH�SDUDPHWHU� OHYHO��7KLV� HQVXUHV�FRUUHFW� WLPLQJ�
DQG�FRKHUHQFH�EHWZHHQ�DXGLWRU\�DQG�YLVXDO�UHSUHVHQWDWLRQV�RI�WKH�V\QWKHWLF�VSHHFK�VLJQDO��

��� &RQWUROOLQJ�DUWLFXODWLRQ�
'XULQJ�YLVXDO� VSHHFK�V\QWKHVLV�� WKH�DUWLFXODWRU\�PRYHPHQWV�DUH�FRQWUROOHG�E\�WKH�UXOH�V\Q�
WKHVLV�V\VWHP��58/6<6���)LUVW��RUWKRJUDSKLF�WH[W�LV�WUDQVIRUPHG�WR�D�SKRQHWLF�VWULQJ��7R�WKLV�
SRLQW��WKH�SURFHVV�LV�WKH�VDPH�IRU�ERWK�WKH�DXGLWRU\�DQG�WKH�YLVXDO�PRGDOLW\��
� 7KH� WUDQVIRUPDWLRQ� IURP�SKRQHWLF� UHSUHVHQWDWLRQ� LQWR� FRQWURO� SDUDPHWHUV� IRU� WKH� IDFH�
PRGHO�LV�EDVHG�RQ�YLVHPHV��)URP����6ZHGLVK�SKRQHPHV�����YLVHPHV�ZHUH�FUHDWHG�E\�JURXS�
LQJ�YLVXDOO\�HTXLYDOHQW�RU�VLPLODU�SKRQHPHV��7KHVH�YLVHPHV�ZHUH�WKHQ�WUDQVODWHG�WR�SDUDPH�
WHU�VHWWLQJV�LQ�WKH�IDFH�PRGHO��E\�LQWHUDFWLYH�DGMXVWPHQW�RI�WKH�SDUDPHWHUV�LQ�7DEOH����
� )RU�HDFK�YLVHPH��HDFK�RI�WKH�SDUDPHWHUV�ZHUH�HLWKHU�DVVLJQHG�D�YDOXH��RU�ZHUH�OHIW�XQGH�
ILQHG��,I�D�SDUDPHWHU�LV�OHIW�XQGHILQHG��LW�VLPSO\�PHDQV�WKDW�WKH�YLVHPH�LV�LQGHSHQGHQW�RI�WKDW�
SDUWLFXODU�SDUDPHWHU���)RU�H[DPSOH���U��FDQ�EH�HLWKHU�URXQGHG�RU�XQURXQGHG��GHSHQGLQJ�RQ�
WKH�FRQWH[W��WKXV�WKH�OLS�URXQGLQJ�SDUDPHWHU�LV�OHIW�XQGHILQHG�IRU�WKLV�YLVHPH���7KLV�LV�D�VLP�
SOH�ZD\�RI�DFFRXQWLQJ�IRU�FRDUWLFXODWLRQ�HIIHFWV��
� :KHQ�HDFK�VHJPHQW�LQ�WKH�SKRQHWLF�VWULQJ�KDV�EHHQ�DVVLJQHG�SDUDPHWHU�YDOXHV��WKH�XQGH�
ILQHG� SDUDPHWHUV� DUH� JLYHQ� YDOXHV� E\� OLQHDU� LQWHUSRODWLRQ� EHWZHHQ� WKH� QHDUHVW� VHJPHQWV�
ZKHUH�WKH�SDUDPHWHU�LV�GHILQHG��,Q�WKLV�ZD\��ERWK�IRUZDUG�DQG�EDFNZDUG�FRDUWLFXODWLRQ�DUH�
PRGHOHG��
� ,Q�58/6<6�WKH�RXWSXW�SDUDPHWHUV�FDQ�EH�ILOWHUHG�XVLQJ�GLIIHUHQW�WLPH�YDULDEOH�ILOWHUV��LQ�
RUGHU�WR�JHW�WKH�ULJKW�G\QDPLF�SURSHUWLHV��7KH�IDFH�V\QWKHVLV�SDUDPHWHUV�DUH�DVVLJQHG�GLIIHU�
HQW�WLPH�FRQVWDQWV�GHSHQGLQJ�RQ�H�J��WKH�PDVV�RI�WKH�FRUUHVSRQGLQJ�VSHHFK�RUJDQ��

��� 9LVXDO�SURVRG\�
7KH�YLVLEOH�DUWLFXODWRU\�PRYHPHQWV�DUH�PDLQO\�WKRVH�RI�WKH�OLSV��MDZ�DQG�WRQJXH��+RZHYHU��
WKHVH�DUH�QRW�WKH�RQO\�YLVXDO�LQIRUPDWLRQ�FDUULHUV�LQ�WKH�IDFH�GXULQJ�VSHHFK��0XFK�LQIRUPD�
WLRQ�UHODWHG�WR�SKUDVLQJ��VWUHVV�� LQWRQDWLRQ�DQG�HPRWLRQ�DUH�H[SUHVVHG�E\�IRU�H[DPSOH�QRG�
GLQJ�RI�WKH�KHDG��UDLVLQJ�DQG�VKDSLQJ�RI�WKH�H\HEURZV��H\H�PRYHPHQWV�DQG�EOLQNV��
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� 7KLV�NLQG�RI�IDFLDO�DFWLRQV�VKRXOG�DOVR�EH�WDNHQ�LQWR�DFFRXQW�LQ�D�YLVXDO�VSHHFK�V\QWKHVLV�
V\VWHP��QRW�RQO\�EHFDXVH�WKH\�PD\�WUDQVPLW� LPSRUWDQW�QRQYHUEDO�LQIRUPDWLRQ��EXW�DOVR�EH�
FDXVH�WKH\�PDNH�WKH�IDFH�ORRN�DOLYH��
� 7KHVH� PRYHPHQWV� DUH� PRUH� GLIILFXOW� WR� PRGHO� LQ� D� JHQHUDO� ZD\� WKDQ� WKH� DUWLFXODWRU\�
PRYHPHQWV�� VLQFH� WKH\� DUH� RSWLRQDO�� DQG� KLJKO\� GHSHQGHQW� RQ� WKH� VSHDNHUV� SHUVRQDOLW\��
PRRG��SXUSRVH�RI�WKH�XWWHUDQFH�HWF���
� 1HYHUWKHOHVV�� D� IHZ�JHQHUDO� UXOHV� DSSO\� WR�PRVW�VSHDNHUV��)RU�H[DPSOH�� LW·V�TXLWH�FRP�
PRQ�WR�UDLVH�WKH�H\HEURZV�DW�WKH�HQG�RI�D�TXHVWLRQ�DQG�WR�UDLVH�WKH�H\HEURZV�DW�D�VWUHVVHG�
V\OODEOH��7KHUH�KDYH�EHHQ�DWWHPSWV�WR�DSSO\�VXFK�UXOHV�WR�IDFLDO�DQLPDWLRQ�V\VWHPV�>�@��$�IHZ�
VXFK�YLVXDO�SURVRG\�UXOHV�KDYH�EHHQ�LPSOHPHQWHG�LQ�RXU�YLVXDO�VSHHFK�V\QWKHVLV�V\VWHP��
+RZHYHU�� WR�PDNH� WKH� IDFH� OLYH�� RQH� GRHV� QRW� QHFHVVDULO\� KDYH� WR� V\QWKHVL]H�PHDQLQJIXO�
QRQYHUEDO� IDFLDO� DFWLRQV�� %\� LQWURGXFLQJ� UDQGRP� H\HEOLQNV� DQG� YHU\� IDLQW� H\H� DQG� KHDG�
PRYHPHQWV��WKH�IDFH�ORRNV�PXFK�PRUH�DOLYH��DQG�EHFRPHV�PRUH�SOHDVDQW�WR�ZDWFK��7KLV�LV�
HVSHFLDOO\�LPSRUWDQW�ZKHQ�WKH�IDFH�LV�QRW�WDONLQJ��H�J��GXULQJ�VLOHQW�SHULRGV�LQ�D�GLDORJXH�DS�
SOLFDWLRQ��VHH�VHFWLRQ�������

� $33/,&$7,216�
7KHUH� DUH� VHYHUDO� SRVVLEOH� DSSOLFDWLRQV� RI� DQ� DXGLRYLVXDO� WH[W�WR�VSHHFK� V\VWHP�� $V�PHQ�
WLRQHG�LQ�VHFWLRQ����WKH�JUHDWHVW�EHQHILW�IURP�WKH�YLVXDO�PRGDOLW\�LQ�VSHHFK�SHUFHSWLRQ�FDQ�EH�
H[SHFWHG�GXULQJ�DFRXVWLFDOO\�GHJUDGHG�FRQGLWLRQV�� UHJDUGOHVV�RI�ZKHWKHU� WKH�GHJUDGDWLRQ�LV�
GXH�WR�H[WHUQDO�QRLVH�RU�WR�KHDULQJ�LPSDLUPHQW��
� 7KXV��DXGLRYLVXDO�VSHHFK�V\QWKHVLV�KDV�PDQ\�DSSOLFDWLRQV�WR�KHDULQJ�LPSDLUHG�SHRSOH��,W�
FDQ� IRU�H[DPSOH�EH�XVHG�DV� D� WRRO� IRU� WUDLQLQJ�RI� OLSUHDGLQJ��$�IDFH�ZLWK�VHPL�WUDQVSDUHQW�
VNLQ�>�@�FDQ�EH�XVHG�WR�YLVXDOL]H�WRQJXH�SRVLWLRQV�LQ�VSHHFK�WUDLQLQJ�IRU�GHDI�FKLOGUHQ���
6\QWKHVL]HG�DXGLRYLVXDO�VSHHFK�DOVR�KDV�D�JUHDW�SRWHQWLDO�IRU�LQIRUPDWLRQ�V\VWHPV�LQ�SXEOLF�
DUHDV��VXFK�DV�DLUSRUWV�DQG�WUDLQ�VWDWLRQV�DQG�LQ�PXOWLPRGDO�GLDORJXH�V\VWHPV�LQ�JHQHUDO���

��� 9LVXDO�VSHHFK�V\QWKHVLV�LQ�WKH�³:D[KROP´�GLDORJXH�V\VWHP�
$�V\VWHP�IRU�VSRNHQ�PDQ�PDFKLQH�GLDORJXH�LV�FXUUHQWO\�EHLQJ�GHYHORSHG�DW�WKH�GHSDUWPHQW�
>�@��7KH� V\VWHP�GHDOV�ZLWK� LQIRUPDWLRQ�RQ�ERDW� WUDIILF�� UHVWDXUDQWV� DQG�DFFRPPRGDWLRQ� LQ�
WKH�6WRFNKROP�DUFKLSHODJR��,QSXW�WR�WKH�V\VWHP�LV�VSHHFK�DQG�RXWSXW�LV�LQ�WKH�IRUP�RI�V\Q�
WKHWLF�VSHHFK�DQG�JUDSKLFV��VXFK�DV�FKDUWV��WDEOHV�DQG�PDSV��
� 5HFHQWO\�� WKH� YLVXDO� VSHHFK� V\QWKHVLV�PRGXOH� KDV� EHHQ� LQFRUSRUDWHG� LQWR� WKH� GLDORJXH�
V\VWHP��7KLV� LV�H[SHFWHG� WR�UDLVH� LQWHOOLJLELOLW\�RI� WKH�V\VWHPV�UHVSRQVHV�DQG�TXHVWLRQV��%XW�
WKH�DGGLWLRQ�RI�WKH�IDFH�LQWR�WKH�GLDORJXH�V\VWHP�KDV�PDQ\�RWKHU�H[FLWLQJ�LPSOLFDWLRQV��)DFLDO�
�
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�)LJXUH����6FKHPDWLF�RYHUYLHZ�RI�WKH�DXGLRYLVXDO�WH[W�WR�VSHHFK�V\VWHP��7KH�VKDGHG�SDUWV�FRUUHVSRQG�WR�WKH�RULJLQDO�WH[W�
WR�VSHHFK�V\VWHP��



� 3DSHU��� ��
�
��

QRQYHUEDO�VLJQDOV�FDQ�EH�XVHG�WR�VXSSRUW�WXUQ�WDNLQJ�LQ�WKH�GLDORJXH��DQG�WR�GLUHFW�WKH�XVHUV�
DWWHQWLRQ�LQ�FHUWDLQ�ZD\V���)RU�H[DPSOH�E\�OHWWLQJ�WKH�KHDG�WXUQ�WRZDUGV�WLPH�WDEOHV��FKDUWV�
HWF��WKDW�DSSHDU�RQ�WKH�VFUHHQ�GXULQJ�GLDORJXH��7KLV�IHDWXUH�KDV�UHFHQWO\�EHHQ�LPSOHPHQWHG���
� 7KH�GLDORJXH�V\VWHP�DOVR�SURYLGHV�DQ�LGHDO�IUDPHZRUN�IRU�H[SHULPHQWV�ZLWK�QRQYHUEDO�
FRPPXQLFDWLRQ�DQG�IDFLDO�DFWLRQV�DW�SURVRGLF�OHYHO��DV�GLVFXVVHG�LQ�SDUW������VLQFH�WKH�V\VWHP�
KDV�D�PXFK�EHWWHU�NQRZOHGJH�RI�WKH�VLWXDWLRQ�WKDQ�LV�WKH�FDVH�LQ�SODLQ�WH[W�WR�VSHHFK�V\QWKH�
VLV��

� &21&/86,216�
7KLV�SDSHU�GHVFULEHV�WKH�ILUVW�HIIRUW�RQ�YLVXDO�VSHHFK�V\QWKHVLV�DW�.7+��7KH�SDUDPHWHUL]HG�
IDFH�FDQ�EH�YLHZHG�DV�D�IXOO\�FRPSDWLEOH�H[WHQVLRQ�WR�WKH�H[LVWLQJ�.7+�WH[W�WR�VSHHFK�V\V�
WHP��/LNH� WKH�IRUPDQW�V\QWKHVLV�� LW� LV�D� WHUPLQDO�DQDORJXH� WHFKQLTXH��DQG� LW·V�FRQWUROOHG�E\�
WKH�VDPH�VRIWZDUH�DQG�XVHV�WKH�VDPH�UXOH�QRWDWLRQ�DV�WKH�DFRXVWLF�VSHHFK�V\QWKHVLV��
� 7KH�PDLQ�HIIRUW�VR�IDU�KDV�EHHQ�RQ�WKH�V\VWHP�LWVHOI��L�H��WKH�LQWURGXFWLRQ�RI�D�QHZ�PR�
GDOLW\�LQWR�WKH�WH[W�WR�VSHHFK�V\VWHP��7KH�UHVXOW�LV�D�SODWIRUP�IRU�H[SHULPHQWV�ZLWK�DQG�GH�
YHORSPHQW�RI�DXGLRYLVXDO�V\QWKHWLF�VSHHFK�E\�UXOHV���
� 7KH� VHW�RI� UXOHV��RQ� WKH�RWKHU�KDQG��GRHV�KDYH� WR�EH�GHYHORSHG�IXUWKHU��7KH�JURXSLQJ�
DQG�SDUDPHWHU�GHSHQGHQF\� �RI� WKH�YLVHPHV��DQG�YDOXHV�DQG�G\QDPLF�SURSHUWLHV�RI� WKH�SD�
UDPHWHUV�DUH�DOO�HPSLULFDOO\�GHWHUPLQHG�DQG�EDVHG�RQ�UHODWLYHO\�OLPLWHG�REVHUYDWLRQV��,Q�RU�
GHU�WR�LPSURYH�WKH�UXOHV��PRUH�YLVXDO�DUWLFXODWRU\�GDWD�LV�QHHGHG��6XFK�GDWD�PLJKW�EH�JDWK�
HUHG�XVLQJ�DXWRPDWLF�PHDVXUHPHQWV�RI�D�UHDO�VSHDNHUV�VSHHFK�PRYHPHQWV��

� $&.12:/('*(0(17�
7KLV�ZRUN�KDV�EHHQ�VXSSRUWHG�E\�JUDQWV�IURP�WKH�6ZHGLVK�1DWLRQDO�/DQJXDJH�7HFKQRORJ\�
3URJUDP��

� 5()(5(1&(6�
>�@ %HUWHQVWDP��-���%HVNRZ��-���%ORPEHUJ��0���&DUOVRQ��5���(OHQLXV��.���*UDQVWU|P��%���*XVWDIVRQ��

-��� +XQQLFXWW�� 6��� +|JEHUJ�� -��� /LQGHOO�� 5��� 1HRYLXV�� /��� 1RUG�� /��� GH� 6HUSD�/HLWDR�� $�� DQG�
6WU|P��1����������´7KH�:D[KROP�V\VWHP���D�SURJUHVV�UHSRUWµ��3URF��(6&$�:RUNVKRS�RQ�6SRNHQ�
'LDORJXH�6\VWHPV��9LJV¡��'HQPDUN��

>�@ &DUOVRQ��5���*UDQVWU|P��%���DQG�+XQQLFXWW��6����������´$�PXOWL�ODQJXDJH�WH[W�WR�VSHHFK�PRG�
XOH�µ�3URF��,&$663�3DULV��3DULV��9RO�����SS�������������

>�@ &DUOVRQ��5���*UDQVWU|P��%���.DUOVVRQ��,����������´([SHULPHQWV�ZLWK�YRLFH�PRGHOLQJ�LQ�VSHHFK�
V\QWKHVLVµ��6SHHFK�&RPPXQLFDWLRQ�����SS����������

>�@ &RKHQ�� 0�� 0�� DQG� 0DVVDUR�� '�� :�� �������� ´0RGHOLQJ� FRDUWLFXODWLRQ� LQ� V\QWKHWLF� YLVXDO�
VSHHFKµ��,Q�1��0��7KDOPDQQ�	�'��7KDOPDQQ��(GV���0RGHOV�DQG�7HFKQLTXHV�LQ�&RPSXWHU�$QLPD�
WLRQ��7RN\R��6SULQJHU�9HUODJ��

>�@ /H� *RII�� %��� *XLDUG�0DULJQ\�� 7��� &RKHQ�� 0�0��� %HQRvW�� &�� �������� ´5HDO�WLPH� DQDO\VLV�
V\QWKHVLV�DQG� LQWHOOLJLELOLW\�RI� WDONLQJ�IDFHVµ��3URFHHGLQJV�RI� WKH�VHFRQG�(6&$�,(((�:RUN�
VKRS�RQ�6SHHFK�6\QWKHVLV��1HZ�3DOW]��1HZ�<RUN��86$���

>�@ 0F*XUN��+���0DF'RQDOG��-����������´+HDULQJ�OLSV�DQG�VHHLQJ�YRLFHVµ��1DWXUH�������SS����������
>�@ 3DUNH��)��,����������´3DUDPHWUL]HG�PRGHOV�IRU�IDFLDO�DQLPDWLRQµ��,(((�&RPSXWHU�*UDSKLFV��������

SS��������
>�@ 3HODFKDXG��&����������´&RPPXQLFDWLRQ�DQG�&RDUWLFXODWLRQ�LQ�)DFLDO�$QLPDWLRQµ��3K�'��GLVVHUWD�

WLRQ��8QLYHUVLW\�RI�3HQQV\OYDQLD�


