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�
� ,Q� RUGHU� WR� UHVSRQVH� WR� WKH� LQFUHDVLQJ� GHPDQG� RQ� HOHFWULFDO� HQHUJ\�
UHTXLUHPHQW� RI� KXPDQ� EHLQJV�� LQYHVWLJDWLRQV� IRU� DOWHUQDWLYH� HQHUJ\� UHVRXUFHV� KDYH�
EHFRPH� LQWHQVH�� UHFHQWO\��7KH�ZLQG�LV�RQH�RI� WKH�PRVW� LPSRUWDQW� UHQHZDEOH�HQHUJ\�
VRXUFH��6LQFH�WKH�ZLQG�SRWHQWLDO�YDULHV�IURP�VLWH�WR�VLWH�EHFDXVH�RI�ERWK�WRSRJUDSKLF�
DQG� FOLPDWLF� FRQGLWLRQV�� WKH�ZLQG� GDWD�PHDVXUHPHQWV� JDLQ� JUHDW� LPSRUWDQFH� EHIRUH�
LQVWDOOLQJ�D�ZLQG�WXUELQH�RQ�D�VLWH��

,Q� WKLV� VWXG\�� WR� EH� DEOH� WR� PHDVXUH� PXOWL� SRLQW� ZLQG� VSHHG� DQG� GLUHFWLRQ�
XVLQJ� PLFURFRQWUROOHU�� VWRULQJ� WKH� JDWKHUHG� GDWD� DQG� WR� FRQVWUXFW� WKH� GDWDEDVH�� D�
SRUWDEOH�DQG�ZLUHOHVV�GDWD�ORJJHU�LV�GHYHORSHG��

,Q� WKH�VWXG\��7KUHH�15*�PD[LPXP�����DQHPRPHWHUV�DQG�RQH�15*�����3�
ZLQG� YDQH� ORFDWHG� DW� HDFK� ��� P� RI� D� ��� P� WDOO� PDVW�� 0LFURFRQWUROOHU� EDVHG� GDWD�
ORJJHU�VHQVHV�WKH�ZLQG�VSHHG�GDWD�FRPLQJ�IURP�DQHPRPHWHUV�E\�WKUHH�GLIIHUHQW�]HUR�
FURVVLQJ�GHWHFWRU��DQG�VHQVHV�WKH�ZLQG�GLUHFWLRQ�GDWD�FRPLQJ�IURP�ZLQG�YDQH�XVLQJ�
DQ� DQDORJ�WR�GLJLWDO� FRQYHUWHU�� 7KH� VHQVHG� GDWD� DUH� UHDG� DIWHU� FDOLEUDWLRQ�SURFHVVHV�
DQG�ERWK�DUH�VWRUHG�LQWR�DQ�((3520�DQG�DUH�VHQW�ZLWK�GDWH�WLPH�VWDPSV�WR�FHQWUDO�
XQLW�XVLQJ�DQ�5)�PRGHP�DQG�DUH�GLVSOD\HG�DOVR�RQ�DQ�/&'�ORFDWHG� LQ� IURQW�RI� WKH�
GHYLFH��

:LWK� WKH�KHOS�RI�D� VHFRQG�5)�PRGHP��ZKLFK� LV� LQ� UHFHLYH�PRGH�� LQ�FHQWUDO�
XQLW���DOO�GDWD�DUH�WUDQVIHUUHG�WR�D�3&�YLD�VHULDO�SRUW��)LQDOO\��WKH�ZULWWHQ�VRIWZDUH�LQ�
3&�FUHDWHV�D�ZLQG�GDWDEDVH�XVLQJ�WKH�PHDVXUHG�ZLQG�GDWD�RI�WKH�VLWH��
�
�
.H\�:RUGV��DQHPRPHWHU��ZLQG�YDQH��GDWD�ORJJHU��������ZLQG�HQHUJ\�
�
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�
� øQVDQR÷OXQXQ�� JLWWLNoH� DUWDQ� HOHNWULN� HQHUMLVL� LKWL\DFÕQÕ� NDUúÕODPDN� LoLQ�
DOWHUQDWLI�HQHUML�ND\QDNODUÕQÕ�LQFHOHPHVL�VRQ�]DPDQODUGD�GDKD�GD�\R÷XQODúPÕúWÕU��(Q�
|QHPOL� \HQLOHQHELOLU� HQHUML� ND\QDNODUÕQGDQ� ELULVL� GH� U�]JDUGÕU�� $QFDN� JHUHN�
WRSRJUDILN� YH� JHUHNVH� GH� LNOLP� úDUWODUÕ� GROD\ÕVÕ\OD� U�]JDU� SRWDQVL\HOL� E|OJHGHQ�
E|OJH\H� IDUN� HWPHNWHGLU�� %X� QHGHQOH�� ELU� DODQD� U�]JDU� W�UELQL� NXUXOPDGDQ� |QFH� R�
DODQÕQ�U�]JDU�ELOJLOHULQLQ�|Oo�P�Q�Q�\DSÕOPDVÕ�E�\�N�|QHP�ND]DQPÕúWÕU��

%X� oDOÕúPDGD��PLNURGHQHWOH\LFL� NXOODQDUDN� oRN� QRNWDGDQ� U�]JDU� KÕ]� YH� \|Q�
|Oo�POHULQLQ�\DSÕODELOPHVL�YH�ND\GHGLOLS��YHUL� WDEDQÕ�ROXúWXUXODELOPHVL� LoLQ��SRUWDWLI�
YH�NDEORVX]�ELU�ND\ÕW�FLKD]Õ�JHOLúWLULOPLúWLU���
� dDOÕúPDGD�� ���P� X]XQOX÷XQGDNL� |Oo�P�GLUH÷LQH���¶DU�PHWUH� DUD\OD� �o� DGHW�
15*����� U�]JDU� KÕ]� |Oo�P� FLKD]Õ� YH� ELU�15*�����3� U�]JDU� J�O�� \HUOHúWLULOPLúWLU��
0LNURGHQHWOH\LFL�WDEDQOÕ�ND\ÕW�HGLFL����D\UÕ�VÕIÕU�JHoLú�GHGHNW|U�\OH�U�]JDU�KÕ]�|Oo�P�
FLKD]ODUÕQGDQ� JHOHQ� U�]JDU� KÕ]ÕQÕ�� ELU� DQDORJ�VD\ÕVDO� G|Q�úW�U�F�\OH� GH� U�]JDU�
J�O�QGHQ� JHOHQ� U�]JDU� \|Q�� ELOJLOHULQL� DOJÕODPDNWDGÕU�� $OJÕODQDQ� VLQ\DOOHU�
NDOLEUDV\RQ� LúOHPOHULQGHQ� VRQUD� KHP� ELU� ((3520¶GD� VDNODQPDNWD� KHP� ELU� 5)�
PRGHP� \DUGÕPÕ\OD� WDULK� YH� ]DPDQ� ELOJLOHUL\OH� ELUOLNWH� PHUNH]L� �QLWH\H�
J|QGHULOHELOPHNWH�KHP�GH�FLKD]ÕQ�|Q�SDQHO�J|VWHUJHVLQGH�J|U�OHELOPHNWHGLU��

0HUNH]L� �QLWHGH�� DOÕFÕ� NRQXPXQGDNL� LNLQFL� ELU� 5)�PRGHP� YDVÕWDVÕ\OD� JHOHQ�
W�P�ELOJLOHU�VHUL�YHUL�\ROX�DUDFÕOÕ÷Õ\OD�ELU�NLúLVHO�ELOJLVD\DUD�DNWDUÕOPDNWDGÕU��.LúLVHO�
ELOJLVD\DUGD� \D]ÕOÕ� RODQ� SURJUDP� YDVÕWDVÕ\OD� GD� |Oo�P� \DSÕODQ� E|OJHQLQ� U�]JDU�
GH÷HUOHULQH�LOLúNLQ�YHUL�WDEDQÕ�ROXúWXUXOPDNWDGÕU��
�
$QDKWDU�NHOLPHOHU�� U�]JDU�KÕ]�|Oo�P�FLKD]Õ�� U�]JDU�J�O���ND\ÕW�HGLFL�������� U�]JDU�
HQHUMLVL�
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,� � H[SUHVV� VLQFHUH� DSSUHFLDWLRQ� WR� $VVW�� 3URI�� � 'U�� 9HGDW�0�� .$56/,�� P\�
DGYLVRU��IRU�KLV�JUHDW�VXSSRUW�ZKLOH�FRPSOHWLQJ�WKLV�SURMHFW��+H�DOZD\V�VKRZV�WKH�EHVW�
VROXWLRQ�ZKHQHYHU�,�HQFRXQWHU��D�SUREOHP��

,�DP�JUDWHIXO� WR�3URI��'U��0HOGD�d$53,1/,2ö/8��KHDG�RI� WKH�'HSDUWPHQW�
RI� 0HFKDQLFDO� (QJLQHHULQJ�� *D]LDQWHS� 8QLYHUVLW\�� IRU� KHU� SHUPLVVLRQ� RI� XVLQJ�
H[SHULPHQWDO�HQYLURQPHQW�LQ�)OXLGV�0HFKDQLFV�/DERUDWRU\�WR�FDOLEUDWH�ZLQG�VHQVRUV��

,�DOVR�WKDQN�WR�8QLYHUVLW\�RI�*D]LDQWHS�IRU�SXUFKDVLQJ�WKH�DQHPRPHWHUV��ZLQG�
YDQH�DQG�5)�PRGHPV��

0DQ\� WKDQNV� WR� P\� ZLIH� IRU� KHU� HQFRXUDJHPHQW� DQG� SDWLHQFH� GXULQJ� WKH�
SUHSDUDWLRQ�RI�WKLV�VWXG\��
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)LJXUH������$'&�����7RS�9LHZ������������������������������������������������������������� ���
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)LJXUH������0XOWLSOH[HU�PRGHV�RI�$'&�������������������������������������������������� ���
)LJXUH������3LQ�&RQQHFWLRQV�RI�$'&�WR�0LFURFRQWUROOHU������������������������ ���
)LJXUH������7LPLQJ�GLDJUDP�RI�$'&������������������������������������������������������� ���
)LJXUH������/&'�SLQ�RXWV������������������������������������������������������������������������� ���
)LJXUH������&RQQHFWLRQ�RI�/&'�WR�0LFURFRQWUROOHU�������������������������������� ���
)LJXUH������&RQQHFWLRQ�RI�.H\SDG�WR�0LFURFRQWUROOHU���������������������������� ���
)LJXUH������,QWHUIDFH�FLUFXLW��������������������������������������������������������������������� ���
)LJXUH������VLQH�ZDYH�WR�VTXDUH�ZDYH������������������������������������������������������ ���
)LJXUH�����6XE�URXWLQHV�RI�PLFURFRQWUROOHU�SURJUDP������������������������������� ���
)LJXUH�����702'¶V�LQLWLDO�YDOXH�������������������������������������������������������������� ���
)LJXUH�����)ORZFKDUW�RI�PLFURFRQWUROOHU�SURJUDP����������������������������������� ���
)LJXUH�����7ULJJHULQJ�LQWHUUXSW�,17�������������������������������������������������������� ���
)LJXUH�����'HWDLOHG�GDWD�VFUHHQ�RI�3&�SURJUDP��������������������������������������� ���
)LJXUH�����$QHPRPHWHU�VFUHHQ���������������������������������������������������������������� ���
)LJXUH�����)ORZFKDUW�RI�3&�SURJUDP������������������������������������������������������� ���
)LJXUH�����&RQQHFWLRQ�RI�GHYLFHV�LQ�L�F�SURWRFRO������������������������������������ ���
)LJXUH�����6WDUW�DQG�VWRS�FRQGLWLRQV��������������������������������������������������������� ���
)LJXUH������6'$�DQG�6&/�SXOVHV�IRU�D�W\SLFDO�RSHUDWLRQ������������������������ ���
�
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�
7DEOH���������3�VSHFLILFDWLRQV����������������������������������������������������������������� ���
7DEOH�����%HDXIRUW�ZLQG�VFDOH������������������������������������������������������������������ ���
7DEOH�����$�VLPSOH�GHVFULSWLRQ�RI�ZLQG�VSHHGV��������������������������������������� ���
7DEOH�����0D[LPXP�����VSHFLILFDWLRQV��������������������������������������������������� ���
7DEOH�����0HDVXUHG�YDOXHV�RI�DQHPRPHWHUV¶�FDOLEUDWLRQ�SURFHGXUH�������� ���
7DEOH�����0HDVXUHG�YDOXHV�RI�ZLQG�YDQH¶V�FDOLEUDWLRQ�SURFHGXUH����������� ���
7DEOH�����3LQ�'HVFULSWLRQ�RI�'6���������������������������������������������������������� ���
7DEOH�����/&'�SLQ�GHVFULSWLRQ����������������������������������������������������������������� ���
7DEOH�����.H\SDG�IXQFWLRQV��������������������������������������������������������������������� ���
7DEOH�����5)�PRGHP�FKDQQHOV�DQG�IUHTXHQFLHV��������������������������������������� ���
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�
� (OHFWULFDO� HQHUJ\� SOD\V� DQ� LPSRUWDQW� UROH� LQ� VKRZLQJ� WKH� GHYHORSPHQW� RI� D�
FRXQWU\��7KH�XVDJH�RI� HOHFWULFDO� HQHUJ\� LQFUHDVHV� \HDU� E\�\HDU� EHFDXVH�RI� JURZLQJ�
SRSXODWLRQ��EHLQJ�FOHDQ�DQG�HDVH��RI�XVH���

7KHUH� DUH� YDULRXV� PHWKRGV� WR� SURGXFH� HOHFWULFLW\� HQHUJ\�� $FFRUGLQJ� WR�
2(&'�,($�:RUOG�(QHUJ\�2XWORRN�������DOPRVW�����RI�WRWDO�HOHFWULFLW\�LV�SURGXFHG�
ZLWK�IRVVLO�IXHOV������RI�WRWDO�HQHUJ\�LV�SURGXFHG�ZLWK�QXFOHDU�SRZHU�>�@��$OWKRXJK�
RLO� DQG�JDV�DUH� XVHG� WR�JHQHUDWH� ����RI�HOHFWULFLW\�� LW� LV� XQGHUVWRRG� WKDW� LW� LV� ULVN\�
SURGXFLQJ�HOHFWULFDO�HQHUJ\�GHSHQGLQJ�RQ�SHWUROHXP�SURGXFWV�ZLWK�SHWUROHXP�FULVLV�
LQ� ������ $GGLWLRQDOO\�� GXH� WR� OLPLWHG� IRVVLO� IXHO� UHVRXUFHV�� DQG� WKHLU� QHJDWLYH�
HQYLURQPHQWDO� LPSDFWV� VXFK� DV� DLU� SROOXWLRQ�� DFLG� UDLQ�� JUHHQKRXVH� HIIHFWV�� DQG�
WKUHDWHQLQJ�KXPDQ�KHDOWK��UHQHZDEOH�HQHUJ\�UHVRXUFHV�KDYH�JDLQHG�JUHDW�LPSRUWDQFH��
$IWHU�WKH�ZRUOG�HQHUJ\�FULVLV��WKH�:RUOG�0HWHRURORJLFDO�2UJDQL]DWLRQ��:02��VWDUWHG�
WR�HYDOXDWH�WKH�ZLQG�HQHUJ\�SRWHQWLDO��ZLWK�DOO�WKH�GDWD�DYDLODEOH�>�@��

:LQG� HQHUJ\� KDV� EHHQ� XVHG� IRU� FHQWXULHV� E\� KXPDQ� EHLQJV� IRU� WKHLU� VRFLDO�
DFWLYLWLHV�VXFK�DV�VDLOLQJ��JUDLQLQJ��DQG�ZDWHU�SXPSLQJ��7KH�ILUVW�PRGHUQ�ZLQGPLOO�IRU�
SURGXFLQJ�HOHFWULFLW\�ZDV�GHVLJQHG�LQ�'HQPDUN�DW�WKH�HQG�RI�WKH���� � �FHQWXU\��%XW�RLO��
FRDO�DQG�QDWXUDO�JDV�ZHUH�SURPRWHG�DV�FKHDS�VRXUFHV�RI�HQHUJ\�DQG� WKLV�SUHYHQWHG�
WKH�ZLQG�WXUELQH�WHFKQRORJ\�IURP�LPSURYLQJ��

7RZDUGV� WKH� HQG� RI� WKH� ��� � � FHQWXU\�� ZLQG� WXUELQHV� ZHUH� VLJQLILFDQWO\�
LPSURYHG�� 7RGD\�� ZLQG� HQHUJ\� VHHPV� WR� EH� WKH� PRVW� VXLWDEOH� DQG� FRVW� HIIHFWLYH�
SRZHU� VRXUFH� IRU� HOHFWULFLW\� SURGXFWLRQ� FRPSDULQJ� WR� RWKHU� UHQHZDEOH� HQHUJ\�
VRXUFHV��>�@��
� $OWKRXJK��7XUNH\�KDV�D�ODUJH�SRWHQWLDO�IRU�UHQHZDEOH�HQHUJ\�VRXUFHV��DQG�WKH�
SRWHQWLDO�WR�IXOILOO�LWV�WRWDO�HQHUJ\�QHHGV�IURP�ZLQG�HQHUJ\��LW�LV�DQ�HQHUJ\�LPSRUWLQJ�
FRXQWU\�>�@��7KHUH�DUH�DSSUHFLDEOH�QXPEHU�RI�ZLQG\�GD\V� LQ�PDQ\�SDUWV�RI�7XUNH\��
EXW�WKH�SRVVLELOLW\�RI�ZLQG�HQHUJ\�JHQHUDWLRQ�DVVHVVPHQW�KDV�QRW�EHHQ�FRPSOHWHG�\HW��

%HIRUH�LQVWDOOLQJ�ZLQG�WXUELQHV��D�IHDVLELOLW\�VWXG\�VKRXOG�EH�FDUULHG�RXW��WR�
GHFLGH�WKH�H[DFW�VLWH�DQG�DYRLG�ZDVWH�RI�PRQH\�>�@�
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� 7KH�SURSRVHG�V\VWHP� LQ� WKLV� VWXG\�FDQ�EH�XVHG� WR�HYDOXDWH� WKH�ZLQG�HQHUJ\�
SRWHQWLDO�RI�DQ�DUHD��$QG�WKLV�KHOSV�XV�WR�JLYH�WKH�H[DFW�GHFLVLRQ�LI�WKH�DUHD�LV�VXLWDEOH�
IRU�ZLQG�WXUELQHV�RU�QRW��
� $GGLWLRQDOO\�� WKH� WRSRJUDSKLF� DQG� FOLPDWLF� FRQGLWLRQV� PXVW� EH� WDNHQ� LQWR�
FRQVLGHUDWLRQ� ZKLOH� GHFLGLQJ� DERXW� HIIHFWLYHQHVV� RI� WKH� ZLQG� VSHHG� PHDVXUHPHQW�
DURXQG� D� VLWH�� $IWHU� VHOHFWLRQ� RI� D� ZLQG\� VLWH�� WKH� ILUVW� VWHS� ZLOO� FRPH� WUXH� IRU�
LQVWDOODWLRQ�WKH�ZLQG�WXUELQH��LI�WKH�ZLQG�GDWD�LV�VDWLVIDFWRU\��2I�FRXUVH��WKHUH�DUH�D�ORW�
RI� SDUDPHWHUV� VXFK� DV� WKH� W\SH� RI� ZLQG� WXUELQH�� WKH� SRZHU� UDQJH�� WKH� FRQYHUVLRQ�
PHWKRG��DQG�UHWXUQ�RI�LQYHVWPHQW��HWF���
� ,Q� WKLV� ZRUN�� SRUWDEOH�� IOH[LEOH�� DQG� PLFURFRQWUROOHU�EDVHG� ZLUHOHVV� GDWD�
ORJJHU� LV� GHVLJQHG� LQ� RUGHU� WR� WDNH�ZLQG�PHDVXUHPHQWV� RI� D� VLWH�� 7KLV� GDWD� ORJJHU�
FROOHFWV� GDWD� IURP�ZLQG� LQVWUXPHQWV� DQG� WUDQVIHUV� WKHP�ZLWK� WLPH� VWDPS� XVLQJ�5)�
PRGHPV�WR�(OHFWULFDO�DQG�(OHFWURQLFV�(QJLQHHULQJ�GHSDUWPHQW��
� 7R�PHDVXUH�ZLQG�VSHHGV���15*�����PD[LPXP�DQHPRPHWHUV�DQG�WR�PHDVXUH�
WKH�ZLQG�GLUHFWLRQ�15*�����3�ZLQG�YDQH�DUH� ORFDWHG�RQ�D����P� WDOO� �PDVW��7KHVH�
VHQVRUV�DUH�OLQNHG�WR�WKH�PLFURFRQWUROOHU�XQLW�YLD�DQ�LQWHUIDFH�FLUFXLW��7KH�ZLQG�GDWD�
LV�PHDVXUHG�DW�GHWHUPLQHG�LQWHUYDOV�DQG�WKHQ�LV�VWRUHG�LQ�QRQ�YRODWLOH�PHPRU\�ZLWK�
WKH�UHDO�WLPH�VWDPSV��
� $�ZULWWHQ�3&�VRIWZDUH�ORJV�DOO�WKH�GDWD�FRPLQJ�IURP�UHFHLYHU�XQLW�DQG�SURFHVV�
WKH� GDWD� LQ� RUGHU� WR� FUHDWH� D� GDWDEDVH� IRU� ZLQG� VSHHG� DQG� GLUHFWLRQ� VWDWLVWLFV�� 7KH�
SURJUDP�FDQ�DOVR�GLVSOD\�DOO�GDWD�DV�JUDSKLF�IRUP��+DYLQJ�XVHU�IULHQGO\�LQWHUIDFH��WKH�
SURJUDP�FDQ�HDVLO\�EH�XVHG��
� ,Q�FKDSWHU����D�JHQHUDO�UHYLHZ�DQG�VKRUW� LQIRUPDWLRQ�DERXW�DQHPRPHWHUV�DUH�
JLYHQ��7KH�KDUGZDUH�RI� WKH�GHVLJQHG�V\VWHP�LV�H[SODLQHG� LQ�GHWDLO� LQ�FKDSWHU���DQG�
WKH�VRIWZDUH�RI�ERWK�3&�DQG�PLFURFRQWUROOHU��DUH�SUHVHQWHG�LQ�FKDSWHU����)LQDOO\��WKH�
REWDLQHG�UHVXOWV�DQG�WKH�ZRUN�DUH�GLVFXVVHG�LQ�FKDSWHU����
�
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����,QWURGXFWLRQ�
&RQYHQWLRQDO�PHWKRGV�RI�JHQHUDWLQJ�HOHFWULFLW\�EXUQ�IXHO�WR�SURYLGH�VWHDP�WR�

GULYH�D�WXUELQH�JHQHUDWRU��7KHVH�WHFKQRORJLHV�PD\�XVH�IRVVLO�IXHOV���FRDO��RLO�RU�JDV�±�
RU�QXFOHDU�SRZHU� WR�JHQHUDWH�KHDW��$OO�WKHVH�VRXUFHV�FUHDWH�HQYLURQPHQWDO�SROOXWLRQ�
DQG�FRQWULEXWHV�WR�JOREDO�FOLPDWH�FKDQJH��

:LQG�WXUELQHV�SURGXFH�HOHFWULFLW\�E\�XVLQJ� WKH�QDWXUDO�SRZHU�RI� WKH�ZLQG� WR�
GULYH�D�JHQHUDWRU��7KH�ZLQG�LV�D�FOHDQ�DQG�VXVWDLQDEOH�VRXUFH��LW�GRHV�QRW�FUHDWH�DQ\�
SROOXWLRQ�DQG�LW�ZLOO�QHYHU�UXQ�RXW��

:LQG� HQHUJ\� WHFKQRORJ\� LV� GHYHORSLQJ� IDVWO\��:LQG� WXUELQHV� DUH� EHFRPLQJ�
FKHDSHU�DQG�PRUH�HIILFLHQW��EULQJLQJ� WKH�FRVW�RI�HOHFWULFLW\�GRZQ��:KHUHDV��(XURSH�
ZDV� DW� WKH� KXE� RI� WKLV� LQGXVWU\�� DOO� FRXQWULHV� KDYH� VWDUWHG� WR� ZRUN� RQ� SURGXFLQJ�
HOHFWULFDO�HQHUJ\�IURP�WKH�ZLQG��
� 6RPH� XVHIXO� LQIRUPDWLRQ� DERXW�ZLQG�� ZLQG� SRZHU��ZLQG� WXUELQHV� DQG�ZLQG�
VHQVRUV�DUH�JLYHQ�LQ�WKH�IROORZLQJ�VHFWLRQV��
�

����7KH�:LQG�
� $V� D� FOHDQ�� IUHH�� DQG� LQH[KDXVWLEOH� HQHUJ\�� WKH�ZLQG� LV� FDXVHG� E\� WKH� VXQ��
$SSUR[LPDWHO\����RI�VXQ�HQHUJ\� UHDFKLQJ� WKH�HDUWK��KHDWV� WKH�VXUIDFH�RI� WKH�HDUWK��
7KH� KHDW� FRPLQJ� IURP� WKH� VXQ� LV� DEVRUEHG� E\� WKH� DLU� PROHFXOHV�� :KHQ� WKH�
WHPSHUDWXUH�RI�DLU�PROHFXOHV�UHDFKHV�D�FHUWDLQ�GHJUHH��WKH�DLU�EHJLQV�WR�ULVH��$QG�WKLV�
PRYHPHQW� FUHDWHV� ORZ� SUHVVXUH� DUHD� DW� JURXQG� OHYHO� DQG� KLJK� SUHVVXUH� DUHD� DERYH�
JURXQG�OHYHO��

1DWXUDOO\��DLU� IORZV�IURP�KLJK�SUHVVXUH�DUHDV� WR� ORZ�SUHVVXUH�DUHDV�DQG� WKLV�
IORZ�FUHDWHV�WKH�ZLQG��7KH�VXQ�KHDWV�WKH�HTXDWRU�PRUH��EHFDXVH�RI�EHLQJ�FORVH�WR�LW��
7KH�DLU�PROHFXOHV�RI�HTXDWRU�PRYH�QRUWK�DQG�VRXWK�SROHV�DIWHU�KHDWHG��$V�ZDUP�DLU�
ULVHV��FRROHU�DLU�ILOOV�WKH�VSDFH�OHIW�E\�ULVLQJ�DLU��$V�D�UHVXOW�JOREDO�FLUFXODWLRQ�RFFXUV��
)LQDOO\�� WKH� JOREDO� FLUFXODWLRQ� DQG� YDULHG� DLU� SUHVVXUH� DUH� GLVWULEXWHG� RYHU� D� ZLGH�
JHRJUDSKLFDO�DUHD��
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�%XW��ZLQG� GRHVQ¶W� DOZD\V� IORZ� IURP� WKH� HTXDWRU� LQ� GLUHFWLRQ�RI� SROHV��7KH�
URWDWLRQ� RI� WKH� HDUWK� FUHDWHV� D� IRUFH� FDOOHG� WKH� FRUROLRV� IRUFH��$URXQG� ���� ODWLWXGH��
FRUROLRV� IRUFH� SUHYHQWV� WKH� DLU� IURP�PRYLQJ� IDUWKHU�� EHFDXVH� RI� H[LVWHQFH� RI� KLJK�
SUHVVXUH� LQ� WKRVH� DUHD�� � $QG� FRUROLRV� IRUFH� UHVXOWV� ORZ� SUHVVXUH� DW� HTXDWRU�� KLJK�
SUHVVXUH�DW�SROHV�>�@��
7KH�ZLQG� LV�KLJKO\�YDULDEOH�ERWK�JHRJUDSKLFDOO\�DQG� WHPSRUDOO\��6SDWLDO�YDULDELOLW\�
FDXVHV�PDQ\�GLIIHUHQW�FOLPDWLF�UHJLRQV�LQ�WKH�ZRUOG��

:LQGV�FDQ�EH�FODVVLILHG�E\�HLWKHU� WKH�VFDOH�� WKH�IRUFHV� WKDW�JHQHUDWH� WKHP�RU�
WKH� JHRJUDSKLF� UHJLRQV� ZKHUH� WKH\� H[LVW�� 7KHUH� DUH� PDLQO\� WZR� NLQGV� RI� ZLQGV��
DFFRUGLQJ� WR� WKHLU� VFDOHV�� 7KH� JHRVWURSKLF� ZLQGV� DUH� GULYHQ� E\� WHPSHUDWXUH�
GLIIHUHQFHV�DQG�SUHVVXUH�GLIIHUHQFHV�7KH�JHRVWURSKLF�ZLQG�LV�IRXQG�DW�DOWLWXGHV�DERYH�
�����PHWHUV�DERYH�JURXQG�OHYHO��,WV�VSHHG�FDQ�EH�PHDVXUHG�XVLQJ�ZHDWKHU�EDOORRQV��
/RFDO�ZLQGV�DUH�ODUJHO\�DIIHFWHG�E\�WKH�VXUIDFH�RI�WKH�HDUWK��7KH�IODW�UHJLRQV��XQHYHQ�
UHJLRQV��DQG�YHU\�VPRRWK�UHJLRQV�RI�WKH�HDUWK�DIIHFW�WKH�ZLQG�QHDU�WKH�VXUIDFH�RI�WKH�
HDUWK�WR�YDU\LQJ�GHJUHHV��7KH�ORFDO�ZLQGV�DUH�HVVHQWLDO�IRU�XVLQJ�ZLQG�SRZHU��

�
����7KH�:LQG�3RZHU�

� 7KH� ZLQG� KDV� EHHQ� XVHG� IRU� PDQ\� FHQWXULHV� PDLQO\� IRU� JULQGLQJ� JUDLQ�� RU�
SXPSLQJ�ZDWHU��ZKLOH�LQ�VDLOLQJ�VKLSV�WKH�ZLQG�KDV�EHHQ�DQ�HVVHQWLDO�SRZHU��
$OWKRXJK�WKH�XVH�RI�ZLQG�WXUELQHV�WR�JHQHUDWH�HOHFWULFLW\�LV�LQ�ODWH���WK�FHQWXU\��WKH�
GHYHORSPHQW�RI�ZLQG�HQHUJ\�GHOD\HG�EHFDXVH�RI�FKHDS�SHWUROHXP�SURGXFWV�>�@�
%HFDXVH� RI� GHFUHDVLQJ� IRVVLO� IXHO� VRXUFHV� DQG� HQYLURQPHQWDO� SUREOHPV� RI� QXFOHDU�
HQHUJ\�� WKH� GHYHORSPHQW� RI� ZLQG� SRZHU� EDVHG� V\VWHPV� KDV� EHHQ� DFFHOHUDWHG�� DQG�
PRGHUQ�ZLQG�WHFKQRORJ\�LV�JURZLQJ�IDVWHU�WKDQ�DQ\�RWKHU�HQHUJ\�WHFKQRORJ\��
� :LQG�WXUELQHV�FDSWXUH�WKH�NLQHWLF�HQHUJ\�LQ�VXUIDFH�ZLQGV�DQG�FRQYHUW�LW�LQWR�
HOHFWULFDO� HQHUJ\�� 7KH\� KDYH� EHHQ� GHYHORSHG� ZLWK� D� UDQJH� RI� SRZHU� IURP� D� IHZ�
NLORZDWWV�XS�WR�PHJDZDWWV�FDSDFLW\��3URYLGLQJ�SRZHU�WR�ORFDO�JULG��VXFK�DV�FRDO��DQG�
K\GUR�HOHFWULFDO�JHQHUDWLRQ�IURP�ZLQG�HQHUJ\� LV� FDOOHG� ODUJH�VFDOH�ZLQG�JHQHUDWLRQ��
6PDOO� VFDOH� ZLQG� JHQHUDWLRQ� PHDQV� WKDW� SURYLGLQJ� SRZHU� WR� D� KRPH� RU� EXVLQHVV��
7KHVH�WXUELQHV�DUH�SODFHG�WKH�VDPH�VLWH�ZKHUH�WKH�HOHFWULFLW\�ZLOO�EH�XVHG��

(OHFWULFDO� SRZHU� LQ� WKH� ZLQG� LV� D� FXELF� IXQFWLRQ� RI� VSHHG�� ,I� ZLQG� VSHHG�
GRXEOHG��LW�LQFUHDVHV�HLJKWIROG�WKH�SRZHU��

��
�3 $9U �� � � � ������
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ZKHUH� �LV�DLU�GHQVLW\��$�LV�WKH�DUHD�LQWHUFHSWLQJ�WKH�ZLQG��DQG�9�LV�WKH�ZLQG�YHORFLW\�
RU�VSHHG��$LU�GHQVLW\�YDULHV�ZLWK�WHPSHUDWXUH��ZDUP�DLU�GHQVLW\�LV�OHVV�WKDQ�FROG�DLU�
>�@��

:LQG� VSHHG� YDULHV� ZLWK� KHLJKW� DERYH� WKH� JURXQG� OHYHO�� 7RSRJUDSK\� KDV� D�
PDMRU� HIIHFW� RQ� WKH�ZLQG��0RXQWDLQV�� EXLOGLQJV�� WUHHV� UHGXFH� WKH�ZLQG� VSHHG�� 7KH�
HIIHFW�RI�WKHVH�REVWDFOHV�GHFUHDVHV�ZLWK�LQFUHDVLQJ�KHLJKW��

7HPSRUDO�YDULDELOLW\�RI�D�ORFDWLRQ�PHDQV�WKDW�WKH�DPRXQW�RI�ZLQG�YDULHV�IURP�
RQH�\HDU�WR�WKH�QH[W��7KLV�YDULDWLRQ�PDNHV�GLIILFXOW�WR�SUHGLFW�WKH�HFRQRPLF�YLDELOLW\�
IRU�D�ZLQG�IDUP�SURMHFW��7KH�HFRQRPLF�YLDELOLW\�GRHV�QRW�RQO\�GHSHQG�RQ�WKH�VSHHG�
EXW�DOVR�GHSHQGV�RQ�FRVW�DQG�SHUIRUPDQFH�RI� LQVWDOODWLRQ�DQG�HQHUJ\�SULFHV��%HIRUH�
WKH�LQVWDOODWLRQ�RI�D�ZLQG�WXUELQH��LW�LV�LPSRUWDQW�WR�WDNH�ZLQG�GDWD�IRU�DW�OHDVW�D�\HDU�
DW�WKH�VLWH��HYHQ�ORQJHU�LI�SRVVLEOH��

7KHUH�DUH�WZR�W\SHV�RI�ZLQG�GDWD��WKH�GDWD�WDNHQ�IRU�D�SDUWLFXODU�VLWH�DQG�WKH�
GDWD� WDNHQ� IRU� D� UHJLRQ�� )RU� DQ� DFFXUDWH� SUHGLFWLRQ� RI� D� UHJLRQ�� WKH� UHJLRQDO� GDWD�
VKRXOG�EH�WDNHQ�LQVWHDG�RI�D�SDUWLFXODU�VLWH�>�@��

�
����:LQG�7XUELQHV�

� 7KH�ZLQG�WXUELQHV�FRQYHUW�PHFKDQLFDO�HQHUJ\�LQ�ZLQG�LQWR�HOHFWULFDO�HQHUJ\��
$�W\SLFDO�ZLQG�WXUELQH�ZLWK�LWV�SDUWV�LV�VKRZQ�LQ�ILJXUH������>��@��

+HUH�LV�D�EULHI�GHVFULSWLRQ�RI�ZLQG�WXUELQH¶V�SDUWV�>��@��
$QHPRPHWHU��0HDVXUHV�ZLQG�VSHHG�DQG�WUDQVPLWV�WKH�GDWD�WR�WKH�FRQWUROOHU��
%ODGHV��:LQG�EORZLQJ�RYHU�WKH�EODGHV�OLIWV�DQG�URWDWHV�WKH�EODGHV��
%UDNH��%UDNH�VWRSV�WKH�URWRU�LQ�HPHUJHQFLHV��,W�FDQ�EH�DSSOLHG�PHFKDQLFDOO\��

HOHFWULFDOO\�RU�K\GUDXOLFDOO\��
&RQWUROOHU��WKH�FRQWUROOHU�VWDUWV�XS�DQG�VKXWV�RII��WKH�V\VWHP�DW�SUHVHW�YDOXH��
*HDU�ER[��*HDUV�FRQQHFW�WKH�ORZ�VSHHG�VKDIW�WR�WKH�KLJK�VSHHG�VKDIW��
*HQHUDWRU�� 7KH� JHQHUDWRU� FRQYHUWV� WKH� WXUQLQJ� PRWLRQ� RI� WKH� EODGHV� LQWR�

HOHFWULFLW\��$�FRLO�RI�ZLUH�LV�URWDWHG�LQ�D�PDJQHWLF�ILHOG�WR�SURGXFH�$&�HOHFWULFLW\��
+LJK�VSHHG�VKDIW��'ULYHV�WKH�JHQHUDWRU��
/RZ� VSHHG� VKDIW�� 7KH� URWRU� WXUQV� VKDIW� DW� DERXW� ��� WR� ��� UHYROXWLRQV� SHU�

PLQXWH��
1DFHOOH��7KH� URWRU�DWWDFKHV� WR� WKH�QDFHOOH��6KDIWV�� JHQHUDWRU�� EUDNH�� JHDUER[�

DQG�FRQWUROOHU�DUH�ORFDWHG�LQ�QDFHOOH��
�
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�
)LJXUH�����7KH�SDUWV�RI�D�W\SLFDO�ZLQG�WXUELQH�

5RWRU��7KH�EODGHV�DQG�WKH�KXE�DUH�WRJHWKHU�FDOOHG�URWRU��5RWRU�FROOHFWV�HQHUJ\�
IURP�ZLQG��

<DZ�GULYH��7KH�\DZ�GULYH�NHHSV�WKH�URWRU�IDFLQJ�LQWR�WKH�ZLQG��
<DZ�PRWRU��3RZHUV�WKH�\DZ�GULYH��

� 7KHUH�DUH�DOVR�VRPH�RSHUDWLRQ�FKDUDFWHULVWLFV�RI�ZLQG�WXUELQHV��
&XW�LQ�VSHHG��7KH�PLQLPXP�VSHHG�DW�ZKLFK�WKH�EODGHV�ZLOO�WXUQ�LV�FDOOHG�FXW�

LQ�VSHHG��
5DWHG�VSHHG��7KH�UDWHG�VSHHG�LV�WKH�PLQLPXP�VSHHG�DW�ZKLFK�WKH�ZLQG�WXUELQH�

ZLOO�JHQHUDWH�HOHFWULFLW\�LWV�GHVLJQHG�UDWHG�SRZHU��
&XW�RXW� VSHHG��7KH�ZLQG� VSHHG� DW�ZKLFK�ZLQG� WXUELQHV� VKXW� GRZQ� LV� FDOOHG�

FXW�RXW�VSHHG��7R�DYRLG�GDPDJH��WKH�ZLQG�WXUELQHV�VKXW�GRZQ�DW�KLJK�VSHHGV��
%HW]� OLPLW�� ,W� LV� WKH� IORZ�RI�DLU� RYHU� EODGHV�DQG� WKURXJK� WKH� URWRU� DUHD�� WKDW�

PDNHV� D� ZLQG� WXUELQH� IXQFWLRQ�� 7KHRUHWLFDOO\�� D� URWRU� FDQ� FROOHFW� ���� RI� WKH�
PD[LPXP�DPRXQW�RI�ZLQG�HQHUJ\��7KLV�YDOXH�LV�NQRZQ�DV�%HW]�OLPLW��
� :LQG� WXUELQHV� DUH� FODVVLILHG� LQWR� WZR� JHQHUDO� W\SHV�� KRUL]RQWDO� D[LV� DQG�
YHUWLFDO�D[LV��$�KRUL]RQWDO�D[LV�PDFKLQH�KDV�LWV�EODGHV�URWDWLQJ�RQ�DQ�D[LV�SDUDOOHO�WR�
WKH�JURXQG��$�YHUWLFDO�D[LV�PDFKLQH�KDV�LWV�EODGH�URWDWLQJ�RQ�DQ�D[LV�SHUSHQGLFXODU�WR�
WKH�JURXQG��:LQG�WXUELQHV�FDQ�DOVR�EH�VHSDUDWHG�E\�WKH�ORFDWLRQ�LQ�ZKLFK�WKH\�DUH�WR�
EH�XVHG��RQVKRUH�DQG�RIIVKRUH�ZLQG�WXUELQHV��
�
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������+RUL]RQWDO�D[LV�ZLQG�WXUELQHV�
� 7KLV�LV�WKH�PRVW�FRPPRQ�ZLQG�WXUELQH�GHVLJQ�EHFDXVH�RI�EHLQJ�SDUDOOHO�WR�WKH�
JURXQG�� WKH� D[LV� RI� EODGHV� URWDWLRQ� LV� SDUDOOHO� WR� WKH� DLU� IORZ�� 6RPH�PDFKLQHV� DUH�
GHVLJQHG�WR�RSHUDWH�LQ�DQ�XSZLQG�PRGH�ZKHUHDV�RWKHUV�RSHUDWH�LQ�GRZQZLQG�PRGH��
,Q� XSZLQG� PRGH�� WXUELQH� EODGHV� DUH� PDGH� VWLII� WR� SUHYHQW� WKH� EODGHV� IURP� EHLQJ�
SXVKHG� LQWR� WKH� WRZHU� E\� KLJK� ZLQG� VSHHGV�� 'RZQZLQG� PDFKLQHV� GRQ¶W� QHHG� DQ�
DGGLWLRQDO�PHFKDQLVP�IRU�NHHSLQJ�WKHP�LQ�WKH�OLQH�ZLWK�KLJK�VSHHGV��7KH�EODGHV�FDQ�
EH� DOORZHG� WR� EHQG� ZKLFK� UHGXFHV� WKH� VZHSW� DUHD�� %HFDXVH� RI� KDYLQJ� WXUEXOHQFH�
SUREOHP� RI� GRZQZLQG� WXUELQHV�� PRVW� KRUL]RQWDO� WXUELQHV� DUH� XSZLQG� PDFKLQHV��
)LJXUH�����VKRZV�D�KRUL]RQWDO�ZLQG�WXUELQH>��@��

�
� �

)LJXUH�����+RUL]RQWDO�D[LV�ZLQG�WXUELQH�>��@��
�
�
�
�
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������9HUWLFDO�D[LV�ZLQG�WXUELQHV�
� 9HUWLFDO�D[LV� WXUELQHV�KDYH�WKH�PDLQ�URWRU�VKDIW�YHUWLFDOO\��$OWKRXJK�YHUWLFDO�
D[LV�ZLQG�WXUELQHV�KDYH�H[LVWHG�IRU�FHQWXULHV��WKH\�DUH�QRW�DV�FRPPRQ�DV�KRUL]RQWDO�
D[LV� WXUELQHV�� 7KHVH� WXUELQHV� GRQ¶W� WDNH� DGYDQWDJH� RI� WKH� KLJKHU� VSHHGV� DW� KLJKHU�
HOHYDWLRQV�DERYH�WKH�JURXQG��$GGLWLRQDOO\��WKH�SXOVDWLQJ�WRUTXH�SURGXFHG�GXULQJ�HDFK�
UHYROXWLRQ�DQG�WKH�GLIILFXOW\�RI�PRXQWLQJ�YHUWLFDO�D[LV�RQ�WRZHU�DUH�WKH�GLVDGYDQWDJHV�
RI�YHUWLFDO�D[LV�ZLQG�WXUELQHV��$�YHUWLFDO�ZLQG�WXUELQH�FDQ�EH�VHHQ�LQ�ILJXUH�����>��@��
�

�
)LJXUH�����9HUWLFDO�D[LV�ZLQG�WXUELQH�>��@��

�
%XW�WKH�DGYDQWDJHV�RI�WKLV�GHVLJQ�DUH�WKDW�WKH�JHQHUDWRU��JHDUER[�FDQ�EH�SODFHG�DW�WKH�
ERWWRP�� QHDU� WKH� JURXQG�� DQG� WKH� WRZHU� GRHVQ¶W� QHHG� WR� VXSSRUW�� DQG� ILQDOO\� WKH�
WXUELQH� GRHVQ¶W� QHHG� WR� IROORZ� WKH�ZLQG�� 7KH� RQO\� YHUWLFDO� D[LV� WXUELQH�ZKLFK� KDV�
HYHU�EHHQ�PDQXIDFWXUHG�FRPPHUFLDOO\�DW�DQ\�YROXPH�LV�WKH�'DUULHXV�PDFKLQH��QDPHG�
DIWHU�WKH�)UHQFK�HQJLQHHU�*HRUJHV�'DUULHXV�ZKR�SDWHQWHG�WKH�GHVLJQ�LQ�������

�
�
�
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����7KH�:LQG�'LUHFWLRQ�
� %HIRUH�DQVZHULQJ�WKH�TXHVWLRQ�LI�WKH�VLWH�ZKHUH�ZLQG�WULEXQH�ZLOO�EH�LQVWDOOHG�
LV� VXLWDEOH� RU�QRW�� D�ZLQG�PHDVXUHPHQW� VKRXOG�EH� WDNHQ��:LQG�VSHHG�DQG�GLUHFWLRQ�
GDWD�DUH�FROOHFWHG�DW�FHUWDLQ�LQWHUYDOV�XVLQJ�DQHPRPHWHUV�DQG�ZLQG�YDQH��'HVSLWH�WKH�
PHDVXULQJ�ZLQG�GLUHFWLRQ�LV�RSWLRQDO��LW�LV�UHTXLUHG�HVSHFLDOO\�IRU�WKH�VLWHV�ZKLFK�DUH�
LQIOXHQFHG�E\�REVWUXFWLRQV�RU� LUUHJXODU� WHUUDLQ��%HFDXVH�� WKH�REVWDFOHV�VXFK�DV� WUHHV��
EXLOGLQJV�HWF��DUH�WXUEXOHQFH�FUHDWLQJ�HIIHFWV�DQG�PDNH�WKH�ZLQG�GLUHFWLRQ�YDU\��7KH�
GLUHFWLRQ�RI�ZLQG�HIIHFWV�WKH�RSWLPXP�RSHUDWLRQ�RI�WKH�ZLQG�WXUELQH��

:LQG� GLUHFWLRQ� LV� VKRZHG� E\� WKH� ZLQG� YDQHV�� 7KHVH� LQVWUXPHQW� JHQHUDOO\�
FRQVLVW� RI� D� ZHLJKW� SRLQWHU� FRQQHFWHG� WR� D� VPDOO� SODWH�� 7KH� SRLQWHU� DQG� SODWH� DUH�
DWWDFKHG�WR�D�URWDWLQJ�YHUWLFDO�VKDIW��7KH�DLU�IORZ�FDXVHV�WKH�LQVWUXPHQW�WR�URWDWH��DQG�
LW� SRLQWV� WKH� VRXUFH� RI� ZLQG�� 7KH� ZHLJKWHG� SRLQWHU� UHGXFHV� WKH� HIIHFWV� RI� VPDOO�
YDULDWLRQV�RI�DLU�IORZ��*HQHUDOO\��D�SRWHQWLRPHWHU� LV�DWWDFKHG�WR� WKH�URWDU\�VKDIW�DQG�
WKH�UHVLVWDQFH�LV�YDULHG�ZLWK�URWDWLQJ�RI�VKDIW��

$�W\SLFDO�ZLQG�YDQH�LV�VKRZQ�LQ�ILJXUH�����
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	 �
� ��� �
�
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	 � ������	 �
�������� � ��� � ���� � ��� ��� �
�

)LJXUH�����:LQG�9DQH�
� ,Q� RUGHU� WR� UHDG� DFFXUDWH� GDWD�� ZLQG� YDQH� PXVW� EH� ORFDWHG� ZHOO� DERYH� WKH�
JURXQG�DQG�DZD\�IURP�WKH�REVWUXFWLRQV��15*�����3�ZLQG�GLUHFWLRQ�YDQH��ZKLFK�LV�
VKRZQ� LQ� ILJXUH� ����� � LV� XVHG� WR� PHDVXUH� WKH� GLUHFWLRQ� LQ� WKLV� VWXG\�� ����3� KDV� D�
FRQWLQXRXV�URWDU\����N �SRWHQWLRPHWHU�WKDW�LW�JHQHUDWHV�DQDORJ�VLJQDO�RXWSXW��:KHQ�
VKDIW�WXUQV�WKH�ZLSHU�PRYHV�IURP�WRS�WR�ERWWRP�RI�WKH�UHVLVWDQFH�YDULHV�IURP�³�´�WR�
³5´�� WKH� UHVLVWDQFH� RI� SRWHQWLRPHWHU�� DQG� WKH� VLJQDO� YDULHV� IURP� ³�´� WR� ³9´��
SURSRUWLRQDO�YROWDJH��GLUHFWLRQ��

7KH� VHQVRU� UDQJH� LV� ����� DQG� URWDWHV� FRQWLQXDOO\�� 2WKHU� IHDWXUHV� RI� ����3�
ZLQG�YDQH�DUH�DV�LQ�7DEOH�����>��@��
�
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)LJXUH�����15*�����3�:LQG�YDQH�

�
7DEOH���������3�VSHFLILFDWLRQV�

$SSOLFDWLRQV� �� ZLQG�UHVRXUFH�DVVHVVPHQW�
�� PHWHRURORJLFDO�VWXGLHV�
�� HQYLURQPHQWDO�PRQLWRULQJ�

6LJQDO�W\SH� $QDORJ�'&�YROWDJH�
$FFXUDF\� 3RWHQWLRPHWHU�OLQHDULW\�ZLWKLQ����
'HDG�EDQG� ���PD[LPXP�����W\SLFDO�
7KUHVKROG� ��P�V�
2XWSXW�VLJQDO�UDQJH� ��9�WR�H[FLWDWLRQ�YROWDJH�
/LIHVSDQ� ���PLOOLRQ�UHYROXWLRQV����WR���\HDUV�RSHUDWLRQ��
6KDIW��%HDULQJ� 6WDLQOHVV�VWHHO�

�
�

����7KH�:LQG�6SHHG�
� 7KH� VHFRQG� DQG� PRUH� LPSRUWDQW� PHDVXUHPHQW� RI� ZLQG� LV� ZLQG� VSHHG�
PHDVXUHPHQW��:LQG�VSHHG�LV�WKH�UDWH�RI�DLU�IORZ�DW�D�FHUWDLQ�SRLQW�DERYH�WKH�JURXQG��
,Q� HDUO\� SDUW� RI� QLQHWHHQWK� FHQWXU\� $GPLUDO� %HDXIRUW� GHYHORSHG� WKH� ZLQG� YHORFLW\�
VFDOH� WKDW�EHDUV�KLV�QDPH��7KLV� VFDOH� LV�QHYHU� XVHG� WR� SURYLGH�DFFXUDWH�ZLQG� VSHHG�
PHDVXUHPHQW�� ,W� LV� XVHG� RQO\� WR� HVWLPDWH� XSRQ� WKH� LPSDFW� RI� WKH� ZLQG� RQ� WKH�
HQYLURQPHQW��WKH�EHDXIRUW�ZLQG�VFDOH�LV�VKRZQ�LQ�WDEOH�����>��@��
�
�
�
�
�
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7DEOH�����%HDXIRUW�ZLQG�VFDOH�
:LQG�IRUFH� $YHUDJH�ZLQG�VSHHG�
��

%HDXIRUW� 1DPH� P�V� NP�K� NQRWV� PLOHV�K�
�� &DOP� ������ ���� ���� ���
�� /LJKW�DLU� �������� ���� ���� ����
�� /LJKW�EUHH]H� �������� ����� ���� ����
�� *HQWOH�EUHH]H� �������� ������ ����� �����
�� 0RGHUDWH�EUHH]H� �������� ������ ������ ������
�� )UHVK�EUHH]H� ��������� ������ ������ ������
�� 6WURQJ�EUHH]H� ���������� ������ ������ ������
�� 1HDU�JDOH� ���������� ������ ������ ������
�� *DOH� ���������� ������ ������ ������
�� 6WURQJ�JDOH� ���������� ������ ������ ������
��� 6WRUP� ���������� ������� ������ ������
��� 9LROHQW�VWRUP� ���������� �������� ������ ������
��� +XUULFDQH� ! ������ ! ����� ! ���� ! ���
�
�
���P�V� �����NP�K� �������NQRWV� �������PLOHV�SHU�KRXU�

7R�XQGHUVWDQG�DQG�FODVVLI\�WKH�ZLQG�VSHHG�PHDVXUHPHQW�HDVLO\��WDEOH�����FDQ�
EH�XVHG��

7DEOH�����$�VLPSOH�GHVFULSWLRQ�RI�ZLQG�VSHHGV�
:LQG�VSHHG�LQ�P�V� 'HVFULSWLRQ�
��� 9HU\�VORZ�ZLQG�
����� 6ORZ�ZLQG�
������ &RQVLGHUDEOH�ZLQG�
������ 9HU\�ZLQG\��FDXWLRQ�LV�DGYLVHG�
!��� ([WUHPH�ZLQG��GDQJHURXV�

�
� 7KH� ILUVW� ZLQG� VSHHG� PHDVXULQJ� LQVWUXPHQW� ZDV� LQYHQWHG� E\� /HRQ� %DWWLVWD�
$OEHUWL�LQ�����V��:LQG�VSHHG�LV�PHDVXUHG�E\�DQHPRPHWHUV��7KH�WHUP�LV�GHULYHG�IURP�
*UHHN� ZRUG� µDQHPRV¶� PHDQLQJ� ZLQG�� +RZHYHU�� WKHUH� DUH� PDQ\� W\SHV� RI�
DQHPRPHWHUV�FRPPHUFLDOO\�DYDLODEOH��DQHPRPHWHUV�PDLQO\�DUH�IRXU�GLIIHUHQW�W\SHV��
�
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������&XS�DQHPRPHWHUV�
� &XS� DQHPRPHWHUV� XVXDOO\� DUH� GHVLJQHG�ZLWK� WKUHH� FRQLFDO�RU� VSKHULFDO� FXSV�
PRXQWHG�RQ�DUPV�FRQQHFWHG� WR�D� URWDWLQJ�YHUWLFDO� VKDIW��7KH�DQHPRPHWHU� URWDWHV� LQ�
WKH�ZLQG�DQG�JHQHUDWHV�D�VLJQDO�SURSRUWLRQDO�WR�ZLQG�VSHHG�DV�VKRZQ�LQ�ILJXUH�������

$&
JHQHUDWRU

2XWSXW
9ROWDJH

&XS

�
)LJXUH�����&XS�$QHPRPHWHU�

7KH� VKDIW� LV� RIWHQ� FRXSOHG� WR� DQ� HOHFWULF� JHQHUDWRU� VR� WKH�PDJQLWXGH� RI� WKH�
JHQHUDWRU¶V� RXWSXW� YROWDJH� DQG� IUHTXHQF\� LQFUHDVH� ZLWK� WKH� YHORFLW\� RI� ZLQG�� 7KH�
RXWSXW� YROWDJH� LV� DW�PLOOLYROW� YROWDJH� OHYHO�� ,Q� RUGHU� WR� VWDUW� WR� URWDWH� DW� ORZ�ZLQG�
VSHHGV�� URWDU\� SDUWV� VKRXOG� EH� DV� OLJKW� DV� SRVVLEOH�� 7KUHH� FXSV� DUH� RIWHQ� XVHG� IRU�
WXUEXOHQFH�PHDVXUHPHQW�DQG�IRU�PRUH�URXWLQH�RI�ZLQG�PHDVXUHPHQWV��
�

������+RW�ZLUH�DQHPRPHWHU�
� +RW�ZLUH� DQHPRPHWHUV� DUH� RIWHQ� XVHG� IRU� YHU\� DFFXUDWH� ODERUDWRU\�
PHDVXUHPHQWV�� 7KH\� DUH� GHVLJQHG�ZLWK� DQ� HOHFWULFDOO\� KHDWHG�ZLUH� RQ� WKH� HQG� RI� D�
VHQVRU�SUREH�DQG�DQ�HOHFWURQLF�PRGXOH��
� $LU�PROHFXOHV� SDVV� RYHU� WKH� KHDWHG�ZLUH� DQG� FRRO� WKH�ZLUH��$V� KHDWHG�ZLUH�
FRROV��WKH�FLUFXLW�LQFUHDVH�WKH�FXUUHQW�LQ�RUGHU�WR�KHDW�WKH�ZLUH�XQWLO�UHDFKHV�WKH�SUHVHW�
WHPSHUDWXUH��7KH�PRUH�DLU�YHORFLW\�LQFUHDVH��WKH�PRUH�FXUUHQW�LV�SURYLGHG��
$�W\SLFDO�KRZ�ZLUH�DQHPRPHWHU�LV�VKRZQ�LQ�ILJXUH������
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)LJXUH�����+RW�ZLUH�DQHPRPHWHU�

�
$LU�YHORFLW\�LV�FDOFXODWHG�E\�WKH�GLIIHUHQFH�LQ�WKH�PDJQLWXGH�RI�FRQWURO�VLJQDO��

7KH�KRW�ZLUH�DQHPRPHWHUV�DUH�H[SHQVLYH�LQVWUXPHQWV�DQG�DUH�VXLWDEOH�IRU�ODERUDWRU\�
DSSOLFDWLRQV��
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�
)LJXUH�����&LUFXLW�RI�KRW�ZLUH�DQHPRPHWHU�

7KH� EDVH�HPLWWHU� YROWDJH� VHQVHV� WKH� WHPSHUDWXUH�� DQG� SURYLGHV� SRZHU� IRU�
UHVLVWRU� EULGJH�� :KHQ� RS�DPS� VHQVHV� DQ\� YROWDJH� GLIIHUHQFH� EHWZHHQ� LWV� LQSXWV��
GULYHV�WKH�WUDQVLVWRU�WR�PDNH�WKH�YROWDJH�GLIIHUHQFH�]HUR��VHH�ILJXUH������

,I� DLU� PROHFXOHV� FRRO� WKH� UHVLVWLYH� VHQVRU�� WKH� UHVLVWDQFH� ZLOO� GHFUHDVH�� 7KH�
QRQ�LQYHUWLQJ�LQSXW�RI�RS�DPS�GHFUHDVHV�DQG�WKH�RXWSXW�LQFUHDVHV��,QFUHDVLQJ�YROWDJH�
RI� RS�DPS� RXWSXW� LQFUHDVHV� WKH� HPLWWHU� YROWDJH� DQG� VR� WKH� FXUUHQW� RI� UHVLVWDQFH�
EULGJH��

�
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������3LWRW�DQHPRPHWHUV�
7KH� SLWRW� DQHPRPHWHU� LV� D� VLPSOH� GHYLFH� IRU� DLU� SUHVVXUH� PHDVXUHPHQW�

V\VWHP��,W�FRQVLVWV�RI�D�WXEH�FRQWDLQLQJ�OLTXLG�ZLWK�RQH�HQG�LV�LQ�KRUL]RQWDO�GLUHFWLRQ�
WR� IDFH� WKH�ZLQG��:KHQ� DLU� IORZV� LQWR� WXEH�� LW� FDXVHV� D� G\QDPLF� SUHVVXUH� WR� H[HUW�
SURSRUWLRQDO�WR�WKH�YHORFLW\�RI�DLU��

$�W\SLFDO�SLWRW�DQHPRPHWHU�LV�VKRZQ�LQ�ILJXUH������
�

N)O P

Q�O R S�R�T@U�V
W
X�Y�Z�[�\]O ^%[�O P_ P W�`
`�U�P W a R [�R O ^b[�O P_ P W�`
`�U�P W

cbW�^
d�[�Z�O ^
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)LJXUH�����3LWRW�WXEH�DQHPRPHWHU�

6LQFH� WKH�GLUHFWLRQ�RI�DLU�PROHFXOHV� LV�QRW� DOZD\V�ZLWK� WKH�D[LV�RI� WKH� WXEH��
WKLV� W\SH�RI�DQHPRPHWHUV�DUH�QRW�DV�DFFXUDWH�DV�RWKHUV��3LWRW� WXEH�DQHPRPHWHUV�FDQ�
EH�XVHG�HVSHFLDOO\�LQ�DSSOLFDWLRQ�DW�ZKLFK�DLU�IORZ�LV�IL[HG��

�
������$FRXVWLF�DQHPRPHWHUV�
7KH�DLU�IORZ�DIIHFW�WKH�VSHHG�RI�DFRXVWLF�VRXQG�ZDYH��$FRXVWLF�DQHPRPHWHUV�

FRQVLVW� RI� D� WUDQVPLWWHU� DQG� D� UHFHLYHU� ZLWK� D� SUHFLVH� GLVWDQFH� EHWZHHQ� WKHP�� DV�
VKRZQ� LQ� ILJXUH�������6RXQG� HQHUJ\� LV� HPLWWHG� IURP� WUDQVPLWWHU� DQG� LV� UHFHLYHG�E\�
UHFHLYHU��7KH�SDVVLQJ�WLPH�IRU�WKH�VRXQG�HQHUJ\�WR�UHDFK�WKH�UHFHLYHU�LV�SURSRUWLRQDO�
WR�WKH�YHORFLW\�RI�DLU�IORZLQJ�LQ�WKH�VSDFH�EHWZHHQ�WUDQVPLWWHU�DQG�UHFHLYHU��

�
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)LJXUH������$FRXVWLF�DQHPRPHWHU�
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%HFDXVH�RI�H[LVWHQFH�WKH�VSDFH��WKLV�W\SH�RI�DQHPRPHWHUV�FDQ�EH�HIIHFWHG�E\�
WHPSHUDWXUH� DQG� SUHVVXUH� FKDQJHV�� )RU� WKLV� UHDVRQ�� DFRXVWLF� DQHPRPHWHUV�PXVW� EH�
FDOLEUDWHG�DFFXUDWHO\��

$V�VHHQ�IURP�SUHYLRXV�SDJHV��WKH�FXS�DQHPRPHWHUV�DUH�PRUH�VLPSOH��UHOLDEOH�
WR�RSHUDWH�DQG�KDV�UHODWLYHO\�ORZHU�FRVW��

�

�
)LJXUH������15*�PD[LPXP�����FXS�DQHPRPHWHU�

�
7KH�15*�����PD[LPXP�DQHPRPHWHU��ZKLFK�LV�VKRZQ�LQ�ILJXUH�������LV�XVHG�

WR�PHDVXUH�WKH�ZLQG�VSHHG��15*�����DQHPRPHWHUV�KDYH�UHFRUGHG�ZLQG�VSHHG�RI����
P�V�� EHFDXVH� RI� WKHLU� RXWSXW� OLQHDULW\�� WKHVH� DQHPRPHWHUV� DUH� LGHDO� IRU� XVH� ZLWK�
YDULRXV�GDWD�UHWULHYDO�V\VWHP�>��@��7KH�VSHFLILFDWLRQV�RI�WKLV�DQHPRPHWHU�LV�VKRZQ�LQ�
WDEOH������

�
7DEOH�����0D[LPXP�����VSHFLILFDWLRQV�

6HQVRU�W\SH� ��FXS�DQHPRPHWHU�
$SSOLFDWLRQV� ��ZLQG�UHVRXUFH�DVVHVVPHQW��

���PHWHRURORJLFDO�VWXGLHV��
���HQYLURQPHQWDO�PRQLWRULQJ�

6HQVRU�UDQJH� ��P�V�WR����P�V��KLJKHVW�UHFRUGHG��
6LJQDO�W\SH� ORZ�OHYHO�$&�VLQH�ZDYH��IUHTXHQF\�OLQHDUO\�SURSRUWLRQDO�

WR�ZLQG�VSHHG�
7UDQVIHU�IXQFWLRQ� P�V� ��+]�[���������������
$FFXUDF\� ZLWKLQ�����P�V�IRU�WKH�UDQJH���P�V�WR����P�V��
2XWSXW�VLJQDO�UDQJH� ��+]�WR�����+]��KLJKHVW�UHFRUGHG��
7KUHVKROG� �����P�V��
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7DEOH������FRQW���
'LVWDQFH�FRQVWDQW������
UHFRYHU\�� ����P�
6ZHSW�GLDPHWHU�RI�URWRU� ����PP������LQFKHV��
&XSV� RQH�SLHFH�LQMHFWLRQ�PROGHG�EODFN�SRO\FDUERQDWH�
%RG\� KRXVLQJ�LV�EODFN�$%6�SODVWLF�
6KDIW� EHU\OOLXP�FRSSHU��IXOO\�KDUGHQHG�
%HDULQJ� PRGLILHG�7HIORQ��VHOI�OXEULFDWLQJ�
0DJQHW� ,QGR[�������PP����LQFK��GLDPHWHU�����PP������LQFK��

ORQJ����SROHV�
&RLO� VLQJOH�FRLO��EREELQ�ZRXQG�������WXUQV�RI�����ZLUH�

�
&DOLEUDWLRQ�SURFHVV�RI�WKHVH�DQHPRPHWHUV�ZLOO�EH�PHQWLRQHG�LQ�QH[W�FKDSWHU��
�
����6XPPDU\�
7KH�ZLQG�LV�D�FOHDQ��IUHH�DQG�UHQHZDEOH�HQHUJ\�VRXUFH��:LQG�WXUELQHV�FRQYHUW�

PHFKDQLFDO� HQHUJ\� LQ� ZLQG� LQWR� HOHFWULFDO� HQHUJ\�� 7KHUH� DUH� WZR� W\SHV� RI� ZLQG�
WXUELQHV�� KRUL]RQWDO� D[LV� ZLQG� WXUELQHV� DQG� YHUWLFDO� D[LV� ZLQG� WXUELQHV�� 7KH� ZLQG�
VSHHG� LV� PHDVXUHG� ZLWK� DQHPRPHWHUV� DQG� ZLQG� GLUHFWLRQ� LV� PHDVXUHG� ZLWK� ZLQG�
YDQHV��15*�����PD[LPXP�DQHPRPHWHUV�DQG�����3�ZLQG�YDQH�ZHUH�XVHG�DV�ZLQG�
VHQVRUV�LQ�WKLV�VWXG\��
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&+$37(5���
�

+$5':$5(�2)�6<67(0�
�

����,QWURGXFWLRQ�
�
� 7KH�KDUGZDUH�PD\�EH�H[SODLQHG� LQ� WKUHH�PDLQ� VHFWLRQV��7KH�ILUVW� LV� UHDGLQJ�
ZLQG�VHQVRUV��6LQXVRLGDO�VLJQDOV�FRPLQJ�IURP�DQHPRPHWHUV�DUH�DSSOLHG�WR�LQWHUIDFH�
FLUFXLW�LQ�RUGHU�WR�FRQYHUW�LQWR�VTXDUH�ZDYH�DQG�WKH�YROWDJH�RQ�SRWHQWLRPHWHU�RI�ZLQG�
YDQH� LV� FRQYHUWHG� WR�GLJLWDO� IRUP�E\� DQ�$'&��7KH� VHFRQG� VHFWLRQ� LV� FRQQHFWLRQ�RI�
PLFURFRQWUROOHU� WR� WKH� SHULSKHUDOV� VXFK� DV� 57&�� ((3520�� $QG� WKH� WKLUG� LV� WKH�
FRQQHFWLRQ�RI�5)�PRGHPV�ERWK�WR�PLFURFRQWUROOHU�DQG�WR�WKH�3&��
� ,Q�WKLV�FKDSWHU��WKH�FDOLEUDWLRQ�RI�VHQVRUV��WKH�IHDWXUHV�RI�,&��DQG�GHYLFHV�DQG�
FRQQHFWLRQV�RI�SHULSKHUDOV�WR�WKH�PLFURFRQWUROOHU�LV�H[SODLQHG�LQ�GHWDLOV��
�

����2SHUDWLRQ�RI�7KH�&RPSOHWH�6\VWHP�
�
7KH�RSHUDWLRQDO�EORFN�GLDJUDP�RI�WKH�FRPSOHWH�V\VWHP�LV�VKRZQ�LQ�ILJXUH������

$V� VHHQ� LQ� ILJXUH�� �� DQHPRPHWHUV� DUH� XVHG� WR�PHDVXUH� WKH�ZLQG� VSHHG� DW� GLIIHUHQW�
KHLJKWV� DQG� WKHVH� LQVWUXPHQWV� DUH� FRQQHFWHG� WR� DQ� LQWHUIDFH� FLUFXLW�ZKLFK� LQFOXGHV�
]HUR�FURVVLQJ�GHWHFWRU��0LFURFRQWUROOHU�VHQGV�D�FRQWURO�VLJQDO�WR�WKH�LQWHUIDFH�FLUFXLW�
LQ�RUGHU�WR�VHOHFW�WKH�GHVLUHG�DQHPRPHWHU���

7KH�ZLQG�YDQH��VHQVLQJ�WKH�ZLQG�GLUHFWLRQ��LV�FRQQHFWHG�WR�DQ�DQDORJ�GLJLWDO�
FRQYHUWHU��0LFURFRQWUROOHU�VHQGV�VWDUW�ELW�DQG�FRQWURO�ZRUG�WKURXJK�VHULDO�GDWD�OLQH��LI�
DQ� DQDORJ�GLJLWDO� FRQYHUVLRQ� LV� QHHGHG��$QDORJ� LQSXW� LV� FRQYHUWHG� WR� GLJLWDO� ELQDU\�
FRGH��DQG�LV�VHQW�YLD�GLJLWDO�RXWSXW�SLQ�WR�PLFURFRQWUROOHU�E\�$'&��

���.�((3520�LV�FRQQHFWHG�VHULDOO\�DQG�LW�LV�XVHG�WR�VWRUH�VSHHG��GLUHFWLRQ��
GDWH�DQG�WLPH�GDWD��,I�((3520�UHDFKHV�LWV�PD[LPXP��PLFURFRQWUROOHU�UHDGV�DOO�GDWD�
IURP�((3520�� VHQGV� WR� VHULDO� SRUW� DQG�ZDLWV� IRU� WKH� XVHU� WR� VHOHFW� D� IXQFWLRQ� E\�
XVLQJ�NH\SDG��
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�
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)LJXUH�����7KH�EORFN�GLDJUDP�RI�FRPSOHWH�V\VWHP�
�
57&��'6������LV�VHW�ZLWK�WKH�KHOS�RI��NH\SDG��0LFURFRQWUROOHU�UHDGV�GDWH�DQG�

WLPH�IURP�57&�DIWHU�HYHU\�F\FOH�WR�ODEHO�ZLQG�VSHHG�DQG�GLUHFWLRQ�GDWD�ZLWK�GDWH�DQG�
WLPH��6LQFH�57&�LV�VXSSOLHG�ZLWK�D����9�EDWWHU\��LW�FDQ�WUDFN�WKH�UHDO�WLPH�HYHQ�LI�WKH�
SRZHU�IDLOV��

$��[��NH\SDG� LV�XVHG� WR�HQWHU�GDWD�DQG� WR� VHOHFW� IXQFWLRQ�� D��[���FKDUDFWHU�
/&'�LV�XVHG�WR�GLVSOD\�GDWD�LQ�WKH�V\VWHP��

5)�PRGHP�LV�FRQQHFWHG� WR� WKH�V\VWHP�YLD�VHULDO�SRUW�DQG�ZLWK�DQ�RQ�FLUFXLW�
PLFURFRQWUROOHU�� LW� ORJV� WKH� GDWD� FRPLQJ� IURP������ DQG� VHQGV� WR� WKH� EDVH�ZLUHOHVV�
XQLW��VR�DQ�5)�VHULDO�OLQN�LV�HVWDEOLVKHG��7KH�5)�PRGHP�LQ�EDVH�XQLW�ZULWHV�WKH�GDWD�
FRPLQJ� IURP� UHPRWH� XQLW� WR� VHULDO� EXIIHU�� $� VPDOO� VRIWZDUH� UHDGV� WKHVH� GDWD� � DQG�
VDYHV�LQ�WKH�ILOH�QDPHG�³ZLQG�GDW´�LQ�3&���7KH�PDLQ�SURJUDP��ZULWWHQ�LQ�'HOSKL������
UHDGV�³ZLQG�GDW´�ILOH��SURFHVVHV�WKH�GDWD�DQG�FUHDWHV�D�GDWDEDVH��7KLV�GDWDEDVH�FDQ�EH�
XVHG�IRU�D�ZLQG�PDS�RI�WKH�DUHD�ZKHUH�WKH�UHPRWH�XQLW�LV�SODFHG��

�
����7KH�&DOLEUDWLRQ�RI�$QHPRPHWHUV�

� 7KH�15*�PD[LPXP� ���� DQHPRPHWHUV� ZHUH� FDOLEUDWHG� LQ� IOXLGV�PHFKDQLFV�
ODERUDWRU\�RI�0HFKDQLFDO�(QJLQHHULQJ�RI�*D]LDQWHS�8QLYHUVLW\�� ,Q�RUGHU� WR�XVH�DV�D�
ZLQG�WXQQHO��D�SLSH�KDG�EHHQ�PDGH�ZKLFK�ZDV���PHWHUV�RI�OHQJWK�DQG�DERXW����FP�RI�
GLDPHWHU�� 7KH� SLSH� KDG� WKUHH� SDUWV� DQG� LW� ZDV� PRXQWHG� FDUHIXOO\� WR� SUHYHQW� DQ\�
WXUEXOHQFH�FUHDWLQJ�HOHPHQW��7KH�GHVLJQHG�ZLQG�WXQQHO�LV�VKRZQ�LQ�ILJXUH������
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7KH�DLU�IORZ�ZDV�SURYLGHG�E\�DQ�LQYHUWHU�FRQWUROOHG�PRWRU�ORFDWHG�LQ�WKH�RQH�
HQG�RI�WKH�SLSH��$�KDQGKHOG�DQHPRPHWHU�ZDV�PRXQWHG�LQ�WKH�RWKHU�HQG�RI�WKH�SLSH��
DQG�WKH�DLU�YHORFLW\�ZDV�PHDVXUHG�DQG�UHFRUGHG�LQ�DOPRVW�HYHU\�VWHS�RI�IUHTXHQF\�E\�
FKDQJLQJ� WKH� IUHTXHQF\� RI� LQYHUWHU�� 7KHQ�� WKH� KDQGKHOG� DQHPRPHWHU� ZDV� UHSODFHG�
ZLWK�WKH�FXS�DQHPRPHWHUV�RQH�E\�RQH��DQG�WKH��IUHTXHQF\�RI�WKH�SXOVHV�IURP�WKH�FXS�
DQHPRPHWHUV�ZDV�PHDVXUHG�DQG�UHFRUGHG�ZLWK�D�GLJLWDO�IUHTXHQF\PHWHU��
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�
)LJXUH�����&DOLEUDWLRQ�SURFHGXUH�RI�FXS�DQHPRPHWHUV�

�
7KH�YDOXHV�RI�H[SHULPHQW�DUH�SUHVHQWHG�LQ�WDEOH������
�

7DEOH�����0HDVXUHG�YDOXHV�RI�DQHPRPHWHUV¶�FDOLEUDWLRQ�SURFHGXUH��

0HDVXUHG�VSHHG�E\�
KDQGKHOG�DQHPRPHWHU�

�P�V��
)UHTXHQF\�RI�
$QHPRPHWHU���

�+]��
)UHTXHQF\�RI�
$QHPRPHWHU���

�+]��
)UHTXHQF\�RI�
$QHPRPHWHU���

�+]��
����� ������ ������ ������
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,Q�JHQHUDO�WUDQVIHU�IXQFWLRQ�IRU�WKH�DQHPRPHWHU�LV�
�Y $ I % � � � � � � ������

ZKHUH� Y �LV�VSHHG��P�V���� I �LV�IUHTXHQF\��K]���$�LV�WKH�VORSH�DQG�%�LV� Y �LQWHUFHSW��,Q�
RUGHU� WR� GHWHUPLQH�$� DQG� %�� ZH� FDQ� DSSO\� D� VWDWLVWLFDO� WUHDWPHQW� NQRZQ� DV� OLQHDU�
UHJUHVVLRQ�WR�WKH�GDWD��
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Q I I
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Y $ I% Q
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ZKHUH�Q�LV�GDWD�SRLQWV��
7KH�ZLQG�PHDVXUHPHQW�PDVW�LV����P�WDOO��,W�KDV�WKUHH�FXS�DQHPRPHWHUV�ZKLFK�

DUH�DW����P�����P��DQG����P�KHLJKWV��DQG�RQH�ZLQG�YDQH�DW����P�KHLJKW��7KH�PDVW�FDQ�
EH�VHHQ�LQ�ILJXUH������7KH�SLFWXUHV�RI�LQVWDOODWLRQ�RI�PDVW�FDQ�EH�VHHQ�LQ�DSSHQGL[�&��
7KH�UHDVRQ�IRU�PHDVXULQJ�ZLQG�VSHHGV�DW�WKUHH�GLIIHUHQW�KHLJKW�LV�WR�REVHUYH�FKDQJHV�
LQ�WKH�VSHHGV�ZLWK�KHLJKWV��

�
�

)LJXUH�����7KH�HUHFWHG�PDVW��



� ���

$QHPRPHWHU��
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)LJXUH�����7KH�WUDQVIHU�IXQFWLRQV�RI�FXS�DQHPRPHWHUV�
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����&DOLEUDWLRQ�RI�:LQG�9DQH�
� :LQG�YDQH�FRQWDLQV�D���.�SRWHQWLRPHWHU��DQG�WKH�UHVLVWDQFH�RI�WHUPLQDOV�DUH�
FKDQJHG�E\�FKDQJHV�RI�ZLQG�GLUHFWLRQ��DV�PHQWLRQHG�EHIRUH��,Q�RUGHU�WR�FDOLEUDWH��WKH�
ZLQG�YDQH�ZDV�ORFDWHG�LQ�WKH�FHQWHU�RI�D�VPRRWK�UHJXODU�SODWH�DV�VKRZQ�LQ�ILJXUH������
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�
)LJXUH�����&DOLEUDWLRQ�SURFHGXUH�RI�ZLQG�YDQH�

7KH� WHUPLQDO� UHVLVWDQFH� RI� YDQH� ZDV� PHDVXUHG� ZLWK� DQ� RKPPHWHU� LQ� HYHU\� ����
LQFUHPHQW�E\�URWDWLQJ�WKH�ZLQG�YDQH��7KH�UHODWLRQ�RI�DQJOHV�DQG�UHVLVWDQFH�LV�IRXQG�DV�
LQ�WDEOH������

7DEOH�����0HDVXUHG�YDOXHV�RI�ZLQG�YDQH¶V�FDOLEUDWLRQ�SURFHGXUH�
$QJOH�� 5HVLVWDQFH��RKP��
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7KH� GLUHFWLRQ� LV� GLYLGHG� LQWR� ��� VHFWRUV�� 7KXV� HDFK� ��������� ������� � SRLQWV�
RQH�VHFWRU�RI�WKH�GLUHFWLRQ��7KH�UHODWHG�UHVLVWDQFH�IRU�RQH�SDUW�LV����N�����������RKP��
7KLV�PHDQV�GLYLGLQJ� WKH� UHVLVWDQFH�YDOXH�RI� YDQH�E\�������JLYHV�XV� WKH�QXPEHU�RI�
GLUHFWLRQ��

�
����$7��6�����0LFURFRQWUROOHU�

�
7KH� �����PLFURFRQWUROOHU�ZDV� GHYHORSHG� E\� LQWHO� LQ� ������$OWKRXJK� LW�ZDV�

YHU\� SRSXODU� LQ� WKH� ����¶V�� 7RGD\�� PRUH� WKDQ� ��� PDQXIDFWXUHUV�� $WPHO�� 0D[LP��
0RWRUROD�� 'DOODV� HWF��� GHYHORSHG� DQG� PDGH� PRUH� SRZHUIXO� �����EDVHG�
PLFURFRQWUROOHUV�RQH�RI�WKHP�FDOOHG�������

7KH� �����EDVHG� PLFURFRQWUROOHUV� W\SLFDOO\� LQFOXGH� ��ELW� &38�� ��.� FRGH�
PHPRU\�DGGUHVVLQJ�DUHD����.�GDWD�PHPRU\�DGGUHVVLQJ�DUHD���.�FRGH�PHPRU\������
RU� ���� E\WH� LQWHUQDO� GDWD� 5$0�� �� RU� �� WLPHUV�FRXQWHUV�� ��� SLQ� ,�2� OLQHV�� �� RU� ��
8$57V��

�

�
)LJXUH����������SLQ�RXWV�

� �
$7��6����� ��ELW� PLFURFRQWUROOHU�� IURP� $WPHO�� LV� XVHG� LQ� WKLV� VWXG\�� 7KLV�

PLFURFRQWUROOHU� KDV� WKUHH� ���ELW� WLPHUV�FRXQWHUV�� �� .%� IODVK� PHPRU\�� �� LQWHUUXSW�
VRXUFHV�� ��� LQSXW�RXWSXW� OLQHV�� 3RUW� �� SLQV� DUH� DVVLJQHG� WR� NH\SDG�� SRUW� �� SLQV� DUH�
OLQNHG�WR�/&'��VRPH�SLQV�RI�SRUW���DQG�SRUW���DUH�XVHG�IRU�RWKHU�SXUSRVHV��VXFK�DV�
LQWHUUXSW�LQSXW��VHULDO�FRPPXQLFDWLRQ��
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� )RU� IXUWKHU� LQIRUPDWLRQ� DERXW� ����� EDVHG� PLFURFRQWUROOHUV�� SOHDVH�
ORRN�DW�DSSHQGL[�$��
�

������((3520�
�
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FKDUDFWHUV�DSSHDUV�DW�D�WLPH��,I�WKH�GDWD�LV�ORQJHU�WKDQ����FKDUDFWHUV��WKH�RWKHUV�FDQ�EH�
GLVSOD\HG�E\�VKLIWLQJ�WKH�WH[W��



� ���

&*5$0� �FKDUDFWHU� JHQHUDWRU� 5$0�� LV� DQRWKHU� PHPRU\� LQ� /&'� PRGXOHV�
ZKLFK� VWRUHV� ���� FKDUDFWHUV�� ��� FKDUDFWHUV� DUH� $6&,,�� ��� FKDUDFWHUV� DUH� IURP�
-DSDQHVH�DOSKDEHW�DQG����FKDUDFWHUV�DUH�IURP�*UHHN�DOSKDEHW��

�
7DEOH�����/&'�SLQ�GHVFULSWLRQ�

3LQ��� 6\PERO� )XQFWLRQ�
�� *1'� *URXQG�
�� 9FF� 3RZHU�VXSSO\�
�� 9�� /&'�FRQWUDVW�
�� 56� 5HJLVWHU�6HOHFW�
�� 5�: � 5HDG���:ULWH �
�� (� (QDEOH�
�� '�� 'DWD�ELW���
�� '�� 'DWD�ELW���
�� '�� 'DWD�ELW���
��� '�� 'DWD�ELW���
��� '�� 'DWD��ELW���
��� '�� 'DWD�ELW���
��� '�� 'DWD�ELW���
��� '�� 'DWD�ELW���

�
�
7KH�/&'�KDV� WZR���ELW� UHJLVWHUV��DQ� LQVWUXFWLRQ�UHJLVWHU�DQG�D�GDWD� UHJLVWHU��

7KH� LQVWUXFWLRQ� UHJLVWHU� VWRUHV� LQVWUXFWLRQ� FRGHV�� VXFK� DV� GLVSOD\� FOHDU� DQG� FXUVRU�
VKLIW�� DQG� DGGUHVV� LQIRUPDWLRQ� IRU� GLVSOD\� GDWD� 5$0� �''5$0�� DQG� FKDUDFWHU�
JHQHUDWRU�5$0� �&*5$0���7KH�GDWD� UHJLVWHU� WHPSRUDULO\� VWRUHV�GDWD� WR�EH�ZULWWHQ�
LQWR�''5$0�RU�&*5$0�DQG�WHPSRUDULO\�VWRUHV�GDWD�WR�EH�UHDG�IURP�''5$0�RU�
&*5$0��'DWD�ZULWWHQ�LQWR�WKH�GDWD�UHJLVWHU�LV�DXWRPDWLFDOO\�ZULWWHQ�LQWR�''5$0�RU�
&*5$0� E\� DQ� LQWHUQDO� RSHUDWLRQ�� 7KH� GDWD� UHJLVWHU� LV� DOVR� XVHG� IRU� GDWD� VWRUDJH�
ZKHQ�UHDGLQJ�GDWD�IURP�''5$0�RU�&*5$0��7KHVH�WZR�UHJLVWHUV�FDQ�EH�VHOHFWHG�
E\�WKH�UHJLVWHU�VHOHFWRU��56��VLJQDO�
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7R� GHWHUPLQH� /&'� PRGH�� VKLIWLQJ� FXUVRU�� FOHDU� GLVSOD\�� FXUVRU� KRPH� HWF���
WKHUH� DUH� VRPH� /&'� FRQWURO� FRPPDQGV�� 7KHVH� FRPPDQGV� FDQ� EH� GLYLGHG� LQWR� ��
FDWHJRULHV��

���,QLWLDOL]DWLRQ�FRPPDQGV�
���&XUVRU�FRPPDQGV�
���'LVSOD\�FRPPDQGV�
���&*5$0�FRPPDQGV�
���6WDWXV�&KHFN�&RPPDQGV�
7KH�DGGUHVV�FRXQWHU��$&��DVVLJQV�DGGUHVVHV�WR�ERWK�''5$0�DQG�&*5$0��

:KHQ�D��VHW�''�5$0�&*�5$0�DGGUHVV��LQVWUXFWLRQ�LV�ZULWWHQ�LQWR�WKH�LQVWUXFWLRQ�
UHJLVWHU�� WKH�DGGUHVV� LQIRUPDWLRQ� LV� VHQW� IURP� WKH� LQVWUXFWLRQ� UHJLVWHU� WR� WKH�DGGUHVV�
FRXQWHU�� 6HOHFWLRQ� RI� HLWKHU� ''5$0� RU� &*5$0� LV� DOVR� GHWHUPLQHG� E\� WKH�
LQVWUXFWLRQ��$IWHU�ZULWLQJ�LQWR��RU�UHDGLQJ�IURP��''5$0�RU�&*5$0��WKH�$GGUHVV�
FRXQWHU� LV� DXWRPDWLFDOO\� LQFUHPHQWHG� RU� GHFUHPHQWHG� E\� �� �� 7KH� $&� FRQWHQWV� DUH�
RXWSXW�WR�'%��WR�'%��ZKHQ�56� ���DQG�5�:� �����

�
7R� GLVSOD\� D� FKDUDFWHU�� GDWD� LV�ZULWWHQ� LQWR� LQVWUXFWLRQ� UHJLVWHU��$� FKDUDFWHU�

FRGH�LV�WKHQ�ZULWWHQ�LQWR�GDWD�UHJLVWHU�DQG�WKH�/&'�XQLW�GLVSOD\V�WKH�FRUUHVSRQGLQJ�
SDWWHUQ�DW�WKH�VSHFLILHG�ORFDWLRQ��7KH�/&'�XQLW�FDQ�HLWKHU�LQFUHPHQW�RU�GHFUHPHQW�WKH�
GLVSOD\�SRVLWLRQ�DIWHU�HDFK�FKDUDFWHU�HQWU\��

�
*1'

9FF
3���
3���

3���
3���
3���
3���

9FF

��.

��6���� /&'

�
�
�
�
�
�
�
�
�
��
��
��
��
��

�
)LJXUH������&RQQHFWLRQ�RI�/&'�WR�0LFURFRQWUROOHU�

�
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3RUW�� SLQV� DUH� DVVLJQHG� WR� FRQQHFWLRQ� RI� /&'�� 7KH� FRQQHFWLRQ� RI� /&'� LV�
VKRZQ� LQ� ILJXUH� ������ 7KH� DGMXVWPHQW� RI� FRQWUDVW� LV� LPSOHPHQWHG� E\� XVLQJ� D� ��.�
SRWHQWLRPHWHU����ELW�GDWD�EXV�LV�XVHG��WKXV���SLQV�RI�SRUW��DUH�FRQQHFWHG�WR���GDWD�SLQV�
RI�/&'��6LQFH�/&'�LV�LQ�ZULWH�PRGH��8QXVHG�GDWD�ELWV�DQG�5�:�SLQ�DUH�JURXQGHG��
5HJLVWHU�VHOHFW�DQG�HQDEOH�VLJQDO�IXQFWLRQV�DUH�FRQWUROOHG�E\�3����DQG�3�����

�����.H\SDG�
�
�

� � �

� � �

� � �


 � �

3���

3���

3���

3���

3���

3���

3���

��6���� �)LJXUH������&RQQHFWLRQ�RI�.H\SDG�WR�0LFURFRQWUROOHU�
�
� .H\SDGV� DUH� RIWHQ� XVHG� DV� D� SULPDU\� LQSXW� GHYLFH� IRU� HPEHGGHG�
PLFURFRQWUROOHUV��7KH�NH\SDGV�DFWXDOO\�FRQVLVW�RI�D�QXPEHU�RI�VZLWFKHV��FRQQHFWHG�LQ�
D� URZ�FROXPQ� DUUDQJHPHQW�� � $� �[�� NH\SDG� LV� XVHG� LQ� V\VWHP� DQG� VRPH� NH\V� DUH�
DVVLJQHG�WR�IXQFWLRQV�WR�KHOS�WKH�XVHU�WR�FRQWURO�WKH�SURJUDP��

7R� GHWHUPLQH� WKH� SUHVVHG� NH\�� PLFURFRQWUROOHU� VFDQV� WKH� NH\V� RQH� E\� RQH��
9DULRXV�PHWKRGV�DUH�XVHG� WR� VFDQ� WKH� NH\SDGV��3����� 3����� 3����DQG�3���� SLQV� DUH�
RXWSXWV�DQG�3�����3����DQG�3����SLQV�DUH�LQSXWV�LQ�WKLV�VWXG\��

,Q�RUGHU�IRU�WKH�PLFURFRQWUROOHU�WR�VFDQ�WKH�NH\SDG��LW�RXWSXWV�D�]HUR�WR�IRUFH�
RQH��RQO\�RQH��RI�WKH�URZV�ORZ�DQG�WKHQ�UHDGV�WKH�FROXPQV�WR�VHH�LI�DQ\�EXWWRQV�LQ�
WKDW� URZ� KDYH� EHHQ� SUHVVHG�� &RQVHTXHQWO\�� DV� ORQJ� DV� QR� EXWWRQV� DUH� SUHVVHG�� WKH�
PLFURFRQWUROOHU� VHHV�D� ORJLF�KLJK�RQ�HDFK�RI� WKH�SLQV� DWWDFKHG� WR� WKH�NH\SDG� URZV��
7KH�RQO\�ZD\�WKH�PLFURFRQWUROOHU�FDQ�ILQG�D���RQ�DQ\�FROXPQ�SLQ�LV�IRU�WKH�NH\SDG�
EXWWRQ�WR�EH�SUHVVHG�WKDW�FRQQHFWV�WKH�URZ�VHW�WR���WR�D�FROXPQ��7KH�FRQWUROOHU�NQRZV�
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ZKLFK�URZ�LV�DW�D���OHYHO�DQG�ZKLFK�FROXPQ�UHDGV����DOORZLQJ�LW�WR�GHWHUPLQH�ZKLFK�
NH\�LV�SUHVVHG��

7DEOH�����.H\SDG�IXQFWLRQV�
.H\� )XQFWLRQ�
�� 6HW�'DWH�DQG�WLPH�
�� 'LVSOD\�:LQG�GLUHFWLRQ�
�� 'LVSOD\�:LQG�VSHHG�
�� 'LVSOD\�'DWH�DQG�WLPH�
�� 6WDUW�/RJJLQJ�
�� (QWHU�GHYLDWLRQ�IRU�ZLQG�YDQH�
�� &OHDU�'LVSOD\�
�� 6HQG�VHULDO�ZLWKRXW�GHOD\�
�� 6HQG�VHULDO�SRUW�

� (QWHU�

�
� �����5)�0RGHP�

$Q�5)�PRGHP� LV�PXOWLSOH� DFFHVV� GHYLFH� WKDW� FDQ� EH� XVHG� D� WUDQVFHLYHU�� ,W�
FRQVLVWV�RI�D�ZKLS�DQWHQQD��D�UHFHLYHU��D�WUDQVPLWWHU�DQG�D�56����FRPSXWHU�LQWHUIDFH��
,Q� DGGLWLRQ� WR� DFWLQJ� DV� D� WUDQVFHLYHU�� WKH� PRGHP� LV� DOVR� FDSDEOH� RI� UHSHDWLQJ�
UHYLHZHG� GDWD� SDFNHWV�� ,Q� RWKHU� ZRUGV�� LW� FDQ� UHFHLYH�� VWRUH� DQG� UH�WUDQVPLW� GDWD�
SDFNHWV�DORQJ�WKH�DGGUHVV���
,Q� WKLV� VWXG\��80'�%���5)�PRGHP��PDQXIDFWXUHG�E\�8'($�� LV� XVHG� WR� WUDQVPLW�
GDWD� IURP� UHPRWH� XQLW� DQG� UHFHLYH� GDWD� WR�EDVH�XQLW��80'�%��� FRQWDLQV� D� YROWDJH�
UHJXODWRU��D�GDWD�PRGXOH�DQG�D�56����LQWHUIDFH��,W�KDV���FKDQQHOV�ZKLFK�DUH�VKRZQ�LQ�
WDEOH������DQG�ZRUNV�LQ�����0K]�,60�EDQG�>��@��

7DEOH�����5)�PRGHP�FKDQQHOV�DQG�IUHTXHQFLHV�
&KDQQHO� )UHTXHQF\�
&K�� ���������0K]�
&K�� ���������0K]�
&K�� ���������0K]�
&K�� ���������0K]�
&K�� ���������0K]�
&K�� ���������0K]�
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7KH�VHULDO�GDWD�LV�WUDQVPLWWHG�DW������ESV��XVLQJ��1�IRUPDW��DQG�LI�D�GDWD�
SDFNHW�ZLOO�EH�VHQW�WR�5)�0RGHP�IURP�FRPSXWHU��WKH�IROORZLQJ�IRUPDW�VKRXOG�EH�
DSSOLHG��
�65&�'67�'��'��«««�';!�
ZKHUH��

���VWDUW�RI�WH[W�
65&��VRXUFH�DGGUHVV��7;�PRGHP�DGGUHVV�
'67��GHVWLQDWLRQ�DGGUHVV��5;�PRGHP�DGGUHVV�
'���GDWD��
'���GDWD��
��
��
��
';��GDWD;��PD[LPXP����E\WH��
!��HQG�RI�WH[W�

�
,Q�RUGHU�WR�VHOHFW�RQH�RI�VL[�FKDQQHOV��WKH�QXPEHU�RI�FKDQQHO�PXVW�EH�VHQW�WR�

PRGHP�SUHFHGLQJ�D�³&´�OHWWHU��$V�DQ�H[DPSOH��,I�XVHU�ZDQWV�WR�VHOHFW�FKDQQHO����LW�LV�
UHTXLUHG�WR�W\SH�³&�´�DQG�VHQW�WR�ERWK�PRGHP�YLD�VHULDO�SRUW��

�
�

�����,QWHUIDFH�&LUFXLW�
�
� $Q� LQWHUIDFH� FLUFXLW� LV� GHVLJQHG� WR� RYHUFRPH� WKH� GLIILFXOW\� RI� UHDGLQJ�
VLQXVRLGDO�VLJQDO�FRPLQJ�IURP�DQHPRPHWHUV�DQG�WR�DYRLG�DQ\�FRQIOLFW�ZKLOH�UHDGLQJ�
DQHPRPHWHUV�� ,QWHUIDFH� FLUFXLW�� ZKRVH� VFKHPDWLF� DQG� D� SKRWR� DUH� VKRZQ� LQ� ILJXUH�
������LQFOXGHV�D�YROWDJH�UHJXODWRU����]HUR�FURVVLQJ�GHWHFWRUV��DQG�D�WUL�VWDWH�EXIIHU�WR�
FRQWURO� RXWSXWV�� � (DFK� DQHPRPHWHU� KDV� D� FRUUHVSRQGLQJ� ]HUR� FURVVLQJ� GHWHFWRU�� DV�
QDPH� LQGLFDWHV� LW� JHQHUDWHV�SXOVHV�ZKHQ�GHWHFWV� WKH�SRLQW�ZKHUH� WKH� VLJQDO� FURVVHV�
]HUR�LQ�HLWKHU�GLUHFWLRQ��
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��

��
�

)LJXUH������,QWHUIDFH�FLUFXLW�
�
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7KXV� WKH� VLQH� ZDYH� LV� FRQYHUWHG� WR� VTXDUH� ZDYH�� $� VFKPLWW� WULJJHU� ,&� LV�
FRQQHFWHG�WR�RXWSXW�RI�]HUR�FURVVLQJ�FLUFXLW�LQ�RUGHU�WR�PLQLPL]H�QRLVH��7KH�6FKPLWW�
7ULJJHU� LV� HVVHQWLDOO\� D� FRPSDUDWRU� ZLWK� K\VWHULVLV�� LW� KDV� D� WKUHVKROG� RI�
DSSUR[LPDWHO\������YROWV�IRU�D�ULVLQJ�LQSXW�VLJQDO��DQG���YROWV�IRU�D�IDOOLQJ�VLJQDO���

9

W

W �
)LJXUH������VLQH�ZDYH�WR�VTXDUH�ZDYH�

7KH�RXWSXW�RI�VFKPLWW�WULJJHU�,&¶V�LV�FRQQHFWHG�WR�WUL�VWDWH�EXIIHUV�LQ�RUGHU�WR�EH�DEOH�
WR�FRQWUROOHG�E\�PLFURFRQWUROOHU��

3�����3����DQG�3����SLQV�RI�PLFURFRQWUROOHU�DUH�XVHG�IRU�FRQWURO�VLJQDOV��7KH�
RXWSXW�RI�WUL�VWDWH�EXIIHUV�DUH�FRQQHFWHG�WR�3�����,17���SLQ�RI�PLFURFRQWUROOHU��7KXV�
LI�DQ�DQHPRPHWHU�ZLOO�EH�UHDG��WKH�DVVLJQHG�FRQWURO�SLQ�PXVW�EH�ORJLF���ZKLOH�RWKHU�
FRQWURO�SLQV�DUH�ORJLF�]HUR���

7KH�3RZHU�6XSSO\�FLUFXLW�LV�UHVSRQVLEOH�IRU�SURYLGLQJ�FRQVWDQW�YROWDJHV�WR�DOO�
WKH� RWKHU� VWDJHV� LQ� WKH� FLUFXLW� 7KH� FRPSRQHQWV� LQ� WKH� SRZHU� VXSSO\� FLUFXLW� ZHUH�
FKRVHQ�WR�JLYH�FOHDQ�VXSSOLHV��7KH�UHJXODWRU�FKLS��������LV�GHVLJQHG�WR�SURGXFH���9�
VXSSO\��DQG�KDV�VDIHW\�IHDWXUHV�WR�SUHYHQW�WKH�FLUFXLW�IURP�RYHUORDGLQJ��

7R� HQVXUH� WKDW� WKH� FLUFXLW� ZDV� IXQFWLRQLQJ� SURSHUO\�� WKH� RXWSXWV� DW� YDULRXV�
VWDJHV�ZHUH�PRQLWRUHG�GXULQJ�FRQVWUXFWLRQ�RI�WKH�FLUFXLW��XVLQJ�D�VWDQGDUG�ODERUDWRU\�
RVFLOORVFRSH�DQG�D�IXQFWLRQ�JHQHUDWRU��

�
�����6XPPDU\�
�
15*� ���� PD[LPXP� DQHPRPHWHUV� ZHUH� FDOLEUDWHG� LQ� )OXLGV� 0HFKDQLF�

ODERUDWRU\��7KH�DQHPRPHWHUV�DQG�ZLQG�YDQH�ZHUH�ORFDWHG�RQ�D�PHDVXUHPHQW�PDVW��,Q�
RUGHU�WR�FRQYHUW�WKH�RXWSXW�RI�DQHPRPHWHUV�WR�VTXDUH�ZDYH��DQ�LQWHUIDFH�FLUFXLW�ZDV�
GHVLJQHG�� 6HULDO� UHDO� WLPH� FORFN� DQG� VHULDO� ((3520� DUH� XVHG� L�F� SURWRFRO� WR�
FRPPXQLFDWH�ZLWK�PLFURFRQWUROOHU�� ,Q� WKH� IROORZLQJ� FKDSWHU�� WKH�ZULWWHQ� VRIWZDUHV�
DUH�GLVFXVVHG��
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&+$37(5���
�

62)7:$5(�2)�6<67(0�
����,QWURGXFWLRQ�
$� VRIWZDUH� IRU� PLFURFRQWUROOHU� LV� ZULWWHQ� LQ� DVVHPEO\� ODQJXDJH� ZKHUHDV�

'HOSKL�DQG�YLVXDO�EDVLF�DUH�XVHG�WR�ZULWH�3&�SURJUDP��%HFDXVH�RI�EHLQJ�WRR�ORQJ�WR�
SULQW�� WKH�DOJRULWKPV�RI�VXE�URXWLQHV�RI�PLFURFRQWUROOHU� VRIWZDUH�DUH�GHVFULEHG�KHUH�
VKRUWO\��6LPLODUO\�� WKH�IXQFWLRQV�DQG�XVHG�FRPSRQHQWV�LQ�3&�SURJUDP�DUH�H[SODLQHG�
WR�KHOS�WKH�UHDGHU�WR�XQGHUVWDQG�WKH�SURJUDP�IXQGDPHQWDOO\��$OO�VRIWZDUHV�DUH�ORDGHG�
LQWR�DWWDFKHG�&'520��

$� VKRUW� LQIRUPDWLRQ� DERXW� L�F� SURWRFRO�� WKH� PLFURFRQWUROOHU� XVHV� LW� WR�
FRPPXQLFDWH�ZLWK�VHULDO�GHYLFHV��LV�JLYHQ�DOVR��LQ�WKLV�FKDSWHU��

����0LFURFRQWUROOHU�3URJUDP�
� +RZHYHU� PLFURFRQWUROOHU� FDQ� EH� SURJUDPPHG� LQ� &� RU� EDVLF�� EHFDXVH� RI�
IOH[LELOLW\�DQG�IUHH�RI�XVH��DVVHPEO\�SURJUDPPLQJ�ODQJXDJH�LV�XVHG���
$IWHU�GHILQLWLRQ�RI�YDULDEOHV��DGGUHVVHV�DQG�ELWV��SURJUDP�VFDQV�ZKHWKHU�DQ\�NH\� LV�
SUHVVHG�RU�QRW�� ,Q�FDVH�RI�DQ�SUHVVHG�NH\�� WKH�UHODWHG�VXE�URXWLQH� LV�FDOOHG�E\�PDLQ�
SURJUDP�� ,I� WKH� XVHU� VSHFLILHV� WR� VWDUW� WKH� GDWD� ORJJLQJ� ZLWK� WKH� KHOS� RI� NH\SDG��
PLFURFRQWUROOHU�UHDGV�WKH�PHDVXUHPHQW�GHYLFHV�SHULRGLFDOO\�ZKLFK�LV�GHILQHG�EHIRUH��
7KHQ� WKH� GDWD� LV� VWRUHG� LQ� ((3520� WLOO� ((3520� UHDFKHV� LWV� FDSDFLW\�� :KHQ�
((3520�LV�IXOO��SURJUDP�VHQGV�DOO�GDWD�LQ�((3520��YLD�VHULDO�SRUW�WR�EDVH�XQLW�DQG�
ZDLWV� IRU� XVHU� WR�SUHVV� DQ\�NH\��7KHUH�DUH�PDLQO\� �� VXEURXWLQHV� LQ� WKH� SURJUDP�DV�
VHHQ�LQ�ILJXUH������

7KH�57&�GHYLFH�DGGUHVV�GHILQHG�DV��'�+�IRU�ZULWH�RSHUDWLRQV�DQG��'�+�IRU�
UHDG�RSHUDWLRQV�� ,Q� WKH�VHWWLQJ�57&�VXEURXWLQH�� WKH�SURJUDP�ZDLWV�IRU�XVHU� WR�HQWHU�
GD\��PRQWK�� \HDU�� KRXU�� DQG�PLQXWH� XVLQJ� NH\SDG�� UHVSHFWLYHO\��$IWHU� JHWWLQJ� HDFK�
GDWD��SURJUDP�ZULWHV�GHYLFH�DGGUHVV�DQG�5$0�DGGUHVV�RQ�GDWD�EXV��:ULWLQJ�RI�GDWD�
IROORZV�WKH�DGGUHVV�ZULWH�RSHUDWLRQV��)LQDOO\��XVHU�SUHVVHV�VWDU�µ
¶�NH\�DQG�57&�VWDUWV�
WR� UXQ� IURP� HQWHUHG� GDWH� DQG� WLPH��:KHQ� XVHU�ZDQWV� WR� GLVSOD\� GDWH� DQG� WLPH� RQ�
/&'��NH\�µ�¶�QHHGV�WR�EH�SUHVVHG���

�
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X&
6RIWZDUH

0HDVXULQJ
SHULRG�RI
VLJQDO

5HDG�ZULWH
((3520

6FDQQLQJ
.H\SDG

5HDGLQJ
$'&

/&'
IXQFWLRQV

'DWD
SURFHVVLQJ

6HQGLQJ
WR�56���

6HWWLQJ�DQG
UHDGLQJ
57&

�
)LJXUH�����6XE�URXWLQHV�RI�PLFURFRQWUROOHU�SURJUDP�

�
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7KH�SURJUDP�ZULWHV�GHYLFH�UHDG�DGGUHVV�DQG�UDP�DGGUHVV�UHODWHG�WR�GDWH�DQG�
WLPH��7KHVH�GDWD�DUH�VKRZHG�RQ�/&'��

�,Q� WKLV� VWXG\��PLFURFRQWUROOHU� UXQV�ZLWK� DQ� �����������+]� FU\VWDO�� 6LQFH� D�
VLQJOH�PDFKLQH�F\FOH�FRQVLVWV�RI����FU\VWDO�F\FOHV��D�UXQQLQJ�WLPHU�LV�LQFUHPHQWHG���

�������� ���������  �
�WLPHV�SHU�VHFRQG��7KLV�PHDQV��

ã��� � ����� �� VHF�������PDFKLQH F\FOH [ ä  �
�
���ELW� FRXQWHU� UHVHWV� WR�]HUR� DIWHU�������F\FOH�DQG� UHJLVWHU�5�� LV�XVHG� DV� D�

VHFRQG�FRXQWHU�WR�FRXQW�RYHUIORZV�RI�WLPHUV��
7LPHU���DQG� WLPHU���DUH�VHW� WR� UXQ�DV�DQ����ELW� WLPHU�FRXQWHU�E\� LQLWLDOL]LQJ�

702'�IRU�PHDVXULQJ�SHULRG�RI�SXOVH��,QLWLDOL]LQJ��RI�WLPHUV��LQWHUUXSWV��DQG�UHJLVWHU�
DUH�LQ�VSHHG��VXEURXWLQH��

�� �� �� �� �� �� �� ��  ��+�
�

)LJXUH�����702'¶V�LQLWLDO�YDOXH�
�
/6%�RI�7&21�6)5��,7���LV�VHW�LQ�RUGHU�WR�WULJJHU�LQWHUUXSW�,17��LQ�KLJK�WR�

ORZ�WUDQVLWLRQ��7KH�06%�DQG�/6%�RI�,(�6)5�DUH�VHW�WR�HQDEOH�,17��LQWHUUXSW�EHIRUH�
H[HFXWLQJ�VXEURXWLQH��

7KH�RSHUDWLRQDO�IORZFKDUW�RI�WKH�SURJUDP�LV�JLYHQ�LQ�ILJXUH������
�
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3URJUDP� FKHFNV� VSGIOJ� WR� LQIRUP� LI� LQWHUUXSW� ,17�� LV� WULJJHUHG�� DQG� MXPSV� WR�
LQWHUUXSW�VHUYLFH�URXWLQH�DV�VRRQ�DV�VHQVHV�WKH�HYHQW��,Q�WKH�ILUVW�IDOOLQJ�HGJH�RI�SXOVH��
���ELW�WLPHU�FRXQWHU�VWDUWV�WR�UXQ�DQG�LQ�WKH�VHFRQG�IDOOLQJ�HGJH��LW�VWRSV��5HJLVWHU�5��
LV�XVHG�DV�DQ�FRXQWHU�WR�FRXQW�RYHUIORZV�RI�WLPHU��%HFDXVH�WLPHU�UHVWDUWV�IURP�µ�¶�LI�
UHDFKHV�WR��������

&RQWURO�SLQ�IRU�GHVLUHG�DQHPRPHWHU�LV�VHW�ZKLOH�RWKHUV�DUH�FOHDUHG��DQG�ZDLWHG�IRU�
SXOVH�FRPLQJ�IURP�DQHPRPHWHU��,Q�WKH�FDVH�RI�H[FHHGLQJ���VHFRQGV�ZKHQ�ZDLWLQJ�IRU�
LQWHUUXSW�HYHQW��,QWHUUXSWV�DUH�GLVDEOHG�DQG�SURJUDP�VHQGV�µQRVLJQDO¶��3URJUDP�MXPSV�
LQWHUUXSW�VHUYLFH�URXWLQH��,65��ZKHQ�ILUVW�IDOOLQJ�HGJH�WULJJHUV�,17���DQG�E\�VHWWLQJ�
75���WLPHU�VWDUWV�WR�UXQ��,I�WLPHU�RYHUIORZV�5��LV�LQFUHPHQWHG�E\����

2Q�GHWHFWLQJ�VHFRQG�IDOOLQJ�HGJH��ZKLFK�LV�VKRZQ�LQ�ILJXUH������WLPHU�VWRSV�DQG�
DOO�LQWHUUXSWV�DUH�GLVDEOHG��

.0/ 132�4
5 . 6�4 .

.7/ 132�4
5 . 8
9

:

�
)LJXUH�����7ULJJHULQJ�LQWHUUXSW�,17��

7KH�YDOXHV�RI�WLPHU�DQG�UHJLVWHU�5��DUH�XVHG�WR�JHW�IUHTXHQF\�RI�VLJQDO��
�������

� � ������I 5 [ 7LPHU � �
:LQG�VSHHG�LV�FDOFXODWHG�ZKHQ�IUHTXHQF\�LV�SODFHG�LQ�HTXDWLRQ�RI�DQHPRPHWHU�ZKLFK�
LV�PHQWLRQHG�EHIRUH��

9 D[I E � � � � � ������
�
7KH� VSHHG� RI� ZLQG� LV� FDOFXODWHG� XVLQJ� WKH� YDOXH� RI� 5�� DQG� WLPHU� YDOXH�� DV�
IROORZV��
$QHPRPHWHU���� ; ������������ ������ � ������Y [ 5 [ 7LPHU

§ · �¨ ¸�© ¹ � � ������

$QHPRPHWHU���� < ������������ ������ � ������Y [ 5 [ 7LPHU
§ · �¨ ¸�© ¹ � � ������

$QHPRPHWHU���� = ������������ ������ � ������Y [ 5 [ 7LPHU
§ · �¨ ¸�© ¹ � � ������
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5HJLVWHU�5�� DQG�5DP�DGGUHVV� VWDUWLQJ� IURP���+�DUH� XVHG� WR� VWRUH� VSHHG�� GDWH��
WLPH�� DQG� $'&� YDOXHV�� 7KHVH� YDOXHV� DUH� GLVSOD\HG� RQ� /&'� DQG� DUH� VWRUHG� LQWR�
((3520��

:LQG�YDQH�LV�UHDG�E\�DQDORJ�WR�GLJLWDO�FRQYHUWHU��&6�ELW�LV�IRU�FKLS�VHOHFW��',2�LV�
IRU�GLJLWDO�LQSXW�±�RXWSXW��6LQFH�FKDQQHO���&+���LV�XVHG�DV�DQDORJ�LQSXW��ZLWK�VWDUW�ELW�
DQG�VLQJOH�HQGHG�FRQILJXUDWLRQ��WKH�FRQWURO�ZRUG�VKRXOG�EH��)+��

7KH� ILUVW� �� ELW� DUH� WUDQVIHUUHG� WR� $'&� YLD� ',2� SLQ� LQ� RUGHU� WR� FRPSOHWH�
FRQILJXUDWLRQ��7KHQ�',2�LV�VHW�DV�LQSXW�WR�UHDG�FRQYHUWHG�GLJLWDO�YDOXH�RI�VLJQDO��7KH�
VXP�GLJLWDO�YDOXH�DQG�FDOLEUDWLRQ�YDOXH�LV�GLVSOD\HG�RQ�/&'�DQG�LV�VWRUHG�LQ�5$0��

$QRWKHU�GHYLFH�WKDW�XVHV�L�F�SURWRFRO�LV���/&����((3520��7R�FRPSOHWH�D�ZULWH�
RSHUDWLRQ�� GHYLFH�DGGUHVV��PHPRU\� ORFDWLRQ�DGGUHVV� DQG� WKH� GDWD� WR� EH�ZULWWHQ� DUH�
QHHGHG��'HYLFH�DGGUHVV�RI�((3520�IRU�ZULWH�LV��(�+��((3B&0'B:�SDUDPHWHU�LV�
DVVLJQHG� WR� GHYLFH� DGGUHVV� DQG� ERWK� DGGBKLJKH� DQG� DGGBORZH� DUH� DVVLJQHG� WR�
PHPRU\�ORFDWLRQ�DGGUHVVHV��

,Q� GDWD� ORJJLQJ� SURFHGXUH�� WR� VWRUH� FRQYHUWHG� YDOXHV�� GDWH� ±� WLPH� YDOXHV� DQG�
FDOFXODWHG�VSHHG�YDOXHV�IROORZLQJ�5$0�ORFDWLRQ�XVHG��

��+�±���+���6SHHG��$QHPRPHWHU����
��+�±���+��6SHHG��$QHPRPHWHU����
��+�±���+��6SHHG��$QHPRPHWHU����
��+��$'&�
��+����+�±���+�±� ��+�±� ��+��+RXU��0LQXWH��'D\��0RQWK�� DQG�<HDU� GDWD� RI�
57&�
6WDUWLQJ�IURP�����+�PHPRU\�ORFDWLRQ�RI�((3520��ZULWHBE\WH�VXEURXWLQH�ZULWHV�

WKH�GDWD�DERYH�LQWR�((3520��PHPRU\�ORFDWLRQ�LV�LQFUHPHQWHG�DQG�PHPRU\�DGGUHVV�
LV�FKHFNHG�LI�UHDFKHG�WR�))))+�ZKLFK�LV�WKH�PD[LPXP�DGGUHVV�RI�((3520��

$�NH\�WDEOH�IRU�FKDUDFWHUV�DVVLJQHG�WR�NH\SDG�EXWWRQV�DQG�URZV�DQG�FROXPQV�DUH�
GHILQHG� WR� VFDQ�NH\SDG��3RUW�� SLQV�ZKLFK� DUH� FRQQHFWHG� WR� NH\SDG� URZV� DUH�PDGH�
ORJLF�ORZ�DQG�WKH�FROXPQV�DUH�FKHFNHG�WR�ILQG�WKH�SUHVVHG�NH\��

�
�
,Q� WKH� FDVH� RI� D� SUHVVHG� NH\�� WKH� FKDUDFWHU� DVVLJQHG� WR� WKH� NH\� LV� ORDGHG� WR�

DFFXPXODWRU��6FDQ�SURJUHVV�MXPSV�WR�VWDUW�RI�VXEURXWLQH�LI�QR�NH\�VHQVHG��
� 6HYHUDO�VXEURXWLQH�KDV�EHHQ�ZULWWHQ�WR�SURJUDP�DQG�WR�XVH�/&'�LQ�WKH�V\VWHP���



� ���

��� ,QLWB/&'�� WKLV� URXWLQH� LV� XVHG� WR� LQLWLDOL]H� /&'� IRU� IXQFWLRQV� VXFK� DV�
GHWHUPLQLQJ� GDWD� SLQV�� LQLWLDOL]LQJ� FXUVRU�� /&'� GDWD� OLQHV� DQG� HWF�� DIWHU�
GHILQLWLRQV��GLVSOD\�LV�FOHDUHG��
��� :ULWH/&'�� 7KH� WH[W� WR� EH� GLVSOD\HG� LV� ZULWWHQ� RQ� GDWD� EXV� XVLQJ� '375�
UHJLVWHU�ZLWK�ZULWH/&'��7KH� FKDUDFWHUV� RI� WH[W� � VKRXOG� EH�ZULWWHQ� RQH� E\� RQH��
DQRWKHU� VXEURXWLQH� ZKLFK�ZULWHV� RQO\� RQH� FKDUDFWHU�� ZULWHB/&'�� SURYLGHV� WKLV�
IXQFWLRQ��
���:5B,16�� WKLV�VXEURXWLQH�LV�XVHG� WR�ZULWH�/&'�FRPPDQGV�PHQWLRQHG�EHIRUH�
VXFK�DV�FXUVRU�FRPPDQGV��
���:ULWHB/&'��,W�ZULWHV�FKDUDFWHUV�YDOXH�FRPLQJ�IURP�YDULRXV�SURJUDP�XVLQJ�5��
UHJLVWHU�DQG�DFFXPXODWRU��
�
56����EXIIHULQJ�LV�DFFRPSOLVKHG�WKURXJK�PDF����DQG�D�VWDQGDUG�'%��FRQQHFWRU�

FRQQHFWV� WR� WKH�3&��,W�VKRXOG�EH�FRQILJXUHG�602'�DQG�702'�UHJLVWHUV� WR�VHW� WKH�
EDXG�UDWH�RI�VHULDO�SRUW��6HULDO�EXIIHU�LV�FKHFNHG�ZKHWKHU�LW�LV�EXV\��DIWHU�VHQGLQJ�WKH�
GDWD��DQG�WKH�QH[W�E\WH�LV�VHQW�WR�VHULDO�EXIIHU���

'DWD�FRPLQJ�IURP�VHQVRUV�DQG�GHYLFHV�DUH�UHDG�IURP�((3520�XVLQJ�EORFN�UHDG�
RSHUDWLRQ��7KH�GLIIHUHQFH�ZLWK�E\WH�UHDG�DQG�EORFN�UHDG�RSHUDWLRQ�LV��WR�VHQG�DQRWKHU�
GDWD�DIWHU�UHFHLYLQJ�DFNQRZOHGJH�ELW�LQVWHDG�RI�VWRS�ELW��7KXV�WKH�PDVWHU�FDQ�UHDG�XS�
WR�����E\WH�IURP�((3520��

$OO� GDWD� DUH� VWRUHG� LQ� D� UHJLVWHU� DQG� IROORZLQJ� UHDG� SURFHGXUH�� SURJUDP� VHQGV�
WKHP� WR� VHULDO� SRUW� LQ� WKH� IRUPDW� RI� 5)� 0RGHP� DV� ����
$�$�$�$�$�$�9+0'02<!�� ZKHUH� $� UHSUHVHQWV� DQHPRPHWHUV�� 9� UHSUHVHQWV�
YDQH��+�LV�KRXU��0�LV�PLQXWH��'�LV�GD\��02�LV�PRQWK�DQG�<�LV�\HDU��
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����3&�3URJUDP�
�
� 7KH�3&�SURJUDP�LV�GHYHORSHG�LQ�'HOSKL�����DQG�9LVXDO�%DVLF�����
$�VPDOO�SURJUDP�FRGH��VHULDO�SRUW�SURJUDP�� LV�ZULWWHQ�LQ�9%����� WR�UHDG�VHULDO�SRUW�
DQG�ORJ�GDWD�FRPLQJ�IURP�VHULDO�SRUW�LQ�D�ILOH�QDPHG�³ZLQG�GDW´��
� 7KH�PDLQ�SURJUDP�ZKLFK�LV�ZULWWHQ�LQ�GHOSKL��SURFHVVHV� WKH�ZLQG�GDWD��7KLV�
SURJUDP�KDV���GLIIHUHQW�IRUPV�WKDW���WDEEHG�SDJHV��7KH�IRUPV�DUH�XVHG�IRU�PDLQ�IRUP��
KHOS�� DQG� DERXW� ER[�ZKHUHDV� WDEEHG�SDJHV� DUH� XVHG� IRU� GHWDLOHG�GDWD��ZLQG� VSHHGV�
DQG�GLUHFWLRQ��
� 7KH�SURJUDP�DOVR�LQFOXGHV�D�PHQXEDU�WR�DOORZ�WKH�XVHU�WR�ORDG�GDWD�ILOHV��WR�
ORDG�GDWD�VKHHWV��WR�GLVSOD\�LQVWUXPHQW�UHODWHG�WDEV��WR�YLHZ�KHOS�DQG�DERXW�ER[�IRUPV�
DQG�WR�H[LW��
� ��WH[W�ER[HV����EXWWRQV��D�FKDUW�DQG�DQ�LPDJH�DUH�ORFDWHG�LQ�WKH�GHWDLOHG�GDWD�
WDE�SDJH�WR�GLVSOD\�GDWH��WLPH��VSHHG�����VSHHG����VSHHG���DQG�GLUHFWLRQ�ERWK�DV�WH[W�
IRUPDW�DQG�DV�JUDSKLFDO�IRUPDW��7KLV�SDJH�LV�VKRZQ�LQ�ILJXUH������

7KH�WDEV�RI�LQVWUXPHQWV�FRQWDLQV�D�FRPERER[�LQ�RUGHU�WR�VHOHFW�GHVLUHG�GDWH��
:KHQ�D�GDWH� LV� VHOHFWHG� IURP�GURS�GRZQ� OLVW��7KH� UHODWHG� VSHHGV� �RU�GLUHFWLRQ�� DUH�
VKRZQ� LQ� JUDSKLFDO� IRUPDW�� 7KH� IRUP� DOVR� LQFOXGHV� �� EXWWRQV� IRU� ]RRPLQJ� DQG�
VFUROOLQJ�IXQFWLRQV�RI�JUDSKLF��$Q�DQHPRPHWHU�VFUHHQ�LV�VKRZQ�LQ�ILJXUH������
6RPH�SDUWV�RI�FROOHFWHG�GDWD�LV�JLYHQ�LQ�DSSHQGL[�%��
�
�
�
�
�
�
�
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)LJXUH�����'HWDLOHG�ZLQG�GDWD�VFUHHQ�RI�3&�SURJUDP�

�

�
)LJXUH�����$QHPRPHWHU�VFUHHQ�
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)LJXUH�����)ORZFKDUW�RI�3&�SURJUDP�

�
$W�VWDUW�RI�WKH�PDLQ�SURJUDP��LW�UXQV�WKH�VHULDO�SRUW�SURJUDP�WR�ORJ�DQ\�GDWD�LQ�

WKH�VHULDO�EXIIHU��7KH�SURJUDP�FRGH�LV�DV�IROORZ��
�
3ULYDWH�6XE�)RUPB/RDG���
06&RPP��3RUW2SHQ� �7UXH������� 
RSHQ�SRUW�
06&RPP��2XWSXW� ���!��� � 
WULJJHU�WKH�PRGHP�
(QG�6XE�
�
3ULYDWH�6XE�)RUPB8QORDG�&DQFHO�$V�,QWHJHU��
06&RPP��3RUW2SHQ� �)DOVH�� 
�FORVH�WKH�SRUW�
(QG�6XE�
�
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3ULYDWH�6XE�06&RPP�B2Q&RPP���
'LP�RNXQDQ�$V�6WULQJ�
�
2SHQ��F�?ZLQG�GDW��)RU�$SSHQG�$V����� 
�RSHQ�GDWD�ILOH�LQ�LQVHUW�PRGH�
,I�06&RPP��,Q%XIIHU&RXQW�!���7KHQ�� 
�LV�WKHUH�DQ\�GDWD�LQ�EXIIHU"�
RNXQDQ� �06&RPP��,QSXW�
7H[W��7H[W� �RNXQDQ�������� � � 
�ZULWH�GDWD�LQ�WH[WER[�
�3ULQW�����RNXQDQ����������� � � 
�ZULWH�GDWD�LQWR�GDWD�ILOH�
(QG�,I�
�
&ORVH������������������������ � � 
�FORVH�GDWD�ILOH��
(QG�6XE�
�
7KH� VHULDO�SRUW�SURJUDP� LQLWLDOL]HV� WKH�SRUW� DV��������1��� VHOHFWV� FRP��DQG�

FKHFNV� WKH� VHULDO� SRUW��2Q� VHQVLQJ� DQ\�GDWD� LQ� VHULDO�EXIIHU�� SURJUDP�ZULWHV� LW� LQWR�
GDWD�ILOH�DQG�FRQWLQXHV�WR�FKHFNLQJ�WKH�SRUW��

�
����,�&�3URWRFRO�
,�&�EXV�LV�DQ�DEEUHYLDWLRQ�IRU�,QWHU�,QWHJUDWHG�&LUFXLW�EXV��,W�LV�DOVR�NQRZQ�DV�

,,&��,�&�LV�D�VHULDO�DQG�V\QFKURQRXV�EXV�SURWRFRO���7KHUH�DUH�MXVW�WZR�ZLUHV��FDOOHG�
6&/�DQG�6'$��6&/�LV�WKH�VHULDO�FORFN�OLQH��DV�VKRZQ�LQ�ILJXUH������6'$�LV�WKH�VHULDO�
GDWD�OLQH��7KH�6&/�	�6'$�OLQHV�DUH�FRQQHFWHG�WR�DOO�GHYLFHV�RQ�WKH�,�&�EXV��7KHUH�
QHHGV�WR�EH�D�WKLUG�ZLUH�ZKLFK�LV�MXVW�WKH�JURXQG�RU���YROWV��7KHUH�PD\�DOVR�EH�D���
YROW�ZLUH�LV�SRZHU�LV�EHLQJ�GLVWULEXWHG�WR�WKH�GHYLFHV�>��@��

�

5 5

���9

6&/
6'$

0$67(5 6/$9(� 6/$9(�

�
�

)LJXUH�����&RQQHFWLRQ�RI�GHYLFHV�LQ�L�F�SURWRFRO�
�
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,Q�D�VLPSOH�,�&�V\VWHP�WKHUH�FDQ�RQO\�EH�RQH�PDVWHU��EXW�PXOWLSOH�VODYHV��7KH�
PDVWHU�LV�DOZD\V�WKH�GHYLFH�WKDW�GULYHV�WKH�6&/�FORFN�OLQH��7KH�PDVWHU�DOVR�GHILQHV�
ZKHQ�FRPPXQLFDWLRQ�VKRXOG�RFFXU��$�VODYH�FDQQRW� LQLWLDWH�D� WUDQVIHU�RYHU� WKH� ,�&�
EXV��
�

6'$

6&/

6'$

6&/

VWDUW�FRQGLWLRQ VWRS�FRQGLWLRQ �
)LJXUH�����6WDUW�DQG�VWRS�FRQGLWLRQV�

�
'DWD�FDQ�RQO\�RFFXU�DIWHU�WKH�PDVWHU�JHQHUDWHV�D�VWDUW�FRQGLWLRQ��$�VWDUW�

FRQGLWLRQ�LV�D�KLJK�WR�ORZ�WUDQVLWLRQ�RI�WKH�6'$�OLQH�ZKLOH�6&/�UHPDLQV�KLJK��$IWHU�
HDFK�GDWD�WUDQVIHU�D�VWRS�FRQGLWLRQ�LV�JHQHUDWHG��$�VWRS�FRQGLWLRQ�LV�D�ORZ�WR�KLJK�
WUDQVLWLRQ�RI�WKH�6'$�OLQH�ZKLOH�6&/�UHPDLQV�KLJK��7KHVH�FRQGLWLRQV�DUH�VKRZQ�LQ�
ILJXUH������:KHQ�GDWD�LV�EHLQJ�WUDQVIHUUHG��6'$�PXVW�UHPDLQ�VWDEOH�DQG�QRW�FKDQJH�
ZKLOVW�6&/�LV�KLJK��7KH�OHQJWK�RI�WUDQVIHUUHG�GDWD�LV���ELWV��7KH�ELWV�DUH�SODFHG�RQ�WKH�
6'$�OLQH�VWDUWLQJ�ZLWK�WKH�06%��0RVW�6LJQLILFDQW�%LW���7KH�6&/�OLQH�LV�WKHQ�SXOVHG�
KLJK��WKHQ�ORZ��)RU�HDFK�E\WH�WUDQVIHUUHG��WKH�GHYLFH�UHFHLYLQJ�WKH�GDWD�PXVW�JHQHUDWH�
DQ�DFNQRZOHGJH�ELW��$IWHU�DQ�DFNQRZOHGJH�WKHUH�FDQ�EH�D�VWRS�FRQGLWLRQ��LI�WKH�
PDVWHU�ZLVKHV�WR�OHDYH�WKH�EXV�LGOH��2U�D�UHSHDWHG�VWDUW�FRQGLWLRQ��:KHQ�WKH�PDVWHU�
UHDGV�IURP�D�VODYH�LW�VKRXOG�DFNQRZOHGJH�DIWHU�HDFK�E\WH�UHFHLYHG��7KHUH�DUH�WZR�
UHDVRQV�IRU�WKH�PDVWHU�QRW�WR�DFNQRZOHGJH��7KH�PDVWHU�VHQGV�D�QRW�DFNQRZOHGJH�LI�
GDWD�ZDV�QRW�UHFHLYHG�FRUUHFWO\�RU�LI�WKH�PDVWHU�ZLVKHV�WKH�VWRS�UHFHLYLQJ��
� $OO� ,�&� DGGUHVVHV� DUH� HLWKHU� �� ELWV� RU� ��� ELWV�� 7KLV� PHDQV� WKDW� XS� WR� ����
GHYLFHV�FDQ�EH�FRQQHFWHG�RQ�WKH�,�&�EXV��VLQFH�D��ELW�QXPEHU�FDQ�EH�IURP���WR������
$IWHU�VHQGLQJ���ELWV�DGGUHVV��D�UHDG�ZULWH�GLUHFWLRQ�ELW�LV�VHQW�DOVR�DV�/6%�RI�E\WH��,I�
WKH�5�:�ELW�LV�]HUR�WKH�PDVWHU�LV�ZULWLQJ�WR�WKH�VODYH��,I�WKH�5�:�ELW�LV���WKH�PDVWHU�LV�
UHDGLQJ�IURP�WKH�VODYH��
�
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)LJXUH������6'$�DQG�6&/�SXOVHV�IRU�D�W\SLFDO�RSHUDWLRQ�
�
,Q�RUGHU�WR�ZULWH�GDWD�WR�D�VODYH��IROORZLQJ�VWHSV�QHHGV�WR�EH�DSSOLHG��

���6HQG�D�VWDUW�FRQGLWLRQ�
���6HQG�WKH�,�&�DGGUHVV�RI�WKH�VODYH�ZLWK�WKH�5�:�ELW�ORZ��
���6HQG�WKH�LQWHUQDO�UHJLVWHU�QXPEHU�WKDW�WKH�GDWD�ZLOO�EH�ZULWWHQ�
���6HQG�WKH�GDWD�E\WH�
���6HQG�DQ\�IXUWKHU�GDWD�E\WHV�
���6HQG�WKH�VWRS�FRQGLWLRQ��

5HDGLQJ�IURP�VODYHV�LV�PRUH�FRPSOLFDWHG��
���6HQG�D�VWDUW�VHTXHQFH�
���6HQG�WKH�,�&�DGGUHVV�RI�WKH�VODYH�ZLWK�WKH�5�:�ELW�ORZ�
���6HQG�WKH�LQWHUQDO�UHJLVWHU�QXPEHU�WKDW�WKH�GDWD�ZLOO�EH�UHDG�IURP�
���6HQG�D�VWDUW�FRQGLWLRQ�DJDLQ��UHSHDWHG�VWDUW��
���6HQG�WKH�,�&�DGGUHVV�RI�WKH�VODYH�ZLWK�WKH�5�:�ELW�KLJK�
���5HDG�GDWD�E\WH�IURP�VODYH�
���6HQG�WKH�VWRS�FRQGLWLRQ��

,�F�SURWRFRO�FDQ�EH�XVHG�LQ�YDULRXV�FLUFXLWV�VXFK�DV�/&'�GULYHUV��UHPRWH�,�2�
SRUWV�� 5$0�� ((3520� RU� GDWD� FRQYHUWHUV�� ,Q� WKLV� VWXG\�� L�F� SURWRFRO� XVHG� WR�
HVWDEOLVK� WKH� FRPPXQLFDWLRQ� EHWZHHQ� PLFURFRQWUROOHU� DQG� ERWK� ��/&���� VHULDO�
((3520� DQG� '6����� VHULDO� UHDO� WLPH� FORFN�� 7KH� VXEURXWLQHV� RI� PLFURFRQWUROOHU�
SURJUDP�� ZULWLQJ� WR�UHDGLQJ� IURP� ((3520� RU� ZULWLQJ� WR�UHDGLQJ� IURP� 57&�� FDQ�
KHOS� WR� XQGHUVWDQG� WKH� RSHUDWLRQ�RI� L�F� SURWRFRO�� ,W�PXVW�EH�QRWHG� WKDW�SLQ�3���� LV�
GHWHUPLQHG�DV�6&/��DQG�SLQ�3����LV�GHWHUPLQHG�DV�6'$��

����6XPPDU\�
7KH�PLFURFRQWUROOHU�SURJUDP�ZDV�ZULWWHQ�LQ�DVVHPEO\�DQG�KH[DGHFLPDO�FRGH�

ZDV�ORDGHG�LQWR�IODVK�PHPRU\��7KH�SURJUDP�UHDGV�ZLQG�VHQVRUV��VWRUHV�VSHHG�DQG�
GLUHFWLRQ�YDOXHV�LQWR�((3520�ZLWK�WLPH�VWDPS�DQG�VHQGV�DOO�GDWD�WR�FHQWUDO�XQLW��3&�
SURJUDP��LQ�FHQWUDO�XQLW��ORJV�FRPLQJ�GDWD�DQG�VDYHV�DV�VSUHDGVKHHWV�LQWR�KDUG�GLVN��
$OO�FROOHFWHG�GDWD�FDQ�EH�GLVSOD\HG�LQ�JUDSKLFDO�IRUPDW��

�
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�

$�SRUWDEOH�� �����EDVHG�ZLQG� VSHHG�GDWD� ORJJHU� LV� GHVLJQHG� WR�PHDVXUH�DQG�
ORJ� WKH�ZLQG� VSHHG� DQG�GLUHFWLRQ� LQIRUPDWLRQ� IURP� WKUHH�DQHPRPHWHUV� DQG�D�ZLQG�
YDQH��15*�PD[LPXP�����DQHPRPHWHUV��DQG�����3�ZLQG�YDQH�DUH�XVHG�WR�PHDVXUH�
WKH�ZLQG���

7KH� DQHPRPHWHUV� DUH� FDOLEUDWHG� DW� WKH�0HFKDQLFDO� (QJLQHHULQJ� GHSDUWPHQW�
EHIRUH� LQVWDOODWLRQ�� 'HSHQGLQJ� RQ� RXU� H[SHULPHQWDO� UHVXOWV�� WKH� DQHPRPHWHUV�
UHVSRQVH�FXUYHV�DUH�REWDLQHG�DQG�WKH�FRQVWDQWV� DUH�REWDLQHG� WR�JHW� WKH�DFWXDO�ZLQG�
VSHHGV��

%HFDXVH�RI�GLIILFXOW\�RI�UHDGLQJ� WKH� LQVWUXPHQWV�E\�PLFURFRQWUROOHU�GLUHFWO\��
DQ� LQWHUIDFH� FLUFXLW� LV� GHVLJQHG�� 7KH� XQLW� XVHV� DQ� DQDORJ� WR� GLJLWDO� FRQYHUWHU� IRU��
GLUHFWLRQ� PHDVXUHPHQW� DQG� WKUHH� ]HUR� FURVV� GHWHFWRUV� WR� UHDG� DQHPRPHWHUV� YLD��
PLFURFRQWUROOHU�LQWHUUXSWV���

7KH�FROOHFWHG�GDWD�LV�VHQW� �IURP�UHPRWH�XQLW� WR�EDVH�XQLW�XVLQJ�5)�PRGHPV��
8'($�(OHFWURQLFV¶�80'�%����$�3&�SURJUDP�LQ�EDVH�XQLW�UHDGV�WKH�VHULDO�SRUW�DQG�
ORJ�DOO�GDWD�FRPLQJ�IURP�UHPRWH�XQLW�LQ�D�GDWD�ILOH�DQG�GLVSOD\V�WKH�GDWD�LQ�JUDSKLFDO�
IRUPDW�� +RZHYHU�� WKHUH� DUH�PDQ\� GDWD� ORJJHUV� DYDLODEOH� LQ� WKH�PDUNHWV�� 7KH\� DUH�
H[SHQVLYH�DQG�QRW�DV�IOH[LEOH�DV� WKH� UHDOL]HG�GDWD� ORJJHU��7KH�GHVLJQHG�GDWD� ORJJHU��
FDQ�HDVLO\�FRPSHWH�ZLWK�WKH�FRPPHUFLDO�GDWD�ORJJHUV��ZLWK�D�EHWWHU�SUHVHQWDWLRQ��%\�
DGGLQJ�D�IHZ�SDJH�DVVHPEO\�FRGH�DQG�D�OLWWOH�PRUH�KDUGZDUH��WKLV�GHYLFH�PD\�EH�XVHG�
LQ�ZHDWKHU� VWDWLRQV�DV� UHPRWH� XQLW� WR�PHDVXUH� WKH�ZLQG� VSHHG�� GLUHFWLRQ��KXPLGLW\��
WHPSHUDWXUH�DQG�IRU�PRUH��$QRWKHU�LPSRUWDQW�IHDWXUH�RI�WKLV�GHYLFH�LV�WKH�DELOLW\�RI�
ZLUHOHVV� WUDQVIHUULQJ� GDWD� WR� EDVH� XQLW�� 7KH� V\VWHP� DOORZV� XS� WR� �� NP� GLVWDQFH�
EHWZHHQ� UHPRWH� XQLW� DQG� EDVH� XQLW�� 7KH� GLVWDQFH� FDQ� EH� H[WHQGHG� E\�XVLQJ� SURSHU�
PRGHPV��

)RU� LQYHVWLJDWLRQ� RI� WZR� RU�PRUH� VLWHV�� WKH� EDVH� XQLW� FDQ� EH� ORFDWHG� LQ� WKH�
FHQWHU�RI�VLWHV��VR�WZR�RU�PRUH�VLWHV¶�ZLQG�GDWD�DUH�PHDVXUHG�DW�WKH�VDPH�WLPH��8VLQJ�
*60� PRGXOHV� DQG� RQO\� RQH� EDVH� XQLW�� WKH� ZLQG� PHDVXUHPHQW� RI� DOO� UHJLRQV� RI�
7XUNH\�FDQ�EH�JDWKHUHG�WR�FRQVWUXFW�D�:LQG�PDS�RI�7XUNH\��
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�
>�@�:RUOG�(QHUJ\�2XWORRN�������2(&'�SXEOLVKLQJ��SS������
>�@� g]WRSDO�� $�� ùDKLQ�� $�� '��� �������� 2Q� WKH� UHJLRQDO� ZLQG� HQHUJ\� SRWHQWLDO� RI�
7XUNH\��(QHUJ\�����SS����������
>�@�2]HUGHP��%���7XUNHOL��0����������$Q�LQYHVWLJDWLRQ�RI�ZLQG�FKDUDFWHULVWLFV�RQ�WKH�
FDPSXV�RI�,]PLU�,QVWLWXWH�RI�7HFKQRORJ\��7XUNH\��5HQHZDEOH�(QHUJ\�����SS�������±�
������
>�@�$UDV��+��� ��������:LQG� HQHUJ\� VWDWXV�DQG� LWV� DVVHVVPHQW� LQ�7XUNH\��5HQHZDEOH�
(QHJ\��SS�������������
>�@� .DUVOÕ�� 9��0��� *HoLW�� &��� ��������$Q� LQYHVWLJDWLRQ� RQ� ZLQG� SRZHU� SRWHQWLDO� RI�
1XUGD÷Õ�*D]LDQWHS��7XUNH\��5HQHZDEOH�(QHUJ\�����SS�����������
>�@�KWWS���ZZZ�ZLQGSRZHU�RUJ�HQ�WRXU�ZUHV�JOREDOZLQ�KWP�
>�@�-RKQVRQ��*��/�����������:LQG�HQHUJ\�V\VWHPV��
>�@�*LSH��3�����������:LQG�HQHUJ\��FRPHV�RI�DJH��-RKQ�:LOH\�DQG�VRQV�LQF��SS������
����
>�@�+LFNRFN��)�����������+DQGERRN�RI�6RODU�DQG�ZLQG�HQHUJ\��%RVWRQ��&DKQHUV�ERRNV�
LQWHUQDWLRQDO��SS���������
>��@�KWWS���ZZZ�GDYLGGDUOLQJ�LQIR�HQF\FORSHGLD�:�$(BZLQGBWXUELQH�KWPO�
>��@�0XNXQG��5��3�����������:LQG�DQG�VRODU�V\VWHPV��&5&�SUHVV��SS�����
>��@�
KWWS���ZZZ�QUJV\VHPV�FRP�VWRUH�SURGXFWBGHWDLO�SKS"FG ��	V ����	WDE VXSSRUW�
>��@�KWWS���ZZZ�YHGXU�LV�HQJOLVK�ZLQGBHQJ�KWPO�
>��@� 0RUOH\�� -��� �������� :LQG� VSHHG� DQG� GLUHFWLRQ� LQWHUIDFH� IRU� +&6,,�� +RPH�
DXWRPDWLRQ�	�EXLOGLQJ�FRQWURO��
>��@�
KWWS���ZZZ�QUJV\VWHPV�FRP�VWRUH�SURGXFWBGHWDLO�SKS"LG ��	FG ��	V ����	WDE V
XSSRUW�
>��@�*�P�úND\D��+����������0LNURLúOHPFLOHU�YH������DLOHVL��øVWDQEXO��$OID�\D\ÕQODU�
>��@�KWWS���ZZZ������FRP�WXWVIU�SKWPO�
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>��@�0LFURFKLS����/&����VHULDO�((3520�GDWDVKHHW�
>��@�'DOODV�6HPLFRQGXFWRU��'6�����6HULDO�UHDO�WLPH�FORFN�GDWDVKHHW�
>��@�1DWLRQDO�VHPLFRQGXFWRU����ELW�VHULDO�,�2�$�'�FRQYHUWHUV�GDWDVKHHW�
>��@�8'($��80'�%���5)�PRGHP�GDWD�VKHHW�
>��@�3KLOLSV�VHPLFRQGXFWRU��7KH�L�F�EXV�DQG�KRZ�WR�XVH�LW��
�
�
�
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7KH�%DVLFV�RI������%DVHG�0LFURFRQWUROOHUV�
�
�����3LQV�
3���3��LV�DQ���ELW�RSHQ�GUDLQ�EL�GLUHFWLRQDO�,�2�SRUW��3��FDQ�DOVR�EH�XVHG�DV�

PXOWLSOH[HG�ORZ�OHYHO��$'��$'���DGGUHVV�GDWD�EXV��
3���3��LV�DQ���ELW�EL�GLUHFWLRQDO�,�2�SRUW�ZLWK�LQWHUQDO�SXOO�XSV��
3���3��LV�DQ���ELW�EL�GLUHFWLRQDO�,�2�SRUW�ZLWK�LQWHUQDO�SXOO�XSV��3��FDQ�DOVR�EH�

XVHG�DV�KLJK�OHYHO��$'���$'���DGGUHVV�GDWD�EXV��
3���3�� LV� DQ� ��ELW�EL�GLUHFWLRQDO� ,�2�SRUW�ZLWK� LQWHUQDO� SXOO�XSV�� 3RUW��� SLQV�

KDYH�DOWHUQDWH�IXQFWLRQV�DV�VHHQ�LQ�WKH�WDEOH��
�

7DEOH�$$���$OWHUQDWH�IXQFWLRQV�RI�3RUW���SLQV�
3RUW�3LQ� $OWHUQDWH�)XQFWLRQV�
3���� 5;'��6HULDO�LQSXW�SRUW��
3���� 7;'��6HULDO�RXWSXW�SRUW��
3���� ,17���([WHUQDO�LQWHUUXSW����
3���� ,17���([WHUQDO�LQWHUUXSW����
3���� 7���7LPHU���H[WHUQDO�LQSXW��
3���� 7���7LPHU���H[WHUQDO�LQSXW��
3���� :5��([WHUQDO�GDWD�PHPRU\�ZULWH�VWUREH��
3���� 5'��([WHUQDO�GDWD�PHPRU\�UHDG�VWUREH��

�
567�� 5HVHW� LQSXW�� $� KLJK� SXOVH� RQ� WKLV� SLQ� IRU� WZR�PDFKLQH� F\FOHV� ZKLOH�

RVFLOODWRU�LV�UXQQLQJ�UHVHWV�WKH�GHYLFH��
$/(�352*�� �$GGUHVV� ODWFK� HQDEOH� LV� DQ� RXWSXW� SXOVH� IRU� ODWFKLQJ� WKH� ORZ�

E\WH� RI� DGGUHVV� GXULQJ� DFFHVVHV� WR� H[WHUQDO�PHPRU\�� 7KLV� SLQ� LV� DOVR� WKH� SURJUDP�
SXOVH�LQSXW�GXULQJ�IODVK�SURJUDPPLQJ��

�36(1��3URJUDP�VWRUH�HQDEOH�LV�WKH�UHDG�VWUREH�WR�H[WHUQDO�SURJUDP�PHPRU\��
($��933��([WHUQDO�$FFHVV�(QDEOH��($�PXVW�EH�FRQQHFWHG�WR�*1'�LQ�RUGHU�WR�

HQDEOH�WKH�GHYLFH�WR�IHWFK�FRGH�IURP�H[WHUQDO�SURJUDP�PHPRU\�ORFDWLRQV�VWDUWLQJ�DW�
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����+�XS�WR�))))+���7KLV�SLQ�DOVR�UHFHLYHV�WKH����YROW�SURJUDPPLQJ�HQDEOH�YROWDJH�
�933��GXULQJ�)ODVK�SURJUDPPLQJ�ZKHQ����YROW�SURJUDPPLQJ�LV�VHOHFWHG��

;7$/��DQG�;7$/���,QSXWV�IRU�RVFLOODWRU��
9&&�DQG�*1'��6XSSO\�YROWDJH�DQG�JURXQG�>��@��
�

�
0HPRU\�PDS�
�����EDVHG�PLFURFRQWUROOHUV�KDYH�WKUHH�W\SHV�RI�PHPRU\��ZKLFK�DUH�2Q�FKLS�

PHPRU\�� H[WHUQDO� FRGH� PHPRU\�� DQG� H[WHUQDO� 5$0�� 7KH� PHPRULHV� LV� VKRZQ� LQ�
ILJXUH�$$���

�

®�¯�° ±�² ³�´�µ
¶�·d¸

®�¯�° ±�² ³�´�µ¹"º�» ±

¼ ³&° ±�² ³�´�µ
¶
·d¸

½%¾ ¶+¿

¼ ³&° ±�² ³�´�µ¹Hº�» ±

����

�
�

)LJXUH�$$��������PHPRU\�PDS�
�

&RGH�PHPRU\�LV�OLPLWHG�WR���.�DQG�KROGV�WKH������SURJUDP��,W�FDQ�EH�IRXQG�
RQ�FKLS� DV� DQ� (3520� RU� RII�FKLS� DV� DQ� H[WHUQDO� (3520��:KHQ� XVHU� ORDGV� WKH�
SURJUDP�LQWR�������WKH�SURJUDP�ORFDWHV�LQ�FRGH�PHPRU\�DQG�EHFRPH�UHDG\�WR�UXQ��

7KH������DOVR�VXSSRUWV�H[WHUQDO�5$0��ZKHUHDV�LW�KDV�RQ�FKLS�5$0��%XW�WKLV�
W\SH�RI�PHPRU\�LV�UDUHO\�XVHG�EHFDXVH�RI�WKH�GLIILFXOW�RI�DFFHVVLQJ�WKH�GDWD��

2Q�FKLS�PHPRU\�FRQVLVWV�RI�WZR�PHPRULHV�FDOOHG�LQWHUQDO�5$0�DQG�VSHFLDO�
IXQFWLRQ�UHJLVWHUV�PHPRU\��,QWHUQDO�5$0�LQFOXGHV����E\WH�5$0��UHJLVWHU�EDQNV�DQG�
ELW�PHPRU\��

���E\WH�5$0�LV�XVHG�IRU�YDULDEOHV�DQG�DV�VWRUDJH�RI�VWDFN��%LW�PHPRU\�KDV�
����ELW�YDULDEOHV��WKHVH�ELWV�PD\�EH�HLWKHU���RU����
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�����PLFURFRQWUROOHU�KDV���UHJLVWHU�EDQNV��(DFK�EDQN�FRQVLVWV�RI���UHJLVWHUV��
7KHVH�UHJLVWHU�DUH�QXPEHUHG�IURP���WKURXJK����5���5�«5����DQG�DUH�JHQHUDOO\�XVHG�
WR� DVVLVW� LQ� PDQLSXODWLQJ� YDOXHV� DQG� PRYLQJ� GDWD� IURP� RQH� PHPRU\� ORFDWLRQ� WR�
DQRWKHU���
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Å�Â�ÁÅ�Ã�Á
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É�Ð Ò�Ô"Î�Ô"Õ�Ó Ö

Ã&ÀH× ÖØÒ ÎhÍ�Ù
Ú

Û Ä Í�Ñ

�
)LJXUH�$$���,QWHUQDO�5$0�RI������

6SHFLDO�)XQFWLRQ�5HJLVWHU�PHPRU\�LV�XVHG�WR�VWRUH�GDWD�DQG�FRQWURO�UHJLVWHUV�
VXFK�DV� WLPHUV�� LQWHUUXSWV� DQG� VHULDO� SRUW� FRQWURO� UHJLVWHUV��6)5V� DUH� DFFHVVHG�DV� LI�
WKH\�ZHUH�QRUPDO�LQWHUQDO�5$0��(DFK�6)5�KDV�D�QDPH�DQG�DQ�DGGUHVV�>��@��

7DEOH�$$���6)5�0HPRU\�0DS�
Ü�Ý Ü�Ü
Ü�Þ ß Ü�à
á�Ý á�Ü
á�Þ â+ã+ã á�à
ä�Ý ä+Ü
ä�Þ å�æ�ç ä�à
ã+Ý ã"Ü
ã+Þ ã+à
ß�Ý è å ß�Ü
ß�Þ å�é ß�à
â�Ý è á â"Ü
â�Þ å�ê â+à
ë�Ý æ
ã+ìrí æ+ß
î+Ü ë�Ü
ë�Þ å�ï ë�à
Ý�Ý ð�ã+ìrí ð
ñhìrä ð
ò�Þ ð
ò�ï ð�ó�Þ ð�ó"ï Ý�Ü
Ý�Þ å�Þ æ�å ä+å
ò ä+å�ó å�ã+ìrí Ý�à
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6)5�GHVFULSWLRQV�

3���3RUW����$GGUHVV���K��%LW�$GGUHVVDEOH���7KLV�LV�LQSXW�RXWSXW�SRUW����(DFK�
ELW�RI�WKLV�6)5�FRUUHVSRQGV�WR�RQH�RI�WKH�SLQV�RQ�WKH�PLFURFRQWUROOHU��:ULWLQJ�D�YDOXH�
RI���WR�D�ELW�RI�WKLV�6)5�ZLOO�VHQG�D�KLJK�OHYHO�RQ�WKH�FRUUHVSRQGLQJ�,�2�SLQ�ZKHUHDV�D�
YDOXH�RI���ZLOO�EULQJ�LW�WR�D�ORZ�OHYHO��

63� �6WDFN� 3RLQWHU�� $GGUHVV� ��K��� 7KLV� LV� WKH� VWDFN� SRLQWHU� RI� WKH�
PLFURFRQWUROOHU��,I�D�YDOXH�LV�SXVKHG�RQWR�WKH�VWDFN��WKH�YDOXH�ZLOO�EH�ZULWWHQ�WR�WKH�
DGGUHVV�RI�63������7KDW�LV�WR�VD\��LI�63�KROGV�WKH�YDOXH���K��D�386+�LQVWUXFWLRQ�ZLOO�
SXVK�WKH�YDOXH�RQWR�WKH�VWDFN�DW�DGGUHVV���K���

'3/�'3+��'DWD�3RLQWHU�/RZ�+LJK��$GGUHVVHV���K���K���7KH�6)5V�'3/�DQG�
'3+� ZRUN� WRJHWKHU� WR� UHSUHVHQW� D� ���ELW� YDOXH� FDOOHG� WKH� 'DWD� 3RLQWHU�� 7KH� GDWD�
SRLQWHU� LV� XVHG� LQ� RSHUDWLRQV� UHJDUGLQJ� H[WHUQDO� 5$0� DQG� VRPH� LQVWUXFWLRQV�
LQYROYLQJ�FRGH�PHPRU\��6LQFH�LW�LV�D�WZR�E\WH�LQWHJHU�YDOXH��LW�FDQ�UHSUHVHQW�YDOXHV�
IURP�����K�WR�))))K��

3&21��3RZHU�&RQWURO��$GGUHVVHV���K���7KH�3RZHU�&RQWURO�6)5�LV�XVHG� WR�
FRQWURO�WKH�����
V�SRZHU�FRQWURO�PRGHV��&HUWDLQ�RSHUDWLRQ�PRGHV�RI�WKH������DOORZ�
WKH������WR�JR�LQWR�D�W\SH�RI��VOHHS��PRGH�ZKLFK�UHTXLUHV�PXFK�OHVV�SRZHU��7KHVH�
PRGHV�RI�RSHUDWLRQ�DUH�FRQWUROOHG�WKURXJK�3&21��

7&21��7LPHU�&RQWURO��$GGUHVVHV���K��%LW�$GGUHVVDEOH���7KH�7LPHU�&RQWURO�
6)5� LV� XVHG� WR� FRQILJXUH� DQG� PRGLI\� WKH� ����
V� WZR� WLPHUV�� 7KLV� 6)5� FRQWUROV�
ZKHWKHU�HDFK�RI�WKH�WZR�WLPHUV�LV�UXQQLQJ�RU�VWRSSHG�DQG�FRQWDLQV�D�IODJ�WR�LQGLFDWH�
WKDW� HDFK� WLPHU� KDV� RYHUIORZHG�� $GGLWLRQDOO\�� VRPH� ELWV� DUH� ORFDWHG� LQ� WKH� 7&21�
6)5���

7)�� 75�� 7)�� 75�� ,(�� ,7�� ,(�� ,7��

)LJXUH�$$���7&21�UHJLVWHU�ELWV�
7KHVH�ELWV�DUH�XVHG� WR�FRQILJXUH� WKH�H[WHUQDO� LQWHUUXSWV�DQG�DOVR�FRQWDLQ� WKH�

H[WHUQDO�LQWHUUXSW�IODJV�ZKLFK�DUH�VHW�ZKHQ�DQ�H[WHUQDO�LQWHUUXSW�KDV�RFFXUUHG��

702'� �7LPHU� 0RGH�� $GGUHVVHV� ��K��� 7KH� 7LPHU� 0RGH� 6)5� LV� XVHG� WR�
FRQILJXUH�WKH�PRGH�RI�RSHUDWLRQ�RI�HDFK�RI�WKH�WZR�WLPHUV��8VLQJ�WKLV�6)5�SURJUDP�
PD\�FRQILJXUH�HDFK� WLPHU� WR�EH�D����ELW� WLPHU��DQ���ELW� DXWR� UHORDG� WLPHU��D����ELW�
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WLPHU�� RU� WZR� VHSDUDWH� WLPHUV�� $GGLWLRQDOO\�� WKH� WLPHUV� FDQ� EH� FRQILJXUHG� WR� RQO\�
FRXQW�ZKHQ�DQ�H[WHUQDO�SLQ�LV�DFWLYDWHG�RU�WR�FRXQW��HYHQWV����

*$7(� &���7� 0�� 0�� *$7(� &���7� 0�� 0��
�

0�� 0�� 0RG� �
�� �� �� ���ELW�
�� �� �� ���ELW�
�� �� ��

��ELW�
DXWRUHORDG�

�� �� �� ��ELW�
�� �� �� WLPHU��VWRSV�

)LJXUH�$$���702'�UHJLVWHU�

7/��7+�� �7LPHU� �� /RZ�+LJK�� $GGUHVVHV� �$K��&K��� 7KHVH� WZR� 6)5V���
UHSUHVHQW� WLPHU� ��� 7KHLU� EHKDYLRU� GHSHQGV� RQ� KRZ� WKH� WLPHU� LV� FRQILJXUHG� LQ� WKH�
702'�6)5��KRZHYHU��WKHVH�WLPHUV�DOZD\V�FRXQW�XS���

7/��7+�� �7LPHU� �� /RZ�+LJK�� $GGUHVVHV� �%K��'K��� 7KHVH� WZR� 6)5V��
UHSUHVHQW� WLPHU� ��� 7KHLU� � EHKDYLRU� GHSHQGV� RQ� KRZ� WKH� WLPHU� LV� FRQILJXUHG� LQ� WKH�
702'�6)5��KRZHYHU��WKHVH�WLPHUV�DOZD\V�FRXQW�XS���

3���3RUW����$GGUHVV���K��%LW�$GGUHVVDEOH���7KLV�LV�LQSXW�RXWSXW�SRUW����(DFK�
ELW�RI�WKLV�6)5�FRUUHVSRQGV�WR�RQH�RI�WKH�SLQV�RQ�WKH�PLFURFRQWUROOHU��:ULWLQJ�D�YDOXH�
RI���WR�D�ELW�RI�WKLV�6)5�ZLOO�VHQG�D�KLJK�OHYHO�RQ�WKH�FRUUHVSRQGLQJ�,�2�SLQ���

6&21��6HULDO�&RQWURO��$GGUHVVHV���K��%LW�$GGUHVVDEOH���7KH�6HULDO�&RQWURO�
6)5�LV�XVHG�WR�FRQILJXUH�WKH�����
V�RQ�ERDUG�VHULDO�SRUW��7KLV�6)5�FRQWUROV�WKH�EDXG�
UDWH�RI� WKH� VHULDO�SRUW��ZKHWKHU� WKH� VHULDO�SRUW� LV�DFWLYDWHG� WR� UHFHLYH�GDWD��DQG�DOVR�
FRQWDLQV�IODJV�WKDW�DUH�VHW�ZKHQ�D�E\WH�LV�VXFFHVVIXOO\�VHQW�RU�UHFHLYHG��

60�� 60�� 60�� 5(1� 7%�� 5%�� 7,� 5,�
�

60�� 60�� 02'� �
�� �� ��

VKLIW�
UHJLVWHU�

�� �� �� ��ELW�XDUW�
�� �� �� ��ELW�XDUW�
�� �� �� ��ELW�XDUW�

� � � �

)LJXUH�$$���6&21�UHJLVWHU�
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%DXG�UDWH�RI�V\VWHP�LV�GHSHQGV�RQ�WLPHU����LI�WLPHU���LV�SURJUDPPHG��LQ�PRG�
���WKH�EDXG�UDWH�RI�V\VWHP�LV�FDOFXODWHG�DV��

� � � �
��� ���� ��
ô õ@ö�÷ [ RVF IUHTEDXG [ 7+ � � � � �$$����

�

6%8)��6HULDO�&RQWURO��$GGUHVVHV���K���7KH�6HULDO�%XIIHU�6)5�LV�XVHG�WR�VHQG�
DQG�UHFHLYH�GDWD�YLD�WKH�RQ�ERDUG�VHULDO�SRUW��$Q\�YDOXH�ZULWWHQ�WR�6%8)�ZLOO�EH�VHQW�
RXW�WKH�VHULDO�SRUW
V�7;'�SLQ��$Q\�YDOXH�ZKLFK�WKH������UHFHLYHV�YLD�WKH�VHULDO�SRUW
V�
5;'�SLQ�ZLOO�EH�GHOLYHUHG�WR�WKH�XVHU�SURJUDP�YLD�6%8)��6%8)�VHUYHV�DV�WKH�RXWSXW�
SRUW�ZKHQ�ZULWWHQ�WR�DQG�DV�DQ�LQSXW�SRUW�ZKHQ�UHDG�IURP���

3���3RUW����$GGUHVV�$�K��%LW�$GGUHVVDEOH���7KLV�LV�LQSXW�RXWSXW�SRUW����(DFK�
ELW�RI�WKLV�6)5�FRUUHVSRQGV�WR�RQH�RI�WKH�SLQV�RQ�WKH�PLFURFRQWUROOHU��:ULWLQJ�D�YDOXH�
RI���WR�D�ELW�RI�WKLV�6)5�ZLOO�VHQG�D�KLJK�OHYHO�RQ�WKH�FRUUHVSRQGLQJ�,�2�SLQ��

,(� �,QWHUUXSW�(QDEOH��$GGUHVVHV�$�K���7KH� ,QWHUUXSW�(QDEOH�6)5� LV�XVHG� WR�
HQDEOH� DQG� GLVDEOH� VSHFLILF� LQWHUUXSWV�� 7KH� ORZ� �� ELWV� RI� WKH� 6)5� DUH� XVHG� WR�
HQDEOH�GLVDEOH� WKH� VSHFLILF� LQWHUUXSWV��ZKHUH�DV� WKH� KLJKHVW�ELW� LV�XVHG� WR� HQDEOH�RU�
GLVDEOH�$//�LQWHUUXSWV��

($� �� �� (6� (7�� (;�� (7�� (;��
�

)LJXUH�$$���,(�UHJLVWHU�
�7KXV�� LI� WKH� KLJK� ELW� RI� ,(� LV� �� DOO� LQWHUUXSWV� DUH� GLVDEOHG� HYHQ� LI� DQ� LQGLYLGXDO�
LQWHUUXSW�LV�HQDEOHG�E\�VHWWLQJ�D�ORZHU�ELW���

3���3RUW����$GGUHVV�%�K��%LW�$GGUHVVDEOH���7KLV�LV�LQSXW�RXWSXW�SRUW����(DFK�
ELW�RI�WKLV�6)5�FRUUHVSRQGV�WR�RQH�RI�WKH�SLQV�RQ�WKH�PLFURFRQWUROOHU��:ULWLQJ�D�YDOXH�
RI���WR�D�ELW�RI�WKLV�6)5�ZLOO�VHQG�D�KLJK�OHYHO�RQ�WKH�FRUUHVSRQGLQJ�,�2�SLQ���

,3��,QWHUUXSW�3ULRULW\��$GGUHVVHV�%�K��%LW�$GGUHVVDEOH���7KH�,QWHUUXSW�3ULRULW\�
6)5�LV�XVHG�WR�VSHFLI\�SULRULW\�RI�HDFK�LQWHUUXSW��2Q�WKH�������DQ�LQWHUUXSW�PD\�HLWKHU�
EH�RI�ORZ�����SULRULW\�RU�KLJK�����SULRULW\���

�
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�

�� �� �� 36� 37�� 3;�� 37�� 3;��

)LJXUH�$$���,3�UHJLVWHU�

)RU�H[DPSOH��LI�ZH�FRQILJXUH�WKH������VR�WKDW�DOO�LQWHUUXSWV�DUH�RI�ORZ�SULRULW\�H[FHSW�
WKH� VHULDO� LQWHUUXSW�� WKH� VHULDO� LQWHUUXSW�ZLOO� DOZD\V� EH� DEOH� WR� LQWHUUXSW� WKH� V\VWHP��
HYHQ�LI�DQRWKHU�LQWHUUXSW�LV�FXUUHQWO\�H[HFXWLQJ���

36:��3URJUDP�6WDWXV�:RUG��$GGUHVVHV�'�K��%LW�$GGUHVVDEOH���7KH�3URJUDP�
6WDWXV�:RUG�LV�XVHG�WR�VWRUH�D�QXPEHU�RI�LPSRUWDQW�ELWV�WKDW�DUH�VHW�DQG�FOHDUHG�E\�
�����LQVWUXFWLRQV��7KH�36:�6)5�FRQWDLQV�WKH�FDUU\�IODJ��WKH�DX[LOLDU\�FDUU\�IODJ��WKH�
RYHUIORZ�IODJ��DQG�WKH�SDULW\�IODJ���

&<� $&� )�� 56�� 56�� 29� �� 3�

)LJXUH�$$���36:�UHJLVWHU�

$GGLWLRQDOO\�� WKH�36:�UHJLVWHU�FRQWDLQV� WKH�UHJLVWHU�EDQN�VHOHFW� IODJV�ZKLFK�
DUH�XVHG�WR�VHOHFW�ZKLFK�RI�WKH��5��UHJLVWHU�EDQNV�DUH�FXUUHQWO\�VHOHFWHG��

$&&� �$FFXPXODWRU�� $GGUHVVHV� (�K�� %LW�$GGUHVVDEOH��� 7KH�$FFXPXODWRU� LV�
RQH�RI�WKH�PRVW�XVHG�6)5V�RQ�WKH������VLQFH�LW�LV�LQYROYHG�LQ�VR�PDQ\�LQVWUXFWLRQV��
7KH�$FFXPXODWRU� LV� ORFDWHG�DV�DQ�6)5�DW�(�K��ZKLFK�PHDQV� WKH� LQVWUXFWLRQ�029�
$����K�LV�UHDOO\�WKH�VDPH�DV�029�(�K����K���

%��%�5HJLVWHU��$GGUHVVHV�)�K��%LW�$GGUHVVDEOH���7KH��%��UHJLVWHU�LV�XVHG�LQ�
WZR�LQVWUXFWLRQV��WKH�PXOWLSO\�DQG�GLYLGH�RSHUDWLRQV��7KH�%�UHJLVWHU�LV�DOVR�FRPPRQO\�
XVHG�E\�SURJUDPPHUV�DV�DQ�DX[LOLDU\�UHJLVWHU�WR�WHPSRUDULO\�VWRUH�YDOXHV���

,QWHUUXSWV�
7KH� ����� KDV� �� LQWHUUXSW� VRXUFHV� ZKLFK� DUH� H[WHUQDO� LQWHUUXSW� ��� H[WHUQDO�

LQWHUUXSW� ��� WLPHU� ��� WLPHU� ��� VHULDO� SRUW�� ,QWHUUXSWV� DQG� WKHLU� YHFWRU� DGGUHVVHV� DUH�
VKRZQ�LQ�WDEOH�$$����

,I�DQ�LQWHUUXSW�RFFXUV�WKH�SURJUDP�FRPSOHWHV�H[HFXWLQJ�WKH�ODVW�FRGH�OLQH�DQG�
MXPSV�WR�LQWHUUXSW�VHUYLFH�URXWLQH��,I�WLPHU���RU�WLPHU���RYHUIORZV�7)��RU�7)��ELWV�RI�
7&21� WULJJHUV� DQ� LQWHUUXSW� HYHQW�� ,17��DQG� ,17��DUH� H[WHUQDO� LQWHUUXSWV�� LI� D� ORZ�
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VLJQDO�LV�DSSOLHG�WR�WKH�UHODWHG�SLQ��DQ�LQWHUUXSW�RFFXUV��5,�DQG�7,�ELWV�RI�6&21�DUH�
VRXUFH�RI�LQWHUUXSW�DOVR��

�
7DEOH�$$���,QWHUUXSW�YHFWRU�DGGUHVVHV�

,QWHUUXSW�
,65�

$GGUHVV� 3ULRULW\�
,(�� ����+� ��
7)�� ���%+� ��
,(�� ����+� ��
7)�� ���%+� ��

5,�RU�7,� ����+� ��
�
$GGUHVVLQJ�PRGHV�
$GGUHVVLQJ�PRGH�PHDQV�KRZ�D�JLYHQ�PHPRU\�LV�DGGUHVVHG�������DGGUHVVLQJ�

PRGHV�FDQ�EH�GLYLGHG�LQWR���FDWHJRULHV�>��@��7KH\�DUH��
��,PPHGLDWH�$GGUHVVLQJ�
��'LUHFW�$GGUHVVLQJ�
��5HJLVWHU�$GGUHVVLQJ�
��5HJLVWHU�6SHFLILF�
��5HJLVWHU�,QGLUHFW�
��5HJLVWHU�,QGH[HG�
,PPHGLDWH�DGGUHVVLQJ�LV�VR�QDPHG�EHFDXVH�WKH�YDOXH�WR�EH�VWRUHG�LQ�PHPRU\�

LPPHGLDWHO\�IROORZV�WKH�RSHUDWLRQ�FRGH�LQ�PHPRU\��
'LUHFW� DGGUHVVLQJ� LV� VR�QDPHG�EHFDXVH� WKH�YDOXH� WR�EH�VWRUHG� LQ�PHPRU\� LV�

REWDLQHG�E\�GLUHFWO\�UHWULHYLQJ�LW�IURP�DQRWKHU�PHPRU\�ORFDWLRQ��
,Q�5HJLVWHU� DGGUHVVLQJ�PRGH� VRXUFH� RU� GHVWLQDWLRQ�E\WH� LV� DOZD\V� D� UHJLVWHU�

VXFK�DV�5��5��HWF��
6RPH� LQVWUXFWLRQV� DUH� VSHFLILF� IRU� D� UHJLVWHU� VR� WKDW� LW� GRHVQ¶W� QHHG� DQ\�

DGGUHVVLQJ�PRGH��029�$����LV�DQ�H[DPSOH�IRU�UHJLVWHU�VSHFLILF�DGGUHVVLQJ��
5HJLVWHU�LQGLUHFW�LV�WKH�PRVW�SRZHUIXO�DGGUHVVLQJ�PRGH�RI�������,Q�WKLV�PRGH��

QHLWKHU�VRXUFH�QRU�GHVWLQDWLRQ�DGGUHVV�LV�QRW�JLYHQ��)RU�H[DPSOH�029�#'375��$��
,I�VRXUFH�RU�GHVWLQDWLRQ�DGGUHVV�LV�WKH�VXP�RI�D�EDVH�DGGUHVV�DQG�DFFXPXODWRU��

WKLV� W\SH� RI� DGGUHVVLQJ�PRGH� LV� FDOOHG� UHJLVWHU� LQGH[HG� DGGUHVVLQJ�� ,W� LV� JHQHUDOO\�
XVHG�ZKHQ�ZRUNLQJ�ZLWK�ORRN�XS�WDEOHV��

�
�
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&SX�WLPLQJ�
$OO������PLFURFRQWUROOHUV�KDV�DQ�RQ�ERDUG�RVFLOODWRU��[WDO��DQG�[WDO��SLQV�DUH�

FRQQHFWHG�WR�DQ�FU\VWDO�DQG�WZR�H[WHUQDO�FDSDFLWRU��2QH�PDFKLQH�F\FOH�FRQVLVWV�RI����
RVFLOODWRU� F\FOHV�� 7R� SURYLGH� KLJK� EDXG� UDWHV�� 0DQ\� �����EDVHG� V\VWHPV� XVHV�
�������� 0K]� FU\VWDOV�� ����������� K]� FU\VWDO� LV� FRQQHFWHG� WR� [WDO� SLQV� RI�
PLFURFRQWUROOHU�LQ�WKLV�SURMHFW��
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$33(1',;�%�
�

0HDVXUHG�:LQG�6SHHGV�DQG�'LUHFWLRQ�'DWD�
ø�ù�ú�û ú�ü ý+ûÿþ���û�û�ø�� þ���û�û�ø�� þ���û�û�ø�� ø
ü �
	 ø�ù�ú�û ú�ü ý+û þ���û�û�ø�� þ���û�û�ø�� þ���û�û�ø
� ø�ü ��	
� ��	 ��� 	 � ����� ����� ��� ��� ��� ��� � � � � ��� 	 ��� 	 � ����� � � � ����� � ��� � � � � � � � � � �
��� 	 ��� 	 � ����� � � � ��� ��� � � ��� ��� � ��� ��� 	 ��� 	 � ����� � � � ����� � � � � � ��� � � � � ���
��� 	 ��� 	 � ����� � � � ��� � � ��� ��� ��� � � � ��� 	 ��� 	 � ����� � � � ���!� � � � � � ��� � � � � ���
��� 	 ��� 	 � ����� � � � ��� � � � � � � � ��� ��� 	 ��� 	 � ����� �"��� ��� ��� � � ��� �"� � � � � ���

��� 	 ��� 	 � ����� � � � ��� ��� � � ��� � � � � � � ���
��� 	 ��� 	 � ����� ����� ����� � ��� � � ��� � � ��� � �
��� 	 ��� 	 � ����� � � � ���!� � �"� � � ��� � � ��� � �
��� 	 ��� 	 � ����� �#��� ��� ��� � � � � ��� � � ��� ���
��� 	 ��� 	 � ����� ����� ���!� � � � � � ��� � � ��� ���
��� 	 ��� 	 � ����� ����� ��� ��� � � ��� ��� � � ��� ���

ø�ù�ú�û ú�ü ý+ûÿþ���û�û�ø�� þ���û�û�ø�� þ���û�û�ø�� ø
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