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3URMHFW�7LWOH� 1HDU±,QIUDUHG�%DVHG�1DYLJDWLRQ�IRU�9LVXDOO\�,PSDLUHG�� 
  
6WXGHQW�1DPH�� 0U��.DQDW�5DWDQDQRQ�����������6WXGHQW�,'���������� 

0U��1RSDZLW�6ULUDWDQDEDQ����6WXGHQW�,'����������� 
 

'HJUHH� %DFKHORU�RI�(QJLQHHULQJ�LQ�%LRPHGLFDO�(QJLQHHULQJ�� 
  
�� 
3URMHFW�$GYLVRU 6LJQHG��BBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

 ���$VVRF��3URI��'U��:LERRO�3L\DZDWWDQDPDWKD��� 

&RPPLWWHH 6LJQHG��BBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

 �����$VVRF��3URI��'U��0DWWKHZ�3DXO�*OHHVRQ������� 

&RPPLWWHH 6LJQHG��BBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

 ����$VVW��3URI��'U��-DPLH�$OH[DQGHU�2¶5HLOO\�����  

&RPPLWWHH 6LJQHG��BBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

 ����$VVW��3URI��'U��3LPNKXDQ�+DQQDQWD�DQ����� 

&RPPLWWHH 6LJQHG��BBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

 �� �������������������'U��0D\�3KX�3DLQJ���������������������� 

+HDG�RI�'HSDUWPHQW 6LJQHG��BBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

 �� $VVRF��3URI��'U��6DULQSRUQ�9LVLWVDWWDSRQJVH�� 
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6WXGHQW�1DPH� 0U��.DQDW�5DWDQDQRQ��� 6WXGHQW�,'���������� 

 0U��1RSDZLW�6ULUDWDQDEDQ������6WXGHQW�,'���������� 

���������'HJUHH %DFKHORU�RI�(QJLQHHULQJ�LQ�%LRPHGLFDO�(QJLQHHULQJ 

3URMHFW�$GYLVRU $VVRF��3URI��'U��:LERRO�3L\DZDWWDQDPDWKD 
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1RZDGD\V�LW�LV�TXLWH�GLIILFXOW�IRU�SHRSOH�ZKR�DUH�EOLQG�RU�YLVXDOO\�LPSDLUHG�WR�QDYLJDWH�
DQG�DYRLG�REVWDFOHV��7KHUH�DUH�D�ORW�RI�YLVXDOO\�LPSDLUHG�SHUVRQV�LQ�WKH�ZRUOG�PRUH�WKDQ�����
ELOOLRQ�SHRSOH��5HJDUGOHVV�RI�WKH�FDXVH�RI�WKHLU�YLVLRQ�LPSDLUPHQW�FRQJHQLWDO�RU�DFFLGHQWDO�WKHVH�
SHRSOH�VWUXJJOH�ZLWK�GD\�WR�GD\�WDVNV��:KLOH�DVVLVWLYH�WHFKQRORJ\�GRHV�H[LVW��WKH�PDMRULW\�RI�LW�
FRQVLVWV� RI� VLPSOH� LWHPV� OLNH� FDQHV��:KLOH� FDQHV� FDQ�EH� XVHIXO� LQ� LGHQWLI\LQJ� LPSHGLPHQWV�
GLUHFWO\�LQ�IURQW�RI�WKH�XVHU��WKH\�DUH�QRW�DEOH�WR�LGHQWLI\�LWHPV�WKDW�DUH�KLJKHU�WKDQ�WKH�ZDLVW�RU�
WKDW�DUH�IDUWKHU�DZD\�WKDQ�WKH�FDQH
V�UHDFK��7KLV�UHVWULFWLRQ�PDNHV�LW�GLIILFXOW�IRU�SHRSOH�ZLWK�
YLVLRQ�LPSDLUPHQWV�WR�OHDG�FRPSOHWHO\�DXWRQRPRXV�OLYHV��� 

2XU� LGHD� LQYROYHV� XVLQJ� D� FDPHUD� ZLWK� GLIIHUHQW� GLVSOD\� PRGHV� DQG� WLPH�RI�IOLJKW�
VHQVRUV�WR�LGHQWLI\�LPSHGLPHQWV��7KH�VHQVRU�FDQ�GHWHUPLQH�WKH�GLVWDQFH�RI�DQ�REMHFW�DFFXUDWHO\��
ZLWK�D�PD[LPXP�IUDPH�UDWH�RI����IUDPHV�SHU�VHFRQG�DQG�D�UDQJH�RI�����WR����PHWHUV��DOORZLQJ�
IRU�UHDO�WLPH�REMHFW�WUDFNLQJ�DQG�GLVWDQFH�LGHQWLILFDWLRQ�� 
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:H�ZRXOG� OLNH� WR�H[SUHVV� RXU�GHHSHVW�JUDWLWXGH� WR� RXU�DGYLVRU��$VVRF��3URI��:LERRO�

3L\DZDWWDQDPHWKD�� IRU� KLV� XQZDYHULQJ� VXSSRUW�� JXLGDQFH�� DQG� H[SHUWLVH� WKURXJKRXW� WKLV�
UHVHDUFK�SURMHFW��+LV�LQYDOXDEOH�LQVLJKWV�DQG�IHHGEDFN�KDYH�EHHQ�FULWLFDO�WR�WKH�VXFFHVV�RI�WKLV�
ZRUN��)LQDOO\��ZH�ZRXOG�OLNH�WR�JLYH�WKDQNV�WR�HYHU\�RWKHU�SHRSOH�ZKR�DUH�QRW�QDPHG�KHUH�IRU�
DOO�WKHLU�KHOSV�DQG�VXSSRUWV�WKURXJKRXW�WKH�SHULRG�RI�WKLV�SURMHFW�� 

�������������������.DQDW�5DWDQDQRQ�� 
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 ����%DFNJURXQG�DQG�VLJQLILFDQFH�RI�WKH�VWXG\�� � � � ���������� 

 ����2EMHFWLYHV�� � � � � � ����������� ���������� 

 ����6FRSH�RI�WKH�VWXG\� � � � � � � ��������� 

�� 
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 ����0HGLFDO�5HODWHG�7KHRULHV�� � � � ������� � ����������� 

 ������3DUWLDO�%OLQGQHVV� � � � � � ����������� 

 ������&RPSOHWH�%OLQGQHVV� � � � � � ����������� 

 �������&RQJHQLWDO�%OLQGQHVV�� � � � � ����������� 

 �������/HJDO�%OLQGQHVV� � � � � � ����������� 

 �������1XWULWLRQDO�%OLQGQHVV�� � � � � ���������� 

 ����$VVLVWLQJ�'HYLFHV�IRU�9LVXDOO\�,PSDLUHG�,QGLYLGXDOV� � � ����������� 

 ������5HDGLQJ�$VVLVWDQFH�'HYLFHV� � � � � ���������� 

 ������9LVLRQ�(QKDQFHPHQW�*ODVVHV� � � � � ����������� 

 ������6RXQG�7HFKQRORJ\� � � � � � ����������� 

 ������1DYLJDWLRQ�7HFKQRORJ\�� � � � � ����������� 

 ������0RELOLW\�$VVLVWDQFH�'HYLFHV� � � � � ����������� 

 ������2UJDQ�7UDFNLQJ�7HFKQRORJ\� � � � � ���������� 
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 ������(GXFDWLRQDO�$VVLVWDQFH�'HYLFHV� � � � ����������� 

 ����([DPSOH�RI�'HYLFHV�IRU�9LVXDO�,PSDLUHG�� � � � ���������� 

 ������6PDUW�&DQH�IRU�9LVXDOO\�,PSDLUHG�,QGLYLGXDOV�� � ���������� 

 � ������2UFDP�*ODVVHV��7DONLQJ�*ODVVHV� � � � ���������� 

������6PDUW�*ODVVHV�IRU�SHRSOH�ZKR�DUH�EOLQG�DQG�3DUWLDOO\��  

 6LJKWHG� �  
����� � � � � � 

����6PDUWSKRQH�*36�1DYLJDWLRQ�IRU�3HRSOH�ZLWK�9LVXDO�� 

����������� 

 ,PSDLUPHQWV���������� � � � � � � 
� 

������������ 

 ����'HSWK�VHQVLQJ�FDPHUD� � � ���������������� � 
� 

������������ 

 ����7KHRU\�RI�WLPH�RI�IOLJKW� � � � � � 
� 

������������ 

 ����REMHFW�GHWHFWLRQ�E\�0$7/$%� � � � � 
� 

������������ 

 ����9LEUDWLRQ�PRWRU� � � � � � � 
� 

����6PDUWSKRQH�*36�1DYLJDWLRQ�IRU�3HRSOH�ZLWK�9LVXDO��
,PSDLUPHQWV�����������������������������������������������������������������������������������������������  
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�����������������������������&RPSDULVRQ�EHWZHHQ�0$7/$%�REMHFW�GHWHFWLRQ�DQG�� ��������� 
 S\WKRQ�REMHFW�GHWHFWLRQ� � � � 
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 ����,QWURGXFWLRQ� � � � � � 
� 

� � ������������ 

 ����0DWHULDO� � � � � � � 
� 

����� � ������������� 

 � ������7KH�,QWHO�5HDO6HQVH�'����GHSWK�FDPHUD� 
� � 

� � ����������� 

� � ������9LEUDWLRQ�0RWRU�� � � � � � ������������ 
� � ������$UGXLQR�� � � � � � � ������������ 

� � ������83�%RDUG�$WRP�[��(����� � � � � ������������ 
� � ������3\WKRQ�� � � � � � � ����������� 

� � ������&KHVW�VWUDS� � � � � � � ����������� 

� ����)ORZFKDUW�IRU�WKH�RSHUDWLRQ�V\VWHP� � � � � ����������� 

� ����&RGLQJ�SDUW�LQ�3\WKRQ� � � � � � � ������������ 
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� � ������7KH�UHVHDUFKHUV�GHVLJQHG�D�QDYLJDWLRQ�GHYLFH��� � ������������ 

� � ������6RIWZDUH�'HYHORSPHQW�IRU�1DYLJDWLRQ�'HYLFH�� 
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� ������������� 

 ����5HVXOW� � � � � � � � 
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7DEOHV�� � � � � � � � � ������������������3DJH�� 
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7DEOH�����&RPSDUH�YHUVLRQ�RI�FDPHUD� � � � � � ���������� 

7DEOH�������7KH�VSHFLILFDWLRQV�RI�D�YLEUDWLRQ�PRWRU�WKH�VSHFLILFDWLRQV�� � ����������� 

7DEOH�������7KH�VSHFLILFDWLRQV�RI�D�PLQL�YLEUDWLRQ�PRWRU�WKH�VSHFLILFDWLRQV�� ����������� 
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)LJXUHV� � � � � � � � � 
� 

� ���������3DJH�� 

)LJXUH�������([DPSOH�RI�D�6PDUW�&DQH�IRU�9LVXDOO\�,PSDLUHG�,QGLYLGXDOV� � ��������������� 

)LJXUH�������([DPSOH�RI�2UFDP�*ODVVHV��7DONLQJ�*ODVVHV� � � 
)LJXUH�������([DPSOH�RI�6PDUW�*ODVVHV�IRU�SHRSOH�ZKR�DUH�EOLQG�DQG�� 

� �������������� 

3DUWLDOO\�6LJKWHG� � � � � � � � � �������������� 

)LJXUH�������6WHUHR�GLVSDULW\�� � � � � � � �������������� 

)LJXUH�������$UFKLWHFWXUH�RI�D�WLPH�RI�IOLJKW�FDPHUD�� � � � �������������� 

)LJXUH�������([SODLQ�WKH�VROXWLRQ�RI�WLPH�RI�IOLJKW��� � � 

)LJXUH�������&RPSDUH�WKH�UDQJH�RI�6WHUHR�YLVLRQ��7LPH�RI�IOLJKW�DQG�� 

� �������������� 

6WUXFWXUHG�OLJKW�VHQVRU�� � � � � � � � �������������� 

)LJXUH�������9LEUDWRU�0RWRU�$UGXLQR�� � � � � 

)LJXUH���������D��$Q�H[WHUQDO�FDPHUD��DQG�E��,QWHUQDO�FDPHUD�RI�WKH�� 

� �������������� 

,QWHO�5HDO6HQVH�'����GHSWK�FDPHUD�� � � � � 

)LJXUH���������([DPSOH�RI�5*%�DQG�,QIUDUHG�,PDJHV�IURP�WKH�� 

� ������������� 

,QWHO�5HDO6HQVH�'����'HSWK�&DPHUD�� � � � � � �������������� 

)LJXUH���������7LPH�RI�)OLJKW�0HWKRG� � � � � � �������������� 

)LJXUH�������([DPSOH�RI�9LEUDWLRQ�PRWRU� � � � � � �������������� 

)LJXUH�������([DPSOH�FRQQHFWLQJ�D�9LEUDWLRQ�0RWRU�WR�DQ�$UGXLQR�� � ������������� 

)LJXUH�������([DPSOH�RI�83�%RDUG�$WRP�[��(������ � � � ������������� 

)LJXUH�������([DPSOH�RI�&KHVW�VWUDS�� � � � � � ������������� 

)LJXUH�������([DPSOH�RI�6FKHPDWLFV�,QWHO�5HDO6HQVH�'����GHSWK�FDPHUD��  
DIWHU�LQVWDOODWLRQ�RI�DFFHVVRULHV�>D�@�)URQW�YLHZ��>E�@�5HDU�YLHZ� � � 

)LJXUH�������([DPSOH�,PDJH�2EWDLQHG�IURP�WKH�,QWHO�5HDO6HQVH�'����� 

�������������� 

$IWHU�'LYLGLQJ�WKH�*ULG�8VLQJ�0DWODE�IRU�8VH�ZLWK�9LEUDWLRQ�0RWRUV�� � �������������� 

)LJXUH�������2EMHFW�GLVWDQFH�FDOFXODWHG�IRUP�WKH�FHQWHU�RI��
��JULG�� � �������������� 

)LJXUH��������=RRP�LQ�RI�2EMHFW�GLVWDQFH�FDOFXODWHG�IRUP�WKH�FHQWHU�RI��
�JULG� �������������� 
)LJXUH��������2EMHFW�GLVWDQFH�FDOFXODWHG�IRUP�WKH�FHQWHU�RI��
��JULG� � ������������� 
)LJXUH������6KRZ�WKH�GLVSOD\�RI�PLQLPXP�GLVWDQFH�WKDW�� 
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1DYLJDWLRQ� DQG� REVWDFOH� DYRLGDQFH� DUH� H[WUHPHO\� FKDOOHQJLQJ� IRU� YLVXDOO\� LPSDLUHG�
LQGLYLGXDOV��&XUUHQWO\��WKHUH�LV�D�VLJQLILFDQW�QXPEHU�RI�YLVXDOO\�LPSDLUHG�SHRSOH�ZRUOGZLGH��
WRWDOLQJ� RYHU� ���� ELOOLRQ� LQGLYLGXDOV��:KHWKHU� YLVXDO� LPSDLUPHQW� LV� FRQJHQLWDO� RU� DFTXLUHG�
WKURXJK�DFFLGHQWV��WKHVH�LQGLYLGXDOV�IDFH�GLIILFXOWLHV�LQ�GDLO\�OLYLQJ��$OWKRXJK�WKHUH�DUH�DVVLVWLYH�
WRROV�DYDLODEOH��PRVW�RI�WKHP�DUH�OLPLWHG�WR�EDVLF�GHYLFHV�OLNH�FDQHV��$OWKRXJK�FDQHV�FDQ�KHOS�
GHWHFW�REVWDFOHV�LPPHGLDWHO\�LQ�IURQW�RI�WKH�XVHU��WKH\�FDQQRW�GHWHFW�REMHFWV�DERYH�ZDLVW�OHYHO�
RU�REMHFWV�DW�D�GLVWDQFH�EH\RQG�WKH�UHDFK�RI�WKH�FDQH��7KLV�OLPLWDWLRQ�KLQGHUV�YLVXDOO\�LPSDLUHG�
LQGLYLGXDOV� IURP� IXOO\� OLYLQJ� LQGHSHQGHQW� OLYHV�� 7R� DGGUHVV� WKLV�� UHVHDUFKHUV� KDYH� EHHQ�
GHYHORSLQJ�GHYLFHV�XVLQJ�VRXQG�EDVHG�VHQVRUV��ZKLFK�DUH�PRUH�VXLWDEOH�WKDQ�YLEUDWLRQ�EDVHG�
V\VWHPV��7KHVH�VHQVRUV�KDYH�VLJQLILFDQWO\�DGYDQFHG��HQDEOLQJ� WKH�GHWHFWLRQ�RI�GLVWDQFH�DQG�
GHSWK�DFFXUDWHO\�>�@�� 

2XU�LGHD�ZDV�WR�XVH�D�FDPHUD�WKDW�FRXOG�GLVSOD\�LPDJHV�LQ�PDQ\�PRGHV��OLNH�UHJXODU�
DQG�JUD\VFDOH�� WR�GHYHORS�D�GHYLFH� WKDW�FDQ� LGHQWLI\� LPSHGLPHQWV��7KH�GHYLFH�DOVR� LQFOXGHV�
WLPH�RI�IOLJKW� VHQVRUV��ZKLFK�FDOFXODWH� WKH�GXUDWLRQ�RI� LQIUDUHG�VLJQDOV
�SDVVDJH� WR�DQG� IURP�
REMHFWV��7KH�VHQVRU�FDQ�GHWHUPLQH�WKH�REMHFW
V�GLVWDQFH�ZLWK�DFFXUDF\�XVLQJ�WKLV�GDWD��RSHUDWLQJ�
DW�D�PD[LPXP�IUDPH�UDWH�RI����IUDPHV�SHU�VHFRQG�ZLWK�D�UDQJH�RI�����WR����PHWHUV��1HDUO\�UHDO�
WLPH�REMHFW�WUDFNLQJ��DQG�GLVWDQFH�LGHQWLILFDWLRQ�DUH�PDGH�SRVVLEOH�E\�WKH�KLJK�IUDPH�UDWH�� 

� 
����%DFNJURXQG�DQG�VLJQLILFDQFH�RI�WKH�VWXG\�� 

'XH�WR�WKH�ULVN�RI�SRWHQWLDO�GDQJHUV�IRU�ERWK�WKHP�DQG�RWKHUV�LQ�WKHLU�GDLO\�OLIH��YLVXDOO\�
LPSDLUHG�LQGLYLGXDOV�RIWHQ�UHTXLUH�DVVLVWDQFH�IURP�RWKHUV�RU�WKH�XVH�RI�DVVLVWLYH�WRROV��&XUUHQWO\��
WKH�PRVW�SRSXODU�WRRO�IRU�YLVXDOO\�LPSDLUHG�LQGLYLGXDOV�LV�WKH�ZKLWH�FDQH��+RZHYHU��XVLQJ�D�
ZKLWH�FDQH�VWLOO�SRVHV�ULVNV�DV�LW�KDV�OLPLWDWLRQV�LQ�LGHQWLI\LQJ�REVWDFOHV�DQG�UHTXLUHV�D�KLJK�OHYHO�
RI�H[SHUWLVH� WR�XVH�HIIHFWLYHO\��7KHUHIRUH��RXU�SURMHFW�DLPV� WR�GHYHORS�D�GHYLFH� WKDW�HQDEOHV�
YLVXDOO\�LPSDLUHG�LQGLYLGXDOV�WR�OHDG�LQGHSHQGHQW�OLYHV�FRQILGHQWO\��:H�KDYH�FRPH�XS�ZLWK�WKH�
LGHD�RI�FUHDWLQJ�D�FDPHUD�FDSDEOH�RI�DFFXUDWHO\�LGHQWLI\LQJ�REVWDFOHV�LQ�IURQW�RI�WKH�XVHU�DQG�DW�
D�JUHDWHU�GLVWDQFH�WKDQ�WKH�ZKLWH�FDQH��7KH�GHYLFH�LV�DOVR�ZLGHU�YHUWLFDOO\�WKDQ�WKH�ZKLWH�FDQH��
SURYLGLQJ� EHWWHU� FRYHUDJH�� 7KH� SURMHFW� IRFXVHV� RQ� XWLOL]LQJ� WKH� WHFKQRORJ\� IURP� WKH� ,QWHO�
5HDO6HQVH� '���� FDPHUD�� ZKLFK� LQFOXGHV� WLPH�RI�IOLJKW� VHQVRUV� IRU� PHDVXULQJ� GLVWDQFHV�
DFFXUDWHO\��$GGLWLRQDOO\��WKH�GHYLFH�LQFRUSRUDWHV�D�YLEUDWLRQ�V\VWHP�ORFDWHG�DW�WKH�XVHU
V�EDFN�
WR� LQGLFDWH� WKH� SRVLWLRQ� RI� REVWDFOHV�� :LWK� WKLV� GHYLFH�� YLVXDOO\� LPSDLUHG� LQGLYLGXDOV� FDQ�
QDYLJDWH� WKHLU� VXUURXQGLQJV� PRUH� VDIHO\� DQG� LQGHSHQGHQWO\�� RYHUFRPLQJ� WKH� OLPLWDWLRQV� RI�
WUDGLWLRQDO�ZKLWH�FDQHV�� 

����2EMHFWLYHV�� 

7KH�GHYLFH�LV�GHVLJQHG�WR�GHWHFW�REVWDFOHV�LQ�IURQW�E\�PHDVXULQJ�WKH�GLVWDQFH�RI�REMHFWV�
DQG� XWLOL]LQJ� D� FDPHUD� WKDW� FDQ� GLVSOD\� LPDJHV� LQ�5*%� DQG�JUD\VFDOH�� DV�ZHOO� DV� LQIUDUHG�
LPDJLQJ�WKURXJK�FDPHUD�GHWHFWLRQ��$GGLWLRQDOO\��WKH�GHYLFH�LQFOXGHV�D�FKHVW�VWUDS�WKDW�GHOLYHUV�
YLEUDWLRQDO�IHHGEDFN�SDWWHUQV�RQ�WKH�XVHU
V�EDFN�DQG�DQRWKHU�RQH�LV�WR�FUHDWH�WKH�GHYLFH�WR�GHWHFW�
REVWDFOHV�ZLWKRXW�WKH�XVHU�KDYLQJ�WR�XVH�WKHLU�KDQGV�RU�IHHW�WR�SK\VLFDOO\�VHDUFK�IRU�REVWDFOHV��� This material is reserved for educational use only, not allowed for commercial use. 
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� 
����6FRSH�RI�WKH�VWXG\�� 

� 
7KLV�SURMHFW�IRFXVHV�RQ�GHVLJQLQJ�D�GHYLFH�WKDW�GHWHFWV�REVWDFOHV�DQG�VHQGV�VLJQDOV�WR�

YLVXDOO\�LPSDLUHG�LQGLYLGXDOV��LQGLFDWLQJ�WKH�SRVLWLRQ�RI�WKH�REVWDFOHV��7KH�GHVLJQ�LQFOXGHV�ERWK�
KDUGZDUH�DQG�VRIWZDUH�FRPSRQHQWV�IRU�DQ�LQIUDUHG�FDPHUD�FDSDEOH�RI�GHWHFWLQJ�WKH�KHDW�HPLWWHG�
E\�YDULRXV�REMHFWV��7KH�GHWHFWHG�LQIRUPDWLRQ�LV�WKHQ�WUDQVPLWWHG�WR�D�FLUFXLW�ERDUG�HTXLSSHG�
ZLWK� YLEUDWLRQ�PRWRUV��ZKLFK�ZLOO� SURYLGH�ZDUQLQJ� VLJQDOV� WR� WKH� YLVXDOO\� LPSDLUHG� XVHUV��
LQIRUPLQJ�WKHP�DERXW�WKH�SUHVHQFH�RI�REVWDFOHV�� 
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&+$37(5��� 
7+(25< 

� 

����0HGLFDO�5HODWHG�7KHRULHV� 

������3DUWLDO�%OLQGQHVV��� 

:KHQ�SHRSOH�ORVH�YLVLRQ�LQ�FHUWDLQ�DUHDV�RI�WKHLU�YLVXDO�ILHOG��LW�LV�UHIHUUHG�WR�DV�SDUWLDO�
EOLQGQHVV��7KLV�LQGLFDWHV�WKDW�ZKLOH�WKH\�KDYH�UHVWULFWLRQV�RU�ORVV�RI�YLVLRQ�LQ�VRPH�UHJLRQV��
WKH\�DUH�VWLOO�DEOH�WR�YLHZ�SDUWV�RI�LPDJHV�RU�DGMDFHQW�REMHFWV��$�SUREOHP�RI�ORVV�YLVLRQ�LQ�D�
SDUWLFXODU�DUHD�RI�WKH�YLVXDO�ILHOG�RU�DQ�DEQRUPDOLW\�VXFK�DV�D�OHVLRQ�RU�DQRPDO\�ZLWKLQ�WKH�H\H�
FDQ�FDXVH�YLVXDO�LPSDLUPHQW�>�@��,W�FDQ�DOVR�KDSSHQ�DV�D�UHVXOW�RI�WKLQJV�WKDW�FRXOG�KDUP�WKHLU�
YLVLRQ��OLNH�DFFLGHQWV��RSHUDWLRQV��LOOQHVVHV�RI�WKH�H\HV��RU�WKLQJV�LQ�WKH�VXUURXQGLQJV�WKDW�FRXOG�
PDNH� LW�PRUH� VXVFHSWLEOH� WR�YLVLRQ�SUREOHPV��'HSHQGLQJ�RQ� WKH� FRQWH[W�� WKH�ZRUG� �SDUWLDO�
EOLQGQHVV�� PLJKW� VLJQLI\� PDQ\� WKLQJV��7KH� GHILQLWLRQ� RI� �SDUWLDO� EOLQGQHVV�� PLJKW� FKDQJH�
DFFRUGLQJ� WR� WKH� SHUVRQ� DQG� WKH� FRPRUELGLWLHV�� :KHQ� GLDJQRVLQJ� DQG� WUHDWLQJ� VLWXDWLRQV�
LQYROYLQJ� DFFLGHQWV�� IDFWRUV� FRQWULEXWLQJ� WR� YLVXDO� LPSDLUPHQW� DQG� WKH� GHJUHH� RI� ORVV� DUH�
IUHTXHQWO\�WDNHQ�LQWR�DFFRXQW��:KLOH�LQMXULHV�PD\�FDXVH�PRGHUDWH�YLVXDO�ORVV�ZLWK�QR�HIIHFW�RQ�
GD\�WR�GD\�DFWLYLWLHV�LQ�FHUWDLQ�FDVHV��PRUH�VHULRXV�LPSDLUPHQWV�PD\�QHFHVVLWDWH�H[WHQVLYH�FDUH��
DGYDQFH�SODQQLQJ��DQG�OLIHVW\OH�DGDSWDWLRQV�� 

������&RPSOHWH�%OLQGQHVV��� 

$�SHUVRQ�ZKR�FRPSOHWHO\�ORVHV�WKHLU�H\HVLJKW�WKDW�PHDQV�WKH\�FDQ¶W�VHH�DQ\�VXUURXQGLQJ�
REMHFWV�RU�LPDJHV��7KHUH�DUH�VHYHUDO�FRQGLWLRQV�WKDW�FDQ�OHDG�WR�WRWDO�YLVXDO�LPSDLUPHQW��VXFK�
DV�GLVHDVHV�WKDW�LQGXFH�YLVXDO�ORVV��DEQRUPDOLWLHV�ZLWKLQ�WKH�H\HV��ORVV�RI�YLVLRQ�LQ�ERWK�H\HV��
LQMXULHV�WR�EUDLQ�DUHDV�OLQNHG�ZLWK�YLVLRQ��DQG�HQYLURQPHQWDO�IDFWRUV��:KHQ�VRPHRQH�ORVHV�DOO�
RI� WKHLU�YLVLRQ�� WKH\�FDQ�QHHG�DVVLVWDQFH�DQG�FDUH� WR�DGMXVW� WR�WKHLU�QHZ� OLIHVW\OH��&RPSOHWH�
YLVLRQ� ORVV� XVXDOO\� KDV� D� PDMRU� LPSDFW� RQ� GD\�WR�GD\� IXQFWLRQLQJ�� UHTXLULQJ� OHDUQLQJ� DQG�
HIIHFWLYH�DGMXVWPHQW�WR�D�ZRUOG�ZLWK�OLPLWHG�RU�QR�YLVLRQ�� 

&RPSOHWH�YLVLRQ�ORVV�W\SLFDOO\�KDV�D�HIIHFW�RQ�D�SHUVRQ
V�HYHU\GD\�DFWLYLWLHV��7KLV�FRXOG�
HQWDLO�ILJXULQJ�RXW�KRZ�WR�QDYLJDWH�D�YLVXDOO\�GHPDQGLQJ�HQYLURQPHQW�DQG�VXFFHHGLQJ�DW�LW��,W�
PD\�EH�QHFHVVDU\�WR�XVH�VXSSRUWLYH�PHDVXUHV�OLNH�YLVXDO�DXJPHQWDWLRQ�GHYLFHV��PRELOLW\�DLGV��
DQG� DXGLR�VXSSRUW��1HYHUWKHOHVV�� WKRVH�ZKR� DUH� FRPSOHWHO\�EOLQG� RU� YLVXDOO\� LPSDLUHG� FDQ�
QHYHUWKHOHVV�KDYH�KDSS\�OLYHV�LQ�VRFLHW\�DQG�DFFRPSOLVK�WKHLU�REMHFWLYHV��,Q�RUGHU�WR�DGMXVW�DQG�
GHDO�ZLWK�WKH�HPRWLRQDO�GLIILFXOWLHV�WKDW�FRPH�ZLWK�DGMXVWLQJ�WR�FRPSOHWH�YLVXDO�ORVV��VXSSRUW�
IURP� IDPLO\�� WKH� FRPPXQLW\�� DQG�PHGLFDO� H[SHUWV� LV� HVVHQWLDO�� 7KRVH�ZKR� DUH� FORVH� WR� DQ�
LQGLYLGXDO�ZLWK�FRPSOHWH�YLVLRQ�LPSDLUPHQW�FDQ�EHQHILW�VLJQLILFDQWO\�IURP�DQ�XQGHUVWDQGLQJ�
DQG�DZDUHQHVV�RI�WKH�FLUFXPVWDQFHV�VXUURXQGLQJ�WKLV�FRQGLWLRQ��ZKLFK�ZLOO�KHOS�WKHP�PDQDJH�
WKH�SUREOHPV� WKDW�FRPH�ZLWK� LW��7KURXJK�FRPSUHKHQVLRQ�DQG�EDFNLQJ� IURP� WKH�FRPPXQLW\��
QHDUVLJKWHG�SHRSOH�FDQQRW� VXFFHHG� LQ� OHDGLQJ� IXOILOOLQJ� OLYHV�XQOHVV� WKH�FRPPXQLW\��QDWLRQDO�
LQVWLWXWLRQV��DQG�WKH�QDWLRQ
V�VRFLDO�LQIUDVWUXFWXUH�IXOO\�UHDOL]H�WKLV�DQG�VXSSRUW�WKHP�� 
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������&RQJHQLWDO�%OLQGQHVV��� 

,V� WKH� ORVV�RI�H\HVLJKW� WKDW� VWDUWV�DW�ELUWK�RU� LQ�HDUO\�FKLOGKRRG��7KLV� LQGLFDWHV� WKDW�D�
SHUVRQ�KDV�EHHQ�EOLQG�IURP�ELUWK�RU�IURP�D�YHU\�\RXQJ�DJH��*HQHWLFV��GHYHORSPHQWDO�DQRPDOLHV��
RU� LQKHULWHG� IDFWRUV� WKDW�FDQ� LPSHGH� WKH�QRUPDO�GHYHORSPHQW�RI� WKH�H\HV� DQG�YLVXDO� V\VWHP�
GXULQJ�LQIDQF\�FDQ�DOO�FRQWULEXWH�WR�YLVLRQ�ORVV��9LVXDO�DEQRUPDOLWLHV�LQ�LQIDQF\�FDQ�VRPHWLPHV�
EH�FDXVHG�E\�WUDXPDV�VXVWDLQHG�VKRUWO\�DIWHU�ELUWK�RU�HQYLURQPHQWDO�ULVN�IDFWRUV��%RUQ�EOLQG�RU�
YLVXDOO\�LPSDLUHG�LQGLYLGXDOV�PD\�H[SHULHQFH�WRWDO�EOLQGQHVV�IURP�ELUWK�DQG�QHHG�WKH�QHFHVVDU\�
FDUH�WR�IXQFWLRQ�LQ�WKH�HQYLURQPHQW�RI�WRWDO�EOLQGQHVV�� 

(YHQ� DIWHU� ORVLQJ� WKHLU� VLJKW�� SHRSOH�ZLWK� FRQJHQLWDO� YLVXDO� LPSDLUPHQW� DUH� DEOH� WR�
SHUFHLYH�DQG�H[SHULHQFH�WKLQJV�WKURXJK�WRXFK�DQG�KHDULQJ��7KH\�FDQ�DOVR�SLFN�XS�D�UDQJH�RI�
SUDFWLFDO�OLIH�VNLOOV�WKDW�KHOS�WKHP�LQ�WKHLU�GDLO\�DFWLYLWLHV��)RU�WKRVH�ZKR�DUH�ERUQ�EOLQG��IDPLO\��
VRFLHW\��DQG�PHGLFDO�H[SHUWV�PXVW�DOO�ZRUN�WRJHWKHU�WR�VXSSRUW�WKHLU�JURZWK�DQG�KHOS�WKHP�OLYH�
KDSS\��IXOO�OLYHV��,W
V�FUXFLDO�WR�FRPSUHKHQG�DQG�RIIHU�VXSSRUW�WR�D�IULHQG�RU�IDPLO\�PHPEHU�ZKR�
KDV�UHFHQWO\�UHYHDOHG�WKDW�WKH\�DUH�FRQJHQLWDOO\�EOLQG�� 

������/HJDO�%OLQGQHVV�� 

�$�SHUVRQ�ZLWK�OHJDO�EOLQGQHVV�KDV�UHVWULFWHG�VXEVWDQWLDO�YLVXDO�FDSDFLWLHV�IRU�HYHU\GD\�
DFWLYLWLHV�DQG�FULWLFDO�YLVLRQ��$FFRUGLQJ�WR�WKH�ODZ��WKLV�VWDWXV�VHUYHV�DV�D�IDFWRU�IRU�GHWHUPLQLQJ�
EHQHILWV�DQG� ULJKWV� UHODWHG� WR�YLVXDO� LPSDLUPHQW�� ,W�KDV�EHHQ�REVHUYHG� WKDW�FULWLFDO�YLVLRQ� LV�
SUHVHQW�LQ�OHJDOO\�EOLQG�LQGLYLGXDOV�DW�D�OHYHO�EHORZ�QRUPDO��7\SLFDOO\��GHSHQGLQJ�RQ�WKH�OHJDO�
UHTXLUHPHQWV�RI�HDFK�QDWLRQ��WKLV�LV�VSHFLILHG�E\�YLVXDO�DFXLW\�RU�UHVWULFWHG�YLVXDO�ILHOGV�� 

7KH�WHUP��OHJDO�EOLQGQHVV��PLJKW�PHDQ�GLIIHUHQW�WKLQJV�LQ�GLIIHUHQW�FRXQWULHV��+RZHYHU��
WKRVH�ZKR�DUH�FDWHJRUL]HG�DV�OHJDOO\�EOLQG�W\SLFDOO\�KDYH�OLPLWHG�YLVLRQ�ILHOGV�DW�FHUWDLQ�SRLQWV�
LQ�WKH�YLVXDO�ILHOG��HLWKHU�DERYH�RU�EHORZ�WKH�OLQH�RI�VLJKW�RQ�FRPPXQLFDWLRQ�PHGLD�RU�KDYH�
YLVXDO�DFXLW\�RI�OHVV�WKDQ��������LQ�WKH�H\H��$GGLWLRQDO�VWDQGDUGV�IRU�OHJDO�EOLQGQHVV�WDNH�LQWR�
DFFRXQW�YLVXDO�DELOLW\�LQ�D�UDQJH�RI�FRPSUHKHQVLYH�FRQWH[WV�� 

/HJDO� EOLQGQHVV� PD\� DIIHFW� RQH
V� DELOLW\� WR� UHFHLYH� FHUWDLQ� ULJKWV� DQG� DGYDQWDJHV��
LQFOXGLQJ�VRFLDO�HQWLWOHPHQWV��ZRUN�SURVSHFWV��KHDOWKFDUH�DQG� ILQDQFLDO� VXSSRUW�� DQG�GULYLQJ�
SULYLOHJHV��1RQHWKHOHVV��EHLQJ�OHJDOO\�EOLQG�GRHV�QRW�PHDQ�WKDW�D�SHUVRQ�FDQQRW�VXFFHHG�RU�KDYH�
D�KDSS\�OLIH��/HJDOO\�EOLQG�SHRSOH�IUHTXHQWO\�KDYH�DGGLWLRQDO�VNLOOV�DQG�EHQHILW�VRFLHW\�LQ�ZD\V�
WKDW�WKRVH�ZLWK�QRUPDO�H\HVLJKW�GR�QRW�� 

������1XWULWLRQDO�%OLQGQHVV��� 

7KH�PDMRULW\�RI�FDVHV�RI�QXWULWLRQDO�EOLQGQHVV�DUH�VHHQ�LQ�XQGHUQRXULVKHG�SRSXODWLRQV��
IUHTXHQWO\�DIIHFWLQJ�\RXQJ�FKLOGUHQ�ZKR�JR� WKURXJK�H[WHQGHG�HSLVRGHV�RI�PDOQRXULVKPHQW��
7KLV�LQVXIILFLHQF\�PD\�EH�EURXJKW�RQ�E\�VRFLRFXOWXUDO�LVVXHV�WKDW�UHVWULFW�IRRG�DFFHVVLELOLW\�RU�
E\�D�ODFN�RI�DFFHVV�WR�QXWULHQW�ULFK�IRRGV�DSSURSULDWH�IRU�FKLOGUHQ�� 

,Q�RUGHU�WR�SUHYHQW�DQG�WUHDW�ORQJ�WHUP�YLVLRQ�ORVV�FDXVHG�E\�QXWULWLRQDO�GHILFLHQFLHV��
PDQDJLQJ�QXWULWLRQDO�EOLQGQHVV�HQWDLOV�LPSURYLQJ�QXWULWLRQ�E\�JLYLQJ�WKH�H\HV�DQG�YLVXDO�V\VWHP�
WKH�QXWULHQWV�WKH\�QHHG��WUHDWLQJ�ZLWK�YLWDPLQ�$�VXSSOHPHQWV��DQG�SXWWLQJ�LQ�SODFH�DSSURSULDWH�
QXWULWLRQDO�PDQDJHPHQW�� 
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����$VVLVWLQJ�'HYLFHV�IRU�9LVXDOO\�,PSDLUHG�,QGLYLGXDOV��� 

������5HDGLQJ�$VVLVWDQFH�'HYLFHV��7KHVH�GHYLFHV� LQFOXGH�GLJLWDO�ERRN� UHDGHUV� WKDW�FDQ�EH�
DFFHVVHG�H[WHUQDOO\�YLD�FRPSXWHUV�DQG�PRELOH�SKRQHV��$GGLWLRQDOO\��WKHUH�DUH�ERRN�VFDQQLQJ�
FDPHUDV�FDSDEOH�RI�UHDGLQJ�HYHQ�VPDOO�VL]HG�WH[W�� 

������9LVLRQ�(QKDQFHPHQW�*ODVVHV�� 7KHVH�JODVVHV� IHDWXUH�PDJQLI\LQJ� OHQVHV� WKDW� HQODUJH�
LPDJHV�� OLJKW�ILOWHULQJ� OHQVHV� WR� DGMXVW� WR� YDU\LQJ� OLJKW� FRQGLWLRQV�� DQG� OHQVHV� WKDW� HQKDQFH�
FRQWUDVW�WR�LPSURYH�YLVXDO�SHUFHSWLRQ�� 

������ 6RXQG�7HFKQRORJ\�� 7KLV� LQFOXGHV� UHVSRQVLYH� VRXQG�V\VWHPV�� YLEUDWLRQ� V\VWHPV�� DQG�
DXGLWRU\�DQQRXQFHPHQW�V\VWHPV�� 

������1DYLJDWLRQ�7HFKQRORJ\��6XFK�DV�DQJOH�GHWHFWLRQ�V\VWHPV��*36�V\VWHPV��DQG�DXWRPDWLF�
PDSSLQJ�� 

������0RELOLW\�$VVLVWDQFH�'HYLFHV��([DPSOHV�LQFOXGH�HOHFWULF�FDQHV�WKDW�DLG�YLVXDOO\�LPSDLUHG�
LQGLYLGXDOV�LQ�ZDONLQJ�VPRRWKO\�DQG�SRZHUHG�ZKHHOFKDLUV�WKDW�SURYLGH�JUHDWHU�PRELOLW\�� 

������2UJDQ�7UDFNLQJ�7HFKQRORJ\��'HYLFHV�IRU�WUDFNLQJ�VRXQGV��VXFK�DV�WDSSLQJ�RU�VLQJLQJ��
DQG�GHYLFHV�WKDW�WUDFN�OLJKW�DQG�FRORUV�� 

������(GXFDWLRQDO�$VVLVWDQFH�'HYLFHV��3URJUDPV�WKDW�HQDEOH�YLVXDOO\�LPSDLUHG�LQGLYLGXDOV�WR�
UHDG�DQG�ZULWH��DORQJ�ZLWK�GHYLFHV�WKDW�DLG�LQ�OHDUQLQJ�DQG�DFFHVVLQJ�HGXFDWLRQDO�PDWHULDOV��  

����([DPSOH�RI�'HYLFHV�IRU�9LVXDO�,PSDLUHG��� 

������6PDUW�&DQH�IRU�9LVXDOO\�,PSDLUHG�,QGLYLGXDOV� 

� 

 

)LJXUH��������([DPSOH�RI�D�6PDUW�&DQH�IRU�9LVXDOO\�,PSDLUHG�,QGLYLGXDOV�>�@� 

7KH�FRQFHSW�RI�D�VPDUW�FDQH�IRU�YLVXDOO\�LPSDLUHG�LQGLYLGXDOV�LQYROYHV�LQFRUSRUDWLQJ�
HOHFWURQLFV� WHFKQRORJ\� WR�GHYHORS� DVVLVWLYH� GHYLFHV� LQ� DFFRUGDQFH�ZLWK� FXUUHQW�SROLFLHV� IRU�
LQGLYLGXDOV�ZLWK�GLVDELOLWLHV�>�@��9LVXDOO\�LPSDLUHG�LQGLYLGXDOV�KDYH�JUHDW�SRWHQWLDO�WR�EHFRPH�
VHOIUHOLDQW��SXUVXH�FDUHHUV��DQG�OHDG�OLYHV�LQ�VRFLHW\�VLPLODU�WR�WKRVH�ZLWKRXW�GLVDELOLWLHV��7KLV�
VPDUW�FDQH��IRU�LQVWDQFH��LV�GHVLJQHG�ZLWK�DQ�DQWHQQD�LQVWDOOHG�DW�WKH�FDQH�WLS�WR�VHQG�DQG�UHFHLYH�
VLJQDOV�ZLWK�DQ�5),'�FDUG��7KHVH�VLJQDOV�DUH�WKHQ�WUDQVPLWWHG�WR�WKH�KDQGOH�RI�WKH�FDQH�WKURXJK�This material is reserved for educational use only, not allowed for commercial use. 
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FRQFHDOHG�LQWHUQDO�ZLULQJ��7KH�KDQGOH�FRQWDLQV�FRQQHFWLRQ�SRLQWV�OHDGLQJ�WR�D�FRQWURO�ER[��7KH�
DXGLWRU\�VLJQDOV�JHQHUDWHG�E\�WKH�FRQWURO�ER[�DUH�WUDQVPLWWHG�WR�KHDGSKRQHV�ZRUQ�E\�WKH�XVHU��
7KH�XVHU�UHFHLYHV�DXGLWRU\�GHVFULSWLRQV�RI�YDULRXV�SDWKV�� 

7KH� LQIRUPDWLRQ�DERXW�GLIIHUHQW�SDWKV� LV� VWRUHG� LQ�D�0HPRU\�&DUG��ZKLFK�XVHUV�FDQ�
UHSODFH�ZKHQ�QHHGHG��&KDQJLQJ�SDWKV�LV�PDGH�SRVVLEOH�E\�GUDZLQJ�HQHUJ\�IURP�D�EDWWHU\�ZLWKLQ�
WKH�FRQWURO�ER[��7KH�V\VWHP�GHWDLOV�DQG�FRPPXQLFDWLRQ�EHWZHHQ�FRPSRQHQWV�DUH�HVWDEOLVKHG��
$� GUDZEDFN� RI� WKLV� V\VWHP� LV� WKDW� LW� ODFNV� FRQYHQLHQFH� LQ� WHUPV� RI� WUDYHO�� ZKLFK� FRXOG�
SRWHQWLDOO\�OHDG�WR�DFFLGHQWV��7UDYHOLQJ�XVLQJ�WKLV�V\VWHP�PD\�WDNH�ORQJHU�WKDQ�DQWLFLSDWHG��DQG�
H[SHQVHV�IRU�WUDQVSRUWDWLRQ�FRXOG�LQFUHDVH�VLQFH�XVLQJ�SXEOLF�WUDQVSRUWDWLRQ�PLJKW�QRW�EH�DV�
IHDVLEOH�� 

������2UFDP�*ODVVHV��7DONLQJ�*ODVVHV� 

� 

 
� 

)LJXUH��������([DPSOH�RI�2UFDP�*ODVVHV��7DONLQJ�*ODVVHV�>�@� 

2UFDP�LV�D�ZHDUDEOH�GHYLFH�WKDW�FDQ�EH�DWWDFKHG�WR�H\HJODVVHV��GHVLJQHG�IRU�LQGLYLGXDOV�
ZLWK�YLVXDO�LPSDLUPHQWV�RU�WKRVH�IDFLQJ�YLVLRQ�UHODWHG�FKDOOHQJHV��,W�VHUYHV�DV�DQ��H\H��IRU�WKH�
ZHDUHU�WKURXJK�D�VPDOO�VL]HG�VPDUW�FDPHUD�>�@��7KH�ODWHVW�YHUVLRQ��0\(\H������LV�FDSDEOH�RI�
DXGLEO\�UHDGLQJ�ERRNV�WR�WKH�XVHU��0RUHRYHU��LW�LQFRUSRUDWHV�IHDWXUHV�OLNH�)DFH�5HFRJQLWLRQ�IRU�
LGHQWLI\LQJ�SHRSOH�LQ�FRQYHUVDWLRQ��0RQH\�1RWHV�'HWHFWLRQ�WR�GHWHUPLQH�WKH�YDOXH�RI�EDQNQRWHV�
KHOG��3URGXFW�,GHQWLILFDWLRQ�WKDW�JRHV�EH\RQG�UHDGLQJ�SURGXFW�ODEHOV�WR�DOVR�VFDQ�EDUFRGHV�RQ�
SDFNDJLQJ�DQG�SURYLGH�LQIRUPDWLRQ�DERXW�LQJUHGLHQWV�RU�QXWULWLRQDO�FRQWHQW�DV�VSHFLILHG�E\�WKH�
PDQXIDFWXUHU��&RORU�'HWHFWLRQ�IRU�LGHQWLI\LQJ�FRORUV��DQG�HYHQ�SURYLGLQJ�LQIRUPDWLRQ�DERXW�WKH�
FXUUHQW�GDWH�DQG�WLPH�� 

$�GUDZEDFN�LV�WKDW�LQGLYLGXDOV�ZLWK�YLVXDO�LPSDLUPHQWV�RIWHQ�UHO\�KHDYLO\�RQ�WKHLU�VHQVH�
RI�WRXFK�IRU�DXGLWRU\�FXHV��7KH�QHHG�WR�GLYLGH�WKLV�VHQVRU\�LQSXW�IXUWKHU�FRXOG�LQFUHDVH�WKH�ULVN�
IRU�XVHUV�� 
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������6PDUW�*ODVVHV�IRU�SHRSOH�ZKR�DUH�EOLQG�DQG�3DUWLDOO\�6LJKWHG� 

� 

 

)LJXUH��������([DPSOH�RI�6PDUW�*ODVVHV�IRU�SHRSOH�ZKR�DUH�EOLQG�DQG�3DUWLDOO\�6LJKWHG�>�@ 

$MPDQ�8QLYHUVLW\�KDV�GHYHORSHG�VPDUW�JODVVHV�GHVLJQHG�WR�DVVLVW�LQGLYLGXDOV�ZLWK�YLVXDO�
LPSDLUPHQWV��7KHVH�JODVVHV�DUH�SDUWLFXODUO\�KHOSIXO�IRU�EOLQG�LQGLYLGXDOV�RU�WKRVH�ZLWK�SDUWLDO�
VLJKW��7KH\�XWLOL]H�D�WHFKQRORJ\�FDOOHG��YLVLRQ�HTXLYDOHQFH���HPSOR\LQJ�LPDJLQJ�DQG�VXQOLJKW�
WR�HQDEOH�XVHUV�WR�SHUFHLYH�WKHLU�VXUURXQGLQJV��HYHQ�DW�D�GLVWDQFH�>�@��7KH�JODVVHV�FDQ�DOVR�DVVLVW�
LQ�UHDGLQJ�WH[W�DQG�RWKHU�SULQWHG�PDWHULDOV��(TXLSSHG�ZLWK�VHQVRUV�DQG�FDPHUDV��WKHVH�VPDUW�
JODVVHV�FDSWXUH�GDWD�IURP�OLJKW�DQG�REMHFWV��GLVSOD\LQJ�WKH�LQIRUPDWLRQ�RQ�D�VPDOO�VFUHHQ�ZLWKLQ�
WKH�JODVVHV��8VHUV�FDQ�FRQWURO�WKH�GLVSOD\�WKURXJK�YRLFH�FRPPDQGV��DOORZLQJ�WKHP�WR�HQJDJH�
LQ� YDULRXV� DFWLYLWLHV� DQG� WDVNV� LQGHSHQGHQWO\��$� OLPLWDWLRQ� LV� WKDW� WKHVH�JODVVHV�PD\� QRW� EH�
VXLWDEOH�IRU�LQGLYLGXDOV�ZLWK�FRPSOHWH�EOLQGQHVV��� 

%DVHG�RQ�WKH�GLVFXVVHG�DVVLVWLYH�GHYLFHV�IRU�LQGLYLGXDOV�ZLWK�YLVXDO�LPSDLUPHQWV��VXFK�
DV� VPDUW�JODVVHV�� WDONLQJ�JODVVHV��DQG�HYHQ�WKH�2UFDP�*ODVVHV�� LW� LV�HYLGHQW� WKDW� WKH�FXUUHQW�
WHFKQRORJ\�KDV� QRW� HQWLUHO\� UHVROYHG� DOO� FKDOOHQJHV� IDFHG�E\�YLVXDOO\� LPSDLUHG� LQGLYLGXDOV��
7KHUH� DUH� VWLOO� YDULRXV� IDFWRUV� WR� FRQVLGHU�� LQFOXGLQJ� WKH� SRWHQWLDO� GLVWXUEDQFH� FDXVHG� E\�
DXGLWRU\�LQSXW�IRU�WKRVH�ZKR�KHDYLO\�UHO\�RQ�WKHLU�VHQVH�RI�KHDULQJ��DV�ZHOO�DV�WKH�GHYLFH
V�DELOLW\�
WR�GHWHFW�REVWDFOHV�DERYH�ZDLVW�OHYHO�IRU�HIIHFWLYH�XVDJH��$GGLWLRQDOO\��FXUUHQW�GHYLFHV�PD\�QRW�
DGGUHVV�WKH�QHHGV�RI�LQGLYLGXDOV�ZLWK�FRPSOHWH�EOLQGQHVV��&RQVHTXHQWO\��RXU�GHYLFH�HPSOR\V�D�
FDPHUD�WKDW�XWLOL]HV�7LPH�RI�)OLJKW�WHFKQRORJ\�WR�PHDVXUH�REMHFW�GHSWK��$IWHU�REWDLQLQJ�GDWD�
IURP�WKH�FDPHUD��ZH�SURFHVV�LW�XVLQJ�0$7/$%�RQ�WKH�83�%RDUG�$WRP�[��(������IXQFWLRQLQJ�
DV� D� FRPSDFW� FRPSXWHU�� WR� GLYLGH� WKH� LPDJH� LQWR� VHJPHQWV� DFFRUGLQJ� WR� D� �[�� JULG�� 7KLV�
VHJPHQWDWLRQ�DOLJQV�ZLWK�WKH�YLEUDWLRQ�PRWRU�SRVLWLRQV�RQ�WKH�XVHU
V�EDFN��7KH�YLEUDWLRQ�PRWRU�
DOHUWV�WKH�XVHU�E\�YLEUDWLQJ�LQ�UHVSRQVH�WR�WKH�FRQYHUWHG�GDWD��WULJJHULQJ�DQ�DOHUW�RQ�WKH�XVHU
V�
EDFN��$Q�$UGXLQR�8QR�LV�XVHG�WR�FRQWURO�WKLV�V\VWHP��7KLV�GHYLFH�UHSUHVHQWV�D�YLDEOH�RSWLRQ�IRU�
LQGLYLGXDOV�ZLWK� FRPSOHWH� EOLQGQHVV� RU� RWKHU� W\SHV� RI� YLVXDO� LPSDLUPHQWV�� SURYLGLQJ�PRUH�
FKRLFHV�IRU�WKHLU�DFFHVVLELOLW\�QHHGV��� 

����6PDUWSKRQH�*36�1DYLJDWLRQ�IRU�3HRSOH�ZLWK�9LVXDO�,PSDLUPHQWV� 

,I�WKH\
UH�D�SHUVRQ�ZLWK�ORZ�YLVLRQ��WKH\�KDYH�SUREDEO\�UHFHLYHG�RU�ZLOO�JHW�PRELOLW\�
WUDLQLQJ�WR�DVVLVW�WKHP�LQ�EHFRPLQJ�IDPLOLDU�ZLWK�XVLQJ�D�FDQH�WR�WUDYHO�DURXQG�WKHLU�WRZQ�RU�
FLW\��,I�LQGLYLGXDOV�ZLWK�YLVXDO�LPSDLUPHQWV�ZDQW�WR�UHVXPH�OLYLQJ�VHSDUDWHO\��WKH\�ZLOO�QHHG�WR�
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DFTXLUH� WKHVH� DELOLWLHV�� 7KH\�PLJKW�QHHG� WR� WDNH� WUDQVSRUW� WR�ZRUN� LI� WKH\�VWLOO� KDYH� D� MRE��
0HHWLQJ�VSDFHV��HOHYDWRUV��DQG�RWKHU�ZRUNSODFH�DPHQLWLHV�DUH�VWLOO�QHFHVVDU\��HYHQ�LI�WKH\�XVH�
SDUDWUDQVLW�VHUYLFHV�IRU�WKHLU�FRPPXWH�>�@�� 

0RELOLW\�WUDLQLQJ�ZLOO�EH�TXLWH�EHQHILFLDO�LI�WKH�YLVXDOO\�LPSDLUHG�DUH�UHWLUHG��0D\EH�
WKH\�ZDQW�WR�JR�VHH�D�EXGG\��VSHQG�DQ�KRXU�RU�WZR�DW�WKHLU�SUHIHUUHG�FRIIHH�VKRS�RU�FDIH��RU�
PDNH�D�IDVW�WULS�WR�WKH�QHLJKERUKRRG�JURFHU\��$OWKRXJK�WUHDGPLOOV�DUH�XVHIXO��WKH\�MXVW�FDQQRW�
PDWFK�WKH�EHQHILWV�RI�DLU�TXDOLW\�DQG�D�FKDQJH�RI�ODQGVFDSH�WKDW�FRPH�ZLWK�JRLQJ�IRU�D�ZDON��
:DONLQJ�LV�RQH�RI�WKH�ILQHVW�ZD\V�WR�H[HUFLVH�� 

0RELOLW\�WUDLQLQJ�FDQ�WHDFK�D�ORW�DERXW�IUHHO\�WUDYHOLQJ��XVLQJ�WUDQVSRUW�YHKLFOHV��JHWWLQJ�
WKURXJK�GRRUZD\V��DQG�FURVVLQJ�GDQJHURXV�LQWHUVHFWLRQV��:LWK�D�PRELOLW\�WHDFKHU
V�KHOS��WKH\�
FDQ�SUDFWLFH�JHWWLQJ�WR�DQG�IURP�WKHLU�SODFH�RI�ZRUN��KRPH��ORFDO�VXSHUPDUNHW��DQG�RWKHU�RIWHQ�
YLVLWHG�SODFHV��%XW�DW�VRPH�SRLQW��WKH\
UH�JRLQJ�WR�ZDQW�WR�YLVLW�D�QHZ�ORFDWLRQ²�VRPHZKHUH�
WKH\
YH�QHYHU�JRQH��3HUKDSV� WKH\�VKRXOG�JHW� WKHLU� VLJQLILFDQW�RWKHU�D� VXUSULVH�JLIW��3HUKDSV�
WKH\
UH�FXULRXV�DERXW�WKH�VRXQGV�RI�SHRSOH�KDYLQJ�D�JRRG�WLPH�RXWVLGH�D�ZLGH�HQWU\ZD\�WKH\�
VHH�ZKLOH�KHDGLQJ�KRPH�IURP�WKHLU�MRE�DQG�ZRQGHULQJ�LI�LW
V�D�IUHVK�HDWHU\��2U�SHUKDSV�WKH\�MXVW�
QHHG�WR�JUDE�VRPH�FDVK�IURP�WKH�FORVHVW�$70�� 

7KHVH�DQG�RWKHU�TXHULHV�FDQ�EH�DGGUHVVHG�E\�D�*36�JDGJHW�WKDW�LV�XVDEOH�E\�WKRVH�ZKR�
DUH�EOLQG�RU�YLVXDOO\�LPSDLUHG��:KHQ�WKH\�ZDON�RU�WDNH�WKH�EXV��XVLQJ�RQH�ZLOO�DOORZ�WKHP�WR�
EH�DZDUH�RI�WKH�QHLJKERULQJ�EXVLQHVVHV��WUDQVLW�VWDWLRQV��DQG�MXQFWLRQV��,Q�DGGLWLRQ�WR�SURYLGLQJ�
WKHP�ZLWK�WXUQ�E\�WXUQ�LQVWUXFWLRQV�WR�WKH�QHDUHVW�KDPEXUJHU�SODFH�RU�FRIIHH�VKRS��D�*36�PD\�
ERRVW�WKHLU�VHOI�DVVXUDQFH�DQG�LQGHSHQGHQFH�ZKHQ�WKH\
UH�RXW�DQG�DERXW�� 

,W
V� OLNHO\� WKDW� WKH\
YH� VHHQ�� RU� SHUKDSV� XVHG�� WKH� RQERDUG� *36� V\VWHP� WKDW� PDQ\�
DXWRPRELOHV� FRPH� HTXLSSHG� ZLWK�� RU� WKH\� PD\� KDYH� XVHG� D� VWDQG�DORQH� *36� XQLW� IURP� D�
PDQXIDFWXUHU� OLNH� 7RP7RP� DOVR� DQRWKHU�� (YHQ� LI� VRPHRQH� SUREDEO\� KHDU� WKLV� JDGJHW� JLYH�
VSRNHQ�LQVWUXFWLRQV�OLNH��0DNH�D�OHIW�WXUQ��RU��GULYH����PLOHV�VWUDLJKW�DKHDG���WKH�PDMRULW\�RI�
VWDQGDORQH�*36�QDYLJDWLRQ�V\VWHPV�DUH�QRW�UHDOO\�XVDEOH�E\�WKRVH�ZKR�DUH�EOLQG�RU�YLVXDOO\�
LPSDLUHG��2IWHQ��WKH\�DUH�XQDEOH�WR�KHDU�WKH�QDPHV�RI�WKH�QHDUE\�FRPSDQLHV��KRVSLWDOV��DOVR�
RWKHU�VLWHV�RI�GHVLUH��SUHYLHZ�WKHLU�URXWH��RU�HQWHU�D�GHVWLQDWLRQ�LQWR�WKH�JDGJHW�LQ�DQ�DFFHVVLEOH�
PDQQHU�� 

7KHUH�LV�RQH�VWDQG�DORQH�*36�QDYLJDWRU�DYDLODEOH�WKDW�LV�HVSHFLDOO\�PDGH�IRU�EOLQG�XVHUV��
+XPDQ:DUH
V�7UHNNHU�%UHH]H�+DQGKHOG�7DONLQJ�*36��1XPHURXV�QRWHWDNHUV�WKDW�DUH�DFFHVVLEOH�
DOVR�KDYH�WKH�RSWLRQ�RI�*36�QDYLJDWLRQ��,I�WKH�SHUVRQ�FXUUHQWO\�RZQV�D�VPDUWSKRQH�UXQQLQJ��
RQH�RI�WKHVH�FKRLFHV�PLJKW�EH�D�VXLWDEOH�ILW�IRU�WKHP��RWKHUZLVH��WKH\�PLJKW�QRW�QHHG�WR�EX\�D�
VHSDUDWH� QDYLJDWLRQDO� GHYLFH��8QEHOLHYDEO\�� D� VWDQGDORQH�*36� GHYLFH� LV� QRW� DV� FDSDEOH� RI�
JXLGLQJ�WKHP�RU�SURYLGLQJ�DQ�DFFXUDWH�GHVFULSWLRQ�RI�WKHLU�VXUURXQGLQJV�DV�WKHLU�VPDUWSKRQH��
7KLV�LV�WKH�UHDVRQ�� 

$�QHWZRUN�RI�VDWHOOLWHV�LV�XVHG�E\�WKH�*OREDO�3RVLWLRQLQJ�6DWHOOLWH��*36��QHWZRUN�WR�
GHWHUPLQH�D�VSHFLILF�SODFH��$�WLPH�VWDPSHG�VLJQDO�LV�UHFHLYHG�E\�WKH�*36�GHYLFH
V�VHQVRU�IURP�
PXOWLSOH� VDWHOOLWHV�� LW� LV� WKHQ� WULDQJXODWHG� XVLQJ� WKH� GLIIHUHQFHV� LQ� WKH� WLPHV� WR� GHWHUPLQH�
SRVLWLRQ��*36� LV� W\SLFDOO\� WKH�RQO\�PHWKRG�XVHG�E\�D� VWDQGDORQH�GHYLFH� WR�GHWHUPLQH� WKHLU�
SRVLWLRQ��7R�LQFUHDVH�DFFXUDF\��D�UHFHLYHU�FDQ�DOVR�PDNH�XVH�FRQVWDQWO\�XSGDWHG�PDSV�RI�:L�)L�
UDGLR�KRWVSRWV�DQG�WKH�NQRZQ�ORFDWLRQV�RI�SKRQH�WRZHUV�� 
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3RLQWV�RI�LQWHUHVW��32,��GDWD�DQG�PDSV�DUH�W\SLFDOO\�SUHORDGHG�RQWR�VWDQG�DORQH�*36�
GHYLFHV��8SGDWHV�WR�WKLV�GDWD�PD\�QHHG�FRPSOLFDWHG�GRZQORDGV�DQG�ILOH�WUDQVIHUV��DQG�WKH\�PD\�
RFFXU�VHOGRP�DW�PRVW��:KLOH�VKXWWHUHG�RU�UHQDPHG�EXVLQHVVHV�PD\�QRW�DSSHDU�DW� DOO�LQ�QHZ�
VWUHHWV��WKH\�PD\�SHUVLVW�LQ�WKH�GHYLFH
V�PHPRU\�IRU�D�FRQVLGHUDEOH�DPRXQW�RI�WLPH��32,�DQG�
*36�PDS�GDWD�RQ�VPDUWSKRQHV�DUH�XSGDWHG�IDU�PRUH�RIWHQ�DQG�W\SLFDOO\�ZLWK�OLWWOH�LQSXW�IURP�
WKH�XVHU�� 

%RWK�1DYLJRQ�DQG�7RP7RP�KDYH�PRELOH�DSSOLFDWLRQV�ZLWK�IXQFWLRQDOLW\�FRPSDUDEOH�WR�
WKHLU�VWDQGDORQH�SRUWDEOH�GHYLFHV��%RWK�DUH�DYDLODEOH��DV�LW�ZLOO�EH�GLVFRYHUHG�ODWHU�LQ�WKH�OHVVRQ��
LI�WKH\�DUH�JRLQJ�WR�VSHQG�PRQH\�RQ�VDWHOOLWH�QDYLJDWLRQ�VRIWZDUH��WKH\�PLJKW�VHOHFW�RQH�RI�WKH�
�EOLQGQHVV�DZDUH�� SURJUDPV� WKDW� ZLOO� EH� WDONHG� DERXW��$GGLWLRQDOO\�� WKH� PDMRULW\� RI� WKHLU�
FDSDELOLWLHV� DUH� QRZ� DYDLODEOH� IRU� IUHH� RQ� DQ\� VPDUWSKRQH� UXQQLQJ�$SSOH� L26� RU� *RRJOH�
$QGURLG�� 

7KH�IROORZLQJ�VHFWLRQ��ZKLFK�DVVXPHV�WKDW�XVLQJ�*RRJOH�7DONEDFN�RU�$SSOH�9RLFH2YHU�
DV�D�WRXFK�VFUHHQ�UHDGHU�WR�XVH�D�VPDUWSKRQH�LQ�DQ�DFFHVVLEOH�PDQQHU�LV�WR�EH�IDPLODUHG��JRHV�
RYHU�WKHVH�PRELOH�*36�SODWIRUPV��,I�QRW��LW�LV�VWURQJO\�UHFRPPHQGHG�WR�UHDG�WKH�*XLGH�IRU�8VHUV�
ZLWK�9LVXDO�,PSDLUPHQWV�7HFK�� 

7KH� PDUNHW� RI� *36� GHYLFHV� LQWHQGHG� IRU� WKH� EOLQG� ZLOO� NHHS� H[SDQGLQJ� DV� QHZ�
WHFKQRORJLHV�EHFRPH�DFFHVVLEOH��6XEVFULEH�WR�$)%�$FFHVV:RUOG�VR�WKH\�FDQ�VWD\�XS�WR�GDWH�RQ�
WKH�ODWHVW�GHYHORSPHQWV�LQ�ERWK�LQGRRU�DQG�RXWGRRU�QDYLJDWLRQ� 

����'HSWK�VHQVLQJ�FDPHUD� 

,I�QHFHVVDU\�WR�PHDVXUH�WKH�GLVWDQFH�EHWZHHQ�WZR�LWHPV�RU�WKH�GLVWDQFH�EHWZHHQ�D�GHYLFH�
DQG�DQ�REMHFW�LW¶V�WKH�RQO\�GHILQLWLRQ�RI�GHSWK�VHQVLQJ��)RU�WKLV��D��'�GHSWK�VHQVLQJ�FDPHUD�LV�
HPSOR\HG��ZKLFK� DXWRPDWLFDOO\� UHFRJQL]HV� WKH� H[LVWHQFH� RI� DQ\� REMHFW� LQ� WKH� YLFLQLW\� DQG�
FDOFXODWHV�WKH�GLVWDQFH�WR�LW�ZKLOH�LQ�PRWLRQ��7KLV�DOORZV�WKH�HTXLSPHQW�RU�JDGJHW�WKDW�KDV�EHHQ�
LQWHJUDWHG�ZLWK�WKH�GHSWK�VHQVLQJ�FDPHUD�WR�PRYH�LQGHSHQGHQWO\�E\�PDNLQJ�ZLVH�GHFLVLRQV�LQ�
UHDO�WLPH�>�@� 

�7KUHH�RI�WKH�PRVW�ZHOO�OLNHG�DQG�IUHTXHQWO\�DSSOLHG�GHSWK�WHFKQRORJLHV�QRZ�RQ�WKH�PDUNHW�DUH��  

)LUVW��VWHULR�YLVLRQ²WKH�EDVLV�XSRQ�ZKLFK�WKH�KXPDQ�H\H�IXQFWLRQV²LV�WKH�VDPH�SUHPLVH�XSRQ�
ZKLFK�D�VWHUHR�FDPHUD�RSHUDWHV��7KH�GHSWK�RI�DQ�LWHP�LV�GHWHUPLQHG�E\�ZKDW�LV�NQRZQ�DV�VWHUHR�
GLVSDULW\�LQ�KXPDQ�ELQRFXODU�YLVLRQ��6WHUHR�GLVSDULW\�LV�WKH�SURFHVV�RI�FDOFXODWLQJ�DQ�REMHFW
V�
GLVWDQFH�E\�FRPSDULQJ�LWV�DSSDUHQW�SRVLWLRQV�DV�REVHUYHG�E\�WZR�VHSDUDWH�FDPHUDV�RU�VHQVRUV�
�RU��LQ�WKH�FDVH�RI�D�KXPDQ��WKHLU�H\HV���7KH�EHORZ�LPDJH�LOOXVWUDWHV�WKLV�FRQFHSW�YHU\�ZHOO�� 
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)LJXUH��������VWHUHR�GLVSDULW\�>�@ 

7KH�GHSWK�RI�D�VWHUHR�FDPHUD�LV�GHWHUPLQHG�E\�DQ�DOJRULWKP�WKDW�LV�RIWHQ�H[HFXWHG�RQ�
WKH�KRVW�SODWIRUP��+RZHYHU��WKH�WZR�SKRWRV�PXVW�KDYH�HQRXJK�WH[WXUH�DQG�GHWDLO�IRU�WKH�FDPHUD�
WR�ZRUN�SURSHUO\��6WHUHR�FDPHUDV�DUH�WKHUHIRUH�DGYLVHG�IRU�RXWGRRU�DSSOLFDWLRQV�ZLWK�D�ZLGH�
ILHOG�RI�YLVLRQ�� 

7KH�WHUP��WLPH�RI�IOLJKW���7R)��GHVFULEHV�KRZ�ORQJ�LW�WDNHV�OLJKW�WR�WUDYHUVH�D�VSHFLILF�
GLVWDQFH��7KH�WKHRU\�EHKLQG�KRZ�WLPH�RI�IOLJKW�FDPHUDV�RSHUDWH�LV�WKLV��WKH�GLVWDQFH�WR�DQ�REMHFW�
LV�FDOFXODWHG�E\�PHDVXULQJ�KRZ�ORQJ�LW�WDNHV�IRU�OLJKW�SURGXFHG�WR�UHWXUQ�WR�WKH�VHQVRU�DIWHU�
UHIOHFWLQJ�RII� LWV� VXUIDFH��$� WLPH�RI� IOLJKW�FDPHUD�KDV� WKUHH�PDMRU�FRPSRQHQWV� VXFK�DV�7R)�
VHQVRU�DQG�VHQVRU�PRGXOH��/LJKW�VRXUFH��'HSWK�VHQVRU� 

7KH�DUFKLWHFWXUH�RI�D�WLPH�RI�IOLJKW�FDPHUD�LV�JLYHQ�EHORZ�� 

 

)LJXUH��������DUFKLWHFWXUH�RI�D�WLPH�RI�IOLJKW�FDPHUD�>�@ 

7KH� OLJKW�GDWD� UHIOHFWHG� IURP� WKH� WDUJHW�REMHFW� LV�JDWKHUHG�E\� WKH�VHQVRU�DQG�VHQVRU�
PRGXOH��7KH�JDWKHUHG�OLJKW�LV�WUDQVIRUPHG�LQWR�UDZ�SL[HO�GDWD�E\�WKH�VHQVRU��(LWKHU�D�9&6(/�
RU�DQ�/('�WKDW�HPLWV�OLJKW�LQ�WKH�1,5��1HDU�,QIUD5HG��VSHFWUXP�LV�HPSOR\HG�DV�WKH�OLJKW�VRXUFH��
7KH� UDZ� SL[HO� GDWD� IURP� WKH� VHQVRU� LV� WUDQVIRUPHG� LQWR� GHSWK� LQIRUPDWLRQ� E\� WKH� GHSWK�
SURFHVVRU��)XUWKHUPRUH��LW�IDFLOLWDWHV�QRLVH�UHGXFWLRQ�DQG�JHQHUDWHV�WZR�GLPHQVLRQDO�LQIUDUHG�
LPDJHV�IRU�IXUWKHU�HQG�XVHU�DSSOLFDWLRQV�� 

6WUXFWXUHG�OLJKW�FDPHUD� 

� 
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$�ODVHU�RU�/('�OLJKW�VRXUFH�LV�XVHG�E\�D�VWUXFWXUHG�OLJKW�EDVHG�GHSWK�VHQVLQJ�FDPHUD�WR�
SURMHFW� OLJKW�SDWWHUQV²PRVWO\� VWULSHV²RQWR� WKH� WDUJHW�REMHFW�� ,W� LV�SRVVLEOH� WR�FDOFXODWH� WKH�
REMHFW
V� GLVWDQFH� EDVHG� RQ� WKH� REWDLQHG� GLVWRUWLRQV�� 5HEXLOGLQJ� DQ� REMHFW
V� �'� PRGHO� LV�
IUHTXHQWO\�DFFRPSOLVKHG�ZLWK�WKH�KHOS�RI�D�VWUXFWXUHG�OLJKW��'�VFDQQHU�� 

$�FRPSDULVRQ�RI�WKH�WKUHH�PHWKRGV�XVHG�IRU�GHSWK�VHQVLQJ� 

(DFK�RI�WKH�WKUHH��'�GHSWK�PDSSLQJ�FDPHUDV�WKDW�ZH�SUHYLRXVO\�FRYHUHG�KDV�DGYDQWDJHV�
DQG�GLVDGYDQWDJHV�RI�LWV�RZQ��7KH�VSHFLILFDWLRQV�RI�WKH�ILQDO�DSSOLFDWLRQ�ZLOO�GHWHUPLQH�ZKLFK�
FDPHUD�LV�XVHG��,W�LV�XVXDOO\�DGYLVHG�WR�VHHN�WKH�DVVLVWDQFH�RI�DQ�LPDJH�VSHFLDOLVW��VXFK�DV�H�FRQ�
6\VWHPV��WR�KHOS�ZLWK�WKH�FDPHUD�LQWHJUDWLRQ�DQG�HYDOXDWLRQ�SURFHGXUH�� 

7HQ� GLVWLQFW� SDUDPHWHUV� FDQ� EH� XVHG� WR� DQDO\]H� WKH� WKUHH� WHFKQRORJLHV��$� WKRURXJK�
FRPSDULVRQ�LV�SURYLGHG�LQ�WKH�WDEOH�EHORZ�� 

 

7DEOH������&RPSDUH�YHUVLRQ�RI�FDPHUD� 
� 
 67(5(2�9,6,21 6758&785('�

/,*+7 
7,0(�2)�)/,*+7 

3ULQFLSOH 
&RPSDUHV�GLVSDULWLHV�
RI�VWHUHR�LPDJHV�IURP�

WZR��'�VHQVRUV 

'HWHFWV�GLVWRUWLRQV�RI�
LOOXPLQDWHG�SDWWHUQV�

E\��'�VXUIDFH 

0HDVXUHV�WKH�WUDQVLW�
WLPH�RI�UHIOHFWHG�OLJKW�
IURP�WKH�WDUJHW�REMHFW 

6RIWZDUH�&RPSOH[LW\ +LJK 0HGLXP /RZ 
0DWHULDO�&RVW /RZ +LJK 0HGLXP 

'HSWK�³]´��$FFXUDF\ FP XPaFP PPaFP 
'HSWK�5DQJH /LPLWHG 6FDODEOH 6FDODEOH 
/RZ�OLJKW :HDN *RRG *RRG 
2XWGRRU *RRG :HDN )DLU 

5HVSRQVH�7LPH 0HGLXP 6ORZ )DVW 
&RPSDFWQHVV /RZ +LJK /RZ 

3RZHU�&RQVXPSWLRQ /RZ 0HGLXP 6FDODEOH 
 

����7KHRU\�RI�WLPH�RI�IOLJKW 

7KH�WLPH�RI�IOLJKW�SULQFLSOH�LV�EDVHG�RQ�PHDVXULQJ�WKH�WLPH�LW�WDNHV�IRU�D�ZDYH�WR�WUDYHO�
IURP�D�VRXUFH��D�WLPH�RI�IOLJKW�VHQVRU��WR�DQ�REMHFW�DQG�EDFN��%DVHG�RQ�WKDW�GDWD�±�DV�ZHOO�DV�
VRPH�NQRZOHGJH�RI�PDWK�DQG�SK\VLFV� �VXFK�DV�ZDYH�SURSDJDWLRQ�� ±� WKH\�FDQ�HVWDEOLVK� WKH�
GLVWDQFH�RI�WKDW�REMHFW�IURP�WKH�VRXUFH��'HSHQGLQJ�RQ�WKH�WHFKQRORJ\��GLIIHUHQW�W\SHV�RI�ZDYHV�
PD\�EH�XVHG�ZLWK�GLIIHUHQW�UHVXOWV��WKRXJK�PRVWO\�OLJKW�VLJQDO�LV�XVHG��HLWKHU�ODVHU�RU�/('>��@�� 

7KH�WLPH�LW�WDNHV�IRU�D�ZDYH�WR�WUDYHO�IURP�D�VRXUFH²D�WLPH�RI�IOLJKW�VHQVRU²WR�DQ�
REMHFW�DQG�EDFN�LV�WKH�EDVLV�RI�WKH�WLPH�RI�IOLJKW�SULQFLSOH��:LWK�WKH�KHOS�RI�VXFK�LQIRUPDWLRQ�
DQG�D�EDVLF�XQGHUVWDQGLQJ�RI�SK\VLFV�DQG�DULWKPHWLF��LQFOXGLQJ�ZDYH�SURSDJDWLRQ��WKH\�PLJKW�
GHWHUPLQH�KRZ�IDU�DZD\�WKDW�REMHFW�LV�IURP�WKH�VRXUFH��'LIIHUHQW�ZDYH�W\SHV�PD\�EH�XWLOL]HG�
ZLWK�YDU\LQJ�RXWFRPHV�GHSHQGLQJ�RQ�WKH�WHFKQRORJ\��KRZHYHU��OLJKW�VLJQDOV��VXFK�DV�ODVHU�RU�
/('�VLJQDOV��DUH�W\SLFDOO\�XVHG�� 
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$PRQJ�WKH�VHYHUDO�WHFKQLTXHV�IRU�FUHDWLQJ��'�LPDJHV�DUH�WLPH�RI�IOLJKW��VWUXFWXUHG�OLJKW�
LPDJLQJ��DQG�VWHUHRVFRSLF�FDPHUDV²ZKLFK�XVH�WZR�GLVWLQFW�OHQVHV�WR�UHSOLFDWH�GHSWK��ZKHUH�DQ�
REMHFW�LV�SURMHFWHG�RQWR�D�VWUXFWXUHG�LPDJH��VXFK�D�JULG��DQG�WKH�REMHFW
V�IRUP�DQG�GLVWDQFH�DUH�
GHWHUPLQHG�E\�PHDVXULQJ�KRZ�WKH�REMHFW�GLVWRUWV�WKH�JULG��SHUFHSWLRQ�DQG�PLPLF�KXPDQ�� 

� 
)LJXUH��������([SODLQ�WKH�VROXWLRQ�RI�WLPH�RI�IOLJKW��>��@�� 

/LNH�DQ\WKLQJ�HOVH��7R)�KDV�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�ZKHQ�FRPSDUHG� WR�RWKHU�
LPDJLQJ�PHWKRGV��+HUH�DUH�D�IHZ�WKLQJV�WR�WKLQN�DERXW�� 

:RUNLQJ�FLUFXPVWDQFHV� 

,W
V�FRPPRQ�NQRZOHGJH�WKDW�WLPH�RI�IOLJKW�WHFKQRORJ\�KDV�WKH�EHQHILW�RI�RSHUDWLQJ�LQ�
ORZ��WR�QR�OLJKW��,W�LV�DFFXUDWH�WR�VD\�WKDW�7R)�LV�UHJDUGHG�DV�D��DFWLYH��LPDJLQJ�PHWKRG��PHDQLQJ�
LW�GHSHQGV�RQ�SURMHFWLQJ�LWV�RZQ�OLJKW��$V�D�UHVXOW��XQOLNH�SDVVLYH�LPDJLQJ�PHWKRGV��VXFK�VWHUHR�
FDPHUDV���LW�FDQ�VFDQ�LWV�VXUURXQGLQJV�ZLWKRXW�WKH�DVVLVWDQFH�RI�DQ�H[WHUQDO�OLJKW�VRXUFH�� 

%XW�WKHUH
V�PRUH�WR�WKDW�FRLQ�WKDQ�PHHWV�WKH�H\H��7LPH�RI�IOLJKW�WHFKQRORJLHV�PD\�QRW�
IXQFWLRQ�ZHOO�LQ�QDWXUDO�HQYLURQPHQWV��VXFK�DV�VXQOLJKW��VLQFH�WKH\�GHSHQG�RQ�JHQHUDWLQJ�DQG�
UHFHLYLQJ�EDFN�UHIOHFWLRQV�RI�WKHLU�RZQ�OLJKW��7KLV�LV�GXH�WR�LQWHUIHUHQFH�EHWZHHQ�WKH�OLJKW�IURP�
WKH�JDGJHW�DQG�ZDYHV�UHOHDVHG�E\�RWKHU�OLJKW�VRXUFHV�� 

6LPLODU�WR�WKLV��WKHUH�DUH�DGGLWLRQDO�HOHPHQWV�WKDW�KLQGHU�WKH�HIIHFWLYH�RSHUDWLRQ�RI�7R)�
VHQVRUV��OLNH�FRUQHUV�RU��VKLQ\��VXUIDFHV�WKDW�UHIOHFW�OLJKW�LQ�YDULRXV�GLUHFWLRQV��DPRQJ�RWKHU�
WKLQJV�� 

3URFHVVLQJ�VSHHG� 

,QVWHDG�RI�UHTXLULQJ�FRPSOLFDWHG�FDOLEUDWLRQ�DQG�SURFHVVLQJ�WR�SURGXFH�DQ�LPDJH��OLNH�
VWHUHRVFRSLF�FDPHUDV�GR�� WKH� WLPH�RI�IOLJKW�DSSURDFK� UHOLHV�RQ� UDWKHU� VLPSOH�DULWKPHWLF�DQG�
DOJRULWKPV��)RU�WKLV�UHDVRQ��7R)�EDVHG�GHYLFHV�RSHUDWH�PRUH�TXLFNO\�RQ�VPDOOHU�&38V�DQG�KDYH�
UHGXFHG�V\VWHP�QHHGV��7KLV�HOHPHQW�LV�SDUWLFXODUO\�UHOHYDQW�LQ�DSSOLFDWLRQV�ZKHUH�SURFHVVLQJ�
UDWHV�DUH�FULWLFDO��VXFK�SURGXFWLRQ�OLQHV��DXWRQRPRXV�YHKLFOHV��DQG�IDFWRU\�URERWV�� 

7KH� IDFW� WKDW� WLPH�RI�IOLJKW� WHFKQRORJ\�RSHUDWHV�RYHU�D� UDQJH�RI�KDOI�D�PHWHU� WR� ILYH�
PHWHUV�LV�RQH�RI�LWV�PRVW�QRWDEOH�DGYDQWDJHV��$�IHZ�7R)�VHQVRUV�FDQ�HYHQ�GHWHFW�REMHFWV�XS�WR�
WHQ�PHWHUV�DZD\��7KRXJK�DOWHUQDWLYH�WHFKQRORJLHV��VXFK�VWUXFWXUHG�OLJKW�LPDJLQJ��PD\�RQO\�EH�
DEOH�WR�GHWHFW�REMHFWV�XS�WR�WZR�RU�WKUHH�PHWHUV�DZD\��LW�LV�LPSRUWDQW�WR�NHHS�LQ�PLQG�WKDW�WKH\�
DUH�DOVR�W\SLFDOO\�IDU�PRUH�SUHFLVH��7KHUHIRUH��HYHQ�ZKLOH�7R)�PLJKW�EH�HIIHFWLYH�DW�VKRUW�UDQJHV��
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LW�PLJKW�QRW�EH�WKH�LGHDO�RSWLRQ�LQ�XVH�VLWXDWLRQV�ZKHUH�DFFXUDF\²UDWKHU�WKDQ�UDQJH²LV�WKH�
PRVW�LPSRUWDQW�IDFWRU�� 

3UHFLVLRQ� 

,Q� RWKHU� ZRUGV�� KRZ� SUHFLVH� LV� WLPH�RI�IOLJKW"� 6LQFH� WKHLU� SUHFLVLRQ� LV� W\SLFDOO\�
DSSUR[LPDWHG� DW� ��� RI� WKH� REMHFW
V� GLVWDQFH�� LW� LV� PRVWO\� GHSHQGHQW� RQ� WKDW� GLVWDQFH� �IRU�
H[DPSOH��D�7R)�FDPHUD�FDQ�UHDFK�DQ�DFFXUDF\�RI�DSSUR[LPDWHO\���FP�LI�WKH�REMHFW�LV���PHWHUV�
DZD\���7KLV�SXWV�WKHP�LQ�WKH�PLGGOH�RI�VWUXFWXUHG�OLJKW�VHQVRUV��ZKLFK�DUH�WKH�PRVW�DFFXUDWH�
WHFKQRORJ\�DQG�FDQ�KDYH�DQ�DFFXUDF\�RI�DV�WLQ\�DV���PP��DQG�VWHUHR�FDPHUDV��ZKLFK�KDYH�D�
SUHFLVLRQ�RI�URXJKO\��±����RI�WKH�GLVWDQFH�� 

 

)LJXUH��������&RPSDUH�WKH�UDQJH�RI�6WHUHR�YLVLRQ��7LPH�RI�IOLJKW�DQG�6WUXFWXUHG�OLJKW�VHQVRU��
>��@��� 

7LPH�RI�)OLJKW��7R)��7HFKQRORJ\��7KLV�WHFKQLTXH�XVHV�WKH�OHQJWK�RI�WLPH�LW�WDNHV�IRU�
OLJKW� WR� WUDYHO� WR�GHWHUPLQH�GLVWDQFHV��6HQGLQJ� OLJKW� VLJQDOV� IURP�D�VRXUFH� WR�DQ�REMHFW�DQG�
WLPLQJ�KRZ�ORQJ�LW�WDNHV�IRU�WKH�VLJQDOV�WR�UHDFK�LW�DQG�UHWXUQ�WR�WKH�VHQVRU�RU�FDPHUD�LV�WKH�EDVLV�
RI� 7R)� WHFKQRORJ\�� 7KHUH� DUH� YDULRXV� ZD\V� WR� FDOFXODWH� LQ� 7R)� WHFKQRORJ\�� KRZHYHU� WKH�
IROORZLQJ�LV�DQ�H[SODQDWLRQ�RI�WKH�IXQGDPHQWDO�IRUPXOD�IRU�FDOFXODWLQJ�GLVWDQFH�� 

6HQG�/LJKW�6LJQDOV��/DVHUV�DQG�LQIUDUHG�OLJKW�HQHUJ\�DUH�H[DPSOHV�RI�VRXUFHV�WKDW�HPLW�
OLJKW� VLJQDOV�� 7KHVH� OLJKW� VLJQDOV� LQWHUDFW�ZLWK� VXUURXQGLQJ� REMHFWV� DQG� VFDWWHU� LQ� GLIIHUHQW�
GLUHFWLRQV�� 

5HFHLYH�6LJQDOV��7KH�OLJKW�VLJQDOV�UHIOHFWHG�EDFN�IURP�WKH�REMHFW�DUH�GHWHFWHG�E\�WKH�
FDPHUD�RU�VHQVRU�WKDW�LV�LQWHQGHG�WR�VHQVH�GHSWK��,W�NHHSV�WUDFN�RI�KRZ�ORQJ�LW�WDNHV�IRU�OLJKW�
VLJQDOV�WR�OHDYH�WKH�GHYLFH�DQG�UHWXUQ�� 

'HWHUPLQH�7UDYHO�7LPH��:H�FDQ�GHWHUPLQH�WKH�WRWDO�DPRXQW�RI�WLPH�WKH�OLJKW�VLJQDOV�
WRRN�IRU�WKH�URXQG�WULS�E\�XVLQJ�WKH�WLPH�LW�WRRN�IRU�WKH�VLJQDOV�WR�WUDYHO�WR�DQG�IURP�WKH�REMHFW�
DV�ZHOO�DV�WKH�NQRZQ�VSHHG�RI�OLJKW��PHDVXUHG�RU�FRQVWDQW�YDOXH��� 

&DOFXODWH�'LVWDQFH��7KH�IROORZLQJ�IRUPXOD�FDQ�EH�XVHG�WR�GHWHUPLQH�WKH�GLVWDQFH�WR�WKH�REMHFW�� 

'LVWDQFH� ��6SHHG�RI�/LJKW�î�7UDYHO�7LPH������ 
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7KLV�FDOFXODWLRQ�XVHV�WKH�PHDVXUHG�WUDQVLW�WLPH�DQG�WKH�NQRZQ�VSHHG�RI�OLJKW��ZKLFK�LV�
URXJKO\�������������PHWHUV�SHU�VHFRQG��7KLV�FRPSXWDWLRQ�ZLOO�\LHOG�D�UHVXOW�LQ�PHWHUV��RU�RWKHU�
VSHFLILHG�XQLWV��� 

7LPH�RI�IOLJKW� WHFKQRORJ\� LV� XVHG� LQ�PDQ\� GLIIHUHQW� DSSOLFDWLRQV�� VXFK� DV� URERWLFV��
JHVWXUH� UHFRJQLWLRQ� V\VWHPV�� GHSWK�VHQVLQJ� FDPHUDV�� DQG� GLVWDQFH�PHDVXULQJ� GHYLFHV�� %\�
XWLOL]LQJ�WKH�WLPH�LW�WDNHV�IRU�OLJKW�WR�UHDFK�DQ�REMHFW�DQG�UHWXUQ�WR�WKH�VHQVRU�RU�FDPHUD��LW�PDNHV�
SUHFLVH�GLVWDQFH�PHDVXUHPHQWV�SRVVLEOH�>��@���� 

������ 
 
 
 
 

����2EMHFW�GHWHFWLRQ�E\�0$7/$%� 
������8VLQJ�$SSV�WR�$XWRPDWLFDOO\�/DEHO�7UDLQLQJ�,PDJHV� 

,Q�0$7/$%��WKHUH�DUH�LQWHUDFWLYH�WRROV�IRU�FRQYROXWLRQDO�QHXUDO�QHWZRUN�FXVWRPL]DWLRQ�
DQG�WUDLQLQJ�GDWD�SUHSDUDWLRQ��/DEHOLQJ�WHVW�LPDJHV�IRU�REMHFW�GHWHFWRUV�LV�D�GLIILFXOW�WDVN��DQG�
LW�FDQ�WDNH�D�ZKLOH�WR�FROOHFW�HQRXJK�WUDLQLQJ�GDWD�WR�JHQHUDWH�D�XVDEOH�REMHFW�GHWHFWRU��7KLV�PD\�
DXWRPDWLFDOO\� ODEHO� WKH�JURXQG�WUXWK�GDWD� DQG� LQWHUDFWLYHO\�QDPH� REMHFWV�ZLWKLQ� D�JURXS�RI�
SKRWRV�XVLQJ�WKH�EXLOW�LQ�DOJRULWKPV�LQ�WKH�,PDJH�/DEHOHU�DSS��:KLOH�WKH�9LGHR�/DEHOHU�DSS�LV�
LQWHQGHG�IRU�RSHUDWLRQV�LQYROYLQJ�YLGHR�SURFHVVLQJ��WKH�*URXQG�7UXWK�/DEHOHU�DSS�LV�LQWHQGHG�
IRU�DXWRPDWHG�GULYLQJ�DSSOLFDWLRQV�>��@� 

������ 'HYHORS� 2EMHFW� 'HWHFWLRQ� $OJRULWKPV� ,QWHUDFWLYHO\� DQG� 6\QF� $FURVV�
)UDPHZRUNV� 

:KHWKHU� FUHDWLQJ� D� &11� IURP� VFUDWFK� RU� DGDSWLQJ� DQ� H[LVWLQJ� RQH�� DUFKLWHFWXUDO�
SUREOHPV�FDQ�RFFXU�DQG�ZDVWH�YDOXDEOH�WUDLQLQJ�WLPH��'HHS�1HWZRUN�'HVLJQHU�DOORZV�WKHP�WR�
FUHDWH��PRGLI\��DQG�YLVXDOL]H�GHHS�OHDUQLQJ�QHWZRUNV�LQ�DQ�LQWHUDFWLYH�PDQQHU��$GGLWLRQDOO\��LW�
KDV�DQ�DQDO\VLV�WRRO�WKDW�DOORZV�WKHP�WR�VHDUFK�IRU�DUFKLWHFWXUDO�LVVXHV�SULRU�WR�QHWZRUN�WUDLQLQJ�� 

����9LEUDWLRQ�PRWRU� 

$�YLEUDWRU�PRWRU��ZKDW�LV�LW"� 

'HILQLWLRQ��7KH�PHFKDQLFDO�GHYLFHV�WKDW�SURGXFH�YLEUDWLRQV�DUH�FDOOHG�YLEUDWRU�PRWRUV��
$Q�HOHFWULF�PRWRU�ZLWK�DQ�XQHYHQ�PDVV�RQ�LWV�GULYHVKDIW�LV�ZKDW�KDV�FDXVHG�WKH�YLEUDWLRQ�WR�EH�
JHQHUDWHG��7KH�XVHU�FDQ�SHUFHLYH�VRXQG�WKURXJK�YLEUDWLRQV�SURGXFHG�E\�WKLV�WLQ\�'&�PRWRU��,WV�
PDJQHW�FRUHOHVV�'&�PRWRU��ZKLFK�LV�SHUPDQHQW�DQG�KDV�PDJQHWLF�TXDOLWLHV��EHKDYLQJ�OLNH�D�
PDJQHW�RQO\�ZKHQ�HOHFWULF�FXUUHQW�LV�SDVVHG�WKURXJK�WKH�GHYLFH���LV�WKH�PRVW�LPSRUWDQW�IHDWXUH�
WKDW�QHHGV�WR�EH�QRWLFHG�>��@�� 

9LEUDWLRQ�PRWRUV�DUH�W\SLFDOO\�PDGH�RI�WZR�W\SHV�� 

� )ODW�VL]HG�RU�FRLQ�VL]HG�YLEUDWLQJ�PRWRU� 

� 9LEUDWLQJ�PRWRU��WKH�VL]H�RI�D�F\OLQGHU�RU�EDU�� 

9LEUDWLRQ�0RWRU�:RUNLQJ� 
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&RLQ�RU�)ODW�6L]HG� 

$�ULQJ�PDJQHW��SRZHU�VXSSOLHG�EUXVKHV�DWWDFKHG�WR�WKH�ULQJ�PDJQHW��ZHLJKW��DQG�D�URWRU�
ZLWK� FRLOV� FRQQHFWHG� WR� WKH� EDFN� DQG� FRPPXWDWLRQ� SRLQWV� FRQQHFWHG� WR� WKH� IURQW� DUH� WKH�
FRPSRQHQWV�WKDW�PDNH�XS�D�FRLQ�VL]HG�RU�IODW�VL]HG�PRWRU��7KH�EUXVK
V�HQG�DQG�WKH�FRPPXWDWLRQ�
SRLQWV�DUH�OLQNHG��7KH�HOHFWULFDO�FRLOV�RI�WKH�URWRU�ZLOO�EH�VWUHQJWKHQHG�E\�WKLV�FRQVWUXFWLRQ��7KLV�
ZLOO�SURGXFH�D�PDJQHWLF�ILHOG��ZKLFK�LV�UHTXLUHG�LQ�RUGHU�IRU�WKH�ULQJ�PDJQHW�WR�LQWHUDFW�ZLWK�LW�
DQG� FDXVH� URWDWLRQ��$�PDJQHWLF� ILHOG� FDXVHV� WKH� SURGXFWLRQ� RI� D� IRUFH�� 7KH�ZHLJKW� FDQ� EH�
WUDQVPLWWHG�WKDQNV�WR�WKLV�IRUFH��7KH�FRQVWDQW�VKLIWLQJ�RI�ZHLJKW�SURGXFHV�D�IRUFH�WKDW�YDULHV�
DQG� LV� SHUFHLYHG� DV� D� YLEUDWLRQ�� 7KH� SRODULW\� SDLUV� DUH� FKDQJHG� WKURXJK� WKH� XVH� RI� WKH�
FRPPXWDWLRQ� SRLQWV�� KHQFH�� WKH� FRLOV� DUH� FRQVWDQWO\� FKDQJLQJ� WKH� SRODULW\� ZKLOH� WKH� URWRU�
UHYROYHV�� 

 

&\OLQGHU�RU�%DU�6L]HG� 

7KLV�YLEUDWLQJ�PRWRU�LV�QRW�EDODQFHG�DSSURSULDWHO\��,W�GHQRWHV�WKDW�D�ZHLJKW�RII�FHQWHU�
LV�DWWDFKHG�WR�WKH�VKDIW�LQ�RUGHU�WR�FUHDWH�FHQWULIXJDO�IRUFH�GXULQJ�URWDWLRQ��9LEUDWLRQ�LV�SURGXFHG�
E\� WKH� PRWRU
V� KLJK�OHYHO� VSHHG� GLVSODFHPHQW� EURXJKW� RQ� E\� WKH� IRUFH� WKDW� LVQ
W� EDODQFHG�
SURSHUO\��7KH�PRWRU�YLEUDWHV�LQ�WKH�;�DQG�=�D[HV�GXH�WR�WKH�FHQWULIXJDO�IRUFH�WKDW�LV�JHQHUDWHG�
ZLWKLQ�LW�� 

,W�LV�SRVVLEOH�WR�FRPSXWH�WKH�YLEUDWLRQ
V�IUHTXHQF\�DV� 

 �����������ൌ�ሺ���������ሻȀ͸Ͳܨ

DQG�)RUFH�LV�FDOFXODWHG�DV� 

 �ʹݓ�����������ൌ���ൈ���ൈܨ

ZKHUH�WKH�HFFHQWULF�ZHLJKW
V�PDVV��GHQRWHG�E\��P����U��

VWDQGV�IRU�WKH�PDVV�RIIVHW�GLVWDQFH�� 

7KH�PRWRU
V�VSHHG�LV�UHSUHVHQWHG�E\��Z�� ��ʌI�� 

%RWK�PRWRUV� VKDUH� WKH� VDPH� LQWHUQDO�GHVLJQ�DQG�FRQVWUXFWLRQ��DQG� WKHLU�FRPSRQHQWV�DUH�DV�
IROORZV�� 

6WDWRU� 

,W�LV�WKH�SRUWLRQ�RI�WKH�URWDWLQJ�HOHFWULF�PRWRU�WKDW�LV�VWDWLRQDU\��,W�IXQFWLRQV�VLPLODUO\�WR�
D�PDJQHWLF�ILHOG��FUHDWLQJ�PRWLRQ�XSRQ�FRQWDFW�ZLWK�WKH�DUPDWXUH��,W�HYHQ�VHUYHV�DV�DQ�DUPDWXUH�
WKDW�WKH�PRWRU�FRLOV�XVH�WR�DSSO\�IRUFH�� 

&RPPXWDWRU� 

,W� LV�D� UHYROYLQJ�HOHFWULFDO� VZLWFK� WKDW� LV�XVHG� WR�SHULRGLFDOO\� VWRUH� WKH�FXUUHQW� IORZ�
EHWZHHQ�WKH�URWRU�DQG�WKH�H[WHUQDO�FLUFXLW�LQ�VRPH�W\SHV�RI�PRWRUV�RU�JHQHUDWRUV��6LQFH�LW
V�D�
VZLWFK��LWV�OLIHVSDQ�LV�SURORQJHG�E\�FRXQWLQJ�WKH�FLUFXLWV�WKDW�IRUP�DQG� EUHDN�GXULQJ�UHJXODU�
RSHUDWLRQ�� 
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7KH�FRLO� WXUQV�DUH�DV� IROORZV��:KHQ�HOHFWULFLW\� LV� VHQW� WKURXJK�DQ\�RI� WKH�FRLOV�� LW� LV�
FRXSOHG�LQ�D�ZD\�WKDW�FUHDWHV�D�PDJQHWLF�ILHOG�� 

$UPDWXUH� 

,W�LV�PDGH�XS�RI�WZR�WKLQ�PHWDO�SODWHV�ZLWK�FRSSHU�ZLUHV�FRLOHG�DURXQG�DOO�WKUHH�RI�WKH�
DUPDWXUH
V�SROHV��7UDQVIRUPLQJ�PDJQHWLF�HQHUJ\�LQWR�NLQHWLF�HQHUJ\�LV�KRZ�LW�ZRUNV�� 

%UXVKHV� 

7KHVH�EUXVKHV�FUHDWH�FXUUHQW�LQ�WKH�VKDIW�EHWZHHQ�WKH�VWDWRU�DQG�FRLOV��7KH�PRWRU
V�OLIH�
ZLOO�WHUPLQDWH�ZKHQ�WKH�EUXVKHV�ZHDU�RXW��7KHUHIRUH��EUXVKOHVV�PRWRUV��DOVR�NQRZQ�DV�%/'&�
PRWRUV��DUH�XVHG�WR�LPSURYH�PRWRU�OLIH�EDVHG�RQ�WKLV�IDFWRU�� 

:HLJKW� 

%HFDXVH�RI�LWV�PDVV��WKH�VKDIW�YLEUDWHV�LQ�UHODWLRQ�WR�D�ZHLJKLQJ�GHYLFH��7KLV�PDNHV�LW�
VLPSOH�WR�DGMXVW�DQG�FRQWURO�WKH�SUHVVXUH�DQG�PDJQLWXGH�� 

9LEUDWRU�0RWRU�6SHFLILFDWLRQV�'DWDVKHHW� 

1XPHURXV� IDFWRUV�� LQFOXGLQJ� VL]H��ZHLJKW�� DQG� RSHUDWLQJ� FRQGLWLRQV�� DIIHFW� YLEUDWRU�
PRWRU�SDUDPHWHUV��/HW
V�ORRN�LQWR�D�IHZ�YLEUDWLRQV�PRWRU�W\SHV
�VSHFLILFDWLRQV��7KH�IROORZLQJ�
GHWDLOV�DSSO\�WR�D���PP�VKDIWOHVV�PRWRU�ZLWK�D����PP�EXWWRQ�W\SH��� 

7DEOH�������7KH�VSHFLILFDWLRQV�RI�D�YLEUDWLRQ�PRWRU�WKH�VSHFLILFDWLRQV�� 
6SHFLILFDWLRQ� 9DOXH� 0HDVXUHG�LQ� 

2SHUDWLQJ�9ROWDJH� �� 9� 

)UDPH�'LDPHWHU� ��� PP� 

%RG\�/HQJWK� ���� PP� 

9ROWDJH�5DQJH� ����±����� 9� 

6WDUW�9ROWDJH� ���� 9� 

:HLJKW� ���� J� 

5DWHG�&XUUHQW� ��� P$� 

5DWHG�6SHHG� ������ USP� 

6WDUW�&XUUHQW� ��� P$� 

 9LEUDWLRQ�$PSOLWXGH� ���� *� 
 

 7HUPLQDO�5HVLVWDQFH� ��� 2KP� 
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7DEOH�������7KH�VSHFLILFDWLRQV�RI�D�PLQL�YLEUDWLRQ�PRWRU�WKH�VSHFLILFDWLRQV�� 

6SHFLILFDWLRQ� 9DOXH� 0HDVXUHG�LQ� 

2SHUDWLQJ�9ROWDJH� ����±�����'&� 9� 

5DWHG�9ROWDJH� ����'&� 9� 

5RWDWLRQ� &ORFNZLVH� ±� 

0RWRU�3RVLWLRQ� 2SHUDWHV�LQ�DOO�SRVLWLRQV� ±� 

2SHUDWLQJ�&RQGLWLRQV� ���±����&� 2UGLQDU\�+XPLGLW\� 

6KDIW�HQG�SOD\� �����±������0D[LPXP�� PP� 

0DVV� ����� *UDPV� 

+ROGLQJ�VWUHQJWK�RI�YLEUDWLRQ�
ZHLJKW� 

��1� ±� 

 6WRUDJH�&RQGLWLRQV� ���±����&� 2UGLQDU\�+XPLGLW\� 
 

 5DWHG�/RDG� &RXQWHUZHLJKW� ±� 

 

������9LEUDWRU�0RWRU�$UGXLQR� 

7KH�$UGXLQR�812�ERDUG�FDQ�EH�XVHG�WR�FRQWURO�D�YLEUDWLRQ�PRWRU�XVLQJ�$UGXLQR��3ULRU�
WR�GHOYLQJ�LQWR�WKLV�WRSLF��LW�LV�LPSHUDWLYH�WR�DFNQRZOHGJH�WKDW�WKH�'&�YLEUDWLRQ�PRWRUV�DUH�LQ�
RSHUDWLRQ��$V�D�UHVXOW��WKH�LQLWLDO�FXUUHQWV�PXVW�EH�UHVWULFWHG��DV�WKHLU�YDOXH�LV�KLJKHU�WKDQ�WKDW�RI�
WKH�PLFURFRQWUROOHU�SLQV�� 

7KH� WUDQVLVWRU� LV� WKH� HOHPHQW� WKDW� PXVW� EH� SRVLWLRQHG� EHWZHHQ� WKH� PRWRU� DQG� WKH�
PLFURFRQWUROOHU��7KH�PRWRU�FDQ�EH�WXUQHG�RQ�DQG�RII�XVLQJ�WKHVH�WUDQVLVWRUV�DV�D��6ZLWFK���%\�
FRQQHFWLQJ�WR�D�VRXUFH�RI�KLJK�FXUUHQW�RU�ORZ�FXUUHQW��WKH\�FDQ�EH�UHDGLO\�FRQWUROOHG��$W�WKH�
UDWHG�YROWDJHV��WUDQVLVWRUV�DLG�LQ�WKH�PRWRU
V�VDIH�RSHUDWLRQ�� 

� 
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� 

)LJXUH��������YLEUDWRU�PRWRU�$UGXLQR�>��@ 

)RXU�IXQGDPHQWDO�FRPSRQHQWV�FDQ�EH�XVHG�WR�PDNH�WKH�PRWRU��DQG�WKH\�DUH�DV�IROORZV�� 

� $�SRZHU�VXSSO\� 

� 7UDQVLVWRU��026)(7V��ZKLFK�PLJKW�EH�RI� WKH�3�RU�1� W\SH��DUH� W\SLFDOO\�XVHG� IRU�EULHI�
YLEUDWLRQV�� 

� 0LFURFRQWUROOHU����9LEUDWLRQ�PRWRU� 

6LPLODU�WR�D�VZLWFK��WKH�WUDQVLVWRU�VZLWFKHV�WKH�PRWRU�RQ�DQG�RII��,W
V�FUXFLDO�WR�NHHS�LQ�PLQG�
WKDW�DQ�1�7\SH�WUDQVLVWRU�FDQ�RQO\�IXQFWLRQ�LQ�WKH�21�VWDWH�ZKHQ�WKH�JDWH
V�DSSOLHG�YROWDJH�LV�
JUHDWHU�WKDQ�LWV�WKUHVKROG��2WKHU�SDUWV�WKDW�FDQ�EH�DGGHG�WR�LPSURYH�WKH�VWDELOLW\�RI�WKH�YLEUDWLRQ�
URWRU�XVLQJ�$UGXLQR�DUH�DV�IROORZV��6FKRWWN\�'LRGH� 

� 5HVLVWRU�3XOO�8S� 

� 7KH�SXOO�GRZQ�UHVLVWRU�� 

� $�FDSDFLWRU�IRU�(0,�VXSSUHVVLRQ� 

� $SSOLFDWLRQV�IRU�9LEUDWRU�0RWRUV� 

7KH� YLEUDWRU� PRWRU� ILQGV� LWV� XVH� LQ� WKH� IROORZLQJ� LQGXVWULHV�� IRRG� PDQDJHPHQW��
SHWURFKHPLFDO��DQG�FHPHQW�PDQXIDFWXULQJ�SURFHVVHV�� 

� $�YDULHW\�RI�PDWHULDO�KDQGOLQJ�HTXLSPHQW�� LQFOXGLQJ� IHHGHUV��FRQYH\RUV��DQG�YLEUDWLQJ�
VFUHHQV��XVH�YLEUDWLRQ�PRWRUV�� 

� 8VHG�LQ�WKH�ILHOGV�RI�PLQLQJ�DQG�HOHFWULFLW\�SURGXFWLRQ�� 

� :LGHO\�XWLOL]HG�LQ�SDJHUV��KDQGVHWV��DQG�FHOO�SKRQHV� 

� $SSOLFDEOH�WR�VKDNHRXWV�LQ�IRXQGULHV��� 
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����6PDUWSKRQH�*36�1DYLJDWLRQ�IRU�3HRSOH�ZLWK�9LVXDO�,PSDLUPHQWV� 

7KH\�KDYH�SUREDEO\�UHFHLYHG��RU�DUH�JRLQJ�WR�JHW��PRELOLW\�WUDLQLQJ�DV�D�SHUVRQ�ZLWK�D�
YLVXDO�LPSDLUPHQW�WR�KHOS�OHDUQ�KRZ�WR�QDYLJDWH�WKHLU�QHLJKERUKRRG�RU�FLW\�ZLWK�D�FDQH�RU�JXLGH�
GRJ��,I�WKH\�ZDQW�WR�UHVXPH�WKHLU�LQGHSHQGHQW�OLIHVW\OH��WKH\�ZLOO�QHHG�WR�DFTXLUH�DQG�KRQH�WKHVH�
DELOLWLHV��7KH\�PLJKW�KDYH�WR�XVH�WKH�EXV�RU�WUDLQ�WR�JHW�WR�ZRUN�LI�WKH\
UH�VWLOO�HPSOR\HG��7KH\�
VWLOO�QHHG� WR� ILQG�HOHYDWRUV��FRQIHUHQFH� URRPV��DQG�RWKHU� IDFLOLWLHV� LQ� WKH�RIILFH�HYHQ�LI� WKH\�
XWLOL]H�SDUDWUDQVLW�VHUYLFHV�IRU�FRPPXWLQJ�>��@� 

0RELOLW\�WUDLQLQJ�ZLOO�EH�TXLWH�EHQHILFLDO�WR�WKH�YLVDXOO\�LPSDLUHG�LI�WKH\�DUH� UHWLUHG��
0D\EH�WKH\�VKRXOG�SD\�D�YLVLW�WR�D�EXGG\��VSHQG�DQ�KRXU�RU�WZR�DW�WKHLU�SUHIHUUHG�FRIIHH�VKRS�
RU�FDIH��RU�PDNH�D�IDVW�WULS�WR�WKH�QHLJKERUKRRG�VWRUH��:KLOH�WUHDGPLOOV�KDYH�WKHLU�SODFH��WKH\�
MXVW�FDQQRW�PDWFK�WKH�EHQHILWV�RI�IUHVK�DLU�DQG�D�FKDQJH�RI�VFHQHU\�WKDW�FRPH�ZLWK�JRLQJ�IRU�D�
ZDON��:DONLQJ�LV�RQH�RI�WKH�ILQHVW�ZD\V�WR�H[HUFLVH�� 

7KH\�FDQ�OHDUQ�D�ORW�DERXW�DXWRQRPRXV�WUDYHO��EXV�WUDQVSRUWDWLRQ��VDIH�FURVVLQJ�RI�EXV\�
MXQFWLRQV��DQG�GRRUZD\�QDYLJDWLRQ�WKURXJK�PRELOLW\�WUDLQLQJ��7KH\�FDQ�SUDFWLFH�WUDYHOLQJ�WR�
DQG�IURP�WKHLU�SODFH�RI�HPSOR\PHQW��SODFH�RI�UHOLJLRQ��QHLJKERUKRRG�JURFHU\�VKRS��DQG�RWKHU�
IUHTXHQWHG� ORFDWLRQV� ZLWK� WKH� DVVLVWDQFH� RI� D� PRELOLW\� WHDFKHU�� %XW� HYHQWXDOO\�� WKH� YLVXDO�
LPSDLUHG�SHUVRQ� LV�JRLQJ� WR�ZDQW� WR� WUDYHO� WR�D�QHZ�SODFH�� VRPHZKHUH� WKH\�
YH�QHYHU�EHHQ��
0D\EH�WKH\�ZRXOG�OLNH�WR�JHW�WKHLU�SDUWQHU�D�VXUSULVH�JLIW��3HUKDSV�WKH\�
UH�FXULRXV�DERXW�WKH�
VRXQGV�RI�SHRSOH�KDYLQJ�D�JRRG�WLPH�RXWVLGH�DQ�RSHQ�GRRUZD\�WKH\�SDVV�RQ�WKHLU�ZD\�KRPH�
IURP�ZRUN�DQG�ZRQGHU�LI�LW
V�D�QHZ�UHVWDXUDQW��2U�SHUKDSV�WKH\�MXVW�QHHG�WR�JUDE�VRPH�FDVK�
IURP�WKH�FORVHVW�$70��� 

7KHVH�DQG�RWKHU�TXHULHV�FDQ�EH�DGGUHVVHG�E\�D�*36�JDGJHW�WKDW�LV�XVDEOH�E\�WKRVH�ZKR�
DUH�EOLQG�RU�YLVXDOO\�LPSDLUHG��:KHQ�WKH\�ZDON�RU�WDNH�WKH�EXV��XVLQJ�RQH�ZLOO�DOORZ�WKHP�WR�EH�
DZDUH�RI�WKH�QHLJKERULQJ�EXVLQHVVHV��WUDQVLW�VWDWLRQV��DQG�MXQFWLRQV��,Q�DGGLWLRQ�WR�JLYLQJ�WKHP�
WXUQ�E\�WXUQ�GLUHFWLRQV�WR�WKH�FORVHVW�EXUJHU�MRLQW��VKRH�VWRUH��RU�FRIIHH�VKRS��D�*36�PD\�ERRVW�
WKHLU�VHOI�DVVXUDQFH�DQG�LQGHSHQGHQFH�ZKHQ�WKH\
UH�RXW�DQG�DERXW�� 

,W
V� OLNHO\� WKDW� WKH\
YH� VHHQ�� RU� SHUKDSV� XVHG�� WKH� RQERDUG� *36� V\VWHP� WKDW� PDQ\�
DXWRPRELOHV� FRPH� HTXLSSHG� ZLWK�� RU� WKH\� PD\� KDYH� XVHG� D� VWDQG�DORQH� *36� XQLW� IURP� D�
PDQXIDFWXUHU��(YHQ�LI�WKH\
YH�SUREDEO\�KHDUG�WKHVH�JDGJHWV�JLYH�VSRNHQ�LQVWUXFWLRQV�OLNH��0DNH�
D� OHIW� WXUQ�� RU� �GULYH� ���PLOHV� VWUDLJKW� DKHDG��� WKH�PDMRULW\�RI� VWDQGDORQH�*36� QDYLJDWLRQ�
V\VWHPV�DUH�QRW�UHDOO\�XVDEOH�E\�WKRVH�ZKR�DUH�EOLQG�RU�YLVXDOO\�LPSDLUHG��2IWHQ��WKH\�FDQ
W�KHDU�
WKH�QDPHV�RI�VXUURXQGLQJ�EXVLQHVVHV��KRVSLWDOV��RU�RWKHU�VLWHV�RI�LQWHUHVW�SUHYLHZ�WKHLU�URXWH��RU�
HQWHU�D�GHVWLQDWLRQ�LQWR�WKH�JDGJHW�LQ�DQ�DFFHVVLEOH�PDQQHU�� 

7KHUH�LV�RQH�VWDQG�DORQH�*36�QDYLJDWRU�DYDLODEOH�WKDW�LV�HVSHFLDOO\�PDGH�IRU�EOLQG�XVHUV��
+XPDQ:DUH
V� 7UHNNHU� %UHH]H� +DQGKHOG� 7DONLQJ� *36�� 1XPHURXV� QRWHWDNHUV� WKDW� DUH�
DFFHVVLEOH�� VXFK� WKH� +,06� %UDLOOH� 6HQVH� DQG� 9RLFH� 6HQVH�� DOVR� KDYH� WKH� RSWLRQ� RI� *36�
QDYLJDWLRQ��,I�WKH\�DOUHDG\�KDYH�DQ�$QGURLG�RU�L26�VPDUWSKRQH��RQH�RI�WKHVH�FKRLFHV�PLJKW�EH�
D�VXLWDEOH�ILW�IRU�WKHP��RWKHUZLVH��WKH\�PLJKW�QRW�QHHG�WR�EX\�D�VHSDUDWH�QDYLJDWLRQDO�GHYLFH��
8QEHOLHYDEO\�� D� VWDQGDORQH�*36�GHYLFH� LV� QRW� DV� FDSDEOH�RI� JXLGLQJ� WKHP� RU� SURYLGLQJ� DQ�
DFFXUDWH�GHVFULSWLRQ�RI�WKHLU�VXUURXQGLQJV�DV�WKHLU�VPDUWSKRQH�� 

$�QHWZRUN�RI�VDWHOOLWHV�LV�XVHG�E\�WKH�*OREDO�3RVLWLRQLQJ�6DWHOOLWH��*36��QHWZRUN�WR�
GHWHUPLQH�D�VSHFLILF�SRVLWLRQ��7KHLU�*36�GHYLFH
V�VHQVRU�UHFHLYHV�D�WLPH�VWDPSHG�VLJQDO�IURP�
VHYHUDO� VDWHOOLWHV� WR�GHWHUPLQH� WKHLU�SRVLWLRQ�� ,W� WKHQ� WULDQJXODWHV� WKHLU�SRVLWLRQ�EDVHG�RQ� WKH�
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GLIIHUHQFH� LQ� WKHVH� WLPHV��*36� LV� W\SLFDOO\� WKH�RQO\�PHWKRG�XVHG�E\�D� VWDQGDORQH�GHYLFH� WR�
GHWHUPLQH�WKHLU�SRVLWLRQ��7R�LQFUHDVH�DFFXUDF\��D�VPDUWSKRQH�*36�UHFHLYHU�FDQ�DOVR�PDNH�XVH�
RI�FRQVWDQWO\�XSGDWHG�PDSV�RI�:L�)L�UDGLR�KRWVSRWV�DQG�WKH�NQRZQ�ORFDWLRQV�RI�SKRQH�WRZHUV�� 

3RLQWV� RI� LQWHUHVW� �32,�� DQG�PDS�GDWD� DUH� W\SLFDOO\�SUHORDGHG�RQWR� VWDQGDORQH�*36�
GHYLFHV��8SGDWHV�WR�WKLV�GDWD�PD\�QHHG�FRPSOLFDWHG�GRZQORDGV�DQG�ILOH�WUDQVIHUV��DQG�WKH\�PD\�
RFFXU�VHOGRP�DW�PRVW��:KLOH�VKXWWHUHG�RU�UHQDPHG�EXVLQHVVHV�PD\�QRW�DSSHDU�DW�DOO�LQ�QHZ�
VWUHHWV��WKH\�PD\�SHUVLVW�LQ�WKH�GHYLFH
V�PHPRU\�IRU�D�FRQVLGHUDEOH�DPRXQW�RI�WLPH��32,�DQG�
*36�PDS�GDWD�RQ�VPDUWSKRQHV�DUH�XSGDWHG�IDU�PRUH�RIWHQ�DQG�W\SLFDOO\�ZLWK�OLWWOH�LQSXW�IURP�
WKH�XVHU�� 

�����&RPSDULVRQ�EHWZHHQ�0$7/$%�REMHFW�GHWHFWLRQ�DQG�S\WKRQ�REMHFW�GHWHFWLRQ� 
��&RPPXQLW\�DQG�/LEUDULHV�� 

0DQ\�RSHQ�VRXUFH�REMHFW�GHWHFWLRQ�OLEUDULHV�KDYH�EHHQ�GHYHORSHG�DV�D�UHVXOW�RI�3\WKRQ
V�
ODUJHU�DQG�PRUH�DFWLYH�FRPPXQLW\��7HQVRU)ORZ
V�2EMHFW�'HWHFWLRQ�$3,�LV�WKH�PRVW�ZLGHO\�
XVHG�OLEUDU\�IRU�REMHFW�GHWHFWLRQ�LQ�3\WKRQ��2WKHU�SURPLQHQW�OLEUDULHV�LQFOXGH�)DVWHU�5�&11�
DQG�<2/2��<RX�2QO\�/RRN�2QFH��>��@�� 
0$7/$%
V�&RPSXWHU�9LVLRQ�7RROER[�SURYLGHV�REMHFW�GHWHFWLRQ�IXQFWLRQDOLW\�DV�ZHOO��,Q�
FRPSDULVRQ�WR�3\WKRQ��LW�PLJKW�KDYH�OHVV�SUH�WUDLQHG�PRGHOV�DQG�UHVRXUFHV��HYHQ�WKRXJK�LW�
RIIHUV�D�ZLGHU�QXPEHU�RI�IXQFWLRQV�DQG�WRROV�IRU�FRPSXWHU�YLVLRQ�WDVNV�� 
��(DVH�RI�8VH�� 

3\WKRQ�LV�UHQRZQHG�IRU�EHLQJ�VWUDLJKWIRUZDUG�DQG�XVHU�IULHQGO\��$�ORW�RI�3\WKRQ�REMHFW�
LGHQWLILFDWLRQ� SDFNDJHV�� VXFK� 3\7RUFK� DQG� 7HQVRU)ORZ�� IHDWXUH� FRPSUHKHQVLYH�
GRFXPHQWDWLRQ� DQG� LQWXLWLYH�$3,V��$OWKRXJK�0$7/$%� RIIHUV� DQ� LQWXLWLYH� SODWIRUP� IRU�
FUHDWLQJ� FRPSXWHU� YLVLRQ� DSSOLFDWLRQV�� XVHUV� ZKR� DUH� XQIDPLOLDU� ZLWK� 0$7/$%
V�
HFRV\VWHP�DQG�V\QWD[�PD\�ILQG�WKH�OHDUQLQJ�FXUYH�PRUH�FKDOOHQJLQJ�� 
��)OH[LELOLW\�� 

3\WKRQ� LV� D� YHUVDWLOH� SURJUDPPLQJ� ODQJXDJH�� PDNLQJ� LW� HDVLHU� WR� LQWHJUDWH� REMHFW�
GHWHFWLRQ�LQWR�ODUJHU�DSSOLFDWLRQV��1XPHURXV�3\WKRQ�SDFNDJHV�DUH�DYDLODEOH�IRU�XVH�LQ�WKH�
SUHSDUDWLRQ��GLVSOD\��DQG�SRVW�SURFHVVLQJ�RI�GLVFRYHUHG�REMHFWV
�GDWD�� 
:LWK� LWV� RZQ� WRROER[HV� IRU� VLJQDO� DQG� LPDJH� SURFHVVLQJ�� 0$7/$%� SURYLGHV� JRRG�
LQWHJUDWLRQ��)RU�UHVHDUFKHUV�DQG�HQJLQHHUV�ZKR�DUH�DOUHDG\�IDPLOLDU�ZLWK�0$7/$%��LW�LV�D�
JUHDW�ILW�� 
��3HUIRUPDQFH�� 

+LJK�SHUIRUPDQFH�REMHFW� LGHQWLILFDWLRQ�FDQ�EH�DFFRPSOLVKHG�XVLQJ�ERWK�3\WKRQ�DQG�
0$7/$%�� ZKLOH� WKH� H[DFW� SHUIRUPDQFH� PD\� YDU\� GHSHQGLQJ� RQ� WKH� KDUGZDUH� DQG�
LPSOHPHQWDWLRQ��*38�DFFHOHUDWLRQ�FDQ�EH�XVHG�E\�3\WKRQ�SDFNDJHV�� 
��&RVW�� 

6LQFH�3\WKRQ�LV�DQ�RSHQ�VRXUFH�ODQJXDJH��D�ZLGH�UDQJH�RI�REMHFW�LGHQWLILFDWLRQ�WRROV�
DQG�SDFNDJHV�DUH�DFFHVVLEOH�ZLWKRXW�FKDUJH��2Q� WKH�RWKHU�KDQG�� WKHUH�FDQ�EH�DGGLWLRQDO�
H[SHQVHV�IRU�VSHFLILF�KDUGZDUH�RU�FORXG�EDVHG�VHUYLFHV��6LQFH�0$7/$%�LV�D�FRPPHUFLDO�
SURJUDP��D�OLFHQVH�PLJKW�EH�QHHGHG�WR�XVH�WKH�&RPSXWHU�9LVLRQ�7RROER[��'HSHQGLQJ�RQ�
WKHLU�XVDJH�DQG�RUJDQL]DWLRQ��WKH�SULFH�PD\�FKDQJH�� 
��'HSOR\PHQW�� 

0$7/$%�DQG�3\WKRQ�RIIHU�SRVVLELOLWLHV�IRU�GHSOR\LQJ�REMHFW�GHWHFWLRQ�PRGHOV�LQ�PDQ\�
FRQWH[WV��VXFK�DV�FORXG�VHUYLFHV��PRELOH�DSSOLFDWLRQV��DQG�HPEHGGHG�GHYLFHV>��@� 
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7KH�PDLQ�FRPSRQHQWV�RI�UHDO�WLPH�RSHUDWLRQ��ZKLFK�LV�FUXFLDO�LQ�QRZDGD\V�V\VWHPV��LV�
2SHQ&9��D�PDVVLYH�RSHQ�VRXUFH�OLEUDU\�IRU�FRPSXWHU�YLVLRQ��PDFKLQH�OHDUQLQJ��DQG�LPDJH�
SURFHVVLQJ�� ,W�PD\�EH�XVHG� WR�SURFHVV�SKRWRV�DQG�YLGHRV� LQ�RUGHU� WR� UHFRJQL]H�SHUVRQV��
REMHFWV��DQG�HYHQ�KDQGZULWWHQ�WH[W�ZULWWHQ�E\�KXPDQV��:KHQ�3\WKRQ�LV�FRQQHFWHG�ZLWK�RWKHU�
OLEUDULHV�� VXFK�1XP3\�� LW�PD\�SURFHVV� WKH�2SHQ&9�DUUD\�VWUXFWXUH� IRU�DQDO\VLV��7R� ILQG�
YLVXDO�SDWWHUQV�DQG�WKHLU�GLIIHUHQW�IHDWXUHV��ZH�WDNH�DGYDQWDJH�RI�YHFWRU�VSDFH�DQG�SHUIRUP�
PDWKHPDWLFDO�RSHUDWLRQV�RQ�WKHVH�IHDWXUHV��� 

2SHQ&9
V� ILUVW�YHUVLRQ�EHFDPH�DYDLODEOH��2SHQ&9�LV� OLFHQVHG�XQGHU�D�%6'� OLFHQVH��
ZKLFK�PDNHV�LW�IUHH� IRU�ERWK�LQGXVWULDO�DQG�VFKRODUO\�XVH��,W�RIIHUV�LQWHUIDFHV�LQ�&����&��
3\WKRQ��DQG�-DYD�DQG�VXSSRUWV�:LQGRZV��/LQX[��0DF�26�;��L26��DQG�$QGURLG��7KH�SULPDU\�
JRDO�RI�2SHQ&9
V�FUHDWLRQ�ZDV�UHDO�WLPH�FRPSXWDWLRQDO�HIILFLHQF\�DSSOLFDWLRQV��2SWLPDO�
&�&���LV�XVHG�LQ�HYHU\WKLQJ�WR�WDNH�DGYDQWDJH�RI�PXOWL�FRUH�SURFHVVLQJ��� 
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&+$37(5��� 

0(7+2'2/2*<� 
� 

����,QWURGXFWLRQ�� 

,Q�&KDSWHU���ZH�LGHQWLILHG�WKDW�ZKDW�WKHRU\�ZH�XVH�WR�NQRZ�LQ�WKLV�SURMHFW�DQG�QRZ� 

7KLV� FKDSWHU� ZLOO� GHVFULEH� WKH� GHVLJQ� RI� RXU� SURMHFW� LQIUDUHG� EDVHG� QDYLJDWLRQ� IRU�
YLVXDOO\�LPSDLUHG��D�PDWHULDO�WKDW�ZH�XVH�LQ�WKLV�SURMHFW���)LUVW��WKH�FKDSWHU�GHVFULEHV�WKH�SURMHFW¶V�
PDWHULDO�PHWKRGRORJ\� DQG� V\VWHP� �VHFWLRQ� ������ RXU� GHVLJQ� �VHFWLRQ� ������$QG� D� SURSRVHG�
VROXWLRQ�DQG�UHVXOW��VHFWLRQ������� 
����0DWHULDO� 
������7KH�,QWHO�5HDO6HQVH�'����GHSWK�FDPHUD� 

,V�D�FDPHUD�ZLWK�HIILFLHQW�GHSWK�VHQVLQJ�FDSDELOLWLHV��,W�XWLOL]HV�D�FRPELQDWLRQ�RI�VWHUHR�
DQG� LQIUDUHG� WHFKQRORJ\� WR� SHUIRUP� GHSWK� PHDVXUHPHQWV�� :LWK� LWV� ZLGH�UDQJLQJ� YLVLRQ�
FDSDELOLW\�� LW� FDQ�HIIHFWLYHO\�SHUFHLYH�REMHFWV�DW�GLVWDQFHV�RI�XS� WR����PHWHUV�� 7KLV�YHUVDWLOH�
FDPHUD�FDQ�EH�DSSOLHG�WR�D�YDULHW\�RI�WDVNV�DQG�DSSOLFDWLRQV�>��@� 
� 
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)LJXUH����������D��$Q�H[WHUQDO�FDPHUD��DQG�E��,QWHUQDO�FDPHUD�RI�WKH�,QWHO�5HDO6HQVH�'����
GHSWK�FDPHUD� 

 
� 

)LJXUH����������([DPSOH�RI�5*%�DQG�,QIUDUHG�,PDJHV�IURP�WKH�,QWHO�5HDO6HQVH�'����'HSWK�
&DPHUD� 

�$FWLYH� VWHUHR� GHSWK� VHQVLQJ�� LV� WKH� WHFKQLTXH� XVHG� E\� WKH� ,QWHO� 5HDO6HQVH�'���
V�
SULPDU\�FDPHUD�WR�SURGXFH�GHSWK�LQIRUPDWLRQ�DERXW�WKH�SKRWRV�LW�WDNHV�>��@��,Q�RUGHU�WR�PHDVXUH�
DQ�REMHFW
V�GLVWDQFH�IURP�WKH�FDPHUD��DFWLYH�VWHUHR�GHSWK�VHQVLQJ�XVHV�VWHUHRVFRSLF�YLVLRQ�LQ�
FRQMXQFWLRQ�ZLWK�WKH�HPLVVLRQ�RI�LQIUDUHG��,5��OLJKW�RQWR�WKH�VFHQH��7KH�WZR�LQIUDUHG�FDPHUDV�
RQ�WKH�'����FDPHUD�DUH�VSDFHG�DERXW�WKH�VDPH�DV�RXU�H\HV�DSDUW��,W�HPSOR\V�WULDQJXODWLRQ�WR�
GHWHUPLQH� WKH� GLVWDQFH� EHWZHHQ� HDFK�SL[HO� LQ� WKH� LPDJH� DIWHU� FDSWXULQJ�SLFWXUHV�ZLWK� ERWK�
FDPHUDV�>��@�� 

7KH�'����FRQWDLQV� WZR� ,5�FDPHUDV� LQ�DGGLWLRQ� WR�DQ�5*%�FDPHUD� IRU�FRORU�SLFWXUH�
FDSWXULQJ�� 7KUHH�GLPHQVLRQDO� LPDJHV� DUH� SURGXFHG� E\� FRPELQLQJ� FRORU� GDWD� ZLWK� GHSWK�
LQIRUPDWLRQ��(YHQ�XQGHU�FKDOOHQJLQJ�OLJKWLQJ�VLWXDWLRQV��D�QXPEHU�RI�WHFKQRORJLHV��LQFOXGLQJ�
JOREDO�VKXWWHU��VWUXFWXUHG�OLJKW��DQG�DFWLYH�LQIUDUHG�VWHUHR��FRPELQH�WR�LPSURYH�WKH�SUHFLVLRQ�
DQG�GHSHQGDELOLW\�RI�GHSWK�DFTXLVLWLRQ�>��@�� 

$OO� WKLQJV�FRQVLGHUHG�� WKH�'���
V�DFWLYH� VWHUHR�GHSWK�VHQVLQJ� WHFKQLTXH� LV�D� IOH[LEOH�
LQVWUXPHQW� DSSURSULDWH� IRU� D� UDQJH� RI� XVHV�� LQFOXGLQJ��'� VFDQQLQJ�� DXJPHQWHG� UHDOLW\�� DQG�
URERWLFV��� 

8VLQJ�GHSWK� VHQVLQJ� WHFKQRORJ\�� WKH� ,QWHO� 5HDO6HQVH�'���� GHSWK� FDPHUD� JHQHUDWHV�
WKUHH�GLPHQVLRQDO� LPDJHV� DQG� HQKDQFHV� HQYLURQPHQWDO� SHUFHSWLRQ�� 7KH� FDPHUD
V� LQWHUQDO�
SURFHVVLQJ�LV�D�VRSKLVWLFDWHG�RQ�FKLS�RSHUDWLRQ�WKDW�QHHGV�VRIWZDUH�WR�JHW�H[DFW�DQG�UHOLDEOH�
GHSWK�UHDGLQJV��7KH�IROORZLQJ�LV�WKH�EDVLF�IXQFWLRQ�� 

��'LVWDQFH� 6HQVLQJ�� 7KH� 7LPH�RI�)OLJKW� �7R)�� WHFKQRORJ\� RI� WKH� 5HDO6HQVH� '����
FDPHUD�LV�XVHG�WR�PHDVXUH�GLVWDQFHV��:LWK�7R)�WHFKQRORJ\��REMHFWV�DUH�H[SRVHG�WR�LQIUDUHG��,5��
OLJKW��DQG�WKH�GXUDWLRQ�RI�WLPH�LW�WDNHV�IRU�WKH�OLJKW�WR�UHDFK�WKH�LWHP�DQG�UHWXUQ�WR�WKH�FDPHUD�LV�
PHDVXUHG��7KH�GLVWDQFH�LV�WKHQ�GHWHUPLQHG�XVLQJ�WKH�WLPLQJ�DQG�YDULDWLRQV�LQ�WKH�OLJKW�VLJQDO�� 

��'HSWK�,PDJH�*HQHUDWLRQ��7KH�FDPHUD�XVHV�WKH�GHSWK�PDS��ZKLFK�GLVSOD\V�WKH�GHSWK�
YDOXHV�RI�HDFK�SL[HO�LQ�WKH�LPDJH��WR�FUHDWH�D�GHSWK�LPDJH��&RPSXWHUV�FDQ�EHWWHU�LGHQWLI\�WKH�
IRUP�DQG�VWUXFWXUH�RI�WKLQJV�LQ�DQ�LPDJH�ZLWK�WKH�DLG�RI�WKLV�GHSWK�PDS�>��@� 
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�� 7KH�IROORZLQJ�HVVHQWLDO�LGHDV�VHUYH�DV�WKH�IRXQGDWLRQ�IRU�WKH�7R)�WHFKQRORJ\�
HPSOR\HG�LQ�WKH�5HDO6HQVH�'����� 

��� 6HQGLQJ� /LJKW� 6LJQDOV��$� OLJKW� VRXUFH�� OLNH� D� ODVHU� RU� LQIUDUHG� HPLWWHU�� FDQ�
SURGXFH�OLJKW�VLJQDOV��7KHVH�OLJKW�VLJQDOV�LQWHUDFW�ZLWK�VXUURXQGLQJ�REMHFWV�DQG�DUH�SURMHFWHG�LQ�
GLIIHUHQW�GLUHFWLRQV�� 

��� 5HFHLYLQJ� 6LJQDOV�� /LJKW� VLJQDOV� IURP� REMHFWV� DUH� GHWHFWHG� E\� FDPHUDV� RU�
VHQVRUV�PDGH�IRU�GHSWK�SHUFHSWLRQ��ZKLFK�DOVR�UHFRUG�WKH�DPRXQW�RI�WLPH�LW�WDNHV�IRU�WKH�OLJKW�
WR�WUDYHO�WR�DQG�IURP�WKH�REMHFW�� 

��� &DOFXODWLQJ�7UDYHO�7LPH��7KH�FDPHUD�PD\�GHWHUPLQH�DQ�REMHFW
V�GLVWDQFH�E\�
PHDVXULQJ�WKH�WLPH�LW�WDNHV�IRU�OLJKW�VLJQDOV�WR�JR�EDFN�DQG�IRUWK�DQG�E\�NQRZLQJ�WKH�VSHHG�RI�
OLJKW��ZKLFK�LV�D�FRQVWDQW�YDOXH�� 

��� 'HWHUPLQLQJ�'HSWK��7KH�VSHHG�RI�OLJKW�DQG�WKH�DPRXQW�RI�WLPH�LW�WDNHV�IRU�OLJKW�
VLJQDOV�WR�WUDYHO�FDQ�EH�XVHG�WR�GHWHUPLQH�DQ�REMHFW
V�GHSWK��'HSWK�PD\�EH�FDOFXODWHG�XVLQJ�WKH�
IROORZLQJ�IRUPXOD�� 

'HSWK� ��6SHHG�RI�/LJKW�î�7LPH�RI�)OLJKW������� 

7KH�WLPH�LW�WDNHV�IRU�D�OLJKW�VLJQDO�WR�WUDYHO�EDFN�DQG�IRUWK�LV�NQRZQ�DV�WKH�7LPH�RI�
)OLJKW�LQ�WKLV�IRUPXOD��DQG�WKH�VSHHG�RI�OLJKW�LV�D�NQRZQ�FRQVWDQW��RU�DURXQG�������������PHWHUV�
SHU�VHFRQG��0HWHUV��RU�RWKHU�GHVLJQDWHG�XQLWV��DUH�XVHG�WR�GLVSOD\�WKH�RXWFRPH�� 

)XUWKHUPRUH��VFLHQWLVWV�KDYH�GLVFRYHUHG�WKDW�WKH�,QWHO�5HDO6HQVH�'����GHSWK�FDPHUD�LV�
FDSDEOH�RI�FDSWXULQJ�DQG�DQDO\]LQJ�ERWK�QRUPDO�DQG�EODFN�DQG�ZKLWH�LPDJHV��0RUHRYHU��LW�LV�
FDSDEOH�RI�WDNLQJ�SLFWXUHV�WKDW�LGHQWLI\�LQIUDUHG��,5��OLJKW��7KHVH�IHDWXUHV�HQDEOH�D�ZLGH�UDQJH�
RI�DSSOLFDWLRQV��LQFOXGLQJ��'�VFDQQLQJ��DXJPHQWHG�UHDOLW\��DQG�URERWLFV�� 

� 

 
� 

)LJXUH����������7LPH�RI�)OLJKW�0HWKRG�>��@ 

������9LEUDWLRQ�0RWRU� 

:KHQ� LW�JHWV�D� VLJQDO�� WKH�YLEUDWLRQ�PRWRU²D� WLQ\�HOHFWULF�PRWRU� UXQQLQJ�RQ�GLUHFW�
FXUUHQW²YLEUDWHV�WR�DOHUW�SHRSOH��,W�LV�IUHTXHQWO\�IRXQG�LQ�SDJHUV��JDPH�FRQWUROOHUV��FHOO�SKRQHV��
DQG�PDQ\�RWKHU�JDGJHWV��,W�PDNHV�QR�VRXQG��7KLV�VWXG\�PDNHV�XVH�RI�D�VPDOO�YLEUDWLRQ�PRWRU�� 
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$Q�HFFHQWULF�ZHLJKW��DOVR�NQRZQ�DV�DQ�LPEDODQFHG�ZHLJKW��LV�IL[HG�WR�WKH�PRWRU�VKDIW�RI�
WKH�VPDOO�YLEUDWLRQ�PRWRU�LQ�RUGHU�IRU�LW�WR�IXQFWLRQ��7KH�GHVLUHG�YLEUDWLRQV�DUH�SURGXFHG�ZKHQ�
WKH�PRWRU�LV�WXUQHG�RQ�EHFDXVH�RI�WKH�XQHYHQ�ZHLJKW�FDXVLQJ�WKH�PRWRU�VKDIW�WR�JHQWO\�YLEUDWH�� 

(YHQ�WKRXJK�WKH�ZHLJKW�RQ�WKH�PRWRU�VKDIW�LV�QRW�EDODQFHG��WKH�WKHRU\�XQGHUO\LQJ�WKH�
RSHUDWLRQ�RI�WKLV�OLWWOH�YLEUDWLRQ�PRWRU�FHQWHUV�RQ�WKH�FRQFHSW�RI�IRUFH��$�IRUFH�WKDW�LV�RXW�RI�
EDODQFH�ZLWK�UHVSHFW�WR�WKH�PRWRU
V�D[LV�LV�FUHDWHG�E\�WKH�XQEDODQFHG�ZHLJKW��DQG�WKLV�FDXVHV�
PLOG� YLEUDWLRQV��7KH� IROORZLQJ� IRUPXOD� FDQ�EH� XVHG� WR� GHWHUPLQH� WKLV� IRUFH��ZKLFK� LV� DOVR�
UHIHUUHG�WR�DV�WKH�HFFHQWULF�IRUFH�� 

:KHUH�� 

��ൌܨ ߱�כ�ݎ�כ݉�  ʹ

� )�LV�WKH�IRUFH�WKDW�LV�HFFHQWULF�� 
� 7KH�PDVV�RI�WKH�XQEDODQFHG�ZHLJKW�LV�GHQRWHG�E\�P�� 
� 7KH�GLVWDQFH�U�PHDVXUHV�KRZ�IDU�WKH�FHQWHU�RI�PDVV�LV�IURP�WKH�FHQWHU�RI�URWDWLRQ�� 
� 7KH�URWDWLRQDO�DQJXODU�YHORFLW\�LV�GHQRWHG�E\�Ȧ�� 

7KH�HFFHQWULF�IRUFH�SURGXFHG�E\�WKH�PRWRU��ZKLFK�LV�D�SRO\QRPLDO�IXQFWLRQ�RI�WKH�PRWRU
V�
DQJXODU� YHORFLW\�� GHWHUPLQHV� WKH� YLEUDWLRQV
� IUHTXHQF\� DQG� VSHHG�� &RQVHTXHQWO\�� D� PRWRU
V�
DQJXODU�YHORFLW\�FDQ�EH�LQFUHDVHG�WR�LQFUHDVH�WKH�IUHTXHQF\�DQG�VSHHG�RI�YLEUDWLRQ�� 

,Q�WKLV�UHVHDUFK��D�YLEUDWLRQ�PRWRU�LV�XVHG�WR�DOHUW�XVHUV�WR�WKH�VXUURXQGLQJ�GDQJHUV�UHODWHG�
WR�WKH�GHYLFH�XQGHU�VWXG\�� 

� 

 

)LJXUH��������([DPSOH�RI�9LEUDWLRQ�PRWRU� 

 

������$UGXLQR� 

$UGXLQR�LV�D�IUHH�SODWIRUP�IRU�GHYHORSLQJ�KDUGZDUH�DQG�VRIWZDUH�WKDW�PDNHV�LW�SRVVLEOH�
WR�GHVLJQ�DQG�PDQDJH�D�ZLGH�UDQJH�RI�HOHFWURQLF�GHYLFHV��,W�LV�IUHTXHQWO\�XVHG�WR�FRQVWUXFW�DQG�
SURJUDP�HOHFWULFDO�SURMHFWV�DQG�SURYLGHV�GHYHORSPHQW�IOH[LELOLW\��$Q�HVVHQWLDO�FRPSRQHQW�RI�
WKLV�SODWIRUP�LV�WKH�$UGXLQR�ERDUGV��ZKLFK�DUH�UHQRZQHG�IRU�WKHLU�UREXVWQHVV�DQG�RSHQQHVV�DQG�
IDFLOLWDWH�SURJUDP�ZULWLQJ�E\�XVHUV�ZLWKRXW�WKH�QHHG�IRU�GHHS�FRGLQJ�NQRZOHGJH�� 
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$Q�DFWLYH�FRPPXQLW\�RI�$UGXLQR�XVHUV�H[LVWV�LQ�7KDLODQG��DQG�$UGXLQR�UHODWHG�HYHQWV�
DUH�KLJKO\�VRXJKW�DIWHU��$UGXLQR�PD\�EH�XVHG�WR�HDVLO\�LQWHJUDWH�YLEUDWLRQ�PRWRUV�IRU�D�YDULHW\�
RI�SXUSRVHV��$Q�LOOXVWUDWLRQ�RI�FRQQHFWLQJ�D�YLEUDWLRQ�PRWRU�WR�DQ�$UGXLQR�ERDUG�LV�SURYLGHG�
EHORZ� 

 

 

 

 

)LJXUH��������([DPSOH�FRQQHFWLQJ�D�9LEUDWLRQ�0RWRU�WR�DQ�$UGXLQR�� 

 

������83�%RDUG�$WRP�[��(����� 
� 

 
� 

 

 

 

 

 

 

)LJXUH��������([DPSOH�RI�83�%RDUG�$WRP�[��(����� 

&RPSDFW�DQG�PXOWLSXUSRVH��WKH�83�%RDUG�$WRP�[��(�����LV�D�FRPSXWHU�ERDUG��,W�LV�
HTXLSSHG�ZLWK�D�TXDG�FRUH�,QWHO�$WRP�[��(�����SURFHVVRU��ZKLFK�KDV�D�PD[LPXP�FORFN�VSHHG�
RI�����*+]��,Q�DGGLWLRQ�WR�SURYLGLQJ�D�YDULHW\�RI�FRQQHFWLYLW\�FKRLFHV�OLNH�86%������6$7$��
*3,2��+'0,��DQG�PRUH��LW�LV�DQ�HQYLURQPHQWDOO\�VDIH�SRZHU�VRXUFH��7KLV�ERDUG�LV�DSSURSULDWH�
IRU�,QWHUQHW�RI�7KLQJV��,R7��DQG�LQGXVWULDO�DSSOLFDWLRQV�ZKHUH�HQHUJ\�HIILFLHQF\�DQG�IOH[LELOLW\�
DUH�QHHGHG�� 
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7KH� 83�%RDUG�$WRP� [��(����� LV� FDSDEOH� RI� D� PXOWLWXGH� RI� IXQFWLRQV�� LQFOXGLQJ�
LQGXVWULDO�WHVWLQJ�DSSDUDWXV�FRQWURO��PDQXIDFWXULQJ�V\VWHP�FRQWURO��DQG�SRUWDEOH�FRPSXWHU�XVH��
,W�IXQFWLRQV�VLPLODUO\�WR�D�VWDQGDUG�FRPSXWHU��OHWWLQJ�WKHP�LQVWDOO�GLIIHUHQW�VRIWZDUH�SURJUDPV�
DQG�RSHUDWLQJ�V\VWHPV��1RQHWKHOHVV�� WKH�83�%RDUG�$WRP�[��(����� LV�PRUH�DSSURSULDWH� IRU�
DSSOLFDWLRQV�ZLWK�FRQVWUDLQHG�VSDFH�DQG�DGDSWDEOH�V\VWHP�QHHGV�EHFDXVH�RI�LWV�ORZHU�VL]H�DQG�
YDULHW\�RI�SHULSKHUDO�FRQQHFWLYLW\�RSWLRQV�� 

7KH�83�%RDUG�$WRP�[��(�����FDQ�EH�XVHG�VLPLODUO\�WR�D�VWDQGDUG�FRPSXWHU��DQG�LW�FDQ�
EH�FRQILJXUHG�WR�LQVWDOO�DSSOLFDWLRQV�DQG�RSHUDWLQJ�V\VWHPV�LQ�WKH�VDPH�ZD\�DV�RWKHU�FRPSXWHUV��
,W�LV�FRPSDWLEOH�ZLWK�D�ZLGH�UDQJH�RI�DFFHVVRULHV�DQG�GHYLFHV�>��@�� 

7KLV�NLQG�RI�FRPSXWHU�ERDUG�ZDV�VHOHFWHG�IRU�SURMHFWV�WKDW�QHHG�FRQWLQXRXV�VRIWZDUH�
SURFHVVLQJ� IURP� DQ� RSHQ� FDPHUD�� LQFOXGLQJ� GHWHFWLQJ� LPSHGLPHQWV� DKHDG�� EHFDXVH� LW�KDV� D�
SURFHVVRU�FKLS�WKDW�FDQ�IXQFWLRQ�FRQVLVWHQWO\�RYHU�ORQJ�SHULRGV�RI�WLPH���  

������3\WKRQ� 

3\WKRQ�LV�D�SRSXODU�SURJUDPPLQJ�ODQJXDJH�XVHG�IRU�FUHDWLQJ�VRIWZDUH�DQG�ZHEVLWHV��
WDVN�DXWRPDWLRQ��DQG�GDWD�DQDO\VLV��3\WKRQ�LV�D�JHQHUDO�SXUSRVH�ODQJXDJH��ZKLFK�PHDQV�LW�LVQ
W�
WDLORUHG� IRU�DQ\�SDUWLFXODU� LVVXH�DQG�PD\�EH�XVHG� WR�GHYHORS�D�ZLGH� UDQJH�RI�SURJUDPV�� ,WV�
DGDSWDELOLW\�DQG�HDVH�RI�XVH�IRU�EHJLQQHUV�KDYH�PDGH�LW�RQH�RI�WKH�PRVW�SRSXODU�SURJUDPPLQJ�
ODQJXDJHV�DYDLODEOH�WRGD\�� 

3\WKRQ� LV� WKH� IRXUWK� PRVW� SRSXODU� SURJUDPPLQJ� ODQJXDJH�� DFFRUGLQJ� WR� 6WDFN�
2YHUIORZ
V������'HYHORSHU�6XUYH\��ZLWK�UHVSRQGHQWV�VWDWLQJ�WKDW�WKH\�XVH�LW�IRU�GHYHORSPHQW�
ZRUN� RYHU� ���� RI� WKH� WLPH�� $GGLWLRQDOO\�� DFFRUGLQJ� WR� VXUYH\� UHVXOWV�� WKH� PRVW�ZDQWHG�
WHFKQRORJLHV�DUH�3\WKRQ�DQG�5XVW��ZLWK�����RI�GHYHORSHUV�ZKR�GR�QRW�FXUUHQWO\�XVH�LW�VWDWLQJ�
WKDW�WKH\�ZRXOG�OLNH�WR�OHDUQ�3\WKRQ�� 

������&KHVW�VWUDS� 

,W�LV�XWLOL]HG�IRU�WKH�LQVWDOODWLRQ�RI�WKH�FDPHUD��DV�ZHOO�DV�GLIIHUHQW�SRZHU�VXSSOLHV�DQG�
WKH�YLEUDWLRQ�PRWRU�WKDW�LV�OLQNHG�WR�DQ�$UGXLQR�� 

6LQFH�WKH�FKHVW�LV�D�VWURQJ�UHJLRQ�RI�WKH�ERG\��LW�ZDV�GHFLGHG�WR�FRQQHFW�WKH�FDPHUD�
XVLQJ� D� FKHVW� VWUDS�� %HFDXVH� WKH� FDPHUD� KDV� VRPH�ZHLJKW��PRXQWLQJ� LW� DWRS� WKH� KHDG�� IRU�
LQVWDQFH��FDQ�EH�FKDOOHQJLQJ�IRU�WKH�ZHDUHU��,W�ZRXOG�EH�GLIILFXOW�WR�LQVWDOO�EDFNXS�EDWWHULHV�DV�
ZHOO�� 

 

 

 

 

 

 

 

 

)LJXUH��������([DPSOH�RI�&KHVW�VWUDS� 
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����)ORZFKDUW�IRU�WKH�RSHUDWLRQ�V\VWHP� 
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����&RGLQJ�SDUW�LQ�3\WKRQ� 

,Q�WKH�VHFWLRQ�EHORZ�LV�DQ�H[DPSOH�FRGH�LQ�WKH�3\WKRQ�SURJUDP�WR�UHFHLYH�GDWD�IURP�D�
FDPHUD��SURFHVV�WKH�LPDJH�WR�GHWHFW�REVWDFOHV��DQG�WKHQ�VHQG�WKH�QXPHULF�GDWD�WR�DQ�$UGXLQR�� 

&RGH�3\WKRQ� 

��
��FRGLQJ��XWI����
�� 

���� 

&UHDWHG�RQ�6DW�2FW������������������� 

#DXWKRU��WDWD�� 

����� 

LPSRUW�S\UHDOVHQVH��DV�UV�

LPSRUW�QXPS\�DV�QS�

LPSRUW�FY��LPSRUW�VHULDO�

LPSRUW�WLPH� 

� 

:H�,QLWLDOL]H�WKH�5HDO6HQVH�SLSHOLQH�

SLSHOLQH�  � UV�SLSHOLQH��� FRQILJ�  �

UV�FRQILJ��� 

FRQILJ�HQDEOHBVWUHDP�UV�VWUHDP�GHSWK������������UV�IRUPDW�]��������

FRQILJ�HQDEOHBVWUHDP�UV�VWUHDP�FRORU������������UV�IRUPDW�EJU������� 

� 

6WDUW�WKH�SLSHOLQH�SLSHOLQH�VWDUW�FRQILJ�� 

� 

,QLWLDOL]H�WKH�VHULDO�FRQQHFWLRQ�WR�WKH�$UGXLQR� 

DUGXLQR� �VHULDO�6HULDO�
&20�
�����������5HSODFH�
&20�
�ZLWK�WKH�FRUUHFW�VHULDO�SRUW�

WU\������ZKLOH�7UXH�� 

� 
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�:DLW�IRU�D�QHZ�IUDPH� 

��������IUDPHV� �SLSHOLQH�ZDLWBIRUBIUDPHV�����������

GHSWKBIUDPH� �IUDPHV�JHWBGHSWKBIUDPH�����������

FRORUBIUDPH� �IUDPHV�JHWBFRORUBIUDPH�����������

LI�QRW�GHSWKBIUDPH�RU�QRW�FRORUBIUDPH�� 

������������FRQWLQXH� 

� 

&RQYHUW�GHSWK�DQG�FRORU�IUDPHV�WR�1XP3\�DUUD\V� 

� 

��������GHSWKBLPDJH� �QS�DVDQ\DUUD\�GHSWKBIUDPH�JHWBGDWD������������

FRORUBLPDJH� �QS�DVDQ\DUUD\�FRORUBIUDPH�JHWBGDWD������������ 

� 

'HILQH�WKH�IXQFWLRQ�WR�JHW�GLVWDQFH�IRU�D�JLYHQ�FRRUGLQDWH� 

� 

��������GHI�JHWBGLVWDQFH�[��\��� 

5HSODFH�WKLV�ZLWK�WKH�DFWXDO�GHSWKBIUDPH�JHWBGLVWDQFH���IXQFWLRQ� 

)RU�WKLV�H[DPSOH��ZH
OO�DVVXPH�WKH�GLVWDQFH�LV�����IRU�GHPRQVWUDWLRQ�SXUSRVHV�� 

� 

������������UHWXUQ�� 

������������������������� 

/RRS�WKURXJK�WKH�JULG�DQG�FRPSDUH�GLVWDQFHV�IRU�WKUHH�VHWV��������� 

IRU�L�LQ�UDQJH����� 

������������IRU�M�LQ�UDQJH����� 

����������������[� �LQW���������L�
������������������������

\� �LQW���������M�
�������� 

����������������GLVWDQFHBQ� �GHSWKBIUDPH�JHWBGLVWDQFH�[��\�� 
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����������������������� 

����������������LI�L�LQ�UDQJH�������DQG�GLVWDQFHBQ�������� 

��������������������� 

��������������������DUGXLQR�ZULWH�E�/?Q�����������������������

SULQW��O��[�\�GLVWDQFHBQ�� 

��������������������� 

��������������������DUGXLQR�WLPHRXW� ��������6HW�D�WLPHRXW�RI���VHFRQG� 

�����������������������������

WU\�� 

������������������������UHVSRQVH� �DUGXLQR�UHDGOLQH���VWULS���GHFRGH�
XWI��
��������������������������

SULQW�UHVSRQVH����������������������H[FHSW�8QLFRGH'HFRGH(UURU�� 

������������������������SULQW��1RQ�87)���FKDUDFWHU�GHWHFWHG�LQ�UHVSRQVH��� 

� 

�����������������������������������������LI�

UHVSRQVH��������������������������LI�

UHVSRQVH�  �
2.
�� 

����������������������������SULQW��$UGXLQR�VXFFHVVIXOO\�H[HFXWHG�WKH�FRPPDQG���������������������������

HOVH�� 

����������������������������SULQW�I�8QNQRZQ�UHVSRQVH�IURP�$UGXLQR��^UHVSRQVH`�������������������HOLI�L�LQ�
UDQJH�������DQG�GLVWDQFHBQ�������� 

��������������������DUGXLQR�ZULWH�E�&?Q�����������������������

DUGXLQR�IOXVK�����������������������SULQW��F�������������������

HOLI�L�LQ�UDQJH�������DQG�GLVWDQFHBQ�������� 

��������������������DUGXLQR�ZULWH�E�5?Q�����������������������

DUGXLQR�IOXVK�����������������������SULQW��U��� 

������ 
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����������&UHDWH�D��[��JULG���������URZV��

FROV� �GHSWKBLPDJH�VKDSH���������

JULGBVL]H� �����������VWHSB[� �FROV����

JULGBVL]H���������VWHSB\� �URZV����

JULGBVL]H� 

��������� 

��������GHSWKBFRORUPDS� �FY��DSSO\&RORU0DS�FY��FRQYHUW6FDOH$EV�GHSWKBLPDJH��
DOSKD �������FY��&2/250$3B-(7�� 

������������� 

��������IRU�L�LQ�UDQJH�JULGBVL]H���������������

IRU�M�LQ�UDQJH�JULGBVL]H��� 

������������������&DOFXODWH�WKH�FHQWHU�FRRUGLQDWHV�RI�HDFK�JULG�FHOO�����������������

FHQWHUB[� �VWHSB[�
��L������������������������FHQWHUB\� �VWHSB\�
�

�M�������� 

� 
� 
� 
0HDVXUH�GLVWDQFHV�LQ�HDFK�JULG�FHOO� 

,QVLGH�WKH�ORRS�WR�FDOFXODWH�DQG�GLVSOD\�GLVWDQFHV�LQ�WKH�JULG����������������� 

GLVWDQFH� �GHSWKBIUDPH�JHWBGLVWDQFH�LQW�FHQWHUB[���LQW�FHQWHUB\��� 

� 

6HQG�WKH�GLVWDQFH�WR�WKH�$UGXLQR� 

������������������GLVVKRZ� ��*ULG�^`�^`��^���I`��IRUPDW�L��M��GLVWDQFH�� 

����������������� 

'UDZ�JULG�OLQHV���������������� 

LI�L���JULGBVL]H������ 

��������������������FY��OLQH�GHSWKBFRORUPDS���LQW��L������
�VWHSB[��������LQW��L������
�VWHSB[���
URZV�����������������������������������LI�M���JULGBVL]H������ 
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��������������������FY��OLQH�GHSWKBFRORUPDS������LQW��M������
�VWHSB\�����FROV��LQW��M������
�VWHSB\����
���������������� 

��������������������� 

'LVSOD\�WKH�GLVWDQFH�WH[W� 

����������������IRQW� �FY��)217B+(56+(<B6,03/(;� 

����������������IRQWBVFDOH� ����� 

����������������IRQWBFRORU� ���������������������������������

IRQWBWKLFNQHVV� ��� 

����������������WH[WBVL]H� �FY��JHW7H[W6L]H�GLVVKRZ��IRQW��IRQWBVFDOH��IRQWBWKLFNQHVV�>�@�����������������

WH[WB[� �LQW�FHQWHUB[���WH[WBVL]H>�@����������������������WH[WB\� �LQW�FHQWHUB\���

WH[WBVL]H>�@������ 

����������������FY��SXW7H[W�GHSWKBFRORUPDS��GLVVKRZ���WH[WB[��WH[WB\���IRQW��IRQWBVFDOH��
IRQWBFRORU��IRQWBWKLFNQHVV�� 

����������������� 

���������������������� 
'LVSOD\�WKH�FRORU�DQG�GHSWK�LPDJHV��������� 

FY��LPVKRZ�
&RORU�,PDJH
��FRORUBLPDJH�� 

����������GHSWKBFRORUPDS� �FY��DSSO\&RORU0DS�FY��FRQYHUW6FDOH$EV�GHSWKBLPDJH��
DOSKD �������FY��&2/250$3B-(7�� 

��������FY��LPVKRZ�
'HSWK�,PDJH
��GHSWKBFRORUPDS�� 

� 

&KHFN�IRU�D�NH\�SUHVV�DQG�H[LW�LI�
T
�LV�SUHVVHG���������

NH\� �FY��ZDLW.H\������������LI�NH\�	��[))�  �RUG�
T
��� 

������������EUHDN�H[FHSW�

([FHSWLRQ�DV�H�� 

����SULQW�I�$Q�HUURU�RFFXUUHG��^VWU�H�`���ILQDOO\�� 
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��SLSHOLQH�VWRS�������

DUGXLQR�FORVH������

FY��GHVWUR\$OO:LQGRZV��� 

�� 

� 
����'HVLJQ� 

������7KH�UHVHDUFKHUV�GHVLJQHG�D�QDYLJDWLRQ�GHYLFH��� 

)RU� YLVXDOO\� LPSDLUHG� LQGLYLGXDOV� XVLQJ� DQ� LQIUDUHG� FDPHUD�� VSHFLILFDOO\� WKH� ,QWHO�
5HDO6HQVH�'�����7KLV�FDPHUD�KDV�WKH�FDSDELOLW\�WR�PHDVXUH�WKH�GLVWDQFH�EHWZHHQ�WKH�FDPHUD�
DQG�REMHFWV�ZLWKLQ�LWV�ILHOG�RI�YLHZ�XVLQJ�DFWLYH�VWHUHR�VHQVLQJ�SULQFLSOHV��,Q�WKLV�PHWKRG��LW�
HPLWV�LQIUDUHG�OLJKW��,5��WRZDUGV�WKH�REMHFWV�LQ�IURQW�RI�WKH�FDPHUD�DQG�XWLOL]HV�VWHUHRVFRSLF�
YLVLRQ� WR�GHWHUPLQH� WKH�GLVWDQFH�RI�REMHFWV� IURP� WKH�FDPHUD��7KLV� WHFKQRORJ\�VHUYHV�DV� WKH�
SULPDU\�WRRO�IRU�SURYLGLQJ�GDWD�IRU�QDYLJDWLRQ�V\VWHPV�� 

7KH�FDPHUD�LV�PRXQWHG�RQ�D�FKHVW�KDUQHVV��DV�VKRZQ�LQ�WKH�VFKHPDWLF�GLDJUDP��7R�PHHW�
WKH�LQLWLDO�REMHFWLYHV��YLEUDWLRQ�PRWRUV�DUH�DWWDFKHG�WR�WKH�FKHVW�KDUQHVV�LQ�WKUHH�SRVLWLRQV��OHIW��
IURQW��ULJKW���DV�LQGLFDWHG�LQ�WKH�GLDJUDP��7KH\�DUH�SRVLWLRQHG�DW�WKH�FHQWHU�RI�WKH�EDFN�� 

6XEVHTXHQWO\��DQ�$UGXLQR�8QR�ERDUG�LV�FRQQHFWHG�WR�WKH�,QWHO�5HDO6HQVH����G�FDPHUD�
ORFDWHG�RQ�WKH�IURQW�DQG�WKH�83�ERDUG�83�������ZKLFK�VHUYHV�WKH�SXUSRVH�RI�LQSXWWLQJ�YDULRXV�
FRGHV�WR�WKH�$UGXLQR��UHSODFLQJ�D�FRPSXWHU���%RWK�ERDUGV�DUH�LQVWDOOHG�LQ�WKH�VDPH�HQFORVXUH��
ZKLFK�LV�DWWDFKHG�WR�WKH�IURQW�RI�WKH�XVHU
V�FKHVW��$GGLWLRQDOO\��D�EDFNXS�EDWWHU\�LV�FRQQHFWHG��
DV�GHSLFWHG�LQ�WKH�EDFN�YLHZ�VFKHPDWLF�LPDJH�� 

 
� 
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)LJXUH��������([DPSOH�RI�6FKHPDWLFV�,QWHO�5HDO6HQVH�'����GHSWK�FDPHUD�DIWHU�LQVWDOODWLRQ�RI�
DFFHVVRULHV�>D�@�)URQW�YLHZ��>E�@�5HDU�YLHZ� 

������6RIWZDUH�'HYHORSPHQW�IRU�1DYLJDWLRQ�'HYLFH� 

�,Q�WKLV�UHVHDUFK��WKH�GDWD�REWDLQHG�IURP�WKH�GLVWDQFH�PHDVXULQJ�FDPHUD�LV�WUDQVIRUPHG�
LQWR�QXPHULFDO�YDOXHV�DQG�RUJDQL]HG�LQ�D��[��JULG��FRUUHODWLQJ�ZLWK�WKH�SRVLWLRQV�RI�REMHFWV�LQ�
WKH�FDPHUD
V�LPDJH��7KLV�SURFHVV�LV�DFFRPSOLVKHG�XVLQJ�WKH�0DWKODE�SURJUDP��6XEVHTXHQWO\��
WKH�GDWD�LV�SURFHVVHG�DQG�FDOFXODWHG�RQ�WKH�83�ERDUG�83�����[��(������ZKLFK�IXQFWLRQV�DV�D�
VPDOO�VFDOH�FRPSXWHU��VLPXODWLQJ�WKH�FDSDELOLWLHV�RI�D�UHJXODU�FRPSXWHU�� 

 
)LJXUH��������([DPSOH�,PDJH�2EWDLQHG�IURP�WKH�,QWHO�5HDO6HQVH�'����'HSWK�&DPHUD�$IWHU�

'LYLGLQJ�WKH�*ULG�8VLQJ�3\WKRQ�IRU�8VH�ZLWK�9LEUDWLRQ�0RWRUV�� 

� 

� 

� 
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6XEVHTXHQWO\�� WKH�GDWD�SURFHVVHG�E\� WKH�83�ERDUG�83�����[��(����� LV� VHQW� WR� WKH�
$UGXLQR�8QR�IRU�XVH�LQ�FRQWUROOLQJ�YLEUDWLRQ�PRWRUV��7KHVH�VPDOO�HOHFWULF�PRWRUV�RSHUDWH�RQ�
WKH�SULQFLSOH�RI�HFFHQWULFLW\�RU� LPEDODQFHG�ZHLJKW� WR� LQGXFH�YLEUDWLRQ�� ,Q� WKLV� UHVHDUFK�� WKH�
YLEUDWLRQ�PRWRUV�DUH�HPSOR\HG�WR�DOHUW�WKH�GHYLFH�XVHU��,I�WKHUH�LV�DQ�REVWDFOH�RU�REVWUXFWLRQ�LQ�
D�SDUWLFXODU�SRVLWLRQ��WKH�PRWRU�LQ�WKDW�ORFDWLRQ�YLEUDWHV�WR�QRWLI\�WKH�XVHU�DQG�SURPSW�WKHP�WR�
DYRLG�WKDW�VSHFLILF�SDWK�� 
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&+$37(5��� 

(;3(5,0(17$/�5(68/7�$1'�',6&866,21�� 

����,QWURGXFWLRQ� 

��,Q� WKLV� FKDSWHU�� ZH� SUHVHQW� WKH� FRPSUHKHQVLYH� UHVXOWV� RI� WKH� RSWLPL]DWLRQ� SURFHVV�� ZKLFK�
LQFOXGH� UHSUHVHQWDWLYH� 7KH� ,QWHO� 5HDO6HQVH�'����GHSWK� FDPHUD� RI� YDULRXV� SDUDPHWHUV� DQG�
UHVXOWV�WKDW�DUH�GLVSOD\HG�RQ�RXU�FRPSXWHU��'HVSLWH�RXU�EHVW�HIIRUWV��WKH�UHVXOW�RI�RXU�SURMHFW�
FRXOG�EH�PRUH�VDWLVIDFWRU\�WKDQ�RXU�PDWHULDOV��7KHUHIRUH��ZH�ZLOO�SURYLGH�GHWDLOV�LQ�GLVFXVVLRQ�
RI�HDFK�SDUDPHWHU�FRPSRQHQW�� 

����5HVXOW� 

� 

 
� 

)LJXUH��������2EMHFW�GLVWDQFH�FDOFXODWHG�IURP�WKH�FHQWHU�RI��
��JULG�� 

� 
� 
� 

� 

� 
� 

��� �'LVFXVVLRQ � 
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)LJXUH��������=RRP�LQ�RI�2EMHFW�GLVWDQFH�FDOFXODWHG�IRUP�WKH�FHQWHU�RI��
��JULG�� 

� 

 
� 

)LJXUH��������2EMHFW�GLVWDQFH�FDOFXODWHG�IRUP�WKH�FHQWHU�RI��
��JULG�� 

$V� ZH� KDYH� LGHQWLILHG� RXU� 6RIWZDUH� GHYHORSPHQW� LQWR� WZR� SDUWV� ZLWK� 3\WKRQ� DQG�
$UGXLQR�FRGH��)RU� WKH�3\WKRQ�SDUW�KDV�D� IXQFWLRQ�RI�FROOHFWLQJ� WKH�GLVWDQFH�GDWD� IURP�,QWHO�
5HDOVHQVH����'�DQG�XVLQJ�WKH�GDWD�WR�FDOFXODWH�WKH�GLVWDQFH�RQ�WKH��[��JULG�� 

�� $W�ILUVW��ZH�FRGHG�WKH�3\WKRQ�WR�VHSDUDWH�WKH�FDPHUD�IUDPH�LQWR�D��[��JULG�LQ�)LJXUH�
�������,Q�HDFK�VHFWLRQ��ZH�DOVR�GLYLGH�LW�LQWR�D��[��JULG�DJDLQ�WR�PDNH�WKH�GLVWDQFH�LQ�HDFK�ELJ�
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�[��JULG�PRUH�DFFXUDWH���7KHQ�ZH�IXQFWLRQ�LW�WR�FROOHFW�WKH�GDWD�IURP�WKH�FHQWHU�RI�HDFK�VHFWLRQ�
IURP� ��� VPDOO� JULGV� �ILJXUH� �������� 7KHQ�ZH�ZLOO� XVH� WKH� FORVHVW� GLVWDQFH� WKDW� WKH� FDPHUD�
FROOHFWHG�WR�EH�WKH�YDULDEOH�DQG�WKH�3\WKRQ�ZLOO�VSHFWDWH�LQ���YHUWLFDO�SDUWV�RQ�WKH�FDPHUD�IUDPH��
,I� WKH\� PHHW� WKH� FRQGLWLRQ�� WKH� 3\WKRQ� ZLOO� VHQG� WKH� OHWWHU� WR� WKH�$UGXLQR� SDUW� YLD� VHULDO�
FRPPXQLFDWLRQ�HLWKHU�LQ�WKH�ULJKW��PLGGOH��RU�OHIW�RI�WKH�FDPHUD�IUDPH�� 

$V�D�UHVXOW��WKH�YLEUDWLRQ�PRWRU�YLEUDWHV�DFFRUGLQJ�WR�WKH�SRVLWLRQ�RI�WKH�REMHFW�RQ�WKH�
IURQW�YLHZ�RI�,QWHO�5HDOVHQVH����'�� 

����'LVFXVVLRQ� 

7KH�SURGXFW�RI�WKLV�UHVHDUFK�LV�H[SHFWHG�WR�EH�D�WRRO�GHVLJQHG�WR�DVVLVW�WKRVH�ZKR�DUH�
YLVXDOO\�LPSDLUHG��,W�XVHV�D�FDPHUD�LQVWDOOHG�RQ�WKH�FKHVW�WR�UHFRJQL]H�DQG�UHFRUG�PDQ\�NLQGV�
RI�LPDJHV��LQFOXGLQJ�5*%��GHSWK��DQG�LQIUDUHG��1XPHULFDO�SURFHVVLQJ�LV�DSSOLHG�WR�WKH�GDWD�
UHWULHYHG� IURP� WKHVH� LPDJHV�XVLQJ� WKH�83�ERDUG�83�����[��(������D� VPDOO�FRPSXWHU��7KH�
FRPSXWHG�YDOXHV�DUH�WKHQ�VHQW�WR�WKH�$UGXLQR�8QR��ZKLFK�LV�LQ�FKDUJH�RI�WKH�YLEUDWLRQ�PRWRUV�
DWWDFKHG�WR�WKH�XVHU
V�KDUQHVV��7KLV�V\VWHP
V�PDLQ�JRDO�LV�WR�SURYLGH�WDUJHWHG�YLEUDWLRQV�WKDW�
DOHUW� WKH�XVHU� WR�SRWHQWLDO�REVWDFOHV�RU� URDGEORFNV� LQ� WKHLU�SDWK��HQDEOLQJ�HIIHFWLYH�REVWDFOH�
DYRLGDQFH�DQG�QDYLJDWLRQ�� 

)URP�WKH�H[SHULPHQW��WKHUH�DUH�VRPH�LVVXHV�WKDW�KDSSHQHG�� 

� :LWK�RQO\�FROOHFWLQJ�WKH�GLVWDQFH�GDWD�IURP�WKH�FHQWHU�RI�HDFK��[��JULG�ZH�FDQ�DFKLHYH�D�
YHU\�ORZ�DFFXUDF\�WKDW�LI�WKHUH�LV�D�REMHFW�WKDW�KDV�VPDOOHU�VL]H�WKDQ�RQH�IRXUWK�RI�HDFK�JULG�
LQ�WKH��[��JULG�WKH�FDPHUD�ZLOO�QRW�EH�DEOH�WR�GHWHFW��2XU�VROXWLRQ�LV�WR�GLYLGH�HDFK�RQH�ELJ�
JULG�LQ��[��JULG�LQWR��[��VPDOOHU�JULG�LQ�LW��7KHQ�ZH�FROOHFW�DOO�WKH�GLVWDQFHV�DW�WKH�FHQWHU�RI�
HDFK����JULG�DQG�FDOFXODWH�LI�WKHUH�LV�DQ\�JULG�WKDW�HQFRXQWHUV�ZLWK�WKH�REMHFW�FORVHU�WKDQ���
PHWHU�WR�PDNH�WKH�DFFXUDF\�RI�WKH�GHYLFH�LQFUHDVH�� 

� 7KH�YLEUDWLRQ�PRWRU��ZLWK�WKH�VPDOO�VL]H�RI�ZLUH�DWWDFKHG�WR�WKH�YLEUDWLRQ�PRWRU��PDNHV�LW�
YHU\�KDUG�WR�VROGHU�LW�ZLWK�WKH�MXPSHU�ZLUH�DQG�PDNHV�LW�XQVWDEOH�DQG�QRW�GXUDEOH��7KH�KRW�
WHPSHUDWXUH� RI� VROGHULQJ�PDNHV� WKLV� WKLQ�ZLUH� EUHDN� HDVLO\�ZKLFK�PDNHV� LW� VRPHWLPHV�
XQDEOH�WR�YLEUDWH�DFFXUDWHO\�� 

� ,QWHO�5HDOVHQVH����'��WKHUH�LV�DQ�HUURU�LQ�WKH�SUHFLVLRQ�RI�GLVWDQFH�PHDVXUHPHQW�RQ�WKH�OHIW�
VHFWLRQ�RI�WKH�FDPHUD�IUDPH��,Q�DGGLWLRQ��WKH�PLQLPXP�GLVWDQFH�WKDW�WKH�,QWHO�5HDOVHQVH�
���'�FDQ�GHWHFW�LV������PHWHUV�DV�GLVSOD\HG�LQ�ILJXUH������ 

� 8SERDUG�XS�����$WRP�[��H������ZH�GLG�QRW�SXW�DOO�WKH�FRGH�LQWR�WKH�8SERDUG�DQG�VWLOO�
RSHUDWH�LW�RQ�WKH�FRPSXWHU�GXH�WR�WKDW�ZH�DUH�VWLOO�QRW�DEOH�WR�VROYH�WKH�SUREOHP�IURP�WKH�
YLEUDWLRQ�PRWRU�� 
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)LJXUH������6KRZ�WKH�GLVSOD\�RI�PLQLPXP�GLVWDQFH�WKDW�,QWHO�5HDOVHQVH����'�FDQ�GHWHFW�� 

����6XPPDU\� 

�� 7KLV�VHFWLRQ�UHSUHVHQWV�WKH�REMHFW�GHWHFWLRQ�H[SHULPHQW�ZLWK�WKH�,QWHO�5HDOVHQVH����'�
DQG�WKH�YLEUDWLRQ�V\VWHP�� 

� 2XU�UHVXOW�LQGLFDWHV�WKDW�RXU�GHYLFH�SURYLGHV�D�FRUUHFW�GLVWDQFH�DQG�WKH�FDSDELOLW\�WR�
QRWLI\� WKH� WHVWHU� E\� YLEUDWLQJ� WKH� YLEUDWLRQ� PRWRUV� FRUUHFWO\� WR� WKH� SRVLWLRQ� RI� WKH� REMHFW�
DFFRUGLQJ�WR�WKH�FDOFXODWLRQ�IURP�WKH�GLVWDQFH�GDWD�RI�,QWHO�UHDO�VHQVH����'�� 
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&+$37(5��� 

&21&/86,21�� 

� ����,QWURGXFWLRQ� 

,Q�WKLV�FKDSWHU��ZH�ZLOO�VXPPDUL]H�WKH�ZRUN��WKHQ�FRQFOXGH�WKH�NH\�SDUWV�RI�ZRUNLQJ�RQ 
WKH�SUHFLVLRQ�RI�WKH�,QWHO�5HDOVHQVH����'�WKDW�FDQ�GHWHFW�DQ�REMHFW�FORVHU�WKDQ���PHWHU�DQG�WKH�
YLEUDWLRQ� PRWRU� WKDW� YLEUDWHV� DFFRUGLQJ� WR� WKH� SRVLWLRQ� RI� WKH� REMHFW�� DQG� ZH� ZLOO� JLYH�
VXJJHVWLRQV�IRU�RXU�SURMHFW�WR�EH�IXUWKHU�GHYHORSHG�DQG�LPSURYHG�RQ�WKH�SURMHFW� 

� ����6XPPDU\� 

&KDSWHU� �� LV� RXU� SURMHFW� EDFNJURXQG� DQG� REMHFWLYH� DERXW�9LVXDOO\� ,PSDLUHG� SHRSOH�
QRZDGD\V�� 

���������7KHQ�&KDSWHU���LV�DERXW�WKH�PHGLFDO�UHODWHV�RI�WKH�YLVXDO�LPSDLUHG��WHFKQRORJ\�IRU�YLVXDOO\�
LPSDLUHG�LQ�WKH�SUHVHQW��WRJHWKHU�ZLWK�WKHRU\�RI�GHSWK�VHQVLQJ�FDPHUD��ZKDW�LV�WLPH�RIIOLJKW�DQG�
KRZ�$,�GHWHFWV�REMHFW�� 

���������$IWHU�WKDW�WKH�H[SHULPHQW¶V�GHVLJQ��PRGHO�RI�RXU�WHFKQRORJ\�DQG�PDWHULDO��DOO�RI�WKLV�DUH�
LQ�&KDSWHU��� 

���������,Q� FKDSWHU� �� ZLOO� VKRZ� RXU� UHVXOW�� ZKDW� FDPHUD� FDQ� VHH�� WKH� JULG� LQ� FRGLQJ� WKDW� ZH�
VHSDUDWHG�IRU�FDPHUD�ZLOO�GLVSOD\�LQ�WKLV�FKDSWHU��DORQJ�ZLWK�GLVFXVVLRQ�WKH�SUREOHP�WKDW�ZH�
IRXQG�ZKHQ�ZH�GR�WKH�WHVWV�� 

��������� $QG�WKH�ODVW�&KDSWHU�ZLOO�SUHVHQW�WKH�FRQFOXVLRQ�DQG�KRZ�WR�LPSURYH�RXU�SURMHFW����  

����&RQFOXVLRQV� 

7KH� DLP� RI� WKLV� SURMHFW� LV� WR� FUHDWH� D� GHYLFH� GHVLJQHG� WR� DVVLVW� YLVXDOO\� LPSDLUHG�
LQGLYLGXDOV��XWLOL]LQJ�D�FDPHUD�PRXQWHG�RQ� WKH�FKHVW�KDUQHVV� WR�GHWHFW�DQG�FDSWXUH� LPDJHV��
LQFOXGLQJ�5*%��GHSWK��DQG�LQIUDUHG�LPDJHV��7KH�GDWD�IURP�WKHVH�LPDJHV�LV�WKHQ�SURFHVVHG�LQWR�
QXPHULFDO� YDOXHV� XVLQJ� WKH� 83� ERDUG� 83����� [��(������ ZKLFK� LV� D� FRPSDFW� FRPSXWHU��
6XEVHTXHQWO\��WKHVH�YDOXHV�DUH�VHQW�WR�WKH�$UGXLQR�8QR�WR�FRQWURO�WKH�YLEUDWLRQ�PRWRUV�DWWDFKHG�
WR�WKH�EDFN�RI�WKH�XVHU
V�KDUQHVV��7KLV�V\VWHP�DLPV�WR�DOHUW�WKH�XVHU�WR�REVWDFOHV�DQG�REVWUXFWLRQV�
LQ�WKHLU�SDWK�E\�YLEUDWLQJ�LQ�VSHFLILF�ORFDWLRQV��DOORZLQJ�WKH�XVHU�WR�QDYLJDWH�DQG�DYRLG�REVWDFOHV�
HIIHFWLYHO\��� 

�,Q�FRQFOXVLRQ��WKH�UHVXOW�IURP�RXU�H[SHULPHQW�LV�WKDW�ZH�FDQ�GHYHORS�WKH�VRIWZDUH�DQG�LQWHJUDWH�
WKH�3\WKRQ�DQG�$UGXLQR�FRGH�WR�EH�DEOH�WR�UHFHLYH�WKH�GLVWDQFH�GDWD�IURP�WKH�,QWHO�5HDOVHQVH�
���'��FDOFXODWH� WKH�GLVWDQFH� LQ�HDFK�JULG�RQ�FDPHUD� IUDPH�DQG�PDNH� WKH�YLEUDWLRQ�YLEUDWH�
DFFRUGLQJ�WR�WKH�SRVLWLRQ�WKDW�SUHVHQW�WKH�REMHFW�FORVHU�WKDQ���PHWHU�WR�WKH�FDPHUD��:LWK�WKH�
H[DPSOH�GLVSOD\�RQ�WKH�FRPSXWHU�PRQLWRU�ZLWK�2SHQ&9�� 

� ����6XJJHVWLRQ� 

�� 7R�LPSURYH�WKH�DFFXUDF\�RI�WKH�GLVWDQFH�LQ�HDFK�JULG�IURP�WKH�,QWHO�5HDOVHQVH����'��ZH�
FDQ�LQFUHDVH�PRUH�JULG�LQ�WKH�FDPHUD�YLHZ��:LWK�WKLV�PHWKRG�ZH�ZLOO�EH�DEOH�WR�DYHUDJH�
WKH�GLVWDQFHV�IURP�HDFK�JULG�DQG�JHW�PRUH�DFFXUDF\�� This material is reserved for educational use only, not allowed for commercial use. 
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�� ,Q�RUGHU�WR�PDNH�D�YLEUDWLRQ�PRWRU�EHFRPH�VWDEOH��ZH�FDQ�LPSURYH�E\�XVLQJ�WKH�WKLFNHU�
ZLUH�ZKLFK�ZH�FDQ�VROGHU�ZLWK�PRUH�VWDELOLW\�DQG�GXUDELOLW\�� 

�� 7R�PDNH�WKLV�GHYLFH�DEOH�WR�EH�FDUULHG�RQ�GHYLFH�DQG�WKH�V\VWHP�GR�QRW�KDYH�WR�DWWDFK�
WR� WKH� FRPSXWHU� LV� WR� LQWHJUDWH� WKH� 3\WKRQ� DQG�$UGXLQR� LQWR� WKH� 8SERDUG� XS�����
[�H�����WKDW�DFW�DV�D�PLQLFRPSXWHU�� 
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>�@ 0�� -�� %XUWRQ�� -�� 5DPNH��$�� 3�� 0DUTXHV�� 5�� 5�� %RXUQH�� 1�� &RQJGRQ�� ,�� -RQHV�� HW�������������������

DO��� �7KH� /DQFHW� *OREDO� +HDOWK� FRPPLVVLRQ� RQ� *OREDO� (\H� +HDOWK�� YLVLRQ� EH\RQG�
�������/DQFHW�*ORE�+HDOWK��YRO�����QR�����SS��H����H����������� 

>�@ -��'��$GHOVRQ�HW�DO��� �&DXVHV�RI�EOLQGQHVV�DQG�YLVLRQ�LPSDLUPHQW�LQ������DQG�WUHQGV�
RYHU����\HDUV��DQG�SUHYDOHQFH�RI�DYRLGDEOH�EOLQGQHVV�LQ�UHODWLRQ�WR�9,6,21�������WKH�
5LJKW�WR�6LJKW��DQ�DQDO\VLV�IRU�WKH�*OREDO�%XUGHQ�RI�'LVHDVH�6WXG\���7KH�/DQFHW�*OREDO�
+HDOWK��YRO�����QR�����SS��H���±H�����)HE��������'2,����������6��������;����������
�� 

>�@ -��%RUHQVWHLQ�DQG� ,��8OULFK�� �7KH�JXLGHFDQH�D�FRPSXWHUL]HG� WUDYHO�DLG� IRU� WKH�DFWLYH�
JXLGDQFH�RI�EOLQG�SHGHVWULDQV���3URFHHGLQJV�RI�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�5RERWLFV�
DQG�$XWRPDWLRQ��YRO�����,(((�������� 

>�@ 6�� 0�� .DUFKHU� HW� DO��� �6HQVRU\� DXJPHQWDWLRQ� IRU� WKH� EOLQG��� )URQWLHUV� LQ� +XPDQ�
1HXURVFLHQFH��YRO�����������S������ 

>�@ �2U&DP��� >2QOLQH@�� $YDLODEOH�� KWWSV���DKHDG�DVLD������������LQQRYDWLRQ�IRU�EOLQG���
>$FFHVVHG��$SU����������@�� 

>�@ 6��0��+ZDQJ��+��-��/HH��6��8��&KXQJ��*��<��+ZDQJ��DQG�%��6��.DQJ���'HYHORSPHQW�RI�
VROHQRLG�W\SH� YLEUDWRUV� XVHG� IRU� PRELOH� SKRQHV��� ,(((� 7UDQV�� 0DJQ��� YRO�� ���� SS��
��������������� 

>�@ �6PDUW� *ODVVHV� IRU� SHRSOH� ZKR� DUH� EOLQG� DQG� 3DUWLDOO\� 6LJKWHG��� >2QOLQH@��
$YDLODEOH�KWWSV���FRROEOLQGWHFK�FRP�DMPDQ�XQLYHUVLW\�GHYHORSV�VPDUW�JODVVHV�IRU�
SHRSOHZKR�DUH�EOLQG�DQG�SDUWLDOO\�VLJKWHG����>$FFHVVHG��$SULO���������@�� 

>�@ (�FRQ� 6\VWHPV�� �:KDW� $UH� 'HSWK� 6HQVLQJ� &DPHUDV� DQG� +RZ� 'R� 7KH\� :RUN"��
>2QOLQH@��$YDLODEOH��KWWSV���ZZZ�H�FRQV\VWHPV�FRP�EORJ�FDPHUD�WHFKQRORJ\�ZKDW�DUH�
GHSWKVHQVLQJ�FDPHUDV�KRZ�GR�WKH\�ZRUN���>$FFHVVHG��$XJXVW���������@�� 

>�@ �7KH�7LPH�RI�)OLJKW�3ULQFLSOH�IRU�'HSWK�6HQVLQJ���$96\VWHP��>2QOLQH@��$YDLODEOH�� 
KWWSV���ZZZ�DYV\VWHP�FRP�EORJ�WLPH�
RIIOLJKW���a�WH[W 7KH���WLPH��'RI��'IOLJKW���SULQFLSOH�WKDW���REMHFW���IURP�
��WKH����VRXUFH��>$FFHVVHG��$XJXVW���������@�� 

>��@ �7KHRU\� RI� WLPH� RI� IOLJKW��� >2QOLQH@�� $YDLODEOH��
KWWSV���ZZZ�DYV\VWHP�FRP�EORJ�OLQN\IL�WLPH�
RIIOLJKW���a�WH[W 7KH���WLPH��'RI��'IOLJKW���SULQFLSOH�WKDW���REMHFW���IUR
P���WKH����VRXUFH��>$FFHVVHG��$XJXVW���������@�� 

>��@ �7KH� 7LPH�RI�)OLJKW� 3ULQFLSOH� IRU� 'HSWK� 6HQVLQJ��� $96\VWHP�� >2QOLQH@��
$YDLODEOH�KWWSV���ZZZ�DYV\VWHP�FRP�EORJ�WLPH�
RIIOLJKW���a�WH[W 7KH���WLPH��'RI��'IOLJKW���SULQFLSOH�WKDW���REMHFW���IUR
P���WKH����VRXUFH��>$FFHVVHG��$XJXVW���������@�� 

>��@ �2EMHFW�'HWHFWLRQ�8VLQJ�'HHS�/HDUQLQJ���0DWK:RUNV��>2QOLQH@��$YDLODEOH�� 
KWWSV���ZZZ�PDWKZRUNV�FRP�GLVFRYHU\�REMHFWGHWHFWLRQ�KWPO��a�WH[W 2EMHFW���'HWHFWL
RQ���8VLQJ���'HHS���/HDUQLQJ�WR���GHWHFW����REMHFWV���ZLWKLQ���LPDJHV��
>$FFHVVHG��6HSWHPEHU���������@�� 

>��@ �7KH�'HVLJQ��:RUNLQJ��DQG�WKH�'HWDLOHG�6FHQDULRV�RI�9LEUDWRU�0RWRU���:DW(OHFWULFDO���
>2QOLQH@�� $YDLODEOH�KWWSV���ZZZ�ZDWHOHFWULFDO�FRP�WKH�GHVLJQ�ZRUNLQJ�DQGWKH�
GHWDLOHG�VFHQDULRV�RI�YLEUDWRU�PRWRU���>$FFHVVHG��6HSWHPEHU���������@�� 

>��@ �6PDUWSKRQH� *36� 1DYLJDWLRQ� IRU� 3HRSOH� ZLWK� 9LVXDO� ,PSDLUPHQWV��� $PHULFDQ���
)RXQGDWLRQ� IRU� WKH� %OLQG�� >2QOLQH@�� $YDLODEOH�KWWSV���ZZZ�DIE�RUJ�EOLQGQHVV�DQG�
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