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�
7LWOH�RI�WKH�0DVWHU¶V�7KHVLV� ������ ��&XVWRPHU�6HJPHQWDWLRQ�IRU�&KXUQ�������������������������
�������������������������������������������������������������0DQDJHPHQW�E\�8VLQJ�$QW�&RORQ\��
1DPH�/DVW�1DPH�RI�WKH�6WXGHQW� ��%DWXKDQ�*h//h2ö/8�
'DWH�RI�7KHVLV�'HIHQVH� � ���
�
�
7KH�WKHVLV�KDV�EHHQ�DSSURYHG�E\�WKH�*UDGXDWH�6FKRRO�RI�1DWXUDO�DQG�$SSOLHG�6FLHQFHV��
�
�
� � � � � � � �
�
� � � � � � � � � � �
� � � � � � � $VVRF��3URI��)��7XQo�%2=%85$�
� � � � � � � $FWLQJ�'LUHFWRU� �
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�
�
�
�
�
7KLV�LV�WR�FHUWLI\�WKDW�ZH�KDYH�UHDG�WKLV�WKHVLV�DQG�WKDW�ZH�ILQG�LW�IXOO\�DGHTXDWH�LQ�VFRSH��
TXDOLW\�DQG�FRQWHQW��DV�D�WKHVLV�IRU�WKH�GHJUHH�RI�0DVWHU�RI�6FLHQFH��
�
�
�
([DPLQLQJ�&RPPLWWHH�0HPEHUV��
�
$VVRF��3URI��'U��$GHP�.$5$+2&$��6XSHUYLVRU�����
�
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�
*�OO�R÷OX��%DWXKDQ�

�
&RPSXWHU�(QJLQHHULQJ�

6XSHUYLVRU��$VVRF��3URI��'U��$GHP�.DUDKRFD�
�

6HSWHPEHU����������SDJHV�
�
'DWD� PLQLQJ� LV� LQWHUHVWHG� LQ� FOXVWHULQJ�� E\� VLPLODULWLHV� RI� GDWD�� 6RPH� RI� FOXVWHULQJ�
WHFKQLTXHV�DUH�HYROXWLRQDU\�DQG�RSWLPL]DWLRQ�WHFKQLTXHV��&KDUDFWHULVWLF�VHOHFWLRQ�LV�XVHG�
IRU�QRYHO�K\EULG�PRGHOLQJ���
�
&XVWRPHU� SULRULWLHV� DUH� YHU\� LPSRUWDQW� IRU� FRPSDQLHV��0RUHRYHU�� FXVWRPHU� SULRULWLHV�
PXVW� EH� GHWHUPLQHG�� DQG� FDPSDLJQV� PXVW� EH� RUGHUHG� DFFRUGLQJ� WR� WKHVH� SULRULWLHV��
&XVWRPHU�VHJPHQWDWLRQ�ZDV�GRQH�ZLWK�$QW�&RORQ\�DOJRULWKP��6KRUWHVW�SDWK�DSSURDFK�LV�
XVHG�LQ�$QW�&RORQ\�DOJRULWKP��0RUHRYHU��FOXVWHULQJ� LV�GRQH�E\� WKH�HXFOLGHDQ�GLVWDQFH�
IRUPXOD�LQ�$QW�&RORQ\�DOJRULWKP��
�
&XVWRPHU� VHJPHQWDWLRQ� DWWULEXWHV� DUH�PRVWO\� UHODWHG�ZLWK� WKH� VDWLVIDFWLRQ� IDFWRUV�� EXW�
VRPH�RI�WKHP�ZHUH�HOLPLQDWHG�E\�XVLQJ�UDQNHU��7KHVH�UHVXOWV�DUH�PRVWO\�UHODWHG�ZLWK�WKH�
FXVWRPHU
V� LQFRPH�� WHQXUH�� HTXLS�� FDOOFDUG� DQG� UHVLGH�� 7KHVH� DWWULEXWHV� DUH� WKH� PRVW�
LPSRUWDQW�VDWLVIDFWLRQ�IDFWRUV�QRW�WR�ORVH�FXVWRPHUV�DV�H[SHFWHG��7KHUH�DUH�PDQ\�UHDVRQV�
LQ� FKDQJLQJ�*60� RSHUDWRU� IRU� VXEVFULEHUV� DQG� LW� LV� YHU\� LPSRUWDQW� IRU� FRPSDQLHV� WR�
SUHGLFW�LI�VXEVFULEHU�ZLOO�FKDQJH�*60�RSHUDWRU�RU�QRW��)RU�WKLV�UHDVRQ�FRPSDQLHV�WKDW�
JLYHV�*60�VHUYLFHV�KDYH�WR�PRQLWRU�VXEVFULEHUV�EHKDYLRU�DQG�SUHGLFW�RQH�VWHS�IRUZDUG��
,Q� WKLV� VWXG\� FKDQJLQJ� VXEVFULEHUV¶� *60� RSHUDWRU� ZLOO� EH� SUHGLFWHG� E\� XVLQJ� GDWD�
PLQLQJ�WHFKQLTXHV��
�
�
.H\ZRUGV��'DWD�0LQLQJ��&XVWRPHU�6HJPHQWDWLRQ��$QW�&RORQ\��&KXUQ�0DQDJHPHQW�
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�
*�OO�R÷OX��%DWXKDQ�

�
%LOJLVD\DU�0�KHQGLVOL÷L�

7H]�'DQÕúPDQÕ��'Ro��'U��$GHP�.$5$+2&$�
�

(\O�O����������VD\ID�
�
9HUL� PDGHQFLOL÷L� YHULOHULQ� N�PHOHQPHVL� YH� EX� N�PHOHPH� VD\HVLQGH� YHULOHUGH� NL�
EHQ]HUOLNOHULQ� RUWD\D� oÕNDUÕOPDVÕ� LoLQ� NXOODQÕODQ� ELU� WHNQLNWLU�� 9HUL� N�PHOHPH� LoLQ� ELU�
oRN� WHNQLN� EXOXQPDNWDGÕU��%XQODUGDQ�ED]ÕODUÕ� JHOLúLPLQL� WDPDPOD\DQ�YH�RSWLPL]DV\RQ�
WHNQLNOHULGLU�� .DUDNWHULVWLN� VHoLPL� \HQL� oÕNPÕú� KLEULG� PRGHOOHPHGLU�� 0�úWHUL�
VHJPHQWDV\RQX�� EDQNDODUÕ� LoLQ� P�úWHULOHULQLQ� |QFHOLNOHULQL� EHOLUOHPHGH� |QHPOL� URO�
R\QDU��
�
0�úWHUL� |QFHOLNOHUL� EHOLUOHQPHOL� YH� NDPSDQ\DODU� � EX� P�úWHUL� PHPQXQL\HWOHULQH� J|UH�
G�]HQOHQPHOLGLU�� $QW� .RORQL� DOJRULWPDVÕ� HQ� NÕVD� \RO� \DNODúÕPÕQÕ� LoHUHQ� ELU� WHNQLNWLU��
$QW�.RORQL�DOJRULWPDVÕQGD�|NOLW�PHVDIH�IRUP�O��NXOODQÕOPDNWDGÕU��
�
0�úWHUL�VHJPHQWDV\RQX�LOH� LOJLOL�VRQXoODU�HQ�oRN�P�úWHULQLQ��JHOLUL��NDo�D\�R�úLUNHW� LOH�
oDOÕúWÕ÷Õ�� |GHPLú�ROGX÷X�EHGHOL�� NXOODQÕPÕú�ROGX÷X� VHUYLV� LOH� LOLQWLOLGLU��%X�GH÷LúNHQOHU�
EHNOHQHQ�úHNLOGH�P�úWHUL�ND\EHWPHPHN�LoLQ�RODQ�PHPQXQL\HW�IDNW|UOHULGLU��0�úWHULQLQ�
úLUNHWWHQ� D\UÕOPDVÕ� D\UÕOPDPDVÕ� KDOLQL� DOPDVÕ� LoLQ� EX� SDUDPHWUHOHU� NXOODQÕOPDNWDGÕU��
'HQH\VHO�VRQXoODU�EX�SDUDPHWUHOHUGH�NL�GH÷LúLPOHUH�ED÷OÕ�RODUDN�YHULOHULQ�WHNUDU�WHNUDU�
ZHND�DQILVGH�QDLYH�ED\HV�PHWKRGX�LOH�JHUoHNOHúPHNWHGLU��
�
�
$QDKWDU�.HOLPHOHU��9HUL�0DGHQFLOL÷L��0�úWHUL�6HJPHQWDV\RQX��$QW�.RORQL��0�úWHUL�
.D\ÕS�<|QHWLPL��
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7DEOH���������5)0�0RQHWDU\�9DULDEOHV �����������������������������������������������������������������������
7DEOH���������:D\V�&RQQHFWLRQ�9DULDEOHV ��������������������������������������������������������������������
7DEOH���������0DFURV�IRU�2QH�&KDUDFWHULVWLF�5HPRYDO ������������������������������������������������
7DEOH���������*URXS�&HQWURLGV�DQG�8VHG�3URSHUW\�IRU�2QH�3URSHUW\�������������������������
7DEOH���������6HW�'LVWULEXWLRQ�IRU�2QH�&KDUDFWHULVWLF�5HPRYDO ����������������������������������
7DEOH���������0DFURV�IRU�7KUHH�&KDUDFWHULVWLF�5HPRYDO ���������������������������������������������
7DEOH���������6HOHFWHG�&KDUDFWHULVWLF�IRU�7KUHH�&KDUDFWHULVWLF�5HPRYDO��������������������
7DEOH���������&OXVWHU�'LVWULEXWLRQ�IRU�2QH�)HDWXUH�5HPRYDO ��������������������������������������
7DEOH���������3DUDPHWHUV�IRU�)LYH�)HDWXUH�5HPRYDO ����������������������������������������������������
7DEOH���������6HOHFWHG�IRU�)LYH�)HDWXUH�5HPRYDO����������������������������������������������������������
7DEOH���������&OXVWHU�'LVWULEXWLRQ�IRU�)LYH�)HDWXUH�5HPRYDO��������������������������������������
7DEOH���������3DUDPHWHUV�IRU�(LJKW�)HDWXUH�5HPRYDO �������������������������������������������������
7DEOH���������)HDWXUHV�IRU�(LJKW�)HDWXUH�5HPRYDO������������������������������������������������������
7DEOH���������&OXVWHU�'LVWULEXWLRQ�IRU�)LYH�)HDWXUH�5HPRYDO�������������������������������������
7DEOH���������3DUDPHWHUV�IRU�(LJKW�)HDWXUH�5HPRYDO �������������������������������������������������
7DEOH���������6HOHFWHG�)HDWXUHV�IRU�(LJKW�)HDWXUH�5HPRYDO ���������������������������������������
7DEOH���������&OXVWHU�'LVWULEXWLRQ�IRU�(LJKW�)HDWXUH�5HPRYDO �����������������������������������
7DEOH���������)HDWXUH�5DQNLQJ�IRU�:HND�)HDWXUH�6HOHFWLRQ ���������������������������������������
7DEOH���������&OXVWHU�'LVWULEXWLRQ�IRU�:HND�&OXVWHULQJ ���������������������������������������������
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)LJXUH���������/LIHF\OH�RI�$QW�&RORQ\�&OXVWHULQJ ���������������������������������������������������������
)LJXUH���������)HDWXUH�6HOHFWLRQ ������������������������������������������������������������������������������������
)LJXUH���������)6�$&2�&OXVWHULQJ ��������������������������������������������������������������������������������
)LJXUH���������6HOHFWHG�&KDUDFWHULVWLFV�YV��5HSHWLWLRQ�IRU�FKDUDFWHULVWLFV�UHPRYDO�����
)LJXUH���������6HOHFWHG�)HDWXUHV�YV��,WHUDWLRQV�IRU�WKUHH�IHDWXUHV�UHPRYDO������������������
)LJXUH���������&RPSDULVRQ�RI�)6�$&2�96��:(.$�����������������������������������������������������
)LJXUH���������7KH�'LVWULEXWLRQ�RI�&OXVWHUV��$QW�&RORQ\��:HND����������������������������������
)LJXUH���������'LIIHUHQW�$OJRULWKPV�$FFXUDF\�$QW�&RORQ\�DQG�:HND������������������������
)LJXUH���������$QW�&RORQ\�DQG�:HND�&OXVWHULQJ�9DULDEOHV �����������������������������������������
)LJXUH���������/LQHDU�&RUUHODWLRQ�%HWZHHQ�$&2�DQG�:HND�&OXVWHULQJ�5HVXOWV ��������
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&XVWRPHU�PDQDJHPHQW� DQG� VDWLVIDFWLRQ� DUH� WKH�PRVW� LPSRUWDQW� LVVXHV� IRU� FRPSDQLHV��
&RPSDQLHV� KDYH� WR� NQRZ� WKHLU� FXVWRPHUV��0RUHRYHU�� FRPSDQLHV� KDYH� WR� NQRZ� WKHLU�
FXVWRPHU
V� FKDUDFWHULVWLFV� DQG� WKH\� VKRXOG� GHWHUPLQH� FDPSDLJQ� DFFRUGLQJ� WR� WKHVH�
FKDUDFWHULVWLFV��&RPSDQLHV�KDYH�WR�LQIOXHQFH�WKHLU�FXVWRPHUV�GXH�WR�SULRULWLHV��7KH�PRVW�
LPSRUWDQW�SURILW�LV�FXVWRPHU�VDWLVIDFWLRQ�DQG�WKLV�ZLOO�EH�DQ�DGYDQWDJH�RU�GLVDGYDQWDJH�
DFFRUGLQJ� WR� WKH� FRPSDQ\
V� DSSURDFK� �&KULV� 5\JLHOVNL�� -\XQ�&KHQJ�:DQJ�� 'DYLG� &��
<HQ���������
�
7KH�PRVW�LPSRUWDQW�DLP�LV�SURYLGLQJ�FXVWRPHU�VDWLVIDFWLRQ�DFFRUGLQJ�WR�WKHLU�SULRULWLHV��
&XVWRPHU� SULRULWLHV� DUH� YHU\� LPSRUWDQW� IRU� FDPSDLJQV��0RUHRYHU�� FXVWRPHU� SULRULWLHV�
PXVW� EH� GHWHUPLQHG� WKHQ�� FDPSDLJQV� PXVW� EH� RUGHUHG� DFFRUGLQJ� WR� WKHVH� SULRULWLHV��
$QRWKHU�DLP�LV�WR�GHWHUPLQH�WKH�FKDUDFWHULVWLFV�RI�FDPSDLQJV��7KLV�LV�WKH�PDLQ�SUREOHP�
IRU�WKH�FRPSDQLHV��%HFDXVH��FXVWRPHU
V�SULRULWLHV�DUH�FKDQJHG�GD\�E\�GD\�VR�FXVWRPHU�
VHJPHQWDWLRQ�PXVW�EH�GRQH�UHJXODUO\�E\� WKH�FRPSDQLHV��7KLV�VWXG\�LV�UHODWHG�ZLWK�WKH�
FXVWRPHU� VHJPHQWDWLRQ� ZLWK� $QW� &RORQ\� 2SWLPL]DWLRQ� DOJRULWKP� DQG� WKLV� DOJRULWKP�
SURYLGHV�FOXVWHULQJ�RI�WKH�XSGDWHG�GDWD��7KHUHIRUH��WKH�FXVWRPHU�VDWLVIDFWLRQ�LV�REWDLQHG��
��
7KHUH�LV�D�PDLQ�SUREOHP�WKDW�LV�PHQWLRQHG�DERXW�IRU�FDPSDLJQV��,W�DIIHFWV�WKH�SURILW�DQG�
ORVV� UDWLR
V�RI� WKH�FDPSDLJQV��)RU� WKLV�UHDVRQ��FDPSDLJQV�KDYH� WR�FOXVWHU� WKH�FXVWRPHU�
GDWD� DFFRUGLQJ� WR� GHWHUPLQH� WKHLU� WKH� QHFHVVLWLHV� RI� FXVWRPHUV��&OXVWHULQJ� LV� XVHG� IRU�
GHWHUPLQH� WKH� FXVWRPHU� W\SHV� � IRU� FDPSDLJQV�� 7KHUH� DUH� D� ORW� RI� � W\SHV� RI� FOXVWHULQJ�
DOJRULWKPV��
�
7KH� JRDO� RI� FOXVWHULQJ� LV� WR� UHGXFH� WKH� DPRXQW� RI� GDWD� E\� FDWHJRUL]LQJ� RU� JURXSLQJ�
VLPLODU� GDWD� LWHPV� WRJHWKHU�� 6XFK� JURXSLQJ� LV� SHUYDVLYH� LQ� WKH� ZD\� KXPDQV� SURFHVV�
LQIRUPDWLRQ�� DQG� RQH� RI� WKH�PRWLYDWLRQV� IRU� XVLQJ� FOXVWHULQJ� DOJRULWKPV� LV� WR� SURYLGH�
DXWRPDWHG�WRROV� WR�KHOS�LQ�FRQVWUXFWLQJ�FDWHJRULHV�RU� WD[RQRPLHV� �-DUGLQH�DQG�6LEVRQ��
�������
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�
<RX� FDQ� GLYLGH� FOXVWHULQJ� PHWKRGV� LQWR� WZR� EDVLF� W\SHV�� KLHUDUFKLFDO� DQG� SDUWLWLRQDO�
FOXVWHULQJ��(DFK�W\SH�KDV�D�ZHDOWK�RI�VXEW\SHV�DQG�WKHUH�DUH�GLIIHUHQW�DOJRULWKPV�WR�WKH�
FOXVWHUV��,Q�P\�WKHVLV��DQW�FRORQ\�RSWLPL]DWLRQ�LV�XVHG�IRU�FOXVWHULQJ�WKH�FXVWRPHU�GDWD�
VHWV��$QW�FRORQ\�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�WHFKQLTXH�WR�PDNH�VHOHFWLRQ�IURP�GDWD�VHWV�
�<LQJ�=KDR��*HRUJH�.DU\SLV���������
�
7KHUH�DUH�VRPH�DOJRULWKPV�WR�VHDUFK�WKH�SURSHUWLHV��7KHVH�DUH�FRPSOHWH��VHTXHQWLDO�DQG�
UDQGRP� DOJRULWKPV�� $V� \RX� XQGHUVWDQG�� VHTXHQWLDO� DQG� UDQGRP� VHDUFK� DOJRULWKPV�
GHWHUPLQH�VHDUFKLQJ�VWUDWHJ\���0RUHRYHU��WKHUH�DUH�VRPH�DSSURDFKHV�WR�FODVVLI\�WKH�GDWD�
DQG�WKHVH�DSSURDFKHV�GHWHUPLQH�WKH�HYDXODWLRQ�FULWHULD��7KHVH�HYDOXDWLRQ�FULWHULDV�EDVHG�
RQ�:UDSSHU�DQG�+\EULG�DSSURDFKHV��
�
.HHSLQJ�WKH�FXVWRPHUV�WKDW�\RX�KDYH�QHHGV�PRUH�VRXUFH� WKDQ�JDLQLQJ�QHZ�FXVWRPHUV��
&KXUQ�PRGHOV�DUH�GHYHORSHG�WR�GHWHFW�WKH�FXVWRPHUV�DERXW�WKH�DWWULWH�DQG�WDNLQJ�DFWLRQ�
DERXW�WKHP��=HQJ�+���&KHXQJ�<��0����������
�
7KHUH�DUH�VRPH�K\SRWKHVLV�WKDW�LV�LQGLFDWHG�LQ�WKLV�VWXG\��2QH�RI�WKH�K\SRWKHVLV�LV�DERXW�
FXVWRPHU
V� DJH� DQG� LQFRPH�� ,I� WKH� FXVWRPHU� LV� XQGHU� HLJKWHHQ� \HDUV� ROG� DQG� KDV� QR�
LQFRPH� WKHQ� KH� RU� VKH�ZRQ
W� VSHQG�PRUH� WKDQ� ILYH� KXQGUHG� WXUNLVK� OLUDV� LQ� D�PRQWK��
0RUHRYHU��LI�WKH�FXVWRPHU�LV�RYHU�HLJKWHHQ�\HDUV�ROG�ZRPDQ�DQG�KDV�VRPH�LQFRPH��WKHQ�
VKH�KDV�H[SHQVH�PRUH�WKDQ�KHU�VDODU\��7KHUHIRUH��VKH�KDV�WR�KDYH�D�FUHGLW�FDUG�ZKLFK�KDV�
OLPLW�PRUH� WKDQ�WKH�FXVWRPHU
V�VDODU\�� ,Q�DGGLWLRQ�� LI� WKH�FXVWRPHU� LV�DQ�HPSOR\HH�DQG�
KDV�FRQVWDQW�VDODU\��KH�RU�VKH�ZLOO� VSHQG�PRUH�WKDQ�KLV�RU�KHU�VDODU\��$KPHG�$O�$QL��
�������
�
,Q� DGGLWLRQ�� ZUDSSHU� DQW� FRORQ\� FOXVWHULQJ� WHFKQLTXH� LV� XVHG� WR� KDYH� GHWHQWLRQ� RI�
FXVWRPHUV� DFFRUGLQJ� WR� FOXVWHULQJ� RI� FXVWRPHU� GDWD� VHW��&XVWRPHUV� GDWD� VHW� LV� UHODWHG�
ZLWK� WKH�VDWLVIDFWLRQ� IDFWRU� VR�ZUDSSHU� DQW� FRORQ\� WHFKQLTXH�KDV� WR�SURYLGH�FOXVWHULQJ��
DFFRUGLQJ�WR�WKH�HFOXGLDQ�YHFWRU��
�
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���� &+851�0$1$*(0(17�
&KXUQ�PDQDJHPHQW�LV�RQH�RI�WKH�PRVW�LPSRUWDQW��WKLQJ�WKDW�SURYLGHV�GLIIHUHQFHV�LQ�WKH�
V\VWHP� DFFRUGLQJ� WR� WKH� QHFHVVLWLHV� RI� FXVWRPHUV�� $FFRUGLQJ� WR� WKH� FXVWRPHUV�
VDWLVIDFWLRQ�� � WKH� EDQN� FKDQJHV� LWV� VWUDWHJ\� WR� EH�PRUH� VXFFHVVIXO�� 6WUDWHJ\� LV� XVXDOO\�
DERXW�WKH�SURGXFWV�DQG�VHUYLFHV�WKDW�WKH�FXVWRPHUV�XVH��&KL]�:HL���������
��
&KXUQ�PDQDJHPHQW� UHYLVHV� WKH�FXVWRPHU�GDWD�DQG�DQDO\VLV� WKH� UHVXOWV��5HVXOWV�GHSHQG�
RQ� FXVWRPHUV� VDWLVIDFWLRQ�� &KXUQ� PDQDJHPHQW� PDNHV� WKH� FXVWRPHUV� VDWLVIDFWLRQ� LQ� D�
VWDEOH�SRVLWLRQ��
�
&KXUQ�PDQDJHPHQW�LV�DQ�LVVXH�WKDW�WKH�FXVWRPHUV�DUH�OHDYH�IURP�WKHLU�FRPSDQLHV�RU�QRW�
GXH� WR� WKHLU� SULRULWLHV� DQG� VDWLVIDFWLRQ�� ,Q� RUGHU� WR� SURYLGH� VDWLVIDFWLRQ� RI� FXVWRPHUV��
QHFHVVLWLHV�KDYH� WR�EH�GHWHUPLQHG��&KXUQ�PDQDJHPHQW�EHJLQV�ZLWK� WKH�GDWD�FROOHFWLQJ�
IURP�WKH�FXVWRPHUV��$OO�RI� WKH�SDUDPHWHUV�UHODWHG�ZLWK�FXVWRPHUV�DUH� LQYHVWLJDWHG�DQG�
VWXGLHG��7KHUH�DUH�VRPH�PHWKRGV�WR�GHWHUPLQH�WKH�FRPPRQ�SURSHUWLHV�RI�WKH�FXVWRPHUV��
7KHVH�PHWKRGV�SURYLGH�VRPH�FOXVWHUV�EHWZHHQ�WKHVH�FXVWRPHU�GDWD��7KHQ��FRPSDUDEOH�
GDWD�VHWV�DUH�SURGXFHG�DFFRUGLQJ�WR�WKHVH�FOXVWHUV��7KHUH�ZLOO�EH�SURFHVVHV�RQ�WKLV�GDWD�
WR�GHWHUPLQH�SULRULWLHV�WR�SURYLGH�VDWLVIDFWLRQ��7KHUH�DUH�D�ORW�RI�LWHUDWLRQV�DFFRUGLQJ�WR�
WKHVH�GDWD�DQG�SDUDPHWHUV�DUH�XSGDWHG�RQ�HDFK�LWHUDWLRQ�VWHS��7KHQ��LI�WKH�FXVWRPHU�OHDYH�
WKH�FRPSDQ\�DV�LW�PHDQV�FKXUQ��WKH�FRPSDQ\�VKRXOG�DQDO\VH�WKH�XSGDWHG�SDUDPHWHUV�DQG�
SURGXFH�VRPH�UHVXOWV�DFFRUGLQJ�WR�WKHVH�VROXWLRQV��7KLV�LV�FKXUQ�PDQDJHPHQW��
�
���� %$&.*5281'�
7KHUH� DUH� D� ORW� RI� PHWKRGV� IRU� FOXVWHULQJ� RI� FXVWRPHU� GDWD�� )LOWHU� DQG� ZUDSSHU�
DSSURDFKHV� LV� XVHG� IRU� XQVXSHUYLVHG� SURSHUW\� VHOHFWLRQ�� $QW� FRORQ\� RSWLPL]DWLRQ�
FOXVWHULQJ�LV�XVHG�WR�VROYH�WKH�SUREOHPV�RI�FOXVWHULQJ��&XVWRPHU�GHWHQWLRQ�RU�FXVWRPHU�
FKXUQ�LV�DSSOLHG�E\�VRPH�PHWKRGV���
�
)LOWHU� FOXVWHULQJ� LV� UHODWHG� ZLWK� ILOWHULQJ� WKH� GDWD� DFFRUGLQJ� WR� WKH� WRRO� WKDW� WKH� GDWD�
FOXVWHUHG�� 7KHUH� DUH� D� ORW� RI� DWWULEXWHV� LQ� FKXUQ� PDQDJHPHQW� GDWD�� %XW�� FOXVWHULQJ� LV�
UHODWHG�ZLWK�DFFXUDF\�VR�WKH�PRVW�LPSRUWDQW�DWWULEXWHV�KDYH�WR�EH�GHWHUPLQHG�DFFRUGLQJ�
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WR�WKH�DFFXUDF\��7KHVH�DWWULEXWHV�DUH�UHODWHG�ZLWK�GDWD�EXW�LI�WKH�FOXVWHULQJ�LVQ
W�DFFXUDWH��
WKHQ��LW�VKRXOG�EH�DEDWHG�DPRQJ�WKHVH�DWWULEXWHV�DQG�WKLV�ILOWHULQJ�VKRXOG�EH�GRQH�XQOHVV�
WKH�PRVW�DFFXUDWH�SDUDPHWHUV�DUH�REWDLQHG��7VDL�&�)����������
�
0RUHRYHU��FXVWRPHU�GHWHQWLRQ�VKRXOG�EH�GRQH�EHIRUH�ILOWHU�FOXVWHULQJ�DV�LW�PHDQV�WKDW��
EHIRUH� GDWD� DQDO\VLQJ�� 7KHUH� DUH� VRPH� SDUDPHWHUV� WKDW� DUH� QRW� GLUHFWO\� UHODWHG� ZLWK�
FOXVWHULQJ�GDWD��7KHVH�W\SHV�RI�GDWD�VKRXOG�EH�HOLPLQDWHG�EHIRUH�ILOWHU�FOXVWHULQJ��7KLV�LV�
SK\VLFDO�W\SH�RI�FOXVWHULQJ��
�
,Q�DGGLWLRQ��ZHND��DQW�FRORQ\�RSWLPL]DWLRQ�DQG�P\UD�DUH�VRPH�RI�WKH�PHWKRGV�WKDW�WKH�
GDWD� LV� FOXVWHUHG� E\� WKHP�� $OO� RI� WKHP� KDV� WKH� VDPH� IDOODF\�� 7KH� FHQWURLGV� DUH�
GHWHUPLQHG�UDQGRPO\�WKHQ�DOO�RI�WKH�REMHFWV�DUH�LQYHVWLJDWHG�UHODWHG�ZLWK�GLVWDQFH��,I�WKH�
QHDUHVW� GLVWDQFH� IURP� WKH� FHQWURLG� LV� GHWHUPLQHG� WKHQ� WKLV� REMHFW� LV� LQ� WKDW� FOXVWHU��
(FOXGLDQ�GLVWDQFH�LV�XVHG�LQ�$QW�&RORQ\�2SWLPL]DWLRQ��0\UD�DQG�ZHND�LQYHVWLJDWHV�WKH�
VLPLODULWLHV�RI��YDOXHV�RQ�HDFK�YHFWRU�DQG�WKHQ�FOXVWHU�WKHP�LQ�JURXSV��
�
,Q� FRQFOXVLRQ�� WKHUH� H[LWV� VRPH� SUREOHPV� DERXW� WKH� GDWD� VHW� EXW� WKH�PDLQ� SRLQW� LV� WR�
GHWHUPLQH� WKH� YDOXDEOH� GDWD� DPRQJ� WKHVH� GDWD� VHW� DQG� SURFHVV� WKHVH� GDWD�� 7KHUH� LV�
XVXDOO\�QXOO�YDOXHV�DPRQJ�WKHVH�GDWD�VHW�DQG�WKHVH�QXOO�YDOXHV�DUH�VHW�ZLWK�PHDQLQJIXO�
GDWD�WKDW�LV�SURYLGHG�IURP�WKH�DYHUDJH�RI�RWKHU�FROXPQV����
�
7UDLQ�GDWD�LV�REWDLQHG�DV�D�UHVXOW�RI�ZUDSSHU�DSSURDFK��7UDLQ�GDWD�PHDQV�WKH�GDWD�WKDW�LV�
HOLPLQDWHG�DPRQJ�DOO�GDWD�VHW��7KHQ��WHVWLQJ�WKH�DFFXUDF\�FRQWLQXHV�DQG�WKH�GDWD�VHW�LV�
HOLPLQDWHG� XQWLO� LW� UHDFKHV� WKH� WUDLQ� GDWD�� ,Q� WKLV� VWXG\�� WUDLQ� GDWD� LV� WZR� KXQGUHG� DQG�
HLJKW\�URZV�DQG�QLQHWHHQ�FROXPQV��&RWWHU�6�)���.UHXW]�'HOJDGR�.����������
�
7KLV�LV�D�UHVXOW�RI�ZUDSSHU�ILOWHULQJ�DQG�LW�SURYLGHV�WKH�PRVW�DFFXUDF\�VROXWLRQV�UHODWHG�
ZLWK�GDWD�VHW�DQG�FRQFOXGH�DV�FXVWRPHU�VDWLVIDFWLRQ��1RZDGD\V��FKXUQ�PDQDJHPHQW� LV�
GRQH�E\�DOO�NLQG�RI�FRPSDQLHV�LQ�7XUNH\�E\�XVLQJ�VRPH�RI�WKHVH�DOJRULWKPV���
�
7KHUH� DUH� D� D� ORW� RI� SHRSOH�ZKR�ZRUNV� IRU� FKXUQ�PDQDJHPHQW�� 7KHVH� SHRSOH� DOZD\V�
FROOHFW� GDWD� E\� WKHLU� GDWDEDVHV� DQG� V\VWHPV� DQG� WKHQ� WKH\� ZRUN� RQ� GDWD� WR� PDNH� LW�
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YDOXDEOH�� 0RUHRYHU�� WKLV� GDWD� KDV� VRPH� PHDQLQJOHVV� YDOXHV� VR� WKLV� GDWD� KDV� WR� EH�
PDQLSXODWHG�DFFRUGLQJ�WR�WKH�FOXVWHUV��7KHUH�VKRXOG�EH�LWHUDWLRQV�IRU�WKHVH�GDWD�DQG�LQ�
WKHVH�LWHUDWLRQV��GDWD�VKRXOG�EH�UHGHYHORSPHQW�LQ�HDFK�VWHS��6KLQ�<XDQ�+XQJ���������
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��� 35(9,286�678',(6�

7KHUH� DUH� VRPH� GDWD� PLQLQJ� WHFKQLTXHV� WR� FXVWRPHU� VHJPHQWDWLRQ� ZLWK� DQW� FRORQ\�
RSWLPL]DWLRQ�� ,� LQYHVWLJDWHG� WKH� OLWHUDWXUH� LQ� 6FLHQFH� 'LUHFW�� &XVWRPHU� VHJPHQWDWLRQ��
GDWD� PLQLQJ�� DQW� FRORQ\� ZHUH� LQYHVWLJDWHG�� ,� LQYHVWLJDWHG� WKH� QXPEHU� RI� GRFXPHQWV�
UHODWHG�ZLWK�P\�WRSLF��PRUHRYHU�,�LQYHVWLJDWHG�VXEMHFW�DUHDV�DQG�SXEOLFDWLRQ�\HDUV��
�
7KHUH�DUH�D�ORW�RI�VWXGLHV�UHODWHG�ZLWK�GDWD�PLQLQJ�WHFKQLTXHV�ZLWK�DQW�FRORQ\��,�ZDQWHG�
WR�ILQG�WKH�GRFXPHQWV�UHODWHG�ZLWK�FXVWRPHU�VHJPHQWDWLRQ�ZLWK�DQW�FRORQ\�RSWLPL]DWLRQ�
WR�GHWHUPLQH�WKH�FXVWRPHUV�WKDW�ZLOO��EH�XVHIXOO�IRU�WKH�FDPSDLJQ��7KHUH�DUH�WRWDO\�RQH�
KXQGUHG�DQG�WZHQW\�WZR�WRSLFV�UHODWHG�ZLWK�WKHVH�WRSLFV��
�
7KHUH� DUH� D� ORW� RI� WHFKQLTXHV� WKDW� LV� XVHG� LQ� $QW� &RORQ\� 2SWLPL]DWLRQ�� )LUVWO\��
'HQHXERXUJ�XVHG�$&2�LQ�������7KLV�VWXG\�LV�UHODWHG�ZLWK�URERWV��'HQHXERXUJ�XVHG�WKLV�
DOJRULWKP� WR� SURYLGH� VRPH� SURSHUW\� WR� URERWV�� 5RERWV� GHFLGH� WR� WDNH� XS� RU� GURS� WKH�
REMHFWV�DFFRUGLQJ�WKH�WKLV�DOJRULWKP�UHVXOWV��7KLV�LV�D�UHVXOW�WKDW�LV�VLPLODU�WR�WKH�UHVXOW�RI�
WKLV� VWXG\�� ,Q� WKLV� VWXG\�� WKH�GDWD�DUH� FOXVWHUHG� DFFRUGLQJ� WR�$&2�DOJRULWKP�DQG� WKHQ�
FODVVLILFDWLRQ� LV�GRQH�DQG�WKHUH�H[LWV�VRPH�UXOHV�DFFRUGLQJ�WR�FODVVLILFDWLRQ� OLNH�URERWV�
RSHUDWLRQV��;LDR�ELQ�=����������
�
*XWRZLW]�FKDQJHG�WKLV�DOJRULWKP�LQ�������,W�LV�WKH�VDPH�DOJRULWKP�EXW�URERWV�VFKHGXOH�
WKH�WDVNV�UHODWHG�ZLWK�WKH�RSHUDWLRQV�RI�URERWV�DQG�UHVSHFWLYHO\�GR�WKHVH�RSHUDWLRQV��
�
/XPHU�DQG�)DLHWD�XSGDWHG�*XWRZLW]�DOJRULWKP�LQ�������7KLV�VWXG\�LV�UHODWHG�ZLWK�WDVNV��
7DVNV� DUH� GRQH� DFFRUGLQJ� WR� WKH� GLVWDQFHV�� 7KHVH� GLVWDQFHV� DUH� REWDLQHG� GXH� WR� WKH�
FOXVWHUHG�GDWD�DV�D�UHVXOW�RI�$&2�DOJRULWKP��&KHXQJ�<��0����������
�
'H� &DVWUR� LPSURYHG� /XPHU� DQG� )DLHWD
V� VWXG\�� 7KLV� VWXG\� LV� UHODWHG� ZLWK� URERWV�
OHDUQLQJ�� +H� SURYLGHV� D� GHWHUPLQLQJ�PDWUL[� UHODWHG� ZLWK� WKH� GLVWDQFHV�� $FFRUGLQJ� WR�
WKHVH� PDWUL[�� URERWV� GR� RSHUDWLRQV� UHVSHFWLYHO\� LQ� WKH� IDOODF\� RI� $&2� DOJRULWKP��
0RUHRYHU��SKHURPRQH�LV�XVHG�LQ�KLV�VWXG\�DQG�VLPLODU�RSHUDWLRQV�DUH�VHHQ�DV�D�UHVXOW�RI�
SKHURPRQH�OHYHO��&KRZ���������
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:HLOL�LPSURYHG�WKH�VWXG\�UHODWHG�ZLWK�HQWURS\��(QWURS\�LV�UHODWHG�ZLWK�WKH�RSHUDWLRQV�RI�
URERWV�� ,Q� WKLV� VWXG\�� )DLHWD
V� DOJRULWKP� LV� LPSURYHG� UHODWHG�ZLWK�PHPRU\��0RUHRYHU��
WKHUH�H[LVWV�D�FRXQWHU�LQ�WKLV�VWXG\�DQG�WKLV�FRXQWHU�RFFXS\�HUURUV��LQ�GLVWDQFH�PDWUL[��
�
6KHORNDU¶V� VWXG\� LV� QHDUO\� VDPH� DV� WKLV� VWXG\�� 3KHURPRQH� OHYHO� LV� XSGDWHG� RQ� HDFK�
LWHUDWLRQ� DQG� WKH� PRVW� VLPLODU� GDWD� LV� FOXVWHUHG� DFFRUGLQJ� WR� WKH� GLVWDQFHV� DQG�
SKHURPRQH�OHYHO��7KLV�LV�GHWHUPLQHG�DFFRUGLQJ�WR�WKH�XSGDWHG�SKHURPRQH�OHYHO��
�
=HQJ� DQG� &KHXQJ� KDV� DQ� DOJRULWKP� UHODWHG� ZLWK� SURSHUW\� VHOHFWLRQ�� 7KLV� DOJRULWKP�
SURYLGHV� DQ� LQGH[� UHODWHG� ZLWK� WKH� VLPLODU� SURSHUWLHV�� 7KLV� LQGH[� VKRXOGQ
W� EH� SUH�
GHWHUPLQHG��;LDR�ELQ�=����������
�
$OO�RI�WKHVH�PHWKRGV�DQG�DOJRULWKPV�DUH�KDV�WKH�VDPH�VROXWLRQ�DV�WKLV�VWXG\�PHQWLRQHG��
7KH�PRVW�LPSRUWDQW�WRSLF�LV�FOXVWHULQJ�GDWD�DQG�GHWHUPLQH��WKH�PHWKRGRORJ\�UHODWHG�ZLWK�
GDWD�VHW��7KH�RSHUDWLRQV�DUH�PDGH�WR�GHWHUPLQH�WKH�VLPLODULWLHV�DQG�WKHQ�SURYLGH�VRPH�
SURSHUWLHV�DFFRUGLQJ�WR�WKHVH�VLPLODULWLHV��
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��� 0$7(5,$/6�	�0(7+2'6�

���� 0$7(5,$/6�
7KHUH�DUH�VRPH�PDWHULDOV�UHODWHG�ZLWK�FOXVWHULQJ�DQG�FODVVLILFDWLRQ��:HND�LV�D�FOXVWHULQJ�
WRRO�ZKLFK�FODVVLI\�FOXVWHUHG�GDWD�E\�XVLQJ�QDLYH�ED\HV�PHWKRG��0\UD� LV� DQRWKHU� WRRO�
WKDW� FOXVWHUV� GDWD� DFFRUGLQJ� WR� WKH� VLPLODULWLHV� RI� GDWD� WKDW� XVH� DQW� PLQHU� DOJRULWKP�
GHSHQGV�RQ�MDYD�SURJUDPPLQJ�ODQJXDJH���
�
,Q�RUGHU� WR�XVH�$QW�&RORQ\�2SWLPL]DWLRQ�$OJRULWKP�� WKHUH�PXVW�EH�ZULWWHQ�VRPH�FRGH�
UHODWHG�ZLWK�ORRSV�DQG�LI�W\SHV�WKDW�FDOFXODWHV�WKH�GLVWDQFHV�EHWZHHQ�YHFWRUV�DQG�WKHQ�WKH�
GLVWDQFH� PDWUL[� LV� RSHUDWHG� LQ� 0DWODE� DFFRUGLQJ� WR� WKH� FODVVLILFDWLRQ� UXOHV�� 7KHVH�
PDWHULDOV�DQG�YHUVLRQV�DUH�UHVSHFWLYHO\�PHQWLRQHG�DV�\RX�VHH�EHORZ��
�

x� :HND�9HUVLRQ� �������:HND� LV� PDFKLQH� OHDUQLQJ� WRRO� WKDW� ZDV�ZULWWHQ� LQ� -DYD�
SURJUDPPLQJ� ODQJXDJH�� � ,W� SURYLGHV� FODVVLILFDWLRQ�� UHJUHVVLRQ�� FOXVWHULQJ�� SUH�
SURFHVVLQJ� DQG� YLVXDOL]DWLRQ� RI� GDWD��:HND� GHWHUPLQH� FHQWURLGV� UDQGRPO\� DQG�
WKHQ�FDOFXODWHV�WKH�DOO�REMHFWV�GLVWDQFH�EHWZHHQ�WKH�FHQWURLGV�DQG�WKHVH�REMHFWV��
7KHQ�� LW� FOXVWHUV� GDWD� DQG� SUHSDUH� D� UHVXOW� GLVWDQFH�PDWUL[� ZKLFK� LV�ZDLWHG� WR�
FODVVLI\��
�

x� &���9HUVLRQ������&���LV�DQ��REMHFW�RULHQWHG��SURJUDPPLQJ�ODQJXDJH�ZKLFK�LV�D�
VXSHUVHW�RI�F�SURJUDPPLQJ�ODQJXDJH�DQG�SURYLGHV�KLJK�OHYHO�SURJUDPPLQJ��
�

x� 0$7/$%� 9HUVLRQ� ������� 0$7/$%� LV� D� PDWUL[�EDVHG� FRPSXWDWLRQ� WKDW� ZDV�
GHVLJQHG� IRU� VFLHQWLILF� FDOFXODWLRQV� ZKLFK� ZDV�ZULWWHQ� LQ� F� DQG� SURYLGHV� KLJK�
OHYHO�SURJUDPPLQJ��

�
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�������'DWD�
�
'DWD�VHW�LV�WDNHQ�IURP�RQH�RI�WKH�SXEOLF�7XUNLVK�EDQNLQJ�FRPSDQ\��'DWD�VHW�KDV�DERXW�
VL[� PRQWKV� GXUDWLRQ� RSHUDWLRQDO� GDWD� RI� WKLV� EDQN�� 'DWD� VHW� LV� UHODWHG� ZLWK� �������
FXVWRPHUV��
�
7KLV�GDWD�VHW�FRQVLVWV�RI�VRPH�YDULDEOHV�GXH�WR�GHWHUPLQH�FXVWRPHU
V�FKXUQ�DWWLWXGH�DQG�
WR� KDYH� FXVWRPHU� VHJPHQWDWLRQ�� ,Q� DGGLWLRQ�� WKLV� GDWD� VHW� LQFOXGHV� RSHUDWLRQDO� DQG�
GHPRJUDSKLF�VWUXFWXUH�RI�FXVWRPHU�GDWD���
�
7KHUH�DUH�D�ORW�RI�VWXGLHV�UHODWHG�ZLWK�UHFHQF\��IUHTXHQF\�DQG�PRQHWDU\�YDULDEOHV�GXH�WR�
GHWHUPLQH�FXVWRPHU
V�FKXUQ�PDQDJHPHQW�VWDWH��
�
5HFHQF\�� IUHTXHQF\� DQG� PRQHWDU\� YDULDEOHV� DUH� XVHG� LQ� FXVWRPHU� VHJPHQWDWLRQ� DQG�
FXVWRPHU�EHKDYLRUV��
�
&KXUQ� GDWD� KDV� IRXUW\� WZR� DWWULEXWHV� DQG� LW� KDV� DSSUR[LPDWHO\� ILIWHHQ� WKRXVDQG� GDWD��
7KHVH� DWWULEXWHV� DUH� UHODWHG�ZLWK� FXVWRPHU
V� DJH�� UHJLRQ�� ELUWK� RI� GDWH�� ELUWK� RI� SODFH��
PRQWKO\�LQFRPH��JHQGHU��PDULWDO��WHQXUH�DQG�WKLUW\�IRXU�DWWULEXWHV�JURZ�LQ��
�
7KHVH� GDWD� DUH� REWDLQHG� IURP� DOO� FXVWRPHUV� DQG� WKHVH� GDWD� DUH� XSGDWHG� UHJXODUO\�
DFFRUGLQJ�WR�SURYLGH�DFFXUDF\��0RUHRYHU��LI�RQH�RI�WKHVH�DWWULEXWHV�KDV�QR�YDOXH�LQ�WKH�
GDWD�VHW�WKHQ�WKH�DYHUDJH�YDOXH�RI�WKDW�DWWULEXWH�LV�DVVLJQHG�WR�QXOO�YDOXH��
�
7KHVH� GDWD� LV� UHODWHG�ZLWK� WKH� FXUUHQW� FXVWRPHU� LQIRUPDWLRQ��$JH� LV� RQH� RI� WKH�PRVW�
LPSRUWDQW�DWWULEXWH�RI�WKLV�GDWD�VHW��$JH�GHWHUPLQHV�WKH�SURILOHV�RI�WKH�FXVWRPHUV�DQG�WKH�
H[SHQVHV�RI�WKH�FXVWRPHUV��0RUHRYHU��LQFRPH�LV�DQRWKHU�LPSRUWDQW�DWWULEXWH�IRU�WKLV�GDWD�
VHW��,QFRPH�KDV�GLUHFW�SURSRUWLRQ�ZLWK�WKH�H[SHQVHV�RI�WKH�FXVWRPHUV��
�
0DULWDO��ELUWK�RI�SODFH�DQG�ELUWK�RI�GDWH�HIIHFWV�WKH�FDPSDLJQV�WKDW�PXVW�EH�GRQH�WR�WKHVH�
FXVWRPHUV��%HFDXVH��WKHVH�NLQGV�RI�FXVWRPHUV�KDYH�VRPH�GLIIHUHQW�SURSHUWLHV�DFFRUGLQJ�
WR�WKHLU�PDULWDO�DQG�ELUWK�RI�SODFH�DQG�GDWH���
�
�
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'DWD�VHW�KDV�QXPHULFDO�GDWD��7KHVH�GDWD�LV�UHODWHG�EHWZHHQ�ORJLF��6RPH�RI�WKH�DWWULEXWHV�
KDV�RQO\�RQH�RU�]HUR�YDOXH��,I�WKH�DWWULEXWH�LV�WUXH�WKHQ�LW�ZLOO�EH�RQH�LQ�WKH�GDWD�VHW�DQG�LI�
WKH�DWWULEXWH�LV�IDOVH�WKHQ�LW�ZLOO�EH�]HUR�LQ�WKLV�VWXG\��
�
�������� 'DWD�'LFWLRQDU\�
�
7KHUH�DUH�VRPH�WHFKQLTXHV�WR�GHWHUPLQH�WKH�DSSURSULDWH�SDWWHUQV��7KHVH�WHFKQLTXHV�DUH�
UHODWHG�ZLWK�WKH�FKXUQ�GDWD�VHW��:HND�UDQNHU�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�WHFKQLTXH�WR�
GHWHUPLQH�WKH�DWWULEXWHV�WKDW�LV�XVHG�LQ�WKLV�VWXG\��7KHUH�DUH�PRUH�WKDQ�IRXUW\�DWWULEXWHV�
DQG� WKHUH� DUH� WRWDOO\� QLQHWHHQ� FRKHUHQW� DWWULEXWHV� WKDW� DUH� JLYHQ� E\� ZHND� UDQNHU�
WHFKQLTXH��$QRWKHU�WHFKQLTXH�LV�WKH�WR�GHWHUPLQH�WKH�YDOXHV�IURP�SDVW�GDWD�VHWV�UHODWHG�
ZLWK�FXVWRPHUV��5HFHQF\��)UHTXHQF\�DQG�0RQHWDU\�YDOXHV�DUH�XVHG�WR�GHWHUPLQH�WKHVH�
SDWWHUQV��5HFHQF\�DWWULEXWHV�DUH�UHVSHFWLYHO\�FXVWRPHULG��DJH��LQFRPH��FDUGPRQ��WROOIUHH��
HTXLSWHQ��ZLUHWHQ��ORQJWHQ��ZLUHPRQ��WHQXUH��WROOWHQ��=��0DU]XNL���������
�
7KHVH�YDOXHV�GHWHUPLQHV� WKH�SURFHVVHV�DQG�FXVWRPHU�HYHQWV� LQ�FXVWRPHU�VHJPHQWDWLRQ�
GDWD��0RUHRYHU��WKHVH�GDWD�SURYLGHV�WKH�PRVW��LPSRUWDQW�HYHQWV�WKDW�FXVWRPHUV�KDYH�RQ�
SURGXFWV�� 'XH� WR� SURYLGH� HXSKHPLVP� DERXW� FXVWRPHU� PRGHOV�� WKHVH� YDOXHV� DUH� XVHG��
5HFHQF\��IUHTXHQF\�DQG�PRQHWDU\�YDOXHV�FRPH� LQWR�H[LVWHQFH�E\� WKH�GDWD�RI� WKH�EDQN�
FRPSDQ\�� 0RQHWDU\� DWWULEXWHV� DUH� UHVSHFWLYHO\� LQVXUDQFHBGHEW�� SHUVBORDQ��
LQVXUDQFHBDPW�� ORDQBDPW�� UOWQVKLSBOHQJWK�� 0RUHRYHU�� PXOWOLQH�� ORJORQJ�� FDOOLG� DUH�
IUHTXHF\�DWWULEXWHV��
�
7KHVH�YDOXHV�FDWFK�WKH�FXVWRPHUV
�DFFRXQW�LQIRUPDWLRQ�DQG�FXVWRPHU�WUDQVDFWLRQV�LQ�WKH�
FRPSDQ\��
�

7DEOH�����5)0�5HFHQF\�9DULDEOHV�
5)0�7<3(� &2/801B1$0(� '$7$�

7<3(�
',67,1&7�
9$/8(6�

UHFHQF\� FXVWRPHULG� 120,1$/� ^)�7`�
UHFHQF\� $JH� 120,1$/� ^)�7`�
UHFHQF\� LQFRPH� 120,1$/� ^)�7`�
UHFHQF\� FDUGPRQ� 120,1$/� ^)�7`�
UHFHQF\� WROOIUHH� 120,1$/� ^)�7`�
UHFHQF\� HTXLSWHQ� 120,1$/� ^)�7`�
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UHFHQF\� ZLUHWHQ� 120,1$/� ^)�7`�
UHFHQF\� ORQJWHQ� 120,1$/� ^)�7`�
UHFHQF\� ZLUHPRQ� 120,1$/� ^)�7`�
UHFHQF\� WHQXUH� 120,1$/� ^)�7`�
UHFHQF\� WROOWHQ� 120,1$/� ^)�7`�

7DEOH�����5)0�5HFHQF\�9DULDEOHV��&RQWLQXHG��
�

7DEOH�����5)0�0RQHWDU\�9DULDEOHV�
5)0�7<3(� &2/801B1$0(� '$7$�

7<3(�
',67,1&7�
9$/8(6�

PRQHWDU\� LQVXUDQFHBGHEW� 25',1$/� ^/�+`�
PRQHWDU\� SHUVBORDQ� 25',1$/� ^/�+`�
PRQHWDU\� LQVXUDQFHBDPW� 25',1$/� ^/�+`�
PRQHWDU\� ORDQBDPW� 25',1$/� ^/�+`�
PRQHWDU\� SUG�BDPW� 25',1$/� ^/�+`�
PRQHWDU\� SUG�BDPW� 25',1$/� ^/�+`�
PRQHWDU\� SUGWRWBDPW� 25',1$/� ^��/�+`�
PRQHWDU\� SUGWRWBGHEW� 25',1$/� ^/�+`�
PRQHWDU\� SUGWRW�BDPW� 25',1$/� ^��/�+`�
UHFHQF\� UOWQVKLSBOHQJWK� 120,1$/� ^`�

�
%DQNLQJ�FRPSDQ\�LV�LQ�FRQWDFW��E\�WKH�VRPH�ZD\V�WKDW�ZLWK�WKH�DVVLVWDQFH�RI�WKHVH�ZD\V�
FXVWRPHUV�FRQQHFW�ZLWK�WKHLU�EDQN��7KHUH�LV�D�GDWD�EHORZ�WKH�WDEOH��7KHUH�DUH�WKUHH�ZD\V�
WKDW� FXVWRPHUV� SURYLGH� FRQQHFWLRQ� ZLWK� EDQN�� $OO� WKH� ZD\V� KDYH� WZR� VXEFDWHJRULHV�
ZKLFK�DUH�VHHQ�DV�PXOWOLQH�DQG�FDUGWHQ��
�

7DEOH�����:D\V�&RQQHFWLRQ�9DULDEOHV�
&2/801B1$0(� '$7$�

7<3(�
',67,1&7�
9$/8(6�

0XOWOLQH� 120,1$/� ^)�7`�
&DUGWHQB�� 120,1$/� ^)�7`�
/RJORQJ� 120,1$/� ^)�7`�
&DOOLG� 120,1$/� ^)�7`�
&DUGWHQB�� 120,1$/� ^)�7`�

�
&XVWRPHUV�HYHQWV�DUH�SURYLGHG�E\�XVLQJ�YDULDEOHV�WKDW�DUH�GHPRJUDSKLFV��'HPRJUDSKLF�
YDOXHV�LQ�GDWD�KDYHQ
W�TXDOLW\�VR��WKHVH�DUH�QRW�XVHG��
�
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�
�������� 'DWD�3UH�3URFHVVLQJ�
�
'DWD� FOHDQLQJ�� DOVR� FDOOHG� GDWD� FOHDQVLQJ� RU� VFUXEELQJ�� GHDOV� ZLWK� GHWHFWLQJ� DQG�
UHPRYLQJ�HUURUV�DQG� LQFRQVLVWHQFLHV�IURP�GDWD� LQ�RUGHU� WR� LPSURYH� WKH�TXDOLW\�RI�GDWD�
�&KL]�:HL���������
�
,Q�WKLV�VWXG\��GDWD�FOHDQVLQJ�LV�XVHG�WR�SURYLGH�FRUUHFWQHVV�LQ�WKH�DOJRULWKP��7KHUH�DUH�
VRPH�ORVV�GDWD�LQ�WKH�DWWULEXWHV�DQG�WKHVH�YDOXHV�DUH�FKDQJHG�ZLWK�PDWFK�QXPEHUV��$IWHU�
WKHQ�DWWULEXWH�GLVWULEXWLRQV�DUH�FRQWUROOHG��
�
7KHUH�DUH�VRPH�XSGDWHV�DIWHU�DQDO\]LQJ�WKHVH�FRQWUROOHG�GDWD��6RPH�RI�WKH�SDWWHUQV�DUH�
PDLQO\� KDYH� VLPSOH� IHDWXUHV� WR� FRQWURO�� VR� WKHVH� GDWD� DUH�PRQLWRUHG�HDVLO\� RXW� RI� WKH�
VHJPHQWDWLRQ��2WKHU�GDWD�LV�LOOXVWUDWHG�DW�UDQGRP�WR�IRUP�FXVWRPHU�VHJPHQWDWLRQ�VHW��
�
�������� 'LVFUHWL]DWLRQ�
�
,Q� GDWD�PLQLQJ��GLVFUHWL]DWLRQ�SURFHVV� LV� NQRZQ� WR� EH� RQH�RI� WKH�PRVW� LPSRUWDQW� GDWD�
SUHSURFHVVLQJ� WDVNV��0RVW� RI� WKH� H[LVWLQJ�PDFKLQH� OHDUQLQJ� DOJRULWKPV� DUH� FDSDEOH� RI�
H[WUDFWLQJ�NQRZOHGJH�IURP�GDWDEDVHV�WKDW�VWRUH�GLVFUHWH�DWWULEXWHV��&KL]���������
�
,I� WKH� DWWULEXWH� DUH� FRQWLQXRXV�� WKH� DOJRULWKPV� FDQ� EH� LQWHJUDWHG�ZLWK� D� GLVFUHWL]DWLRQ�
DOJRULWKPV�ZKLFK�WUDQVIRUP�WKHP�LQWR�GLVFUHWH�IHDWXUH��&KL]���������
�
%DU�FKDUWV�DUH�ZDWFKHG�RYHU�IRU�ERWK�DWWULEXWHV��6HSDUDWLRQ�SRLQWV�DUH��GHWHUPLQHG�GXH�WR��
DOORFDWLRQ�RI�WKH�GDWD�VHW���6HSDUDWLRQ�SRLQW�EUHDNV�DUH��UHODEHOOHG�DV�ELQV��$V�D�UHVXOW�ODVW�
GDWD�VHW�FRPHV�LQWR�H[LVW�IURP�WKHVH�DWWULEXWHV��
�
�
�
�
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���� 0(7+2'6�
������ $QW�&RORQ\�2SWLPL]DWLRQ�&OXVWHULQJ�
$QW�FRORQ\�RSWLPL]DWLRQ� LV�RQH�RI� WKH�FOXVWHULQJ�DOJRULWKPV�WKDW� LV�XVHG� � LQ� WKLV� VWXG\�
GHSHQGV�RQ�3�6�6KHORNDU��9�.�-D\DUDPDQ�DQG�%�'�.XONDUQL�PHWKRGRORJ\��

������ $&2�)RU�&OXVWHULQJ�
7KH�UDQJH�RI�WKH�REMHFWV�LV�GHFUHDVHG�WR�VROYH�WKH�SUREOHP�RI�VHJPHQWDWLRQ�1�REMHFWV�WR�
.�FOXVWHUV��'DWD�VHW�LV�VSHFLILHG�E\�1��7KH�UHVXOW�VHW�FRQWDLQV�GHILQHG�FOXVWHUV�RI�WKH�GDWD�
VHW�DQG�LV�VSHFLILHG�DV�6��
�
W ��1[.�PDWUL[��RI�SKHURPRQH�GHWHQWLRQ�
�� �W ��'HWHQWLRQ�PDWUL[�RI�L
�WK�RI�M
WK�IRUP��3KHURPRQH�VLJQ�PDWUL[�LV�UHVHWWOHG�WR� �W �

�
5HVXOW�VWUXFWXUH�SURFHVV�LV�DQW
V�UDQGRPO\�EHKDYLRXU��$QW�VHOHFWV�WKH�WKLQJV�GHSHQG�RQ�
WKH�VLJQ�SKHURPRQH�PDWUL[���2EMHFWV�DUH�EHFRPH�PRUH�GHVLUDEOH�WR�VHOHFW�LI�SKHURPRQH�
LQYHVWV� RQ� WKHP�� $QW
V� VHOHFWLRQ� FKDQFHV� GHSHQGV� RQ� SKHURPRQH� FRQFHQWUDWLRQ� RI�
QRPLQHH�REMHFWV��WR�DOO�VHGLPHQW�SKHURPRQH�FRQFHQWUDWLRQ��
�

.����� �M��
���
�
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�
%XLOGLQJ� UHVXOWV� GHSHQGV� RQ� WKH� � DJHQWV� WKDW� XWLOL]HG� WKH� SKHURPRQH� PDWUL[� LQIR��
3KHURPRQH�PDWUL[�LV�XSGDWHG�FRUUHVSRQGLQJ��
�
/RFDO� LQYHVWLJDWLRQ�XWLOL]HV� ILWQHVV� GDWD� YDOXHV� WR� KDYH�EHWWHU� UHVXOWV� DIWHU� ERWK� RI� WKH�
DJHQWV�EXLOG�WKH�UHVXOWV�DQG�SKHURPRQH�PDWUL[�LV�XSGDWHG�DFFRUGLQJ�WR�WKHLU�GHJUHH��
�
�
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�
�����������������������)LJXUH�����/LIHF\FOH�RI�DQWV�LQ�DQW�FRORQ\�FOXVWHULQJ�
�
7KHUH� DUH� WZR� YDULHWLHV� RI�PHWKRGV� WKDW� DUH� IRUP� WKH� VROXWLRQ� DQG� WKHVH�PHWKRGV� DUH�
UHVSHFWLYHO\�H[DPLQDWLRQ�DQG�DFWXDWLRQ��-DUGLQH�DQG�6LEVRQ���������
�
3HUPDQHQW� SKHURPRQH� FRQGHQVDWLRQ� LV� FKDUDFWHUL]HG� DV� �4 �� � 7KLV� SKHURPRQH�
FRQGHQVDWLRQ� SHUPDQHQW� VSHFLI\� VWDELOLW\� EHWZHHQ� H[DPLQDWLRQ� DQG� DFWXDWLRQ� WKDW� LV��

�� � ��4 ���
�
7KH�VROXWLRQ�LV�IRXQG�E\�SURGXFLQJ�D�QXPEHU�WKDW�LV�UDQGRPO\�VHOHFWLRQ���
�
7KH�IROORZLQJ�WKLQJ�LV�DEDWHG�WKDW�GHSHQGV�RQ�WKH�SKHURPRQH�FRQGHQVDWLRQ�ZKLFK�XVHV�

�S � �IURP�HTXDWLRQ����ZKHQ�WKH�QXPEHU�LV�VPDOOHU�WKDQ� �4 ���2QH�RI�WKH�FOXVWHUV�RI�.�LV�
FKRVHQ�UDQGRPO\��LI�WKH�QXPEHU�LV�ELJJHU�WKDQ� �4 ��������
�
'DWDVHW�REMHFWV�VWDQG�DV� `�����^ �� �&&& ��������
����
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�� ��F �L¶WK�VDPSOH�RI�WKH�Y¶WK�DWWULEXWH�YDOXH���
�

�� ��W � �7KH�YDOXH� LV���ZKHQ� L¶WK�REMHFW� LV� LQ�FOXVWHU� M��7KH�YDOXH� LV���ZKHQ� L¶WK�
REMHFW�LV�QRW�LQ�FOXVWHU�M�� .M1L �����������   �

�
:KHQ� WKH� YDOXH� RI� L
WK�PRGHO� RI� WKH� M
WK� FOXVWHU� LV� UHJDUGLQJ� WR� WKH� FOXVWHU� WKHQ�YDOXH�
EHFRPHV���� �:KHQ� WKH�YDOXH�RI� WKH� L
WK�PRGHO�RI� WKH� M
WK� FOXVWHU� LVQ
W� UHJDUGLQJ� WR� WKH�
FOXVWHU�WKHQ�WKH�YDOXH�EHFRPHV����$OO�WKHVH�YDOXHV�DUH�NHSW�LQ�7LM�
V�FOXVWHU�WKDW�LV�1[.�
PDWUL[��
�
6KHKORNDU�LV�WKH�PHWKRG�WKDW�LV�XSGDWHG��LQ�WKHVLV�VWDWHPHQW�DQG�QRPLQDO�DWWULEXWHV�ZLOO�
EH�KDQGOHG��DV� ��Q � ��
�

�� ��Q �L¶WK�FOXVWHU¶V�M¶WK�DWWULEXWH
V�PRGH��
�
,Q�WKLV�WKHVLV�VWDWHPHQW���WKH�GLVWDQFH�PHWULF�LV�KDQGOHG�WKDW�KDV�VRPH�GLIIHUHQFHV�IURP�
WKH� PHWKRG� RI� 6KHORNDU�� 0DQKDWWDQ� GLVWDQFH� FDQ� EH� XVHG� IRU� WKH� PHDVXUHPHQWV�
VLPLODULW\�EHWZHHQ�WKLQJV��
0DQKDWWDQ�GLVWDQFH�IRUPXOD�LV�GHILQHG�DV��
�
� � �! P[ "" � �� � � �� ������ � � � �
�
6FDWWHU�VHSHUDELOLW\�FULWHULRQ�SURYLGHV�FOXVWHU�VLPLODULW\�DQG�LW�LV�WKH�DLP�RI�WKH�FOXVWHULQJ�
DOJRULWKP���
�
7KH� HTXDWLRQ� DERYH� FDOFXODWHV� WKH� FRKHUHQFH� RI� WKH� UHVXOWV�� 0DQKDWWDQ� GLVWDQFH�
VXPPDWLRQ�LV�DPRQJ�WKLQJV�DQG�FOXVWHU�FHQWURLGV��
�
�

0LQ�)��Z��P� �¦ ¦ ¦# # # �$
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7KLV� DOJRULWKP
V� IROORZLQJ� VWHS� LV� DERXW� ILQGLQJ� WKH� YDOXHV� WKDW� ILWV�ZLWK� WKH� DFFXUDWH�
VROXWLRQV��,Q�WKLV�VWHS��ORFDO�VHDUFK�LV�XVHG�WR�ILQG�WKH�DFFXUDWH�VROXWLRQV�EXW�LV�QRW�XVHG�
WR�ILQG�DOO�RI�WKH�VROXWLRQV������RI�WKH�UHVXOWV�DUH�KDQGOHG�IRU�ORFDO�VHDUFK�LQ�6KHORNDU
V�
PHWKRG��/RFDO�VHDUFKLQJ�LV�SUHSDULQJ�LQ�DVFHQGLQJ�RUGHU�IURP�/�WRS�TXDOLW\�UHVXOWV��
�

�, -S �LV�WKH�VHDUFK�FKDQFH�DQG�D�SHUPDQHQW�QXPEHU�DPRQJ���DQG����
�

/RFDO�VHDUFK�URXWLQH�LV�H[HFXWHG�DIWHU�WKH�GHWHUPLQDWLRQ�RI�WKH�DFFXUDWH�UHVXOWV��7KHQ�/�
UHVXOWV�DUH�SURGXFHG�WKHQ�WKH�FKDQFH�QXPEHU�LV�UHVSHFWLYHO\�JLYHQ�LQ�QRPLQHH�UHVXOW��
�
7KH�UHVXOWV�DUH�H[DPLQHG�DQG�WKHQ�LI�WKH�QXPEHU�WKDW�LV�FKRVHQ�UDQGRPO\�LV�VPDOOHU�WKDQ�
VHDUFK� WKUHVKROG�� L
WK�RI� WKH�FDVH� LV�XSGDWHG� WR�FOXVWHU� WKDW�FDQ�EH�PDGH��2Q� WKH�RWKHU�
KDQG�WKH�UHVXOW�VWDQG�VDPH��
�
$FFRUGLQJ�WR�WKLV�FRLQFLGHQWDO�VROXWLRQ��IDFWRUV�DUH�VHDUFKHG��7KLV�PHWKRG�FDQ�H[HFXWH�
IRU� DOO� WKH� QRPLQHH� UHVXOWV�� ,Q� DGGLWLRQ� WKH� UHVXOW� LV� FRPSOHWHG�ZKHQ� WKH� FKDQJLQJ� LV�
ILQLVKHG�GXH�WR�WKHVH�UHVXOWV��,Q�FRQFOXVLRQ��H[FKDQJH�SURFHVV�LV�H[HFXWHG�EHWZHHQ�WKH�
VROXWLRQV�ZKHQ�DFFXUDWH�YDOXH�LV�ELJJHU�WKDQ�WKH�RULJLQDO�UHVXOW��
�
$QW� FRORQ\� RSWLPL]DWLRQ
V� ODVW� VWHS� LV� DERXW� WKH� H[FKDQJH� SURFHVV�� 6HDUFKLQJ� WKH�
DFFXUDWH� UHVXOWV� DQG� FRPSDULQJ� ZLWK� � WKH� RULJLQDO� YDOXHV�� DQW� FRORQ\� RSWLPL]DWLRQ�
SKHURPRQH�XSGDWHV�WKHVH�YDOXHV��
�
3KHURPRQH�PDWUL[�LV�HIIHFWHG�IURP�WKH�EHVW�UHVXOWV��3KHURPRQH�PDWUL[�LV�XSGDWHG�IURP�
/�UHVXOWV�DQG�/�UHVXOWV�DUH�XSGDWHG�IURP�WKH�IRUPXOD�EHORZ��
�

.
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./0/0 WNW 2322 �������� WWW ¦ 4 '�� � � � � � � �

.M1L �����������   �
�

�N �LQ�WKLV�HTXDWLRQ�LV�WKH�SKHURPRQH�YDSRUL]DWLRQ�UDWH��
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��
7KHUH� DUH� QHZ� UHVXOWV� WKDW� FRPH� LQWR� EHLQJ� VORZHU�ZKLOH� WKH� YDSRUL]DWLRQ� SDUDPHWHU�
ULVHV�LQ�H[DPLQDWLRQ��2Q�WKH�RWKHU�KDQG�SDUDPHWHUV�WKDW�DUH�UHODWHG�ZLWK�YDSRUL]DWLRQ�DUH�
GHFOLQHG��
�

�56 78W' ��3KHURPRQH�PDWUL[
V�SKHURPRQH�DPRXQWV��
�
3UHFLSLWDWH�TXDQWLW\�LV�IRXQG�DV 9*�� ��WKDW�WKLV�VWXG\
V�DLP�LV�GHFUHPHQW�RI�� :* �����
0RUHRYHU��WKLV�PHWKRG�LV�H[HFXWHG� WR�KDYH� WKH�PD[LPDO�UHSHWLWLRQV�RI�REMHFWV� WKDW�DUH�
FOXVWHUHG��
�

������ 6%6�$OJRULWKP�
&KHFNLQJ� OHDUQLQJ� IRU� WKH� VHOHFWLRQ� RI� SURSHUWLHV�� SURYLGHV� FRQVHFXWLYH� UHIOX[� VHDUFK�
ZKLFK�LV�D�KHXULVWLF�PHWKRG�>��@��7KH�SURSHUW\�VXEVHW�YDOXHV�DUH�HOLPLQDWHG�DFFRUGLQJ�WR�
WKH�ZRUVW�YDOXHV�DFFRUGLQJ�WR�FRQVHFXWLYH�UHIOX[�VHOHFWLRQ�WKDW�EHJLQV�ZLWK�VHW�ZKLFK�KDV�
DOO�SURSHUWLHV��
�
,Q�FRQFOXVLRQ�VHDUFKLQJ�LV�ILQLVKHG�LI�WKHUH�LVQ
W�DQ\�HYROXWLRQ�RQ�WKH�SURSHUW\�VHW��
�
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�
7KHUH� LV�D�SURFHGXUH� WKDW� LV� DERXW� DVVHVV��7KLV�PHWKRG�EHJLQV�RQ� WKH� VHW� WKDW�KDV� IXOO�
SURSHUWLHV�� 7KH� VROXWLRQV� DUH� GHWHUPLQHG� DFFRUGLQJ� WR� WKH� WKLV� PHWKRG�� $OO� RI� WKH�
SURSHUWLHV�DUH�WDNHQ�DQG�QHZ�VROXWLRQV�DUH�IRUPHG���
�



�
�

���

%\�XVLQJ� WKLV�PHWKRG�� WKHUH� LV�DOZD\V� IHDWXUH� VHOHFWLRQ�RQ�HDFK� VWDLUV�RI� WKLV�PHWKRG��
2QH�RI�WKH�IHDWXUH�LV�SLFNHG�XS�RQ�HDFK�VWHS��7KHUHIRUH�WKH�DFFXUDWH�YDOXH�LV�GHWHUPLQHG�
IURP�WKH�GDWD�WKDW�LV�SURSHUW\�VHW��
�
7KH� IHDWXUH� LV� VHOHFWHG� GXH� WR� WKH� UHVXOWV� UHODWHG� ZLWK� KLJKHVW� DFFXUDWLRQ� UDWH�� 7KLV�
SURFHVV� LV� FRQWLQXHG� WR� ILQG� WKH� ODVW� VROXWLRQ� WKDW� KDV� QR� LQQRYDWLRQ� WKDW� FDQ� EH�
GHWHUPLQHG��
�

������ )HDWXUH�6HOHFWLQJ�$QW�&RORQ\�&OXVWHULQJ��)6�$&2�&/867(5,1*��
7KHUH�DUH�WKUHH�SDUWV�RI�ZUDSSHU
V�DOJRULWP��7KHVH�SDUWV�DUH�UHVSHFWLYHO\�SURSHUW\�VHDUFK�
�� XQVXSHUYLVHG� OHDUQLQJ� DQG� DVVHVVPHQW� DOJRULWKP�� 7KH� ILUVW� DOJRULWKP� LV� 6%6� LQ� WKLV�
WKHVLV�VWDWHPHQW��7KH�VHFRQG�RQH�LV�$&2�FOXVWHULQJ�DOJRULWKP�DQG�WKH�WKLUG�RQH�LV�DERXW�
DVVHVVPHQW�DOJRULWKP��,Q�DGGLWLRQ��DVVHVVPHQW�IXQFWLRQ�XVHV�XQLILHG�FULWHULRQ�DSSURDFK��
�

������ 8QLILHG��(YDOXDWLRQ�&ULWHULD�
3URSHUW\� FKRLFH� DQG� FOXVWHULQJ� SURFHVV� DUH� DVVRFLDWHG� LQ�:UDSSHU� DSSURDFK�� � 7KHVH�
DVVRFLDWLRQ� SURFHVV� UHTXLUHV� DQ� HYDOXDWLRQ� SURFHGXUH�� 7KHUH� LV� RQO\� RQH� DVVHVVPHQW�
SURFHGXUH� WKDW� LV� XVHG� LQ� WKLV� WKHVLV� VWDWHPHQW� IRU� SURSHUW\� VHOHFWLRQ� DQG� FOXVWHULQJ�
SURFHVV��
�
7KH�XQLILHG�FULWHULD�6FDWWHU�VHSHUDELOLW\�LQGH[�LV�DV�EHORZ��
�
6 Q ��LV�DERXW�FOXVWHU�REMHFW�GLVWDQFHV�IURP�FOXVWHU
V�FHQWUH���
�
6 R ��LV�DERXW��FOXVWHU�REMHFW�GLVWDQFHV�IURP�FOXVWHU
V�LQWUD���
�
� ¦¦STS � 
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X VXX VY P[Z6 ZTZ � � � � � � � �
�
�  [ \P PRGH�RI�WKH�L¶WK�DWWULEXWH¶V�PRGH�YDOXH�LQ�WKH�FOXVWHU�M���
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7KH�VFDWWHU�VHSHUDELOLW\�LQGH[�LV����
�
� �� kml

n 66WUDFH o � � � � � � � � � �
�
,I�WKH�QXPEHU�RI�SDUDPHWHUV�ULVH�WKHQ�WKLV�LQGH[�ULVHV��7KLV�SURFHGXUH�LV�QRW�UHODWHG�ZLWK�
SURSHUW\� VHOHFWLRQ�� 7KHUH� LV� D� SHQDOW\� JORVVDU\� WR� FRQWURO� DQG� FKHFN� WKH� YDOXHV�
DVVHVVPHQW��

�
�������������������������������)LJXUH�����)6�$&2�&OXVWHULQJ�
�
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'LVWDQFH� EHWZHHQ� REMHFWV� WR� WKH� FHQWHU� LV� GHILQHG� DV� HYDOXDWLRQ� IXQFWLRQV�� 1RPLQDO�
DWWULEXWHV� LV� XVHG� LQ�)6�$&2� FOXVWHULQJ� DOJRULWKP� LQ� WKLV� WKHVLV� VWDWHPHQW��7KHUH� LV� D�
SURFHVV�� )LUVWO\�� DFFRUGLQJ� WR� WKH� IRUPDW� RI� GDWD� WKHVH� DWWULEXWHV� DUH� WDNHQ� IURP� WKH�
UHFRUG���
�
6HFRQGO\�� LQ� RUGHU� WR� GHFUHPHQW� RI�FRPSXWDWLRQDO� VXSSOHPHQWDU\� ORDG�RI� WKH�PHWKRG��
WKHVH�YDOXHV�DUH�XSGDWHG�DV�ELQDU\�YDOXHV��
�
7KH�DJHQWV�UHVSHFWLYHO\�H[HFXWH�UHVXOWV�DQG�WKLV�LV�D�SURFHVV��7KH�FOXVWHUV�DUH�SLFNHG�WR�
FDOFXODWH� WKH�FHQWURLGV�RI� WKHP�DQG� WKHQ� LWHUDWLRQ�SHUIRUPDQFH� LV� IRXQG�E\�HYDOXDWLRQ�
FULWHULD��
�
7KHQ�� DFFRUGLQJ� WR� WKH� UHVXOWV�RI� WKDW�� WKHUH� LV� D�HYDOXDWLRQ�SURFHGXUH� WR�FDOFXODWH� WKH�
RWKHU�UHVXOWV�DQG�WKH�WRS�UHVXOWV�DUH�FKRVHQ�E\�WKLV�SURFHGXUH��%\�WKLV�ZD\�WKH�UHVXOWV�DUH�
XSGDWHG�ZKHQ�WKH�QHZ�UHVXOWV�EHFRPH�PRUH�DFFXUDWH�ZLWK�WKH�ROGHVW�RQHV��
�
�
�
�
�
�
�
�
�
�
�
�
�
�
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��� ),1',1*6�

7KLV� VWXG\
V� VROXWLRQ� LV� FOHDUO\� H[SRXQGHG� LQ� WKLV� SDUW�� 7KH� RIIHULQJ� )6�$&2�
DJJUHJDWLRQ�PHWKRG
V�SHUIRUPDQFH�HVWLPDWLRQV�RQ�GDWD�DUH�JLYHQ��
�
7KH�RIIHUHG�PHWKRGV� ILUVW� VHFWLRQ� LV� WKH�GLVFUHWLD]LRQ�RI� WKH�GDWD��7KH�SURSHUW\�RI� WKH�
GDWD� DUH� WUDQVIRUPHG� LQWR� ELQQHG� � DVVHWV�� 1XPHULFDO� DPRXQWV� DUH� WUDQVIRUPHG� LQWR�
QRPLQDO�IHDWXUHV�LQ�UHVSHFW�RI�WKHLU�GLVWULEXWLRQ��
�

���� 3$5$0(7(5�6(77,1*6�
7KH�)6�$&2�FRQGHQVDWLRQ�DOJRULWKP�LV�SODQQHG��WR�KDYH�VRPH�PXOWLSOHV�WR�EH�DEOH�WR�
DGMXVW�WKH�OHDUQLQJ�GXUDWLRQ��,W� LPSOLHV�KXPDQ�LQWHUIHUHQFH�WR�WXQH�WKH�PXOWLSOHV�RI�WKH�
DOJRULWKP�� )LUVW� RI� DOO� WKH� SKHURPRQH� YDSRUL]DWLRQ� UDWLR� ZKLFK� PDNHV� WKH� VWDELOLW\�
EHWZHHQ�H[SORUDWLRQ��DQG�WKH��WDNLQJ�DGYDQWDJH�RI�VHW�WR������DV��'RULJR�RSHUDWLRQ�RQ�
'RULJR¶V�RZQ�ERRN���'RULJR��������7KH�VHW�RI�SKHURPRQH�SULRUL�SDUDPHWHUV�LV�VKRXOG�EH�
���� ZKLFK� GHILQLWLRQ� LV� DQW� WR� WDNH� WKH� REMHFW� WRJHWKHU� ZLWK�PD[LPXP� SKHURPRQH� RU�
GLIIHUHQW� DUWLFOH�� 7KHUHIRUH�� WKLV� UHVXOW� LV� QRW� JHW� VWXFN� WR� ORFDO� LV� WKH� ORZHVW�� ,I� WKH�
SDUDPHWHU�LV�PLQLPXP�WKHQ�WKH�UHVXOW�PD\�EH�VWXFN�WR�ORFDO�RSWLPXP��2Q�WKH�RWKHU�KDQG�
LI�WKH�SDUDPHWHUV�JR�XS�WKH�VROXWLRQ�PLJKW�QRW�FRQYHUJH�>��@��
�
7KH� QDWLYH� UHVHDUFK� WKUHVKROG� PDFUR� LV� DSSOLHG� WR� GHILQLWLRQ� WKH� SHUFHQWDJH� RI� WKH�
VDPSOHV� LQ� WKH� VROYH� WR� XVH� WKH� ORFDO� UHVHDUFK�� 7KH�PDLQ� VROYH� UDWHV� DUH� DSSOLHG� IRU�
SKHURPRQH�XSGDWH� RSHUDWLRQ��:KHWKHU� WKH� QXPEHU� RI� WKH� ILWWHVW� VROYHV�DUH� XSGDWH� WKH�
SKHURPRQH�WUDFN�PDWUL[�LV�PD[LPXP�RYHU��LW�KDSSHQHG�EDIIOLQJ�IRU�)6�$&2�DOJRULWKP�
WR�FRQYHUJH�WKH�YHU\�XQLYHUVDO�DQVZHU��
�
7KHUH� DUH� PDQ\� VHYHUDO� ORFDO� UHVHDUFK� PDFURV� WXQHV� XVHG� LQ� WUDLQLQJV�� )6�$&2� LV�
DOZD\V�GHYHORSHG�E\�FRQGHQVDWLRQ�WRRO�LV�DSSOLHG�LQ�WKLV�VXEMHFW��7KH�WHUPLQDWLRQ�WHVWV�
RI�WKH�)6�$&2�FRQGHQVDWLRQ�DOJRULWKP�LV�GHILQH�DV�WKH�KLJKHVW�QXPEHU�RI�LWHUDWLRQV��
�
7KH� QXPEHU� RI� HIIHFWLYH� LQIOXHQFH� WKH� FRQYHUJHQFH� RI� WKH� VROYLQJ�� 7KH� HIIHFWLYH�
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QXPEHUV� DUH� ULVLQJ�DQG� WKH� DOJRULWKP�FRQYHUJHV�TXLFNO\��0RUHRYHU� LI� WKH� GLJLW� RI� WKH�
HIIHFWLYH�ULVLQJ�WRR�PXFK��VR�WKH�FRQYHUJHQFH�UDWH�ULVLQJ��WKH�LQFOLQDWLRQ�RI�FRQYHUJLQJ�
WR� XQLYHUVDO� ORZHVW� GHFOLQH�� 2Q� WKH� GLJLW� RI� IHDWXUH� WR� UHPRYH� ULVLQJ�� WR� GR� VWXG\LQJ�
DOJRULWKP�PRUH�VWDEOH�WKH�GLJLW�RI�HIIHFWLYH�LV�ULVLQJ��
�
7KH�ORZHVW�GLJLW�RI�SURSHUW\�WKH�DOJRULWKP�PD\�EH�VHOHFW�DOVR�GHILQH�E\�D�PDFUR��
�

���� 75$,1,1*�7+(�)6�$&2�$/*257,+0�
0DFURV�RI�WKH�DOJRULWKP�DUH�RSWLPL]HG�RI�WKH�IROORZLQJ�GLIIHUHQW�SURYLQJ��7KH�HGXFDWLRQ�
GDWDVHW� ZKLFK� LV� H[SODLQHG� LQ� EHIRUH� SDUW�� VDPSOHG� LQ� RUGHU� WR� GHFUHDVH� WKH� FDOFXODWH�
FRPSOH[LW\�DQG�HGXFDWLRQ�WLPH��)RU�H[DPSOH�����VDPSOHV�DUH�XVHG�IRU�HGXFDWLRQ�RI�WKH�
)6�$&2�FRQGHQVDWLRQ�DOJRULWKP��
�
:KHQ�WKH\�UHVHDUFKLQJ�VRPH�VDPSOLQJ�IDFWRU�ZLOO�EH�PD[LPXP�VNHZHG��ILUVW�RI�DOO�WKH�
IDFWRUV�DUH�PD[LPXP�VNHZHG�GLVWULEXWLRQ��DUH�FDUULHG��)LQDOO\�WKH�UHVXOW�LV����IHDWXUHV�
DUH�XVHG�IRU�WKH�EHJLQQLQJ�HGXFDWLRQ�RI�WKH�GDWD��
�
,Q�WKH�GDWD�VHW�LQFUHDVH�DQG�WKHUH�DUH�KDYH�VRPH�RYHUODS�SUREOHP��7KHVH�SUREOHPV�DUH�
FDXVHG�VXLWDELOLW\�IXQFWLRQ�WR�EH�]HUR�DQG�LW�WDNH�WKH�ORFDO���]HUR���7KLV�FDVH�LV�VROXWLRQ�
E\�MRLQLQJ�WKH�WHUP���WR�WKH�VXLWDELOLW\�IXQFWLRQ��
�
)LUVW�SUDFWLFH��)6�$&2�FRQGHQVDWLRQ�DOJRULWKP�FDUU\LQJ���RI�WKH�PDLQ�TXDOLW\�IRUP�WKH�
HGXFDWLRQ�VHW��
�
0DFURV�VHWWLQJ�IRU�WKH�SUDFWLFH�DUH�JLYHQ�EHORZ��
�

7DEOH�����0DFURV�IRU�RQH�FKDUDFWHULVWLF�UHPRYDO�
3DUDPHWHU� 9DOXH�
WRWDO�QXPEHU�RI�DWWULEXWHV� ���
WRWDO�QXPEHU�RI�VDPSOHV� ����
WRWDO�QXPEHU�RI�FOXVWHUV�� ��
WRWDO�QXPEHU�RI�DJHQWV� ���
3KHURPRQH� ������
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7KH��3ULRU�3KHURPRQH� ����
(YRSRUDWLRQ�RI�3KHURPRQH� �����
7KH�7KUHVKROG�6HDUFK� �����
1XPEHU�RI�6HDUFK� ���
7RWDO�,WHUDWLRQ�1XPEHUV� �����
6HOHFWLRQ�RI�3URSHUW\� ���

�
&RQVLGHULQJ�WKH�KLJKHVW�UHSHWLWLRQ�GLJLW�LV�JLYHQ�DV������WKH�DOJRULWKP�FRQYHUJHV�EHIRUH�
UHDFKLQJ� WKH� KLJKHVW� QXPEHU� RI� UHSHWLWLRQ� LV� JLYHQ� PD[LPXP�� VR� WKH� UHGXFH� WKH�
SRVVLELOLW\�RI�SUHPDWXUH�FRQYHUJHQFH��
�
&HQWURLGV�RI�WKH�JURXSV�DUH�JLYHQ�LQ�WKLV�WDEOH��
�

7DEOH�����*URXSV�FHQWURLGV�DQG�XVHG�SURSHUW\�IRU�RQH�SURSHUW\�UHPRYDO�
� FOXVWHU��� FOXVWHU��� FOXVWHU��� FOXVWHU��� FOXVWHU��� &KRVHQ�
86$*(�2)�&�� )� )� )� )� )� ��
86$*(�2)�&�B�� 7� 7� )� 7� )� ��
86$*(�2)�&�� )� )� 7� 7� )� ��
&86720(5,'� )� )� )� )� )� ��
$*(� )� )� )� )� )� ��
,1&20(� )� )� )� 7� 7� ��
72//)5((� )� )� )� )� )� ��
/21*7(1� )� )� )� )� 7� ��
:,5(021� )� )� 7� 7� 7� ��
7(185(� )� )� )� )� )� ��
72//7(1� )� )� )� 7� )� ��
3(56B/2$1� +� /� ���� +� ���� ��
35'�B$07� +� ���� ���� ���� ���� ��
35'727B$07� ���� ���� /� +� +� ��
35'727�B$07� ���� ���� /� +� +� ��
,1685$1&(B$0
7� ���� ���� /� +� +� ��
35'727B'(%7� )� )� )� )� )� ��
,1685$1&(B'(%
7� )� )� )� )� )� ��
/2$1B$07� )� )� )� 7� 7� ��
35'�B$07� )� )� )� )� 7� ��
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�
&HQWURLGV�GHOLYHU�XV�DERXW�WKH�IHDWXUH�RI�WKH�FOLHQW�SURILOHV��
�
6HW���LV�D�RQH�SURGXFW�DQG�RQH�FKDQQHO�XVLQJ�FOLHQW�SURILOH��RQ�WKH�RWKHU�KDQG�KDYLQJ�ELJ�
DPRXQW�RQ�RQH��SURGXFH��
�
6HW� �� LV� DOVR� D� RQH� SURGXFH� XVHU� EDWFK�� KRZHYHU� LW� KDV� D� PLQLPXP� DPRXQW� VDYLQJ�
WHQGHQF\�LQ�WKH�SURGXFH��
�
6HW� �� SURILOH� FOLHQWV� PDNH� GLVVLPLODU� FKDQQHO� DQG� KDV� PRUH� SURGXFH� SHQHWUDWLRQ� � LQ�
ILQDOO\��,W�KDYH�PLQLPXP�DPRXQW�RI�PRQH\�LQ�WKRVH�SURGXFHV��
�
6HW� �� SURILOH� FOLHQW� DUH� WKH� YHU\� DFWLYH� XVHUV�� 7KHVH� FXVWRPHUV� KDYH� VHYHUDO� W\SHV� RI�
SURGXFWV�� VR� WKH\� HPSOR\� DOO� FKDQQHOV��&OLHQWV� TXDQWLW\� RI�PRQH\� LQ� WKH� SURGXFHUV� LV�
DOVR�PD[LPXP�LQ�DOO�VXEMHFWV��
�
6HW� �� SURILOH� FOLHQWV� KDYH� D� PD[LPXP� SURGXFH� SHQHWUDWLRQ�� &XVWRPHUV� VHOHFWLRQ� RI�
SURGXFHV�DUH�VHYHUDO�IURP�WKH�FOLHQW���SURILOH��0RUHRYHU�FOLHQWV�DOVR�NHHS�KLJK�DPRXQW�
RI�PRQH\�LQ�WKRVH�SURGXFH��
�
7KH�PHDVXUH�RI�WKH�EXQGOHV�DUH�JLYHQ�GRZQ��,W�VKRXOG�EH�WROG�WKDW�WKH�IUHTXHQF\�RI�WKH�
EXQGOHV�DERXW�HYHQO\�GLVWULEXWHG��
�

7DEOH�����6HW�GLVWULEXWLRQ�IRU�RQH�FKDUDFWHULVWLF�UHPRYDO�
&OXVWHUV� )UHTXHQF\�
3HUFHQW�RI�&OXVWHU��� ������������
3HUFHQW�RI�&OXVWHU��� ������������
3HUFHQW�RI�&OXVWHU��� ������������
3HUFHQW�RI�&OXVWHU��� ������������
3HUFHQW�RI�&OXVWHU��� �����������
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�
7KH� RWKHU� VHFRQG� WHVWLQJ�� �� FKDUDFWHULVWLF� DUH� FKRVHQ� WR� EH� UHPRYHG� IURP� WKH�
FKDUDFWHULVWLF�FOXVWHU��7KH�PDFURV�VHWWLQJ�IRU�WKLV�SURYLQJ��LV�JLYHQ�GRZQ�WDEOH��
�

7DEOH�����0DFURV�IRU�WKUHH�FKDUDFWHULVWLF�UHPRYDO�
3DUDPHWHU� 9DOXH�
WRWDO�QXPEHU�RI�DWWULEXWHV� ���
WRWDO�QXPEHU�RI�VDPSOHV� ����
WRWDO�QXPEHU�RI�FOXVWHUV�� ��
WRWDO�QXPEHU�RI�DJHQWV� ���
3KHURPRQH� ������
7KH��3ULRU�3KHURPRQH� ����
(YRSRUDWLRQ�RI�3KHURPRQH� �����
7KH�7KUHVKROG�6HDUFK� �����
1XPEHU�RI�6HDUFK� ���
7RWDO�,WHUDWLRQ�1XPEHUV� �����
6HOHFWLRQ�RI�3URSHUW\� ���

�
7KLV�WDEOH�SRLQW�WKH�FHQWURLGV�RI�WKH�VHW�DQG�WKH�FKDUDFWHULVWLF�VHOHFWHG�LQ�WKLV�LQVWDQFH��
�

7DEOH�����6HOHFWHG�FKDUDFWHULVWLF�IRU�WKUHH�FKDUDFWHULVWLF�UHPRYDO�
$775,%87(� FOXVWHU��� FOXVWHU��� FOXVWHU��� FOXVWHU��� FOXVWHU��� &KRVHQ�
86$*(�2)�&�� )� )� )� )� )� ��
86$*(�2)�&�B�� 7� )� 7� 7� 7� ��
86$*(�2)�&�� )� )� )� 7� 7� ��
&86720(5,'� )� )� )� )� )� ��
$*(� )� )� )� )� )� ��
,1&20(� 7� )� )� )� )� ��
72//)5((� )� )� )� )� )� ��
/21*7(1� )� )� )� )� )� ��
:,5(021� 7� 7� )� )� )� ��
7(185(� )� )� )� )� )� ��
72//7(1� )� )� )� )� )� ��
3(56B/2$1� ���� ���� /� +� +� ��
35'�B$07� ���� ���� ���� +� +� ��
35'727B$07� +� /� ���� ���� ���� ��
35'727�B$07� +� /� ���� ���� ���� ��
,1685$1&(B$07� +� /� ���� ���� ���� ��
35'727B'(%7� )� )� )� )� )� ��
,1685$1&(B'(%7� )� )� )� )� )� ��
/2$1B$07� 7� )� )� )� )� ��
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�
$FFRUGLQJ�WKH�JUDSKLFV�GHOLYHU�XV�LQVLJKWV�FRQFHUQLQJ�WKH�)6�$&2�VHWV�DOJRULWKP
V�
ZUDSSHU�IHDWXUHV��
�
,I�WKH�[�D[LV�LV�WKH�FKDUDFWHULVWLFV�LQ�UDQJH�>����@��\�D[LV�LV�WKH�QXPEHU�RI�UHSHWLWLRQ�DQG�
WKH�]�D[LV�JLYHQ�XV�LI�WKH�FKDUDFWHULVWLFV�XVHG�RU�QRW�ZLWK�%RROHDQ�YDOXHV��������
�
,W�VKRXOG�EH�PDGH�WKDW�LQ�WKH�ILUVW�UHSHWLWLRQ�WKH������������LQGH[HG�FKDUDFWHULVWLFV�ZHUH�
XVHG��$V�WKH�UHSHWLWLRQ�FRQWLQXHV�DQG�VHYHUDO�FKDUDFWHULVWLFV�FOXVWHU�EHFRPH�WKH�RSWLPDO�
FKDUDFWHULVWLFV�VHW��7KH�FKDUDFWHULVWLFV�VHW�DOVR�JLYHV�GLUHFWLRQV�WR�WKH�RSWLPDOLW\�RI�WKH�
DQVZHU��
�

�
�
�����������)LJXUH�����6HOHFWHG�FKDUDFWHULVWLFV�YV��5HSHWLWLRQ�IRU���FKDUDFWHULVWLFV�UHPRYDO�
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)UHTXHQF\�RI�WKH�FDOFXODWHG�FOXVWHUV�WDEOH�LV�VHHQ�EHORZ��
�

7DEOH�����&OXVWHU�GLVWULEXWLRQ�IRU�RQH�IHDWXUH�UHPRYDO�
&OXVWHU� )UHTXHQF\�
3HUFHQW�RI�&OXVWHU��� ������������
3HUFHQW�RI�&OXVWHU��� ������������
3HUFHQW�RI�&OXVWHU��� ������������
3HUFHQW�RI�&OXVWHU��� �����������
3HUFHQW�RI�&OXVWHU��� ������������

�
��SURSHUWLHV�DUH�GHOHWHG�LQ�WKH�WKLUG�H[SHULPHQW�IURP�SURSHUW\�VHW��0RUHRYHU��WKHUH�DUH�D�
ORW� RI� LWHUDWLRQV� WKDW� SURYLGHV� WR� FRJQL]H� WKH� FRPSOLFDWLRQ� RI� SURSHUW\� VSDFH�� VR� WKH�
PD[LPXP�LWHUDWLRQV�PDFUR�ULVHV��
�

7DEOH�����3DUDPHWHUV�IRU�ILYH�IHDWXUH�UHPRYDO�
3DUDPHWHU� 9DOXH�
WRWDO�QXPEHU�RI�DWWULEXWHV� ���
WRWDO�QXPEHU�RI�VDPSOHV� ����
WRWDO�QXPEHU�RI�FOXVWHUV�� ��
WRWDO�QXPEHU�RI�DJHQWV� ���
3KHURPRQH� ������
7KH��3ULRU�3KHURPRQH� ����
(YRSRUDWLRQ�RI�3KHURPRQH� �����
7KH�7KUHVKROG�6HDUFK� �����
1XPEHU�RI�6HDUFK� ���
7RWDO�,WHUDWLRQ�1XPEHUV� �����
6HOHFWLRQ�RI�3URSHUW\� ���

�
3URSHUW\�VHOHFWLRQ�DQG�&HQWURLGV�RI�FOXVWHUV�DUH�VHHQ�EHORZ��
�

7DEOH�����6HOHFWHG�IHDWXUHV�IRU�ILYH�IHDWXUH�UHPRYDO�
$775,%87(� FOXVWHU��� FOXVWHU��� FOXVWHU��� FOXVWHU��� FOXVWHU��� &KRVHQ�
86$*(�2)�&�� )� )� )� )� )� ��
86$*(�2)�&�B�� 7� 7� )� 7� 7� ��
86$*(�2)�&�� )� )� )� 7� 7� ��
&86720(5,'� )� )� )� )� )� ��
$*(� )� )� )� )� )� ��
,1&20(� )� )� 7� )� )� ��
72//)5((� )� )� )� )� )� ��
/21*7(1� )� )� )� )� )� ��
:,5(021� )� 7� 7� )� )� ��
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7(185(� )� )� )� )� )� ��
72//7(1� )� )� )� )� )� ��
3(56B/2$1� /� +� ���� 0� +� ��
35'�B$07� ���� /� ���� +� +� ��
35'727B$07� ���� /� +� ���� ���� ��
35'727�B$07� ���� /� /� ���� ���� ��
,1685$1&(B$0
7� ���� /� /� ���� ���� ��
35'727B'(%7� )� )� )� )� )� ��
,1685$1&(B'(%
7� )� )� )� )� )� ��
/2$1B$07� )� )� 7� )� )� ��
35'�B$07� )� )� )� )� )� ��
�
)LJXUH�LQGLFDWH�WKH�LWHUDWLRQV�DERXW�WKH�DOWHUQDWLRQ�RI�VHOHFWHG�SURSHUW\��
�

�
������)LJXUH�����6HOHFWHG�IHDWXUHV�YV��,WHUDWLRQV�IRU���IHDWXUH�UHPRYDO�
�
)UHTXHQF\�RI�WKH�FDOFXODWHG�FOXVWHUV�WDEOH�LV�VHHQ�EHORZ��
�

7DEOH�����&OXVWHU�GLVWULEXWLRQ�IRU�ILYH�IHDWXUH�UHPRYDO�
&OXVWHU� )UHTXHQF\�
3HUFHQW�RI�&OXVWHU��� ������������
3HUFHQW�RI�&OXVWHU��� �����������
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3HUFHQW�RI�&OXVWHU��� �������������
3HUFHQW�RI�&OXVWHU��� ������������
3HUFHQW�RI�&OXVWHU��� ������������

�
��SURSHUWLHV�DUH�GHOHWHG�LQ�WKH�IRXUWK�H[SHULPHQW�IURP�SURSHUW\�VHW��0RUHRYHU��WKHUH�DUH�
����� LWHUDWLRQV� ZKLFK� LV� WKH� PD[LPXP� QXPEHU� ZKLFK� SURYLGHV� WR� FRJQL]H� WKH�
FRPSOLFDWLRQ�RI�SURSHUW\�VSDFH��7KH�PDFUR�VHWWLQJ�LV�VHHQ�EHORZ��
�

7DEOH������3DUDPHWHUV�IRU�HLJKW�IHDWXUH�UHPRYDO�
3DUDPHWHU� 9DOXH�
WRWDO�QXPEHU�RI�DWWULEXWHV� ���
WRWDO�QXPEHU�RI�VDPSOHV� ����
WRWDO�QXPEHU�RI�FOXVWHUV�� ��
WRWDO�QXPEHU�RI�DJHQWV� ���
3KHURPRQH� ������
7KH��3ULRU�3KHURPRQH� ����
(YRSRUDWLRQ�RI�3KHURPRQH� �����
7KH�7KUHVKROG�6HDUFK� �����
1XPEHU�RI�6HDUFK� ���
7RWDO�,WHUDWLRQ�1XPEHUV� �����
6HOHFWLRQ�RI�3URSHUW\� ���

�
3URSHUW\�VHOHFWLRQ�DQG�&HQWURLGV�RI�FOXVWHUV�DUH�VHHQ�EHORZ��

�
7DEOH������6HOHFWHG�IHDWXUHV�IRU�HLJKW�IHDWXUH�UHPRYDO�

$775,%87(� FOXVWHU��� FOXVWHU��� FOXVWHU��� FOXVWHU��� FOXVWHU��� &KRVHQ�
86$*(�2)�&�� )� )� )� )� )� ��
&86720(5,'� )� )� )� )� )� ��
7(185(� )� )� )� )� )� ��
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,1685$1&(B$0
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/2$1B$07� )� )� )� 7� )� ��
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�
)UHTXHQF\�RI�WKH�FDOFXODWHG�FOXVWHUV�WDEOH�LV�VHHQ�EHORZ��
�

7DEOH������&OXVWHU�GLVWULEXWLRQ�IRU�ILYH�IHDWXUH�UHPRYDO�
&OXVWHU� )UHTXHQF\�
3HUFHQW�RI�&OXVWHU��� ������������
3HUFHQW�RI�&OXVWHU��� �����������
3HUFHQW�RI�&OXVWHU��� ��������
3HUFHQW�RI�&OXVWHU��� ������������
3HUFHQW�RI�&OXVWHU��� ������������

�
7KHUH� DUH� ILIWK� H[SHULHQFH� DQG� DFFRUGLQJ� WR� WKLV� H[SHULHQFH� WKH� IHDWXUH� QXPEHU� LV�
XSGDWHG�DV����7KH�SUREOHPV�DUH�PRUH�LPSXUH�DV�WKH�SURSHUW\�QXPEHU�ULVHV��$V�D�UHVXOW�
DJHQW�QXPEHU�LV�ULVHQ�WR����DV�VHHQ�EHORZ��
�

7DEOH������3DUDPHWHUV�IRU�HLJKW�IHDWXUH�UHPRYDO�
3DUDPHWHU� 9DOXH�
WRWDO�QXPEHU�RI�DWWULEXWHV� ���
WRWDO�QXPEHU�RI�VDPSOHV� ����
WRWDO�QXPEHU�RI�FOXVWHUV�� ��
WRWDO�QXPEHU�RI�DJHQWV� ���
3KHURPRQH� ������
7KH��3ULRU�3KHURPRQH� ����
(YRSRUDWLRQ�RI�3KHURPRQH� �����
7KH�7KUHVKROG�6HDUFK� �����
1XPEHU�RI�6HDUFK� ���
7RWDO�,WHUDWLRQ�1XPEHUV� �����
6HOHFWLRQ�RI�3URSHUW\� ���

�
3URSHUW\�VHOHFWLRQ�DQG�&HQWURLGV�RI�FOXVWHUV�DUH�VHHQ�EHORZ��
�

7DEOH������6HOHFWHG�IHDWXUHV�IRU�HLJKW�IHDWXUH�UHPRYDO�
$775,%87(� FOXVWHU��� FOXVWHU��� FOXVWHU��� FOXVWHU��� FOXVWHU��� &KRVHQ�
86$*(�2)�&�� )� )� )� )� )� ��
&86720(5,'� )� )� )� )� )� ��
$*(� )� )� )� )� )� ��



�
�

���
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35'727B$07� /� /� ���� +� +� ��
,1685$1&(B'(%
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7(185(� )� )� )� )� )� ��
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3(56B/2$1� ���� ���� /� ���� ���� ��
35'�B$07� ���� ���� ���� ���� ���� ��
35'727�B$07� /� /� ���� +� +� ��
,1685$1&(B$0
7� /� /� ���� +� +� ��
35'727B'(%7� )� )� )� )� )� ��
�
&DOFXODWHG�IUHTXHQF\�RI�WKH�FOXVWHUV�DUH�VHHQ�EHORZ���
�

7DEOH������&OXVWHU�GLVWULEXWLRQ�IRU�HLJKW�IHDWXUH�UHPRYDO�
&OXVWHU� )UHTXHQF\�
3HUFHQW�RI�&OXVWHU��� ������������
3HUFHQW�RI�&OXVWHU��� ���������
3HUFHQW�RI�&OXVWHU��� ������������
3HUFHQW�RI�&OXVWHU��� ������������
3HUFHQW�RI�&OXVWHU��� ��� ���������

�
&ODVVLILFDWLRQ�LV�EHLQJ�GRQH�E\�:HND�ZKLFK�LV�D�GDWD�PLQLQJ�WRRO�ZLWK�QDLYH�ED\HVLDQ�
PHWKRG��1DLYH�ED\HVLDQ�DOJRULWKP�SURGXFHV� WHQ� UXOHV�IRU�FODVVLILFDWLRQ��7KHUH� LV�D� OLVW�
EHORZ�WKDW�LQFOXGHV�WKH�UXOHV��
�
5XOH����7KLV�UXOH�FRQWDLQV�WKH�FXVWRPHUV�DJH�ZKLFK�DUH�XQGHU�HLJKWHHQ�RU�RYHU�HLJKWHHQ�
\HDUV� ROG�� ,I� WKH� FXVWRPHUV� DUH� XQGHU� HLJKWHHQ� \HDUV� ROG�� WKH� FRPSDQ\� ORVH� WKHLU�
FXVWRPHUV�HDVLO\���,I�WKH�FXVWRPHUV�DUH�ROGHU�WKDQ�HLJKWHHQ�\HDUV�ROG��WKH�FRPSDQ\�GRQ
W�
ORVH�WKHLU�FXVWRPHUV��
�
5XOH����7KLV�UXOH�FRQWDLQV�WKH�FXVWRPHUV��DJH�ZKLFK�DUH�XQGHU�ILIW\�\HDUV�ROG�DQG�RYHU�
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WKLUW\�\HDUV�ROG��,I�WKH�FXVWRPHUV�DUH�RYHU�WKLUW\�\HDUV�ROG�DQG�EHORZ�ILIW\�\HDUV�ROG��WKH�
FRPSDQ\�ORVH�WKHLU�FXVWRPHUV�HDVLO\��,I�WKH�FXVWRPHUV�RYHU�ILIW\�\HDUV�ROG��WKH�FRPSDQ\�
GRQ
W�ORVH�WKHLU�FXVWRPHUV��
�
5XOH����7KLV�UXOH�FRQWDLQV�WKH�FXVWRPHUV�DJH�DQG�JHQGHU�LQIRUPDWLRQ�ZKLFK�DUH�EHWZHHQ�
WKLUW\� DQG� ILIW\� \HDUV� DQG�PDOH� RU� IHPDOH� LQIRUPDWLRQV�� ,I� WKH� FXVWRPHU� LV� XQGHU� ILIW\�
\HDUV� ROG� DQG� RYHU� WKLU\� \HDUV� ROG� DQG� JHQGHU� LV� IHPDOH�� WKH� FRPSDQ\� ORVH� WKHLU�
FXVWRPHUV�ZKHQ�WKHUH�LV�D�OLPLW�XQGHU�WKHLU�LQFRPH�RQ�WKHLU�FUHGLW�FDUGV��7KLV�FRPSDQ\�
KDV�WR�JLYH�FUHGLW�OLPLW�RYHU�WKHLU�LQFRPHV��
�
5XOH� ��� 7KLV� UXOH� FRQWDLQV� WKH� FXVWRPHUV� LQFRPH� DQG� PRQWKO\� H[SHQVHV�� ,I� WKH�
FXVWRPHU
V� LQFRPH� LV�PRUH� WKDQ�KLV�RU�KHU�PRQWKO\�H[SHQVH�� WKH�EDQN�VKRXOG�SUHSDUH�
VRPH�FDPSDLJQV�WR�WKLV�JURXS�FXVWRPHUV�QRW�WR�ORVH�WKHP��
�
5XOH����7KLV� UXOH�FRQWDLQV� WKH�FXVWRPHUV� UHJLRQ��DJH��JHQGHU�� LQFRPH�� ,I� WKH�FXVWRPHU�
OLYHV�LQ�HDVW�DQG�EHWZHHQ�HLJKWHHQ��WKLUW\�\HDUV�ROG��IHPDOH�DQG�KDV�WKH�VDODU\�EHWZHHQ�
WZR�WKRXVDQG�DQG�ILYH�WKRXVDQG�WXUNLVK�OLUDV��WKHQ�WKH�FRPSDQ\�VKRXOG�SURYLGH�KLP�RU�
KHU�FUHGLW�RYHU�KLV�RU�KHU� LQFRPH�� ,I� WKH�FXVWRPHU� OLYHV� LQ�ZHVW�DQG�EHWZHHQ�HLJKWHHQ�
WKLUW\� \HDUV� ROG�� IHPDOH� DQG� KDV� WKH� VDODU\� EHWZHHQ� WZR� WKRXVDQG� DQG� ILYH� WKRXVDQG�
WXUNLVK�OLUDV��WKH�FRPSDQ\�GRHVQ
W�KDYH�WR�SURYLGH�FUHGLW�RYHU�KLV�RU�KHU�LQFRPH��
�
5XOH����7KLV� UXOH�FRQWDLQV� LQIRUPDWLRQ�DERXW�FXVWRPHUV�PDULWXDO� VWDWXV�DQG�JHQGHU�� ,I�
WKH� FXVWRPHU� LV�PDUULHG� DQG�PDOH�� WKH� FRPSDQ\� � GRHVQ
W� KDYH� WR� SURYLGH� VRPH� H[WUD�
FDPSDLJQV�EXW�LI�WKH�FXVWRPHU�LV�PDUULHG�DQG�IHPDOH��WKH�FRPSDQ\�KDV�WR�SURYLGH�H[WUD�
FDPSDLJQ�QRW�WR�ORVH�WKHLU�FXVWRPHUV��
�
5XOH����7KLV� UXOH�FRQWDLQV� LQIRUPDWLRQ�DERXW�FXVWRPHUV� WHQXUH�� ,I� WKH�FXVWRPHU�ZRUNV�
EHORZ� ILYH� \HDUV� DW� WKH� VDPH� FRPSDQ\�� WKH� FDPSDLJQ� GRHVQ
W� QHHG� WR� SURYLGH� FUHGLW�
FDPSDLJQV��%XW�LI�WKH�FXVWRPHU�ZRUNV�EHWZHHQ�WZR�DQG�ILYH�\HDUV�DW�WKH�VDPH�FRPSDQ\�
KDV� WR� SURYLGH� H[WUD� FDPSDLJQV� WR� WKLV� JURXS� RI� FXVWRPHUV�� %HFDXVH�� WKLV� W\SH� RI�
FXVWRPHUV�DUH�QRW�UHOLDEOH�WR�DOO�EDQNV�VR�WKH\�SUHIHU�WKH�EDQNV�WKDW�SURYLGHV�WKHP�FUHGLW�
FDPSDLJQV��
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�
5XOH����7KLV� UXOH�FRQWDLQV� WKH� LQIRUPDWLRQ�DERXW� FXVWRPHUV�DJH�DQG� UHWLUHPHQW�� ,I� WKH�
FXVWRPHUV� DUH� RYHU� ILIW\� \HDUV� ROG� DQG� UHWLUHG�� WKH� FRPSDQ\� VKRXOG� SURYLGH� VRPH�
FDPSDLJQV�ZKLFK�LQFOXGHV�H[WUD�LQVWDOOPHQWV��
�
5XOH� ��� 7KLV� UXOH� FRQWDLQV� WKH� LQIRUPDWLRQ� DERXW� FXVWRPHUV� FUHGLW� FDUG� QXPEHU� DQG�
OLPLWV��,I�WKH�FXVWRPHU�KDV�PRUH�WKDQ�WZR�FUHGLW�FDUGV�DQG�HDFK�RI�WKHP�KDV�KLJK�OLPLWV��
WKH�FRPSDQ\� VKRXOG�SURYLGH�H[WUD�ERQXV�FDPSDLJQV� IRU� WKHLU� FXVWRPHUV� WR� DVVHVV� WKLV�
JURXS�RI�FXVWRPHUV��
�
5XOH������7KLV�UXOH�FRQWDLQV�WKH�LQIRUPDWLRQ�DERXW�FXVWRPHUV
�EDQN�LQIRUPDWLRQ��,I�WKH�
FXVWRPHU� LV� LQ� WKH� VDPH� EDQN� EHORZ� ILYH� \HDUV�� WKH� FXVWRPHUV� WKLQN� WR� FKDQJH� WKHLU�
EDQN
V��VR� LW�VKRXOG�KDYH�VRPH�H[WUD�FDPSDLJQV� WR�FXVWRPHUV�ZKLFK�DUH� LQ� WKHLU�EDQNV�
EHORZ�ILYH�\HDUV��
�
���� )6�$&2�&/867(5,1*�96��:(.$�&203$5,621�
.�PHDQV�DOJRULWKP�LV�XWLOL]HG�WR�HYDOXDWH�WKH�ZUDSSHU�DOJRULWKP�ZLWK�ILOWHULQJ�PHWKRGV��
%\�XVLQJ�.�PHDQV�WKHQ�DOJRULWKP�DOO�WKH�GDWDVHW�LV�DJJUHJDWHG�WR�SURYLGH�WKH�SURSHUWLHV��
&OXVWHULQJ� DWWULEXWH� FKRVHQ� ODEHOV� LV� XWLOL]HG� WR� WKH� GDWD�� :HND� SURSHUW\� FKRVHQ� LV�
XWLOL]HG�WR�JHW�DKHDG�WKLV�VLWXDWLRQ��3URSHUW\�UDQNLQJ�VROXWLRQV�DUH�VHHQ�EHORZ��
�

7DEOH������)HDWXUH�5DQNLQJ�IRU�:HND�IHDWXUH�VHOHFWLRQ�
$775,%87(� 5$1.�
35'727�B$07� �����
,1685$1&(B$07� �������
35'727B$07� �������
:,5(021� �������
3(56B/2$1� �������
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35'�B$07� �������
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86$*(�2)�&�B�� �������
7(185(� �������
35'727B'(%7� �������
72//7(1� �������
5(&25'�� �������
,1685$1&(B'(%7� �������
$*(� �������
86$*(�2)�&�� �������

�
7KH�VDPH�QXPEHU�RI�WKH�DWWULEXWHV�DUH�GHOHWHG�WR�GHWHFW�WKH�FRPSDULVRQ�RI�WKH�UHVXOWV�RI�
:(.$�DQG�)6�$&2�FOXVWHULQJ�DOJRULWKPV��7KH�:HND�FOXVWHULQJ�VROXWLRQV�UHODWHG�ZLWK�
IUHTXHQF\�GLVWULEXWLRQV�DUH�VHHQ�DV�EHORZ��
�

7DEOH������&OXVWHU�GLVWULEXWLRQ�IRU�:HND�FOXVWHULQJ�
��2I�$WWULEXWHV� ��� ��� ��� ��� ���
6XP�(UURU� ���� ���� ���� ���� ����
3HUFHQW�RI�&OXVWHU���
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7KH� VXPPDWLRQ� RI� WKH� IDLOXUHV� WR� WKH� SURSHUWLHV� WKDW� DUH� GHOHWHG� LV� VHHQ� DV� EHORZ��
0DQKDWWDQ�GLVWDQFH�DPRQJ�REMHFWV�DQG�FHQWURLGV��DV�GHILQHVG�DV�VXPPDWLRQ�RI�WKH�HUURUV�
SURYLGHV�GHFUHPHQW�RI�WKH�QXPEHU�RI�WKH�SURSHUWLHV��$WWULEXWH�GHWHUPLQDWLRQ�ZLWK�:HND�
LV�XVHG�E\�)6�$&2�WR�GHWHUPLQH�FOXVWHULQJ�DOJRULWKP�� � � � �
� � ��

�
��������������������)LJXUH�����&RPSDULVRQ�RI�)6�$&2�YV�:(.$�

�
$QW� &RORQ\� $OJRULWKP� DQG� :HND� &OXVWHULQJ� UHVXOWV� DUH� VHHQ� EHORZ��
�:(.$B&/867(5�� VKRZV� WKH� ZHND� FOXVWHULQJ� DOJRULWKP� DQG� WKH� ILUVW�
�&/867(5B&2817��VKRZV�WKH�QXPEHU�RI�REMHFWV�LQ�WKH�FOXVWHUV���$17B&/867(5��
VKRZV� $QW� &RORQ\� 2SWLPL]DWLRQ� FOXVWHULQJ� DOJRULWKP� DQG� WKH� VHFRQG�
�&/867(5B&2817��VKRZV�WKH�QXPEHU�RI�REMHFWV�LQ�WKH�FOXVWHU�DQW�FRORQ\��
�

�
�)LJXUH��������7KH�'LVWULEXWLRQ�RI�&OXVWHUV��$QW�&RORQ\��:HND�
��
�
�
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7KH�IROORZLQJ�JUDSKV�VKRZV�WKH�DFFXUDF\�RI�WZR�GLIIHUHQW�DOJRULWKPV��
�

�
��)LJXUH��������'LIIHUHQW�$OJRULWKPV�$FFXUDF\�$QW�&RORQ\�DQG�:HND�
�

�
�)LJXUH�������$QW�&RORQ\�DQG�:HND�&OXVWHULQJ�9DULDEOHV���7KH�7UXH�3RVLWLYHV�DQG�)DOVH�3RVLWLYHV��
7UXH�1HJDWLYHV�DQG�)DOVH�1HJDWLYHV��
�
/LQHDU�FRUUHODWLRQ�EHWZHHQ�$QW�&RORQ\�DQG�:HND�FOXVWHULQJ�UHVXOWV�LV�VHHQ�EHORZ��
�

�
)LJXUH��������/LQHDU�&RUUHODWLRQ�%HWZHHQ�$QW�&RORQ\�DQG�:HND�&OXVWHULQJ�5HVXOWV�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
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��� ',6&866,21�$1'�&21&/86,216�
�
&OXVWHULQJ�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�GDWD�PLQLQJ�SUREOHP�WKDW�LV�VWXGLHG�LQ�WKLV�WKHVLV�
VWDWHPHQW�� 7KHUH� DUH� ORWV� RI� WHFKQLTXHV� DUH� LPSOHPHQWHG� IRU� GDWD� VHWV� WR� SURYLGH� WKH�
PRVW�VXLWDEOH�SDUWV�RI�GDWD���
�
8QVXSHUYLVHG� SURSHUW\� HOLPLQDWLRQ� LV� D� WHFKQLTXH� WR� WKHVH� SUREOHPV�� 8QVXSHUYLVHG�
SURSHUW\� VHOHFWLRQ� KDV� WZR� DSSURDFKHV� WKDW� DUH� UHVSHFWLYHO\� )LOWHU� DQG� :UDSSHU��
0RUHRYHU��WKHUH�LV�EHWWHU�DFFXUDF\�LQ�:UDSSHU�DSSURDFK��
�
$QW�&RORQ\�2SWLPL]DWLRQ� FOXVWHULQJ� LV� XVHG�ZLWK� 6%6�PHWKRG� IRU� WKH� HOLPLQDWLRQ� RI�
SURSHUWLHV�RI�GDWD�LQ�WKLV�WKHVLV�VWDWHPHQW��&OXVWHULQJ�DOJRULWKP�DQG�SURSHUW\�HOLPLQDWLRQ�
DUH�MRLQHG�DQG�:UDSSHU�DSSURDFK�FRPHV�LQWR�EHLQJ�E\�WKLV�ZD\��
�
6KHORNDU
V�DQW�FRORQ\�FOXVWHULQJ�PRGHO�FRQWDLQV�DQW�FRORQ\�RSWLPL]DWLRQ�PHWKRG�WKDW�LV�
XWLOL]HG�LQ�WKLV�WKHVLV�VWDWHPHQW��0DQKDWWDQ�GLVWDQFH�LV�SURYLGHG�IURP�WKH�GLVWDQFH�PHWULF�
E\�XVLQJ�QRPLQDO�DWWULEXWHV��0RUHRYHU��IHDWXUHV�PHDQ�YDOXHV�DUH�XWLOL]HG��&5,7�FULWHULD�
DSSOLFDWLRQ�LV�SURYLGHG�LQQRYDWLRQ�E\�WKH�RULJLQDO�IXQFWLRQ��
�
7KHUH� LVQ
W� DQ\� LPSURYHPHQWV� LQ� DQW� FRORQ\� RSWLPL]DWLRQ� DQG�6%6�ZUDSSHU� DSSURDFK�
EHIRUH� WKLV� WKHVLV� VWDWHPHQW�� 7KH�PRVW� DFFXUDWH� VROXWLRQV� LV� XWLOL]HG� WR� GHWHUPLQH� WKH�
IHDWXUHV�DQG�VHSDUDWLRQ�RI�GDWD�VHWV��
�
7KHUH� LV� UHVSHFWLYHO\�DQ� LWHUDWLRQ�DFFRUGLQJ� WR�GHWHUPLQH� WR� ILQG�GDWD�VHWV�� ,Q�DOO� VWHSV�
6%6�DOJRULWKP� LV�XWLOL]HG��$OO�RI� WKH�DLPV�RI� WKLV� WKHVLV� VWDWHPHQW� LV� WR�GHWHUPLQH� WKH�
UHFRXS�WKH�FXVWRPHUV��7KHUH� LV�D�SURFHVV�DQG�WKLV�SURFHVV�LV� UHODWHG�ZLWK�FKRRVLQJ�WKH�
GDWD�DQG�FRQYHUWLQJ�WKHP�IURP�QXPHULFDO�WR�QRPLQDO�HQWLWLHV���
�
7KHUH�DUH�WZR�KXQGUHG�DQG�HLJKW\�LWHPV�WKDW�DUH�LOOXVWUDWHG�LQ�WKLV�WKHVLV�VWDWHPHQW��)6�
$&2�FOXVWHULQJ�XVHV�WKLV�GDWD��,Q�FRQFOXVLRQ��ZH�FDQ�SURYLGH�FXVWRPHU
V�FKDUDFWHULVWLFV�
DFFRUGLQJ�WR�WKLV�UHVXOWV��
�
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�
,Q� FRQFOXVLRQ�� )6�$&2� DOJRULWKP� LV� XVHG� IRU� HYDOXDWLRQ� RI� WKH� UHVXOWV� DV� ILOWHULQJ�
DSSURDFK��3URSHUW\�VHW�LV�FOXVWHUHG��7KH�DWWULEXWHV�DUH�GHOHWHG�DFFRUGLQJ�WR�WKHLU�UDQNV�LQ�
WKH�UHODWHG�DOJRULWKP��/DEHO
V�RI�WKH�FODVV�DUH�XWLOL]HG�WR�JDLQ�LQIRUPDWLRQ�E\�XVLQJ�:HND�
UDQNLQJ�DOJRULWKP��
�
)LQDOO\��DOO�RI�WKH�HUURU
V�IURP�WKH�RXWSXW�RI�WKHVH�DOJRULWKPV�DUH�FROODWHG�DQG�.�PHDQV�
DOJRULWKP�LV�RXWSHUIRUPHG�DFFRUGLQJ�WR�)6�$&2�DOJRULWKP��
�
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5()(5(1&(6�
�
&KULV�5\JLHOVNL�� -\XQ�&KHQJ�:DQJ�� 'DYLG� &��<HQ�� 'DWD� PLQLQJ� WHFKQLTXHV� IRU�
FXVWRPHU�UHODWLRQVKLS�PDQDJHPHQW��
�
-DUGLQH�DQG�6LEVRQ�� ����� -DUGLQH��1�� DQG�6LEVRQ��5�� �������0DWKHPDWLFDO�7D[RQRP\��
:LOH\��/RQGRQ��
�
<LQJ�=KDR��*HRUJH�.DU\SLV�DQG�8VDPD�)D\\DG��+LHUDUFKLFDO�&OXVWHULQJ�$OJRULWKPV�IRU�
'RFXPHQW�'DWDVHWV��
�
=HQJ� +��� &KHXQJ� <�� 0��� $� QHZ� IHDWXUH� VHOHFWLRQ� PHWKRG� IRU� *DXVVLDQ� PL[WXUH�
FOXVWHULQJ��3DWWHUQ�5HFRJQLWLRQ��9ROXPH�����,VVXH����)HEUXDU\�������SS�����������
�
$QW�&RORQ\�2SWLPL]DWLRQ�IRU�)HDWXUH�6XEVHW�6HOHFWLRQ��$KPHG�$O�$QL��
�
7XUQLQJ� WHOHFRPPXQLFDWLRQV�FDOO�GHWDLOV� WR�FKXUQ�SUHGLFWLRQ��D�GDWD�PLQLQJ�DSSURDFK�
&KLK�3LQJ�:HL��&KLK�3LQJ�:HL�
�
'DWD� &OHDQLQJ�� 3UREOHPV� DQG� &XUUHQW� $SSURDFKHV� (UKDUG� 5DKP� +RQJ� +DL� 'R�
8QLYHUVLW\�RI�/HLS]LJ��*HUPDQ\�
�
'DWD� PLQLQJ�� SUDFWLFDO� PDFKLQH� OHDUQLQJ� WRROV� DQG� WHFKQLTXHV�� ,DQ� +�� :LWWHQ�(LEH�
)UDQN�
�
'DWD�0LQLQJ�'LVFUHWL]DWLRQ�0HWKRGV�DQG�3HUIRUPDQFHV�=��0DU]XNL��)��$KPDG�

�
0DUFR�'�������$QW�&RORQ\�2SWLPL]DWLRQ��0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\�,6%1�
��������������
�
;LDR�ELQ� =��� )HQJ� *��� 	� +XL� +�� &XVWRPHU�FKXUQ� 5HVHDUFK� %DVHG� RQ� &XVWRPHU�
6HJPHQWDWLRQ�� (OHFWURQLF� &RPPHUFH� DQG� %XVLQHVV� ,QWHOOLJHQFH�� (&%,� ������
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�������SS������±�����
�
$QGHUVRQ�(7��6KDULQJ�WKH�ZHDOWK��ZKHQ�VKRXOG�ILUPV�WUHDW�FXVWRPHUV�DV�SDUWQHUV"��
0DQDJHPHQW�6FLHQFH����������������±���
�
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;LDR�ELQ� =��� )HQJ� *��� 	� +XL� +�� &XVWRPHU�FKXUQ� 5HVHDUFK� %DVHG� RQ� &XVWRPHU�
6HJPHQWDWLRQ�� (OHFWURQLF� &RPPHUFH� DQG� %XVLQHVV� ,QWHOOLJHQFH�� (&%,� ������
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�������SS������±�����
�
=HQJ� +��� &KHXQJ� <�� 0��� $� QHZ� IHDWXUH� VHOHFWLRQ� PHWKRG� IRU� *DXVVLDQ� PL[WXUH�
FOXVWHULQJ��3DWWHUQ�5HFRJQLWLRQ��9ROXPH�����,VVXH����)HEUXDU\�������SS����������
�
&KRZ��7�:�6���:DQJ�3���0D�(�:�0���$�1HZ�)HDWXUH�6HOHFWLRQ�6FKHPH�8VLQJ�D�'DWD�
'LVWULEXWLRQ�)DFWRU� IRU�8QVXSHUYLVHG�1RPLQDO�'DWD��6\VWHPV��0DQ��DQG�&\EHUQHWLFV��
3DUW�%��&\EHUQHWLFV��,(((�7UDQVDFWLRQV�9RO�������,VVXH�����������SS������±�����
�
&RWWHU� 6�)��� .UHXW]�'HOJDGR� .��� 	� 5DR� %�'�� %DFNZDUG� VHTXHQWLDO� HOLPLQDWLRQ� IRU�
VSDUVH�YHFWRU�VHOHFWLRQ��6LJQDO�3URFHVVLQJ������������SS������±�����
�
7VDL� &�)��� 	� /X�<�+���&XVWRPHU� FKXUQ� SUHGLFWLRQ� E\� K\EULG� QHXUDO� QHWZRUN��([SHUW�
6\VWHPV�ZLWK�$SSOLFDWLRQV��9ROXPH�����,VVXH�����'HFHPEHU�������SS��������������
�
6KLQ�<XDQ�+XQJ�� 'DYLG� &��<HQ�� +VLX�<X�:DQJ�� $SSO\LQJ� GDWD� PLQLQJ� WR� WHOHFRP�
FKXUQ�PDQDJHPHQW��
�
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�
1DPH�6XUQDPH� � �����%DWXKDQ��*h//h2ö/8�
�
$GGUHVV�� � � �����6�OH\PDQ�'HPLUHO�FG��(UJXYDQ�(YOHUL�&�%ORN��1R��������
����������������������������������������������������(VHQNHQW���øVWDQEXO�
�
3ODFH�RI�%LUWK��<HDU�RI�%LUWK����)DWLK�������
�
)RUHLJQ�/DQJXDJH�� �����������������(QJOLVK�
�
3ULPDU\�6FKRRO������ � �����&80+85ø<(7�ø/.gö5(7ø0�2.8/8�������
��
0LGGOH�6FKRRO����������������������������&80+85ø<(7�ø/.gö5(7ø0�2.8/8�������
�
+LJKVFKRRO����������������������������������.'=��(5(ö/ø�$1$'2/8�/ø6(6ø�������
�
8QLYHUVLW\�����������������������������������%$+d(ù(+ø5�h1ø9(56ø7(6ø�������
�
*UDGXDWH�6FKRRO������������������������%$+d(ù(+ø5�h1ø9(56ø7(6ø�������
�
,QVWLWXWH��������������������������������������*UDGXDWH�6FKRRO�RI�1DWXUDO�DQG�$SSOLHG�6FLHQFHV�
�
*UDGXDWH�3URJUDP��������������������0�6��3URJUDP�&RPSXWHU�(QJLQHHULQJ�
�
([SHULHQFH���������������������������������%$+d(ù(+ø5�h1ø9(56ø7(6ø�������±��FRQWLQXHG��
�


