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3URIHVVRU�8ODV�%DJFL��&KDLU��EDJFL#FUFY�XFI�HGX 
3URIHVVRU�0XEDUDN�6KDK��VKDK#FUFY�XFI�HGX� 

 3URIHVVRU�0DUN�+HLQULFK��KHLQULFK#FV�XFI�HGX� 
3URIHVVRU�0DULDQQD�3HQVN\��PDULDQQD�SHQVN\#XFI�HGX� 
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6(/(&7('�38%/,&$7,216� 

�� 'HHS� 0XOWL-0RGDO� &ODVVLILFDWLRQ� RI� ,QWUDGXFWDO� 3DSLOODU\� 0XFLQRXV� 1HR�
SODVPV��,301��ZLWK�&DQRQLFDO�&RUUHODWLRQ�$QDO\VLV��6DUIDUD]�+XVVHLQ��3��.DQ�
GHO��-��&RUUDO��&��%RODQ��0��:DOODFH��8ODV�%DJFL�� ,(((�,QWHUQDWLRQDO�6\PSRVLXP�
RQ�%LRPHGLFDO�,PDJLQJ��,6%,������� 

�� +RZ� WR� )RRO� 5DGLRORJLVWV� ZLWK�*HQHUDWLYH� $GYHUVDULDO� 1HWZRUNV"� $� 9LVXDO�
7XULQJ�7HVW�IRU�/XQJ�&DQFHU�'LDJQRVLV��0��&KXTXLFXVPD��6DU IDUD]�+XVVHLQ��
-��%XUW��8ODV�%DJFL��,(((�,6%,������ 

�� $XWRPDWLF� 6HJPHQWDWLRQ� DQG� 4XDQWLILFDWLRQ� RI� :KLWH� DQG� %URZQ� $GLSRVH�
7LVVXHV� IURP� 3(7�&7� 6FDQV�� 6DUIDUD]�+XVVHLQ� HW� DO�� ,(((�7UDQVDFWLRQV�RQ�
0HGLFDO�,PDJLQJ��70,������� 

�� 5LVN�6WUDWLILFDWLRQ�RI�/XQJ�1RGXOHV�XVLQJ��'�&11�EDVHG�0XOWL-WDVN�/HDUQ�
LQJ�� 6DUIDUD]� +XVVHLQ�� .�� &DR�� 4�� 6RQJ�� 8ODV� %DJFL�� ,QIRUPDWLRQ� 3URFHVVLQJ� LQ�
0HGLFDO�,PDJLQJ��,30,�������� 

�� 7XPRU1(7�� /XQJ� 1RGXOH� FKDUDFWHUL]DWLRQ� XVLQJ� 0XOWL-YLHZ� &RQYROXWLRQDO�
1HXUDO�1HWZRUN�ZLWK�*DXVVLDQ�3URFHVV��6DUIDUD]�+XVVHLQ��5��*LOOLHV��.��&DR��4��
6RQJ��8ODV�%DJFL��,(((�,6%,������ 

�� %URZQ�DGLSRVH�WLVVXH�GHWHFWHG�E\�3(7�&7�LPDJLQJ�LV�DVVRFLDWHG�ZLWK�OHVV�FHQ�
WUDO� REHVLW\��$��*UHHQ��8ODV�%DJFL��6DUIDUD]�+XVVHLQ��3��.HOO\��5��0X]DIIDU �HW�
DO��1XFOHDU�0HGLFLQH�&RPPXQLFDWLRQV��10&������� 

�� &RQWH[W�5HJLRQ�'LVFRYHU\�IRU�$XWRPDWLF�0RWLRQ�&RPSHQVDWLRQ�LQ�)OXRURVFR�
S\��<��;LD��6DUIDUD]�+XVVHLQ��9�6LQJK��0��-RKQ��<��:X��7��&KHQ��,QIRUPDWLRQ�
3URFHVVLQJ�LQ�&RPSXWHG�$VVLVWHG�,QWHUYHQWLRQV��,3&$,������� 

3$7(176 

�� 6\VWHP�DQG�PHWKRGV�IRU�,PDJH-EDVHG�TXDQWLILFDWLRQ�RI�ZKLWH�DQG�EURZQ�DGL�
SRVH� WLVVXH� DW� WKH� WLVVXH�� RUJDQ�� DQG� ERG\-UHJLRQ� OHYHOV��6DUIDUD]�+XVVHLQ�DQG�
8ODV�%DJFL��������ILOHG� 

�� 5REXVW� FDOFLILFDWLRQ� WUDFNLQJ� LQ� IOXRURVFRSLF� LPDJLQJ�� 7�� &KHQ�� 
6DUIDUD]�+XVVHLQ��0��-RKQ��9��6LQJK��������ILOHG� 

2EHVLW\�LV�RQH�RI�WKH�PRVW�SUHYDOHQW�KHDOWK�FRQGLWLRQV��$ERXW�����RI�WKH�ZRUOG¶V�
DQG� RYHU� ���� RI� WKH� 8QLWHG� 6WDWHV¶� DGXOW� SRSXODWLRQV� DUH� HLWKHU� RYHUZHLJKW� RU�
REHVH��FDXVLQJ�DQ�LQFUHDVHG�ULVN�IRU�FDUGLRYDVFXODU�GLVHDVHV��GLDEHWHV��DQG�FHUWDLQ�
W\SHV� RI� FDQFHU�� $PRQJ� DOO� FDQFHUV�� OXQJ� FDQFHU� LV� WKH� OHDGLQJ� FDXVH� RI� GHDWK�
ZKHUHDV� SDQFUHDWLF� FDQFHU� KDV� WKH� SRRUHVW� SURJQRVLV� DPRQJ� DOO� PDMRU� FDQFHUV��
(DUO\�GLDJQRVLV�RI� WKHVH�FDQFHUV�FDQ� VDYH� OLYHV��7KLV�GLVVHUWDWLRQ�FRQWULEXWHV� WR�
ZDUGV�WKH�GHYHORSPHQW�RI�FRPSXWHU-DLGHG�GLDJQRVLV�WRROV�LQ�RUGHU�WR�DLG�FOLQLFLDQV�
LQ� HVWDEOLVKLQJ� WKH� TXDQWLWDWLYH� UHODWLRQVKLS� EHWZHHQ� REHVLW\� DQG� FDQFHUV�� 7KLV�
GLVVHUWDWLRQ�SURSRVHV������DQ�DXWRPDWLF�ERG\�UHJLRQ�GHWHFWLRQ�DQG�ZKROH-ERG\�IDW�
TXDQWLILFDWLRQ�DSSURDFK�IRU�VXEFXWDQHRXV��YLVFHUDO�DQG�EURZQ�IDWV������VXSHUYLVHG�
OHDUQLQJ�PHWKRGV� IRU� WKH� GLDJQRVLV� RI� OXQJ� DQG�SDQFUHDWLF� FDQFHUV�� ���� XQVXSHU�
YLVHG�VWUDWHJLHV�IRU�FDQFHU�GLDJQRVLV�ZLWKRXW�H[SOLFLW�ODEHOLQJ� 
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7KLV�GLVVHUWDWLRQ�H[SORUHV�OHDUQLQJ�DOJRULWKPV�WKDW�FDQ�EH�XVHG�WR�H[WUDFW�LPDJLQJ�
PDUNHUV�UHOLDEO\�VR�WKDW�REHVLW\-FDQFHU�UHODWLRQVKLS�FDQ�EH�VWXGLHG��7KH�QRYHO�OHDUQ�
LQJ�DOJRULWKPV�GHYHORSHG�LQ�WKH�GLVVHUWDWLRQ�DUH�JHQHUDO�DQG�FDQ�EH�PRGLILHG�IRU�RWK�
HU�DSSOLFDWLRQV�VLPLODU�WR�WKRVH�H[DPLQHG�KHUH��0RUH�VSHFLILFDOO\��ZH�ILUVW�LQYHVWLJDWH�
WKH�DXWRPDWLF�GHWHFWLRQ�RI�ZKLWH�DQG�EURZQ�DGLSRVH�WLVVXHV�XVLQJ�3RVLWURQ�(PLVVLRQ�
7RPRJUDSK\�&RPSXWHG�7RPRJUDSK\��3(7�&7��VFDQV��DQG�GHYHORS�PHWKRGV�IRU�WKH�
TXDQWLILFDWLRQ�RI�WKHVH�WLVVXHV�DW�WKH�ZKROH-ERG\�DQG�ERG\-UHJLRQ�OHYHOV��:H�SURSRVH�
D�SDWLHQW-VSHFLILF�DXWRPDWLF�DGLSRVLW\�DQDO\VLV�V\VWHP��,Q�WKH�ILUVW�FKDSWHU�RI�WKH�GLV�
VHUWDWLRQ��ZH�GHWHFW�ZKLWH�DGLSRVH�WLVVXH��:$7��DQG�LWV�WZR�VXE-W\SHV�IURP�&7�
VFDQV��9LVFHUDO�$GLSRVH�7LVVXH��9$7��DQG�6XEFXWDQHRXV�$GLSRVH�7LVVXH��6$7���
2XU�QRYHO�IUDPHZRUN�LV�EDVHG�RQ�DQ�XQVXSHUYLVHG�OHDUQLQJ�PHWKRG�WR�VHSDUDWH�9$7�
IURP�6$7��7KLV�VWHS�LV�IROORZHG�E\�D�FRQWH[W�GULYHQ�ODEHO�IXVLRQ�DOJRULWKP�WKURXJK�
VSDUVH��'�&RQGLWLRQDO�5DQGRP�)LHOGV��&5)��IRU�YROXPHWULF�DGLSRVLW\�DQDO\VLV�� 

,Q�WKH�VHFRQG�FKDSWHU�RI�WKH�GLVVHUWDWLRQ��ZH�DXWRPDWLFDOO\�GHWHFW��VHJPHQW��DQG�
TXDQWLI\�EURZQ�DGLSRVH�WLVVXH��%$7��XVLQJ�3(7�VFDQV�EHFDXVH�XQOLNH�:$7��%$7�LV�
PHWDEROLFDOO\�DFWLYH��$IWHU�LGHQWLI\LQJ�%$7�UHJLRQV�XVLQJ�3(7��ZH�SHUIRUP�D�FR-
VHJPHQWDWLRQ�SURFHGXUH�XWLOL]LQJ�DV\PPHWULF�FRPSOHPHQWDU\�LQIRUPDWLRQ�IURP�3(7�
DQG�&7��)LQDOO\��ZH�SUHVHQW�D�QHZ�SUREDELOLVWLF�GLVWDQFH�PHWULF�IRU�GLIIHUHQWLDWLQJ�
%$7�IURP�QRQ-%$7�UHJLRQV��:H�DOVR�SHUIRUP�DXWRPDWLF�ERG\-UHJLRQ�GHWHFWLRQ�XV�
LQJ�RQH-VKRW�OHDUQLQJ��([SHULPHQWDO�HYDOXDWLRQV�FRQGXFWHG�RQ�����3(7�&7�VFDQV�
DFKLHYH�VWDWH-RI-WKH-DUW�SHUIRUPDQFHV�LQ�EURZQ�DGLSRVLW\�TXDQWLILFDWLRQ� 

,Q�WKH�WKLUG�FKDSWHU��ZH�SURSRVH�GLIIHUHQW�VXSHUYLVHG�VWUDWHJLHV�IRU�WKH�FKDUDFWHUL]D�
WLRQ�RI�OXQJ�QRGXOHV�DQG�,QWUDGXFWDO�3DSLOODU\�0XFLQRXV�1HRSODVPV��,301���:H�
SURSRVH�D�QHZ�HQG-WR-HQG�WUDLQDEOH�PXOWL-YLHZ�GHHS�&RQYROXWLRQDO�1HXUDO�1HWZRUN�
�&11��IRU�QRGXOH�FKDUDFWHUL]DWLRQ��7KH�WUDLQHG�QHWZRUN�LV�XVHG�WR�H[WUDFW�IHDWXUHV�
IURP�WKH�LQSXW�LPDJH�IROORZHG�E\�D�*DXVVLDQ�3URFHVV��*3��UHJUHVVLRQ�WR�REWDLQ�WKH�
PDOLJQDQF\�VFRUH��:H�QH[W�SURSRVH�D��'�&RQYROXWLRQDO�1HXUDO�1HWZRUN��&11��
EDVHG�QRGXOH�FKDUDFWHUL]DWLRQ�VWUDWHJ\��:H�DFTXLUH�WKH�WDVN�GHSHQGHQW�IHDWXUH�UHSUH�
VHQWDWLRQ�IRU�VL[�KLJK-OHYHO�QRGXOH�DWWULEXWHV�DQG�IXVH�WKLV�FRPSOHPHQWDU\�LQIRU�
PDWLRQ�YLD�D�0XOWL-WDVN�OHDUQLQJ��07/��IUDPHZRUN��)RU�WKH�GLDJQRVLV�RI�,301��ZH�
SURSRVH�D�&11�EDVHG�FRPSXWHU�DLGHG�GLDJQRVLV��&$'��V\VWHP�E\�XWLOL]LQJ�PXOWL-
PRGDO�05,��7�-ZHLJKWHG�DQG�7�-ZHLJKWHG���0RUHRYHU��ZH�HPSOR\�FDQRQLFDO�FRUUH�
ODWLRQ�DQDO\VLV��&&$��WR�SHUIRUP�D�IXVLRQ�RSHUDWLRQ�DW�WKH�IHDWXUH�OHYHO��OHDGLQJ�WR�
GLVFULPLQDWLYH�FDQRQLFDO�FRUUHODWLRQ�IHDWXUHV�� 

)LQDOO\��ZH�SURSRVH�DQ�XQVXSHUYLVHG�OHDUQLQJ�VWUDWHJ\�IRU�WKH�GLDJQRVLV�RI�OXQJ�QRG�
XOHV�DQG�,301��6LQFH�WKH�WDVN�RI�DQQRWDWLQJ�PHGLFDO�LPDJHV�LV�ODERULRXV��H[SHQVLYH�
DQG�WLPH-FRQVXPLQJ��ZH�H[SORUH�WKH�SRWHQWLDO�RI�XQVXSHUYLVHG�OHDUQLQJ�DSSURDFKHV�
IRU�GHYHORSLQJ�&$'�V\VWHPV��)LUVW��ZH�SHUIRUP�FOXVWHULQJ�RQ�WKH�DSSHDUDQFH�IHD�
WXUHV�REWDLQHG�IURP�WKH�LPDJHV�WR�HVWLPDWH�DQ�LQLWLDO�VHW�RI�ODEHOV��8VLQJ�WKH�REWDLQHG�
LQLWLDO�ODEHOV��ZH�FRPSXWH�ODEHO�SURSRUWLRQV�FRUUHVSRQGLQJ�WR�HDFK�FOXVWHU��:H�ILQDOO\�
WUDLQ�D�SURSRUWLRQ-690�FODVVLILHU�XVLQJ�WKH�ODEHO�SURSRUWLRQV�DQG�FOXVWHUV�WR�REWDLQ�
WKH�ILQDO�FODVVLILFDWLRQ� 
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����  %RUQ�LQ�.DUDFKL��3DNLVWDQ 
����  %�(���(OHFWURQLF�(QJLQHHULQJ��1('�8QLYHUVLW\��.DUDFKL 
����  $SSOLFDWLRQ�(QJLQHHU��$YDQFHRQ�/WG��.DUDFKL 
����  &RPSXWHU�9LVLRQ�,QWHUQ��6LHPHQV�&RUSRUDWLRQ��3ULQFHWRQ��1- 
����  5HVHDUFK�,QWHUQ��&XUD&ORXG�&RUSRUDWLRQ��6HDWWOH��:$ 
����-��  3K�'���8QLYHUVLW\�RI�&HQWUDO�)ORULGD��2UODQGR��)/� 

 

6(/(&7('�$:$5'6 

 

����  1,36�0DFKLQH�/HDUQLQJ�IRU�+HDOWKFDUH�7UDYHO�$ZDUG 
����  *HUDOG�5��/DQJVWRQ�(QGRZHG�6FKRODUVKLS 
����  0HULW�$ZDUG�IURP�5DGLRORJLFDO�6RFLHW\�RI�1RUWK�$PHULFD� 
����-��  *UDGXDWH�3UHVHQWDWLRQ�)HOORZVKLS 
����  :$&9������3K'�)RUXP�$ZDUG 
����  &935������'RFWRUDO�&RQVRUWLXP�$ZDUG 
 


