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RUGHU� WR� GHDO�ZLWK� QRQ�EUHDWKDEOH�PRYHPHQWV��ZH�PXVW�¿�UVW� LQYROYH� WKHP� LQ� WKH�
PRGHO�WKDW�ZH�EXLOG�

,Q�WKH�FDVH�RI�U33*��WKH�PHWULFV�ZHUH�PXFK�ORZHU�LQ�DQ\�PHDVXUHPHQW�VFHQDULR��
EXW�WKH�DOJRULWKP�LV�UDWKHU�³UDZ´�DQG�ZRUNV�ZLWK�RQO\�WKUHH�PHWKRGV�IRU�PRGXODWLQJ�
WKH�UHVSLUDWRU\�VLJQDO�ZLWK�D�FDUGLRJUDP��SRVVLEO\�ZLWK�IXUWKHU� UHVHDUFK��EDVHG�RQ�
3HWHU�+��&KDUOWRQ�>�@��WKH�SHUIRUPDQFH�RI�WKH�DOJRULWKP�FDQ�EH�LPSURYHG�

5()(5(1&(6

���&��6H\PRXU��-��.DKQ��&��&RRNH��7��:DWNLQV��6��+HFNEHUW��DQG�7��5HD����������3UHGLFWLRQ�
RI�FULWLFDO�LOOQHVV�GXULQJ�RXW�RI�KRVSLWDO�HPHUJHQF\�FDUH��-��$P��0HG��$VVRF����������
���±�����LQ�(QJOLVK�

��� )��4��$O�.KDOLGL��5��6DDWFKL��'��%XUNH��+��(OSKLFN��DQG�6��7DQ����������5HVSLUDWLRQ�
UDWH�PRQLWRULQJ�PHWKRGV��D�UHYLHZ��3HGLDWU��3XOPRQRO������������±�����LQ�(QJOLVK�

��� 3��+��&KDUOWRQ��7��%RQQLFL��/��7DUDVVHQNR��'��$��&OLIWRQ��5��%HDOH��DQG�3��-��:DWNLQVRQ��
��������$Q�DVVHVVPHQW�RI�DOJRULWKPV�WR�HVWLPDWH�UHVSLUDWRU\�UDWH�IURP�WKH�HOHFWURFDUGLRJUDP�
DQG�SKRWRSOHWK\VPRJUDP��3K\VLRO��0HDV������������±�����LQ�(QJOLVK�

���:��.DUOHQ��$��*DUGH��'��0\HUV��&��6FKHIIHU��-��$QVHUPLQR��DQG�*��'XPRQW����������
(VWLPDWLRQ�RI�UHVSLUDWRU\�UDWH�IURP�SKRWRSOHWK\VPRJUDSKLF�LPDJLQJ�YLGHRV�FRPSDUHG�
WR�SXOVH�R[LPHWU\��,(((�-��%LRPHG��+HDOWK�,QIRUP�������������±������LQ�(QJOLVK�

��� )��=KDR��0��/L��<��4LDQ��DQG�-��=��7VLHQ����������5HPRWH�PHDVXUHPHQWV�RI�KHDUW�DQG�
UHVSLUDWLRQ�UDWHV�IRU�WHOHPHGLFLQH��3/26�21(��������H�������LQ�(QJOLVK�

��� 3HWHU�+�&KDUOWRQ� HW� DO� 3K\VLRO��0HDV�� ��� ���� ��������$Q� DVVHVVPHQW� RI� DOJRULWKPV� WR�
HVWLPDWH�UHVSLUDWRU\�UDWH�IURP�WKH�HOHFWURFDUGLRJUDP�DQG�SKRWRSOHWK\VPRJUDP��LQ�(QJOLVK�
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��� 6FKXGHO� :�� *&5� *XLGH� �3RVWHU�� �� :DOWHU� 6FKXGHO� ��� $UOLQJWRQ�� 9$�� *UDSKLF�
&RPPXQLFDWLRQV�$VVRFLDWLRQ��±�������±� ����������

��� �� ��� �� �� ��
±� ���� ��������±����� �

���(XURSHDQ�&RORU�,QLWLDWLYH�> @���*��+RIIPDQQ��±�
��KWWS���ZZZ�HFL�RUJ�HQ�VWDUW

��� 3URFHVV�FRQWURO�IRU�WKH�SURGXFWLRQ�RI�KDOI�WRQH�FRORU�VHSDUDWLRQ��SURRI�DQG�SURGXFWLRQ�
SULQWV��3DUW����2IIVHW�SURFHVVHV��±�*UDSKLF�WHFKQRORJ\��±��*HQHYD��6ZLW]HUODQG��±�,62�
',6��������

��� )2*5$�FKDUDFWHULVDWLRQ�GDWD�IRU�RIIVHW��,QWHUQDWLRQDO�&RORU�&RQVRUWLXP�> � @�> �
@��±� ���KWWS���ZZZ�FRORU�RUJ��)2*5$�KWPO

���*XLGHOLQH� IRU� 3ULQHFW� ,PDJH� &RQWURO� 3ULQHFW� &RORU� 6ROXWLRQV�� +HLGHOEHUJHU�
'UXFNPDVFKLQHQ�$*�������> � @�> @��±� ���KWWS���
ZZZ�KHLGHOEHUJ�FRP

5()(5(1&(6

���<XOH��-RKQ�$��&�����������3ULQFLSOHV�RI�&RORU�5HSURGXFWLRQ��:LOH\��3�������LQ�(QJOLVK�
���<XOH�� -RKQ� $� &��� �������� &RORU� FRUUHFWLRQ� DQG� WKH� EODFN� SULQWHU�� 7$/,� �7$*$��

3URFHHGLQJV��3�������������LQ�(QJOLVK�
��� 6FKXGHO�:����������*&5�*XLGH��3RVWHU����:DOWHU�6FKXGHO����$UOLQJWRQ��9$��*UDSKLF�

&RPPXQLFDWLRQV�$VVRFLDWLRQ��±±� �����������LQ�(QJOLVK�
��� )UHM]HU�%UMXV����������8SUDYOHQLH�FYHWRP���%UMXV�)UHM]HU��.ULV�0MHU¿���)UMHG�%DQWLQJ��

±�0����9LO¶MDPV�±�����V���LQ�5XVVLDQ�
���(XURSHDQ�&RORU�,QLWLDWLYH�> @���*��+RIIPDQQ��±� ���

KWWS���ZZZ�HFL�RUJ�HQ�VWDUW��LQ�(QJOLVK�
��� 3URFHVV�FRQWURO�IRU�WKH�SURGXFWLRQ�RI�KDOI�WRQH�FRORU�VHSDUDWLRQ��SURRI�DQG�SURGXFWLRQ�

SULQWV��3DUW����2IIVHW�SURFHVVHV��±�*UDSKLF�WHFKQRORJ\��±��*HQHYD��6ZLW]HUODQG��±�,62�
',6����������LQ�(QJOLVK�

��� )2*5$�FKDUDFWHULVDWLRQ�GDWD�IRU�RIIVHW��,QWHUQDWLRQDO�&RORU�&RQVRUWLXP��>(OHFWURQLF�
UHVRXUFH@��±�5HWULHYHG�IURP�KWWS���ZZZ�FRORU�RUJ��)2*5$�KWPO��LQ�(QJOLVK�

���*XLGHOLQH� IRU� 3ULQHFW� ,PDJH� &RQWURO� 3ULQHFW� &RORU� 6ROXWLRQV�� +HLGHOEHUJHU�
'UXFNPDVFKLQHQ� $*�� ����� >(OHFWURQLF� UHVRXUFH@�� ±� 5HWULHYHG� IURP�� KWWS���ZZZ�
KHLGHOEHUJ�FRP��LQ�(QJOLVK�
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7(&+12/2*,(6�2)�&2/285�6(3$5$7,21

%��0�.RYDOVNL\��1��9�=DQNR��1��6��3\VDQFK\Q��0��9��6KRYJHQ\XN�

8NUDLQLDQ�$FDGHP\�RI�3ULQWLQJ�
,QVWLWXWH�IRU�&RQGHQVHG�0DWWHU�3K\VLFV��1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH

7KH�SHFXOLDULWLHV�RI�WKH�YDULRXV�PHFKDQLVPV�RI�WKH�UHSODFHPHQW�RI�WULDG�FRORXUV�
E\� EODFN� LQ� WKH� SURFHVV� RI� FRORXU� VHSDUDWLRQ� RI� LPDJHV� KDYH� EHHQ� FRQVLGHUHG��
([SHULPHQWDO� FXUYHV� KDYH� EHHQ� FRQVWUXFWHG� WKDW� FKDUDFWHUL]H� WKH� PHWKRGV� RI�



&20387(5�7(&+12/2*,(6�2)�35,17,1*������������� ���

JHQHUDWLQJ�WKH�EODFN�LQN�ZKHQ�SUHSDULQJ�LPDJHV�IRU�RIIVHW�SULQWLQJ�RQ�FRDWHG�SDSHU�
XVLQJ� VWDQGDUG� (&,� SUR¿�OHV�� 7KH� IHDWXUHV� RI� WKH� UHSODFHPHQW� RI� WKH� DFKURPDWLF�
FRPSRQHQW�RI�WKH�WULDG�V\QWKHVLV�LQ�YDULRXV�WHFKQRORJLHV�RI�FRORXU�VHSDUDWLRQ�KDYH�
EHHQ�UHVHDUFKHG�

.H\ZRUGV�� DFKURPDWLF� FRORXU� FRPSRQHQW�� ZKLWH� SRLQW�� FRORXU� VHSDUDWLRQ� RI�
LPDJH��,62����������FRORXU�SUR¿�OH��FRORULPHWULF�PHDVXUHPHQWV��SULQWLQJ�LQNV�
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