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,QWURGXFWLRQ��6$6�SURFHVVLQJ� LV�EHFRPLQJ�PRUH� DQG�PRUH�SRSXODU�VLQFH� VHYHUDO� DXWRIRFXVLQJ� DOJRULWKPV� KDYH� EHHQ�GHYHORSHG�� ,WV� XVH� KDV� PDLQO\� EHHQ� UHVWULFWHG� WR�VLGHVFDQ� VRQDU�� LQ� SDUWLFXODU� IRU� PLQH� KXQWLQJ�� 7KH�6$6� DSSURDFK� FDQ�� QHYHUWKHOHVV�� EH� DSSOLHG� WR� DQ\�RWKHU�JHRPHWU\��LQ�SDUWLFXODU�SODQDU�RQH��3�6$6���3ODQDU�6$6��3�6$6�/HW�XV�FRQVLGHU�D�GRZQ�ORRNLQJ�WUDQVGXFHU�VFDQQLQJ�D�SODQH�VXUIDFH�ZLWK�VDPSOLQJ�LQWHUYDOV�∆[ DQG�∆\��)RU�
D SRLQW� WDUJHW�� WKH� HFKRHV� ZLOO� EH� VLWXDWHG� RQ� D�K\SHUEROLF� VXUIDFH��ILJXUH�����7KH� UDQJH� WR� WKH� WDUJHW�ZLOO� YDU\� ZLWK� ERWK� ;� DQG� <� FRRUGLQDWHV� ZLWK� D�PLQLPXP� 5� ZKHQ� WKH� WUDQVGXFHU� LV� MXVW� DERYH� WKH�WDUJHW��3ODQDU�6$6��3�6$6��LV�D��'�H[WHQVLRQ�RI�OLQHDU�6$6��/�6$6� ��'��� ZKHUH� WKH� VDPH� JHQHUDO� SULQFLSOHV�ZLOO�EH DSSOLHG� >�@�� ,W�ZLOO� FRQVLVW�� IRU� HYHU\� WLPH� VDPSOH�DQG� IRU� HYHU\� SRVLWLRQ�� LQ� VHDUFKLQJ� IRU� DOO� WKH�FRUUHVSRQGLQJ� VDPSOHV� RQ� WKH� PLJUDWLRQ� K\SHUEROLF�VXUIDFH� DQG� DGGLQJ� WKHP� FRKHUHQWO\�� '\QDPLF�IRFXVLQJ��FRPPRQO\�XVHG�LQ��'�6$6�>�@��FDQ�DOVR�EH�DSSOLHG�� LQ� ERWK� ;� DQG� <� GLUHFWLRQV�� WKH� QXPEHU� RI�SODWIRUP� SRVLWLRQV� XVHG� IRU� IRFXVLQJ� ZLOO� EH�SURSRUWLRQDO� WR� WKH� WDUJHW� UDQJH�� 7KH� DQJXODU�UHVROXWLRQ�ZLOO� WKXV�EH�FRQVWDQW�ZLWK�UDQJH�DQG�HTXDO�WR�DERXW�KDOI� WKH�SK\VLFDO�DUUD\� LQ�DOO�GLUHFWLRQV��7KH�SULQFLSOH�RI�3�6$6�IRFXVLQJ� LV� LOOXVWUDWHG�LQ�ILJXUH����/HW�1[�EH�WKH�QXPEHU�RI�SODWIRUP�SRVLWLRQV�XVHG�LQ�;�

DQG� 1\� WKH� RQH� LQ� <�� %RWK� ZLOO� EH� SURSRUWLRQDO� WR�WDUJHW� UDQJH��:H� FDQ� HDVLO\� VHH� WKDW�� IRU� HYHU\� WLPH�DQG� SRVLWLRQ�� WKH� FRPSXWDWLRQDO� FRPSOH[LW\� �QXPEHU�RI VHDUFK�DQG�DGGLWLRQV��LV�SURSRUWLRQDO�WR�1[���1\���

)LJXUH����3ODQDU�6$6�JHRPHWU\��

)LJXUH����3ULQFLSOH�RI�SODQDU�6$6�SURFHVVLQJ��
5HGXFWLRQ�RI�SURFHVVLQJ�FRPSOH[LW\��$V� ZH� KDYH� VHHQ� LQ� WKH� SUHYLRXV� SDUDJUDSK�� WKH�FRPSOH[LW\�RI�WKH�SURFHVVLQJ�LQFUHDVHV�ZLWK�WKH�VTXDUH�RI WKH�WDUJHW�UDQJH�5�� ,Q�FRQYHQWLRQDO�6$6��WKLV�ZLOO�EH� SURSRUWLRQDO� WR� WKH� UDQJH�� ,Q� RUGHU� WR� UHGXFH� WKH�SURFHVVLQJ�FRPSOH[LW\��ZH�KDYH�GHYHORSHG�D� VSHFLILF�DOJRULWKP� LQVSLUHG� IURP� WKH� �'� ))7� RQH� >�@�� 7KLV�DOJRULWKP�LV�LOOXVWUDWHG�LQ�ILJXUH����
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7KH� UDZ� GDWD� DUH� SURYLGHG� LQ� WKH� IRUP� RI� D� ³FXELF´�PDWUL[� ZLWK� ;�� <� DQG� =� LQGH[HV�� 7KH� VL]H� RI� WKLV�PDWUL[� LV�GHILQHG�E\� WKH�PD[LPXP�UDQJH�FRQVLGHUHG��,WV� YHUWLFDO� ³KHLJKW´� LV� GHILQHG� E\� WKH� UDQJH� RI�YDULDWLRQ�RI�WKH�WDUJHW�SRVLWLRQ��,QVWHDG�RI�DSSO\LQJ�WKH�IRFXVLQJ�DOJRULWKP�WR�WKH�UDZ�GDWD�PDWUL[� (�� WKH� SURSRVHG� DOJRULWKP�ZLOO� FDUU\� RXW�WKH�IRFXVLQJ�LQ�WZR�VWHSV��
• $ OLQHDU� 6$6� ZLOO� EH� DSSOLHG� DORQJ� WKH� ;�GLUHFWLRQ�OHDGLQJ�WR�WKH�6[ PDWUL[�
• $ OLQHDU�6$6�ZLOO�WKHQ�EH�DSSOLHG�DORQJ�WKH�<�GLUHFWLRQ�WR�WKH�GDWD�RI�WKH�6[ PDWUL[�OHDGLQJ�WR�D 6[\�PDWUL[�IRFXVHG�LQ�ERWK�GLUHFWLRQV��7KH�SURSRVHG�SODQDU�6$6�DOJRULWKP�LV�SUHVHQWHG�LQ�ILJXUH����,W�ZLOO�EH�FDOOHG����'�IRFXVLQJ��LQ�FRQWUDVW�ZLWK��'���

)LJXUH���3ODQDU�6$6�SURFHVVLQJ�DOJRULWKP��,I� ZH� FRQVLGHU� D� 1[� E\� 1\� PDWUL[�� WKH� FRPSXWDWLRQ�FRPSOH[LW\�ZLOO�EH�1[���1\�LQVWHDG�RI�1[���1\�)RU�D�VTXDUH�PDWUL[�1[ �1\� �1��WKH�FRPSOH[LW\�UHGXFWLRQ�ZLOO� EH� 1���� 7KH� FRPSXWDWLRQ� ORDG� EHFRPHV�SURSRUWLRQDO�WR�WKH�WDUJHW�UDQJH��DQG�QRW�LWV�VTXDUH��DV�LQ�WKH�FDVH�RI�OLQHDU�6$6��,W�LV�ZRUWKZKLOH�PHQWLRQLQJ�WKDW� WKH� UHGXFWLRQ� UDWH� GRHV� QRW� GHSHQG� RQ� WKH�DOJRULWKP�XVHG�IRU�IRFXVLQJ���6LPXODWLRQV�6LPXODWLRQV�KDYH�EHHQ�FDUULHG�RXW�LQ�RUGHU�WR�YDOLGDWH�WKH� DOJRULWKP� DQG� HYDOXDWH� WKH� SHUIRUPDQFH� ORVV�EHIRUH�DSSO\LQJ� LW� WR�H[SHULPHQWDO�GDWD�VHWV��)LJXUH���VKRZV�DQ�H[DPSOH�RI�UDZ�GDWD�UHSUHVHQWHG�LQ��'��2QH�FDQ� FOHDUO\� VHH� WKH� PLJUDWLRQ� RI� WKH� HFKR� RQ� D�K\SHUEROLF�VXUIDFH��7KH�FURVV�VHFWLRQ�RI�WKLV�VXUIDFH�LV�D K\SHUEROD�PLJUDWLRQ�SDWK�FRPPRQO\�HQFRXQWHUHG�LQ�OLQHDU�6$6���%RWK�IXOO\��'�IRFXVLQJ�DQG����'�DOJRULWKP�KDYH�EHHQ�DSSOLHG�WR�UDZ�GDWD��)LJXUHV� �� VKRZV� WKH� FRPSDULVRQ� RI� WKH� IRFXVLQJ�SHUIRUPDQFH� EHWZHHQ� WKHVH� WZR� SURFHVVLQJ�� $V� RQH�FDQ� VHH�� WKH� GLIIHUHQFH� LV� VPDOO�� &URVV�VHFWLRQ� KDYH�EHHQ�FRPSXWHG��DW�WKH�WDUJHW�SRVLWLRQ��LQ�RUGHU�WR�VWXG\�WKH�GLIIHUHQFH�LQ�GHWDLOV��ILJXUH�����)URP�ILJXUH���RQH�

FDQ�VHH�WKDW�WKH�UHVROXWLRQ�LV�TXLWH�WKH�VDPH��7KHUH�LV�D�ORVV� LQ� WKH� SHDN� YDOXH� RI� DERXW� ���� G%� DQG� D� VOLJKW�LQFUHDVH� LQ� VLGH� OREH� OHYHO� �DOWKRXJK� WKH\� UHPDLQ�ORZHU�WKDQ����G%��ZKLFK�VWLOO�UHPDLQV�DFFHSWDEOH���
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0+]��WZR�SHULRGV���7KH�WUDQVGXFHU�EDQGZLGWK�UDQJHV�IURP� ����WR������N+]�� ,W� SRVVHVVHV� D� GLDPHWHU� RI�' ���� FP� DQG� LV� SODFHG� DW� DERXW� ��� FP� IURP� WKH�ERWWRP��$��'�VFDQQLQJ�ZDV�DFKLHYHG�FRYHULQJ�DQ�DUHD�RI ��� FP� [� ��� FP�� ZLWK� D� ���� FP� VWHS� IRU� ERWK�GLUHFWLRQV��;�DQG�<���:KLOH�VFDQQLQJ�WKH�ZKROH�DUHD�������VLJQDOV�ZHUH�REWDLQHG�� FRUUHVSRQGLQJ� WR� DOO� WKH� WUDQVGXFHU¶V�SRVLWLRQV���7KHVH� VLJQDOV� FRQVWLWXWH� D� �'�PDWUL[� SRVVHVVLQJ� WKH�IROORZLQJ�VL]H��
• 1[� ����SRVLWLRQV��
• 1\� ���SRVLWLRQV�DQG�
• 1]� ������VDPSOHV��7KH� H[SHULPHQW� JHRPHWU\� LV� VKRZQ� LQ� ILJXUH� ��� 7KH�VDPH�VFDQQLQJ�JHRPHWU\�ZDV�XVHG��ODWHU�RQ��IRU�EXULHG�WDUJHWV���

)LJXUH����7DQN�H[SHULPHQW�JHRPHWU\�

)LJXUH����3ODQDU�6$6��UDZ�GDWD��WDQN�H[SHULPHQW�

)LJXUH����3ODQDU�6$6��SURFHVVHG�GDWD��WDQN�H[SHULPHQW�

)LJXUH� �� VKRZV� WKH� UDZ� GDWD� REWDLQHG� LQ� D�FRQYHQWLRQDO��'�SORW� �WKH�GHSWK�FRUUHVSRQGLQJ� WR� WKH�ILUVW�HFKR�LV�SORWWHG�IRU�HYHU\�SLQJ���7KH�VDPH�SORW�LV�XVHG� IRU� SURFHVVHG� GDWD�� LQ� ILJXUH� ��� 7KH� UHVROXWLRQ�LPSURYHPHQW�LV�FOHDU�LQ�ERWK�;�DQG�<�GLUHFWLRQV��:KHQ� FRPSDULQJ� �'� 3�6$6� WR� ����� 3�6$6� RQ� WKLV�H[SHULPHQWDO� H[DPSOH�� WKH� UHVROXWLRQ� LV� TXLWH�FRPSDUDEOH�IRU�ERWK�SURFHVVLQJ�WHFKQLTXHV��ZKLOH�WKH�JDLQ� LQ� FRPSXWDWLRQ� WLPH� LV� DERXW� ���� $V� VKRZQ� LQ�ILJXUH����� WKH� UHVROXWLRQ�REWDLQHG�E\�ERWK�DOJRULWKPV�LV�TXLWH�FRPSDUDEOH��
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7KH� VWUDWD� GHSWK� LQWHUYDO� LV� JLYHQ� RQ� WKH� WRS� RI� HDFK�LPDJH�� 7KH� ODVW� LPDJH� VKRZV� D� GUDZLQJ� RI� F\OLQGHU�SRVLWLRQ� DQG� VL]H��7KH�F\OLQGHU� LV� VLWXDWHG� LQ� REOLTXH�LQFLGHQFH� RQ� SXUSRVH� LQ� RUGHU� WR� DYRLG� DQ\�JHRPHWULFDO�RU�VDPSOLQJ�DUWHIDFW��LWV�JHQHUDWLQJ�OLQH�LV�QRW SDUDOOHO�WR�DQ\�VFDQQLQJ�D[LV����
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)LJXUH����6WUDWD�GLVSOD\�RI�3�6$6�LPDJLQJ�RI�D�EXULHG�WDUJHW��IURP�OHIW�WR�ULJKW�DQG�IURP�WRS�WR�ERWWRP���)URP�WKHVH�LPDJHV��WKH�F\OLQGHU�HFKRHV�FDQ�EH�HDVLO\�VHSDUDWHG� IURP� WKH� LQWHUIDFH� RQH� DQG�� IURP� DOO� WKHVH�HFKRHV�� WKH�PDMRU� FKDUDFWHULVWLFV�RI� WKH� WDUJHW� FDQ�EH�HVWLPDWHG��7KHVH�UHVXOWV�DUH�VXPPDULVHG�LQ�WDEOH�����7DEOH�����7DUJHW�SDUDPHWHUV��
3DUDPHWHU� $FWXDO�YDOXH� (VWLPDWHG�YDOXH�; SRVLWLRQ� ����PP� ��� PP�± � PP�
<�SRVLWLRQ� ����PP� ��� PP�± � PP�
=�SRVLWLRQ� a����PP� ��� PP�± �����PP�
%XULDO�GHSWK� ���PP� ��� PP�± ��� PP�
/HQJWK� ���PP� �� PP�± � PP�
:LGWK� ���PP� � PP�± � PP�
7KH� WDUJHW� OHQJWK� DQG�ZLGWK�ZHUH�PHDVXUHG� IRU� D� ±��G% DWWHQXDWLRQ��$V�ZH�FDQ�VHH�LQ�WDEOH����PRVW�RI�WKH�JHRPHWULFDO� FKDUDFWHULVWLFV� RI� WKH� EXULHG� WDUJHW� FRXOG�EH HVWLPDWHG� ZLWK� D� JRRG� DFFXUDF\� H[FHSW� WKH�GLDPHWHU�� ,Q� IDFW�� ZKDW�ZH� FDOOHG� WKH� WDUJHW�ZLGWK� LV�WKH�GXUDWLRQ�RI�WKH�HFKR�FRUUHVSRQGLQJ�WR�WKH�VSHFXODU�HFKR� RQ� LWV� JHQHUDWLQJ� WRS� OLQH��$V� QR� SHQHWUDWLRQ� LQ�

WKH�REMHFW�ZDV�SRVVLEOH��WKH�HFKR�FRUUHVSRQGLQJ�WR�WKH�ERWWRP�JHQHUDWLQJ�OLQH�ZDV�DEVHQW����
&RQFOXVLRQ�7KH� UHVXOWV� REWDLQHG� IRU� ERWK� VLPXODWLRQ� DQG� WDQN�H[SHULPHQW� GDWD� KDYH� VKRZQ� WKH� UHOHYDQFH�� LQ� D�VRXQGHU� JHRPHWU\�� RI� 3�6$6� WHFKQLTXHV� IRU� LPDJLQJ�ERWK� SURXG�DQG� EXULHG� WDUJHWV��7KH�PHWKRG� SURSRVHG�IRU� UHGXFLQJ� WKH� FRPSXWDWLRQ� FRPSOH[LW\� KDV� EHHQ�YDOLGDWHG�RQ�ERWK�VLPXODWLRQV�DQG�WDQN�GDWD��)URP�WKH�³VWUDWD´�GLVSOD\��WKH�PDLQ�FKDUDFWHULVWLFV�RI�WKH�WDUJHWV�FRXOG�EH�H[WUDFWHG���6HYHUDO� LVVXHV� VWLOO� KDYH� WR� EH� LQYHVWLJDWHG��7KH� ILUVW�RQH LV� WKH�H[WHQVLRQ� WR�RWKHU�JHRPHWULFDO� VHW�XSV�DQG�WKH�DSSOLFDWLRQ�RI�WKH�PHWKRG�WR�³FRKHUHQW�PRVDLF´�VHW�XS� 7KH� VHFRQG� RQH� LV� WKH� LQIOXHQFH� RI� WKH� SODWIRUP�LQVWDELOLWLHV�RQ� WKH�ILQDO�LPDJH�TXDOLW\�DQG� WKH�PHDQV�WR�FRUUHFW�LW��$OWKRXJK�WKH�WUDMHFWRU\�JHRPHWU\�LV�D��'�RQH�� ZH� ZLOO� WU\� WR� VSOLW� LW� LQ� � �'� FRPSRQHQWV� DQG�FRUUHFW�LQ�VHTXHQFH�WKH�;�/�6$6�DQG�WKH�<�/�6$6���5HIHUHQFHV�>�@� 0�� (�� =DNKDULD�� DQG� -�� &KDWLOORQ�� ³V\QWKHWLF�DSHUWXUH� PDSSLQJ� DQG� LPDJLQJ´� &KDS�� �� RI�8QGHUZDWHU� $FRXVWLF� 'LJLWDO� 6LJQDO� 3URFHVVLQJ� DQG�&RPPXQLFDWLRQ� 6\VWHPV� (GLWHG� E\� 5�� 6�� +��,VWHSDQLDQ� DQG� 0�� 6WRMDQRYLF�� .OXZHU� $FDGHPLF�3XEOLVKHUV��SS���������>�@�$ILI�%HONDFHP��.DPHO�%HVEHV��-DFTXHV�&KkWLOORQ��DQG�0DQHOO� (�� =DNKDULD�� ³3ODQDU� 6\QWKHWLF� $SHUWXUH�IRU� VHD�%RWWRP� DQG� 6XE�ERWWRP� ,PDJLQJ´�� VXEPLWWHG�WR�,(((�2FHDQ�(QJLQHHULQJ�-RXUQDO�>�@�$ILI�%HONDFHP��.DPHO�%HVEHV��0DQHOO�(��=DNKDULD�³'HIRFXVLQJ� (UURU� LQ� 6$6� 6XE�ERWWRP� ,PDJLQJ´��WHQWK�LQWHUQDWLRQDO�&RQJUHVV�RQ�6RXQG�DQG�9LEUDWLRQ�������-XO\�������6WRFNKROP��6ZHGHQ��>�@�/��5DELQHU�DQG�%��*ROG��³7KHRU\�DQG�DSSOLFDWLRQ�RI GLJLWDO�VLJQDO�SURFHVVLQJ´��3UHQWLFH�+DOO���������
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