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ZLWK� VSDWLDO� GDWD� LQ� SHUVRQDO� QDYLJDWLRQ�� :H� FDQ� VHOHFW� XVHU�VSHFLILF�YLHZV�RI�WKH�PDS�VHUYHU�IRU�GLIIHUHQW�DSSOLFDWLRQV��7KH�PDLQ� JRDO� LV� WR� KDYH� WKH� PDSV� DYDLODEOH� LQ� UHDO�WLPH� DQG�LQGHSHQGHQW� RI� WKH� ORFDWLRQ� RI� WKH� XVHU�� 7KH� PDS� VHUYLFH�SURFHVVHV�E\�WKH�QH[W�VFKHPH��WKH�XVHU�UHFHLYHV�KLV�FRRUGLQDWHV�IURP� WKH�*36��DQG VHQGV� WKHP� WR� WKH�PDS� LPDJH� VHUYHU��$IWHU�UHFHLYLQJ�WKH�UHTXHVW�WKH�VHUYHU�VHQGV�WKH�QHFHVVDU\�PDS����� &RPSXWDWLRQDO�UHVRXUFHV�/HW�XV�FRQVLGHU�WKH�FDVH�ZKHQ�WKH�XVHU�XVHV�WKH�PDS�VHUYLFH�LQ�RXW�GRRU� HQYLURQPHQW�� ,W� PHDQV� WKDW� WKH� XVHU� KDV� WR� XVH�D SRUWDEOH GHYLFH� �OLNH� D� QRWHERRN� RU� D� SRFNHW� 3&�� ZLWK�DSSURSULDWH�SRVLWLRQLQJ�GHYLFH�DQG�ZLUHOHVV�LQWHUQHW�FRQQHFWLRQ��+HUH�DULVH�VHYHUDO�SUREOHPV��)LUVWO\�� LW� LV� QHFHVVDU\� WR� VD\� WKDW� WKH� VWRUDJH� VL]H� RI� D�PDS� LV�KXJH�� )RU� H[DPSOH�� HOHFWURQLF� OLEUDU\�RI�)LQQLVK� URDG�PDSV�RI�WKH�UHVROXWLRQ�����������WDNHV�WKH�VSDFH�RI�HQWLUH�&'��RYHU�����0E�� LQ�XQFRPSUHVVHG�IRUP�>�@��$W�WKH�VDPH�WLPH��WKH�FDSDFLW\�RI�PRGHUQ�FRPPXQLFDWLRQ�FKDQQHOV�DUH�OLPLWHG�DQG�WKHVH�OLPLWV�GHSHQG�RQ� WKH� W\SH�RI�FRPPXQLFDWLRQ��7KH�*356�FKDQQHO�KDV�FDSDFLW\� RI� ��� .ELW� SHU� VHFRQG�� ZKLOH� *60� FKDQQHO� KDV�FDSDFLW\� RQO\� RI� ����� ELWV� SHU� VHFRQG�� ,Q� WKH� FDVH� ZKHQ� WKH�GHYLFH��OLNH�D�SRFNHW�3&��RSHUDWHV�E\�DQ�LQIUDUHG�SRUW��WKHQ�WKH�LQSXW�FKDQQHO�FDSDFLW\�LV�OLPLWHG�E\�������ELWV�SHU�VHFRQG��2Q�WKH� RWKHU� KDQG�� WKH� SRUWDEOH� YLHZLQJ� GHYLFH�� VXFK� DV� SRFNHW�FRPSXWHU�� KDYH� DERXW� ���0E�RI� VWRUDJH� VSDFH� �IRU�HYHU\WKLQJ��LQFOXGLQJ�RSHUDWLRQ� V\VWHP�� SURJUDPV� DQG�GDWD���ZKLFK�FDQ�EH�H[SDQGHG�E\�DERXW����0E�WKURXJK�XVLQJ�FRPSDFW�IODVK�PHPRU\�FDUGV� >�@�� 7KH� VL]H� RI� WKH� PDS� LPDJHV� FDQ� WKHUHIRUH� EH� D�ERWWOHQHFN�� 7KDW� LV� WKH� PDLQ� UHDVRQ� WR� FRPSUHVV� PDS� LPDJHV�EHIRUH�WKH�GDWD�ZLOO�EH�WUDQVPLWWHG�WR�WKH�XVHU�����%ORFN�VHJPHQWDWLRQ�RI�WKH�LPDJH7KH� PDS� VHUYLFH� PDNHV� LWV� RZQ� GHPDQGV� WR� WKH� PDS� LPDJH�FRPSUHVVLRQ� WHFKQLTXH�� 7KH� ILUVW� SODFH� ZLWK� WKH� FRPSUHVVLRQ�UDWLR� GLYLGHV� KHUH� WKH� TXLFN� DQG� ORZ� PDFKLQH� UHVRXUFH�GHPDQGDEOH� GHFRPSUHVVLRQ�� EHFDXVH� WKH� FRPSUHVVLRQ� FDQ� EH�SURFHVVHG� RQ� SRZHUIXO� VHUYHUV�� EXW� WKH� GHFRPSUHVVLRQ� RI� WKH�LPDJH�ZLOO�EH�SURFHVVHG�RQ�WKH�GHYLFHV�ZLWK�FRPSDUDWLYHO\�ORZ�FRPSXWDWLRQDO�UHVRXUFHV��7KH�H[LVWLQJ�FRPSUHVVLRQ� WHFKQLTXHV�KDYH�D�GUDZEDFN� WKDW� WKH�HQWLUH�LPDJH�PXVW�EH�GHFRPSUHVVHG�LQ�PHPRU\�EHIRUH�WKH�LPDJH�FDQ�EH�SUHVHQWHG�WR�WKH�XVHU�>�@��7KLV�FDQ�EH�D�SUREOHP��DV�WKH�GHYLFH� PD\� QRW� KDYH� VXIILFLHQW� UHVRXUFHV� IRU� UHDO�WLPH�GHFRPSUHVVLRQ�RI�WKH�ZKROH�LPDJH��2QH�VROXWLRQ�WR�WKLV�SUREOHP�LV�EORFN�VHJPHQWDWLRQ��7KH�LPDJH�LV�GLYLGHG�LQWR�EuE QRQ�RYHUODSSLQJ�UHFWDQJXODU�EORFNV�EHIRUH�WKH� FRPSUHVVLRQ�� DQG� HDFK� EORFN� LV� FRPSUHVVHG� VHSDUDWHO\� DV�SURSRVHG� LQ�)LJXUH���>�@��7KH�FRPSUHVVHG�EORFNV�DUH�VWRUHG�LQ�WKH�VDPH�ILOH��DQG�DQ� LQGH[� WDEOH� LV�VWRUHG� LQ� WKH�KHDGHU�RI� WKH�ILOH�� :KHQ� WKH� FRPSUHVVHG� LPDJH� LV� DFFHVVHG�� D� EORFN� LQGH[�WDEOH�LQGLFDWLQJ�WKH�ORFDWLRQ�RI�WKH�EORFN�LQ�WKH�FRPSUHVVHG�ILOH��FDQ� EH� FRQVWUXFWHG�� 7KLV� SURYLGHV� GLUHFW� DFFHVV� WR� WKH�FRPSUHVVHG� LPDJH� ILOH�� DQG� WKHUHIRUH�� HQDEOHV� HIILFLHQW� DQG�LQGHSHQGHQW�GHFRPSUHVVLRQ�RI�SDUWLFXODU�LPDJH�IUDJPHQW��7KH�EORFN�VL]H�LV�D�FRPSURPLVH�EHWZHHQ�FRPSUHVVLRQ�UDWLR�DQG�GHFRGLQJ�GHOD\��,I�YHU\�VPDOO�EORFN�VL]H�LV�XVHG�WKH�GHVLUHG�SDUW�RI� WKH� LPDJH� FDQ� EH� UHFRQVWUXFWHG�PRUH� DFFXUDWHO\� DQG� IDVWHU��7KH�LQGH[�WDEOH�LWVHOI�UHTXLUHV�VSDFH�DQG�WKH�RYHUKHDG�LV�UHODWLYH�WR�WKH�QXPEHU�RI�EORFNV�

)LJXUH��� %ORFN�VHJPHQWDWLRQ�RI�WKH�PDS�LPDJH��
�� 6(0,�$'$37,9(�',&7,21$5<�%$6('�&2035(66,21�7KH� FRPSUHVVLRQ� WKHRU\� KDV� WZR� PDLQ� VXEVHFWLRQV�� VWDWLVWLFDO�DQG�GLFWLRQDU\�EDVHG�FRPSUHVVLRQ�DOJRULWKPV�>�@��/HW�XV�FORVHU�FRQVLGHU�WKH�IDPLO\�RI�GLFWLRQDU\�EDVHG�DOJRULWKPV����� '\QDPLF�YV��6HPL�DGDSWLYH7KHUH�DUH� WKUHH� W\SHV�RI�GLFWLRQDU\�EDVHG�FRPSUHVVLRQ�PRGHOV��7KH\� DUH�� VWDWLF�� VHPL�DGDSWLYH� DQG� G\QDPLF�� 7KH� VWDWLF�DOJRULWKPV� DUH� WKH� VLPSOHVW� DQG� WKH� ROGHVW� PHPEHUV� RI� WKLV�IDPLO\�� 7KH\� XVH� IRU� HQFRGLQJ� D� VWDWLF�� SUHGHILQHG� GLFWLRQDU\��ZKLFK� LV� QRW� DGDSWHG� WR� WKH� LQSXW� ILOH�� 8QIRUWXQDWHO\�� WKHLU�EHKDYLRXU�LV�XQDFFHSWDEOH��DV�ZH�FDQ¶W�FUHDWH�D�VWDWLF�GLFWLRQDU\��ZKLFK� ZLOO� FRPSUHVV� DOO� GLIIHUHQW� PDS� LPDJHV�� 6R� OHW� XV�FRQVLGHU� PRUH� FORVHO\� WKH� RWKHU� WZR� PRGHOOLQJ� VFKHPHV��G\QDPLF�DQG�VHPL�DGDSWLYH�6HPL�DGDSWLYH� GLFWLRQDU\� EDVHG� FRPSUHVVLRQ� PHWKRG� XVHV� D�WZR�SDVV� DOJRULWKP�� ZKHUH� WKH� ILUVW� SDVV� LV� XVHG� IRU� FUHDWLQJ�GLFWLRQDU\� DFFRUGLQJ� WR� LQSXW� VWUHDP�� DQG� WKH� VHFRQG�SHUIRUPV�WKH� DFWXDO� FRPSUHVVLRQ�� 7KH� G\QDPLF� GLFWLRQDU\� EDVHG�FRPSUHVVLRQ� XVHV� WKH� RQH�SDVV� DOJRULWKPV�� ZKLFK� PRGLILHV�RSHUDWRUV� DQG�RU� DWWULEXWHV� DFFRUGLQJ� WR� WKH� LQSXW� VWUHDP�� 7KH�GLFWLRQDU\� LQ� WKH� G\QDPLF� FDVH� LV� FUHDWHG� RQ�OLQH� GXULQJ� WKH�FRPSUHVVLRQ��7KDW� LV� WKH�UHDVRQ�ZK\�WKH�G\QDPLF�DOJRULWKP�PXVW�XSGDWH�WKH�PRGHO�DFFRUGLQJ� WR� WKH� LQSXW�VWUHDP� 2Q�WKH�RWKHU�KDQG��VHPL�DGDSWLYH� GLFWLRQDU\� EDVHG� FRPSUHVVLRQ� QHHGV� WR� VWRUH� WKH�GLFWLRQDU\� LQ� WKH� FRPSUHVVHG� ILOH�� ZKHUHDV� WKH� G\QDPLF�PRGHOOLQJ�UHFRQVWUXFWV�LW�GXULQJ�WKH�GHFRPSUHVVLRQ��VHH�)LJXUH�����7KH�SRVLWLYH�DQG�QHJDWLYH�VLGHV�RI�ERWK�PRGHOOLQJ�PHWKRGV�DUH�VXPPDUL]HG�DV�IROORZV��
6HPL�DGDSWLYH�GHFRPSUHVVLRQ '\QDPLF�GHFRPSUHVVLRQ�6LGH�LQIRUPDWLRQ�QHHGHG �1R�VLGH�LQIRUPDWLRQ�QHHGHG�1R�XSGDWLQJ�RI�WKH�PRGHO�GXULQJ�GHFRPSUHVVLRQ �8SGDWLQJ�RI�WKH�PRGHO�GXULQJ�GHFRPSUHVVLRQ
��� 6HPL�DGDSWLYH�PRGLILFDWLRQ�RI�WKH�/=:�DOJRULWKP/=:� LV� D� UHDVRQDEO\� JRRG� FRPSUHVVLRQ� DOJRULWKP��ZKLFK� FDQ�DGDSW� LWVHOI� WR� WKH� FKDQJHV� LQ� WKH� LQSXW� VWUHDP� >��@�� 'XULQJ�/=:� FRPSUHVVLRQ� WKH� LQSXW� VWUHDP� LV� SDUVHG� LQWR� SKUDVHV��ZKHUH� HDFK� SKUDVH� LV� WKH� ORQJHVW� PDWFKLQJ� SKUDVH� VHHQ�SUHYLRXVO\��(DFK�SKUDVH� �ZLWKRXW� LWV� ODVW� FKDUDFWHU�� LV� HQFRGHG�DV� DQ� LQGH[� WR� WKH� GLFWLRQDU\�� 7KH� PDLQ� DFKLHYHPHQW� RI� WKLV�DSSURDFK�LV�WKDW�LW�LV�IURP�WKH�IDPLO\�RI�DGDSWLYH�FRGHUV�WKDW�OHW�LW� QRW� WR� VWRUH� WKH� GLFWLRQDU\� LQWR� WKH� ILOH�� EXW� FUHDWH� LW� GXULQJ�GHFRPSUHVVLRQ� SURFHVV�� ,W� LV� YHU\� LPSRUWDQW�� EHFDXVH� WKH�GLFWLRQDU\� FDQ� HDVLO\� UHDFK�YHU\�KXJH� VL]H��2Q� WKH�RWKHU�KDQG��WKH� FRPSUHVVLRQ� DELOLW\� RI� WKH�/=:�DOJRULWKP�GHFUHDVHV� LI�ZH�XVH� LW� IRU� FRPSUHVVLRQ� PDSV� ZLWK� VPDOO� QXPEHU� RI� FRORXUV�
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�ELQDU\� LPDJHV� IRU� H[DPSOH��� RU� WH[WV� ZLWK� VPDOO� QXPEHU� RI�GLIIHUHQW�XVHG�V\PEROV��:H�SUHVHQW�D�PRGLILFDWLRQ� WR� WKH�/=:��ZKLFK� LV�GHQRWHG�KHUH�DV� /=:VHP �/=:� VHPL�DGDSWLYH��� 7KH� DOJRULWKP� KDV� WZR�SKDVHV�� LQ� WKH� ILUVW� SKDVH� LW� EXLOGV� D� GLFWLRQDU\�� DQG� WKH�DFWXDO�RXWSXW� RI� WKH� LQGH[HV� LV� VWDUWHG� LQ� WKH� VHFRQG� SKDVH�� 7KH�GLFWLRQDU\�LV�EXLOW�E\�XVLQJ�WKH�VDPH�DOJRULWKP�DV�LQ�WKH�/=:��'XULQJ� WKH� VHFRQG� VWDJH�� WKH� /=:VHP� XVHV� DOVR� WKH� VDPH�SDUVLQJ� WHFKQLTXH� DV� /=:� EXW� LW� FDQ� XVH� DOO� HQWULHV� LQ� WKH�GLFWLRQDU\�� DOVR� WKRVH�RQHV� WKDW�DSSHDU� ODWHU� LQ� WKH� LPDJH��7KLV�DOVR�PHDQV�WKDW�WKH�GLFWLRQDU\�PXVW�DOVR�EH�FRGHG����� ,PSOHPHQWDWLRQ�RI�WKH�DOJRULWKP�7KH� LPSOHPHQWDWLRQ� RI� WKH� VHPL�DGDSWLYH� PHWKRG� FDQ� EH�GLYLGHG�LQWR�VHYHUDO�SDUWV�DV�IROORZV��� &UHDWH�DQ�LQLWLDO�GLFWLRQDU\�E\�WKH /=:�DOJRULWKP��� 3UXQH�WKH�GLFWLRQDU\��� 6WRUH�WKH�ILQDO�GLFWLRQDU\�LQ�WKH�FRPSUHVVHG�ILOH��� (QFRGH�WKH�LQSXW�ILOH�E\�XVLQJ�WKH�ILQDO�GLFWLRQDU\�7KH� ILUVW� SDUW� LV� FUHDWLRQ�RI� LQLWLDO� GLFWLRQDU\�� ,W�PHDQV� WKDW� DW�WKH�ILUVW�WLPH��WKH�DOJRULWKP�SURFHVVHV�WKH�DGDSWLYH�/=:�FRGLQJ�SURFHVV��DQG�FUHDWH�GLFWLRQDU\�VR�FDOOHG�DV�LQLWLDO�GLFWLRQDU\��7KH�LQGH[HV�� KRZHYHU�� DUH� QRW� \HW� FRGHG�� $W� WKH� QH[W� VWHS�� WKH�DOJRULWKP� SUXQHV� WKH� LQLWLDO� GLFWLRQDU\�� 7KH� WKLUG� VWHS� LV� LQ�VWRULQJ� DOO� QHFHVVDU\� VLGH� LQIRUPDWLRQ�� DV� WKH� ILOH� KHDGHU��GLFWLRQDU\�DQG�VR�RQ�LQWR�WKH�FRPSUHVVHG�ILOH��$W�WKH�ILQDO�VWHS��WKH� DOJRULWKP� FRGHV� WKH� LQSXW� LPDJH� E\� XVLQJ� WKH� ILQDO�GLFWLRQDU\������� &UHDWLRQ�RI�WKH�LQLWLDO�GLFWLRQDU\)RU� FUHDWLQJ� WKH� LQLWLDO� GLFWLRQDU\� ZH� XVH� WKH� RULJLQDO� /=:�DOJRULWKP��2Q�WKLV�VWDJH�ZH�SUHGHILQH�WKH�QXPEHU�RI�/=:�WUHH�QRGHV� SHU� HDFK� EORFN�� 7KH� GLUHFWLRQ� RI� WKH� FRPSUHVVLRQ� LV�SURFHVVHG�DV�LW� LV�VKRZQ�LQ�WKH�)LJXUH����7KH�QXPEHU�RI�QRGHV�SHU�HDFK�EORFN�LV�WKH�PD[LPXP�QXPEHU�RI�QRGHV��GLYLGHG�E\�WKH�QXPEHU�RI�EORFNV��7KH�SVHXGRFRGH�RI�WKLV�SURFHVV�LV�VKRZQ�LQ�WKH�)LJXUH����7KH�0D[1RGH,QGH[�LV�WKH�XSSHU�OLPLW�RI�WKH�/=:�WUHH�QRGH�LQGH[HV��DQG�0D[%ORFN1RGH1XPEHU�LV�WKH�QXPEHU�RI�QRGHV�SHU�EORFN�

�)LJXUH��� 7KH�GLUHFWLRQ�RI�WKH�LPDJH�SURFHVVLQJ�LQ�WKH�VHFRQG�YDULDQW�
0RYH)LOH3RLQWHU7R%ORFN6WDUW&RXQWm�0D[%ORFN1RGH1XPEHU� �0D[1RGH,QGH[�1XPEHU2I%ORFNV6WULQJm5HDG6\PERO�,QSXW,PDJH�:KLOH�1RW�HQG�RI�LPDJH�EORFN�
6̂\PEROm5HDG6\PERO�,QSXW,PDJH�LI�6WULQJ�6\PERO�,QLWLDO'LFWLRQDU\�^6WULQJm6WULQJ�6\PERO

H̀OVH$̂GG7R'LFWLRQDU\�6WULQJ�6\PERO�&RXQW��LI�&RXQW! 0D[%ORFN1RGH1XPEHU��WKHQ�EUHDN`

6WULQJm6\PERO`)LJXUH����7KH�SVHXGRFRGH�RI�WKH�EORFN�WR�EORFN�GLFWLRQDU\�FUHDWLQJ���� 3UXQLQJ�RI�WKH�LQLWLDO�GLFWLRQDU\7UDQVIRUPDWLRQ�RI�WKH�LQLWLDO�GLFWLRQDU\�LQWR�WKH� ILQDO�GLFWLRQDU\�FRQVLVWV� RI� GHOHWLQJ� WKH� PRVW� RI� HOHPHQWV� IURP� WKH� LQLWLDO�GLFWLRQDU\�� /HW� XV� GHILQH� D� FRYHU RI� WKH� LQSXW� LPDJH� DV� WKH�VHTXHQFH� RI� WKH� GLFWLRQDU\� HOHPHQWV�� ZKLFK� FRYHU� WKH� LPDJH�ZLWKRXW�LQWHUVHFWLRQV��6R�WKH�SURFHVV�FRQVLVWV�RI�WZR�VWDJHV��� &RYHU�FUHDWLQJ��� 3UXQLQJ�RI�WKH�FRYHU�7KH� DOJRULWKP� RI� WKH� ILUVW� SKDVH� LV� GHVFULEHG� LQ� )LJXUH� ���$OO�HOHPHQWV�IURP�WKH�LQLWLDO�GLFWLRQDU\�DUH�GLYLGHG�LQWR�WZR�JURXSV��V\PEROV� VHTXHQFHV� LQFOXGHG LQ� WKH�FRYHU�� DQG� V\PEROV� VHTXHQFHV�QRW�LQ�WKH�FRYHU��

)LJXUH��� 3VHXGR�FRGH�IRU�WKH�FUHDWLRQ�RI�WKH�FRYHU��
$W� WKH� VHFRQG� VWDJH� RI� WKLV� SKDVH�ZH� VWDUW� WR� SUXQH� WKH� LQLWLDO�GLFWLRQDU\�� )RU� WKLV� RSHUDWLRQ� ZH� QHHG� D� FULWHULRQ� IRU� HDFK�HOHPHQW�IURP�WKH�LQLWLDO�GLFWLRQDU\��ZKHWKHU�WR�NHHS�LW�RU�WR�JHW�ULG� IURP� LW�� 7KH�PDLQ� SULQFLSOH� RI� WKLV� FULWHULRQ�ZDV� WKDW� HDFK�HOHPHQW�RI�WKH�ILQDO�GLFWLRQDU\�ZLOO�EH�UHSUHVHQWHG�LQ�WKH�KHDGHU�RI� WKH� FRPSUHVVHG� ILOH� DQG� WKHUHIRUH� ZLOO� UHTXLUH� DGGLWLRQDO�VSDFH��$PRQJ�VHYHUDO�YDULDQWV�RI�WKH�FULWHULRQ�WKH�VLPSOHVW�RQH�ZDV�FKRVHQ��'XULQJ�WKH�ILUVW�VWDJH�ZH�FROOHFW�WKH�FRYHU�VWDWLVWLFV�RI� HDFK� HOHPHQW� IURP� WKH� LQLWLDO�GLFWLRQDU\��7KH�FULWHULRQ� LV�� LI�DQ� HOHPHQW� DSSHDUV� LQ� WKH� FRYHU� RI� WKH� LQSXW� LPDJH�PRUH� WKDQ�RQFH�LW�LV�NHSW�LQ�WKH�GLFWLRQDU\��2WKHUZLVH�LW�LV�GHOHWHG���� 7KH�ILQDO�GLFWLRQDU\�VWUXFWXUH:H� FRQVLGHU� WZR� DOWHUQDWLYH� PHWKRGV� WR� VWRUH� WKH� ILQDO�GLFWLRQDU\�HOHPHQWV��� 7R�NHHS�WKH�WUHH�VWUXFWXUH�RI�WKH�/=:�WUHH��WKH�ILQDO�GLFWLRQDU\�LV�VWRUHG�DV�SRLQWHU�WR�WKH�SDUHQW�QRGH���V\PERO��� 7R� JHW� ULG� RI� WKH� WUHH� VWUXFWXUH� DQG� VWRUH� WKH� ILQDO�GLFWLRQDU\�DV�D�VLPSOH�FRGHERRN�,Q� WKH� ILUVW� FDVH�� WKH� HOHPHQW� RI� WKH� GLFWLRQDU\� LV� FRQVLVWLQJ�IURP��³SDUHQW��� V\PERO´��6L]H�RI� WKH�SDUHQW� LV�FDOFXODWHG�IURP�WKH� SUHGHILQHG� QXPEHU� RI� /=:� WUHH� QRGHV�� )RU� H[DPSOH�� LI�/=:� WUHH� FRQVLVWV� RI� ���� QRGHV�� WKHQ� LW� LV� QHFHVVDU\� WR� XVH� ��ELWV�WR�HQFRGH�WKH�LQGH[�RI�WKH�QRGHV��ORJ���� ����7KH�FRGH�ELW�OHQJWK�RI�WKH�V\PERO�GHSHQGV�IURP�WKH�QXPEHU�RI�FRORXUV��6R�LI�WKH�LPDJH�KDV���FRORXUV�� LW� LV�QHFHVVDU\�WR�XVH�DW�OHDVW���ELWV�WR�HQFRGH�WKH�LQGH[�RI�FRORXU��ORJ�� ����7KH�ILQDO�IRUPXOD�IRU�WKH�VL]H�RI�WKH�WUDQVIRUPHG�LQIRUPDWLRQ�LV�� � U1RGHV1XPEHU1RGHV1XPEHEHU&RORXUV1XP �� �� ORJORJELWV��,Q�WKH�VHFRQG�YDULDQW�WKH�IRUPXOD�IRU�WKH�VL]H�RI�WUDQVPLWWHG�LQIRUPDWLRQ�LV�
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¦ �XPEHU8VH1RGHVG1
L L EHU&RORXUV1XPH'HSWK2I1RG� �ORJ

ELWV��ZKHUH�8VHG1RGHV1XPEHU�LV�WKH�QXPEHU�RI�QRGHV�IURP�WKH�LQLWLDO�GLFWLRQDU\�WKDW�ZHUH�XVHG�LQ�WKH�FRYHU�RI�WKH�LQSXW�LPDJH��DQG�'HSWK2I1RGH�LV�WKH�GHSWK�RI�WKH�QRGH�LQ�WKH�/=:�WUHH��RU�OHQJWK�RI�WKH�SKUDVH��ZKLFK�LW�UHSUHVHQWV��%RWK�YDULDQWV�ZHUH�WHVWHG�RQ�VHYHUDO�PDS�LPDJHV��DQG�UHVXOWV�RI�WKH�WHVWV�DUH�SODFHG�LQ�WKH�7DEOH����7KH�DGYDQWDJH�RI�WKH�VHFRQG�YDULDQW�LV�FOHDU�ZKHQ�WKH�QXPEHU�RI�/=:�WUHH�QRGHV�LV�KLJKHU��7KHUH� LV� D� WHQGHQF\� WKDW� WKH� GLIIHUHQFH� EHWZHHQ� VL]H� RI�WUDQVPLWWHG� LQIRUPDWLRQ� LQFUHDVHV� LQ� IDYRXU� RI� WKH� VHFRQG�YDULDQW�7DEOH��� &RPSDULVRQ�RI�ERWK�YDULDQWV�IRU�VWRULQJ�WKH�GLFWLRQDU\�
,PDJH 1RGHV�1XPEHU &RORXUV�1XPEHU 8VHG�1RGHV�1XPEHU 9DULDQW��6L]H 9DULDQW��6L]HY���SJP ��� � ��� ���� ����YDQWDD�SJP ��� � ��� ���� ����VXRPL��T�SJP ��� � ��� ���� ����KLOOV�SEP ��� � ��� ���� ������� 6WRULQJ�WKH�ILQDO�GLFWLRQDU\�7KH� ILUVW� LQIRUPDWLRQ�� ZKLFK� LV� QHFHVVDU\� WR� UHDG� WKH� ILQDO�GLFWLRQDU\�� LV� WKH�QXPEHU�RI�VHTXHQFHV�DQG�WKH�OHQJWKV�RI�HDFK�VHTXHQFH�� $V� WKH� QXPEHU� RI� VHTXHQFHV� LV� DERXW� VHYHUDO�KXQGUHGV�� WKH\� DUH� HQFRGHG� E\� XVLQJ� +XIIPDQ� FRGLQJ�� 7KH�SURFHVV�RI�VWRULQJ�WKH�ILQDO�GLFWLRQDU\�LQ�WKH�FRPSUHVVHG�ILOH�FDQ�EH�GLYLGHG�LQWR�VHYHUDO�VWDJHV��� 2XWSXW� WKH� OHQJWK�RI� WKH�GLFWLRQDU\��WKH�QXPEHU�RI�GLFWLRQDU\�HOHPHQWV�DIWHU�WZR�VWDJHV�RI�SUXQLQJ���� &DOFXODWH� VWDWLVWLFV� IRU� DOO� OHQJWKV� RI� WKH� ILQDO�GLFWLRQDU\�VHTXHQFHV��� &UHDWH�D�+XIIPDQ�WUHH�IRU�WKH�OHQJWKV�DFFRUGLQJ�WR�WKH�VWDWLVWLFV��� 6WRUH�WKH�+XIIPDQ�WUHH�VWUXFWXUH�LQ�WKH�FRPSUHVVHG�ILOH��� 2XWSXW�HOHPHQWV�RI�WKH�VHTXHQFHV�$W�WKH�ILUVW�VWDJH��HQFRGHU�RXWSXWV�WKH�QXPEHU�RI�HOHPHQWV�LQ�WKH�GLFWLRQDU\��7KH� VHFRQG� VWDJH� FRQVLVWV� RI� WZR� VXE�VWDJHV��$W� WKH� ILUVW� VXE�VWDJH� LW� LV� QHFHVVDU\� WR� ILQG� WKH� PD[LPXP� OHQJWK� IURP� DOO�VHQWHQFHV� IURP� WKH� ILQDO� GLFWLRQDU\��7KH� VHFRQG� LV� WR�FDOFXODWH�KRZ�RIWHQ�HDFK�OHQJWK�DSSHDUHG�LQ�WKH�ILQDO�GLFWLRQDU\�$W�WKH�WKLUG�DQG�IRXUWK�VWDJHV��WKH�HQFRGHU�FRGHV�OHQJWKV�RI�WKH�GLFWLRQDU\� HOHPHQWV� E\� XVLQJ� +XIIPDQ� FRGLQJ�� ,W� FUHDWHV�+XIIPDQ� WUHH� DQG�RXWSXWV� DOO� LQIRUPDWLRQ� WKDW� LV� QHFHVVDU\� IRU�UHFRQVWUXFWLRQ�RI�WKH�+XIIPDQ�WUHH�GXULQJ�GHFRPSUHVVLRQ��7KH� ODVW� VWDJH� RXWSXWV� WKH� DFWXDO� GLFWLRQDU\�� 7KH� GLFWLRQDU\� LV�UHSUHVHQWHG� DV� D� VHTXHQFH� RI� FKDUDFWHUV� DQG� HQFRGHG� E\� WKH�/=66�DOJRULWKP�>��@��7KH�JHQHUDO�VFKHPH�RI�WKH�KHDGHU�RI�WKH�FRPSUHVVHG�ILOH�LV�SODFHG�LQ�WKH�)LJXUH���

)LJXUH��� *HQHUDO�VFKHPH�RI�VWRULQJ�WKH�GLFWLRQDU\���� &RPSUHVVLRQ�VWHS:KHQ�DOO�QHFHVVDU\�LQIRUPDWLRQ�RI�WKH�GLFWLRQDU\�LV�RXWSXWWHG��LW�LV� WLPH� WR� FRPSUHVV� WKH� LQSXW� LPDJH�� 7KLV� DOJRULWKP� LV� D WZR�VWDJH�SURFHVV��� &DOFXODWH�WKH�ILQDO�GLFWLRQDU\�HOHPHQWV�VWDWLVWLFV��� 2XWSXW� WKH� FRPSUHVVHG� LQIRUPDWLRQ� DFFRUGLQJO\� WRWKH�FDOFXODWHG�VWDWLVWLFV�7KH� LGHD�RI� WKH� ILUVW� VWDJH� LV� WR� ILQG� WKH�PRGLILHG�FRYHU�RI� WKH�LQSXW� LPDJH�DFFRUGLQJ� WR� WKH�ILQDO�GLFWLRQDU\�HOHPHQWV��'XULQJ�WKH� ILUVW� VWDJH�� WKH� ILUVW� YHUVLRQ� RI� WKH� FRYHU� LV� FUHDWHG�� %XW�GXULQJ�WKH�VHFRQG�VWDJH�VRPH�RI�WKH�HOHPHQWV�IURP�WKH�FRYHU�DUH�GHOHWHG�� ,Q� WKH�FRPSUHVVHG�ILOH� WKH\�ZLOO�EH�UHSODFHG�E\�D�QHZ�VHTXHQFH� RI� FRGHV�� 7KH� ILQDO� GLFWLRQDU\� GRHV� QRW� KDYH� WUHH�VWUXFWXUH��EXW�VRPH�RI�WKH�UHODWLRQV�DUH�NHSW��7KH�VWUXFWXUH�RI�WKH�ILQDO�GLFWLRQDU\�FDQ�EH�GHVFULEHG�LQ�WKH�IROORZLQJ�PDQQHU��HDFK�HOHPHQW�KDV�D�SDUHQW�DQG�VR�FDOOHG�WDLO� D�VHTXHQFH�RI�V\PEROV��ZKLFK� EHORQJHG� WR� DOO� LQLWLDO� GLFWLRQDU\� HOHPHQWV� WKDW� ZHUH�EHWZHHQ� WKH� SDUHQW� DQG� WKH� FXUUHQW� QRGH� �VHH� )LJXUH� �� DQG�)LJXUH���FRQVHTXHQWO\���7KH�SVHXGRFRGH�RI�WKH�FXUUHQW�VWDJH�LV�SODFHG�LQ�)LJXUH���

)LJXUH����/=:�WUHH�IRU�LQSXW�VWULQJ�³$$$%%$&'%%$$&'$´�

)LJXUH����/=:�WUHH�IRU�LQSXW�VWULQJ�³$$$%%$&'%%$$&'$´�DIWHU�ILUVW�VWDJH�RI�SUXQLQJ�
)RU�SKDVH� ����SKDVH�� ����SKDVH���^
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6WULQJm5HDG6\PERO�,QSXW,PDJH�:KLOH�1RW�HQG�RI�LQSXW�VWUHDP�
6̂\PEROm5HDG6\PERO�,QSXW,PDJH�LI�6WULQJ�6\PERO�,QLWLDO'LFWLRQDU\�^6WULQJm6WULQJ�6\PERO
H̀OVH^LI�6WULQJ�)LQDO'LFWLRQDU\�^LI�SKDVH ���WKHQ�*HW6WDWLVWLFV�&RGH2I�6WULQJ��HOVH�2XWSXW�&RGH2I�6WULQJ��

H̀OVH^2XWSXW�3DUHQW2I�6WULQJ��2XWSXW�7DLO2I�6WULQJ��`
6̀WULQJm6\PERO`` )LJXUH��� 3VHXGRFRGH�RI�WKH�HQFRGLQJ�LQ�VHPL�DGDSWLYH�DOJRULWKP�7KLV�SVHXGRFRGH� LV� WKH�VDPH�LQ�ERWK�SKDVHV��RQO\� WKH�IXQFWLRQ�³2XWSXW´� LQ� WKH� ILUVW� FDVH� PHDQV� FDOFXODWLQJ� VWDWLVWLFV� RI� WKH�GLFWLRQDU\�HOHPHQWV��DQG�LQ�WKH�VHFRQG�FDVH�LW�PHDQV�RXWSXWWLQJ�WKH�HQFRGHG�LQIRUPDWLRQ�LQWR�WKH�FRPSUHVVHG�ILOH��$IWHU�WKH�ILUVW�SKDVH��ZH�FUHDWH�WKH�+XIIPDQ�WUHH�IRU�WKH�ILQDO�GLFWLRQDU\��7KH�LQIRUPDWLRQ� DERXW� WKH� +XIIPDQ� WUHH� LV� SODFHG� LQWR� WKH�FRPSUHVVHG� ILOH��7KHQ�ZH�HQFRGH� WKH� LQSXW� LPDJH��(DFK� LQGH[�IURP� WKH� ILQDO� GLFWLRQDU\� LV� UHSODFHG� E\� D� FRUUHVSRQGLQJ�VHTXHQFH�RI�ELWV����� 'HFRPSUHVVLRQ7KH�GHFRPSUHVVLRQ�SURFHVV�FRQVLVWV�RI�WKUHH�VWHSV��� 'HFRGH�WKH�GLFWLRQDU\�� /RRNLQJ�IRU�WKH�QHFHVVDU\ EORFN�� 'HFRGLQJ�RI�WKH�IRXQG�$W� WKH� ILUVW� VWDJH�� WKH� GHFRGHU� UHDGV� WKH� QXPEHU� RI� GLFWLRQDU\�HOHPHQWV�� WKHLU� OHQJWKV�� DOORFDWHV� PHPRU\� IRU� WKHP�� DQG� WKHQ�UHDGV�WKH�V\PEROV�RI�HDFK�GLFWLRQDU\�HOHPHQW��$W�WKH�QH[W�VWDJH��WKH�GHFRGHU�FDOFXODWHV� WKH�QXPEHU�RI� E\WHV�WKDW�LV�QHFHVVDU\�WR�RIIVHW� IURP� WKH� EHJLQQLQJ� RI� WKH� ILOH� WR� WKH� EHJLQQLQJ� RI� WKH�LPDJH� EORFN�� :KHQ� DOO� QHFHVVDU\� SURFHGXUHV� DUH� GRQH� WKH�GHFRGHU� VWDUWV� WKH� GHFRPSUHVVLRQ� XVLQJ� VWDQGDUG� /=:�GHFRPSUHVVLRQ� URXWLQH� H[SHFW� WKDW� WKH� GLFWLRQDU\� LV� VWDWLF� DQG��WKHUHIRUH��QRW�XSGDWHG�GXULQJ�WKH�SURFHVV��� (;3(5,0(176:H�FRPSUHVV�D�VHW�RI�WRSRJUDSKLF�PDS�LPDJHV�RULJLQDWLQJ�IURP�WKH�1/6�WRSRJUDSKLF�GDWDEDVH�>��@��7KH�ILUVW�LPDJH�VHW�FRQVLVWV�RI� ELQDU\� LPDJHV� DQG� WKH� VHFRQG� VHW� RI� JUH\VFDOH� LPDJHV��7KH�VHW� RI� H[SHULPHQWV� ZDV� SURYLGHG� WR� UHFHLYH� LQIRUPDWLRQ� DERXW�WKH� EHKDYLRXU� RI� WKH� SUHYLRXVO\� GHVFULEHG� VHPL�DGDSWLYH��/=:VHP�� DOJRULWKP� DQG� WKH� DGDSWLYH� /=:� DOJRULWKP� LQ� WKH�FDVH� RI� EORFN� VHJPHQWDWLRQ��$V� WKH� VWDQGDUG�*,)� IRUPDW� GRHV�QRW� KDYH� VXFK� RSWLRQ� DV� LPDJH� WLOLQJ�� D�PRGLILHG�YHUVLRQ�ZLWK�WKLV�RSWLRQ�ZDV�LPSOHPHQWHG��)RU�WKH�H[SHULPHQWV�ZH�KDG�WDNHQ�ILYH� ELQDU\� LPDJHV� ZLWK� VL]H� ����u����� SL[HOV�� DQG� IRXU�JUH\VFDOH� LPDJHV� ZLWK� VL]H� ����u����� SL[HOV�� 'XULQJ� WKH�H[SHULPHQWV� WKH� EORFN� VHJPHQWDWLRQ� IRU� HDFK� LPDJH� ZDV�SHUIRUPHG��

7KH�ELQDU\�LPDJHV�ZHUH�SURFHVVHG�ZLWK�WKH�EORFN�VHJPHQWDWLRQ�RI� VL]HV�� ��u���� ���u����� ���u����� ���u����� ���u����DQG� ����u����� �WKH� ZKROH� LPDJH� FRPSUHVVLRQ��� )RU�FRPSDULVRQ� ZHUH� WDNHQ� IURP� RQH� VLGH� VXFK� ZLGHO\� NQRZQ�GLFWLRQDU\�EDVHG�DOJRULWKPV�DV�31*��*,)��7,))�DQG�-%,*��KHUH�ZDV�XVHG� WKH�0,66�>�@�FRGHU��ZKLFK�ZDV�SURFHVVHG�IRU�ELQDU\�LPDJHV���7KH� JUH\VFDOH� LPDJHV� ZHUH� SURFHVVHG� WKH� EORFN� VHJPHQWDWLRQ�VL]HV�� ��u���� ���u����� ���u����� ���u���� DQG�����u����� SL[HOV� LQ� RQH� EORFN�� 7KH� UHVXOWV� RI� H[SHULPHQWV�ZHUH�VXPPDULVHG�DQG�ZHUH�WDNHQ�DYHUDJH�IURP�DOO�ILOHV�RI�HDFK�W\SH�� 7KHVH� UHVXOWV� DUH� VKRZQ� LQ� WKH� 7DEOH� ��� 7KH� DYHUDJH�FRPSUHVVLRQ� UDWH� IRU� HDFK� WHVW� LPDJH� LV� VKRZQ� LQ� WKH�7DEOH� ���7KH�GHSHQGHQFLHV�EHWZHHQ�WKH�FRPSUHVVLRQ�UDWLR�DQG�WKH�LPDJH�VL]H�DUH�VKRZQ�LQ�WKH�)LJXUH����DQG�����IRU�ELQDU\�LPDJHV�DQG�IRU�JUH\VFDOH�LPDJHV�FRQVHTXHQWO\��7DEOH��� $YHUDJH�VL]HV�RI�WKH�FRPSUHVVHG�ILOHV�IURP�WHVW�VHULHV�%LQDU\�LPDJHV6�$ $GDSWLYH *,) 31* 7,))�*� -%,*��[�� ����� ����� ; ; ; ��������[��� ����� ����� ; ; ; ��������[��� ����� ����� ; ; ; ��������[��� ����� ����� ; ; ; ��������[��� ����� ����� ; ; ; ���������[���� ����� ����� ����� ����� ����� �����*UH\VFDOH�LPDJHV6�$ $GDSWLYH *,) 31* 7,))�'HIODWH��[�� ������ ������ ; ; ;���[��� ������ ������ ; ; ;���[��� ������ ������ ; ; ;���[��� ������ ������ ; ; ;����[���� ������ ������ ������ ������ ������
7DEOH��� $YHUDJH�FRPSUHVVLRQ�UDWLRV�6�$ *,) 31* 7,)) -%,*,PDJH�� ����� ���� ���� ���� ����,PDJH�� ���� ���� ���� ����� ����,PDJH�� ���� ���� ���� ���� �����,PDJH�� ���� ���� ��� ����� �����,PDJH�� ���� ���� ���� ���� ����,PDJH�� ���� ���� ���� ���� ;,PDJH�� ���� ���� ���� ���� ;,PDJH�� ���� ���� ���� ���� ;,PDJH�� ���� ���� ���� ���� ;$YHUDJH ���� ���� ���� ���� �����
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