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7KH�XVH�RI�R[LGH�FRQILQHG�9&6(/V�LQ�GDWDFRP�DSSOLFDWLRQV�LV�GHPRQVWUDWHG��7KH�GHYLFHV�H[KLELW�ORZ�WKUHVKROG�FXUUHQWV�RI
DSSUR[LPDWHO\��P$�DQG�ORZ�HOHFWULFDO�VHULHV�UHVLVWDQFH�RI�DERXW���Ω��7KH�HPLVVLRQ�ZDYHOHQJWK�LV�LQ�WKH����QP�UDQJH��/LIH
WLPHV�RI� WKH�GHYLFHV�DUH� VHYHUDO�PLOOLRQ�KRXUV�XQGHU�QRUPDO�RSHUDWLQJ�FRQGLWLRQV��9&6(/�DUUD\V�DUH�HPSOR\HG� LQ�D�KLJK
SHUIRUPDQFH�SDUDOOHO�RSWLFDO�OLQN�FDOOHG�3$52/,70��7KLV�RSWLFDO�OLQN�SURYLGHV����SDUDOOHO�FKDQQHOV�ZLWK�D�WRWDO�EDQGZLGWK
H[FHHGLQJ� ��*ELW�V�� 7KH� 9&6(/V� RSWLPL]HG� IRU� WKH� SDUDOOHO� RSWLFDO� OLQN� VKRZ� H[FHOOHQW� WKUHVKROG� FXUUHQW� XQLIRUPLW\
EHWZHHQ�FKDQQHOV�RI�����$��7KH�DUUD\�OLIH�WLPH�GURSV�FRPSDUHG�WR�D�VLQJOH�GHYLFH��EXW�LV�VWLOO�ODUJHU�WKDQ���PLOOLRQ�KRXUV�

.H\ZRUGV��VHPLFRQGXFWRU�ODVHUV��YHUWLFDO�FDYLW\�ODVHUV��9&6(/V��ODVHU�DUUD\V��GDWDFRP��SDUDOOHO�RSWLFDO�OLQNV��UHOLDELOLW\
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9HUWLFDO�FDYLW\�VXUIDFH�HPLWWLQJ�ODVHUV��9&6(/V��KDYH�JDLQHG�D�ORW�RI�LQWHUHVW� LQ�WKH�VFLHQWLILF�FRPPXQLW\�DQG�LQ�LQGXVWU\
RYHU�WKH�ODVW�FRXSOH�RI�\HDUV��,Q�WKH�VFRSH�RI�LQGXVWULDO�PDQXIDFWXULQJ�9&6(/V�DUH�LQWHUHVWLQJ� OLJKW�VRXUFHV��EHFDXVH�WKH\
RIIHU�SRWHQWLDOO\�ORZ�IDEULFDWLQJ�DQG�SDFNDJLQJ�FRVW��7KLV�LV�PDLQO\�GXH�WR�WKH�IDFW�WKDW�ZH�FDQ�EDVLFDOO\�HPSOR\�VWDQGDUG�,&
IDEULFDWLRQ� WHFKQRORJLHV� WR�PDQXIDFWXUH� WKH� GHYLFHV�� ,Q� FRQWUDVW� WR� FRQYHQWLRQDO� HGJH�HPLWWLQJ� ODVHUV� ZH� GR� QRW� KDYH� WR
KDQGOH�IUDJLOH�ODVHU�EDUV��$OO�WKH�IDEULFDWLRQ�DQG�WHVWLQJ�LV�GRQH�RQ�ZDIHU�OHYHO��7KHUH�LV�QR�FOHDYLQJ�RI�WKH�ZDIHU�WR�IRUP�WKH
ODVHU�FDYLW\��QR�DGGLWLRQDO� IDFHW�FRDWLQJ��6LQFH� WKHUH� LV�QR�FOHDYLQJ�9&6(/�ZDIHUV�DUH�QRW� WKLQQHG� WR�D� IUDJLOH�PHPEUDQH
ZKLFK�LV�GLIILFXOW�WR�KDQGOH�LQ�D�SURGXFWLRQ�HQYLURQPHQW��:H�DOVR�OLNH�WKH�IDFW�WKDW�ZH�FDQ�PRXQW�9&6(/V�MXVW�OLNH�/('V
XVLQJ�DXWRPDWHG�SLFN�DQG�SODFH�PDFKLQHV��)URP� WKH�SURGXFWLRQ�SRLQW� RI� YLHZ�9&6(/V� MXVW� ORRN� OLNH�/('V�ZLWK� VSHFLDO
SURSHUWLHV�

7KH�DGYDQWDJHRXV�9&6(/�SURSHUWLHV�OLNH�ORZ�WKUHVKROG�FXUUHQW��KLJK�HIILFLHQF\��ORZ�SRZHU�FRQVXPSWLRQ��ORZ�RXWSXW�EHDP
GLYHUJHQFH�� HDV\� ILEHU� FRXSOLQJ�� DQG� WKH� HDV\� LQWHJUDWLRQ� ZLWK� RWKHU� RSWLFDO� HOHPHQWV� PDNH� WKH� GHYLFHV� DWWUDFWLYH� IRU� D
YDULHW\�RI�DSSOLFDWLRQV��7KH�PRVW�H[SORUHG�DSSOLFDWLRQV�WRGD\�DUH�RSWLFDO�GDWD�OLQNV�XVLQJ����QP�9&6(/V�IRU�GLVWDQFHV�RI�D
IHZ�KXQGUHG�PHWHUV��%HVLGHV�WKH�GDWDFRP�PDUNHW�9&6(/V�DUH�DOVR�GLVFXVVHG�IRU�VHQVRU�DQG�SULQWLQJ�DSSOLFDWLRQV�DQG�DV�D
UHSODFHPHQW�IRU�FRQYHQWLRQDO�&'�ODVHUV�LQ�GDWD�VWRUDJH�
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�&RUUHVSRQGHQFH��2VUDP�2SWR�6HPLFRQGXFWRUV��:HUQHUZHUNVWU�����'�������5HJHQVEXUJ��*HUPDQ\�
���3KRQH��������������������)D[��������������������(PDLO��WRUVWHQ�ZLSLHMHZVNL#VLHPHQV�VFJ�FRP



,Q� WKH� VFLHQWLILF� HQYLURQPHQW� LW� LV� DOZD\V� LQWHUHVWLQJ� WR� H[SORUH� WKH� OLPLWV� RI� GHYLFH� SHUIRUPDQFH��0RVW� RI� WKH� ZRUN� RQ
9&6(/V�FRQFHQWUDWHV�RQ�SHUIRUPDQFH�LVVXHV�LQ�ZD\�RU�DQRWKHU��,Q�LQGXVWU\�ZH�KDYH�WR�IRFXV�RQ�DSSOLFDWLRQ�DVSHFWV��,Q�WKH
9&6(/�FDVH�ZH�KDYH� WKUHH�723�7$5*(7V��KLJK�SHUIRUPDQFH�� KLJK� UHOLDELOLW\�� DQG� ORZ�FRVW��:H�KDYH� WR� ILQG� D�GHVLJQ
RSWLPXP� WR� DFKLHYH� DOO� RI� WKH� WKUHH� GLIIHUHQW� WDUJHWV� DW� WKH� VDPH� WLPH�� :H� GR� QRW� DLP� DW� UHFRUG� SHUIRUPDQFH�� EXW� DW
SHUIRUPDQFH�ZKLFK�VDWLVILHV�RXU�DSSOLFDWLRQ�UHTXLUHPHQWV��,W� LV� LPSRUWDQW�WR�ILQG�D�GHVLJQ�ZKLFK�SURYLGHV�JRRG�UHOLDELOLW\�
/DVW�EXW�QRW�OHDVW�ZH�DOVR�DVN�IRU�KLJK�\LHOG��EHFDXVH�WKLV�GLUHFWO\�WUDQVODWHV�WR�SURGXFWLRQ�FRVW�
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&ODVVLFDOO\� ILEHU� EDVHG� V\VWHPV� KDYH� EHHQ� XVHG� IRU� ORQJ�KDXO� WHOHFRP� DSSOLFDWLRQV� HPSOR\LQJ� HGJH�HPLWWLQJ� ODVHUV� DW
ZDYHOHQJWK�RI�����P�DQG������P��)RU�PRVW�RI�WKH�GDWDFRP�DSSOLFDWLRQV�GLVWDQFHV�DUH�PXFK�VKRUWHU� LQ�WKH�UDQJH�RI�D� IHZ
KXQGUHG�PHWHUV��7KHUHIRUH�PXOWLPRGH�RSWLFDO�ILEHUV�DUH�XVHG�WR�UHGXFH�V\VWHP�FRVW��,Q�JHQHUDO�/('V�DUH�WKH�OLJKW�VRXUFH�IRU
V\VWHPV�UXQQLQJ�DW�VSHHGV�XS�WR�D�IHZ�KXQGUHG�0ELW�V��)RU�QHZ�V\VWHPV�ZLWK�VSHHGV�XS�WR�DSSUR[LPDWHO\��*ELW�V�/('V�DUH
QRW� IDVW� HQRXJK� DQG� ODVHUV�PXVW� EH� XVHG�� 7KHUHIRUH� 9&6(/V� KDYH� EHHQ� LQYHVWLJDWHG� IRU� GDWDFRP� DSSOLFDWLRQV� E\� PDQ\
FRPSDQLHV�>�@��>�@�DQG�UHVHDUFK�JURXSV�>�@�

:H� FDQ� GLVWLQJXLVK� VHULDO� GDWD� OLQNV� ZLWK� RQH� RSWLFDO� FKDQQHO� DQG� SDUDOOHO� RSWLFDO� OLQNV� ZLWK� PXOWLSOH� RSWLFDO� FKDQQHOV�
9&6(/V� DUH� HPSOR\HG� LQ� ERWK� V\VWHPV�� 6WDQGDUGV� IRU� WKHVH� RSWLFDO� OLQNV� DUH� GLVFXVVHG� DQG� H[LVW� WR� SURYLGH� VRPH
LQWHUFKDQJHDELOLW\� RI� V\VWHPV� IURP� GLIIHUHQW� FRPSDQLHV� IRU� WKH� FXVWRPHUV�� 7KH� VWDQGDUGV� )LEHU� &KDQQHO� DQG� *LJDELW
(WKHUQHW�DUH�VSHFLILHG�IRU�VHULDO�OLQNV��3DUDOOHO�OLQNV�DUH�GHVFULEHG�E\�WKH�+LJK�3HUIRUPDQFH�3DUDOOHO�,QWHUIDFH��+,33,��DQG
WKH�6FDOHDEOH�&RKHUHQW�,QWHUIDFH��6&,���,Q�WKH�VKRUW�ZDYHOHQJWK�UDQJH�����P��WKH�VWDQGDUGV�VSHFLI\�WKH�ODVHU�ZDYHOHQJWK�WR
EH�DURXQG����QP�WR�PDWFK�WKH�ZRUNLQJ�ZDYHOHQJWK�RI�*D$V�SKRWRGHWHFWRUV��7KH�FKDQQHO�SLWFK�RI�ILEHUV�LQ�WKH�SDUDOOHO�OLQNV
LV�VHW�WR�����P��7KHVH�DUH�WZR�ERXQGDU\�FRQGLWLRQV�IRU�9&6(/V�DQG�9&6(/�DUUD\V�IRU�WKHVH�DSSOLFDWLRQV�

�����3DUDOOHO�RSWLFDO�OLQNV

7KH�JHQHUDO�WUHQG�LQ�RSWLFDO�GDWD�OLQNV�LV�WR�PRYH�XS�LQ�VSHHG��QRZ�!�*ELW�V��DQG�GHFUHDVH�PRGXOH�VL]H��7KH�SDUDOOHO�RSWLFDO
OLQN�3$52/,70�IROORZV�WKLV�WUHQG��7KH�3$52/,70�V\VWHP�SURYLGHV����SDUDOOHO�RSWLFDO�FKDQQHOV�HDFK�UXQQLQJ�DW�����*ELW�V�
7KXV�WKH�WRWDO�RSWLFDO�GDWD�WKURXJKSXW�H[FHHGV���*ELW�V��'HVSLWH�WKH�KLJK�GDWD�UDWH�WKH�PRGXOH�GLPHQVLRQV�DUH�TXLWH�VPDOO�
OHQJWK���PP��ZLGWK���PP��KHLJKW�����PP��)LJ����GHSLFWV�D�SKRWRJUDSK�RI�WKH�3$52/,70�PRGXOH�

)LJ�����3KRWRJUDSK�RI�WKH�3$52/,70�SDUDOOHO�RSWLFDO�OLQN�PRGXOH�

7KH� ODUJH�GDWD� WUDQVIHU�FDSDFLW\�RI� WKH�3$52/,70�PRGXOH� LV� XVHIXO� IRU� DSSOLFDWLRQV� LQ� VHUYHUV� DQG� VZLWFKHV�ZKHUH� ODUJH
EDQGZLGWKV�DUH�UHTXLUHG��2QH�RI�WKH�DGYDQWDJHV�RYHU�FRSSHU�VROXWLRQV�LV� WKH�VPDOO�VL]H�ZKLFK�UHTXLUHV�RQO\� OLPLWHG�ERDUG
VSDFH��7KH�PRGXOH�VXSSO\�YROWDJH�LV����9�

7KH�9&6(/�DUUD\� LQ� WKH� WUDQVPLWWHU�PRGXOH� �7[�� LV�PRXQWHG�RQ� D� VXEPRXQW��7KH� OLJKW� RXWSXW� RI� WKH�9&6(/� LV� GLUHFWO\
FRXSOHG�LQWR�WKH�VLOLFD�ILEHU�RI�WKH�FRXSOLQJ�XQLW��7KH�FRXSOLQJ�XQLW�GHIOHFWV�WKH�OLJKW�E\������7KXV�� WKH�ILEHU� ULEERQ�FDEOH
ZKLFK� FRQQHFWV� WR� WKH�PRGXOH� FDQ� EH� DVVHPEOHG� SDUDOOHO� WR� WKH� ERDUG��7KLV� FRQFHSW� WR� EHQG� WKH� SKRWRQV� LQ� WKH� PRGXOH



SURYLGHV�VPDOO�KHLJKW�DQG�JRRG�HOHFWULFDO�SHUIRUPDQFH�ZLWK�ORZ�FURVVWDON��)LJ����VKRZV�D�VFKHPDWLF�RI�WKH�PRGXOH�FRXSOLQJ
VFKHPH�

)LJ�����6FKHPDWLF�RI�WKH�FRXSOLQJ�FRQFHSW�RI�WKH�3$52/,70�PRGXOH�

�����(\H�VDIHW\

0RVW� RI� WKH� GDWDFRP� DSSOLFDWLRQ� UHTXLUH� WKH� V\VWHP� WR� EH� H\H� VDIH� DFFRUGLQJ� WR� &ODVV� �� RI� WKH� ,(&����� VWDQGDUG�� 7KH
PD[LPXP�RSWLFDO�SRZHU�LQ�WKH�ILEHU�DQG�DW� WKH�RSWLFDO�SRUW�RI� WKH�PRGXOH�KDV� WR�EH�EHORZ�D�FHUWDLQ� OLPLW�VR� WKDW� LW� LV�QRW
KDUPIXO� WR� WKH� KXPDQ� H\H� XSRQ� H[SRVXUH�� 7KH� QHDU� ,5�ZDYHOHQJWK� UDQJH� RI� ���QP� LV� LQ� SDUWLFXODU� FULWLFDO�� EHFDXVH� WKH
UDGLDWLRQ�FDQ�GDPDJH�WKH�KXPDQ�H\H��EXW�LV�QRW�YLVLEOH��7KHUHIRUH�WKH�PD[LPXP�DOORZDEOH�H[SRVH�HQHUJ\� LV�YHU\�OLPLWHG�
7DEOH��� VKRZV� FDOFXODWHG� QXPEHUV� IRU� WKH�PD[LPXP�DOORZDEOH�RSWLFDO� SRZHU� LQ� WKH� ILEHU� IRU�PXOWLPRGH� �00�� ILEHUV� RI
���P�DQG������P�GLDPHWHU�FRUH��UHVSHFWLYHO\�

�����7DEOH����(\H�VDIHW\�OLPLWV�IRU�RSWLFDO�SRZHU�LQ�HDFK�ILEHU�IRU�00�ILEHU�FRQQHFWLRQV�

RSWLFDO�SRZHU�LQ�HDFK�ILEHU ��FKDQQHO ���FKDQQHOV
���P�ILEHU��1$� ���� ����: ����:
�����P�ILEHU��1$� ������ ����: ����:

7KH�PD[LPXP�DOORZDEOH�SRZHU�IRU�WKH� ODUJHU������P�00�ILEHU� LV�KLJKHU�GXH� WR� LWV� ODUJHU�QXPHULFDO�DSHUWXUH��1$���7KH
KLJKHU�1$�FDXVHV�D�ODUJHU�EHDP�GLYHUJHQFH�ZKLFK�GHFUHDVHV�WKH�UDGLDWLRQ�HQHUJ\�DW�D�FHUWDLQ�GLVWDQFH��,Q�WKH�FDVH�RI�SDUDOOHO
RSWLFDO�OLQNV�WKH�PD[LPXP�DOORZDEOH�SRZHU�GHFUHDVHV�HYHQ�IXUWKHU��7KH�RSWLFDO�SRZHU�OLPLW�FDQ�EH�FDOFXODWHG�E\�WDNLQJ�WKH
QXPEHU�RI�FKDQQHOV�DQG�WKH�FKDQQHO�VSDFLQJ�LQWR�DFFRXQW��,Q�WKH�3$52/,70�V\VWHP�ZLWK����RSWLFDO�FKDQQHOV�DW�����P�SLWFK
WKH�PD[LPXP�DOORZDEOH�SRZHU�LV�OHVV�WKDQ�����:�

�����6\VWHP�UHTXLUHPHQWV

6LQFH�WKH�RSWLFDO�SRZHU�LQ�GDWD�OLQNV�LV�OLPLWHG�E\�H\H�VDIHW\�FRQVLGHUDWLRQV�ZH�KDYH�WR�GHVLJQ�WKH�9&6(/�IRU�ORZ�SRZHU
RSHUDWLRQ�� )URP� WKH� V\VWHPV� SRLQW� RI� YLHZ� WKH� 9&6(/� VKRXOG� KDYH� D� ORZ� WKUHVKROG� FXUUHQW�� 7KH� GLIIHUHQWLDO� TXDQWXP
HIILFLHQF\��GTH��KDV�WR�FRPSO\�ZLWK�WKH�FKDUDFWHULVWLFV�RI�WKH�GULYLQJ�FLUFXLW��,I�WKH�GTH�LV�WRR�ODUJH��WKH�RSWLFDO�RXWSXW�SRZHU
LV�WRR�VHQVLWLYH�WR�OLWWOH�YDULDWLRQV�LQ�GULYH�FXUUHQW��$OVR�LI�GTH�LV�WRR�VPDOO�WKH�WRWDO�GLVVLSDWHG�SRZHU�RI�WKH�PRGXOH�ZRXOG
LQFUHDVH� VLJQLILFDQWO\�� )RU� KLJK� VSHHG� RSHUDWLRQ� LW� LV� LPSRUWDQW� WR� NHHS� WKH� HOHFWULFDO� UHVLVWDQFH� RI� WKH� 9&6(/� ORZ�
2WKHUZLVH�WKH�G\QDPLF�SHUIRUPDQFH�RI�WKH�V\VWHP�ZRXOG�EH�OLPLWHG�E\�WKH�5&�WLPH�FRQVWDQW�

2SWLFDO�PRGXOHV�PXVW�PHHW�FHUWDLQ�TXDOLW\�VSHFLILFDWLRQV��7KH�PRGXOHV�VKDOO�QRW�GHJUDGH�GXULQJ�VWRUDJH�LQ�GDPS�KHDW�RU�LQ
DQ� HQYLURQPHQW� ZLWK� YDU\LQJ� WHPSHUDWXUH� EHWZHHQ� VSHFLILHG� H[WUHPHV�� ,Q� WHUPV� RI� UHOLDELOLW\� WKH� GHYLFHV� KDYH� WR� ZRUN
WKRXVDQGV�RI�KRXUV�ZLWKRXW�IDLOXUH��,W�LV�TXLWH�FRPPRQ�WR�H[SUHVV�WKH�ILQLWH�SUREDELOLW\�RI�D�GHYLFH�WR�IDLO�E\�D�),7�UDWH��),7
PHDQV�)DLOXUHV�,Q�7LPH�ZLWK�WKH�XQLW�����GHYLFH�KRXUV��)RU�LQVWDQFH������),7�LQ�����KRXUV�FRUUHVSRQGV�WR�����IDLOHG�GHYLFHV
ZLWKLQ���������KRXUV�RXW�RI�D�TXDQWLW\�RI��������GHYLFHV� WRWDO��7R�DFKLHYH� ORZ�),7� UDWHV� WKH�9&6(/� OLIH� WLPH�KDV� WR�EH
ODUJH��:H�ZLOO�GLVFXVV�DFWXDO�GDWD�LQ��WKH�IROORZLQJ�VHFWLRQ�

9&6(/�DUUD\

VXEPRXQW

VLOLFD�ILEHU

07��SRUW

FRXSOLQJ�XQLW

GULYHU�,&

����GHIOHFWLQJ�PLUURU



���9&6(/�'(6,*1

,Q�WKLV�VHFWLRQ�ZH�ZLOO�GLVFXVV�WKH�GHVLJQ�LVVXHV�RI�9&6(/V�IRU�GDWDFRP�DSSOLFDWLRQ��:H�IRFXV�RQ�R[LGH�FRQILQHG�9&6(/V�

�����*HQHUDO�LVVXHV

7KH�EDVLF�9&6(/�GHVLJQ�PXVW�SURYLGH�DQ�RSWLFDO�FRQILQHPHQW�IRU�WKH�OLJKWZDYH�SURSDJDWLQJ�LQ�WKH�ODVHU�DQG�DQ�HOHFWULFDO
FRQILQHPHQW� IRU� WKH� FXUUHQW� ZKLFK� GULYHV� WKH� ODVHU�� 7KLV� LV� LGHQWLFDO� WR� DQ\� RWKHU� ODVHU�� 9DULRXV� DSSURDFKHV� KDYH� EHHQ
GHPRQVWUDWHG�WR�DFKLHYH�WKHVH�WZR�PDLQ�JRDOV��:H�VKRZ�WKH�WKUHH�PRVWO\�IDYRUHG�RQHV�LQ�)LJ�����7KH�OLJKW�LQ�WKH�9&6(/
ERXQFHV�XS�DQG�GRZQ�EHWZHHQ�WKH�WZR�KLJKO\�UHIOHFWLQJ�VHPLFRQGXFWRU�PXOWLOD\HU�VWDFNV�RQ�HLWKHU�VLGH�RI�WKH�DFWLYH�OD\HU�
7KH� VWURQJ� IHHGEDFN� IURP� WKH�PLUURUV� OHDGV� WR� DQ� RSWLFDO� LQWHQVLW\� ZLWKLQ� WKH� ODVHU� FDYLW\� ZKLFK� LV� DERXW� WZR� RUGHUV� RI
PDJQLWXGH�VWURQJHU� WKDQ� WKH�HOHFWULFDO� ILHOG� LQWHQVLW\�RI� WKH�RXWFRPLQJ� OLJKW��7KH� OLJKW�HPLVVLRQ� LV� WKURXJK� WKH� WRS�PLUURU
RQO\�VLQFH�WKH�*D$V�VXEVWUDWH�LV�DEVRUELQJ�WKH����QP�UDGLDWLRQ�

OLJKW�RXWSXW OLJKW�RXWSXW OLJKW�RXWSXW

DFWLYHLPSODQWHG DFWLYHDFWLYH R[LGHHWFKHG

VXEVWUDWH VXEVWUDWH VXEVWUDWH

FXUUHQW
IORZ

FXUUHQW
IORZ

D� E� F�

)LJ�����6FKHPDWLFV�RI�WKUHH�W\SHV�RI�9&6(/V��D��HWFKHG�SLOODU��E��SODQDU�LRQ�LPSODQWHG��F��HWFKHG�PHVD�ZLWK�$O$V�R[LGDWLRQ�

,Q� WKH� HWFKHG� SLOODU� W\SH�9&6(/� WKH� IDEULFDWLRQ� SURFHVV� LV� QRQ�SODQDU� ZLWK� HWFK� GHSWKV� LQ� WKH� RUGHU� RI� ���P�� 7KH� ODVHU
FXUUHQW�IORZV�IURP�D�FRQWDFW�PHWDOOL]DWLRQ�RQ�WRS�RI�WKH�HWFKHG�PHVD�WKURXJK�WKH�OD\HUV�RI�WKH�WRS�PLUURU�LQWR�WKH�DFWLYH�OD\HU
DQG�WKHQ�VSUHDGV�RXW�LQ�WKH�ERWWRP�PLUURU�DQG�WKH�*D$V�VXEVWUDWH��7KH�PHVD�VWUXFWXUH�SURYLGHV�DQ�RSWLFDO�ZDYHJXLGH�IRU�WKH
OLJKWZDYH�DQG�FRQFHQWUDWHV�WKH�FXUUHQW�LQ�D�ILQLWH�DUHD�RI�WKH�DFWLYH�OD\HU��(WFKLQJ�LV�WHUPLQDWHG�ZHOO�DERYH�WKH�DFWLYH�OD\HU
WR�HQVXUH�UHOLDEOH�GHYLFH�RSHUDWLRQ�

7KH�LRQ�LPSODQWHG�9&6(/�SURYLGHV�D�SODQDU�IDEULFDWLRQ�SURFHVV��'HHSO\�LPSODQWHG�SURWRQV�FUHDWH�D�KLJKO\�UHVLVWLYH�OD\HU
EXULHG� LQ� WKH� WRS� PLUURU� ZKLFK� IXQQHOV� WKH� ODVHU� FXUUHQW� LQWR� WKH� DFWLYH� DUHD�� 7KH� LPSODQWDWLRQ� GDPDJH� FDQ� DIIHFW� WKH
UHOLDELOLW\�RI�WKH�ODVHU��7KH�RSWLFDO� ORVV�DVVRFLDWHG�ZLWK�WKH�LPSODQWHG�VHPLFRQGXFWRU�UHJLRQV�OLPLWV�WKH�HIILFLHQF\�RI�WKHVH
ODVHUV�WR�DSSUR[LPDWHO\�����IRU�WKH�EHVW�GHYLFHV�UHSRUWHG�LQ�WKH�OLWHUDWXUH�>�@��3URWRQ�LPSODQWHG�9&6(/V�DUH�IDYRUHG�E\�D
ORW�RI�FRPSDQLHV�GXH�WR�WKHLU�UHODWLYHO\�HDV\�IDEULFDWLRQ�SURFHVV�

7KH� ODWHVW� 9&6(/� W\SH� HPSOR\V� WKH� VHOHFWLYH� R[LGDWLRQ� RI� D� YHU\� WKLQ� $O$V� OD\HU� LQ� WKH� WRS� PLUURU� WR� FUHDWH� D� KLJKO\
UHVLVWLYH�OD\HU�RI�$O2[� MXVW�DERYH� WKH�DFWLYH� OD\HU��7KLV�R[LGH� OD\HU� IRUPV�DQ�DSHUWXUH� IRU� WKH� ODVHU�FXUUHQW�DQG�DQ�RSWLFDO
ZDYHJXLGH� DW� WKH� VDPH� WLPH�� 7KH� RSWLFDO� ORVV� LV� YHU\� VPDOO� LQ� WKHVH� GHYLFHV� UHVXOWLQJ� LQ� UHFRUG� SHUIRUPDQFH� GDWD� RI
HIILFLHQF\��!����� >�@�� >�@�DQG�H[WUHPHO\� ORZ� WKUHVKROG�FXUUHQWV� �������$�� >�@��(QFRXUDJHG�E\� WKH� VXSHULRU�SHUIRUPDQFH
GDWD�UHSRUWHG�LQ�WKH�OLWHUDWXUH�ZH�GHFLGHG�WR�LQYHVWLJDWH�WKLV�DGYDQFHG�W\SH�RI�9&6(/�IRU�GDWDFRP�DSSOLFDWLRQV��2XU�LQWHQVH
ZRUN�RQ�UHOLDELOLW\�GHPRQVWUDWHV�WKDW�R[LGH�FRQILQHG�9&6(/V�FDQ�EH�YHU\�UHOLDEOH�GHVSLWH�WKH�SRVVLELOLW\�RI�VWUDLQ�IURP�WKH
R[LGL]HG�VHPLFRQGXFWRU�OD\HU�



�����'HVLJQ�RI�R[LGH�FRQILQHG�9&6(/V

:H�KDYH�GHVLJQHG�R[LGH�FRQILQHG�9&6(/�IRU�GDWDFRP�DSSOLFDWLRQV��)LJXUH���VKRZV�D�VFKHPDWLF�RI�WKH�GHYLFH�

)LJ�����6FKHPDWLF�RI�DQ�R[LGH�FRQILQHG�9&6(/�IRU�GDWDFRP�DSSOLFDWLRQV�

7KH�DFWLYH�OD\HU�LV�VDQGZLFKHG�EHWZHHQ�WKH�WRS�DQG�ERWWRP�%UDJJ�UHIOHFWRU��'%5���7KH�'%5V�FRQVLVW�RI�TXDUWHU�ZDYHOHQJWK
WKLFN�$O*D$V� OD\HUV�ZLWK�YDU\LQJ�$O�FRQWHQW��*URZWK� LV�GRQH�E\�PHWDO�RUJDQLF�YDSRU�SKDVH�HSLWD[\� �0293(��RQ�*D$V
VXEVWUDWHV��:H�HWFK�D�PHVD�LQ�WKH�WRS�'%5�DQG�R[LGL]H�$O*D$V�OD\HUV�ZLWK�D�KLJK�$O�FRQWHQW�WR�IRUP�DQ�DSHUWXUH�IRU�WKH
ODVHU�GULYLQJ�FXUUHQW��7KH�FXUUHQW� LV�VXSSOLHG�IURP�D�ULQJ�FRQWDFW�RQ� WRS�RI� WKH�PHVD��7KH�FKLS�VXUIDFH� LV�SODQDUL]HG�E\�D
SDVVLYDWLRQ�OD\HU�DURXQG�WKH�PHVD�

,GHDOO\�WKH�9&6(/�VKRXOG�KDYH�ORZ�WKUHVKROG�FXUUHQW�EHORZ��P$��6XFK�GHYLFHV�ZLWK�D�VPDOO�DFWLYH�DUHD�KDYH�EHHQ�UHSRUWHG
LQ� OLWHUDWXUH� >�@�� >�@�� >�@�� ,Q�SUDFWLFH� VPDOO� GLDPHWHU�9&6(/V� DUH�PRUH�GLIILFXOW� WR� SURGXFH� DQG� H[KLELW� D� UHODWLYHO\� ODUJH
WKHUPDO�UHVLVWDQFH�>��@��+RZHYHU��WKH�WKHUPDO�UHVLVWDQFH�VKRXOG�EH�ORZ�WR�NHHS�WKH�RSHUDWLQJ�WHPSHUDWXUH�DV�ORZ�DV�SRVVLEOH�
EHFDXVH�KLJK�WHPSHUDWXUHV�DFFHOHUDWH�WKH�DJLQJ�SURFHVV�RI�RSWRHOHFWURQLF�GHYLFHV��7KHUHIRUH�ZH�KDYH�LQFUHDVHG�WKH�9&6(/
GLDPHWHU� WR� RYHU� ���P�� )RU� WKH� 3$52/,70� DSSOLFDWLRQ�ZH� HPSOR\�9&6(/� DUUD\V� ZLWK� ODVHU� HOHPHQWV� RI� ����P� SLWFK�
)LJXUH� �� VKRZV� D� VFDQQLQJ� HOHFWURQ� PLFURVFRSH� �6(0�� SLFWXUH� RI� WKH� GHYLFH�� (DFK�9&6(/� HOHPHQW� RQ� D� ZDIHU� KDV� DQ
LQGLYLGXDO�GHYLFH�QXPEHU�ZKLFK�HQDEOHV�WUDFNLQJ�RI�HYHU\�GHYLFH�

)LJ�����6FDQQLQJ�HOHFWURQ�PLFURVFRSH��6(0��SLFWXUH
RI�D�9&6(/�DUUD\�FKLS�IRU�3$52/,70��7KH�GHWDLOV
VKRZ�RQH�FHOO�RI�WKH�DUUD\�ZLWK�WKH�LQGLYLGXDO�HOHPHQW
QXPEHU�XQG�WKH�RXWSXW�DSHUWXUH��UHSHFWLYHO\�

S�FRQWDFW

OLJKW�RXWSXW

R[LGH�DSHUWXUH

SDVVLYDWLRQ

ERWWRP�'%5

WRS�'%5

DFWLYH�OD\HU

VXEVWUDWHQ�FRQWDFW

FXUUHQW�IORZ



�����3HUIRUPDQFH

7KH� SHUIRUPDQFH� RI� WKH�9&6(/� DUUD\V� GHVFULEHG� KHUH� LV� RSWLPL]HG� IRU� ORZ� SRZHU� RSHUDWLRQ� LQ� WKH� 3$52/,70� V\VWHP�
)LJXUH� �� GHSLFWV� WKH� OLJKW�FXUUHQW�YROWDJH� �/,9�� FKDUDFWHULVWLFV� RI� WKH� GHYLFH�� 7KH� WKUHVKROG� FXUUHQW� LV� DURXQG� �P$�� 7KH
GLIIHUHQWLDO� TXDQWXP� HIILFLHQF\� �GTH�� LV� DSSUR[LPDWHO\� ���:�$��7KLV� SURYLGHV� HQRXJK�PDUJLQ� LQ� WKH� V\VWHP� WR� GULYH� WKH
ODVHU��7KH�HOHFWULFDO�VHULHV�UHVLVWDQFH�LV�DERXW���Ω�DQG�WKH�GULYH�YROWDJH�LV�OHVV�WKDQ��9�

)LJ�����/LJKW�FXUUHQW�YROWDJH��/,9��FKDUDFWHULVWLFV�RI�R[LGH�FRQILQHG�9&6(/V�IRU�WKH�3$52/,70�V\VWHP�

7KH� 3$52/,70� V\VWHP� HPSOR\V� ��� RSWLFDO� FKDQQHOV� IRU� WUDQVPLWWLQJ� GDWD�� 7KH� WLJKW� SRZHU� EXGJHW� UHTXLUHV� YHU\� KLJK
XQLIRUPLW\� EHWZHHQ� WKH� GLIIHUHQW� FKDQQHOV�� 7KHUHIRUH� WKH� ODVHU� HOHPHQWV� PXVW� DOVR� H[KLELW� JRRG� XQLIRUPLW\� LQ� WHUPV� RI
WKUHVKROG�FXUUHQW�DQG�GTH�ZLWKLQ�DQ�DUUD\��7KLV�JRDO�UHTXLUHV�YHU\�JRRG�FRQWURO�RI�HSLWD[LDO�JURZWK�DQG�SURFHVVLQJ��,Q�)LJ���
ZH� GHPRQVWUDWH� WKH� H[FHOOHQW� WKUHVKROG� FXUUHQW� XQLIRUPLW\� RI� D� W\SLFDO� 9&6(/� DUUD\� RSWLPL]HG� IRU� 3$52/,70�� 7KH
WKUHVKROG�UDQJH�RI�DOO�9&6(/�HOHPHQWV�RI�WKH�DUUD\�LV�RQO\����$��7KH�XQLIRUPLW\�LQ�GTH�LV�W\SLFDOO\�OHVV�FULWLFDO�

)LJ�����7KUHVKROG�FXUUHQW�XQLIRUPLW\�RI�D�9&6(/�DUUD\�RSWLPL]HG�IRU�3$52/,70�

���5(/,$%,/,7<

5HOLDEOH�RSHUDWLRQ�RI� WKH� OLJKW� VRXUFH� LV�YHU\� LPSRUWDQW� IRU�GDWDFRP�DSSOLFDWLRQV��7KHUH�KDYH�EHHQ� VHYHUDO� UHSRUWV�RQ� WKH
UHOLDELOLW\�RI�9&6(/V��EXW�RQO\� OLPLWHG�GDWD�ZDV�DYDLODEOH� IRU�R[LGH�FRQILQHG�9&6(/V��7KH�FRQFHUQ�ZLWK�R[LGH�FRQILQHG
9&6(/V�LV�WKH�PHFKDQLFDO�VWUHVV�IURP�WKH�R[LGL]HG�OD\HU�ZKLFK�PLJKW�LQWURGXFH�GHIHFWV�LQ�WKH�DFWLYH� OD\HU�RI� WKH�GHYLFH�
,QGHHG� RXU� ILUVW� GHYLFHV� H[KLELWHG� VRPH� UHOLDELOLW\� SUREOHPV� ZLWK� VXGGHQ� IDLOXUHV� DQG� UHODWLYHO\� VKRUW� OLIH� WLPHV�� %\
FRQVHTXHQWO\�LPSURYLQJ�WKH�GHYLFH�GHVLJQ�DQG�SURFHVVLQJ�VHTXHQFH�ZH�DUH�QRZ�DEOH�WR�IDEULFDWH�R[LGH�FRQILQHG�9&6(/V
ZLWK�KLJK�UHOLDELOLW\�
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�����$JLQJ�WHVWV

:H�SHUIRUPHG�DFFHOHUDWHG�DJLQJ�WHVWV�XQGHU�YDULRXV�GULYH�FRQGLWLRQV�DQG�GLIIHUHQW�WHPSHUDWXUHV��7DEOH���JLYHV�DQ�RYHUYLHZ
RQ� WKH� QXPHURXV� GHYLFHV� ZH� WHVWHG� LQ� DQ� DFFHOHUDWHG� DJLQJ� WHVW�PDWUL[�� 7KH� QXPEHU� RI� GHYLFHV� LV� WKH� VXP� RI� WKH� PDQ\
9&6(/V�WDNHQ�IURP�GLIIHUHQW�HSLWD[LDO�JURZWK�DQG�SURFHVVLQJ�UXQV��0DQ\�DGGLWLRQDO�WHVWV�ZLWK�RWKHU�WHVW�SDUDPHWHUV�KDYH
EHHQ�SHUIRUPHG�DQG�DUH�QRW�OLVWHG�LQ�7DE����

��������������7DEOH����1XPEHU�RI�9&6(/V�XVHG�IRU�WKH�YDULRXV�WHVW�PDWUL[�SDUDPHWHUV�RI�GULYH�FXUUHQW�DQG�DPELHQW�WHPSHUDWXUH�
��RI�GHYLFHV $PELHQW�WHPSHUDWXUH
'ULYH�FXUUHQW ���& ���& ����& ����&
�P$ ��� ��� ���
�P$ ��� ��� ��� ��
�P$ ���
�P$ �� ��� ���
��P$ ��� ��
��P$ �� �� ��
��P$ ��� �� ���

7KH�WRWDO�QXPEHU�RI�GHYLFH�KRXUV�H[FHHGV����PLOOLRQ�DOUHDG\��7KH�WHVW�FRQGLWLRQV�DUH�FKRVHQ� WR�VWUHVV�WKH�GHYLFHV�EH\RQG
QRUPDO�RSHUDWLQJ�FRQGLWLRQV�WR�DFFHOHUDWH�WKH�DJLQJ�SURFHVV��)LJXUH���VKRZV�WKH�RXWSXW�SRZHU�IRU�D�JURXS�RI�����9&6(/V
GULYHQ� DW� �P$� FXUUHQW� DW� DQ� DPELHQW� WHPSHUDWXUH� RI� ���&�� 7KH� RXWSXW� SRZHU� ZDV� PHDVXUHG� DW� �P$�� 8S� WR� ����K� QR
VLJQLILFDQW�GHJUDGDWLRQ�LV�REVHUYHG�

)LJ�����2SWLFDO�RXWSXW�SRZHU�PHDVXUHG�DW��P$�YHUVXV�WLPH�IRU�����9&6(/V�RSHUDWLQJ�DW�D�FRQVWDQW�FXUUHQW�RI��P$�DQG�DQ�DPELHQW
WHPSHUDWXUH�RI����&�

)URP� WKH� IDLOXUHV� RFFXUULQJ� DW� KLJK� VWUHVV� FRQGLWLRQV� ZH� LQIHU� WKH�0HDQ�7LPH�7R�)DLOXUH� �077)�� OLIH� WLPH� IRU� QRUPDO
RSHUDWLQJ�FRQGLWLRQV��7KH�IDLOXUH�FULWHULRQ�ZH�XVH�LV�D�SRZHU�GURS�RI�WKH�9&6(/�WR�����RI�WKH�LQLWLDO�YDOXH��:H�GHWHUPLQH
WKH�DYHUDJH�OLIH�WLPH�RI�D�JURXS�RI�9&6(/V�DW�D�FHUWDLQ�WHVW�FRQGLWLRQ�XVLQJ�WKH�FRPPRQO\�XVHG�:HLEXOO�GLVWULEXWLRQ�

)�W�� ���±�H[S�W�τ�β� ���

ZKHUH�W�LV�WKH�RSHUDWLQJ�WLPH�DQG�τ�LV�WKH�:HLEXOO�OLIH�WLPH�ZKHUH�����RI�DOO�GHYLFH�KDYH�IDLOHG��7KH�β�SDUDPHWHU�GHWHUPLQHV
WKH�VSUHDGLQJ�RI�WKH�IDLOXUH�GLVWULEXWLRQ�DURXQG�WKH�077)�OLIH�WLPH��7KH�UHVXOWV�REWDLQHG�IURP�WKH�:HLEXOO�GLVWULEXWLRQ�DUH
FRPSDUDEOH�WR�UHVXOWV�ZH�JHW�XVLQJ�D�/RJ�1RUPDO�GLVWULEXWLRQ�ZKLFK�LV�DOVR�TXLWH�FRPPRQ�

7KH�OLIH�WLPH�DW�QRUPDO�RSHUDWLQJ�FRQGLWLRQV�LV�LQIHUUHG�E\�FRPSDULQJ�OLIH�WLPH�GDWD�IRU�WKH�GLIIHUHQW�DJLQJ�FRQGLWLRQV�DQG
ILWWLQJ�WKH�GDWD�WR�D�PDWKHPDWLFDO�$UUKHQLXV�:HLEXOO�PRGHO�IRU�OLIH�WLPH��/LIH�WLPH�WP�FDQ�WKHQ�EH�GHWHUPLQHG�E\�WKH�UHODWLRQ�

WP�∝�,�[���3�\���H[S�(D�N7M��� ���

ZKHUH� WKH� FXUUHQW� ,�� WKH� RSWLFDO� SRZHU�3�� DQG� WKH� MXQFWLRQ� WHPSHUDWXUH� 7M� KDYH� WR� EH� WDNHQ� DW� WKH� VWUHVV� DQG� RSHUDWLQJ
FRQGLWLRQ��UHVSHFWLYHO\��N�GHQRWHV�WKH�%ROW]PDQQ�FRQVWDQW��7KH�DFWLYDWLRQ�HQHUJ\�(D�GHWHUPLQHV�WKH�DFFHOHUDWLRQ�RI�WKH�DJLQJ
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SURFHVV�E\�WHPSHUDWXUH��:H�ILQG�DQ�DFWLYDWLRQ�HQHUJ\�RI����H9�IRU�RXU�GHYLFHV��7KH�FXUUHQW�DFFHOHUDWLRQ�IDFWRU�[�GHVFULEHV
WKH�LQIOXHQFH�RI�WKH�ODVHU�GULYLQJ�FXUUHQW�,�RQ�OLIH�WLPH��:H�GHWHUPLQHG�D�YDOXH�RI�����IURP�RXU�DJLQJ�WHVWV��:H�DOVR�LQFOXGHG
WKH�HIIHFW�RI�WKH�RSWLFDO�SRZHU�3�RQ�ODVHU�OLIH�WLPH�E\�XVLQJ�WKH�SRZHU�ODZ�LQ�WKH�PDWKHPDWLFDO�PRGHO��$�YDOXH�RI������IRU�\
SURYLGHV�WKH�EHVW�ILW�WR�RXU�GDWD��)URP�WKH�GDWD�RI�WKH�YDULRXV�DFFHOHUDWHG�DJLQJ�WHVWV�ZH�LQIHU�9&6(/�OLIH�WLPHV�RI�VHYHUDO
PLOOLRQ�KRXUV�IRU�QRUPDO�RSHUDWLQJ�FRQGLWLRQV�

������$UUD\�OLIH�WLPH

)RU�SDUDOOHO�RSWLFDO�OLQNV�OLNH�3$52/,70�ZH�KDYH�WR�FRQVLGHU�WKH�OLIH�WLPH�RI�D�9&6(/�DUUD\��$W����&�DPELHQW�WHPSHUDWXUH
DQG� QRUPDO� GULYH� FRQGLWLRQV� D� ����:HLEXOO� OLIH� WLPH� RI� QHDUO\� ���PLOOLRQ� KRXUV� LV� LQIHUUHG� IRU� D� VLQJOH�9&6(/�� )RU� D
9&6(/�DUUD\�WKLV�QXPEHU�GURSV�DV�VKRZQ�LQ�)LJ����

)LJ�����9&6(/�DUUD\�OLIH�WLPH�DW����&�DPELHQW�WHPSHUDWXUH�DQG�W\SLFDO�RSWLFDO�PRGXOH�SRZHU�OHYHO��%XOOHWV�DUH�H[SHULPHQWDOO\�GHULYHG�
WKH�FXUYHV�DUH�FDOFXODWHG�IURP�VLQJOH�9&6(/�GDWD�

7KH�EXOOHWV�GHQRWH�H[SHULPHQWDOO\�GHULYHG�OLIH�WLPH�GDWD�IRU�D�VLQJOH�9&6(/��D���FKDQQHO�9&6(/�DUUD\�DQG�D����FKDQQHO
DUUD\��UHVSHFWLYHO\��7KH�OLIH�WLPH�RI�WKH����FKDQQHO�9&6(/�DUUD\�GURSV�WR�OHVV�WKDQ���PLOOLRQ�KRXUV��7KH�VROLG�FXUYH�LV�WKH
FDOFXODWHG�OLIH�WLPH�IRU�9&6(/�DUUD\V�ZLWK�GLIIHUHQW�QXPEHU�RI�FKDQQHOV�XVLQJ�WKH�GDWD�REWDLQHG�IRU�WKH�VLQJOH�HOHPHQW�LQ
WKH�FDOFXODWLRQ��$�JRRG�DJUHHPHQW�EHWZHHQ�WKHRU\�DQG�H[SHULPHQW�LV�REVHUYHG��7KH�OLIH�WLPH�IRU�WKH�DUUD\� LV�VLJQLILFDQWO\
ODUJHU� WKDQ�RQH�ZRXOG�JXHVV�E\� VLPSO\�GLYLGLQJ� WKH� VLQJOH�9&6(/� OLIH� WLPH�E\� WKH�QXPEHU�RI� HOHPHQWV��7KLV� UHODWLRQ� LV
VKRZQ�E\�WKH�GDVKHG�OLQH�LQ�)LJ����IRU�FRPSDULVRQ�

���&21&/86,21

:H�KDYH�GHPRQVWUDWHG�WKH�XVH�RI�R[LGH�FRQILQHG�9&6(/V�IRU�GDWDFRP�DSSOLFDWLRQV��7KH�GHYLFHV�DUH�RSWLPL]HG�IRU�WKH�ORZ
RXWSXW�SRZHU�UHTXLUHPHQWV�RI�RSWLFDO�GDWD�OLQNV�WR�FRPSO\�ZLWK�H\H�VDIHW\� UHTXLUHPHQWV��/RZ� WKUHVKROG�FXUUHQWV�RI�D� IHZ
P$� DQG� D� ORZ� HOHFWULFDO� VHULHV� UHVLVWDQFH� LQ� WKH� UDQJH� RI� ��Ω� PDNH� WKH� GHYLFHV� ZHOO� VXLWHG� IRU� KLJK� VSHHG� RSWLFDO
WUDQVPLVVLRQ�V\VWHPV��$UUD\V�RI�WKHVH�9&6(/V�DUH�HPSOR\HG�LQ�WKH�KLJK�SHUIRUPDQFH�RSWLFDO�OLQN�FDOOHG�3$52/,70�ZKHUH
���SDUDOOHO�FKDQQHOV�WUDQVPLW�GDWD�ZLWK�D�WRWDO�GDWD�UDWH�H[FHHGLQJ���*ELW�V�

6LQFH�UHOLDELOLW\�LV�D�NH\�LVVXH�LQ�GDWDFRP�DSSOLFDWLRQ�ZH�KDYH�SHUIRUPHG�QXPHURXV�DFFHOHUDWHG�DJLQJ�WHVWV�ZLWK�WKRXVDQGV
RI�9&6(/V� WR� HQVXUH�KLJK� UHOLDELOLW\��)URP� WKH� YDULRXV� WHVW� FRQGLWLRQV�RI� WKH� VWUHVV�PDWUL[�ZH� LQIHU� WKH� SDUDPHWHUV� RI� D
PDWKHPDWLFDO� PRGHO� WR� FDOFXODWH� 9&6(/� OLIH� WLPHV� DW� QRUPDO� RSHUDWLQJ� FRQGLWLRQV�� :H� IRXQG� OLIH� WLPHV� RI� RXU� R[LGH
FRQILQHG�9&6(/V�RI�VHYHUDO�PLOOLRQ�KRXUV�XQGHU�QRUPDO�RSHUDWLQJ�FRQGLWLRQV��:H�FRPSDUHG�WKH�OLIH�WLPH�RI�VLQJOH�9&6(/V
WR�WKH�OLIH�WLPH�RI�DQ�DUUD\�ZKLFK�LV�VLJQLILFDQWO\�VKRUWHU��EXW�VWLOO�H[FHHGV���PLOOLRQ�KRXUV�

:H�EHOLHYH�WKH�VXSHULRU�SURSHUWLHV�RI�9&6(/V�LQ�WHUPV�RI�SHUIRUPDQFH�DQG�HDV\�SDFNDJLQJ�ZLOO�IXUWKHU�LQFUHDVH�WKH�QXPEHU
RI�DSSOLFDWLRQV�LQ�WKH�IXWXUH�
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5()(5(1&(6

>�@�.�+��+DKQ��³32/2�±�3DUDOOHO�2SWLFDO�/LQNV�IRU�*LJDE\WH�'DWD�&RPPXQLFDWLRQ�´�3URF����WK�(&7&��SS����������������
>�@�/�-��1RUWRQ��)��&DUQH\��1��&KRL��&�.�<��&KXQ��5�.��'HQWRQ�-U���'��'LD]��-��.QDSS��0��0H\HULQJ��&��1JR��6��3ODQHU��*�
5DVNLQ��(��5H\HV��-��6DXYDJHDX��'�%��6FKZDUW]��6�*��6KRRN��-��<RGHU��<��:HQ��³2372%8670�,��$�3URGXFWLRQ�3DUDOOHO
)LEHU�2SWLFDO�,QWHUFRQQHFW´��3URF����WK�(&7&��SS����������������
>�@�8��)LHGOHU��*��5HLQHU��3��6FKQLW]HU��.�-��(EHOLQJ��³7RS�6XUIDFH�(PLWWLQJ�9HUWLFDO�&DYLW\�/DVHU�'LRGHV�IRU���*ELW�V�'DWD
7UDQVPLVVLRQ�´�,(((�3KRWRQ��7HFKQ��/HWW���YRO�����SS����������������
>�@�.�/��/HDU��5�3��6FKQHLGHU��-U���.�'��&KRTXHWWH��6�3��.LOFR\QH��-�-��)LJLHO��-�&��=ROSHU��³9HUWLFDO�&DYLW\�6XUIDFH�(PLWWLQJ
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