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$EVWUDFW²7KLV�SDSHU�SUHVHQWV�D�PHWKRG�WR�VHFXUH�WKH�WLPH�
V\QFKURQL]DWLRQ� PHVVDJHV� RI� YDULRXV� 1HWZRUN� 7LPH� 3URWRFRO�
�173�� VHUYLFHV�� ,W� XVHV� WKH� 1HWZRUN� 7LPH� 6HFXULW\� SURWRFRO�
�176��� ZKLFK� LV� QRZ� LQ� D� ILQDO�� SUH�5)&� VWDWH�� ZLWKRXW� WKH�
QHFHVVLW\� RI� FKDQJHV� RI� WKHLU� XQGHUO\LQJ� LPSOHPHQWDWLRQV�� $�
GHGLFDWHG�176� VHUYLFH�±� WKH� VR�FDOOHG�176� GDHPRQ� �176G�� ±�
FDSWXUHV� WKH� VWDQGDUG�173�PHVVDJHV� RI� WKH� FOLHQW� DQG�SDVVHV�
WKHP� RQ� WR� DQ� 176� VHUYHU� �WXQQHOLQJ��� 6XSSOLHG� ZLWK� WKH�
UHVSHFWLYH�WLPHVWDPSV�WKH�VHFXUHG�PHVVDJH�WUDYHOV�EDFN�YLD�WKH�
176� GDHPRQ� WR� WKH� 173� FOLHQW�� D� SURFHGXUH� FRPSOHWHO\�
WUDQVSDUHQW�WR�WKH�173�VHUYLFHV��7KH�SUHVHQWHG�UHVHDUFK�DQG�WKH�
LPSOHPHQWDWLRQ�RI�WKH�PHWKRG�VKRZ�DGYDQWDJHV�DQG�OLPLWDWLRQV�
RI� WKH� DSSURDFK�� )XUWKHUPRUH�� LW� RIIHUV� OLPLWHG� FRUUHFWLRQ� RI�
176�UHODWHG�WLPH�PHVVDJH�DV\PPHWULHV��0HDVXUHPHQWV�SURYLGH�
DQ�LQVLJKW�LQWR�WKH�DFKLHYDEOH�DFFXUDF\�DQG�VKRZ�WKH�GLIIHUHQFHV�
WR�173�VHUYLFHV�ZLWK�LQWHJUDWHG�176�FDSDELOLW\��

.H\ZRUGV²1HWZRUN� 7LPH� 6HFXULW\� �176��� 1HWZRUN� 7LPH�
3URWRFRO��173���VHFXULW\��DXWKHQWLFDWLRQ��LQWHJULW\��176�GDHPRQ�

,�� ,1752'8&7,21�

7LPH� LQIRUPDWLRQ� LV� RI� SDUDPRXQW� LPSRUWDQFH� IRU�
FRPSXWHU� V\VWHPV� DQG� WKHLU� QHWZRUN� FRPPXQLFDWLRQ�� ,W�
HQVXUHV� DFFXUDWH� LQIRUPDWLRQ� H[FKDQJH� DQG� LQWHURSHUDELOLW\��
7\SLFDOO\��DWRPLF�FORFNV�RU�*166�UHFHLYHUV�VHUYH�DV�D�SULPDU\�
WLPH� VRXUFH��3DFNHW�EDVHG�SURWRFROV� OLNH� WKH�1HWZRUN�7LPH�
3URWRFRO� �173��GLVWULEXWH� WKH� WLPH�PHVVDJHV� XVLQJ� VWDQGDUG�
FRPSXWHU� QHWZRUNV�� 8S� WR� QRZ�� WKH� GLVVHPLQDWLRQ� RI� WLPH�
LQIRUPDWLRQ� QRUPDOO\� KDV� WDNHQ� SODFH� ZLWKRXW� DQ\� VHFXULW\�
PHDVXUHV�� DOORZLQJ� SUHFDULRXV� DWWDFNV�� ([LVWLQJ� VHFXULW\�
WHFKQLTXHV� IRU� 173� DUH� HLWKHU� XQVHFXUH� �$XWRNH\� >�@�� RU�
LPSUDFWLFDO� OLNH� WKH� 6\PPHWULF�.H\� >�@�PHWKRG� DV� LW� QHHGV�
XSIURQW�GLVWULEXWLRQ�RI�FU\SWRJUDSKLF�NH\V�YLD�QRQ�HOHFWURQLF�
PHGLD��

7KLV�VLWXDWLRQ�PRWLYDWHG�WKH�GHYHORSPHQW�RI�D�QHZ�NLQG�RI�
VHFXULW\�PHDVXUH�IRU�SDFNHW�EDVHG�WLPH�GLVWULEXWLRQ�SURWRFROV��
$W�WKH�PRPHQW�� WKH�1HWZRUN�7LPH�6HFXULW\��176��SURWRFRO��
PDLQO\�IRU�VHFXULQJ�173��LV�LQ�D�ILQDO�GHYHORSPHQW�VWDWH�DQG�
GHILQHG�LQ�DQ�,(7)�GUDIW�LQ�YHUVLRQ����>�@��7KH�UHOHDVH�DV�DQ�
5)&�LV�H[SHFWHG�LQ�������$�IXOO\�IXQFWLRQDO�SURRI�RI�FRQFHSW�
�3R&�� LPSOHPHQWDWLRQ� LV� DOUHDG\� DYDLODEOH� >��@�� )LQDO�
SURGXFWLYH�YHUVLRQV�DUH� VWLOO�XQGHU�GHYHORSPHQW��EHFDXVH� RI�
WKH�GUDIW�FKDUDFWHU�RI�WKH�VSHFLILFDWLRQ���

8VLQJ�176�ZLWK�DQ�173�VHUYLFH�UHTXLUHV�FRPPXQLFDWLRQ�
EHWZHHQ�WKH�WZR��173�UHTXHVWV�KDYH�WR�EH�VHFXUHG�E\�176�DQG�
UHVSRQVHV�QHHG�WR�EH�YHULILHG�EHIRUH�VWDQGDUG�173�FDQ�XVH�WKH�
WLPH�LQIRUPDWLRQ��6HUYHUV�KDYH�WR�FKHFN�WKH�LQFRPLQJ�UHTXHVWV�
DQG� WR� VHFXUH� UHVSRQVHV�� ,Q� HLWKHU� FDVH�� D� FRPPXQLFDWLRQ�
LQWHUIDFH�EHWZHHQ�173�DQG�176�LV�QHFHVVDU\��$V�WKHUH�LV�QR�
JHQHUDOO\�GHILQHG�LQWHUIDFH�XS�WR�QRZ��LQWHJUDWLRQ�RI�176�LQWR�
173�LV�VSHFLILF�WR�WKH�SDUWLFXODU�LPSOHPHQWDWLRQ��7KHUHIRUH��
HYHU\� 173�176� GHYHORSHU� GHVLJQV� KLV� RZQ� YHUVLRQ�� 7KXV��
UHWURILWWLQJ�RI�176� LQ�H[LVWLQJ�173� LPSOHPHQWDWLRQV� VXUHO\�

ZLOO�WDNH�WLPH�DQG�WKH�VSUHDGLQJ�RI�KHDYLO\�QHHGHG�VHFXULQJ�RI�
173�E\�176�ZLOO�EH�KDPSHUHG��,Q�DGGLWLRQ��VSHFLDO�SODWIRUPV�
UXQ�WKH�ULVN�RI�ODWH�RU�HYHQ�QR�VXSSO\�ZLWK�176�VHFXULW\��

7KLV�SDSHU�SUHVHQWV�D�VROXWLRQ� WR�WKH�SUREOHP�GHVFULEHG��
7KH� SULQFLSOH� LGHD� XVHV� VRPH� NLQG� RI� WXQQHOLQJ� IRU� 173�
PHVVDJHV�RYHU�D�VR�FDOOHG�176�GDHPRQ��176G���7KH�176G�
LQWHUFHSWV� XQVHFXUHG� 173� PHVVDJHV�� FU\SWRJUDSKLFDOO\�
VHFXUHV� WKH� UHTXHVWV� E\� XVH� RI� WKH� 1HWZRUN� 7LPH� 6HFXULW\�
SURWRFRO�DQG� WUDQVIHUV� WKHP� WR�DQRWKHU�176�GDHPRQ�RQ� WKH�
VHUYHU� VLGH�� � 7KDW� GDHPRQ� FKHFNV� WKH�PHVVDJHV� DQG� SDVVHV�
WKHP�RQ�WR�WKH�VWDQGDUG�173�VHUYHU��7KH�VHUYHU�176G�DJDLQ�
FDWFKHV�WKH�173�UHVSRQVH�SDFNDJHV��VHFXUHV�DQG�VHQGV�WKHP�
WR�WKH�FOLHQW�VLGH��7KH�FOLHQW�GDHPRQ�FKHFNV�WKH�PHVVDJHV�DQG�
WUDQVIHUV� WKH� WUXVWHG� RQHV� WR� WKH� 173� FOLHQW�� 7KH� HQWLUH�
DSSURDFK� DSSHDUV� FRPSOHWHO\� WUDQVSDUHQW� WR� WKH� 173�
FRPPXQLFDWLRQ� SDUWQHUV�� 7KLV� SURFHGXUH� HQDEOHV� DUELWUDU\�
173�LPSOHPHQWDWLRQV�WR�XVH�WKH�176�SURWRFRO�ZLWKRXW�RU�ZLWK�
PLQLPDO�FKDQJHV�WR�WKHLU�VRIWZDUH��,Q�DGGLWLRQ��WKLV�GRFXPHQW�
DQDO\]HV�SRVVLEOH�DV\PPHWULHV�LQIHUUHG�E\�176�DQG�WKH�176G�
DQG�GHSLFWV�D�FRPSHQVDWLRQ�PHWKRG��

&KDSWHU�,,�SUHVHQWV�EDVLF� LQIRUPDWLRQ�RQ�173�DQG�176��
&KDSWHU� ,,,� GHVFULEHV� WKH� WXQQHOLQJ� FRQFHSW�� WKH�
FRPPXQLFDWLRQ� VWUXFWXUH� DQG� WKH� FRPSHQVDWLRQ� PHWKRG� LQ�
PRUH�GHWDLO��&KDSWHU�,9�LOOXVWUDWHV�WKH�PHDVXUHPHQW�VHWXS�DQG�
DFWXDO�PHDVXUHPHQWV�XVLQJ�D�ILUVW�LPSOHPHQWDWLRQ�RI�DQ�176�
GDHPRQ�ZKHUHDV�FKDSWHU�9�GLVFXVVHV�WKH�PHDVXUHPHQW�UHVXOWV�
FRPSDUHG� WR� XQVHFXUHG� 173� DQG� DQ� LQWHJUDWHG� 176�173�
LPSOHPHQWDWLRQ��

,,�� 35(/,0,1$5,(6�

7KLV� FKDSWHU�JLYHV�D� VKRUW� UHYLHZ� RI�ERWK�SURWRFROV�� WKH�
1HWZRUN� 7LPH� 3URWRFRO� �173�� DQG� LWV� VHFXULQJ� SURWRFRO�
1HWZRUN�7LPH�6HFXULW\��176���6RPH�GHWDLOV�FDQ�DOUHDG\�EH�
IRXQG�H�J�� LQ�>�����@��0RUH�GHWDLOV�RQ�WKH�FXUUHQW�YHUVLRQ�RI�
176�>�@�DUH�SUHVHQWHG�LQ�>�@��

$�� 7KH�1HWZRUN�7LPH�3URWRFRO��173��
3UHVHQWHG�DOUHDG\�LQ������DV�5)&�����E\�'��/��0LOOV�>�@�

DQG�UHYLVHG�LQ������LQ�YHUVLRQ�173Y��DV�5)&������>�@��WKH�
1HWZRUN�7LPH�3URWRFRO� LV� D� ORQJ� VWDQGLQJ�DQG�ZLGH�VSUHDG�
SURWRFRO� IRU� GLVWULEXWLQJ� WLPH� LQIRUPDWLRQ�� 173� XVHV� WKH�
FRQQHFWLRQ�OHVV�8'3� SURWRFRO� YLD� SRUW������ ,WV� DUFKLWHFWXUH�
RSHUDWHV�ZLWK�D�KLHUDUFKLFDOO\�OD\HUHG�FRPPXQLFDWLRQ�PRGHO��
5HFHLYLQJ�WLPH�LQIRUPDWLRQ�IURP�VWUDWXP���VRXUFHV��W\SLFDOO\�
DWRPLF�FORFNV�RU�*166�UHFHLYHUV��VWUDWXP���VHUYHUV�GLVWULEXWH�
WKH� WLPH� WR� OD\HUV� EHORZ� DQG� VR� RQ��:LWK� HYHU\� OD\HU�� WKH�
VWUDWXP� QXPEHU� LQFUHDVHV� DQG� WKH� DFKLHYDEOH� DFFXUDF\�
GHFUHDVHV��%HVLGHV�RWKHU�FRPPXQLFDWLRQ�PRGHOV��WKH�XQLFDVW�
PRGH��FOLHQW�WR�VHUYHU��VHUYHU�WR�FOLHQW�� LV�WKH�PRVW�SUHYDOHQW�
PRGXV�RSHUDQGL��,Q�XQLFDVW�FRPPXQLFDWLRQ��WKH�FOLHQW�VHQGV�D�
UHTXHVW�WR�WKH�VHUYHU�DW�WLPH�7���)LJ�����DQG�WKH�VHUYHU�UHFHLYHV�
LW�DW�7���$IWHU�SURFHVVLQJ��WKH�VHUYHU�VHQGV�WKH�UHVSRQVH�WR�WKH�
UHTXHVW� DW� 7�� DQG� WKH� FOLHQW� UHFHLYHV� LW� DW� 7��� $V� DOO� IRXU�



WLPHVWDPSs�are�recorded�the�client�computes�the�delay�δ�ZLWK�
����LQGLFDWLQJ�WKH�VR�FDOOHG�URXQG�WULS�WLPH�RI�WKH�SDFNHW��DQG�
the� time�offset�θ� betweeQ� FOLHQW�DQG� VHUYHU�XVLQJ������:LWK�
HTXDO� SURSDJDWLRQ�� GHOD\� RI� WKH� SDFNHWV� IURP� WKH� FOLHQW� WR�
VHUYHU� DQG� YLFH� YHUVD� WKH� WLPH� RIIVHW� TXDQWLILHV� WKH� WLPH�
GLIIHUHQFH�EHWZHHQ�FOLHQW�DQG�VHUYHU��7KLV�DEHUUDWLRQ�LV�XVHG�
WR� FRQWURO� WKH� ORFDO� FORFN� RI� WKH� FOLHQW�� 9DULDWLRQ� RI� WKH�
SURSDJDWLRQ�GHOD\�RQ�WKH�FRPPXQLFDWLRQ�SDWKV�WR�DQG�IURP�WKH�
VHUYHU�FDXVHV�DQ�XQFRUUHFWDEOH�WLPH�RIIVHW�EHWZHHQ�VHUYHU�DQG�
FOLHQW��

� δ�=�(Τ4�−�Τ1)�−�(Τ3�−�Τ2)� (1)�

� θ�=�((Τ2�−�Τ1)�−�(Τ4�−�Τ3))�/�2� (2)�

%�� 7KH�1HWZRUN�7LPH�6HFXULW\�3URWRFRO��176��
$SSOLFDWLRQ� RI� 173� LQ� 6PDUW� *ULG� FRPPXQLFDWLRQ� LQ�

*HUPDQ\�OHG�WR�WKH�PRWLYDWLRQ�WR�HQKDQFH�173�ZLWK�VHFXULW\�
PHDVXUHV�� $V� H[LVWLQJ� VHFXULW\� IHDWXUHV� DUH� XQVHFXUH� RU�
LPSUDFWLFDO��WKH�GHVLJQ�RI�WKH�1HWZRUN�7LPH�6HFXULW\�SURWRFRO�
VWDUWHG�WR�VROYH�WKLV�SUREOHP��,W�H[WHQGV�173�FRPPXQLFDWLRQ�
DQG�DOORZV�FU\SWRJUDSKLFDOO\�VHFXUHG�WLPH�PHVVDJHV��176�LV�
VWLOO� XQGHU� GHYHORSPHQW��EXW� LQ� D�SUH�ILQDO� VWDWH� >�@� DQG� WKH�
WUDQVLWLRQ� WR� 5)&� LV� H[SHFWHG� LQ� WKH� QHDU� IXWXUH�� 7KH� 176�
SURWRFRO�XQGHUZHQW�LPSRUWDQW�GHVLJQ�FKDQJHV�HVSHFLDOO\�IURP�
>�@� WR� WKH� IROORZLQJ� GUDIW� YHUVLRQV�� 3UHYLRXV� ZRUN� LQ� >�@�
GHVFULEHV� WKH� GLIIHUHQFHV� DQG� IRFXVHV� RQ� WKH� DFKLHYDEOH�
LPSURYHPHQWV�LQ�SUDFWLFDO�XVH��

$V� WKH� XQLFDVW� PRGH� LV� WKH� SUHYDOHQW� PRGHO�� 176�
FRQFHQWUDWHV�RQ�WKDW�PRGH��176�LQ�XQLFDVW�PRGH�SURFHHGV�LQ�
WZR� FRQVHFXWLYH� SKDVHV� �)LJ�� ���� 7KH� ILUVW� VWHS� XVHV� 7/6�
��������>�@�WR�VWDUW�WKH�176�.H\�(VWDEOLVKPHQW��176�.(���7KH�
FOLHQW�VHWV�XS�D�7/6�FRQQHFWLRQ�ZLWK�WKH�.H\�(VWDEOLVKPHQW�
VHUYHU�WKDW�PD\�EH�WKH�VDPH�FRPSXWHU�DV�WKH�176�VHFXUHG�173�
VHUYHU� RU�� IRU� ORDG� EDODQFLQJ� SXUSRVHV�� DQRWKHU� GHGLFDWHG�
VHUYHU��8VLQJ�WKDW�OLQN�WKH�V\PPHWULF�NH\V�IRU�FOLHQW�DQG�VHUYHU�
�&�6�� 6�&�� DUH� H[FKDQJHG� DQG� D� VXLWDEOH� $($'�
�$XWKHQWLFDWHG�(QFU\SWLRQ�ZLWK�$VVRFLDWHG�'DWD��>�@��PHWKRG�
LV�QHJRWLDWHG��GHILQLQJ�WKH�HQFU\SWLRQ�DOJRULWKP��,Q�DGGLWLRQ��
WKH�176�.(�VHUYHU�VXSSOLHV�WKH�FOLHQW�ZLWK�D�VHW�RI�FRRNLHV��

$PRQJVW� RWKHU� WKLQJV�� WKH� FRRNLHV� FRQWDLQ� HQFU\SWHG�
LQIRUPDWLRQ� DERXW� WKH� $($'� DOJRULWKP� FKRVHQ� DQG� WKH�
JHQHUDWHG�NH\V��$W�HDFK�WLPH�UHTXHVW��WKH�FOLHQW�UHVHQGV�VXFK�
D�FRRNLH�WR�WKH�176�VHUYHU��7KH�VHUYHU�GHULYHV�WKH�DOJRULWKP��
WKH�NH\V�DQG�RWKHU�LQIRUPDWLRQ�IURP�WKH�FRRNLHV��ZKLFK�DOORZV�
LW�WR�ZRUN�LQ�D�VWDWHOHVV�IDVKLRQ���

$IWHU� WKH� 176� .H\� (VWDEOLVKPHQW�� WKH� VHFRQG� SKDVH�
H[FKDQJHV� VHFXUHG�173� SDFNHWV� E\� LQFRUSRUDWLQJ� WKH� 176�
FRQWHQW� LQWR� 173¶V� H[WHQVLRQ� ILHOGV�� 7R� WKLV� HQG�� LW� GHILQHV�
VSHFLDO�H[WHQVLRQ�ILHOGV�IRU�WKH�XQLTXH�LGHQWLILHU��WKH�FRRNLHV��
WKH� FRRNLH� SODFHKROGHUV� DQG� WKH� 176� DXWKHQWLFDWRU�� 7KH�
XQLTXH� LGHQWLILHU�SUHYHQWV� UHSOD\� DWWDFNV��7KH�FRRNLHV� VHUYH�
IRU� LGHQWLILFDWLRQ� RI� WKH� FOLHQW� DQG� HQDEOH� WKH� VWDWHOHVV�
RSHUDWLRQ� RI� WKH� VHUYHU�� 7KH� FOLHQW� WUDQVPLWV� FRRNLH�
SODFHKROGHUV�WR�JHW�QHZ�FRRNLHV��WKXV�DFFRPSOLVKLQJ�UHTXHVW�
PHVVDJHV� DQG� UHVSRQVH� PHVVDJHV� RI� HTXDO� VL]H�� ZKLFK�
SUHYHQWV� DPSOLILFDWLRQ� DWWDFNV�� 7KH� 176� DXWKHQWLFDWRU�
H[WHQVLRQ� ILHOG� FDUULHV� WKH� UHVXOW� RI� WKH� $($'� DOJRULWKP�
DSSOLHG�WR�WKH�173�SDFNHW��7KH�FRPPXQLFDWLRQ�LQ�WKH�VHFRQG�
SKDVH� PD\� ODVW� XQWLO� WKH� VHUYHU� FKDQJHV� KLV� LQWHUQDO� FU\SWR�
SDUDPHWHUV��WKH�FOLHQW�UXQV�RXW�RI�FRRNLHV��QRUPDOO\�RQO\�ZKHQ�
PHVVDJHV� JHW� ORVW�� RU� LWV� FRRNLHV� DUH� WRR� ROG�� 7KHQ� WKH�
FRPPXQLFDWLRQ�UHVWDUWV�ZLWK�WKH�176�.(�SKDVH��

7KH� 2VWIDOLD� 8QLYHUVLW\� RI� $SSOLHG� 6FLHQFHV� SUHVHQWHG�
ILUVW� 3R&� LPSOHPHQWDWLRQV� RI� 176� >��@� DV� ZHOO� DV� 176�
LQWHJUDWHG� LQ� DQ�RZQ�173�VHUYLFH� >��@� VWDUWLQJ� D� ILUVW�176�
VHUYHU�EDFN�LQ�-DQXDU\�������6LQFH�WKHQ��2VWIDOLD�FUHDWHG�QHZ�
LPSOHPHQWDWLRQV� ZKHQHYHU� GLIIHUHQW� GUDIW� YHUVLRQV� ZHUH�
UHOHDVHG��1RZ�WKUHH�176�VHUYHUV�ZLWK�GLIIHUHQW�GUDIW�YHUVLRQV�
DUH� RIIHUHG� IRU� WHVWV� ZLWK� RWKHU� LPSOHPHQWHUV�� ,Q� DGGLWLRQ��
2VWIDOLD�GHILQHG�D�VWDQGDUG�LQWHUIDFH�IRU�LWV�176�OLEUDU\�LQ�&�
RU� &���� ZKLFK� FDQ� EH� XVHG� E\� RWKHU� 173� LPSOHPHQWDWLRQV�
>��@��

,,,��173�7811(/,1*�&21&(37�

$V�DOUHDG\�PHQWLRQHG��WKH�IDVW�GLVVHPLQDWLRQ�RI�WKH�176�
VWDQGDUG� ZRXOG� EH� GHVLUDEOH�� EXW� LV� KLQGHUHG� E\� QHFHVVDU\�
DGDSWDWLRQV� RI� WKH� YDULRXV� 173� LPSOHPHQWDWLRQV� DQG� QRQ�
VWDQGDUGL]HG� $3,V� RI� 176� OLEUDULHV�� $� VSHFLDO� VHUYLFH�� WKH�
176� GDHPRQ�� ZKLFK� WXQQHOV� 173� SDFNHWV� RI� DQ\�
LPSOHPHQWDWLRQ� DQG� VHFXUHV� WKHP� ZLWK� 176�� SUHVHQWV� WKH�
VROXWLRQ� DQG� GHIXVHV� WKH� SUREOHP�� ,Q� DGGLWLRQ�� 173� FOLHQWV�
XVLQJ� PXOWLSOH� VHUYHU� FRQQHFWLRQV� FDQ� IUHHO\� GHFLGH� ZKLFK�
FRQQHFWLRQV� VKRXOG�EH� VHFXUHG�DQG�ZKLFK�QRW� �)LJ������7KLV�
FKDSWHU�GHVFULEHV� WKH� VWUXFWXUH� RI� WKH�176� GDHPRQ� DQG� WKH�
FRPPXQLFDWLRQ� SURFHVV� EHWZHHQ� 173� DQG� 176G� WKDW� DOVR�
SURYLGHV�DQ�RSSRUWXQLW\�WR�FRPSHQVDWH�IRU�176�UHODWHG�WLPH�
ODJV���

$�� 7KH�176�'DHPRQ��176G��
7KH�EDVLF�LGHD�LV�QRW�WR�XVH�176�DV�DQ�LQWHJUDO�SDUW�RI�173�

RU� WR�HPEHG�LW�DV�D�PRGXOH��EXW�WR�RSHUDWH�LW�VHSDUDWHO\�DV�D�
VHUYLFH�� 7KH� GDHPRQ� FRPPXQLFDWHV� H[FOXVLYHO\� YLD� WKH�
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)LJ����� 7LPHVWDPSV�XVHG�LQ�173�XQLFDVW�PRGH�
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)LJ����� 3KDVHV�LQ�176�VHFXUHG�173�FRPPXQLFDWLRQ�
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)LJ����� 7KH�176�GDHPRQ�FDQ�EH�XVHG�IRU�DUELWUDU\�173�FRQQHFWLRQV��



QHWZRUN�LQWHUIDFH�ZLWK�WKH�FRQQHFWHG�173�RU�176G�LQVWDQFHV��
7KLV�DOORZV�GDWD�H[FKDQJH�EHWZHHQ�173�DQG�176G�ZLWKRXW�
WKH�QHHG�IRU�FKDQJHV�WR�WKH�173�LPSOHPHQWDWLRQ��7KH�GDHPRQ�
DOVR�PDQDJHV�FRQQHFWLRQV�WR�YDULRXV�WLPH�VHUYHUV�WKDW�SURYLGH�
DQ� 176G� LQWHUIDFH� DQG� FRQWUROV� WKH� VHFXUH� FRPPXQLFDWLRQ��
7KLV�LV�GRQH�XVLQJ�WKH�176�HPEHGGHG�LQ�176G��)LJ������WKDW�
HQVXUHV�WKH�LQWHJULW\�RI�WKH�173�SDFNHWV�DQG�WKH�DXWKHQWLFLW\�
RI�WKH�VHUYHU���

7KH�FRPPXQLFDWLRQ�EHWZHHQ�173�DQG�176G�WDNHV�SODFH�
XVLQJ�D�8'3�FRQQHFWLRQ��7KH�FOLHQW�VLGH�176G�OLVWHQV�RQ�WKH�
173�VWDQGDUG�SRUW�����RI�WKH�ORFDOKRVW�DGGUHVVHV�WR�LQWHUFHSW�
RXWERXQG� 173� UHTXHVW� SDFNHWV�� $� SRUW� FKDQJH� LQ� WKH�
FRQILJXUDWLRQ� RI� WKH� 173� LPSOHPHQWDWLRQ� LV� XQQHFHVVDU\�
ZKLFK� VLPSOLILHV� WKH� DSSOLFDWLRQ� RI� WKH� 176G� RQ� H[LVWLQJ�
V\VWHPV��7KH�VLPXOWDQHRXV�XVH�RI�VHFXUHG�DQG�XQVHFXUHG�173�
FRQQHFWLRQV� WKXV� LV� SRVVLEOH�� EXW� QRW� DGYLVDEOH�� ,I� WKH�173�
FOLHQW�UHTXLUHV�DQ�XQVHFXUHG�FRQQHFWLRQ�WR�D�WLPH�VHUYHU��WKH�
SXEOLF�,3�DGGUHVV�RI�WKH�VHUYHU�LV�VSHFLILHG�DV�XVXDO�LQ�WKH�173�
FRQILJXUDWLRQ�� +RZHYHU�� WR� XVH� D� VHFXUH� FKDQQHO�� DQ� ,3Y��
DGGUHVV� IURP� WKH� ORFDOKRVW� DGGUHVV� UDQJH� ������������� WR�
��������������� LV� XVHG�� 7KH� WUDQVPLWWHG� 173� SDFNHW� LV�
UHFHLYHG� YLD� 8'3� SRUW� ���� IURP� 176G� DQG� SURFHVVHG�
DFFRUGLQJO\��7KH�DVVLJQPHQW�RI�WKH�173�SDFNHW�WR�WKH�VHFXUH�
WLPH�VHUYHU�LV�WKHQ�FDUULHG�RXW�YLD�DQ�,3�PDSSLQJ�ZLWKLQ�WKH�
176� GDHPRQ�� 7KH� VLPSOHVW� VROXWLRQ� KHUH� LV� WR� XVH� D�
FRQILJXUDWLRQ� ILOH� IRU� 176G� WKDW�PDQXDOO\� DVVLJQV� D� VHFXUH�
WLPH�VHUYHU�WR�D�VSHFLILF�ORFDOKRVW�DGGUHVV��+RZHYHU��DQ�LGHD�
IRU�DXWRPDWHG�,3�PDSSLQJ�FRXOG�DOVR�EH�D�1$7�OLNH�SURFHGXUH�
ZLWKLQ�176G��

7KH�PDLQ� WDVN� RI� WKH� GDHPRQ� LV� WR� VHFXUH�RXWJRLQJ� DQG�
YHULI\� LQFRPLQJ� 173� SDFNDJHV� VHFXUHG� E\� 176�� 7KH�
LQWHJUDWLRQ�RI�176�LV�UHDOL]HG�DV�D�PRGXOH�WKDW�FRPPXQLFDWHV�
YLD� D�GHILQHG�SURJUDPPLQJ� LQWHUIDFH��6LPLODU� WR�173��176�
DOVR�DOORZV�VLPXOWDQHRXV�FRPPXQLFDWLRQ�ZLWK�GLIIHUHQW�WLPH�
VHUYHUV�DQG�PDQDJHV�LQGLYLGXDO�VWDWHV��7KH�DXWKHQWLFDWLRQ�RI�
WKH� WLPH� VHUYHUV� DQG� WKH� QHJRWLDWLRQ� RI� FU\SWRJUDSKLF�
SDUDPHWHUV� DUH� FDUULHG� RXW� YLD� DQ� 176� .H\� (VWDEOLVKPHQW�
VHUYHU�� 7KLV� FDQ� EH� HLWKHU� D� VHSDUDWH� DFWRU� LQ� WKH�
FRPPXQLFDWLRQ�FKDLQ�RU�SDUW�RI�WKH�VHUYHU�VLGH�176�GDHPRQ��
,I� WKH�176�.(�VHUYHU�LV�VHSDUDWH��WKH�,3�PXVW�EH�NQRZQ�DQG�
VHW�DFFRUGLQJO\�LQ�WKH�176G�FRQILJXUDWLRQ��7KH�WUDQVPLVVLRQ�
RI�LQIRUPDWLRQ�DQG�SDUDPHWHUV�EHWZHHQ�176G�DQG�WKH�176�
.(� VHUYHU� LV� LQGHSHQGHQW� RI� WKH� 173� FRPPXQLFDWLRQ� DQG�
RFFXUV� RYHU� D� VHSDUDWH� 7/6� FKDQQHO�� 7KH� FOLHQW� DQG� VHUYHU�
176G�LQVWDQFHV��KRZHYHU��FRPPXQLFDWH�YLD�D�8'3�FKDQQHO��
7KH�SRUW�RQ�ZKLFK�WKH�VHUYHU�VLGH�176G�OLVWHQV�LV�QRW�GHILQHG�
FXUUHQWO\� DQG� WKXV� IUHHO\� FRQILJXUDEOH� IURP� WKH� SRRO� RI�
DYDLODEOH� SRUW� QXPEHUV��7KH�176�VHFXUHG� 173� SDFNHWV� DUH�
WUDQVPLWWHG� RYHU� WKLV� FKDQQHO�� ,I� WKH� 176G� UHFHLYHV� VXFK� D�
SDFNHW�� LW� IRUZDUGV� LW� WR� WKH�173� LQVWDQFH� DV� VWDQGDUG�173�
SDFNHW�YLD�D�ORFDOKRVW�FRQQHFWLRQ�DIWHU�VXFFHVVIXO�YHULILFDWLRQ��
+RZHYHU��FRUUXSW�RU�PDQLSXODWHG�SDFNHWV�DUH�GLVFDUGHG��

$� SUHFRQGLWLRQ� IRU� WKH� FRUUHFW� RSHUDWLRQ� RI� WKH� 176�
GDHPRQ�LV�WKH�XVH�RI�WKH�XQLFDVW�RSHUDWLQJ�PRGH�LQ�173��VLQFH�
WKH� VXSSRUW�RI�RWKHU�PRGHV�E\�176� LV� QRW� \HW� JLYHQ��6RPH�
UHVWULFWLRQV�PD\�DOVR�RFFXU�ZLWK�WKH�ORFDOKRVW�FRPPXQLFDWLRQ�
EHWZHHQ� 173� DQG� 176G�� )RU� H[DPSOH�� WKH� 173� UHIHUHQFH�
LPSOHPHQWDWLRQ�173'�>��@�XVHV�SDUW�RI�WKH�ORFDOKRVW�DGGUHVV�
UDQJH�DQG�ORFNV�WKH�UHVW��7R�EH�DEOH�WR�XVH�WKHP�DJDLQ��D�VOLJKW�
DGDSWDWLRQ� RI� WKH� 173'� LPSOHPHQWDWLRQ� LV� QHFHVVDU\��7KLV�
PD\�EH�SRVVLEOH�ZLWK�RSHQ�VRXUFH�VRIWZDUH��EXW�LW�LV�QRW�LGHDO��
,Q� WKLV�FDVH��D�FRQWDLQHU� �IRU�H[DPSOH�'RFNHU� >��@��ZLWK� DQ�
HPEHGGHG�176�GDHPRQ�RIIHUV�D�FRQYHQLHQW�DOWHUQDWLYH��7KH�
FRPPXQLFDWLRQ�EHWZHHQ�173�176G�WKHQ�RSHUDWHV�YLD�D�IUHHO\�
FRQILJXUHG� ,3� DGGUHVV�� 7KLV� SURFHGXUH� DOVR� VROYHV� SRVVLEOH�
SRUW�FRQIOLFWV�LI��LQ�DGGLWLRQ�WR�WKH�173�FOLHQW��DQ�173�VHUYHU�
DSSOLFDWLRQ�LV�ORFDWHG�RQ�WKH�V\VWHP�DQG�FODLPV�8'3�SRUW�����
IRU�LWVHOI��7KH�FRQWDLQHU�VROXWLRQ�DOORZV� WKH�176�GDHPRQ�WR�
FRPPXQLFDWH�ZLWK�WKH�173�LQVWDQFH�HYHQ�ZLWKRXW�D�ORFDOKRVW�
FRQQHFWLRQ�� )XUWKHUPRUH�� D� ODWHU� UHSODFHPHQW� RI� WKH� 173�
LPSOHPHQWDWLRQ�ZLWK�RQH�KDYLQJ�176�QDWLYHO\� LQWHJUDWHG� LV�
HDVLO\�SRVVLEOH�DQG�GRHV�QRW�FRQIOLFW�ZLWK�WKH�176G��2I�FRXUVH�
WKHQ�WKH�WXQQHOLQJ�WKURXJK�WKH�GDHPRQ�LV�QR�ORQJHU�QHFHVVDU\�

��

%�� &RPPXQLFDWLRQ�2YHUYLHZ�
7KH� 176G�VHFXUHG� FRPPXQLFDWLRQ� DOZD\V� VWDUWV� RQ� WKH�

FOLHQW�VLGH�E\�JHQHUDWLRQ�RI�DQ�XQVHFXUHG�UHTXHVW�SDFNHW�LQ�WKH�
173� LQVWDQFH� �)LJ������1RUPDOO\�� WKH�173� FOLHQW�ZULWHV� WKH�
WLPHVWDPS�7�� LQWR� WKLV� SDFNDJH� DQG� VHQGV� LW�� ,Q� DGGLWLRQ�� LW�
WHPSRUDULO\� VWRUHV� WKH� WLPHVWDPS� 7�� LQ� RUGHU� WR� EH� DEOH� WR�
DVVLJQ� WKH� VXEVHTXHQW� UHVSRQVH� WR� WKH� UHTXHVW�� 'XH� WR� WKH�
WUDQVPLVVLRQ� RI� WKH� 173� SDFNHW� WR� D� ORFDOKRVW� DGGUHVV�� WKH�
SDFNHW�DUULYHV�DW�WKH�FOLHQW�176�GDHPRQ�DW�WKH�8'3�SRUW������
7KHUH��WKH�PHVVDJH�LV�IRUZDUGHG�WR�WKH�LQWHUQDO�176�PRGXOH��
ZKLFK�ILUVW�FKHFNV�ZKHWKHU�WKH�GHVWLQDWLRQ�VHUYHU�KDV�DOUHDG\�
EHHQ� DXWKHQWLFDWHG� DQG� WKH� FU\SWRJUDSKLF� LQIRUPDWLRQ� IRU�
VHFXULQJ�WKH�173�SDFNHWV�IRU�WKLV�WLPH�VHUYHU�LV�DYDLODEOH��,I�
QRW��D�7/6�FRQQHFWLRQ�WR�WKH�176�.(�VHUYHU�LV�DXWRPDWLFDOO\�
HVWDEOLVKHG�LQ�RUGHU�WR�REWDLQ�WKLV�LQIRUPDWLRQ��$IWHUZDUGV�WKH�
VHFXULQJ� RI� WKH� 173� SDFNDJH� E\� 176� LV� SRVVLEOH�� 7KH�
SURWHFWLRQ�RI�WKH�173�SDFNHW�LV�DFKLHYHG�E\�PHDQV�RI�173�
H[WHQVLRQ� ILHOGV� ZLWK� LQWHJULW\� FKHFN� RI� WKH� SDFNHWV�� $IWHU�
UHWXUQLQJ� RI� WKH�176�VHFXUHG�SDFNHW� IURP� WKH� LQWHUQDO�176�
PRGXOH�WR�WKH�FOLHQW�176G�LQVWDQFH�� LW�ZLOO�EH�WUDQVPLWWHG�WR�
WKH�VHUYHU�VLGH�176G�RYHU�WKH�8'3�FRQQHFWLRQ��7KHUH�176G�
IRUZDUGV� WKH� VHFXUHG� SDFNDJH� GLUHFWO\� WR� WKH� 176�PRGXOH��
ZKLFK�SHUIRUPV�WKH�LQWHJULW\�FKHFN��8SRQ�VXFFHVV��WKH�VHUYHU�
176G�WHPSRUDULO\�VWRUHV�VRPH�176�UHODWHG�LQIRUPDWLRQ�RI�WKH�
UHTXHVW� SDFNHW� DQG� UHPRYHV� WKH� H[WHQVLRQ� ILHOGV� DGGHG� E\�
176��7KH�GDHPRQ�WKHQ�IRUZDUGV�WKH�VWDQGDUG�173�SDFNHW�WR�
WKH�173�VHUYHU�YLD�ORFDOKRVW���

8SRQ�UHFHSWLRQ�RI�WKLV�SDFNHW��WKH�173�VHUYHU�LPPHGLDWHO\�
FDSWXUHV� WKH� UHFHLYH� WLPHVWDPS� 7��� 6XEVHTXHQWO\�� WKH�
WLPHVWDPS� 7�� ZULWWHQ� E\� WKH� FOLHQW� LV� VKLIWHG� LQWR� WKH� 173�
KHDGHU�RI�WKH�UHTXHVW�SDFNHW�DQG�WKH�WLPHVWDPS�7�� LV�DGGHG��
1RZ� WKH� VHUYHU� JHQHUDWHV� WKH� WUDQVPLW� WLPHVWDPS� 7�� DQG����Ǧ��Ǧ
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)LJ����� 176G�VHFXUHG�173�FRPPXQLFDWLRQ�



LQVHUWV� LW� LQWR� WKH� 173� SDFNHW�� ,PPHGLDWHO\� WKHUHDIWHU�� WKLV�
SDFNHW� LV� VHQW� EDFN� WR� WKH� VHUYHU� 176G� YLD� WKH� ORFDOKRVW�
DGGUHVV�� 7KH� GDHPRQ� IRUZDUGV� WKH� SDFNDJH� GLUHFWO\� WR� WKH�
176� PRGXOH� DQG� XVHV� WKH� SUH�VWRUHG� SDFNDJH� LQIRUPDWLRQ�
IURP�WKH�UHTXHVW�WR�VHFXUH�WKH�SDFNDJH��7KHQ��176G�VHQGV�WKH�
SURWHFWHG� 173�SDFNHW� EDFN� WR� WKH� FOLHQW�VLGH� 176G�� 7KH�
SUHYLRXVO\�VWRUHG�SDFNHW�LQIRUPDWLRQ�LV�GLVFDUGHG�HQDEOLQJ�D�
VWDWHOHVV�PRGH�RI�WKH�VHUYHU�176G��0HDQZKLOH��WKH�FOLHQW�VLGH�
176G�FKHFNV�WKH�VHFXUHG�173�SDFNHW�LQ�WKH�176�PRGXOH��,I�
WKHUH� LV� QR� LQWHJULW\� YLRODWLRQ�� WKH� GDHPRQ� UHPRYHV� WKH�
H[LVWLQJ� 176� H[WHQVLRQ� ILHOGV� IURP� WKH� 173� SDFNHW� DQG�
IRUZDUGV� LW� DV� D� VWDQGDUG� 173� SDFNHW� WR� WKH� FOLHQW� 173�
LQVWDQFH�� ,Q� FDVH� RI� DQ� HUURU�� 176G� GLVFDUGV� WKH� SDFNDJH��
,PPHGLDWHO\�DIWHU�UHFHLYLQJ�WKH�173�SDFNHW��WKH�173�FOLHQW�
JHQHUDWHV�WKH�GHVWLQDWLRQ�WLPHVWDPS�7��DQG�WKHQ�FRPSDUHV�WKH�
RULJLQ�WLPHVWDPS�7��ZLWK�WKH�7��LQLWLDOO\�VWRUHG��,I�ERWK�PDWFK��
WKH�173�FOLHQW�XVHV�WKH�SDFNHW�IRU�WLPH�V\QFKURQL]DWLRQ��

&�� 'HOD\�&RPSHQVDWLRQ�
173�XVHV�WKH�WLPHVWDPSV�7��WR�7��WR�GHWHUPLQH�WKH�URXQG�

WULS�WLPH�RI�WKH�SDFNHW�DQG�WR�FDOFXODWH�WKH�WLPH�RIIVHW�EHWZHHQ�
173� FOLHQW� DQG� VHUYHU� E\� XVH�RI� ���� DQG� �����+RZHYHU�� WKH�
H[WHQVLRQ�RI�WKH�173�FRPPXQLFDWLRQ�SDWK�E\�WKH�DGGLWLRQ�RI�
176G�FDXVHV�DQ�LQFUHDVH�RI�WKH�URXQG�WULS�WLPHV��7KLV�LQ�WXUQ�
FDQ� OHDG� WR� D� UHGXFWLRQ� RI� WKH� DFKLHYDEOH� V\QFKURQL]DWLRQ�
DFFXUDF\�� ,Q�SDUWLFXODU��WKH� VHFXULQJ�SURFHVV�E\�176�FDXVHV�
DV\PPHWULF�UXQWLPHV�DQG�UHVXOWV� LQ�D�V\VWHPDWLF�WLPH�RIIVHW��
2Q�WKH�VHUYHU�VLGH��SURWHFWLRQ�RI�173�SDFNDJHV�DOZD\V�RFFXUV�
DIWHU�WKH�WLPHVWDPS�7��KDV�EHHQ�ZULWWHQ�DQG�WKH�GXUDWLRQ�RI�WKH�
SURFHVV�YDULHV�GHSHQGLQJ�RQ�WKH�SHUIRUPDQFH�RI�WKH�KDUGZDUH���

+RZHYHU�� WKH� DGGLWLRQDO� WLPH�V\QFKURQL]DWLRQ� MLWWHU�
JHQHUDWHG�E\�176G�FDQ�EH�PLWLJDWHG�E\�H[WHQGLQJ�WKH�IXQFWLRQ�
RI� WKH� GDHPRQ�� 7KHUHIRUH� WKH� FOLHQW� GDHPRQ�JHQHUDWHV� IRXU�
DGGLWLRQDO�WLPHVWDPSV��ZKLFK�DUH�UHFRUGHG�LPPHGLDWHO\�ZKHQ�
D�SDFNHW�LV�UHFHLYHG�RU�VHQW��7KHVH�DUH�VWRUHG�IRU�WKH�GXUDWLRQ�
RI� WKH� FXUUHQW� UHTXHVW� RI� WKH� 173� FOLHQW� DQG� DOORZ� WKH�
VHJPHQWDWLRQ� RI� WKH� URXQG�WULS� WLPH� LQWR� WKHLU� LQGLYLGXDO�
SKDVHV�� 7KH� VHUYHU�VLGH� 176G� LQVWDQFH� DOVR� UHFRUGV�
WLPHVWDPSV�DQG�RSWLRQDOO\�FDQ�KDQGOH�173�VHUYHU�WDVNV��7KH�
IXQFWLRQ� RI� DQ� 173� VHUYHU� LQ� XQLFDVW� PRGH� LV� HVVHQWLDOO\�
OLPLWHG�WR�WKH�LQVHUWLRQ�RI�WZR�WLPHVWDPSV�LQWR�WKH�173�SDFNHW��
ZKHUHDW� WKH�RSHUDWLQJ� V\VWHP�SURYLGHV� WKH� WLPH� LQIRUPDWLRQ�
YLD�$3,V��7KLV�IXQFWLRQDOLW\�FDQ�HDVLO\�EH�LPSOHPHQWHG�LQ�WKH�
VHUYHU�176G�LWVHOI��ZKLFK�HOLPLQDWHV�WKH�QHHG�IRU�D�GHGLFDWHG�
173�VHUYHU�DQG�WKH�UXQWLPHV�JHQHUDWHG�WKHUHE\��7KLV�OHDGV�WR�
WKH�SULQFLSDO�FRQILJXUDWLRQ� VKRZQ� LQ�)LJ�����5HJDUGOHVV�� WKH�
VHUYHU�FDQ�VWLOO�XVH�D�VHSDUDWH�173�LQVWDQFH�WR�HQVXUH�LWV�RZQ�
WLPH�V\QFKURQL]DWLRQ��

7KH�GHOD\�FRPSHQVDWLRQ�XVHV�WKH�IRXU�WLPHVWDPSV�7��WR�7��
JHQHUDWHG� E\� 173� DV� D� EDVLV�� 7KH� DGMXVWPHQW� RI� WKHVH�

WLPHVWDPSV�DOORZV�WKH�FRPSHQVDWLRQ�RI�WKH�SURFHVVLQJ�WLPHV�
LQ� WKH� 176� GDHPRQ�� LQ� RUGHU� WR� UHGXFH� WKH� MLWWHU� LQ� WLPH�
V\QFKURQL]DWLRQ�� 6LQFH� WKH� FOLHQW� 173� LQVWDQFH� VWRUHV� 7��
ORFDOO\�IRU� ODWHU� LGHQWLILFDWLRQ�RI�WKH�UHVSRQVH��LW�LV�H[FOXGHG�
IURP�DGDSWDWLRQ��,Q�WKH�VDPH�ZD\��7��LV�JHQHUDWHG�LQ�WKH�173�
VRIWZDUH� DIWHU� UHFHLYLQJ� WKH� UHVSRQVH� DQG� WKXV� FDQQRW� EH�
FKDQJHG��+HQFH��WKH�FRUUHFWLRQ�LV�OLPLWHG�WR�WKH�DGMXVWPHQW�RI�
WKH�WZR�WLPHVWDPSV�7��DQG�7����

7��LV�WKH�VHUYHU�VLGH�UHFHLYH�WLPHVWDPS�DQG�LV�FDSWXUHG�LQ�
WKLV�PRGHO� �)LJ�� ��� E\� WKH� VHUYHU�176G� DIWHU� UHFHLYLQJ� WKH�
UHTXHVW��7�$���7KH�SXUH�SDFNHW�WUDQVLW�WLPH�LQ�WKH�QHWZRUN�FDQ�
EH�GHWHUPLQHG�E\�VXEWUDFWLQJ�WKH�SURFHVV�GXUDWLRQ�7�&�±�7�$��
6LQFH�WKH�VHUYHU�GRHV�QRW�NQRZ�WKHVH�UXQWLPHV��WKLV�DGMXVWPHQW�
PXVW� EH� H[HFXWHG� LQ� WKH� FOLHQW� GDHPRQ� DIWHU� UHFHLYLQJ� WKH�
UHVSRQVH�PHVVDJH��)RU�WKLV�SXUSRVH��LW�WHPSRUDULO\�VWRUHV�WKH�
WLPHVWDPSV�7�%�DQG�7�&�XQWLO�WKH�FRUUHVSRQGLQJ�UHSO\�PHVVDJH�
KDV�EHHQ�SURFHVVHG��7KH�GXUDWLRQ�7�&�±�7�$�LV�FRPSRVHG�RI�WKH�
ORFDOKRVW�WUDQVPLVVLRQ�WLPH�7�%�±�7�$�DQG�WKH�176�SURFHVVLQJ�
WLPH� 7�&�±�7�%�� %RWK� UXQWLPHV� DUH� YDULDEOH� DQG� FDQ� EH�
HOLPLQDWHG� FRPSOHWHO\� E\� WHPSRUDU\� VWRUDJH� RI� WKH�
WLPHVWDPSV��UHJDUGOHVV�RI�ZKLFK�WLPH�LV�DFWXDOO\�VWRUHG�LQ�WKH�
UHTXHVW�SDFNHW��

7��LV�WKH�VHUYHU�VLGH�WUDQVPLW�WLPHVWDPS�RI�WKH�173�SDFNHW�
DQG� LV�DOVR� VHW�E\� WKH� VHUYHU�176G��%\� DGGLQJ� WKH�GXUDWLRQ�
7�&�±�7�$� WR�WKLV�WLPHVWDPS��D�ODWHU�WUDQVPLVVLRQ�WLPH�RI� WKH�
VHUYHU� LV� VLPXODWHG�� $V� D� UHVXOW�� WKH� 173� FOLHQW� FDQ� DJDLQ�
GHWHUPLQH�WKH�SXUH�SDFNHW�WUDQVLW�WLPH�RI�WKH�UHVSRQVH�PHVVDJH�
LQ�WKH�QHWZRUN��+RZHYHU��7��LV�QRW�FRPSOHWHO\�FRUUHFWDEOH�LQ�
FRQWUDVW�WR�7���2QH�GLIILFXOW\�LV�WKH�VHUYHU�VLGH�SURWHFWLRQ�RI�
WKH�173�SDFNHW�E\�176�DW�WLPH�7�$��EHFDXVH�WKH�ODWHU�GLVSDWFK�
WLPH� 7�� FDQQRW� EH� VWRUHG� XSIURQW� LQ� WKH� 173� SDFNHW�� $Q�
DGMXVWPHQW� RI� WKH� WLPHVWDPS� DIWHU� VHFXULQJ� LV� QR� ORQJHU�
SRVVLEOH�� RWKHUZLVH� WKH� LQWHJULW\� RI� WKH� SDFNDJH� ZRXOG� EH���
YLRODWHG�DQG�WKH�FOLHQW�ZRXOG�GLVFDUG�LW�DIWHU� WKH�YHULILFDWLRQ�
SURFHVV�� $OWKRXJK� WKH� SURFHVVLQJ� WLPH� 7�%�±�7�$� FDQ� EH�
GHWHUPLQHG� E\�176�� LW� FDQQRW� EH� XVHG� GLUHFWO\��$GGLQJ� DQ�
HVWLPDWH�YDOXH�RQ�7�$�WR�GHWHUPLQH�WKH�SUREDEOH�WUDQVPLVVLRQ�
WLPH�7�%�SURYLGHV�RQH�SRVVLEOH�VROXWLRQ��7KLV�HVWLPDWH�FRXOG�
EH� H�J��D�PRYLQJ�PHGLDQ�RI� WKH�SURFHVVLQJ� WLPH��DOORZLQJ�D�
URXJK�FRUUHFWLRQ��+RZHYHU�� LW�VKRXOG�EH�QRWHG�WKDW�GLIIHUHQW�
FU\SWRJUDSKLF�SDUDPHWHUV�RI�WKH�173�SDFNHWV�DQG�VHUYHU�VLGH�
IOXFWXDWLQJ� ZRUNORDGV� KDYH� DQ� LPSDFW� RQ� WKH� VHFXULQJ�
GXUDWLRQ�� $QRWKHU� SUREOHP� H[LVWV� RQ� WKH� FOLHQW� VLGH� ZKHQ�
DGGLQJ� XS� WKH� ORFDOKRVW� UXQWLPH� 7�&�±�7�%�� 6LQFH� WKH�
WLPHVWDPS�7�&�FDQQRW�EH�GHWHUPLQHG�E\�WKH�FOLHQW�176G��DQ�
HVWLPDWH�DOVR�PXVW�EH�XVHG�KHUH��$VVXPLQJ�WKDW� WKH� LQWHUQDO�
ORFDOKRVW�UXQWLPHV�EHWZHHQ�173�DQG�176G�YDU\�RQO\�VOLJKWO\�
IRU�UHTXHVW�DQG�UHVSRQVH�SDFNHWV�� WKH�GXUDWLRQ�7�%�±�7�$�FDQ�
EH� XVHG�� %DVHG� RQ� WKH�PRGHO� SUHVHQWHG� KHUH�� WKH� IROORZLQJ�
FRUUHFWHG�WLPHVWDPSV�LQ�����WR�����QRZ�UHVXOW��

� 1ܶ ൌ 1ܶ஺� (3)�

� 2ܶ ൌ 2ܶ஺ − ሺ 1ܶ஼ − 1ܶ஺ሻ� (4)�

� 3ܶ ൌ 3ܶ஺ ൅ Δݐே்ௌ ൅ ሺ 4ܶ஻ − 4ܶ஺ሻ ൅ Δݐ௟௢௖௔௟ℎ௢௦௧� (5)�

ZLWK���Δݐே்ௌ ൌ 3ܶ஻ − 3ܶ஺���DQG����Δݐ௟௢௖௔௟ℎ௢௦௧ ൌ 1ܶ஻ − 1ܶ஺� �

� 4ܶ ൌ 4ܶ஼� (6)�

+RZHYHU�� VWLOO�D�SUREOHP�PD\�RFFXU�ZLWK� WKH� WLPHVWDPS�
7���173� LPSOHPHQWDWLRQV�XVLQJ� WKH�GDWD�PLQLPL]DWLRQ�GUDIW�
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)LJ����� $GGLWLRQDO� WLPHVWDPSV� WDNHQ� IRU� WKH� URXQG�WULS� WLPH� �577��
FRPSHQVDWLRQ��173�VHUYHU�LQWHJUDWHG�LQWR�176�GDHPRQ�



>��@� WR� LPSURYH� WKH� SULYDF\� SURWHFWLRQ� WUDQVPLW� D� UDQGRP�
QXPEHU��D�VR�FDOOHG�QRQFH��LQ�WKH�173�SDFNHW�LQVWHDG�RI�WKH�
WLPHVWDPS� 7��� 6RPH� LPSOHPHQWDWLRQV� OLNH� 173VHF� >��@��
&KURQ\� >��@� RU� 2SHQ173'� >��@� DSSO\� WKLV� PHWKRG�� $V� D�
UHVXOW�� WKH� GXUDWLRQ� 7�%�±�7�$� FDQQRW� EH� GHWHUPLQHG�� 2QH�
VROXWLRQ�LV�D�ORFDOKRVW�GHOD\�PHDVXUHPHQW�RI�WKH�FOLHQW�176G�
WR�LWVHOI��+HUH��RQFH�RU�SHULRGLFDOO\��DQ�173�SDFNHW�LV�VHQW�RXW�
E\� 176G� DQG� DGGUHVVHG� WR� LWVHOI�� 7KH� URXQG�WULS� WLPH� LV�
PHDVXUHG� DQG� XVHG� DV� DQ� DSSUR[LPDWLRQ� IRU� 7�%�±�7�$�� $�
VLPSOH�FKHFN�RI� WKH�UHFHLYHG� WLPHVWDPS�7��ZLWK� WKH�FXUUHQW�
WLPH�DOORZV�176G�WR�GHWHUPLQH�LI�LW�LV�D�UDQGRP�QXPEHU�RU�D�
WLPHVWDPS���

,W� VKRXOG� EH� QRWHG� DW� WKLV� SRLQW� WKDW� WKH� XVH� RI� ILOWHU�
PHFKDQLVPV� RU� WKH� SKDVH�ORFNHG� ORRS� �3//�� LV� GHWHUPLQHG�
H[FOXVLYHO\�E\�WKH�173�LPSOHPHQWDWLRQ�XVHG��176G�GRHV�QRW�
XVH�DQ\�RWKHU� ILOWHU�PHFKDQLVPV�LQ�DGGLWLRQ�WR�WKH�GHVFULEHG�
WLPHVWDPS�FRUUHFWLRQ��

,9��0($685(0(17�6(783�$1'�&21),*85$7,21�

%DVHG� RQ� WKH� 176� GDHPRQ� GHVFULEHG� DERYH�� D� 3R&�
LPSOHPHQWDWLRQ�KDV�EHHQ�GHYHORSHG�WR�SURYLGH�LQVLJKW�LQWR�WKH�
HIIHFWV� RI� WKH� SUHVHQWHG� FRQFHSW� RQ� WKH� V\QFKURQL]DWLRQ�
DFFXUDF\��7KLV�DOORZV�DQ�LQLWLDO�DVVHVVPHQW�RI�WKH�SUDFWLFDOLW\�
DQG� SURYLGHV� IXUWKHU� LQIRUPDWLRQ� WKDW� LV� DGYDQWDJHRXV� IRU�
RSWLPL]LQJ� WKH� SURFHVV�� 7KH� GDHPRQ� ZULWWHQ� LQ� WKH�
SURJUDPPLQJ� ODQJXDJH� &� XVHV� DQ� HPEHGGHG� 176� OLEUDU\�
GHYHORSHG�LQ�&���WR�VHFXUH�WKH�173�SDFNDJHV��%RWK�VRIWZDUH�
FRPSRQHQWV�DUH�DYDLODEOH�DV�RSHQ�VRXUFH� VRIWZDUH� >������@��
7KH� GDWD� H[FKDQJH� EHWZHHQ�176G� DQG� WKH� HPEHGGHG�176�
WDNHV�SODFH�YLD�DQ� LQWHUIDFH�SURYLGHG�E\�176��7KH�GDHPRQ�
LPSOHPHQWHG� LQ� WKH� WHVW� VHWXS� LV� GHVLJQHG� IRU� /LQX[�
HQYLURQPHQWV��EXW�FDQ�DOVR�EH�XVHG�IRU�RWKHU�RSHUDWLQJ�V\VWHPV�
DIWHU�VRPH�DGDSWDWLRQV��7KH�FKRLFH�IRU�WKH�173�LWVHOI�IHOO�RQ�
WKH� UHIHUHQFH� LPSOHPHQWDWLRQ� 173'� >��@� GXH� WR� LWV� ZLGH�
VSUHDG��7KLV� UHTXLUHG� VPDOO� DGMXVWPHQWV� WR� HQVXUH� ORFDOKRVW�
FRPPXQLFDWLRQ�EHWZHHQ�173�DQG�176G��7KHVH�ZHUH�OLPLWHG�
WR�WKH�DGDSWLRQ�RI�WKUHH�OLQHV�RI�FRGH�LQ�173'�WR�UHOHDVH�D�SDUW�
RI�WKH�ORFDOKRVW�DGGUHVV�UDQJH��$IWHU�ILQDO�FRQILJXUDWLRQ�RI�WKH�
VHUYLFHV� E\� VHWWLQJ� WKH� SRUWV� DQG� ,3� DGGUHVVHV�� 173'� DQG�
176G�ZHUH�RSHUDWLRQDO�DQG�UHDG\�IRU�WHVWV���

$�SUDFWLFDO� LPSOHPHQWDWLRQ�RI� WKH� WHVW� VHWXS�ZDV�FDUULHG�
RXW� ZLWK� WKH� VXSSRUW� RI� 0HLQEHUJ� E\� SURYLGLQJ� VXLWDEOH�
PHDVXULQJ�HTXLSPHQW��$�/$17,0(�0�����)LJ�����IRUPV�WKH�
KDUGZDUH�EDVLV�IRU�WKH�FOLHQW�DV�ZHOO�DV�IRU�WKH�VHUYHU��7KHVH�
DUH� HTXLSSHG� ZLWK� D� 4VHYHQ� ERDUG� FDUU\LQJ� DQ� ,QWHO� $WRP�
(�����SURFHVVRU����[������*+]��DV�ZHOO�DV���*%�5$0��7KHVH�
GHYLFHV�UXQ�/$17,0(�26�Y���/726���D�/LQX[�EDVHG�V\VWHP�
RQ� ZKLFK� 173'� DQG� WKH� GHYHORSHG� 176G� DUH� H[HFXWDEOH��
'XULQJ�WKH�PHDVXUHPHQW��FOLHQW�DQG�VHUYHU�FRPPXQLFDWH�RYHU�
(WKHUQHW� YLD� D� /$1&20� *6������ VZLWFK� ZLWK� *LJDELW�
FRQQHFWLRQ���

)XUWKHUPRUH�� ERWK� GHYLFHV� DUH� HTXLSSHG� ZLWK� D� *36�
UHFHLYHU��*36�����ZKLFK�DUH�XVHG�WR�V\QFKURQL]H�WKH�V\VWHP�
WLPH��%\�FRQWUDVW��WKH�WLPHVWDPSV�WKH�FOLHQW�UHFHLYHV�IURP�WKH�
VHUYHU� DUH� QRW� XVHG� IRU� V\QFKURQL]DWLRQ��EXW� WR�PHDVXUH� WKH�
WLPH�RIIVHW�DQG�GHOD\��ZKLFK�173'�FRQWLQXRXVO\�ZULWHV�LQWR�
VWDWLVWLFV� ILOHV�� 7KLV� HQDEOHV� UHFRUGLQJ� DQG� FRPSDULQJ�
PHDVXUHPHQW�VHULHV�ZLWK�GLIIHUHQW�FRQILJXUDWLRQV��

9�� 0($685(0(17�5(68/76�

:LWK�WKH�VHWXS�GHVFULEHG�LQ�&KDSWHU�,9��WZR�PHDVXUHPHQW�
VHULHV� ZHUH� FDUULHG� RXW� WR� HQDEOH� FRPSDULVRQ� EHWZHHQ�
XQVHFXUHG�DQG�VHFXUHG�173�FRPPXQLFDWLRQ��)RU�ERWK�VHULHV��
WKH� FOLHQW� SHUIRUPHG� VHYHUDO� PHDVXUHPHQWV� VLPXOWDQHRXVO\��
ZKLFK�WKH�173�LPSOHPHQWDWLRQ�UHFRUGHG��2QH�PHDVXUHPHQW�
VHULHV�FRQVLVWV�RI�WKUHH�WLPH�VRXUFHV��)LJ������7KH�ILUVW�VRXUFH�
�*(1(5,&�� VHUYHV�DV�UHIHUHQFH� WLPH��ZKLFK� LV�SURYLGHG�E\�
WKH� *36���� PRGXOH� DQG� KDV� D� KLJK� VWDELOLW\�� 7KH� FOLHQW�
V\QFKURQL]HV�LWVHOI�ZLWK�LW�LQ�RUGHU�WR�EH�DEOH�WR�HYDOXDWH�WKH�
GHOD\� DQG� RIIVHW� RI� WKH� RWKHU� FKDQQHOV�� 7KH� VHFRQG� VRXUFH�
��������������LV�DQ�173�FRQQHFWLRQ�WXQQHOHG�WKURXJK�WKH�176�
GDHPRQ�WR�WKH�FRQQHFWHG�WLPH�VHUYHU��7KLV�FDQ�EH�VHHQ�IURP�
WKH�ORFDOKRVW�DGGUHVV�WKDW�LV�VSHFLILHG�KHUH�DV�WKH�VHUYHU��7KH�
WKLUG� VRXUFH� �������������� SURYLGHV� DQ� XQVHFXUHG� 173�
FRQQHFWLRQ�� DV� LW� LV� XVXDO�ZLWK�173'� DQG� LV� LQGLFDWHG� E\� D�
SXEOLF�,3��7KLV�RQH�JHWV�WKH�WLPH�IURP�WKH�VDPH�WLPH�VHUYHU��
EXW�GRHV�QRW�XVH�WKH�176�WXQQHOLQJ��%RWK�PHDVXUHPHQW�VHULHV�
LQ� SULQFLSOH� XVH� WKH� VDPH� VRXUFHV�� EXW� GLIIHU� LQ� WKH� 176�
FRQILJXUDWLRQ��:KLOH�WKH�176G�LQ�WKH�ILUVW�PHDVXUHPHQW�VHULHV�
H[FOXVLYHO\� WXQQHOHG� WKH� 173� SDFNHWV�� WKH� FRPSHQVDWLRQ�
PHWKRG� GHVFULEHG� LQ� &KDSWHU� ,,,� ZDV� XVHG� LQ� WKH� VHFRQG�
PHDVXUHPHQW� VHULHV�� )RU� DOO� PHDVXUHPHQWV�� WKH� FRQVROH�
RXWSXWV�RI�DOO�LPSOHPHQWDWLRQV�KDG�EHHQ�GHDFWLYDWHG�LQ�RUGHU�
WR� DYRLG� PHDVXUHPHQW� GLVWRUWLRQ�� )XUWKHUPRUH�� ERWK�
PHDVXUHPHQWV�XVH�D�IL[HG�SROO�RI����PHVVDJH�JHQHUDWLRQ�HYHU\�
���VHFRQGV��IRU�D�GXUDWLRQ�RI���KRXUV�HDFK��

7KH� UHVXOWV� VKRZ� WKDW� 176� WXQQHOLQJ� RI� 173� SDFNHWV�
ZRUNV�ZHOO�DQG�WKDW�PDQLSXODWHG�SDFNHWV��XQOLNH�DQ�XQVHFXUHG�
173�FRQQHFWLRQ��DUH�GLVFDUGHG��7KH�FRPSDULVRQ�RI�WKH�UHVXOWV�
UHYHDOV� FOHDU� GLIIHUHQFHV� EHWZHHQ� WKH� WKUHH� PHDVXUHPHQWV��
)LJ�� �� SUHVHQWV� WKH� URXQG�WULS� WLPH� �GHOD\� δ�� FDOFXODWHG� E\�

�

)LJ����� 0HDVXUHPHQW�VHWXS�ZLWK�WZR�/$17,0(�0����

�

)LJ����� Delay�δ�measured�for�standard�NTP�(left),�normal�NTSd�tunneling�
�PLGGOH��DQG�FRPSHQVDWHG�176G�FRPPPXQLFDWLRQ��6DPSOLQJ�WLPH����V�

�

)LJ����� 6WDWLVWLFV� RXWSXW� RI� 173'�� )LUVW� OLQH� VKRZV� GDWD� RI� WKH�
V\QFKURQL]DWLRQ� VRXUFH�� ZKHUHDV� WKH� VHFRQG� JLYHV� GDWD� RI� WKH� 176G�
VHFXUHG�FRPPXQLFDWLRQ��7KH� ODVW� OLQH�SUHVHQWV�GDWD�RI�D� VWDQGDUG�176G�
FRQQHFWLRQ��



173'�IRU�WKH�UHVSHFWLYH�FRQQHFWLRQV��)LJ�����VKRZV�WKH�WLPH�
GHYLDWLRQ��RIIVHW�θ��RI�WKH�WLPH�VRXUFHV�FRPSDUHG�WR�WKH�FOLHQW�
V\QFKURQL]HG�ZLWK�*36�DQG�7DEOH��� LQGLFDWHV� WKH� VWDWLVWLFDO�
YDOXHV�RI�DOO�FRQQHFWLRQV��7KHVH�UHVXOWV�ZHUH�FDOFXODWHG�IURP�
WKH�PHDVXUHG�YDOXHV�REWDLQHG�E\�173G��

�'XH� WR� WKH� VKRUW� WUDQVPLVVLRQ�GLVWDQFH�RI� WKH�KDUGZDUH��
WKH� URXQG�WULS� WLPH� RI� VWDQGDUG� 173� LV� YLVLEO\� VKRUW�� 7KH�
XQFRPSHQVDWHG� 176G� WXQQHOLQJ�� RQ� WKH� RWKHU� KDQG�� KDV� D�
VLJQLILFDQWO\� KLJKHU� YDOXH�� VLQFH� DOO� UXQWLPHV� FDXVHG� E\� WKH�
GDHPRQ� DUH� LQFOXGHG� LQ� WKLV� YDOXH�� :LWK� DFWLYDWHG� ODWHQF\�
FRPSHQVDWLRQ��176G�LV�DOPRVW�FRPSOHWHO\�DEOH�WR�DFKLHYH�WKH�
VDPH� YDOXH� DV�ZLWK� WKH� XQVHFXUHG�173� FRQQHFWLRQ�� 2Q� WKH�
RWKHU�KDQG��WKH�UHVXOWV�IRU�WLPH�RIIVHW�DUH�D�ELW�VXUSULVLQJ��7KH�
XQVHFXUHG�173�VKRZV�RQO\�D�YHU\�VPDOO�GHYLDWLRQ�RI������V��
ZKLOH�WKH�XQFRPSHQVDWHG�176�WXQQHOLQJ�FDXVHV�D�V\VWHPDWLF�
RIIVHW� RI� ���� �V�� 'XH� WR� XQFRUUHFWHG� SURFHVVLQJ� WLPHV� DQG�
UHVXOWLQJ�DV\PPHWULHV�LQ�WKH�URXQG�WULS�WLPH��WKLV�UHVXOW�LV�DV�
H[SHFWHG��+RZHYHU��DQ�LQFUHDVHG�RIIVHW�LV�DOVR�YLVLEOH�LQ�176�
WXQQHOLQJ�ZLWK�DFWLYH�FRPSHQVDWLRQ���

3UHVXPDEO\��WKH�NLQG�RI�REWDLQLQJ�WKH�WLPHVWDPSV�IURP�WKH�
V\VWHP�FORFN�PDNHV� WKH�GLIIHUHQFH��176G�FXUUHQWO\�XVHV�VR�
FDOOHG� XVHUVSDFH� WLPHVWDPSV�� ZKLFK� WKH� RSHUDWLQJ� V\VWHP�
SURYLGHV�E\�KLJK�OHYHO� IXQFWLRQV��173'��RQ� WKH�RWKHU�KDQG��
XVHV�VRFNHW�WLPHVWDPSV��ZKLFK�DUH�GLUHFWO\�REWDLQHG�IURP�WKH�
/LQX[�NHUQHO�DQG�SURYLGH�PRUH�DFFXUDWH�YDOXHV��,Q�DGGLWLRQ��
FRPSDUHG�WR�D�FODVVLF�XQVHFXUHG�173�FRQQHFWLRQ��WKH�FOLHQW�
DQG� VHUYHU� RI� DQ� 176G� FRQQHFWLRQ� JHQHUDWH� VHYHQ� H[WUD�
WLPHVWDPSV���

)XUWKHU�GLIIHUHQFHV�FDQ�EH�IRXQG�LQ�WKH�VHQG�DQG�UHFHLYH�
IXQFWLRQV��ZKLFK�FDQ�KDYH�YDULDEOH�ODWHQF\�WLPHV��'HSHQGLQJ�
RQ�WKH�DOLJQPHQW�DQG�VXP�RI�WKH�LQGLYLGXDO�ODWHQFLHV��WKLV�OHDGV�
WR�DQ�DV\PPHWU\� LQ� WKH�FDOFXODWHG�URXQG�WULS� WLPH��ZKLFK� LV�
UHIOHFWHG�DV�D�V\VWHPDWLF�RIIVHW��7KRXJK�IXUWKHU�LQYHVWLJDWLRQ�
LV�QHFHVVDU\��LW�FDQ�EH�VHHQ�WKDW�WKH�176�GDHPRQ�KDV�QR�VWURQJ�
LQIOXHQFH� RQ� WKH� V\QFKURQL]DWLRQ� DFFXUDF\� IRU� W\SLFDO� 173�
DSSOLFDWLRQV��

9,��&21&/86,216�$1'�)857+(5�:25.�

:H�SURSRVHG�D�VROXWLRQ�WR�HQKDQFH�VWDQGDUG�173�VHUYLFHV�
E\� 176� VHFXUHG� FRPPXQLFDWLRQ� ZLWK� QR� RU� UDWKHU� PLQRU�
PRGLILFDWLRQV� WR� WKH� QRUPDO� 173� LPSOHPHQWDWLRQ�� 7KH�
DSSURDFK� XVLQJ�DQ�176�GDHPRQ�IRU� VHFXULQJ�DQG� WXQQHOLQJ�
VWDQGDUG� 173� SDFNHWV� SURYHG� WR� SHUIRUP� ZHOO�� $FKLHYDEOH�
YDOXHV�RI�WLPH�RIIVHWV�DUH�PRUH�WKDQ�VXIILFLHQW�IRU�W\SLFDO�173�
DSSOLFDWLRQV�� 7KH� ORVV� RI� DFFXUDF\� LV� PLQLPDO� DQG� FDQ� EH�
PLQLPL]HG�E\�IXUWKHU�DQDO\VLV�DQG�RSWLPL]DWLRQ��HVSHFLDOO\�RQ�
WKH�PHWKRG� KRZ� WR� REWDLQ� WKH� WLPHVWDPSV�� ,QWHQVLYH� WHVWLQJ�
XQGHU�UHDOLVWLF�FRQGLWLRQV�LV�DQRWKHU�SRLQW�IRU�IXWXUH�ZRUN�WR�
FUHDWH�EHWWHU�FRPSDULVRQ�SRVVLELOLWLHV��

5()(5(1&(6�

>�@� '��)UDQNH��'��6LEROG��.��7HLFKHO��0��'DQVDULH��5��6XQGEODG���1HWZRUN�
7LPH�6HFXULW\�IRU�WKH�1HWZRUN�7LPH�3URWRFRO���,QWHUQHW�'UDIW��GUDIW�
LHWI�QWS�XVLQJ�QWV�IRU�QWS����-XO\�������

>�@� 0�� /DQJHU�� .�� 7HLFKHO�� '�� 6LEROG� DQG� 5�� %HUPEDFK�� �7LPH�
6\QFKURQL]DWLRQ� 3HUIRUPDQFH� 8VLQJ� WKH� 1HWZRUN� 7LPH� 6HFXULW\�
3URWRFRO���LQ������(XURSHDQ�)UHTXHQF\�DQG�7LPH�)RUXP��()7)���GRL�
��������()7)���������������7XULQ��,WDO\��������

>�@� '�� /�� 0LOOV�� �1HWZRUN� 7LPH� 3URWRFRO� �173���� 5)&� ����� GRL�
���������5)&������6HSWHPEHU�������

>�@� '�� /��0LOOV�� -��%XUEDQN��:��.DVFK�� -��0DUWLQ�� (G��� �1HWZRUN� 7LPH�
3URWRFRO� 9HUVLRQ� ��� 3URWRFRO� DQG� $OJRULWKPV� 6SHFLILFDWLRQ��� 5)&�
������GRL����������UIF������-XQH�������

>�@� '��6LEROG��6��5RHWWJHU��.��7HLFKHO���8VLQJ�WKH�1HWZRUN�7LPH�6HFXULW\�
6SHFLILFDWLRQ� WR� 6HFXUH� WKH�1HWZRUN�7LPH�3URWRFRO��� ,QWHUQHW�'UDIW��
GUDIW�LHWI�QWS�XVLQJ�QWV�IRU�QWS�����6HS��������

>�@� 0�� /DQJHU�� .�� 7HLFKHO�� '�� 6LEROG�� 5�� %HUPEDFK�� �3HUIRUPDQFH�
&RPSDULVRQ�%HWZHHQ�1HWZRUN�7LPH�6HFXULW\�3URWRFRO�'UDIWV���,(((�
,QWHUQDWLRQDO�)UHTXHQF\�&RQWURO�6\PSRVLXP�DQG�(XURSHDQ�)UHTXHQF\�
DQG�7LPH�)RUXP��,)&6�()7)��������2UODQGR��86$��������LQ�SUHVV��

>�@� '��/��0LOOV��%��+DEHUPDQ��(G��� �1HWZRUN�7LPH�3URWRFRO�9HUVLRQ� ���
$XWRNH\�6SHFLILFDWLRQ���5)&�������GRL����������UIF������-XQH�������

>�@� (��5HVFRUOD�� �7KH�7UDQVSRUW� /D\HU�6HFXULW\� �7/6��3URWRFRO�9HUVLRQ�
������5)&����������������UIF������$XJ��������

>�@� '�� 0F*UHZ�� �$Q� ,QWHUIDFH� DQG� $OJRULWKPV� IRU� $XWKHQWLFDWHG�
(QFU\SWLRQ���5)&�������GRL����������5)&������-DQ��������

>��@� 1HWZRUN�7LPH�)RXQGDWLRQ���173'���>2QOLQH@�$YDLODEOH���������������
KWWSV���JLWKXE�FRP�QWS�SURMHFW�QWS�

>��@� KWWSV���ZZZ�GRFNHU�FRP��>2QOLQH@�$YDLODEOH��������������

>��@� '�� )UDQNH�� $��0DOKRWUD�� �173� &OLHQW� 'DWD�0LQLPL]DWLRQ��� ,QWHUQHW�
'UDIW�� GUDIW�LHWI�QWS�GDWD�PLQLPL]DWLRQ����� 0DUFK� ����� �:RUN� LQ�
3URJUHVV���

>��@� (�� 5D\PRQG�� *�� 0LOOHU�� 0�� 6HOVN\�� +�� 0XUUD\�� HW� DO�� �173VHF���
>2QOLQH@�$YDLODEOH���������������KWWSV���JLWODE�FRP�173VHF�QWSVHF�

>��@� .��2
'RQRJKXH��'�� 6LEROG�� 6�� )ULHV�� �1HZ� VHFXULW\�PHFKDQLVPV� IRU�
QHWZRUN� WLPH� V\QFKURQL]DWLRQ� SURWRFROV��� ,(((� ,QWHUQDWLRQDO�
6\PSRVLXP� RQ� 3UHFLVLRQ� &ORFN� 6\QFKURQL]DWLRQ� IRU� 0HDVXUHPHQW��
&RQWURO��DQG�&RPPXQLFDWLRQ��,63&6��������0RQWHUH\��&$��������

>��@� 0�� /DQJHU�� �1HWZRUN� 7LPH� 6HFXULW\� Y�������� >2QOLQH@� $YDLODEOH�
��������������KWWSV���JLWODE�FRP�0/DQJHU�QWV�WDJV�Y������

>��@� 7��%HKQ���176G���1HWZRUN�7LPH�6HFXULW\�3URWRFRO�'DHPRQ���>2QOLQH@�
$YDLODEOH���������������KWWSV���VRXUFHIRUJH�QHW�SURMHFWV�QWVG��
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