
3URWRW\SLQJ�$�0RELOH�5RXWLQJ�$VVLVWDQW�IRU�2SWLPL]LQJ�
(QHUJ\�6FKHGXOLQJ�DQG�&KDUJLQJ�RI�(OHFWULF�9HKLFOHV�

0DWWKLDV�%DOGDXI��6DQGIRUG�%HVVOHU��3HWHU�)U|KOLFK�
)7:�7HOHFRPPXQLFDWLRQV�5HVHDUFK�&HQWHU�9LHQQD��

'RQDX�&LW\�6WUDVVH����
�����9LHQQD��$XVWULD�

^EDOGDXI��EHVVOHU��IURHKOLFK`#IWZ�DW�
�

$%675$&7�
,Q�RUGHU� WR� LQFUHDVH� WKH�FRQVXPHU�DFFHSWDQFH�RI�HOHFWULF�YHKLFOHV�
�(9V�� DQG� WR� HQDEOH� DQ� HIILFLHQW� RSHUDWLRQ� RI� FKDUJLQJ� VWDWLRQ�
QHWZRUNV��ZH�DUJXH�IRU�DQ�LQWHOOLJHQW�URXWLQJ�VHUYLFH�WR�DVVLVW�(9�
GULYHUV� LQ�VHDUFKLQJ�DQG�UHVHUYLQJ�SXEOLF�FKDUJLQJ�SRLQWV�� ,Q� WKLV�
ZRUN�� ZH� SUHVHQW� RXW� RQJRLQJ� XVHU�FHQWHUHG� UHVHDUFK� WRZDUGV� D�
JHQHULF� UHVHUYDWLRQ� PHFKDQLVP� IRU� D� VPDUWSKRQH�EDVHG� URXWLQJ�
DVVLVWDQW��:H� GHVFULEH� IXQGDPHQWDO� XVH� FDVHV� WR� EH� FRYHUHG� DQG�
RXWOLQH� EDVLF� WKRXJKWV� DQG� H[SHULHQFHV� IURP� WKH� GHVLJQ� SURFHVV��
7KH�PDLQ�FRQWULEXWLRQ� LV�DQ� LQWHUDFWLYH�SURWRW\SH�ZKLFK� LV� EDVHG�
RQ� VWDQGDUG� :HE� WHFKQRORJLHV� DQG� WKXV� FDQ� EH� DFFHVVHG� IURP�
YDULRXV�PRELOH� SODWIRUPV� IRU� H[SHULPHQWDWLRQ��%HVLGHV� XVLQJ� WKH�
SURWRW\SH�IRU�HDUO\�XVHU�WHVWV��ZH�SODQ�WR� ILQDOO\�FRQQHFW�LW� WR�RXU�
IXQFWLRQDO� VHUYHU�VLGH� URXWLQJ� SODWIRUP� DQG� UXQ� D� ILHOG� WULDO� WR�
DVVHVV� WKH�EHQHILWV� RI� VXFK� D� UHVHUYDWLRQ� DQG� URXWLQJ� FRQFHSW� IRU�
GULYHUV�LQ�D�UHDO�ZRUOG�VHWXS��

&DWHJRULHV�DQG�6XEMHFW�'HVFULSWRUV�
+����� >,QIRUPDWLRQ� ,QWHUIDFHV� DQG� 3UHVHQWDWLRQ@�� 8VHU�
,QWHUIDFHV�±�*UDSKLFDO�XVHU�LQWHUIDFHV��*8,���3URWRW\SLQJ��

.H\ZRUGV�
(OHFWULF�YHKLFOH��PRELOH�DSS��H�FKDUJLQJ�VWDWLRQ��UHVHUYDWLRQ�

�� ,1752'8&7,21�
'HVSLWH�WKH�KXJH�SRWHQWLDO�RI�HOHFWULF�YHKLFOHV��(9V��IRU�UHGXFLQJ�
JUHHQKRXVH� JDV� HPLVVLRQV� DQG� RSWLPLVWLF� SUHGLFWLRQV� RQ� WKHLU�
PDUNHW�SHQHWUDWLRQ��WRGD\¶V�DFWXDO�VDOHV�DUH�VWLOO�ORZ�FRPSDUHG�WR�
WUDGLWLRQDO� JDVROLQH�SRZHUHG�YHKLFOHV��%HVLGHV� WKH� FXUUHQWO\�KLJK�
SULFH�RI�(9V��FRQFHUQV�UHJDUGLQJ�WKH�UHTXLUHG�SXEOLF�LQIUDVWUXFWXUH�
DQG� QHFHVVDU\� FKDQJHV� LQ� WKH� SHUVRQDO� GULYLQJ� EHKDYLRU� PLJKW�
GLVFRXUDJH� WKH� IDVWHU� DGDSWLRQ� RI� VXFK� YHKLFOHV�� 5HFKDUJLQJ� WKH�
(9� EDWWHU\� FDQ� ODVW� IURP� ��� PLQXWHV� �TXLFN� FKDUJLQJ�� XS� WR�
VHYHUDO�KRXUV��)LUVWO\��GXH�WR�WKH�UHODWLYHO\�VPDOO�UDQJH�RI�(9V�RI�
DSSUR[�� ���� NP�� D� SKHQRPHQRQ� FDOOHG� UDQJH� DQ[LHW\� >�@� PD\�
SUHYHQW�XVHUV� WR� IXOO\�H[SORLW�HYHQ� WKLV� UHGXFHG� UDQJH��6HFRQGO\��
WKH�RIIHULQJ�RI�UHFKDUJLQJ�VWDWLRQV� LQ�XUEDQ�DUHDV� LQ�SDUN�KRXVHV��
DW�JDV�VWDWLRQV��LQ�VKRSSLQJ�PDOOV��RQ�WKH�VWUHHW��HWF��ZLOO�EHFRPH�
TXLFNO\�XQPDQDJHDEOH�ZKLOH�WKHLU�DFWXDO�DYDLODELOLW\�DW�WKH�WLPH�RI�
DUULYDO�LV�XQNQRZQ�WR�WKH�GULYHU�RQ�WKH�PRYH���

7KH�$XVWULDQ�SURMHFW�.2)/$�>��@� LQYHVWLJDWHV�D�VXLWDEOH�VHUYLFH�
SODWIRUP� IRU� VXSSRUWLQJ� (9� GULYHUV� LQ� ILQGLQJ� DQG� PDNLQJ�
UHVHUYDWLRQV�IRU�SXEOLF�FKDUJLQJ�VWDWLRQV��7KH�EDVLF�LGHD�LV�WR�KDYH�
D� FHQWUDO� EURNHU� WKDW� EULQJV� WRJHWKHU� (9V� UHTXHVWLQJ� UHFKDUJLQJ�
HQHUJ\��DQG�UHFKDUJLQJ�VWDWLRQV�WKDW�KDYH�IUHH�UHFKDUJLQJ�FDSDFLW\�

�HQHUJ\��SDUNLQJ�SODFHV��HWF����6XFK�D�EURNHUDJH�HQJLQH�ZLOO�RIIHU�
EHQHILWV�IRU�HDFK�RI�WKH�VWDNHKROGHUV�LQYROYHG�LQ�WKH�(9�FKDUJLQJ�
SURFHVV��

 7KH�(9�GULYHU�ZLOO�EH�GLUHFWHG� WR�DQ�DYDLODEOH�FKDUJLQJ�VWDWLRQ�
FORVH� WR�KLV�DFWXDO�GHVWLQDWLRQ��$W� WKH� VDPH� WLPH��DQ� LQWHOOLJHQW�
VFKHGXOLQJ� DOJRULWKP� DYRLGV� RYHUORDGLQJ� RI� WKH� JULG� DQG� WKXV�
DOORZV� IRU� DUELWUDU\� FKDUJLQJ� WLPHV�� 7KH� H[SHFWHG� UHVXOW� LV� D�
KLJKHU�DFFHSWDQFH�RI�(9V�VLQFH�FKDUJLQJ�LV�SRVVLEOH�HYHQ�GXULQJ�
SHDN�ORDG�SHULRGV�LQ�WKH�HQHUJ\�JULG��

 7KH� FKDUJLQJ� SRLQW� SURYLGHU� ZLOO� EHQHILW� IURP� D� EHWWHU�
XWLOL]DWLRQ� RI� KLV� LQIUDVWUXFWXUH� VLQFH� WKH� GHPDQG� FDQ� EH�
DQWLFLSDWHG�DQG�WKH�FKDUJLQJ�UHVRXUFHV�SODQQHG�ZHOO�LQ�DGYDQFH��

 7KH�HQHUJ\�JULG�RSHUDWRU�JDLQV�YDOXDEOH�LQIRUPDWLRQ�IRU�HQHUJ\�
EDODQFLQJ�DQG�WKXV�LV�QRW�FRQIURQWHG�ZLWK�XQH[SHFWHG�KLJK�ORDGV�
FDXVHG�E\�FKDUJLQJ�(9V��$GGLWLRQDOO\��FROOHFWHG�XVDJH�GDWD�FDQ�
EH� XVHG� IRU� IXUWKHU� SODQQLQJ� RI� WKH� UHFKDUJLQJ� LQIUDVWUXFWXUH�
ERWK�IRU�WKH�JULG�RSHUDWRU�DQG�WKH�RZQHU�RI�FKDUJLQJ�SRLQWV��

$V� ZH� SUHVHQWHG� WKH� UHVXOWV� RI� LQLWLDO� PRELOLW\� VWXGLHV� DQG�
VLPXODWLRQV� IRU� GHILQLQJ� WKH� DFWXDO� UHTXLUHPHQWV�� ORDG� EDODQFLQJ�
DQG� VFKHGXOLQJ� FRQFHSWV� DQG� LPSOHPHQWDWLRQV�� DV� ZHOO� DV� D�
VXLWDEOH�V\VWHP�DUFKLWHFWXUH�IRU�UHDOL]LQJ�WKH�SURSRVHG�VHUYLFHV�LQ�
SUHYLRXV�SXEOLFDWLRQV�LQ�>�@�DQG�>�@��WKH�SUHVHQW�ZRUN�IRFXVHV�RQ�
WKH� SURWRW\SLQJ� RI� D� PRELOH� DVVLVWDQW� IRU� JLYLQJ� (9� GULYHUV�
FRPIRUWDEOH� DFFHVV� WR� WKH� SODWIRUP� VHUYLFHV�� :H� GHVFULEH� WKH�
RQJRLQJ� ZRUN� RQ� D� UHVSHFWLYH� DSSOLFDWLRQ� IRU� VPDUWSKRQHV�� :H�
GHOLEHUDWHO\� WDUJHW� QR� DOO�LQ�RQH� VROXWLRQ� FRYHULQJ� WKH� HQWLUH�
FKDUJLQJ�SURFHVV��H�J��LQFOXGLQJ�SD\PHQW�IHDWXUHV��HWF���EXW�IRFXV�
RQ� D� JHQHULF� UHVHUYDWLRQ� FRQFHSW�� ,Q� WKH� IROORZLQJ�� ZH� JLYH� DQ�
RYHUYLHZ� DERXW� UHODWHG� ZRUN� RQ� RSWLPL]LQJ� WKH� (9� FKDUJLQJ�
LQIUDVWUXFWXUH� DQG� VXSSRUWLQJ� (9� GULYHUV� WKURXJK� PRELOH�
DSSOLFDWLRQV�� :H� WKHQ� LQWURGXFH� WKH� LGHQWLILHG� XVH� FDVHV� DQG�
SUHVHQW�WKH�GHYHORSPHQW�RI�RXU�LQWHUDFWLYH�:HE�EDVHG�DSSOLFDWLRQ�
SURWRW\SH�IRU�XVHU�WHVWV��

�� 5(/$7('�:25.�
6HYHUDO� UHFHQWO\� SUHVHQWHG� UHVHDUFK� ZRUNV� DUH� FRQFHUQHG� ZLWK�
SUHSDULQJ� VXLWDEOH� FKDUJLQJ� LQIUDVWUXFWXUH�� HVWLPDWLQJ� WKH� LPSDFW�
RI� (9� FKDUJLQJ� RQ� WKH� HQHUJ\� JULGV� DQG� ZLWK� LQYHVWLJDWLQJ�
DSSURDFKHV�IRU�HQHUJ\�VFKHGXOLQJ�DQG�ORDG�EDODQFLQJ�WR�FRSH�ZLWK�
H[SHFWHG�KLJK�QXPEHUV�RI�(9V��

)RU� H[DPSOH�� &KHQ� HW� DO�� >�@� DQDO\]HG� UHDO�OLIH� SDUNLQJ�
LQIRUPDWLRQ� LQ� 6HDWWOH�� 86� DQG� GHWHUPLQHG� FRPPRQ� SDUNLQJ�
ORFDWLRQV� DQG� GXUDWLRQV� IRU� LQVWDOOLQJ� D� UHVWULFWHG� QXPEHU� RI�
FKDUJLQJ� VWDWLRQV� DFURVV� WKH� FLW\�� /RSHV� HW� DO�� >��@� DQDO\]HG� WKH�
EHKDYLRU� RI� WKH� ORZ� YROWDJH� JULG� DQG� WKH� FKDQJHV� LQ� WKH� JOREDO�
JHQHUDWLRQ�SURILOH�FRQVLGHULQJ�GLIIHUHQW�OHYHOV�RI�(9�SHQHWUDWLRQV�
WR�GHWHUPLQH�WKH�PD[LPXP�VKDUH�RI�(9V�FXUUHQW�HQHUJ\�JULGV�PD\�
EHDU�� ,Q�D� VLPLODU�YHLQ��&OHPHQW�HW� DO�� >�@�DQG�9HU]LMOEHUJK�HW� DO��
>��@� H[SORUHG� WKH� LPSDFW� RI� (9� FKDUJLQJ� IRU� UHVLGHQWLDO� ORZ�

�

�

&RS\ULJKW�KHOG�E\�DXWKRU�V��
$XWRPRWLYH8,
����2FWREHU��������3RUWVPRXWK��1+��86$��
$GMXQFW�3URFHHGLQJV��
�
�
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YROWDJH� QHWZRUNV� DQG� VKRZHG� WKDW� D� VLJQLILFDQW� QXPEHU� RI�
WUDQVIRUPHUV� ZLOO� EH� RYHUORDGHG� LI� QR� FKDUJH� FRQWURO� LV� DSSOLHG��
%DVHG� RQ� VLPXODWLRQV� DQG� D� FDVH� VWXG\�� 6iQFKH]�0DUWLQ� DQG�
6iQFKH]�>��@�VXJJHVW�D�FRQVXPSWLRQ�FRQWURO�PDQDJHPHQW�V\VWHP�
WR�GHDO�ZLWK� WKH�EDWWHU\�FKDUJLQJ�DW�SDUNLQJ�JDUDJHV�ZLWK�SOXJ�LQ�
(9V�� 1RQH� RI� WKHVH� UHVHDUFK� SURMHFWV� FRQVLGHUHG� PRELOH�
DSSOLFDWLRQV� IRU� (9�GULYHUV� WR� FROOHFW� GDWD� DERXW� FKDUJLQJ� QHHGV�
DQG� WKXV� WR� HVWLPDWH� XSFRPLQJ� GHPDQGV� RQ� WKH� HQHUJ\� QHWZRUN��
2QH� RI� WKH� UDUH� UHVSHFWLYH� H[DPSOHV� PDNLQJ� XVH� RI� D� PRELOH�
DSSOLFDWLRQ� LV� WKH�ZRUN�E\�0DO�DQG�*DGK� >��@��7KHLU� IUDPHZRUN�
IRU� HQDEOLQJ� DJJUHJDWHG� VFKHGXOHG� FKDUJLQJ� RI� (9V� LQFOXGHV� DQ�
DSS� IRU� PRQLWRULQJ� DQG� FRQWUROOLQJ� WKH� FKDUJLQJ� RI� YHKLFOHV��
+RZHYHU�� DOVR� WKLV� VROXWLRQ� GRHV� QRW� PDNH� XVH� RI� D� UHVHUYDWLRQ�
PHFKDQLVP�DV�SURSRVHG�LQ�WKLV�SDSHU��

0RUH� JHQHUDOO\�� D� VHULHV� RI� DSSOLFDWLRQV� IRU� VPDUWSKRQHV� LV�
FXUUHQWO\�DYDLODEOH� IURP�GLIIHUHQW� VRIWZDUH�GLVWULEXWLRQ�SODWIRUPV�
WR�VXSSRUW��SRWHQWLDO��(9�GULYHUV��5HVSHFWLYH�PRELOH�DSSV�LQFOXGH�
DGYLVHUV� VXFK� DV� L(9��� DQG� H0RWLRQ$SS�� ZKLFK� DQDO\]H� WKHLU�
XVHUV¶�PRELOLW\�EHKDYLRU�DQG�QHHGV�DQG�KHOS�WKHP�GHFLGH�ZKHWKHU�
WR�EX\�D�SULYDWH�(9��2WKHU�(9�DSSV�DUH�GLUHFWO\�SURYLGHG�E\�FDU�
PDQXIDFWXUHUV�DQG�DFW�DV�UHPRWH�FRQWUROV�IRU�VSHFLILF�IXQFWLRQV�RI�
WKH�YHKLFOH��DOORZ�YLHZLQJ�VWDWXV� LQIRUPDWLRQ�VXFK�DV� WKH� FXUUHQW�
VWDWH� RI� FKDUJH� �62&��� RU� SURYLGH� VWDWLVWLFV� RQ� HQYLURQPHQWDO�
FRQWULEXWLRQV� VXFK� DV� JUHHQKRXVH� JDV� VDYLQJV�� ([DPSOHV� LQFOXGH�
9ROYR� &��� (OHFWULF��� 1LVVDQ� /($)��� VPDUW� GULYH��� DQG� 2Q6WDU�
5HPRWH/LQN�� IRU� *0� &KHYUROHW� 9ROW�� *UHHQ&KDUJH�� LV� D� PRUH�
JHQHULF�VROXWLRQ�VXSSRUWLQJ�*0�&KHYUROHW�9ROW�DQG�1LVVDQ�/HDI��

6HYHUDO�DSSV�DUH�GHGLFDWHG�WR�VHDUFKLQJ�IRU�FKDUJLQJ�LQIUDVWUXFWXUH�
DQG�RIIHU� FRPIRUWDEOH� DFFHVV� WR� UHPRWH�GDWDEDVHV��0RVW� RI� WKHP�
IROORZ� D� FRPPXQLW\�GULYHQ� DSSURDFK� DOORZLQJ� WKH� HDV\� DGGLQJ�
DQG� XSGDWLQJ� RI� FKDUJLQJ� SRLQWV� E\� XVHUV�� 3RSXODU� VROXWLRQV�
LQFOXGH� 3OXJVKDUH��� &DU6WDWLRQV��� 3OXJVXUILQJ���� 5HFDUJR���� DQG�
&KDUJH3RLQW����7KH�ODWWHU�IHDWXUHV�D�EDVLF�UHVHUYDWLRQ�V\VWHP�DQG�
DYDLODELOLW\� LQIRUPDWLRQ�� KRZHYHU�� LV� UHVWULFWHG� WR� LWV� FXVWRP�
QHWZRUN�RI�FKDUJLQJ�VWDWLRQV��8SFRPLQJ�DSSOLFDWLRQV�VXFK�DV� WKH�
:DWW6WDWLRQ� DSS� >�@� E\� *HQHUDO� (OHFWULF� DOVR� LQFOXGH� SD\PHQW�
IXQFWLRQDOLW\�RYHU�WKH�VPDUWSKRQH��

�� 86(�&$6(6�
:H� FRQGXFWHG� D� XVH� FDVH� ZRUNVKRS� ZLWK� GLIIHUHQW� VWDNHKROGHUV�
LQFOXGLQJ� H[SHULHQFHG� (9� XVHUV� DV� ZHOO� DV� UHSUHVHQWDWLYHV� IURP�
SXEOLF�WUDQVSRUWDWLRQ�FRPSDQLHV�DQG�HQHUJ\�SURYLGHUV��)RXU�EDVLF�
XVH� FDVHV� FRXOG� EH� LGHQWLILHG� IRU� VXSSRUWLQJ� DQ� (9� GULYHU� LQ�
ILQGLQJ�DQ�DYDLODEOH�SXEOLF�FKDUJLQJ�VWDWLRQ��$V�PHQWLRQHG�DERYH��
ZH�GHOLEHUDWHO\�H[FOXGHG�SD\PHQW� IXQFWLRQDOLW\� HWF�� DQG�VHUYLFHV�
�����������������������������������������������������������������
��KWWS���LWXQHV�DSSOH�FRP�DSS�LHY���LG����������
��KWWS���LWXQHV�DSSOH�FRP�FK�DSS�HPRWLRQDSS�LG����������
��KWWS���LWXQHV�DSSOH�FRP�DSS�YROYR�F���HOHFWULF�LG����������
��KWWS���LWXQHV�DSSOH�FRP�DSS�QLVVDQ�OHDI�LG����������
��KWWS���LWXQHV�DSSOH�FRP�DSS�VPDUW�GULYH�HX�LG����������
��KWWS���LWXQHV�DSSOH�FRP�DSS�RQVWDU�UHPRWHOLQN�LG����������
��KWWS���LWXQHV�DSSOH�FRP�DSS�JUHHQFKDUJH�LG����������
��KWWS���LWXQHV�DSSOH�FRP�DSS�SOXJVKDUH�LG����������
��KWWS���LWXQHV�DSSOH�FRP�DSS�FDUVWDWLRQV�LG����������
���KWWS���LWXQHV�DSSOH�FRP�DSS�SOXJVXUILQJ�LG����������
���KWWS���LWXQHV�DSSOH�FRP�DSS�UHFDUJR�LG����������
���KWWS���LWXQHV�DSSOH�FRP�DSS�FKDUJHSRLQW�LG����������

UHTXLULQJ�D�ZLUHOHVV�FRQQHFWLRQ�WR�WKH�FKDUJLQJ�SRLQW�LWVHOI��,Q�WKH�
IROORZLQJ�� ZH� GHVFULEH� WKH� IRXU� XVH� FDVHV� DQG� LQFOXGH�
FRQVLGHUDWLRQV�IRU�WKHLU�SUDFWLFDO�LPSOHPHQWDWLRQ��

��� 6SHFLI\LQJ�GHVWLQDWLRQ�IRU�QDYLJDWLRQ��
2EYLRXVO\�� IRU� SURYLGLQJ� WKH� GULYHU� ZLWK� LQIRUPDWLRQ� DERXW�
DYDLODEOH�FKDUJLQJ�VWDWLRQV�FORVH�WR�WKH�GHVWLQDWLRQ�RI�KLV�WRXU��WKLV�
ORFDWLRQ�QHHGV� WR�EH�NQRZQ�WR� WKH�DSSOLFDWLRQ��$W� WKH�VDPH�WLPH��
WKLV� DGGUHVV�ZLOO� EH� XVHG� IRU� JXLGLQJ� WKH� GULYHU� E\� D� QDYLJDWLRQ�
V\VWHP�� :KLOH� FRQWH[W�DZDUH� PRELOH� DSSOLFDWLRQV� PD\� WU\� WR�
GHULYH� WKLV� LQIRUPDWLRQ� �H�J�� E\� FKHFNLQJ� SHUVRQDO� FDOHQGDU�
HQWULHV���WKH�VDIHVW�ZD\�LV�VLPSO\�HQWHULQJ�WKH�VWUHHW�DGGUHVV�RI�WKH�
WDUJHWHG�GHVWLQDWLRQ�LQ�DQDORJ\�WR�WUDGLWLRQDO�QDYLJDWLRQ�VROXWLRQV��

��� 6HDUFKLQJ�IRU�FKDUJLQJ�VWDWLRQV�
$� VXLWDEOH� DSSOLFDWLRQ� QHHGV� WR� SURYLGH� D� VHDUFK� IHDWXUH� IRU�
FKDUJLQJ� VWDWLRQV� FORVH� WR� WKH� HQWHUHG� GHVWLQDWLRQ�� 7KLV� LQFOXGHV�
VSHFLI\LQJ� VHYHUDO� IXUWKHU� FKDUJLQJ� SDUDPHWHUV� VXFK� DV� WKH�
HVWLPDWHG�FKDUJLQJ�GXUDWLRQ�RU�WKH�H[SHFWHG�62&�DIWHU�FKDUJLQJ�DV�
ZHOO� DV� WKH� FKDUJLQJ� VSHHGV� VXSSRUWHG�E\� WKH� FDU�ZKLFK�PD\� EH�
FRQILJXUHG� RQFH� RYHU� D� VHWWLQJV� PHQX�� 7R� HQDEOH� DQ� HIILFLHQW�
VFKHGXOLQJ� RI� SRWHQWLDO� UHVHUYDWLRQ� UHTXHVWV�� DOVR� WKH� HVWLPDWHG�
WLPH�RI�DUULYDO�QHHGV�WR�EH�WUDQVPLWWHG��

��� 6HQGLQJ�UHVHUYDWLRQ�UHTXHVW�
7R�PDNH� VXUH� WR� KDYH� DQ� DYDLODEOH� FKDUJLQJ� VWDWLRQ� FORVH� WR� WKH�
GHVWLQDWLRQ�� D� GULYHU� PD\� LVVXH� D� UHVHUYDWLRQ� UHTXHVW� IRU� D�
SDUWLFXODU�FKDUJLQJ�SRLQW��,Q�RXU�VHWXS��VXFK�D�UHVHUYDWLRQ�UHTXHVW�
GLUHFWO\� IROORZV� D� VHDUFK� IRU� FKDUJLQJ� VWDWLRQV�� 7KXV�� VSHFLILF�
FKDUJLQJ�SDUDPHWHUV�DUH�DOUHDG\�NQRZQ�DQG�WKH�DYDLODELOLW\�RI�WKH�
FKDUJLQJ�SRLQW�ZDV�DOUHDG\�FKHFNHG�GXULQJ�WKH�VHDUFK��,Q�RUGHU�WR�
DYRLG� KDSKD]DUG� UHVHUYDWLRQV� DQG� WR� UHGXFH� LQDFFXUDFLHV� LQ�
HVWLPDWLQJ� DUULYDO� WLPHV� DQG� WKXV� WR� HQDEOH� D�PRUH� DFFXUDWH� DQG�
UREXVW� VFKHGXOLQJ�� WKH� LQWURGXFWLRQ�RI� D� IHZ�SUDFWLFDO� FRQVWUDLQWV�
VHHP� WR� EH� EHQHILFLDO�� 7KHVH� LQFOXGH� DOORZLQJ� RQO\� IRU� RQH�
SHQGLQJ� UHVHUYDWLRQ� DW� D� WLPH� DQG� SHUPLWWLQJ� UHVHUYDWLRQ� RQO\�
ZLWKLQ� D� VSHFLILF� WLPH� ZLQGRZ� EHIRUH� DUULYLQJ� DW� WKH� VSHFLILHG�
FKDUJLQJ� SRLQW� �H�J�� �� KRXUV�� DQG� GLVFDUGLQJ� WKH� UHVHUYDWLRQV� RI�
ODWH�DUULYHG�FDUV��

��� 5HGLUHFWLRQ�WR�FKDUJLQJ�VWDWLRQ�DQG�
JXLGLQJ�WR�DFWXDO�GHVWLQDWLRQ�
:KHQ�D� UHVHUYDWLRQ� UHTXHVW�ZDV� VHQW�DQG�VXFFHVVIXOO\�FRQILUPHG�
E\� WKH� VHUYHU�VLGH� SODWIRUP�� WKH� GULYHU� VKDOO� EH� JXLGHG� WR� WKH�
UHVSHFWLYH� FKDUJLQJ� VWDWLRQ�E\� WUDGLWLRQDO� WXUQ�E\�WXUQ�QDYLJDWLRQ�
DQG�DXGLR�VLJQDOV��6LQFH�IRU� WKH�PRVW�FDVHV� WKLV� LQFOXGHV�D�VOLJKW�
UHGLUHFWLRQ� DZD\� IURP� WKH� DFWXDOO\� GHVLUHG� GHVWLQDWLRQ�� WKH�
DSSOLFDWLRQ�VKRXOG�DOVR�VXSSRUW�D�SHGHVWULDQ�QDYLJDWLRQ�PRGH�IRU�
VKRZLQJ�WKH�ZD\�IURP�WKH�SDUNHG�YHKLFOH�WR�DFWXDO�GHVWLQDWLRQ���

�� 352727<3,1*�
%DVHG� RQ� WKH� XVH� FDVHV� GHVFULEHG� DERYH�� ZH� SURWRW\SHG� D�
UHVSHFWLYH� PRELOH� DSSOLFDWLRQ�� :H� VWDUWHG� E\� FUHDWLQJ� VHYHUDO�
GHVLJQV� DQG� VLPSOH� PRFNXSV� DQG� ILQDOO\� LPSOHPHQWHG� DQ�
LQWHUDFWLYH�:HE�EDVHG�VRIWZDUH�SURWRW\SH��

��� 0RFNXSV�DQG�([SHULHQFHV�
$V� ILUVW� VWHSV�� ZH� FRQGXFWHG� VLPSOH� SDSHU� SURWRW\SLQJ� DQG�
VNHWFKHG�VFUHHQV�DQG�XVHU�LQWHUIDFH�HOHPHQWV��:H�FUHDWHG�YDULRXV�
GHVLJQ� DOWHUQDWLYHV� DQG� SXW� VSHFLDO� HPSKDVLV� RQ� WHFKQLTXHV� WR�
VSHFLI\� WKH� UHVHUYDWLRQ� SDUDPHWHUV� LQ� WHUPV� RI� SODQQHG� SDUNLQJ�
GXUDWLRQ�DQG�RU�H[SHFWHG�GULYLQJ�UDQJH�DIWHU�WKH�FKDUJLQJ�SURFHVV��
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)LUVW� PRFNXSV� LQFOXGHG� D� VOLGHU� FRQFHSW� DV� D� YLVXDOO\� DSSHDOLQJ�
ZD\�WR�VSHFLI\�WKLV�LQIRUPDWLRQ��7KH�YDULDQW�LQ�)LJXUH����IRFXVVHV�
RQ�VSHFLI\LQJ�WKH�GULYLQJ�UDQJH�ZLWK�WKH�VOLGHU��,WV�EDU�VKRZV�WKH�
HVWLPDWHG�FKDUJLQJ�GXUDWLRQ�IRU�WKH�VHOHFWHG�UDQJH�DV�VRRQ�DV� WKH�
XVHU�OLIWV�KLV�ILQJHU��:KHUHDV�WKLV�FRPELQHG�VOLGHU�GLVSOD\�RI�UDQJH�
DQG�GXUDWLRQ�VHHPHG�EHQHILFLDO�DW�ILUVW�VLJKW��ZH�LGHQWLILHG�VHYHUDO�
GUDZEDFNV� ZKLOH� IXUWKHU� HODERUDWLQJ� RQ� WKH� FRQFHSW�� )LUVW��
H[SHULPHQWV� ZLWK� UHODWHG� WRXFK�EDVHG� VOLGHU� FRQWUROV� RQ� PRELOH�
GHYLFHV� VKRZHG� WKHLU� LQDFFXUDF\� IRU� VXFK� ILQH�JUDQXODU� VHWWLQJV��
7KXV�� ZH� GHFLGHG� WR� JR� IRU� PRUH� WUDGLWLRQDO� VSLQQHU� FRQWUROV��
6HFRQG��VSHFLI\LQJ�WKH�H[SHFWHG�UDQJH�IRUFHV�WKH�XVHU�WR�SDUN�KLV�
(9�DW� WKH�SDUWLFXODU� FKDUJLQJ� VWDWLRQ� IRU� WKH� FDOFXODWHG�GXUDWLRQ��
6LQFH� ZH� WDUJHW� D� FRPIRUWDEOH� VROXWLRQ� DYRLGLQJ� DQ\� PDMRU�
DGDSWDWLRQV� RI� XVHUV¶� PRELOLW\� EHKDYLRU� DQG� WKXV� WR� LQFUHDVH� WKH�
DFFHSWDQFH� RI� (9V�� ZH� DJUHHG� WR� IRFXV� RQ� WKH� DFWXDO� SDUNLQJ�
GXUDWLRQ��GULYHUV�W\SLFDOO\�NQRZ�KRZ�ORQJ�WKHLU�YHKLFOH�ZLOO�VWDQG�
DW� WKH� SDUNLQJ� VSRW� �H�J�� GXULQJ� D� VKRSSLQJ� WRXU� RU� D� UHVWDXUDQW�
YLVLW�� HWF���� 7KH\� SUREDEO\� ZLOO� QRW� FKDQJH� VXFK� URXWLQHV� DQG�
H[WHQG� WKH� SDUNLQJ� GXUDWLRQ� WR� UHDFK� D� VSHFLILF� EDWWHU\� OHYHO� RU�
UDQJH���

2YHUDOO�� ZH� ZDQWHG� RXU� DSSOLFDWLRQ� WR� EH� DV� VHOI�H[SODLQLQJ� DV�
SRVVLEOH�DQG�WKXV�GHFLGHG�IRU�D�ZL]DUG�OLNH�XVHU�LQWHUIDFH�JXLGLQJ�
WKH�XVHU�WKURXJK�WKH�GLIIHUHQW�VWHSV�RI�PDNLQJ�D�UHVHUYDWLRQ�IRU�D�
SDUWLFXODU�FKDUJLQJ�VWDWLRQ���

��� ,QWHUDFWLYH�3URWRW\SH�
:H�LPSOHPHQWHG�DQ�LQWHUDFWLYH�SURWRW\SH�WR�JDWKHU�HDUO\�IHHGEDFN�
IURP� UHDO� XVHUV� LQ� D�QH[W� VWHS��:H� UHVWULFWHG� WKH� IXQFWLRQDOLW\�RI�
RXU� ILUVW� SURWRW\SH� WR� WKH� IRXU� DERYH�PHQWLRQHG� XVH� FDVHV� DQG�
IRFXVHG� RQ� WKH� DFWXDO� UHVHUYDWLRQ� SURFHVV� WR� NHHS� H[SHQVHV� IRU�
SURWRW\SLQJ� ORZ�� 7R� PDNH� WKH� SURWRW\SH� HDVLO\� DFFHVVLEOH� IRU�
LQWHUHVWHG� SHRSOH� DQG� HYHQ� DOORZ� WKHP� WR� WHVW� RQ� WKHLU� SHUVRQDO�
VPDUWSKRQH� ZH� GHFLGHG� WR� JR� IRU� D� SODWIRUP�LQGHSHQGHQW� :HE�
DSSOLFDWLRQ�� ,WV� ODWHVW� YHUVLRQ� LV� SXEOLFO\� DFFHVVLEOH� >�@� DQG�
IHDWXUHV�ERWK�D�PRELOH�HPXODWRU�YLHZ�IRU�GHVNWRS�EURZVHUV�DV�ZHOO�
DV�D�SODLQ�YDULDQW�WR�EH�DFFHVVHG�IURP�PRELOH�GHYLFHV���

2XU� SURWRW\SH� LV� EDVHG� RQ� WUDGLWLRQDO�:HE� WHFKQRORJLHV� VXFK� DV�
+70/�� -DYD6FULSW�� DQG� &66�� )RU� GLVSOD\LQJ� PDSV�� YLVXDOL]LQJ�
SRLQWV�RI�LQWHUHVW� DQG� SURYLGLQJ� D� URXWLQJ� IHDWXUH� ZH� LQWHJUDWHG�
WKH� UHVSHFWLYH� VHUYLFHV� RIIHUHG� E\� WKH� *RRJOH� 0DSV� -DYD6FULSW�
$3,�>�@�DQG� WKH�*RRJOH�'LUHFWLRQV�$3,� >�@��:H�PDGH�XVH�RI� WKH�
<DKRR�� 8VHU� ,QWHUIDFH� /LEUDU\� >��@� IRU� LQWHJUDWLQJ� VOLGLQJ� DQG�
IDGLQJ� HIIHFWV� WR� FORVHU� UHVHPEOH� WKH� ORRN�DQG�IHHO� RI� D� QDWLYH�
PRELOH�DSSOLFDWLRQ��)XUWKHU��ZH�GHVLJQHG�VRPH�FXVWRP�LFRQV�DQG�
V\PEROV�WR�HPEHOOLVK�WKH�LQWHUIDFH��

�
)LJXUH����2QH�GHVLJQ�PRFNXS�LQFOXGHV�D�VOLGHU�IRU�VSHFLI\LQJ�

WKH�FKDUJLQJ�GXUDWLRQ�DQG�WKH�H[SHFWHG�UDQJH��
�

�
)LJXUH����6LPSOH�IRUP�IRU�HQWHULQJ�WKH�GHVWLQDWLRQ��

�

�
)LJXUH����6SHFLI\LQJ�WKH�GXUDWLRQ�RI�VWD\��

�

�
)LJXUH����7KH�XVHU�PD\�FKRRVH�WR�EH�QRWLILHG�DERXW�FKDUJLQJ�

VWDWLRQV�EHFRPLQJ�DYDLODEOH��
�

�
)LJXUH����$YDLODEOH�FKDUJLQJ�VWDWLRQV�LQ�ZDONLQJ�GLVWDQFH�WR�

WKH�GHVWLQDWLRQ�DUH�VKRZQ�RQ�WKH�PDS��
�
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)LJXUH� �� VKRZV� WKH� VWDUW� VFUHHQ� RI� WKH� DSSOLFDWLRQ�� 7KH� XVHU� LV�
DVNHG�WR�HQWHU�WKH�VWUHHW�DGGUHVV�RI�KLV�GHVWLQDWLRQ�DQG�FRQILUP�E\�
WRXFKLQJ� WKH� ERWWRP� ULJKW� EXWWRQ�� ,Q� DQDORJ\� WR� D� WUDGLWLRQDO�
QDYLJDWLRQ� VROXWLRQ�� WKH� XVHU� LV� LQIRUPHG� DERXW� WKH� URXWH� OHQJWK�
DQG�HVWLPDWHG�GXUDWLRQ�RQ� WKH�VXFFHHGLQJ� VFUHHQ� �)LJXUH�����7KH�
DGMDFHQW�PDS�YLHZ�VKRZV�WKH�DUHD�DURXQG�WKH�GHVWLQDWLRQ�ORFDWLRQ��
$GGLWLRQDOO\�� WKH� DSSOLFDWLRQ� GLVSOD\V� WKH� HVWLPDWHG� 62&� DW� WKH�
GHVWLQDWLRQ� LQ� IRUP� RI� D� EDWWHU\� LPDJH� WR� LOOXVWUDWH� WKH� FKDUJLQJ�
GHPDQG��7KH�SODQQHG�GXUDWLRQ�DW� WKH�GHVWLQDWLRQ�PD\�EH�HQWHUHG�
E\� VSHFLI\LQJ� WKH� UHVSHFWLYH�KRXUV� DQG�PLQXWHV� WKURXJK� WKH�SOXV�
DQG�PLQXWHV�EXWWRQV��QDWLYH�PRELOH�DSSOLFDWLRQV�PD\�XVH�DYDLODEOH�
VSLQQHU� FRQWUROV��� %\� SXVKLQJ� WKH� VHDUFK� EXWWRQ� �ZLWK� WKH�
PDJQLI\LQJ� JODVV�� WKH� DSSOLFDWLRQ� VWDUWV� ORRNLQJ� IRU� FKDUJLQJ�
VWDWLRQV�ZKLFK� DUH� DYDLODEOH� DW� WKH� FDOFXODWHG� WLPH�RI� DUULYDO� DQG�
DUH�ORFDWHG�ZLWKLQ�ZDONLQJ�GLVWDQFH�IURP�WKH�VSHFLILHG�GHVWLQDWLRQ��
,Q� WKH� FXUUHQW� YHUVLRQ� RI� WKH� LQWHUDFWLYH� SURWRW\SH� QXPEHU� DQG�
ORFDWLRQV�RI� FKDUJLQJ� VWDWLRQV� DUH� ORFDOO\� JHQHUDWHG�RQ� D� UDQGRP�
EDVH��

,Q�FDVH�QR�FKDUJLQJ�VWDWLRQ�LV�DYDLODEOH��WKH�GULYHU�LV�QRWLILHG�DQG�
PD\�FKRRVH� WR�EH�QRWLILHG� LI�D�VXLWDEOH�FKDUJLQJ�VWDWLRQ�VXGGHQO\�
EHFRPHV�DYDLODEOH��)LJXUH�����2WKHUZLVH�WKH�PDS�YLHZ�LV�XSGDWHG�
ZLWK�FRUUHVSRQGLQJ�PDUNHUV��)LJXUH����DQG�HQDEOHG�IRU�LQWHUDFWLRQ�
VXFK�DV�SDQQLQJ�IRU�H[SORULQJ�DOO�IRXQG�FKDUJLQJ�VWDWLRQV��
,Q� D� ILUVW� GHVLJQ� ZH� XVHG� JUHHQ� DQG� UHG� LFRQV� WR� LQGLFDWH� WKH�
DYDLODELOLW\� RI� FKDUJLQJ� VWDWLRQV� ZLWK� WKH� DLP� WR� LQFUHDVH� WKH�
DZDUHQHVV� RI� WRWDOO\� GHSOR\HG� FKDUJLQJ� VWDWLRQV�� )LQDOO\�� ZH�
GHFLGHG� WR� KLGH� WKH� XQQHFHVVDU\� RFFXSLHG� FKDUJLQJ� SRLQWV� DQG�
VKRZ�RQO\�WKH�DYDLODEOH�RQHV�WR�UHGXFH�FOXWWHULQJ�RQ�VPDOO�PRELOH�
GLVSOD\V�� 7KH� FXUUHQW� PDUNHUV� DV� GHSLFWHG� LQ� )LJXUH� �� FRQWDLQ�
LQIRUPDWLRQ� DERXW� WKH� HOHFWULFLW\� SULFH� RI� WKLV� FKDUJLQJ� SRLQW� DV�

ZHOO�DV�VPDOO�V\PEROV� WR� LQGLFDWH� WKH�SOXJ� W\SH�DQG�ZKHWKHU� WKLV�
SRLQW� VXSSRUWV� IDVW� FKDUJLQJ�� 3UHIHUHQFHV� FRQFHUQLQJ� SOXJ� W\SH�
DQG� IDVW� FKDUJLQJ� HWF�� FRXOG� EH� VSHFLILHG� LQ� UHVSHFWLYH�
FRQILJXUDWLRQ�VHWWLQJV���
%\�WRXFKLQJ�D�FKDUJLQJ�SRLQW�PDUNHU��WKH�XVHU�LV�DVNHG�WR�FRQILUP�
KLV�UHVHUYDWLRQ�UHTXHVW�IRU�WKH�HVWLPDWHG�DUULYDO�WLPH�DQG�WKH�JLYHQ�
GXUDWLRQ��)LJXUH�����:KHQ�KH�GRHV�VR��WKH�DSSOLFDWLRQ�VZLWFKHV�WR�
D�WUDGLWLRQDO�QDYLJDWLRQ�VFUHHQ�LQ�ELUG¶V�H\H�YLHZ��)LJXUH����ZLWK�
WXUQ�E\�WXUQ� LQVWUXFWLRQV��VXFK�DV�IROORZLQJ�WKH�URDG�IRU� WKH�QH[W�
����NLORPHWHUV��JXLGLQJ�WKH�GULYHU�WR�WKH�VHOHFWHG�FKDUJLQJ�VWDWLRQ��
,Q�RXU�SURWRW\SH�WKLV�IXQFWLRQDOLW\�LV�UHSUHVHQWHG�E\�D�VWLOO�LPDJH��
VLQFH� WKH� LPSOHPHQWDWLRQ� RI� VXFK� D� ���'� QDYLJDWLRQ� LV� WLPH�
FRQVXPLQJ� DQG� GRHV� QRW� EHORQJ� WR� WKH� FRUH� IXQFWLRQDOLW\� RI� WKH�
SURWRW\SH��$GGLWLRQDOO\�� WKH� QDYLJDWLRQ� VFUHHQ� VKRZV� WKH� FXUUHQW�
62&�DQG�WKH�GLVWDQFH�RI� WKH�DYDLODEOH�FKDUJLQJ�VWDWLRQ�FORVHVW� WR�
WKH�GULYHU¶V�FXUUHQW� ORFDWLRQ� LQ�RUGHU� WR� VWLOO� VXSSRUW� VSRQWDQHRXV�
FKDUJLQJ�DW�QHDUE\�FKDUJLQJ�SRLQWV��
6LQFH� WKH� GULYHU� LV� QRW� JXLGHG� GLUHFWO\� WR� KLV� GHVLUHG� GHVWLQDWLRQ�
EXW� UHGLUHFWHG� WR� WKH� VHOHFWHG� FKDUJLQJ� VWDWLRQ�� WKH� DSSOLFDWLRQ�
VZLWFKHV�IURP�YHKLFOH� WR�SHGHVWULDQ�QDYLJDWLRQ�PRGH�JXLGLQJ� WKH�
XVHU�WR�KLV�DFWXDO�GHVWLQDWLRQ�DV�VRRQ�DV�WKH�YHKLFOH�KDV�DUULYHG�DW�
WKH�GHVWLQDWLRQ�FKDUJLQJ�VWDWLRQ��7KLV�ILQDO�VWHS�LV�QRW�FRYHUHG�E\�
WKH�UHFHQW�YHUVLRQ�RI�WKH�SURWRW\SH��

�� &21&/86,216�$1'�287/22.�
,Q� WKLV�SDSHU�ZH� LQWURGXFHG�RXU�RQJRLQJ�ZRUN�RQ�D� VPDUWSKRQH�
EDVHG�DVVLVWDQW�IRU�(9�GULYHUV��7KH�DSSOLFDWLRQ�ZLOO�KHOS�WR�HQVXUH�
WKH� DYDLODELOLW\� RI� D� SXEOLF� FKDUJLQJ� VWDWLRQ� FORVH� WR� WKH� GULYHU¶V�
GHVWLQDWLRQ�DQG�GXH�WR�PRUH�DFFXUDWH�IRUHFDVWLQJ�HQDEOH�RSWLPL]HG�
ORDG� EDODQFLQJ� DQG� HQHUJ\� VFKHGXOLQJ� IRU� WKH� FKDUJLQJ� SRLQW�
RZQHU�DQG�WKH�JULG�RSHUDWRU��:H�SUHVHQWHG�VRPH�W\SLFDO�XVH�FDVHV�
IRU�WKH�HQYLVLRQHG�WULS�SODQQLQJ�VFHQDULR�DQG�JDYH�LQVLJKWV�LQ� WKH�
GHVLJQ� DQG� LPSOHPHQWDWLRQ� RI� RXU� LQWHUDFWLYH� :HE�EDVHG�
DSSOLFDWLRQ�SURWRW\SH��

2XU�FXUUHQW�SURWRW\SH�FRYHUV�WKH�IXQGDPHQWDO�UHVHUYDWLRQ�SURFHVV��
KRZHYHU��LV�D�QRW�D�FRPSOHWH�(9�GULYHU�DVVLVWDQW�\HW��%HVLGHV�WKH�
SURWRW\SLFDO� LQWHJUDWLRQ� RI� DGGLWLRQDO� IHDWXUHV� VXFK� DV� WKH�
PHQWLRQHG� SHGHVWULDQ� QDYLJDWLRQ� PRGH� DQG� PXOWL�PRGDO� URXWLQJ�
FRQVLGHULQJ� SXEOLF� PHDQV� RI� WUDQVSRUW�� ZH� SODQ� WR� LPSURYH� WKH�
YLVXDO�DSSHDUDQFH�DQG�SROLVK� WKH�XVHU� LQWHUIDFH� WR�JLYH� LW� D�PRUH�
QDWLYH� ORRN��:H� WKHQ�ZLOO� FRQGXFW� XVHU� WHVWV� WR� FROOHFW� IHHGEDFN�
DQG�HODERUDWH�RXU�SURWRW\SH��$V�DQ�LPSRUWDQW�SDUW�RI�IXWXUH�ZRUN��
ZH� SODQ� WR� FRQQHFW� WKH� DSS� SURWRW\SH� WR� RXU� UHVHUYDWLRQ� DQG�
URXWLQJ� SODWIRUP� LQ� RUGHU� WR� KDYH� D� WUXO\� IXQFWLRQDO� DSSOLFDWLRQ��
1HFHVVDU\� VWHSV� LQFOXGH� WKH� LPSOHPHQWDWLRQ� RI� :HE�DFFHVVLEOH�
VHUYLFH�LQWHUIDFHV�VXFK�DV�5(67��5HSUHVHQWDWLRQDO�6WDWH�7UDQVIHU��
IRU�PDNLQJ�XVH�RI�RXU�FXVWRP�URXWLQJ�DOJRULWKP�DQG�WKH�FKDUJLQJ�
VWDWLRQ� GDWDEDVH�� H�J�� YLD� $-$;� �$V\QFKURQRXV� -DYD6FULSW� DQG�
;0/�� FDOOV� IURP� WKH� PRELOH� DSSOLFDWLRQ�� )LQDOO\�� ZH� SODQ� WR�
GLVWULEXWH�WKH�DSSOLFDWLRQ�WR�GULYHUV�RI�DQ�(9�IOHHW�DQG�WR�FDUU\�RXW�
ILHOG�WHVWV�WR�JDLQ�UHDO�ZRUOG�H[SHULHQFH�ZLWK�WKH�SURWRW\SH�DQG�WR�
OHDUQ� PRUH� DERXW� WKH� DFFHSWDQFH� RI� VXFK� DGYDQFHG� UHVHUYDWLRQ�
PHFKDQLVPV�IRU�SXEOLF�(9�FKDUJLQJ�VWDWLRQV��

�� $&.12:/('*0(176�
7KH�SUHVHQWHG�ZRUN�ZDV�GRQH�ZLWKLQ�WKH�$XVWULDQ�SURMHFW�.2)/$�
�´.RRSHUDWLYH� )DKUHUXQWHUVW�W]XQJ� I�U� /DGHPDQDJHPHQW� YRQ�
HOHNWULVFKHQ� )DKU]HXJHQ´��� ZKLFK� LV� IXQGHG� E\� WKH� SURJUDPPH�
´ZD\V�JR´� DQG� WKH� $XVWULDQ� )HGHUDO� 0LQLVWU\� IRU� 7UDQVSRUW��
,QQRYDWLRQ�DQG�7HFKQRORJ\��6SHFLDO�WKDQNV�WR�RXU�SDUWQHUV�:LHQHU�
6WDGWZHUNH� DQG� 9RUDUOEHUJHU� .UDIWZHUNH� $*� IRU� SURYLGLQJ�
PRELOLW\�DQG�JULG�GDWD��

�
)LJXUH����:KHQ�D�UHVHUYDWLRQ�UHTXHVW�LV�VHQW��WKH�HVWLPDWHG�
DUULYDO�WLPH�LV�FDOFXODWHG�IRU�VFKHGXOLQJ�WKH�UHVHUYDWLRQ��

�

�
)LJXUH����7UDGLWLRQDO�QDYLJDWLRQ�OHDGV�WR�WKH�FKDUJLQJ�VWDWLRQ�
ZKLOH�WKH�GLVWDQFH�RI�WKH�FORVHVW�FKDUJLQJ�VWDWLRQ��LV�VKRZQ��

�

�
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5()(5(1&(6�
>�@ %HVVOHU��6���*U¡QE N��-���+HUU\��0���6FKXVWHU��$���DQG�

7RPVFK\��5��������6XSSRUWLQJ�(�PRELOLW\�8VHUV�DQG�8WLOLWLHV�
WRZDUGV�DQ�2SWLPL]HG�&KDUJLQJ�6HUYLFH��,Q�3URFHHGLQJV�RI�
WKH�(XURSHDQ�(OHFWULF�9HKLFOH�&RQJUHVV��((9&�������

>�@ %HVVOHU��6��DQG�*U¡QE N��-��������5RXWLQJ�(96�8VHUV�
7RZDUGV�DQ�2SWLPDO�&KDUJLQJ�3ODQ��,Q�3URFHHGLQJV�RI�WKH�
(OHFWULF�9HKLFOH�6\PSRVLXP��(96�����������

>�@ %RWVIRUG��&��DQG�6]F]HSDQHN��$��������)DVW�&KDUJLQJ�YV��
6ORZ�&KDUJLQJ��3URV�DQG�FRQV�IRU�WKH�1HZ�$JH�RI�(OHFWULF�
9HKLFOHV�6WDYDQJHU��,Q�3URFHHGLQJV�RI�WKH�(OHFWULF�9HKLFOH�
6\PSRVLXP��(96����������

>�@ &OHPHQW��.���+DHVHQ��(���DQG�'ULHVHQ��-��������&RRUGLQDWHG�
&KDUJLQJ�RI�0XOWLSOH�3OXJ�,Q�+\EULG�(OHFWULF�9HKLFOHV�LQ�
5HVLGHQWLDO�'LVWULEXWLRQ�*ULGV��,Q�3URFHHGLQJV�RI�3(6�3RZHU�
6\VWHPV�&RQIHUHQFH�DQG�([SRVLWLRQ��������

>�@ &KHQ��'���.KDQ��0���DQG�.RFNHOPDQ��.��������7KH�(OHFWULF�
9HKLFOH�&KDUJLQJ�6WDWLRQ�/RFDWLRQ�3UREOHP��$�3DUNLQJ�
%DVHG�$VVLJQPHQW�0HWKRG�IRU�6HDWWOH��8QGHU�UHYLHZ�IRU�
SUHVHQWDWLRQ�LQ�WKH���QG�$QQXDO�0HHWLQJ�RI�WKH�
7UDQVSRUWDWLRQ�5HVHDUFK�%RDUG�DQG�IRU�SXEOLFDWLRQ�LQ�
7UDQVSRUWDWLRQ�5HVHDUFK�5HFRUG���������$YDLODEOH�DW�
KWWS���ZZZ�FH�XWH[DV�HGX�SURI�NRFNHOPDQ�SXEOLFBKWPO�75%�
�(9SDUNLQJ�SGI�

>�@ *HQHUDO�(OHFWULF�&RPSDQ\��������L&KDUJH��7KHUHIRUH�L'ULYH��
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