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NHSW�PH�RQ�WUDFN�GXULQJ�WKH�SUHYLRXV� WKUHH�\HDUV��+LV�FRUUHFWLRQV�RI
P\�SDSHUV� �§��DSSO\� WKH�*HUYDXW]�RSHUDWRU�RQH�PRUH� WLPH���¨��DOZD\V
KLW�WKHLU�ZHDNHVW�VSRW��WKHUHE\�LPSURYLQJ�WKH�SDSHUV�DQG�PH�

7KDQNV�DOVR�WR�0HLVWHU�(GXDUG�*U|OOHU��ZLWKRXW�ZKRVH�SV\FKRORJLFDO
DQG�VFLHQWLILF�VXSSRUW�WKLV�WKHVLV�ZRXOG�KDYH�EHHQ� LPSRVVLEOH�� WR�'L�
HWHU�6FKPDOVWLHJ���5REHUW�7REOHU�DQG�+HOZLJ�/|IIHOPDQQ�IRU�WKHLU�KHOS
DQG�VXJJHVWLRQV�DQG�WR�*HUG�+HVLQD��)LJXUH������0DUNXV�.UXW]��5DL�
QHU� 6SOHFKWQD� �)LJXUH� ����� +HUPDQQ� :XUQLJ� �)LJXUH� ��� ULJKW�� DQG
$QGUHDV�=DMLF�IRU�WKHLU�LPSOHPHQWDWLRQ�ZRUN�

7KDQNV� DOVR� WR� DOO� WKH� RWKHU� JX\V� DW� WKH� LQVWLWXWH��ZKR� FUHDWHG� DQ
DWPRVSKHUH�RI� FUHDWLYH� FKDRV�ZKLFK� ,�ZRXOG�QRW� OLNH� WR�KDYH�PLVVHG
IRU�DOO�WKH�UHQGHULQJ�SRZHU�LQ�WKH�ZRUOG�

7KLV�ZRUN�KDV�EHHQ�VXSSRUWHG�E\� WKH�$XVWULDQ�6FLHQFH�)RXQGDWLRQ
�):)��XQGHU�SURMHFW�QR��3�������0$7�
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�� .XU]IDVVXQJ��*HUPDQ�$EVWUDFW�

'LHVH�$UEHLW�EHVFKUHLEW�GHQ�6WXGLHUVWXEH�:RUNVSDFH��HLQH�LQWHUDNWLYH
$UEHLWVXPJHEXQJ� I�U� NROODERUDWLYH� 9LVXDOLVLHUXQJ� LQ� $XJPHQWHG
5HDOLW\�� :LU� HUDUEHLWHQ� .RQ]HSWH� I�U� HLQHQ� NROODERUDWLYHQ
$UEHLWVEHUHLFK�� LQ� GHP� PHKUHUH� %HQXW]HU� JOHLFK]HLWLJ� YHUVFKLHGHQH
$QZHQGXQJHQ�EHGLHQHQ�N|QQHQ��'DV�JHPHLQVFKDIWOLFKH�$UEHLWHQ�GHU
%HQXW]HU� LQQHUKDOE� HLQHV� 5DXPHV� PLW� PHKUHUHQ� JOHLFK]HLWLJ
DEODXIHQGHQ� $QZHQGXQJHQ� HU|IIQHW� Y|OOLJ� QHXH� 0|JOLFKNHLWHQ� GHU
.ROODERUDWLRQ� XQG� ,QWHUDNWLRQ�� :LU� EHVFKUHLEHQ�� ZLH� PXOWLSOH
,QWHUDNWLRQVSIDGH� ]XU� ,PSOHPHQWLHUXQJ� GHU� ]XJUXQGHOLHJHQGHQ
0HFKDQLVPHQ� JHQXW]W� ZXUGHQ�� XQG� EHULFKWHQ� �EHU� 6WUDWHJLHQ� XQG
(UIDKUXQJHQ� LP� 8PJDQJ� PLW� XQG� GHU� (QWZLFNOXQJ� YRQ� 0XOWL�
$QZHQGHU�$SSOLNDWLRQHQ�

$XJPHQWHG� 5HDOLW\� EHVWHKW� DXV� GHU� hEHUODJHUXQJ� YRQ
FRPSXWHUJHQHULHUWHQ� %LOGHUQ� �EHU� GLH� :LUNOLFKNHLW�� 8P� GLH
UlXPOLFKHQ�$EKlQJLJNHLWHQ�]ZLVFKHQ�UHHOOHQ�XQG�YLUWXHOOHQ�2EMHNWHQ
¥� GLH� VRJHQDQQWH� 5HJLVWULHUXQJ� ¥� NRUUHNW� GDUVWHOOHQ� ]X� N|QQHQ�
P�VVHQ�GLHVH�%LOGHU�XQWHU�9HUZHQGXQJ�YRQ�7UDQVIRUPDWLRQHQ�HUVWHOOW
ZHUGHQ�� GLH� HLQHQ� 3XQNW� LP� YLUWXHOOHQ� 5DXP� JHQDX� DXI� VHLQHQ
.RQWHUSDUW� LQ� GHU� 5HDOLWlW� DEELOGHQ�� 'D]X� SUlVHQWLHUHQ� ZLU� HLQ
HLQIDFKHV� XQG� VFKQHOOHV� .DOLEUDWLRQVYHUIDKUHQ�� ZHOFKHV� NHLQH
]XVlW]OLFKHQ�0H�JHUlWH� RGHU� NRPSOL]LHUWH�3UR]HGXUHQ� HUIRUGHUW��'HU
%HQXW]HU� ZLUG� GDEHL� LQWHUDNWLY� GXUFK� HLQH� 5HLKH� YRQ� HLQIDFKHQ
6FKULWWHQ�JHOHLWHW��ZHOFKH�LKP�HLQH�$QSDVVXQJ�GHU�7UDQVIRUPDWLRQHQ
DXI�VHLQHQ�$XJHQDEVWDQG�XQG�VHLQH�.RSIDEPHVVXQJHQ�HUODXEHQ�

(LQH� ZHLWHUH� 9HUEHVVHUXQJ� GHU� 5HJLVWULHUXQJ� ZLUG� GXUFK� XQVHUH
0HWKRGH�]XU�.RUUHNWXU�YRQ�/LQVHQYHU]HUUXQJHQ�HU]LHOW��:LU�EHQXW]HQ
GD]X� 6WDQGDUG� 2SHQ*/� +DUGZDUH�� ZHOFKH� HLQH� (QW]HUUXQJ� LQ
(FKW]HLW� HUP|JOLFKW��:HLWHUV�ZLUG�HLQH�7HFKQLN�XP�EHZHJOLFKH�� YRP
&RPSXWHU� YHUIROJEDUH� *HJHQVWlQGH� ]X� LKUHQ� YLUWXHOOHQ
5HSUlVHQWDWLRQHQ�]X�UHJLVWULHUHQ�

'LH�4XDOLWlW� XQG�.RQVLVWHQ]� GHU� YLUWXHOOHQ�8PJHEXQJ� KlQJW� DXFK
YRQ� GHU� NRUUHNWHQ� 9HUGHFNXQJ� YRQ� YLUWXHOOHQ� GXUFK� UHHOOH
*HJHQVWlQGH�XQG�XPJHNHKUW�DE��:LU�KDEHQ�HLQ�9HUIDKUHQ�HQWZLFNHOW�
GDV� QLFKW� QXU� I�U� GHQ� .|USHU� HLQHV� %HQXW]HUV� XQG� YRP� &RPSXWHU
YHUIROJEDUH�*HJHQVWlQGH�DQZHQGEDU�LVW��VRQGHUQ�GDU�EHU�KLQDXV�QRFK



LUULWLHUHQGH� (IIHNWH� DXIJUXQG� PDQJHOKDIWHU� 5HJLVWULHUXQJ� UHGX]LHUW�
8QVHU� 9HUIDKUHQ� EDVLHUW� DXI� GHU� VLPXOLHUWHQ� 9HUGHFNXQJ� YRQ
YLUWXHOOHQ�2EMHNWHQ�GXUFK�YLUWXHOOH�5HSUlVHQWDWLRQHQ�UHDOHU�2EMHNWH�
%HQXW]HU�ZHUGHQ�GXUFK�NLQHPDWLVFKH�.HWWHQ�VLPXOLHUW��ZHOFKH�GDQQ
]XU�9HUGHFNXQJ�KHUDQJH]RJHQ�ZHUGHQ�N|QQHQ�

:LU� GHPRQVWULHUHQ� GLH� *�OWLJNHLW� XQVHUHV� *HVDPWNRQ]HSWHV� GHU
NROODERUDWLYHQ� 9LVXDOLVLHUXQJ� LQQHUKDOE� HLQHU� YLUWXHOOHQ� 8PJHEXQJ
GXUFK� GLH� (LQELQGXQJ� HLQHV� NRPPHU]LHOOHQ� ZLVVHQVFKDIWOLFKHQ
9LVXDOLVLHUXQJVV\VWHPV� LQ� XQVHUH� $UEHLWVXPJHEXQJ�� 0HKUHUH
$QZHQGXQJVEHLVSLHOH� ]XU� 9LVXDOLVLHUXQJ� G\QDPLVFKHU� 6\VWHPH
LOOXVWULHUHQ�XQVHU�.RQ]HSW�

8P� GLH� VSH]LHOOHQ� (LJHQVFKDIWHQ� GHU� YLUWXHOOHQ� 5HDOLWlW� LQ� GLH
9LVXDOLVLHUXQJVP|JOLFKNHLWHQ� GHV� *HVDPWV\VWHPV� HLQIOLH�HQ� ]X
ODVVHQ��KDEHQ�ZLU�DQLPLHUWH��VWULFKOLHUWH�6WU|PXQJVOLQLHQ�HQWZLFNHOW�
'D]X� SUlVHQWLHUHQ� ZLU� HLQH� WH[WXUH�PDSSLQJ� 7HFKQLN�� ZHOFKH� GLH
'HWDLOV� HQWODQJ� MHGHU� 6WU|PXQJVOLQLH� DXFK� EHL� VWDUN� YDULLHUHQGHU
)OX�JHVFKZLQGLJNHLW� NRQVWDQW� KlOW�� :HLWHUV� ZLUG� JH]HLJW�� ZLH� PDQ
HLQH�JOHLFKPl�LJH�9HUWHLOXQJ�GHU�6WU|PXQJVOLQLHQ�LP�5DXP�HU]LHOW�

§0DJLVFKH¨� /XSHQ� XQG� §PDJLVFKH¨� .LVWHQ� ZHUGHQ� DOV� VSH]LHOOH
,QWHUDNWLRQPHWKRGHQ� ]XU� (UIRUVFKXQJ� GLFKW� PLW� 6WU|PXQJVOLQLHQ
JHI�OOWHU�9ROXPLQD�YHUZHQGHW��'DGXUFK�ZLUG�HLQH�hEHUIRUGHUXQJ�GHV
%HQXW]HUV�PLW�YLVXHOOHQ�'HWDLOV�YHUPLHGHQ�

:LU�JHEHQ�HLQHQ�hEHUEOLFN��EHU�GLH�$QZHQGXQJ�YRQ�6WXGLHUVWXEH�LQ
YHUVFKLHGHQHQ� %HUHLFKHQ�� :HLWHUV� ZLUG� JH]HLJW�� ZLH� YHUVFKLHGHQH
DQGHUH�)RUVFKXQJVLQVWLWXWLRQHQ�6WXGLHUVWXEH�YHUZHQGHQ�

(LQH� XPIDQJUHLFKH�(YDOXDWLRQ� GHU� JHOHLVWHWHQ� $UEHLW� LQ� %H]XJ� DXI
LKUH� $QZHQGEDUNHLW� DXI� ZLVVHQVFKDIWOLFKH� 9LVXDOLVLHUXQJ� XQG� LKUHU
(LJHQVFKDIWHQ�DOV�QHXDUWLJHV�.RQ]HSW�I�U�NROODERUDWLYHV�$UEHLWHQ�LQ�
QHUKDOE� GHU� YLUWXHOOHQ� 5HDOLWlW� UXQGHW� GLH� $XVI�KUXQJHQ� LQKDOWOLFK
DE�



��$EVWUDFW

7KLV� WKHVLV� GHVFULEHV�6WXGLHUVWXEH�:RUNVSDFH�� DQ� DSSOLFDWLRQ� IUDPH�
ZRUN�IRU�FROODERUDWLYH�YLVXDOL]DWLRQ�LQ�$XJPHQWHG�5HDOLW\��:H�GHYHORS
D� FRQFHSW� IRU� D� FROODERUDWLYH� ZRUNLQJ� HQYLURQPHQW� WKDW� VLPXOWDQH�
RXVO\�VXSSRUWV�PXOWLSOH�XVHUV�DV�ZHOO�DV�PXOWLSOH�DSSOLFDWLRQV�DQG�LQ
PXOWL�WDVNLQJ�� 7KH� FR�SUHVHQFH� RI� PXOWLSOH� XVHUV� LQWHUDFWLQJ� ZLWK
PXOWLSOH�FRQFXUUHQWO\�H[HFXWLQJ�DSSOLFDWLRQV�RSHQV�XS�QHZ�SRVVLELOL�
WLHV�LQ�WKH�ILHOG�RI�FROODERUDWLYH�ZRUN��:H�GHVFULEH�KRZ�PXOWLSOLFLW\�LQ
WKH� LQWHUDFWLRQ�SDWKV� LV�XVHG�WR� LPSOHPHQW�WKH�QHFHVVDU\�XQGHUO\LQJ
PHFKDQLVPV�DQG� UHSRUW� RQ� VWUDWHJLHV� DQG� H[SHULHQFHV� UHJDUGLQJ� WKH
GHYHORSPHQW�RI�PXOWL�XVHU�DZDUH�DSSOLFDWLRQV�

$XJPHQWHG� 5HDOLW\� RYHUOD\V� FRPSXWHU� JHQHUDWHG� LPDJHV� RYHU� WKH
UHDO�ZRUOG��7R�FRUUHFWO\�GHSLFW�VSDWLDO�UHODWLRQV�EHWZHHQ�UHDO�DQG�YLU�
WXDO�REMHFWV�¥�WKH�VR�FDOOHG�UHJLVWUDWLRQ�¥�WKHVH�LPDJHV�KDYH�WR�EH�JHQ�
HUDWHG�XVLQJ�WUDQVIRUPDWLRQV�ZKLFK�FRUUHFWO\�SURMHFW�D�SRLQW�LQ�YLUWXDO
VSDFH� RQWR� LWV� FRUUHVSRQGLQJ� SRLQW� LQ� WKH� UHDO� ZRUOG�� :H� SUHVHQW� D
VLPSOH�DQG�IDVW�FDOLEUDWLRQ�VFKHPH��ZKLFK�GRHV�QHLWKHU�UHTXLUH�DGGL�
WLRQDO�LQVWUXPHQWDWLRQ�QRU�FRPSOLFDWHG�SURFHGXUHV��7KLV�DOORZV�XV�WR
FDOLEUDWH�WKH�YLUWXDO�HQYLURQPHQW�IRU�VSHFLILF�XVHUV��7KH�XVHU�LV�LQWHU�
DFWLYHO\�JXLGHG�WKURXJK�D�VHULHV�RI� VLPSOH� LQLWLDOL]DWLRQ�VWHSV��ZKLFK
DOORZV�HYHQ�LQH[SHULHQFHG�XVHUV�WR�DGDSW�WKH�FDOLEUDWLRQ�WR�WKHLU�H\H
GLVWDQFH�DQG�KHDG�JHRPHWU\�

7R�IXUWKHU�LPSURYH�WKH�UHJLVWUDWLRQ�EHWZHHQ�UHDO�DQG�YLUWXDO�REMHFWV
ZH�GHVFULEH�D�PHWKRG�IRU�FRUUHFWLQJ�WKH�GLVWRUWLRQV�LQWURGXFHG�E\�WKH
FDPHUD�OHQV�LQ�UHDO�WLPH�XVLQJ�VWDQGDUG�2SHQ*/�KDUGZDUH��$�VLPSOH
WHFKQLTXH� IRU� UHJLVWHULQJ� WUDFNHG� REMHFWV� WR� WKHLU� DXJPHQWDWLRQV� LV
DOVR�LQWURGXFHG�

7KH�TXDOLW\�DQG�FRQVLVWHQF\�RI�WKH�DXJPHQWDWLRQ�DOVR�GHSHQG�RQ�WKH
FRUUHFW� RFFOXVLRQ� RI� UHDO� REMHFWV� E\� FRPSXWHU�JHQHUDWHG� REMHFWV� DQG
YLFH�YHUVD��:H�GHYHORSHG�PHWKRGV�WKDW�DUH�QRW�RQO\�DSSURSULDWH�IRU�D
WUDFNHG�XVHUV�ERG\�DQG�RWKHU�UHDO�REMHFWV�EXW�DOVR�PDQDJH�WR�UHGXFH
LUULWDWLQJ�DUWLIDFWV�GXH�WR�PLVUHJLVWUDWLRQV��2XU�WHFKQLTXH�LV�EDVHG�RQ
VLPXODWLQJ�WKH�RFFOXVLRQ�RI�YLUWXDO�REMHFWV�E\�D�YLUWXDO�UHSUHVHQWDWLRQ
RI�WKH�UHDO�REMHFW��7KH�XVHU�LV�PRGHOHG�DV�NLQHPDWLF�FKDLQV�RI�DUWLFX�
ODWHG� VROLGV� ZKLFK� LV� XVHG� IRU� RFFOXVLRQ�� 5HJLVWUDWLRQ� DQG� PRGHOLQJ



HUURUV�RI�WKLV�PRGHO�DUH�UHGXFHG�E\�VPRRWKLQJ�WKH�ERUGHU�EHWZHHQ�YLU�
WXDO�ZRUOG�DQG�RFFOXGLQJ�UHDO�REMHFW�

:H�GHPRQVWUDWH�WKH�YDOLGLW\�RI�RXU�FRQFHSW�RI� FROODERUDWLYH�YLVXDOL�
]DWLRQ� LQ� D� YLUWXDO� HQYLURQPHQW� ZLWK� WKH� LQWHJUDWLRQ� RI� RXU� YLUWXDO
HQYLURQPHQW�LQWR�D�FRPPHUFLDO�YLVXDOL]DWLRQ�V\VWHP�DQG�LOOXVWUDWH�LW
ZLWK�VHYHUDO�YLVXDOL]DWLRQV�RI�G\QDPLFDO�V\VWHPV�

7R� LQWHJUDWH� WKH� SURSHUWLHV� RI� RXU� HQYLURQPHQW� LQWR� WKH� SURFHVV� RI
VFLHQWLILF�YLVXDOL]DWLRQ�ZH�FUHDWHG�DQLPDWHG��RSDFLW\�PDSSHG�VWUHDP�
OLQHV�DV�YLVXDOL]DWLRQ�LFRQ�IRU�UHDOWLPH��'�IORZ�YLVXDOL]DWLRQ��:H�SUH�
VHQW�D� WH[WXUH�PDSSLQJ� WHFKQLTXH� WR�NHHS� WKH� OHYHO� RI� WH[WXUH�GHWDLO
DORQJ�D�VWUHDPOLQH�QHDUO\�FRQVWDQW�HYHQ�ZKHQ�WKH�YHORFLW\�RI�WKH�IORZ
YDULHV� FRQVLGHUDEO\�DQG�GHVFULEH�DQ�DOJRULWKP�ZKLFK�GLVWULEXWHV� WKH
GDVKWXEHV�HYHQO\�LQ�VSDFH��0DJLF�OHQVHV�DQG�PDJLF�ER[HV�DUH�DSSOLHG
DV�LQWHUDFWLRQ�WHFKQLTXHV�IRU�LQYHVWLJDWLQJ�YROXPHV�ILOOHG�GHQVHO\�ZLWK
VWUHDPOLQHV�ZLWKRXW�RYHUZKHOPLQJ�WKH�REVHUYHU�ZLWK�YLVXDO�GHWDLO�

:H�SUHVHQW�DSSOLFDWLRQV�RI�6WXGLHUVWXEH�LQ�D�QXPEHU�RI�GLIIHUHQW�DU�
HDV� DQG� FROODERUDWLRQV� ZLWK� RWKHU� UHVHDUFK� LQVWLWXWHV� DOUHDG\� XVLQJ
6WXGLHUVWXEH�

$Q�H[WHQVLYH�HYDOXDWLRQ�RI� WKH�SHUIRUPHG�ZRUN�UHJDUGLQJ� LWV�DSSOL�
FDELOLW\�RQ�VFLHQWLILF�YLVXDOL]DWLRQ�DQG�LWV�SURSHUWLHV�DV�D�QHZ�FRQFHSW
IRU�FROODERUDWLYH�ZRUN�LQ�YLUWXDO�UHDOLW\�FRQFOXGHV�WKH�WKHVLV�
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��3UREOHP�6WDWHPHQW

'DWD�DFTXLUHG�E\�VDWHOOLWHV��JHQHUDWHG�E\�VXSHUFRPSXWHU�VLPXODWLRQV
RU� ORJJHG� IRU� GRFXPHQWLQJ� WKH� WUDQVDFWLRQV� RI� WKH� VWRFN�PDUNHW� FDQ
OHDG�WR�GDWDVHWV� LQ�WKH�7HUDE\WH�UDQJH��7U\LQJ�WR�XQGHUVWDQG�XQGHU�
O\LQJ� SDWWHUQV� XVLQJ� RQO\� WKH� QXPHULFDO� RXWSXW� RI� VXFK� GDWDVHWV� LV
QH[W�WR�LPSRVVLEOH��2QH�RI�WKH�PDLQ�WRROV�DLGLQJ�KXPDQ�XQGHUVWDQG�
LQJ�RI�WKLV�IORRG�RI� LQIRUPDWLRQ�SURGXFHG�E\�DOPRVW�DOO�DVSHFWV�RI� WKH
PRGHUQ�ZRUOG�LV�6FLHQWLILF�9LVXDOL]DWLRQ�

&RPSXWHU�JUDSKLFV�KDV�EHHQ�GHVFULEHG�LQ�LWV�HDUO\�VWDJHV�DV�§D�VROX�
WLRQ� ORRNLQJ� IRU� D� SUREOHP¨�� ,I� QRW� LQ� DQ\WKLQJ� HOVH�� DW� OHDVW� LW� KDV
IRXQG�LWV�SUREOHP�LQ�WKH�DUHD�RI�6FLHQWLILF�9LVXDOL]DWLRQ�

,Q�>6FKURHGHU����@�9LVXDOL]DWLRQ�LV�GHILQHG�DV�

§9LVXDOL]DWLRQ� LV� WKH� SURFHVV� RI� H[SORULQJ�
WUDQVIRUPLQJ��DQG�YLHZLQJ�GDWD�DV� LPDJHV� �RU
RWKHU� VHQVRU\� IRUPV�� WR� JDLQ� XQGHUVWDQGLQJ
DQG�LQVLJKW�LQWR�WKH�GDWD�¨

9LVXDOL]DWLRQ�LV�GHVFULEHG�QRW�DV�D�VWDWLF�UHVXOW�EXW�DV�DQ�RQJRLQJ�SUR�
FHVV� RI� GDWD� SURFHVVLQJ� UHVXOWLQJ� QRW� LQ� DQ� LPDJH� EXW� LQ� DQ� XQGHU�
VWDQGLQJ�RI�WKH�GDWD�EHKLQG�WKH�LPDJH��)XUWKHUPRUH��>6FKURHGHU����@
OLVWV�FKDUDFWHULVWLFD�GLVWLQJXLVKLQJ�YLVXDOL]DWLRQ�IURP�LWV�SDUHQW�GLVFL�
SOLQH�FRPSXWHU�JUDSKLFV�DV�

§�� 7KH�GLPHQVLRQDOLW\�RI�GDWD�LV�WKUHH�GLPHQ�
VLRQV� RU� JUHDWHU�� 0DQ\� ZHOO�NQRZQ�PHWK�
RGV� DUH� DYDLODEOH� IRU� GDWD� RI� WZR� GLPHQ�
VLRQV� RU� OHVV�� YLVXDOL]DWLRQ� VHUYHV� EHVW
ZKHQ�DSSOLHG�WR�GDWD�RI�KLJKHU�GLPHQVLRQV�

��� 9LVXDOL]DWLRQ� FRQFHUQV� LWVHOI� ZLWK� GDWD
WUDQVIRUPDWLRQ��7KDW� LV�� LQIRUPDWLRQ� LV� UH�
SHDWHGO\� FUHDWHG� DQG�PRGLILHG� WR� HQKDQFH
WKH�PHDQLQJ�RI�GDWD�

�� 9LVXDOL]DWLRQ� LV� QDWXUDOO\� LQWHUDFWLYH�� LQ�
FOXGLQJ� WKH�KXPDQ�GLUHFWO\� LQ� WKH� SURFHVV
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RI� FUHDWLQJ�� WUDQVIRUPLQJ�� DQG� YLHZLQJ
GDWD�¨

7KXV��YLVXDOL]DWLRQ�LV�IXUWKHU�GHILQHG�DV�D�KLJKO\�LQWHUDFWLYH�SURFHVV
ZRUNLQJ�ZLWK�KLJK�GLPHQVLRQDO�GDWD�LQ�DQ�LWHUDWLYH�SURFHVV�DORQJ�WKH
9LVXDOL]DWLRQ�3LSHOLQH�DV�LOOXVWUDWHG�LQ�)LJXUH���

7UDQVIRUP 0DS 'LVSOD\

'DWD

)LJXUH����7KH�YLVXDOL]DWLRQ�3LSHOLQH��DGDSWHG�IURP�>6FKURHGHU����@�

)RU�FRPSOH[�YLVXDOL]DWLRQV�� WKH�SURFHVV�PD\� UHTXLUH� WKH�H[SHUWLVH�RI
PRUH� WKDQ� RQH� SHUVRQ�� $� SRVVLEOH� VFHQDULR� FRQVLVWV� RI� RQH� H[SHUW� LQ
VFLHQWLILF�YLVXDOL]DWLRQ�SHUIRUPLQJ�DGMXVWPHQWV�DQG�VHOHFWLRQV� LQ� WKH
§PDS¨�VWDJH�¥�DSSO\LQJ�GLIIHUHQW�YLVXDOL]DWLRQ�PHWKRGV�¥�DQG�RQH�RU
PRUH�VSHFLDOLVWV�SURYLGLQJ�DQG�DQDO\]LQJ�WKH�XQGHUO\LQJ�GDWDVHWV��IRU
H[DPSOH�VWRFN�PDUNHW�H[SHUWV�DQDO\]LQJ�WKH�SHUIRUPDQFH�RI�D�SRUWIR�
OLR��$QRWKHU�VFHQDULR�ZRXOG�EH�D�JURXS�RI�VFLHQWLVWV�FROODERUDWLQJ�RQ�D
SURMHFW�DQG�SUHSDULQJ�D�YLVXDOL]DWLRQ�RI�WKH�UHVXOWV�IRU�SUHVHQWDWLRQ�WR
WKH�SXEOLF�

:KLOH�DOO�RI�WKH�SDUWLFLSDWLQJ�XVHUV�KDYH�WR�VKDUH�D�FRPPRQ�SHUFHS�
WLRQ�RI�WKH�GDWD��WKHLU�GLIIHUHQW�ILHOGV�RI�H[SHUWLVH�PD\�PDNH�LW�QHFHV�
VDU\�WR�FXVWRPL]H�WKHLU�YLHZ�RI�GLIIHUHQW�SURSHUWLHV�RI�WKH�YLVXDOL]DWLRQ
DQG�RU�FXVWRPL]H�WKHLU�LQWHUIDFHV��$�VWRFNEURNHU�PD\�RQO\�ZDQW�WR�EH
DEOH�WR�VHOHFW�ZKLFK�VWRFNV�WR�YLVXDOL]H�LQ�D�VHOHFWHG�WLPH�IUDPH��ZKLOH
WKH�DVVLVWLQJ�YLVXDOL]DWLRQ�H[SHUW�QHHGV�DFFHVV�WR�PDSSLQJ�SDUDPHWHUV
DQG�WKH�HFRQRPLVW�PD\�FKDQJH�SDUDPHWHUV�RI�WKH�XQGHUO\LQJ�VLPXOD�
WLRQ�PRGHO�
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6XPPDUL]LQJ� WKH� VWDWHPHQWV�DERYH��ZH� FRQFOXGH� WKDW�D�ZRUN�HQYL�
URQPHQW�IRU�YLVXDOL]DWLRQ�VKRXOG�VROYH�WKH�IROORZLQJ�SUREOHPV�

-� 'LVSOD\�RI�WKUHH�GLPHQVLRQV�RU�PRUH��H�J��DQLPDWLRQV

-� 5HDOWLPH�PRGLILFDWLRQ�DQG�GLVSOD\�RI�GDWD

-� +LJKO\�LQWHUDFWLYH��FRPSOH[�PDQLSXODWLRQV�SRVVLEOH

-� &ROODERUDWLRQ�RI�PXOWLSOH�XVHUV

-� 6KDUHG�EXW�LQGLYLGXDOO\�FXVWRPL]DEOH�YLHZ�RI�GDWD



�

��3URSRVHG�VROXWLRQ

7KH�UHTXLUHPHQWV�RI�WKH�SUHYLRXV�VHFWLRQ� OHDG�XV�GLUHFWO\�WR�WKH�FRQ�
FHSW�RI�D�VKDUHG�YLUWXDO�HQYLURQPHQW�IRU�VFLHQWLILF�YLVXDOL]DWLRQ�

7KH�FKDUDFWHULVWLF�SURSHUWLHV�RI�D�YLUWXDO�HQYLURQPHQW�DUH�

-� 5HDOWLPH��'�GLVSOD\

-� +LJKO\�LQWHUDFWLYH

-� 6RSKLVWLFDWHG��'�LQWHUDFWLRQ

$� VKDUHG�YLUWXDO� HQYLURQPHQW�PXVW�SURYLGH� WKH� IROORZLQJ� DGGLWLRQDO
IHDWXUHV�

-� ,QGLYLGXDO�YLHZV�DQG�YLHZSRLQWV

-� ,QGLYLGXDO�LQWHUIDFHV

-� &ROODERUDWLRQ�DQG�FRQIOLFW�KDQGOLQJ�WHFKQLTXHV

7HFKQLFDO�SURJUHVV�LQ�UHFHQW�\HDUV�JLYHV�UHDVRQ�WR�EHOLHYH�WKDW�9LUWXDO
5HDOLW\��95��KDV�D�JRRG�SRWHQWLDO�WR�EHFRPH�WKH�XVHU�LQWHUIDFH�RI�WKH
IXWXUH�� $W� WKH�PRPHQW�� 95� DSSOLFDWLRQV� DUH� XVXDOO\� WDLORUHG� WR� WKH
QHHGV�RI�D�YHU\�VSHFLILF�GRPDLQ��VXFK�DV�D�WKHPH�SDUN�ULGH�RU�D�YLUWXDO
PRFN�XS�IRU�GHVLJQ� LQVSHFWLRQ��/LNH� LQ�FXUUHQW�*UDSKLFDO�8VHU� ,QWHU�
IDFHV�ZKHUH�D� ODUJH�YDULHW\�RI� WDVNV�¥� OLNH�GUDZLQJ��ZRUG�SURFHVVLQJ
DQG� FRPPXQLFDWLQJ�¥� FDQ�EH� H[HFXWHG� DQG� FRRUGLQDWHG� YLD� D� VLQJOH�
FRQVLVWHQW�LQWHUIDFH�DW�WKH�VDPH�WLPH��RXU�V\VWHP�VKRXOG�VXSSRUW�QRW�D
VLQJOH��VSHFLDOL]HG�LQWHUIDFH�FXVWRPL]HG�IRU�D�VLQJOH�DSSOLFDWLRQ�EXW�D
QHZ�PHWDSKRU�IRU�JHQHUDO�LQWHUDFWLRQ�

:H�EHOLHYH�WKDW�$XJPHQWHG�5HDOLW\��$5���WKH�OHVV�REWUXVLYH�FRXVLQ�RI
95�ZKHUH�FRPSXWHU�JHQHUDWHG�LPDJHV�DUH�RYHUOD\HG�RYHU�UHDOLW\��KDV
D�EHWWHU�FKDQFH�WR�EHFRPH�D�YLDEOH�XVHU�LQWHUIDFH�IRU�HYHU\GD\�DSSOLFD�
WLRQ�WKDQ�D�IXOO\�LPPHUVLYH�9LUWXDO�(QYLURQPHQW��ZKHUH�RQH�FDQ�RQO\
SHUFHLYH�WKH�V\QWKHWLF�LPDJHV��,W�QRW�RQO\�DOORZV�IRU�GLUHFW�VRFLDO�XVHU
LQWHUDFWLRQ�ZLWKRXW�PHGLDWLQJ�OD\HUV�RI�VRIWZDUH�EXW�DOVR�IRU�WKH�SRV�
VLELOLW\�RI�LQFOXGLQJ�REMHFWV�RI�WKH�UHDO�HQYLURQPHQW�¥�WDEOHV��PLUURUV�
DUFKLWHFWXUDO�PRGHOV�HWF���LQWR�WKH�LQWHUDFWLRQ�FRQFHSW�

&ROODERUDWLRQ�VKRXOG�EH�VXSSRUWHG�QRW�RQO\�LQ�WKH�IRUP�RI�D�VSHFLDO�
L]HG� DSSOLFDWLRQ� DPRQJ� RWKHUV� EXW� E\� WKH� YHU\� FRQFHSW� DQG� VHWXS� RI
WKH� YLUWXDO� HQYLURQPHQW�� 2XU� EDVLF� FRQFHSW� LQFOXGHV� WKH� LGHD� RI� D
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VKDUHG�ZRUN�HQYLURQPHQW�ZKHUH�PDQ\�XVHUV�DUH�DEOH�WR�FROODERUDWH�LQ
D�QDWXUDO�XQKLQGHUHG�ZD\��7KLV�LGHD�LV�LOOXVWUDWHG�E\�)LJXUH����D�VLP�
SOH�VHWXS��LQFRUSRUDWLQJ�YLUWXDO�REMHFWV�OLNH�WKH�JOREH�LQWR�D�UHDO�VHWXS
¥� WKH� WDEOH� ¥� DQG�QDWXUDOO\� LQFRUSRUDWLQJ� VRFLDO� LQWHUDFWLRQ� LQWR� WKH
HQYLURQPHQW�

)LJXUH����,OOXVWUDWLRQ�RI�EDVLF�FRQFHSW��D�VKDUHG�YLUWXDO�HQYLURQPHQW

7KH� HQYLVLRQHG� HQYLURQPHQW� PXVW� VDWLVI\� WKHVH� HVVHQWLDO� UHTXLUH�
PHQWV�

-� 6RSKLVWLFDWHG�9LVXDOL]DWLRQ�7HFKQLTXHV��6LQFH�RXU�PDLQ�WDUJHW� IRU
WKH�WLPH�LV�WKH�DSSOLFDWLRQ�RI�RXU�V\VWHP�LQ�VFLHQWLILF�YLVXDOL]DWLRQ�
WKH� GHYHORSPHQW� RI� QHZ�� VRSKLVWLFDWHG� YLVXDOL]DWLRQ� PHWKRGV
XWLOL]LQJ� WKH� VSHFLDO� SURSHUWLHV� RI� YLUWXDO� UHDOLW\� ¥� UHDOWLPH� �'
GLVSOD\�� IDVW� FKDQJLQJ�YLHZSRLQWV��KLJKO\� LQWHUDFWLYH�XVH�¥�KDV� WR
EH�D�PDMRU�REMHFWLYH�LQ�RXU�UHVHDUFK�

-� &ROODERUDWLRQ�� 7KH� GLVFXVVHG� V\VWHP� LV� GHVLJQHG� IRU� PXOWLSOH
FRQFXUUHQW�XVHUV�DQG�PXVW�VXSSRUW� FROODERUDWLYH�ZRUN��:KLOH� WKH
FR�SUHVHQFH� RI� XVHUV� LQ� WKH� VDPH� URRP� DOORZV�PDQ\� LVVXHV� WR� EH
UHVROYHG� XVLQJ� VRFLDO� SURWRFROV�� WKH� XVHU� LQWHUIDFH� GHVLJQ� PXVW
LQFRUSRUDWH�DSSURSULDWH�§JURXSZDUH¨�PHFKDQLVPV�VR�WKDW�WHFKQLFDO
FRQFXUUHQF\�LVVXHV�DV�ZHOO�DV�FRQIOLFWV�EHWZHHQ�XVHUV�FRPSHWLQJ�IRU
DQ�DSSOLFDWLRQ�FDQ�EH�UHVROYHG�



�

-� 0XOWL�DSSOLFDWLRQ�� $�:RUNVSDFH� KDV� YHU\� PXFK� LQ� FRPPRQ� ZLWK
PRGHUQ� PXOWL�WDVNLQJ� GHVNWRS� *8,V�� $� XVHU� VKRXOG� EH� DEOH� WR
LQWHUDFW�ZLWK�PXOWLSOH�FRQFXUUHQWO\�H[HFXWLQJ�DSSOLFDWLRQV�LQ�WXUQ�
7R� IXUWKHU� FRPSOLFDWH� UHTXLUHPHQWV��PXOWLSOH�XVHUV�PXVW� EH� DEOH
WR� ZRUN� ZLWK� DQ\� GHVLUHG� DSSOLFDWLRQ� ¥� OLNH� IRU� H[DPSOH� D
FDOFXODWRU� VKDUHG� E\� WZR� SHUVRQV� LQ� WKH� VDPH� URRP� ¥� DQG� HYHQ
ZRUN�ZLWK�WKH�VDPH�DSSOLFDWLRQ��WKH�VDPH�LQVWDQFH��DW�RQFH��DV�LQ
WKH� FDVH� RI� DUFKLWHFWV� ZRUNLQJ� RQ� GLIIHUHQW� IORRUV� RI� D� PRGHO
EXLOGLQJ�DW�WKH�VDPH�WLPH�

-� $XJPHQWDWLRQ�� ,W� PXVW� EH� DSSOLFDEOH� WR� D� VKDUHG� DXJPHQWHG
UHDOLW\� HQYLURQPHQW�� 7KLV� KDV� WZR� LPSRUWDQW� FRQVHTXHQFHV�
)LUVWO\�� WKH� RUJDQLVDWLRQDO� SULQFLSOHV� IRU� WKH� LQWHUIDFH� PXVW� EH
DSSURSULDWH� WR� �'� �DQG� LW� LV� QRW� WULYLDO� WR� WUDQVIHU� XVHU� LQWHUIDFH
HOHPHQWV�IURP��'���6HFRQGO\��WKHUH�FDQ�EH�RQO\�RQH�FRPPRQ�WKUHH�
GLPHQVLRQDO� VSDFH�� ZKLFK� LV� VKDUHG� DPRQJ� DOO� SDUWLFLSDQWV� DQG
LPSRVHV�VRPH�VSDWLDO�FRQVWUDLQWV�RQ�WKH�LQWHUIDFH�GHVLJQ�

&OHDUO\��VXFK�D�GHPDQGLQJ�VHW�RI�IHDWXUHV�IRU�D�XVHU�LQWHUIDFH�UHTXLUHV
D�SRZHUIXO�XVHU�LQWHUIDFH�PHWDSKRU�WKDW�LV�HTXDOO\�H[SUHVVLYH�LQ��'�DV
WKH�GHVNWRS�PHWDSKRU� LQ��'��:H�SURSRVH�DV� RXU�PHWDSKRU�D� ¨:RUN�
VSDFH¨�ZKLFK�DFWV�DV�DQ�LQWHUIDFH�OD\HU�EHWZHHQ�DSSOLFDWLRQV�DQG�XVHU
DQG�FDQ�EH�FXVWRPL]HG�E\�WKH�XVHUV�IRU�WKHLU�QHHGV�



��

��6WUXFWXUH�RI�WKH�7KHVLV

$IWHU� DQ� LQWURGXFWLRQ� LQWR� WKH� EDVLF� FRQFHSWV� RI� RXU� YLUWXDO� HQYLURQ�
PHQW� 6WXGLHUVWXEH� LQ� FKDSWHU� �� ZH� JLYH� DQ� RYHUYLHZ� RYHU� UHOHYDQW
UHODWHG�ZRUN�LQ�FKDSWHU����&KDSWHU���FRQWDLQV�DQ�LQ�GHSWK�H[SODQDWLRQ
RI�WKH�FRQFHSWXDO�EDVLV�DQG�UHVXOWLQJ�GHVLJQ�GHFLVLRQV�RI�WKH�6WXGLHU�
VWXEH�:RUNVSDFH�� WKH� IUDPHZRUN� RI� RXU� V\VWHP�� &KDSWHUV� �� DQG� ��
GHVFULEH�QHZ�DSSURDFKHV�ZH�GHYHORSHG�WR�VROYH�SUREOHPV�LQ�WKH�DUHDV
RI� FDOLEUDWLRQ� DQG� RFFOXVLRQ�� ZKLFK� ZH� HQFRXQWHUHG� LQ� WKH� FRXUVH� RI
RXU�ZRUN��7KH�LQWHJUDWLRQ�RI�VFLHQWLILF�YLVXDOL]DWLRQ�LQWR�RXU�V\VWHP�LV
GHVFULEHG� LQ� FKDSWHU� ���� IROORZHG� E\� D� GHWDLOHG� GHVFULSWLRQ� RI� QHZ
YLVXDOL]DWLRQ�WHFKQLTXHV�LQ�FKDSWHU����

7KH�WKHVLV�FRQFOXGHV�ZLWK�DQ�HYDOXDWLRQ�RI�UHVXOWV�DQG�D�VKRUW�RYHU�
YLHZ�RYHU�UHVROYHG�DQG�XQUHVROYHG�DVSHFWV�RI�RXU�ZRUN�LQ�FKDSWHU����

7KLV�WKHVLV�FRQWDLQV�PDWHULDO�SDUWLDOO\�SUHYLRXVO\�SXEOLVKHG�LQ�

$�� )XKUPDQQ�� +�� /|IIHOPDQQ�� '�� 6FKPDOVWLHJ�
&ROODERUDWLYH� $XJPHQWHG� 5HDOLW\�� ([SORULQJ� '\�
QDPLFDO�6\VWHPV��3URF��RI�,(((�9LVXDOL]DWLRQ������
SS������������1RYHPEHU������

$��)XKUPDQQ��+��/|IIHOPDQQ��'��6FKPDOVWLHJ��DQG
0�� *HUYDXW]�� &ROODERUDWLYH� 9LVXDOL]DWLRQ� LQ� $XJ�
PHQWHG�5HDOLW\�� ,(((�&RPSXWHU�*UDSKLFV� DQG�$S�
SOLFDWLRQV���������SS��������-XO\�$XJXVW������

$�� )XKUPDQQ� DQG� (�� *U|OOHU�� 5HDO�7LPH� 7HFK�
QLTXHV� IRU� �'� )ORZ� 9LVXDOL]DWLRQ�� 3URF�� RI� ,(((
9LVXDOL]DWLRQ�������SS�����������1RYHPEHU������

$�� )XKUPDQQ�� *�� +HVLQD�� )�� )DXUH�� DQG� 0�� *HU�
YDXW]������2FFOXVLRQ�LQ�&ROODERUDWLYH�$XJPHQWHG�(Q�
YLURQPHQWV�� 3URFHHGLQJV� �WK� (XURJUDSKLFV� :RUN�
VKRS�RQ�9LUWXDO�(QYLURQPHQWV��,6%1���������������
SS�����������6SULQJHU�9HUODJ��:LHQ�������
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$�� )XKUPDQQ�� '�� 6FKPDOVWLHJ�� :�� 3XUJDWKRIHU�
)DVW�&DOLEUDWLRQ� IRU�$XJPHQWHG�5HDOLW\��7R� DSSHDU
LQ��3URFHHGLQJV�RI�$&0�9LUWXDO�5HDOLW\�6RIWZDUH�	
7HFKQRORJ\�
����9567
�����VKRUW�SDSHU��/RQGRQ��'H�
FHPEHU� ������� ������ ([WHQGHG� YHUVLRQ� DYDLODEOH� DV
WHFKQLFDO� UHSRUW�75��������������9LHQQD�8QLYHUVLW\
RI�7HFKQRORJ\�������

$�� )XKUPDQQ�� '�� 6FKPDOVWLHJ�� &RQFHSW� DQG� ,P�
SOHPHQWDWLRQ� RI� D� &ROODERUDWLYH� :RUNVSDFH� IRU
$XJPHQWHG� 5HDOLW\�� 7HFKQLFDO� UHSRUW� 75����������
����9LHQQD�8QLYHUVLW\�RI�7HFKQRORJ\�������

$�� )XKUPDQQ�� '�� 6FKPDOVWLHJ�� 0XOWL�&RQWH[W
$XJPHQWHG� 5HDOLW\�� 7HFKQLFDO� UHSRUW� 75����������
����9LHQQD�8QLYHUVLW\�RI�7HFKQRORJ\�������

*��+HVLQD��'��6FKPDOVWLHJ��$��)XKUPDQQ��:��3XU�
JDWKRIHU�� 'LVWULEXWHG� 2SHQ� ,QYHQWRU�� $� 3UDFWLFDO
$SSURDFK�WR�'LVWULEXWHG��'�*UDSKLFV�7R�DSSHDU�LQ�
3URFHHGLQJV� RI� $&0� 9LUWXDO� 5HDOLW\� 6RIWZDUH� 	
7HFKQRORJ\�
����9567
�����/RQGRQ��'HFHPEHU�������
�����

'XULQJ�WKH�GHYHORSPHQW�RI�WKH�WKHVLV�WKH�IROORZLQJ�DGGLWLRQDO�SDSHUV
KDYH�EHHQ�SXEOLVKHG�

'��6FKPDOVWLHJ��$��/��)XKUPDQQ��0��*HUYDXW]��DQG
=V�� 6]DODYiUL�� 
6WXGLHUVWXEH
� �� $Q� (QYLURQPHQW� IRU
&ROODERUDWLRQ�LQ�$XJPHQWHG�5HDOLW\
�������

=�� 6]DODYiUL�� 0�� *HUYDXW]�� $�� )XKUPDQQ�� DQG� '�
6FKPDOVWLHJ�� $XJPHQWHG�� 5HDOLW\� (QDEOHG� &ROODER�
UDWLYH�:RUN�LQ�
6WXGLHUVWXEH
��(852�95�
���������

$�� )XKUPDQQ�� '�� 6FKPDOVWLHJ� DQG� 0�� *HUYDXW]�
6WUROOLQJ� 7KURXJK� &\EHUVSDFH� ZLWK� <RXU� +DQGV� LQ
<RXU� 3RFNHWV�� +HDG�'LUHFWHG� 1DYLJDWLRQ� 9LUWXDO
(QYLURQPHQWV� 
��� �3URFHHGLQJV� RI� WKH� �WK
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(852*5$3+,&6� :RUNVKRS� RQ� 9LUWXDO� (QYLURQ�
PHQWV��� SS�� ��������� 6WXWWJDUW�� *HUPDQ\�� -XQH
��WK���WK��6SULQJHU�9HUODJ�������

'�� 6FKPDOVWLHJ�� $�� )XKUPDQQ�� =�� 6]DODYDUL�� 0�
*HUYDXW]�� 6WXGLHUVWXEH� �� $Q� (QYLURQPHQW� IRU� &RO�
ODERUDWLRQ�LQ�$XJPHQWHG�5HDOLW\�([WHQGHG�DEVWUDFW
DSSHDUHG� LQ� SURFHHGLQJV� RI� &ROODERUDWLYH� 9LUWXDO
(QYLURQPHQWV� 
���� 1RWWLQJKDP�� 8.�� 6HS�� ������
������)XOO� SDSHU� LQ��9LUWXDO�5HDOLW\� �� 6\VWHPV��'H�
YHORSPHQW�DQG�$SSOLFDWLRQV��9RO�����1R�����SS��������
�����

=�� 6]DODYDUL�� '�� 6FKPDOVWLHJ�� $�� )XKUPDQQ�� 0�
*HUYDXW]�� 6WXGLHUVWXEH� �� $Q� (QYLURQPHQW� IRU� &RO�
ODERUDWLRQ� LQ� $XJPHQWHG� 5HDOLW\�� 9LUWXDO� 5HDOLW\�
5HVHDUFK���'HYHORSPHQW�	�$SSOLFDWLRQV������
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�� ,QWURGXFWLRQ�WR�6WXGLHUVWXEH

:H�SURSRVH� D� V\VWHP� WKDW� DOORZV�PXOWLSOH� FROODERUDWLQJ� XVHUV� WR� VL�
PXOWDQHRXVO\� VWXG\� WKUHH�GLPHQVLRQDO� VFLHQWLILF� YLVXDOL]DWLRQV� LQ� D
µVWXG\� URRP§� ��*HUPDQ�� µ6WXGLHUVWXEH§� �LQVSLUHG� E\� WKH� FODVVLF� SOD\
µ)DXVW§�E\�-�:�*RHWKH��

(DFK� SDUWLFLSDQW� ZHDUV� DQ� LQGLYLGXDOO\� KHDG�WUDFNHG� VHH�WKURXJK
+HDG�0RXQWHG�'LVSOD\��+0'��SURYLGLQJ�D�VWHUHRVFRSLF�UHDO�WLPH�GLV�
SOD\��)LJXUH����

9LHZ IRU ILUVW XVHU 9LHZ IRU VHFRQG XVHU

9LUWXDO�REMHFW

)LJXUH����,OOXVWUDWLRQ�RI�6WXGLHUVWXEH�VHWXS��$�VKDUHG�YLUWXDO�VSDFH

7KH� XVH� RI� LQGLYLGXDO� GLVSOD\V� DQG� KHDG�WUDFNLQJ� IRU� HDFK� SDUWLFL�
SDQW��IRU�D�GHVFULSWLRQ�RI�WKH�GHWDLOV�RI�WKH�KDUGZDUH�VHWXS�VHH�VHFWLRQ
�����DOORZV�VWHUHRVFRSLF��XQGLVWRUWHG�LPDJHV�WR�EH�SUHVHQWHG�WR�PXOWL�
SOH�XVHUV��7KHUH�DUH�QR� LPSOLFLW�FRQVWUDLQWV�UHJDUGLQJ�WKH�YLHZSRLQW�
8QOLNH�WR�RWKHU�VHWXSV��XVHUV�PD\�VWDQG�IDFH�WR�IDFH��ZKLFK�LQ�FRPEL�
QDWLRQ�ZLWK�WKH�VHH�WKURXJK�SURSHUW\�RI�WKH�+0'V�DOORZ�XVHUV�WR�VHH
HDFK�RWKHU�DQG�LQWHUDFW�GLUHFWO\��7KLV�DOVR�SURYLGHV�D�GLUHFW�IHHGEDFN
IRU� KDQ�H\H� FRRUGLQDWLRQ�� VLQFH� WKH� XVHU� PD\� GLUHFWO\� SHUFHLYH� KLV
KDQGV� LQVWHDG�RI�RQO\�VHHLQJ�D�VLPXODWLRQ�RI� WKHLU� UHDO�SRVLWLRQ��7KH
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DELOLW\�WR�GLUHFWO\�VHH�WKH�VXUURXQGLQJV�DOVR�UHGXFHV�WKH�IHDU�DQG�GLV�
RULHQWDWLRQ�QHZ�XVHUV�SHUFHLYH�LQ�D�FRPSOHWHO\�LPPHUVLYH�VHWXS��7KH
SRVVLELOLW\�RI�EXPSLQJ�LQWR�REVWDFOHV�LV�DOVR�UHGXFHG�

5HQGHULQJ�VHSDUDWH�LPDJHV�IRU�HDFK�XVHU�JLYHV�JUHDW�IOH[LELOLW\�LQ�WKH
FKRLFH�RI�YLHZSRLQW��EXW�DOVR�PDNHV�WKH�UHQGHULQJ�HIIRUW�SURSRUWLRQDO
WR�WKH�QXPEHU�RI�XVHUV��ZKHUHDV�&$9(�>&UX]�1HLUD����@�DQG��VLQJOH�
XVHU��:RUNEHQFK� >.U�JHU����@�UHTXLUH�RQO\�D�FRQVWDQW� UHQGHULQJ�HI�
IRUW�

7KH�GHILQLQJ�IHDWXUHV�RI�6WXGLHUVWXEH�DUH�

-� $XJPHQWHG�SURSV��:H�H[SORLW�WKH�FDSDELOLWLHV�RI�$5�WR�FRQVWUXFW�D
WKUHH�GLPHQVLRQDO� XVHU� LQWHUIDFH� QHHGHG� IRU� FRQWUROOLQJ� WKH
SUHVHQWDWLRQ� DQG� SRVVLEO\� WKH� VLPXODWLRQ� E\� LQWURGXFLQJ� WUDFNHG
UHDO�ZRUOG� REMHFWV� WKDW� FRPELQH� SK\VLFDO� LWHPV� DQG� RYHUODLG
FRPSXWHU� JUDSKLFV�� VXFK� DV� WKH� 3HUVRQDO� ,QWHUDFWLRQ� 3DQHO� �3,3�
>6]DODYiUL����@��7KH�3,3�LV�XVHG�DV�D�GHYLFH� IRU�KDQGOLQJ�YLUWXDO
REMHFWV� �)LJXUH� ��� RU� DV� D� FXWWLQJ� SODQH�� EXW�PDLQO\� DV� EDVLV� IRU
FRQYHQWLRQDO� �'� XVHU� LQWHUIDFH� HOHPHQWV� �� KLVWRULFDOO\� RQH� RI� WKH
ZHDN�SRLQWV�RI�9(V��7KH�GHPDQGV�RI� VFLHQWLILF�YLVXDOL]DWLRQ�¥� IRU
H[DPSOH�ZKHQ�YLVXDOL]LQJ�SURSHUWLHV� RI� D� UHDO�PRGHO� LQ� D� YLUWXDO

)LJXUH����$GMXVWLQJ�WKH�SDUDPHWHUV�RI�D�YLVXDOL]DWLRQ�ZLWK�WKH�3HU�

VRQDO�,QWHUDFWLRQ�3DQHO��3,3��
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ZLQGWXQQHO�¥�PD\�PDNH�LW�QHFHVVDU\�WR�SURYLGH�WKH�JHRPHWU\�DQG
SRVLWLRQ�RI�UHDO�REMHFWV�LQWR�WR�WKH�YLUWXDO�HQYLURQPHQW�

-� &XVWRPL]HG� YLHZV�� ,Q� DGGLWLRQ� WR� LQGLYLGXDO� FKRLFH� RI� YLHZSRLQW�
FXVWRPL]HG� YLHZV� RI� WKH� GDWD� DUH� SRVVLEOH�� IRU� H[DPSOH� RQH� XVHU
PD\� ZDQW� WR� VHH� VWUHDP� OLQHV� DGGHG� WR� WKH� EDVLF� LPDJH�� ZKLOH
DQRWKHU�PD\�QRW��7ZR�XVHUV� LQ� WKH� VDPH� URRP�PD\� VHH� GLIIHUHQW
DVSHFWV�RI�WKH�VDPH�REMHFW�DW�WKH�VDPH�WLPH��IRU�H[DPSOH�GLIIHUHQW
YLVXDOL]DWLRQV�RI�DQ�DLUIORZ�DURXQG�WKH�VDPH�PRGHO�

-� 8VDJH� RI� VSDFH�� 7KH� VSDFH� LQ� WKH� 6WXGLHUVWXEH� FDQ� EH� XVHG
VLPLODUO\�WR�D�&$9(�>&UX]�1HLUD����D@��PXOWLSOH�XVHUV�ORRNLQJ�RXW
DW� WKH� HQYLURQPHQW��� EXW� DOVR� DOORZV� D� ZRUNEHQFK� VHWXS
>.U�JHU����@� �XVHUV� JDWKHULQJ� URXQG� D� GHVN�� LQWHUDFWLQJ� ZLWK
REMHFWV�RQ�LW��

-� 2UJDQL]DWLRQDO� DGYDQWDJHV�� :KLOH� WKH� FRVW� RI� WKH� 6WXGLHUVWXEHªV
KDUGZDUH� FRPSRQHQWV� DUH� FHUWDLQO\� KLJKHU� WKDQ� D� FRQYHQWLRQDO
GHVNWRS� YLVXDOL]DWLRQ� VWDWLRQ� FRQVLVWLQJ� RI� RQO\� D� JUDSKLFV
ZRUNVWDWLRQ�� WKH\� DUH� PRGHUDWH� FRPSDUHG� WR� D� VHWXS� OLNH� WKH
&$9(��7KLV�LV�SDUWLFXODUO\�LPSRUWDQW�DV�WKH�SRWHQWLDO�XVHUV�RI�WKH
6WXGLHUVWXEH���UHVHDUFK�JURXSV���DUH�W\SLFDOO\�RSHUDWLQJ�RQ�D�WLJKW
EXGJHW�� )XUWKHUPRUH�� WKH� VHWXS� FRQVXPHV� OLWWOH� VSDFH� DQG� LV
UHODWLYHO\�HDV\�WUDQVSRUWDEOH�

6FLHQWLILF� YLVXDOL]DWLRQ� VHUYHV� QRW� RQO\� DV� D� WHVWEHG� DQG� GHPRQVWUD�
WLRQ�DSSOLFDWLRQ�IRU�WKH�IHDWXUHV�RI�RXU�SURSRVHG�HQYLURQPHQW�EXW�DV�D
YLDEOH� EHQFKPDUN� IRU� RXU� SURJUHVV� LQ� WKH� GLUHFWLRQ� RI� D� WUXH� VKDUHG
YLUWXDO�HQYLURQPHQW�DV�JHQHUDO�XVHU�LQWHUIDFH�FRQFHSW�

2Q�RQH�KDQG��VFLHQWLILF�YLVXDOL]DWLRQ�KDV�D�KLJK�GHPDQG�IRU�VRSKLVWL�
FDWHG� LQWHUIDFH� WHFKQLTXHV� IRU� XVHU� LQSXW� DQG� GLVSOD\�� RQ� WKH� RWKHU
KDQG�PDQ\�YLVXDOL]DWLRQV�QHHG�D�WLJKW�FROODERUDWLRQ�EHWZHHQ�H[SHUWV
LQ� GLIIHUHQW� ILHOGV�� ,WV� QHHG� IRU� LQWHUDFWLRQ� RQ�PDQ\� GLIIHUHQW� OHYHOV�
OLNH�FRQILJXUDWLRQ�RI�D�VLPXODWLRQ�DQG�YLVXDOL]DWLRQ�SLSHOLQH��LQSXW�RU
DGMXVWPHQW�RI�SXUHO\�QXPHULFDO�SDUDPHWHUV�RI�WKH�VLPXODWLRQ�DQG�IL�
QDOO\�GLUHFW� LQWHUDFWLRQ�ZLWK�WKH�YLVXDOL]DWLRQ�DQG�IHHGEDFN�YLD�FRP�
SXWDWLRQDO� VWHHULQJ�PDNH�D�PRQROLWKLF� LPSOHPHQWDWLRQ�DV� VLQJOH� DS�
SOLFDWLRQ� XQSUDFWLFDO�� $� PRGXODU� FRQFHSW� RI� LQWHUDFWLQJ� DSSOLFDWLRQV
DQG�LQWHUIDFH�HOHPHQWV�VHHPV�QHFHVVDU\�
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,Q�WKLV�WKHVLV�ZH�DGGUHVV�WKH�IROORZLQJ�SUREOHPV��ZKLFK�ZH�LGHQWLILHG
DV�FUXFLDO�IRU�WKH�LPSOHPHQWDWLRQ�RI�RXU�FRQFHSW�RI�D�FROODERUDWLYH�YLU�
WXDO�HQYLURQPHQW�IRU�VFLHQWLILF�YLVXDOL]DWLRQ�

-� D� VFDODEOH� V\VWHP� DUFKLWHFWXUH� ZLWK� D� FRQVLVWHQW� $SSOLFDWLRQ
3URJUDPPHU�,QWHUIDFH��$3,�

-� LQWHUDFWLRQ�HOHPHQWV�DQG�WHFKQLTXHV�VXSSRUWLQJ�FROODERUDWLYH�ZRUN

-� FDOLEUDWLRQ�PHWKRGV�WR�LPSURYH�SUHFLVH�LQWHUDFWLRQ

-� VROYLQJ�RFFOXVLRQ�SUREOHPV�LQ�WKH�DXJPHQWDWLRQ

-� YLVXDOL]DWLRQ�LFRQV�DQG�YLVXDOL]DWLRQ�IRFXVVLQJ�PHWKRGV�VSHFLDOL]HG
IRU�RXU�YLUWXDO�HQYLURQPHQW

,Q�WKLV�WKHVLV�ZH�DGGUHVV�WKH�IROORZLQJ�SUREOHPV��ZKLFK�ZH�LGHQWLILHG
DV�FUXFLDO�IRU�WKH�LPSOHPHQWDWLRQ�RI�RXU�FRQFHSW�RI�D�FROODERUDWLYH�YLU�
WXDO�HQYLURQPHQW�IRU�VFLHQWLILF�YLVXDOL]DWLRQ�

-� D� VFDODEOH� V\VWHP� DUFKLWHFWXUH� ZLWK� D� FRQVLVWHQW� $SSOLFDWLRQ
3URJUDPPHU�,QWHUIDFH��$3,�

-� LQWHUDFWLRQ�HOHPHQWV�DQG�WHFKQLTXHV�VXSSRUWLQJ�FROODERUDWLYH�ZRUN

-� FDOLEUDWLRQ�PHWKRGV�WR�LPSURYH�SUHFLVH�LQWHUDFWLRQ

-� VROYLQJ�RFFOXVLRQ�SUREOHPV�LQ�WKH�DXJPHQWDWLRQ

-� YLVXDOL]DWLRQ�LFRQV�DQG�YLVXDOL]DWLRQ�IRFXVVLQJ�PHWKRGV�VSHFLDOL]HG
IRU�RXU�YLUWXDO�HQYLURQPHQW
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��5HODWHG�:RUN

7KH� GHVLJQ� RI� RXU� FROODERUDWLYH� YLUWXDO� HQYLURQPHQW� 6WXGLHUVWXEH� ¥
ILUVW�LQWURGXFHG�LQ�>6FKPDOVWLHJ����@���EXLOGV�XSRQ�OHJDF\�NQRZOHGJH
IURP�YHU\�GLIIHUHQW�ILHOGV��,Q�WKH�IROORZLQJ��ZH�VXPPDUL]H�VRPH�RI�WKH
ZRUN�WKDW�ZH�FRQVLGHU�PRVW�LQIOXHQWLDO�IRU�RXU�ZRUN�

6HYHUDO�UHVHDUFK�JURXSV�KDYH�FUHDWHG�RWKHU�DXJPHQWHG�UHDOLW\�DSSOL�
FDWLRQV�� HLWKHU� XVLQJ� YLGHR� FRPSRVLWLRQ� >%DMXUD����@� RU� VHH�WKURXJK
+0'V� >)HLQHU����E@�� OLNH� XV��:KLOH� WKRVH� V\VWHPV� DUH� LQWHQGHG� IRU
LQGLYLGXDO� XVHUV�� WKH� VKDUHG� VSDFH� SURMHFW� >%LOOLQJKXVW����@� KDV� IR�
FXVHG�RQ�EXLOGLQJ�FROODERUDWLYH�DXJPHQWHG�HQYLURQPHQWV�

2WKHU� SURPLQHQW� DWWHPSWV� WR� FUHDWH� FROODERUDWLYH� VHPL�LPPHUVLYH
VHWWLQJV�DUH�WKH�&$9(��>&UX]�1HLUD����@�DQG�WKH�YLUWXDO�ZRUNEHQFK
>.U�JHU����@�

%RWK�V\VWHPV�SUHVHQW�VWHUHRVFRSLF� LPDJHV�WR�WKH�XVHU�YLD� ODUJH�GLV�
SOD\�VFUHHQV�DQG�/&'�VKXWWHU�JODVVHV�

7KH�&$9(�LV�D�VPDOO� URRP��FRPSRVHG�RI� WKUHH�EDFN�SURMHFWHG�ZDOOV
DQG�D� IURQW�SURMHFWHG� IORRU�� LQ�ZKLFK� FRPSXWHU�JHQHUDWHG� LPDJHV�DUH
GLVSOD\HG�� 7KH�:RUNEHQFK� LV� HVVHQWLDOO\� D� WDEOH� RQ�ZKLFK� FRPSXWHU
JHQHUDWHG� LPDJHV�DUH�SURMHFWHG�� UHVXOWLQJ� LQ�D� W\SLFDO� VHWXS�XVHG�E\
H�J�� VXUJHRQV�� HQJLQHHUV� DQG� DUFKLWHFWV�� 7KH� UHVRXUFH� UHTXLUHPHQWV
DUH�OHVV�GHPDQGLQJ�WKDQ�WKRVH�RI�WKH�&$9(��DQG�WKH�KRUL]RQWDO�ZRUN�
VSDFH�LV�YHU\�XVHIXO�IRU�PDQLSXODWLRQ�ZLWK�KDQG�KHOG�WRROV�

&RPPRQ�DGYDQWDJHV�RI�ERWK�V\VWHPV�DUH�KLJK�UHVROXWLRQ��ZLGH�ILHOG
RI�YLHZ��LQVHQVLWLYLW\�WRZDUGV�ODJ�IRU�URWDWLRQDO�KHDG�PRYHPHQWV��DQG
D�VWURQJ�IHHOLQJ�RI�LPPHUVLRQ�

:KLOH�WKHVH�V\VWHPV�DUH� IUHTXHQWO\�XVHG�VLPXOWDQHRXVO\�E\�VHYHUDO
XVHUV�� WKH\� DUH� QRW� VWULFWO\� JURXS� V\VWHPV�� 2QO\� RQH� §OHDGLQJ¨� XVHU
VHHV�FRUUHFW�KHDG�WUDFNHG�VWHUHR�JUDSKLFV��ZKLOH�IRU�WKH�UHPDLQLQJ�XV�
HUV� WKH� LPDJHV� DUH� RIWHQ� VHYHUHO\� GLVWRUWHG�� 5HFHQWO\�� D� ZRUNEHQFK
H[WHQVLRQ�IRU�WZR�XVHUV�ZDV�SUHVHQWHG�>$JUDZDOD����@��ZKLFK���XQOLNH
WKH� 6WXGLHUVWXEH� VHWXS� �� GRHV� QRW� HDVLO\� VFDOH� EH\RQG� WZR� XVHUV� EH�
FDXVH�RI�LQKHUHQW�OLPLWDWLRQV�RI�WKH�GLVSOD\�KDUGZDUH�

$�GLIIHUHQW�DUHD�ZKLFK�KDV� LQVSLUHG�RXU�GHVLJQ�DUH�V\VWHPV� IRU� FRO�
ODERUDWLYH�ZRUN��:KLOH�VXFK�JURXSZDUH�>0DUFD����@�KDV�DOUHDG\�EHHQ
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LQWHJUDWHG� LQWR� FRPPHUFLDO� GHVNWRS� HQYLURQPHQWV�� VXSSRUW� IRU� FRO�
ODERUDWLRQ� LQ�YLUWXDO� HQYLURQPHQWV� LV� FXUUHQWO\�DQ�DFWLYH�DUHD� RI� UH�
VHDUFK�� +RZHYHU�� PRVW� ZRUN� IRFXVHV� RQ� UHPRWH� WUDLQLQJ� VXFK� DV
1361(7� >0DFHGRQLD����@� DQG� VRFLDO� LQWHUDFWLRQ� �'LDPRQG
3DUN�63/,1(� >:DWHUV����@��� FROODERUDWLYH� YLVXDOL]DWLRQ� VXFK� DV
>:RRG����@�DQG�&�6SUD\�>3DQJ����@�>*HUDOG����@�DQG�WHOH�PHHWLQJV
VXFK� DV�',9(� >&DUOVVRQ�	�+DJVDQG�� ����@��:KLOH� VXFK� UHPRWH� V\V�
WHPV�DUH�QRW�GLUHFWO\�UHODWHG�WR�RXU�DSSURDFK�RI�SK\VLFDO�FR�SUHVHQFH�
WKH\� LPSOHPHQW�PDQ\�XVHIXO� LGHDV�RQ�KRZ�FROODERUDWLRQ�FDQ�EH� VXS�
SRUWHG�

*UDSKLFDO� XVHU� LQWHUIDFHV� DUH� DQRWKHU� ILHOG� ZKLFK� LQIOXHQFHV� RXU
ZRUN�� 7KH� GHVNWRS� PHWDSKRU� WKDW� ZDV� RULJLQDOO\� FRQFHLYHG� LQ� WKH
;HUR[�67$5�SURMHFW� >6PLWK����@� LV�XELTXLWRXV� LQ� WRGD\ªV�ZRUN� HQYL�
URQPHQWV� VXFK� DV� ;�:LQGRZV� >*HWWLV����@�� 7KH� FKDOOHQJH� OLHV� LQ
EULGJLQJ�WKH�JDS�IURP�WKH�ZLGHO\�DFFHSWHG�GRFXPHQW�FHQWULF��'�ZRUN
VW\OH�WR�D�VSDWLDO��'�:RUNVSDFH��:KLOH�WKH�XVH�RI��'�PDNHV�UDGLFDOO\
QHZ� LQWHUDFWLRQ� VW\OHV� SRVVLEOH� >&RQQHU����@�� MXGLFLRXV� ERUURZLQJ
IURP� �'� RIWHQ� HDVHV� WKH� WUDQVLWLRQ� IURP� WKH� GHVNWRS� WR� WKH� YLUWXDO
ZRUOG��,Q�SDUWLFXODU�� WKHUH�DUH�VRPH�DWWHPSWV� WR�RUJDQL]H�FRQWHQW�DV
ZHOO�DV� UH�XVH�H[LVWLQJ��'�GHYHORSPHQWV� >$QJXV����@� >'\NVWUD����@
>)HLQHU����D@�� ,Q� VRPH� VHQVH�� WKH� 3,3� >6]DODYiUL����@� XVHG� LQ� RXU
V\VWHP�DOVR�IDOOV�LQWR�WKDW�FDWHJRU\�DV�D�FRQWDLQHU�IRU��'�DV�ZHOO�DV��'
XVHU�LQWHUIDFH�HOHPHQWV�

$�IHZ�UHVHDUFKHU�KDYH�GHDOW�ZLWK�WKH�SUREOHP�RI�VSDWLDOO\�DUUDQJLQJ
DQG�PDQDJLQJ�GDWD�IURP�GLIIHUHQW�FRQWH[WV��7KH�FRJQLWLYH�FRSURFHVVRU
DUFKLWHFWXUH�>5REHUWVRQ����@�XVHV�VR�FDOOHG��'�5RRPV�WR�SURYLGH�PXO�
WLSOH�YLUWXDO�:RUNVSDFHV�IRU�D�XVHU��>)HLQHU����@�GHVFULEHV�D�V\VWHP�RI
QHVWHG� YROXPHV� IRU� WKH� YLVXDOL]DWLRQ� RI� KLJK�GLPHQVLRQDO� GDWD�� 7KH
PRVW� GLUHFWO\� UHODWHG� DSSURDFK� WR� RXUV� LV� WKH� &5<67$/� V\VWHP
>7VDR����@�WKDW�DOORZV�D�XVHU�WR�RUJDQL]H�KLV�RU�KHU�ZRUN�LQ��'�ZLQ�
GRZV�� 7KH� WD[RQRP\� LQ� )LJXUH� �� ZDV� RULJLQDOO\� LQWURGXFHG� IRU� WKH
&5<67$/�V\VWHP��ZKLFK�VXSSRUWV�PXOWLSOH�FRQWH[WV�DQG�DSSOLFDWLRQV�
EXW�ODFNV�WUXH�PXOWL�XVHU�VXSSRUW��1RWH�WKDW�§&5<67$/�LQ�WKH�&$9(¨
LV�QRW�UHDOO\�D�PXOWL�XVHU�DSSOLFDWLRQ��DV�RQO\�RQH�XVHU�FDQ�EH�DFWLYH
DQG� WKH� RWKHU� XVHUV� DUH� SDVVLYH� REVHUYHUV�� ,Q� FRQWUDVW�� WKH� 6WXG�
LHUVWXEH�:RUNVSDFH� GHVLJQ�ZKLFK� WKLV� WKHVLV� IRFXVHV� RQ� DLPV� DW� WKH
FRQVWUXFWLRQ�RI�D�V\VWHP�WKDW�LV�VFDODEOH�LQ�DOO�WKUHH�SURSHUWLHV�
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(DUO\�DGRSWHUV�RI�YLUWXDO�UHDOLW\��95��V\VWHPV�VRRQ�UHDOL]HG�WKDW�RQH
RI�WKH� LPPHGLDWHO\�XVHIXO�DSSOLFDWLRQV�FRPHV� IURP�WKH� ILHOG�RI� VFLHQ�
WLILF� YLVXDOL]DWLRQ�� ZKHUH� VFLHQWLVWV� WU\� WR� XQGHUVWDQG� FRPSOH[� GDWD
VHWV�DQG�FDQ�EHQHILW�IURP�WUXH��'��VWHUHRVFRS\��DQG�LQWHUDFWLYH�H[SOR�
UDWLRQ��H�J���*523(�>%URRNV����@��WKH�QDQRPDQLSXODWRU�>7D\ORU����@�
DQG�WKH�YLUWXDO�:LQGWXQQHO�>%U\VRQ����@�

7KH�5HVSRQVLYH

:RUNEHQFK

',9(

1361(7

&5<67$/

&5<67$/�LQ�WKH�&$9(�

RQ�5HVSRQVLYH�:RUNEHQFK

³$�:LQGRZ�RQ

6KDUHG�9LUWXDO

(QYLURQPHQWV³

&$9(

6WXGLHUVWXEH

0XOWL�FRQWH[W

0XOWL�WDVN

0XOWL�XVHU

)LJXUH����7D[RQRP\�RI�YLUWXDO�HQYLURQPHQWV���DGDSWHG�IURP�

>7VDR����@�

7KH�QHHG�WR�VXSSRUW�FROODERUDWLRQ�RI�KXPDQ�XVHUV�OHDG�LQ�WZR�GLUHF�
WLRQV�� UHPRWH� FROODERUDWLRQ� >%U\VRQ����D�� 3DQJ����@� DQG� FROODERUD�
WLYH� YLUWXDO� HQYLURQPHQWV� �9(V�� ZKHUH� XVHUV� FRPH� WRJHWKHU� LQ� RQH
SODFH��DQG�FDQ�LQWHUDFW�DQG�FRPPXQLFDWH�LQ�D�QDWXUDO�ZD\�

,Q� WKH� ODWWHU� FDWHJRU\�� WZR�DSSURDFKHV�KDYH�EHHQ� VXFFHVVIXOO\�XVHG
IRU� VFLHQWLILF� YLVXDOL]DWLRQ�� 7KH� &$9(� >&UX]����E@�� DQG� WKH� ZRUN�
EHQFK��ZLWK� WZR�YDULDQWV� ��5HVSRQVLYH�:RUNEHQFK� >.U�JHU����@�DQG
9LUWXDO�:RUNEHQFK�>2EH\VHNDUH��@�

7KH�FRPELQDWLRQ�RI�&$9(�DQG�D�VXSHUFRPXWHU��&0����IRU�FRPSXWD�
WLRQDO�VWHHULQJ�RI�VFLHQWLILF�YLVXDOL]DWLRQV� LQ� >5R\����@�GHPRQVWUDWHG
LPSUHVVLYHO\� KRZ� YLUWXDO� UHDOLW\� XWLOL]LQJ� KLJK�SHUIRUPDQFH� HTXLS�
PHQW�FDQ�DOWHU�WKH�ZD\�GDWD�LV�SHUFHLYHG�DQG�PDQLSXODWHG�
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)LQDOO\��IURP�D�VRIWZDUH�HQJLQHHUªV�SHUVSHFWLYH��GHYHORSPHQW�IUDPH�
ZRUNV�IRU�XVHU�LQWHUIDFHV�DUH�QRWRULRXVO\�KXJH�DQG�FRPSOH[��$�PRGX�
ODU� LPSOHPHQWDWLRQ� DV� ZHOO� DV� VXSSRUW� IRU� UDSLG� SURWRW\SLQJ� YLD
VFULSWLQJ� LV� HVVHQWLDO�� ,Q� WKH� DUHD� RI� �'� XVHU� LQWHUIDFHV�� FXUUHQW
SURPLQHQW� H[DPSOHV� ZLWK� IHDWXUHV� WKDW� KDYH� JXLGHG� RXU� GHVLJQ� DUH
$/,&(� >3DXVFK����@�� 05� >6KDZ����@�� -DYD�'� >6RZL]UDO����@� DQG
WKH�950/���,62�VWDQGDUG�>&DUH\����@�
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��:RUNVSDFH�&RQFHSW�DQG�'HVLJQ

,Q� WKLV� FKDSWHU� ZH� SUHVHQW� 6WXGLHUVWXEH� :RUNVSDFH�� DQ� DSSOLFDWLRQ
IUDPHZRUN�IRU�DXJPHQWHG�UHDOLW\��:H�GHYHORS�D�FRQFHSW�IRU�D�FROODER�
UDWLYH�ZRUNLQJ� HQYLURQPHQWV� WKDW� VLPXOWDQHRXVO\� VXSSRUWV�PXOWLSOH
XVHUV�DV�ZHOO�DV�PXOWLSOH�DSSOLFDWLRQV�DQG�LQ�SDUWLFXODU�PXOWL�WDVNLQJ�
7KH� FR�SUHVHQFH� RI� PXOWLSOH� XVHUV� LQWHUDFWLQJ� ZLWK�PXOWLSOH� FRQFXU�
UHQWO\�H[HFXWLQJ�DSSOLFDWLRQV�RSHQV�XS�QHZ�SRVVLELOLWLHV�LQ�WKH�ILHOG�RI
FROODERUDWLYH� ZRUN�� :H� GHVFULEH� KRZ� PXOWLSOLFLW\� LQ� WKH� LQWHUDFWLRQ
SDWKV�LV�XVHG�WR�LPSOHPHQW�WKH�QHFHVVDU\�XQGHUO\LQJ�PHFKDQLVPV�DQG
UHSRUW� RQ� VWUDWHJLHV� DQG� H[SHULHQFHV� UHJDUGLQJ� WKH� GHYHORSPHQW� RI
PXOWL�XVHU�DZDUH�DSSOLFDWLRQV�

)LJXUH����&ROODERUDWLYH�ZRUN�LQ�678',(5678%(�:RUNVSDFH��FRP�

SRVLWHG�LPDJH����'�SDLQWLQJ�DSSOLFDWLRQ�ZLQGRZ��ZLWK�IR�

FXV��PLGGOH��DQG�REMHFW�YLHZHU�ZLQGRZ��ZLWKRXW�IRFXV�

ORZHU�ULJKW�

$V�D�XVHU�LQWHUIDFH��6WXGLHUVWXEH�HQDEOHV�PXOWLSOH�FRQFXUUHQW�XVHUV�WR
LQWHUDFW�ZLWK�HDFK�RWKHU�DQG�ZLWK�WKH�DSSOLFDWLRQ�YLD�WKH�VKDUHG�VSDFH
SURYLGHG� E\� DXJPHQWHG� UHDOLW\� DV� LOOXVWUDWHG� LQ� )LJXUH� ��� 6WXGLHU�
VWXEH�LV�D�VRIWZDUH�WRRONLW�ZKLFK�GLVWLQJXLVKHV�LWVHOI�IURP�D�GHGLFDWHG
HQYLURQPHQW�E\�LVW�DELOLW\�WR�H[HFXWH�D�QXPEHU�RI�FRPSOHWHO\�GLIIHUHQW
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DSSOLFDWLRQV�FRQFXUUHQWO\��3UHYLRXVO\�RQO\�RQH�DSSOLFDWLRQ� FRXOG�H[H�
FXWH�DW�D� WLPH��DQG�RSHUDWH�RQO\�RQ�RQH�GDWD�FRQWH[W� �� OLNH�PRVW�95
V\VWHPV��WKH�XVHU� LQWHUIDFH�ZDV�QHLWKHU�FDSDEOH�RI�PXOWL�WDVNLQJ�QRU
RI�PXOWL�GDWD�FRQWH[W�RSHUDWLRQ�

6WXGLHUVWXEH� LV� LQWHQGHG� WR� EH�D� FROODERUDWLYH�$5�XVHU� LQWHUIDFH� LQ
ZKLFK� D� YDULHW\� RI� WDVNV� FDQ� EH� SHUIRUPHG�� 6XFK� D� XVHU�LQWHUIDFH� LV
RSSRVHG� WR�D�GHGLFDWHG�DSSOLFDWLRQ� WKDW� LV�GHVLJQHG� IRU� RQO\�D� VLQJOH
SXUSRVH��H��J���D�GULYLQJ�VLPXODWRU����

:H� LQWURGXFH� DQ� H[WHQVLRQ� RI� RXU� SUHYLRXV� FRQFHSW� >6FKPDO�
VWLHJ����@� WKDW� FRPELQHV� DOO� WKHVH� SURSHUWLHV�� PXOWL�XVHU�� PXOWL�
WDVNLQJ�DQG�PXOWL�GDWD�FRQWH[W�

:H�JLYH�DQ�DQDO\VLV�RI�WKH�GHVLJQ�VSDFH�IRU�VXFK�D�FROODERUDWLYH�$5
:RUNVSDFH��$V�D�UHVXOW�RI� WKDW�DQDO\VLV��ZH�SUHVHQW�D�XVHU� LQWHUIDFH
GHVLJQ�IRU�VXFK�D�:RUNVSDFH�WKDW�IXOILOOV�WKH�WKUHH�UHTXLUHPHQWV�OLVWHG
DERYH��)LQDOO\��ZH� GLVFXVV� RXU� SURWRW\SH� LPSOHPHQWDWLRQ� RI� D� GHYHO�
RSPHQW�IUDPHZRUN�IRU�WKH�6WXGLHUVWXEH�:RUNVSDFH�WRJHWKHU�ZLWK�LQL�
WLDO�H[SHULHQFHV�DQG�REVHUYDWLRQV�

���� +DUGZDUH�6HWXS

$�W\SLFDO�6WXGLHUVWXEH�SHU�XVHU�VHWXS�FRQVLVWV�RI�RQH�VHPL��WUDQVSDU�
HQW� KHDGPRXQWHG� GLVSOD\� �+0'��� RQH� WUDFNHG� SHQ� DQG� RQH� WUDFNHG
3,3��)LJXUH����

7KH�+0'V�ZH�XVH���9LUWXDO�,�2�L�JODVVHV���DUH�YHU\�OLJKWZHLJKW�DQG
XQREWUXVLYH��EXW�RQO\�RI� OLPLWHG�UHVROXWLRQ� ����������DQG�VPDOO� ILHOG
RI�YLHZ��$V� LQSXW�GHYLFHV�ZH�XVH�D��'2)�SHQ�ZLWK�PXOWLSOH�EXWWRQV
DQG�WKH�3HUVRQDO�,QWHUDFWLRQ�3DQHO��3,3��>6]DODYiUL����@��VHH�VHFWLRQ
������EHORZ��

5HQGHULQJ� LV� SHUIRUPHG� E\� 6*,� DQG� ,QWHU*UDSK� ZRUNVWDWLRQV�� DQ
DGGLWLRQDO�/LQX[�ZRUNVWDWLRQ� VHUYLFHV� WKH�PDJQHWLF� WUDFNHU�DQG�GLV�
WULEXWHV�WKH�WUDFNHU�GDWD�YLD�D�/$1�WR�WKH�JUDSKLF�ZRUNVWDWLRQV�
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������ 3HUVRQDO�,QWHUDFWLRQ�3DQHO

7KH� 3HUVRQDO� ,QWHUDFWLRQ� 3DQHO� �3,3�� >6]DODYiUL����@� � FRQVLVWV� RI� D
PDJQHWLF� WUDFNHG� SHQ� DQG� FOLSERDUG� ZKLFK� FRQWDLQV� DXJPHQWHG� LQ�
IRUPDWLRQ�SUHVHQWHG�WR�WKH�XVHU�E\�VHH��WKURXJK�+0'V��,W�DOORZV��'
LQWHUDFWLRQ�DQG�WKUHH�GLPHQVLRQDO�GLUHFW�PDQLSXODWLRQ� WR�EH�GRQH� LQ
SDUDOOHO��8QOLNH�PDQ\�RWKHU�LQWHUIDFHV�LW�LPSOHPHQWV�D��'�LQWHUIDFH�LQ
�'� UDWKHU� WKDQ� �'� EHVLGHV� �'��8VLQJ� WKH� 3,3� LV� VLPLODU� WR� XVLQJ� D
QRWHERRNªV�IODW�VXUIDFH�LQ�WKH�UHDO�ZRUOG��2XU�HYDOXDWLRQV�KDYH�VKRZQ
WKDW�PRVW�WHVW�SHUVRQV�ZHUH�IDPLOLDU�ZLWK�WKH�LQWHUIDFH�LQ�D�YHU\�VKRUW
WLPH� DQG� IRXQG� WKH� WZR�� KDQGHG� LQWHUDFWLRQ� PHWDSKRU� QDWXUDO� DQG
DSSHDOLQJ�

������ 6HWXS�IRU�9LGHR�'RFXPHQWDWLRQ

7KH�DXJPHQWHG�QDWXUH�RI�RXU�9(�FDQ�DOVR�EH�H[SORLWHG�IRU�GRFXPHQWD�
WLRQ�SXUSRVHV�

YLGHR

FDPHUD

JUDSKLF�ZRUNVWDWLRQ

9&5

79�PRQLWRU

7

UHDO�HQYLURQPHQWUHDO�HQYLURQPHQW

)LJXUH����6HWXS�IRU�YLGHR�GRFXPHQWDWLRQ��GLJLWDO�RYHUOD\LQJ�
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:H� UHSODFHG� RQH� +0'� E\� D� YLGHR� FDPHUD� ZLWK� DWWDFKHG� WUDFNHU
�)LJXUH�����7KH�UHVXOWLQJ�LPDJHV�ZHUH�RYHUODLG�LQ�D�ZRUNVWDWLRQ�ZLWK
WKH�VFHQH�UHQGHUHG�IURP�WKH�YLHZSRLQW�RI�WKH�FDPHUD�DQG�WKH�UHVXOW�
LQJ� LPDJHV� RXWSXW� GLUHFWO\� WR� YLGHR� WDSH�� 7KLV�PHWKRG� ¥�ZKLFK� ZDV
DOVR�XVHG�WR�JHQHUDWH�PRVW�RI�WKH�SLFWXUHV�IURP�WKH�SRLQW�RI�YLHZ�RI�D
XVHU� �H�J���)LJXUH�����)LJXUH�����)LJXUH����� ¥� DOVR� HQDEOHV� WKH�DXGL�
HQFH�WR�YLHZ�WKH�DXJPHQWHG�HQYLURQPHQW�YLD�D�YLGHR�VFUHHQ��7KH�UH�
VXOWLQJ�SLFWXUHV� FDQ�EH� WUDQVIHUUHG�DW�176&� UHVROXWLRQ� ���������� WR
YLGHR�WDSH�

$QRWKHU��PRUH�VWUDLJKWIRUZDUG�PHWKRG�IRU�FDSWXULQJ�DXJPHQWHG�UH�
DOLW\� RQ� YLGHR� WDSH� LV� WR� PRXQW� D� YLGHR� FDPHUD� EHKLQG� D� VHPL�
WUDQVSDUHQW�GLVSOD\�DV�XVHG�LQ�WKH�+0'V��)LJXUH�����7KLV�LV�HDVLHU�WR
LPSOHPHQW��EXW�UHVXOWV�LQ�D�ORVV�RI�SLFWXUH�TXDOLW\��VLQFH�WKH�RYHUOD\�
LQJ�RI�FRPSXWHU�JHQHUDWHG�LPDJHV�LV�SHUIRUPHG�XVLQJ�WKH�RSWLFDO�V\V�
WHP� RI� WKH�+0'�� WKHUHE\� UHGXFLQJ� FRQWUDVW� DQG� LQWURGXFLQJ� GLVWRU�
WLRQV��:H�XVH�WKLV�GRFXPHQWDWLRQ�VHWXS�RQO\�ZKHQ�ZH�ZDQW� WR�GRFX�
PHQW�SURSHUWLHV�RI�WKH�RSWLFDO�V\VWHP�DV�IRU�H[DPSOH�LQ�)LJXUH����

YLGHR

FDPHUD

9&5

79�PRQLWRU

7

)LJXUH����6HWXS�IRU�YLGHR�GRFXPHQWDWLRQ��RSWLFDO�RYHUOD\LQJ�
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���� 'HVLJQ�$QDO\VLV�RI�WKH�:RUNVSDFH

7KLV�VHFWLRQ�SURYLGHV�DQ�DQDO\VLV�RI�WKH�GHVLJQ�VSDFH�IRU�D�XVHU�LQWHU�
IDFH�WKDW�VDWLVILHV�WKH�UHTXLUHPHQWV�VWDWHG�LQ�WKH�LQWURGXFWLRQ��QDPHO\
VXSSRUW� IRU� DXJPHQWDWLRQ�� FROODERUDWLRQ�� DQG� PXOWLSOH� DSSOLFDWLRQV�
7R�LOOXVWUDWH�RXU�FKRLFHV��ZH�ZLOO�ILUVW�GHVFULEH�D�IHZ�H[DPSOH�DSSOLFD�
WLRQV��WKDW�ZHUH�FKRVHQ�WR�FKDUDFWHUL]H�HYHU\GD\�DFWLYLWLHV�WKDW�XVHUV
PD\� SHUIRUP� LQ� WKH� SURSRVHG�ZRUN� HQYLURQPHQW�� )URP� WKHVH� H[DP�
SOHV�� JHQHUDO� JXLGHOLQHV� IRU� WKH� GHVLJQ� RI� WKH�:RUNVSDFH� FDQ� EH� GH�
ULYHG�

-� &DOFXODWRU��7KH�FDOFXODWRU�KDV�D�GHVNWRS�OLNH�LQWHUIDFH�RQ�WKH�3,3
�)LJXUH�����2QO\�RQH�XVHU�PD\�HQWHU�GDWD�DW�RQH�WLPH��5HVXOWV�DUH
GLVSOD\HG� RQ� WKH� 3,3�� DQG� VR� QR� DGGLWLRQDO� LQWHUDFWLRQ� RU� RXWSXW
HOHPHQWV�DUH�QHFHVVDU\�

)LJXUH����&DOFXODWRU�DSSOLFDWLRQ�RYHUOD\HG�RQWR�3,3

-� �'� REMHFW� YLHZHU�� 7KH� �'� HTXLYDOHQW� WR� DQ� LPDJH� YLHZHU
DSSOLFDWLRQ�RQ�D�GHVNWRS�LV�D�VLPSOH�REMHFW�YLHZHU��,W�VXSSRUWV�WKH
ORDGLQJ� DQG� GLVSOD\� RI� PXOWLSOH� VWDWLF� REMHFWV� LQ� WKH� :RUNVSDFH
�)LJXUH������,W�GRHV�QRW�VXSSRUW�DQ\�LQWHUDFWLRQ�ZLWK�WKH�GLVSOD\HG
REMHFWV�� EXW� DOORZV� WR� UHVL]H� DQG� PRYH� WKHLU� UHSUHVHQWDWLRQV� YLD
WKHLU�VXUURXQGLQJ��'�IUDPHV��(YHU\�REMHFW�LV�VHOI�FRQWDLQHG�LQ�VXFK
D�IUDPH��DQG�HYHU\�XVHU�PD\�PRYH�RU�UHVL]H�LW��2QO\�RQH�XVHU�DW�D
WLPH� PD\� RSHQ� D� QHZ� REMHFW�� EXW� WKH� §REMHFW� RSHQ¨� RSHUDWLRQ� LV
DFFHVVLEOH�WR�HYHU\�XVHU�
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)LJXUH�����9LHZLQJ�REMHFWV�XVLQJ�WKH�3,3

-� �'�3DLQW�$SSOLFDWLRQ��&RQWUDU\�WR�WKH�§REMHFW�YLHZHU¨�DSSOLFDWLRQ�
ZKHUH�RQH�RI�PDQ\�VWDWLF��'�REMHFWV� FDQ�EH�PDQLSXODWHG�RQO\�E\
RQH�XVHU�DW�D�WLPH��D��'�SDLQW�DSSOLFDWLRQ�VKRXOG�DOORZ�PDQ\�XVHUV
WR�PDQLSXODWH�D�VKDUHG�§VFUDWFK�YROXPH¨�DW�WKH�VDPH�WLPH��)LJXUH
����,W�VKDOO�EH�WKH�HTXLYDOHQW�WR�D�EODFNERDUG��D�VSDFH�ZKHUH�D�ORW�RI
XVHUV� PD\� GLVSOD\� WKHLU� LGHDV� DQG� DGG� RU� PRGLI\� WKH� LGHDV� RI
RWKHUV��(DFK�XVHU�VKRXOG�EH�DEOH�WR�VSHFLI\�KLV�RZQ�SDLQWLQJ�WRROV
SURSHUWLHV� �� FRORXU�� ZLGWK� HWF�� �� ZLWKRXW� PRGLI\LQJ� WKH� SDLQWLQJ
PRGH�RI�RWKHUV�

-� &ROODERUDWLYH� JDPHV�� $� W\SLFDO� FROODERUDWLYH� DSSOLFDWLRQ� LV� DQ
LPSOHPHQWDWLRQ�RI�DQ\�PXOWL�XVHU��DV�RSSRVHG�WR�D�VROLWDLUH��JDPH
�)LJXUH������,Q�D�JDPH�RI�FKHVV��ZKLWH�DQG�EODFN�SLHFHV�PD\�RQO\�EH
PRYHG� DOWHUQDWLQJ�� EXW� HYHU\� XVHU� FDQ� VHH� WKH� FRPSOHWH� JDPH
VWDWH�� $� GLIIHUHQW� H[DPSOH� LV� D� ZDU� JDPH� VFHQDULR� FRQVLVWLQJ� RI
WHUUDLQ�DQG�GLIIHUHQW� IRUFHV��ZKHUH� WKH� �VWDWLF�� WHUUDLQ�H[LVWV�DV�D
UHDO�PLQLDWXUH�PRGHO�RQ�ZKLFK� WKH� IRUFHV�DUH�DXJPHQWHG�� ,Q� WKLV
FDVH� DOO� XVHUV� FDQ� LQWHUDFW� ZLWK� HDFK� RWKHU� DQG� WKH� IRUFHV
VLPXOWDQHRXVO\�� (YHU\� XVHU� PD\� RQO\� PRYH� KLV� RZQ� IRUFHV�
&ROODERUDWLRQV� EHWZHHQ� GLIIHUHQW� SDUWLHV� PD\� UHVXOW� LQ� VKDUHG
DFFHVV�WR�IRUFHV�DQG�WR�LQIRUPDWLRQ�RQ�HQHP\�WHUULWRULHV�RXWVLGH�RI
WKH�RZQ�UDQJH�
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)LJXUH�����3OD\LQJ��VLOO\��JDPHV�LQ�6WXGLHUVWXEH

-� (GXFDWLRQDO�GHPRQVWUDWLRQ��,Q�DQ�HGXFDWLRQDO�VHWWLQJ�D�:RUNVSDFH
FDQ� EH� WKRXJKW� DV� DQ� H[WHQVLRQ� RI� WKH� FODVVURRP� LQWR� YLUWXDOLW\�
7KH�VWDQGDUG�VHWWLQJ�RI�RQH�SUHVHQWHU�DQG�PDQ\�YLHZHUV�VWXGHQWV
LV� RI� FRXUVH� D� FROODERUDWLYH� RQH�� DOEHLW� D� KLJKO\� DV\PPHWULFDO�
([DPSOHV� IRU� VXFK� DQ� DV\PPHWU\� DUH� D� SUHVHQWDWLRQ�ZKHUH� RQO\
WKH�SUHVHQWHU�PD\�FKDQJH�SDUDPHWHUV�RU�D�WHVW�VLWXDWLRQ�ZKHUH�WKH
WHDFKHU� PD\� VHH� WKH� ZRUN� RI� HDFK� VWXGHQW�� EXW� ZKHUH� VWXGHQWV
VKRXOG�QRW�EH�DEOH�WR�FRS\�HDFK�RWKHUV�UHVXOWV�

7KH�PHQWLRQHG�H[DPSOHV�DUH�LQWHQGHG�WR�LOOXVWUDWH�WKDW�WKH�VHPDQWLFV
RI�DSSOLFDWLRQV�LQ�WKH�:RUNVSDFH�FDQ�EH�YDVWO\�GLIIHUHQW��6RPH�DSSOL�
FDWLRQV�DUH�PDLQO\� RULHQWHG� WRZDUGV�D� VLQJOH�XVHU� RU� D� JURXS� RI� LVR�
ODWHG� XVHUV�� ZKHUHDV� RWKHUV� RQO\�PDNH� VHQVH� ZLWK�PXOWLSOH� SUHVHQW
XVHUV��,Q�VRPH�FDVHV�WKH�UROHV�RI�WKH�XVHUV�DUH�V\PPHWULF��ZKLOH�RWKHU
FDVHV� H[KLELW� DV\PPHWU\��1HYHUWKHOHVV�� WKH� GHVLJQ� SDUDGLJP�XQGHU�
O\LQJ�WKHVH�DSSOLFDWLRQV�FDQ�HDVLO\�EH�VXPPDUL]HG��(YHU\�LQWHUDFWLRQ
SDWK�VKRXOG�VXSSRUW�PXOWLSOH�LQVWDQFHV�

1RW�RQO\�GRHV� WKH�:RUNVSDFH� VXSSO\� WKH� MXQFWLRQ�SRLQW�� EXW� LW� DOVR
DFWV�DV�DQ� LPSOLFLW� §WUDIILF� FRQWURO¨��7R�SHUIRUP�WKLV� WDVN�� WKH�XQGHU�
O\LQJ�IUDPHZRUN�KDV�WR�VXSSRUW�PXOWLSOLFLW\�LQ�IRXU�GLVWLQFW�ZD\V�

-� 0XOWLSOH� XVHUV�� &OHDUO\� WKH� EDVLF� UHTXLUHPHQW� IRU� D� FROODERUDWLYH
VHWWLQJ
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-� 0XOWLSOH� DSSOLFDWLRQV�� 2QO\� WKH� VXSSRUW� RI� PXOWLSOH� DFWLYH
DSSOLFDWLRQV� DW� WKH� VDPH� WLPH� HQDEOHV� D� SURGXFWLYLW\� VFHQDULR
FRPSDUDEOH�WR�GHVNWRS�HQYLURQPHQWV�

-� 0XOWLSOH�LQSXW�FRQWH[WV��%\�LQSXW�FRQWH[W�ZH�PHDQ�WKH�LQWHUDFWLRQ
VWDWH� IRU� LQSXW� DV� SHUFHLYHG� E\� D� SDUWLFXODU� XVHU�� 7KH� VDPH
DSSOLFDWLRQ�PD\�SUHVHQW�WKH�VDPH�LQWHUIDFH�HOHPHQWV���QRUPDOO\�RQ
WKH�3,3� �� WR�GLIIHUHQW�XVHUV��EXW� WKH�VWDWH�RI� WKH�HOHPHQWV� �H�J��� D
VHOHFWHG� FRORXU�� LV� SUHVHQWHG� RQ� D� SHU�XVHU� EDVLV�� 'LIIHUHQW� XVHUV
WKHQ� VHH� GLIIHUHQW� FRORXUV� RQ� WKHLU�3,3�� DQG� D� FKDQJH� RI� VHOHFWHG
FRORXU� E\� RQH� XVHU� GRHV� QRW� DIIHFW� WKH� VHOFWLRQ� SHUIRUPHG� E\
DQRWKHU�XVHU�

-� 0XOWLSOH�RXWSXW�FRQWH[WV��$�VLQJOH�DSSOLFDWLRQ�PD\�KDYH�PRUH�WKDQ
RQH�RXWSXW�FRQWH[W��QRUPDOO\�UHSUHVHQWHG�DV�D��'�ZLQGRZ��7KHVH
FRQWH[WV�PD\�EH�KRPRJHQHRXV��L�H��UHSUHVHQWLQJ�WKH�VDPH�REMHFW�LQ
WKH�DSSOLFDWLRQV�FRQWH[W��H��J���D�GLIIHUHQW�YLHZ�RI�WKH�VDPH�EXLOGLQJ
LQ�D�&$'�V\VWHP���RU�KHWHURJHQHRXV� �H��J���D�ZLQGRZV�WKDW�VKRZV
DWWULEXWHV� RI� DQ� REMHFW� VHOHFWHG� LQ� DQRWKHU� ZLQGRZ��� %RWK� WKH
KRPRJHQHRXV� DQG� WKH� KHWHURJHQHRXV� FDVH� ZLOO� XVH� PXOWLSOH� �'
ZLQGRZV�WR�SUHVHQW�WKH�GLIIHUHQW�VHWV�RI�LQIRUPDWLRQ�

,Q� WKH� IROORZLQJ� VHFWLRQV� ZH� ZLOO� GHWDLO� KRZ� WKH� :RUNVSDFH� LPSOH�
PHQWV�WKHVH�SURSHUWLHV�

���� 8VHU�,QWHUDFWLRQ�LQ�:RUNVSDFH

$� �'�:RUNVSDFH� UHTXLUHV� LQWHUIDFH� HOHPHQWV� IRU� HIILFLHQW�PDQLSXOD�
WLRQ� DQG� FXVWRPL]DWLRQ� E\� WKH� XVHU��+HUH� ZH� JLYH� DQ� RYHUYLHZ� KRZ
LQSXW�DQG�RXWSXW� LV� RUJDQL]HG� IURP� WKH�XVHUªV� SHUVSHFWLYH��7KH� UHOD�
WLRQVKLS�DPRQJ�WKH�XVHU�LQWHUIDFH�FRPSRQHQWV�EHORZ�ZLOO�WKHQ�EH�H[�
SORUHG�IURP�D�PRUH�WHFKQLFDO�VLGH�LQ�WKH�QH[W�VHFWLRQV�

2QH� RI� RXU� GHVLJQ� JRDOV� ZDV� WKH� H[WHQVLRQ� RI� DV� PDQ\� �'� *8,
PHFKDQLVPV� LQWR� RXU� 9(� DV� SRVVLEOH�� $V� SRLQWHG� RXW� SUHYLRXVO\
>$QJXV����@��WKHUH�DUH�WZR�LPSRUWDQW�UHDVRQV�IRU�WKLV�DSSURDFK�

)LUVWO\�� VLQFH�PDQ\� �'� HOHPHQWV� KDYH� EHHQ� GHYHORSHG� DQG� UHILQHG
RYHU�WKH�ODVW�\HDUV�DQG�KDYH�SURYHQ�WKHLU�ZRUWK��LW�ZRXOG�EH�FRXQWHU�
SURGXFWLYH� WR� FRPSOHWHO\� GLVFDUG� WKH� ZHOO�GHYHORSHG� VROXWLRQV� IRU
WKHVH�HOHPHQWV�
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6HFRQGO\��PRVW�XVHUV�DUH�DFFXVWRPHG�WR�WKH�XVH�RI��'�*8,V��$Q�DS�
SURDFK� WKDW� EXLOGV� XSRQ� ZLGHO\� DFFHSWHG� XVHU� LQWHUIDFH� HOHPHQWV� LV
PRUH�OLNHO\�WR�HDVH�WKH�PLJUDWLRQ�IURP�FRQYHQWLRQDO�GHVNWRS�FRPSXW�
LQJ�WR�9(�:RUNVSDFHV�

:KLOH�ZH�GR�EXLOG�XSRQ� WKH� OHJDF\�RI� �'�*8,V��ZH�GR�QRW�ZDQW� WR
LPSRVH�XQQHFHVVDU\� FRQVWUDLQWV�XSRQ�RXU� LQWHUIDFH��ZH�XVH��'� WHFK�
QLTXHV�ZKHUH�WKH\�SURYH�WR�EH�RI�DGYDQWDJH���HLWKHU�E\�WKH�QDWXUH�RI
WKH�GDWD�WR�EH� LQSXW�RU�E\�WKH�FRQYHQWLRQV�DVVRFLDWHG�ZLWK�D�VSHFLILF
RSHUDWLRQ� �� DQG� H[WHQG� WKHP� RU� FRPSOHWHO\� DEDQGRQ� WKHP�ZKHQ� DS�
SURSULDWH�

������ �'�ZLGJHWV�LQ�$5

)RU�WKH�VWUDLJKWIRUZDUG� LQWHJUDWLRQ�RI�FRQYHQWLRQDO��'�LQWHUIDFH�HOH�
PHQWV� OLNH�EXWWRQV�� VOLGHUV�HWF��ZH�XVH�3,3�� D� VLPSOH�ERDUG�ZLWK�DW�
WDFKHG�WUDFNLQJ�VHQVRU��ZKLFK�IXQFWLRQV�DV�EDVH�IRU�WKH�YLUWXDO��'�LQ�
WHUIDFH�HOHPHQWV��)LJXUH�����LQ�WZR�ZD\V��LW�DOORZV�WKH�XVHU�WR�SRVLWLRQ
WKH��'�LQWHUIDFH�FRQYHQLHQWO\�XVLQJ�WKH�QRQ�GRPLQDQW�KDQG�DQG�DGGL�
WLRQDOO\�SURYLGHV�WKH�QHFHVVDU\�KDSWLF�IHHGEDFN�ZKHQ�XVLQJ�D�VOLGHU�RU
EXWWRQ��§)ORDWLQJ�PHQXV¨�RU�VLPLODU�YLUWXDO� LQWHUIDFHV� ODFN� WKLV� IHHG�
EDFN�DQG�FDQ�WKHUHIRUH�RQO\�EH�XVHG�ZKHQ�LQ�WKH�ILHOG�RI�YLHZ��(YHU\
DSSOLFDWLRQ�PD\�GLVSOD\�LWV�RZQ�LQWHUIDFH�LQ�WKH�IRUP�RI�D�3,3�§VKHHW¨�
ZKLFK�DSSHDUV�RQ�WKH�3,3�ZKHQ�WKH�DSSOLFDWLRQ� LV� LQ� IRFXV��7KH�3,3
DQG�SHQ�DUH�RXU�SULPDU\�LQWHUDFWLRQ�GHYLFHV��%RWK�RI�WKHP�DUH�WUDFNHG
ZLWK��'2)�DQG�SURYLGH�WKH�PHDQV�IRU�IOH[LEOH�LQWHUDFWLRQ� LQ��'�DQG
�'��7KH�3,3�FDQQRW�RQO\�EH�XVHG�DV�SDVVLYH�EDVH�EXW�DOVR�DV�LQWHUDF�
WLRQ�DQG� VHOHFWLRQ� WRRO� LQ� LWVHOI�� ,WV�XVH�DV� §YLUWXDO� FDPHUD¨� WR�PDNH
�'�VQDSVKRWV�RI�WKH�VFHQH�DV�ZHOO�DV�§ILVKQHW¨�PHWDSKRU�IRU�VHOHFWLQJ
REMHFWV�E\�VZHHSLQJ�LW�WKURXJK�VSDFH�KDV�EHHQ�GHPRQVWUDWHG�>6FKPDO�
VWLHJ����@�
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)LJXUH������'�LQWHUDFWLRQ�HOHPHQWV�RQ�WKH�3,3�XVHG�IRU�SDUDPHWUL]D�

WLRQ�RI�IORZ�YLVXDOL]DWLRQ

������ �'�:LQGRZV�LQ�$5

7KH�XVH� RI�ZLQGRZV� DV� DEVWUDFWLRQ� DQG� LQWHUDFWLRQ�PHWDSKRU� IRU� DQ
RXWSXW�FRQWH[W�LV�D�ORQJ�WLPH�FRQYHQWLRQ�LQ��'�*8,V��,WªV�H[WHQVLRQ�WR
WKUHH� GLPHQVLRQV� VHHPV� ORJLFDO� >)HLQHU������ 7VDR����@� DQG� FDQ� EH
DFKLHYHG� TXLWH� VWUDLJKWIRUZDUG�� 8VLQJ� D� ER[� LQVWHDG� RI� D� UHFWDQJOH
VHHPV�WR�EH�WKH�HDVLHVW�ZD\�RI�SUHVHUYLQJ�WKH�ZHOO��NQRZQ�SURSHUWLHV
RI� GHVNWRS�ZLQGRZV�ZKHQ�PLJUDWLQJ� LQWR� D�9(�� ,W� VXSSOLHV� WKH� XVHU
ZLWK�WKH�VDPH�PHDQV�RI�SRVLWLRQLQJ�DQG�UHVL]LQJ�WKH�GLVSOD\�DUHD�DQG
DOVR� GHILQHV� LWV� H[DFW� ERXQGDULHV� �)LJXUH����� 2EYLRXV� GLIIHUHQFHV� RI
WKHVH��'�ZLQGRZV� �§ER[HV¨�� VHH�)LJXUH����� WR� WKHLU� GHVNWRS� FRXQWHU�
SDUWV�FDQ�LQ�PDQ\�FDVHV�EH�UHVROYHG�HDVLO\��3RVLWLRQLQJ�D�ER[�E\�JUDE�
ELQJ�D�GHVLJQDWHG�SDUW�RI�LWV�JHRPHWU\�PD\�RI�FRXUVH�LQFOXGH�WKH�URWD�
WLRQ�RI�WKH�ZLQGRZ�WR�DQ�DUELWUDU\�RULHQWDWLRQ��5HVL]LQJ�LV�DFKLHYHG�E\
JUDEELQJ�D�FRUQHU�DQG�UHSRVLWLRQLQJ�LW�ZLWK��'2)��WKHUHE\�FKDQJLQJ
DOO�PHDVXUHPHQWV�RI�WKH�ER[�LQ�RQH�PRYHPHQW�

'LIIHUHQFHV� DSSHDU� LQ� D� FDVH� HDVLO\� UHVROYHG� LQ� WZR� GLPHQVLRQV�
RYHUODSSLQJ�GLVSOD\�FRQWH[WV��2Q�WKH�GHVNWRS�WKLV�LV�HDVLO\�KDQGOHG�E\
D��Ù'�DSSURDFK��UHQGHULQJ�RQH�ZLQGRZ�§RQ�WRS¨�RI�DQRWKHU��HIIHFWLYHO\
LPSOHPHQWLQJ�D� VWDFNLQJ� RUGHU� RI�ZLQGRZV�� ,Q� WKUHH� GLPHQVLRQV� WKH
HTXLYDOHQW�VROXWLRQ�ZRXOG�EH�D�VLPLODU�H[SOLFLW�RUGHU�LQ�ZKLFK�WKH�ZLQ�
GRZV� DUH� UHQGHUHG� �� SRVVLEO\� EDVHG� RQ� LPSRUWDQFH� RU� OHDVW� UHFHQWO\
XVHG�FULWHULD���ZKHUH�HDFK�ZLQGRZ�FOHDUV�WKH�YROXPH�LW�GHILQHV�EHIRUH
UHQGHULQJ� LWV� FRQWHQWV��7KLV� OHDGV� WR�DQ�XQDPELJXRXV�DVVLJQPHQW� RI
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HDFK� SRLQW� LQ� WKH� ZRUNLQJ� YROXPH� RI� WKH� YLUWXDO� HQYLURQPHQW� WR� DW
PRVW�RQH�ER[�

���� ,QSXW�DQG�2XWSXW�&RQWH[WV

7KH� GLIILFXOW\� LQ� GHVLJQLQJ� D� XVHU� LQWHUIDFH� IRU� PXOWL�XVHU� PXOWL�
WDVNLQJ�FRPHV�IURP�WKH�IDFW�WKDW�WKH�VHPDQWLFV�RI�DSSOLFDWLRQV�LQ�WKH
:RUNVSDFH�FDQ�EH�YDVWO\�GLIIHUHQW��$�VHWXS�ZKHUH�PXOWLSOH�XVHUV�DUH
VKDULQJ�WKH�VDPH�ZRUN�YROXPH�DQG�WKH�VDPH�VHW�RI�DSSOLFDWLRQV�VLJ�
QLILFDQWO\�LQFUHDVHV�WKH�FRPELQDWRULDO�SRVVLELOLWLHV�RI�LQWHUDFWLRQ��7KLV
VLWXDWLRQ�LV�RSSRVHG�WR�WKH�GHVNWRS�ZRUOG��ZKHUH�HDFK�XVHU�LQ�D�PXOWL�
XVHU�V\VWHP�KDV�D�VHSDUDWH�GHVNWRS�

6RPH�DSSOLFDWLRQV� LQ� WKH�PXOWL�XVHU�:RUNVSDFH�DUH�UDWKHU�RULHQWHG
WRZDUGV�D�VLQJOH�XVHU�RU�D�JURXS�RI� LVRODWHG�XVHUV��ZKLOH�RWKHUV�RQO\
PDNH�VHQVH�ZLWK�PXOWLSOH�SUHVHQW�XVHUV��,Q�VRPH�FDVHV�WKH�UROHV�RI�WKH
XVHUV�DUH� V\PPHWULF� �VXFK�DV� LQ�D�JDPH�RI� FKHVV���ZKLOH� RWKHU� FDVHV
H[KLELW�UDGLFDO�DV\PPHWU\��VXFK�DV�D�WHDFKHU�ZLWK�VWXGHQWV��

1HYHUWKHOHVV�� WKH� GHVLJQ� SDUDGLJP� XQGHUO\LQJ� WKHVH� DSSOLFDWLRQV
FDQ�HDVLO\�EH�VXPPDUL]HG��(YHU\�LQWHUDFWLRQ�SDWK�VKRXOG�VXSSRUW�PXO�
WLSOH�LQVWDQFHV�

%\�LQWHUDFWLRQ�SDWK�ZH�PHDQ�WKH�ZD\�GDWD�IORZV�IURP�WKH�XVHU�WR�WKH
DSSOLFDWLRQ�DQG�YLFH�YHUVD��7R�FRQWURO�WKLV�IORZ�RI�GDWD��WKH�:RUNVSDFH
IUDPHZRUN� LQWURGXFHV� LQSXW� FRQWH[WV� DQG� RXWSXW� FRQWH[WV�� 7KH� UHOD�
WLRQVKLS�DPRQJ�PXOWLSOH�XVHUV�� LQSXW�FRQWH[WV��DSSOLFDWLRQV�DQG�RXW�
SXW�FRQWH[WV�LV�GHSLFWHG�LQ�)LJXUH����

FRQWH[W

IRUZDUGV

GDWD

XVHU

LQSXWV

GDWD

XVHU

SHUFHLYHV

GDWD

DSSOLFDWLRQ

GLVSOD\V

GDWDRXWSXW
FRQWH[W

LQSXW
FRQWH[W

XVHU DSSOLFDWLRQ

�����
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)LJXUH�����5HODWLRQVKLS�RI�:RUNVSDFH�FRPSRQHQWV��OHIW��DQG�WKHLU

LPSOHPHQWDWLRQV��ULJKW���1RWH�KRZ�WKH�KXPDQ�XVHU�DFWV�LQ

D�ORRS�ZLWK�WKH�DSSOLFDWLRQ��PHGLDWHG�E\�LQSXW�DQG�RXWSXW

FRQWH[WV�

������ ,QSXW�&RQWH[W

%\�LQSXW�FRQWH[W�ZH�PHDQ�WKH�LQWHUDFWLRQ�VWDWH�IRU�LQSXW�DV�SHUFHLYHG
E\�D�SDUWLFXODU�XVHU��7KHUH�DUH�WZR�GLVWLQFW�ZD\V�LQ�ZKLFK�D�XVHU�PD\
LQSXW�GDWD�WR�D�:RUNVSDFH�DSSOLFDWLRQ�

��� 7KH�DSSOLFDWLRQ�SUHVHQWV� D�QXPEHU� RI�XVHU� LQWHUIDFH�ZLGJHWV� OLNH
EXWWRQV�RU�VOLGHUV�RQ�WKH�VXUIDFH�RI�WKH�3,3���D�VR�FDOOHG�3,3�VKHHW�
VRPHZKDW�DNLQ�WR�D�FRQYHQWLRQDO�GLDORJ�ER[��)LJXUH������7KH�LQSXW
FRQWH[W� LQ� WKLV� FDVH� LV� WKH� VWDWH�RI�D�SDUWLFXODU� LQVWDQFH� RI� D�3,3
VKHHW�

��� 7KH� DSSOLFDWLRQ� DFFHSWV� �'� LQSXW� �H��J�� FOLFNV� DQG� GUDJV�� LQ� WKH
FOLHQW� YROXPH� RI� D� �'�ZLQGRZ� EHORQJLQJ� WR� WKH� DSSOLFDWLRQ� �� WKLV
LQSXW� VW\OH� DOORZV� WKH� GHVLJQ� RI� GLUHFW� PDQLSXODWLRQ� RI� WKH
DSSOLFDWLRQªV� GDWD�� (YHU\� XVHU�PD\� OD\� D� IRFXV� RQ� RQH� SDUWLFXODU
ZLQGRZ�DW�DQ\�WLPH��QRWH�WKH�FRORU�FRGHG�IRFXV�RQ�WKH�OHIW�ZLQGRZ
LQ�)LJXUH������WKLV�IRFXV�LV�HTXLYDOHQW�WR�DQ�LQSXW�FRQWH[W�

������ 2XWSXW�&RQWH[W

$Q�RXWSXW� FRQWH[W� LV�PDQLIHVWHG� LQ�ZRUNVSDFH� DV� D� �'�ZLQGRZ� �� DQ
DSSOLFDWLRQ�PD\�GLVSOD\�LWV�GDWD�LQ�RQH�RU�PXOWLSOH�ZLQGRZV��0XOWLSOH
RXWSXW�FRQWH[WV�FDQ�EH�HLWKHU�KRPRJHQHRXV�RU�KHWHURJHQHRXV�

-� +RPRJHQHRXV�RXWSXW�FRQWH[WV�GLVSOD\�LQIRUPDWLRQ�RI�WKH�VDPH�NLQG
LQ�WKH�VDPH�ZD\��7KH�GLIIHUHQFH�EHWZHHQ�WZR�KRPRJHQHRXV�RXWSXW
FRQWH[WV�RI�RQH�DSSOLFDWLRQ�LV�RQO\�LQ�WKH�DFWXDO�GDWD�FRQWH[W�EHLQJ
GLVSOD\HG�� ,Q� WKH� GHVNWRS� ZRUOG�� WKLV� VW\OH� LV� NQRZQ� DV�PXOWLSOH
GRFXPHQW� LQWHUIDFH� �0',�� ��PXOWLSOH�GDWD�FRQWH[WV�FDQ�EH�RSHQHG
DW� RQFH�� DQG� WKH� VDPH� LQWHUDFWLRQ� SRVVLELOLWLHV� DUH� DYDLODEOH� IRU
HDFK�GDWD�FRQWH[W��)LJXUH����
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-� +HWHURJHQHRXV� RXWSXW� FRQWH[WV� GLVSOD\� LQIRUPDWLRQ� VWUXFWXUDOO\
GLIIHUHQW�� )RU� H[DPSOH�� D� �'� YLHZ� RI� D� GDWD� FRQWH[W� PD\� EH
GLVSOD\HG�LQ�RQH�ZLQGRZ�DQG�D�VFKHPDWLF�YLHZ�LQ�DQRWKHU�

)LJXUH����3DLQWLQJ�DSSOLFDWLRQ�ZLWK�PXOWLSOH�RXWSXW�FRQWH[WV��ZLQ�

GRZV��DQG�FRORU�VHOHFWRU�GLVSOD\HG�RQ�WKH�3,3��7KH�SDLQWLQJ

DSSOLFDWLRQ�KDV�WZR�RSHQ�ZLQGRZV��LQSXW�LV�GLUHFWHG�WR�WKH

OHIW�ZLQGRZ��ZKLFK�KDV�WKH�IRFXV

���� 0XOWL�XVHU�$ZDUH�$SSOLFDWLRQV

7KLV� VHFWLRQ� H[SODLQV� KRZ� D�PXOWL�XVHU� DZDUH� DSSOLFDWLRQ� �08$�� LV
GHVLJQHG�E\� VXS�SRUWLQJ�PXOWLSOH� LQVWDQFHV� RI� LQSXW�DQG� RXWSXW� FRQ�
WH[WV�� (YHU\� XVHU� FDQ� SRWHQWLDOO\� LQWHUDFW� ZLWK� HYHU\� DSSOLFDWLRQ�
ZKLFK� FUHDWHV� D� PDWUL[� RI� SRWHQWLDO� LQWHUDFWLRQ� SDWKV� �)LJXUH� ����
(YHU\�VXFK�LQWHUDFWLRQ�SDWK�UHTXLUHV�DQ�LQVWDQFH�RI�DQ�LQSXW�DQG�RXW�
SXW�FRQWH[W�WKDW�URXWHV�LQIRUPDWLRQ�EHWZHHQ�XVHU�DQG�DSSOLFDWLRQ��%\
DOORZLQJ� PXOWLSOH� LQVWDQFHV� RI� WKH� VDPH� FRQWH[W� W\SH�� WKH� UHTXLUHG
PXOWLSOLFLW\�DQG�LQGHSHQGHQFH�RI�LQWHUDFWLRQ�IURP�DQG�WR�PXOWLSOH�XV�
HUV�FDQ�EH�JXDUDQWHHG�

1RWH�WKDW�WKLV�PXOWLSOLFLW\�LV�QRW�HTXLYDOHQW�WR�UXQQLQJ�PXOWLSOH�LQ�
VWDQFHV�RI�RQH�DSSOLFDWLRQ�FRQFXUUHQWO\��H�J���RQH�DSSOLFDWLRQ�LQVWDQFH
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SHU�XVHU���DV�DQ\�XVHU�PD\�LQWHUDFW�ZLWK�DQ\�GDWD�RI�WKH�DSSOLFDWLRQ�DW
DQ\�WLPH��DQG�WKH�DFWLRQV�RI�PXOWLSOH�XVHUV�PD\�LQIOXHQFH�HDFK�RWKHU�
)LJXUH� ��� VKRZV� WKH�PXOWLSOLFLW\� UHODWLRQVKLSV� RI�:RUNVSDFH� FRPSR�
QHQWV�

2XWSXW� FRQWH[WV� DUH� UHSUHVHQWHG� DV� �'� ZLQGRZV�� )RU� 0XOWLSOH
'RFXPHQW� ,QWHUIDFH� �0',�� VW\OH� LQWHUDFWLRQ�� D� VHSDUDWH� ZLQGRZ� LV
RSHQHG�IRU�HDFK�GDWD�FRQWH[W��+RZHYHU��D�ZLQGRZ�QRW�RQO\�UHSUHVHQWV
DQ�RXWSXW�FRQWH[W��EXW�DOVR�GHILQHV�DQ�LQSXW�FRQWH[W��,QSXW�UHJDUGLQJ
D�SDUWLFXODU�ZLQGRZ�PD\�HLWKHU�EH�E\�GLUHFW�PDQLSXODWLRQ�RI�WKH�GDWD
LQ�WKH�ZLQGRZ��JHQHUDOO\�YLD�D�XVHUªV�SHQ��RU�LQGLUHFW�YLD�D�3,3�VKHHW�

08$

LQSXW

)LJXUH�����0XOWLSOLFLW\�UHODWLRQVKLSV�DPRQJ�:RUNVSDFH�FRPSRQHQW��

D�FRQWH[W�IRU�D�SDUWLFXODU�DSSOLFDWLRQ�LV�GHILQHG�E\�HYHU\

SDLULQJ�RI�D�XVHU�DQG�D�ZLQGRZ

7KH�SURSRVHG�PXOWLSOLFLW\�RI� LQWHUDFWLRQ�SDWKV� LPSOLHV� VRPH�FKDQJHV
LQ� DSSOLFDWLRQ� GHVLJQ�� )XOO� VXSSRUW� RI� DOO� SRVVLEOH� LQWHUDFWLRQ� SDWKV
OHDGV� WR� VRPH� H[WHQVLRQV� WR� WKH� DSSOLFDWLRQV� LQWHUIDFH�� $�PXOWL�XVHU
DZDUH�DSSOLFDWLRQ��08$��KDV�WR�WDNH�LQWR�DFFRXQW�DGGLWLRQDO�LQIRUPD�
WLRQ� FRQFHUQLQJ� ZKLFK� XVHU� LV� LQWHUDFWLQJ� ZLWK� LW� DQG� NHHS� XVHU�
GHSHQGHQW�LQIRUPDWLRQ��:KLOH�LQ�VRPH�FDVHV�PXOWLSOH�LQVWDQFHV�RI�VLQ�
JOH�XVHU� DSSOLFDWLRQV�DUH� VXIILFLHQW� �H�J�� FDOFXODWRU� DQG� REMHFW� YLHZHU
DV�GHVFULEHG�LQ�VHFWLRQ�����RQO\�D�08$�FDQ�VXSSRUW�D�ILQH�JUDLQHG�FRO�
ODERUDWLYH�ZRUNVW\OH�ZKHUH�ERWK�XVHUV�FDQ�LQWHUDFW�ZLWK�WKH�DSSOLFD�
WLRQ�ZLWKRXW�H[WHQVLYH�FRQWH[W�VZLWFKHV�



��

:KLOH�VLPSOH�VLQJOH�XVHU�DSSOLFDWLRQV�VKDOO�EH�DEOH�WR�IXQFWLRQ�LQ�WKH
:RUNVSDFH�ZLWKRXW� DQ\� NQRZOHGJH� RI� WKH�PXOWL�XVHU� VHWXS�� D�PXOWL�
XVHU�DZDUH�DSSOLFDWLRQ�KDV�WR�UHFRJQL]H�DQG�VXSSRUW�RQH�RU�DOO�RI�WKH
IROORZLQJ�VLWXDWLRQV�

������ 'LIIHUHQW�,QWHUQDO�6WDWHV�IRU�(DFK�8VHU

'HSHQGLQJ�RQ�WKH�DSSOLFDWLRQV�UHTXLUHPHQWV�SRVVLEO\�H[WHQVLYH�XVHU�
FRQWH[W�LQIRUPDWLRQ�KDV�WR�EH�NHSW�IRU�HDFK�XVHU��0DQ\�VWDQGDUG�RS�
HUDWLRQV�DOORZ�GLIIHUHQW� VHPDQWLFV�ZKHQ� H[WHQGHG� WR�PXOWLSOH� XVHUV�
6KDOO� D� FXW�DQG�SDVWH� VHTXHQFH� DFFHVV� D� VKDUHG� FOLSERDUG� RU� VKRXOG
WKHUH�EH�D�FOLSERDUG�IRU�HYHU\�XVHU"�,V�WKHUH�RQH�FRPPRQ�RU�DUH�WKHUH
PDQ\�LQGLYLGXDO�FRPPDQG�KLVWRULHV"

,Q�WKHVH�DEVWUDFW�FDVHV�ERWK�YDULDWLRQV�PDNH�VHQVH�DQG�FDQ�RQO\�EH
GHFLGHG�RQ�D�SHU�DSSOLFDWLRQ�RU�SHU�HQYLURQPHQW�EDVLV��7KH�:RUNVSDFH
VXSSOLHV�DOO�UHOHYDQW�XVHU�VSHFLILF� LQIRUPDWLRQ�WR�WKH�DSSOLFDWLRQ�SUR�
JUDP�YLD�RQH�RI�LWV�PDQDJHU�FODVVHV��VHFWLRQ������DQG�OHDYHV�WKLV�SROLF\
GHFLVLRQV�WR�WKH�DSSOLFDWLRQ�

������ 0XOWLSOH�,QSXW�)RFL�RQ�2QH��'�:LQGRZ

7KH�VDPH�ZLQGRZ�UHFHLYHV�DW�WKH�§VDPH¨�WLPH�LQSXW�IURP�PRUH�WKDQ
RQH� XVHU�� :KLOH� LGHPSRWHQW� RSHUDWLRQV� DUH� SRVVLEOH�� LQ� PDQ\� FDVHV
LQSXW�IURP�GLIIHUHQW�XVHUV�UHTXHVWV�VSHFLDO�FRQVLGHUDWLRQ��$Q�H[DPSOH
ZRXOG�EH�WZR�§GUDJJLQJ¨�RSHUDWLRQ�DW�WKH�VDPH�WLPH��2XU�:RUNVSDFH
LPSOHPHQWDWLRQ�VXSSOLHV�DOO�08$V�ZLWK�DOO�QHFHVVDU\� LQIRUPDWLRQ�WR
GLIIHUHQWLDWH� EHWZHHQ�DFWLRQV� H[HFXWHG�E\�GLIIHUHQW�XVHUV� YLD� WKH� �'
HYHQW�V\VWHP��VHFWLRQ�������7KH�DSSOLFDWLRQ�LV�OHIW�WR�GHFLGH�ZKHWKHU�WR
VXSSRUW�D�FRQFXUUHQW�ZRUNVW\OH�RU�ORFN�WKH�DSSOLFDWLRQ�ZKHQ�RQH�XVHU
LV�DOUHDG\�DFFHVVLQJ�LW�

������ 0XOWLSOH�8VHUV�,QSXW�RQ�WKH�6DPH�3,3�6KHHW

6LQFH� WKH�3,3�DV� RXU�SULPDU\� LQSXW�GHYLFH�KDV� WR� EH� XVHG� LQ�08$V
WRR��VSHFLDO�FRQVLGHUDWLRQV�IRU�LWV�EHKDYLRXU�DUH�QHFHVVDU\��1RUPDOO\�
HYHU\�DSSOLFDWLRQ�GLVSOD\V�DOO�RI�LWV��'�LQWHUIDFH�HOHPHQWV�RQ�LWV�RZQ
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§VKHHW¨�RQ�WKH�3,3��PHDQLQJ�D�FRPELQDWLRQ�RI�ZLGJHWV�RQO\�GLVSOD\HG
RQ�D�XVHUV�3,3�ZKHQ�WKH�XVHUV�LQSXWV�IRFXV�UHVLGHV�ZLWKLQ�WKH�DSSOLFD�
WLRQ��6LQFH�D�XVHU�FDQ�DFTXLUH�DQ�DGGLWLRQDO�IRFXV�RI�D�08$�ZKLOH�DQ�
RWKHU� XVHU� LV� DOUHDG\� ZRUNLQJ� ZLWK� LW� �� H�J�� E\� VHOHFWLQJ� DQ� RXWSXW
ZLQGRZ� RI� WKH� DSSOLFDWLRQ� �� WKH� VDPH� 3,3� VKHHW� ZLOO� DSSHDU� RQ� WKH
3,3V�RI�ERWK�XVHUV�

$�08$�KDV�WR�PDQDJH�D�GLIIHUHQW�VWDWH�RI� LWV�DVVRFLDWHG�3,3�VKHHW
IRU�HYHU\�XVHU��6LQFH�WKLV�VWDWH�PD\�EH�YLVLEOH���H�J��LQ�WKH�SRVLWLRQ�RI�D
VOLGHU� �� LW� LV�QRW� VXIILFLHQW� WR� FUHDWH�PXOWLSOH� UHQGHULQJV�RI� WKH� VDPH
VKHHW�RQ�GLIIHUHQW�3,3V��EXW�DOVR�WR�VXSSO\�HDFK�VKHHWV�LQVWDQFH�ZLWK
LWV�RZQ�VWDWH��$JDLQ��D�:RUNVSDFH�PDQDJHU�H[LVWV�ZKLFK�DOORZV�WR�GLV�
WLQJXLVK�EHWZHHQ�3,3V�RQ�D�SHU�XVHU�EDVLV�

������ 'LUHFW�0DQLSXODWLRQ�LQ�WKH��'�:LQGRZ

0XOWLSOH�XVHUV�PD\�VLPXOWDQHRXVO\�OD\�WKHLU�LQSXW�IRFXV�RQ�WKH�VDPH
ZLQGRZ�DQG�PDQLSXODWH�WKH�FRQWDLQHG�GDWD��7KH�DSSOLFDWLRQ�UHFHLYHV
WKH�XVHUVª�DFWLYLWLHV�LQ�WKH�IRUP�RI��'�HYHQWV��VHH�VHFWLRQ�������RQ�WKH
�'�HYHQW�V\VWHP���'HSHQGLQJ�RQ�WKH�RSHUDWLRQ��VXFK�FRQFXUUHQF\�PD\
RU�PD\�QRW�PDNH�VHQVH��$V� WKH�DSSOLFDWLRQ�UHFHLYHV�HYHQWV� LQ�VHULDO�
L]HG�RUGHU��LW�LV�VWUDLJKW�IRUZDUG�WR�LPSOHPHQW�PHFKDQLVPV�WR�FRQWURO
FRQFXUUHQF\�

$SSOLFDWLRQV� UHO\LQJ� RQ� GLUHFW�PDQLSXODWLRQ� JHQHUDOO\� RIIHU� VHYHUDO
DFWLYLWLHV�DW�RQFH��$V�D�UHVXOW��XVHUV�SHUFHLYH�WKHLU�GRLQJ�DV�FRQFXUUHQW
ZRUN�RQ�WKH�VDPH�GDWD��ZKLOH�UHDOO\�WKH\�DUH�HQJDJHG�LQ�WZR�VHSDUDWH
DFWLYLWLHV�LQ�WKH�VDPH�JHQHUDO�FRQWH[W��,Q�FRQWUDVW��DFWXDO�HQJDJHPHQW
RI�WZR�RU�PRUH�XVHUV�LQ�WKH�YHU\�VDPH�DFWLYLW\�LV�PRVWO\�XQGHVLUDEOH�
:KDW�VKRXOG�EH�WKH�RXWFRPH�RI�WZR�XVHUV�WU\LQJ�WR�GUDJ�WKH�VDPH�RE�
MHFW�LQWR�WZR�GLIIHUHQW�GLUHFWLRQV"

$V�WKH�FRQWHQW�RI�WKH�ZLQGRZ�DQG�KHQFH�WKH�SRVVLEOH�RSHUDWLRQV�ZLOO
EH�YHU\�GLIIHUHQW�IURP�DSSOLFDWLRQ�WR�DSSOLFDWLRQ��:RUNVSDFH�SURYLGHV
ORFNLQJ�PHFKDQLVPV�RI�GLIIHUHQW�JUDQXODULW\�

�� )RU�FRDUVH�JUDLQHG�FRQFXUUHQF\�FRQWURO��WKH�ZLQGRZ�IRFXV�SROLF\�FDQ
EH�GHFLGHG�E\�WKH�DSSOLFDWLRQ��,W�PD\�HLWKHU�DOORZ�PXOWLSOH�XVHUV�WR
IRFXV� D� SDUWLFXODU�ZLQGRZ� VLPXOWDQHRXVO\�� RU� RQO\� RQH� XVHU� LV� DO�
ORZHG�WR�KDYH�D� IRFXV��,Q�WKH�FDVH�RI�D�VLQJOH�XVHU� IRFXV��D�VHFRQG
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XVHU�PD\�HLWKHU�¨VWHDO¨�WKH�IRFXV�IURP�WKH�ILUVW�XVHU�KROGLQJ�WKH�IR�
FXV��RU�LV�IRUFHG�WR�ZDLW�XQWLO�WKH�ILUVW�XVHUV�YROXQWDULO\�JLYHV�XS�WKH
IRFXV��XVXDOO\�E\�IRFXVLQJ�RQ�DQRWKHU�ZLQGRZ��

�� 2Q� D� ILQHU� JUDLQ� RI� LQWHUDFWLRQ�� VRPH� XWLOLW\� LQWHUDFWLRQ� FODVVHV�
VXFK�DV� REMHFW� GUDJJHUV�� DUH� LPSOLFLWO\� ORFNHG�GXULQJ� RSHUDWLRQ�E\
RQH� XVHU�� 7KLV� HIIHFWLYHO\� GLVDEOHV� DOO� RWKHU� XVHUV� WR� JDLQ� FRQWURO
ZKLOH�D�XVHU�LV�PDQLSXODWLQJ�H�J��D�VOLGHU�

)LQDOO\�� VKRXOG� WUXH�PXOWL�XVHU� LQWHUDFWLRQ�RQ� RQH�ZLGJHW� EH�GHVLUHG
�H��J��� WKH� MRLQW�GHILQLWLRQ�RI�D�UXEEHU�ER[�E\�WZR�XVHUV�KROGLQJ�RSSR�
VLWH� FRUQHUV��� LW� LV� WKH� DSSOLFDWLRQV� UHVSRQVLELOLW\� WR� LPSOHPHQW� WKH
GHVLUHG�EHKDYLRU�IURP�WKH��'�HYHQWV�VHQW�WR�WKH�ZLGJHW�

������ ,QGLUHFW�0DQLSXODWLRQ�YLD�3,3

)RU�KRPRJHQHRXV�ZLQGRZV��ZLQGRZV�UHSUHVHQWLQJ�GLIIHUHQW�LQVWDQFHV
RI�WKH�VDPH�FODVV���WKH�VWUXFWXUH�RI�WKH�3,3�VKHHW�LV�WKH�VDPH�IRU�HYHU\
ZLQGRZ�� EXW� WKH� VWDWH� RI� WKH� LQWHUIDFH� �H��J��� WKH� SRVLWLRQ� RI� D� VOLGHU
ZLGJHW��LQ�WKH�PRVW�JHQHUDO�FDVH�GHSHQGV�RQ�WKH�ZLQGRZ�DQG�WKH�XVHU�
)RU�H[DPSOH��D�VHOHFWHG�FRORU�PD\�EH�SUHVHQWHG�RQ�WKH�3,3��7KH�FRORU
ZLOO� GLIIHU� IURP� XVHU� WR� XVHU� DQG� FDQ� EH� PDQLSXODWHG� LQGLYLGXDOO\�
+RZHYHU��ZKHQ�D�XVHU�VZLWFKHV�IRFXV�IURP�RQH�ZLQGRZ�WR�DQRWKHU��D
GLIIHUHQW�LQWHUIDFH�VWDWH�RQ�WKH�3,3�EHFRPHV�DFWLYH���WKH�VWDWH�LV�DOVR
LQGLYLGXDOO\� GLIIHUHQW� IURP� ZLQGRZ� WR� ZLQGRZ�� ,Q� RWKHU� ZRUGV�� WKH
GHJUHH� RI� VKDULQJ� FDQ� EH� VHW� RQ� D� SHU�ZLGJHW� EDVH�� ,Q� JHQHUDO�� IRXU
FRQILJXUDWLRQV�PDNH�VHQVH�

-� 'LIIHUHQW�LQWHUIDFH�VWDWH�IRU�HYHU\�ZLQGRZ�DQG�HYHU\�XVHU

-� 'LIIHUHQW� LQWHUIDFH� VWDWH� IRU� HYHU\� XVHU�� EXW� IRU� D� JLYHQ� XVHU� WKH
LQWHUIDFH�VWDWH�LV�WKH�VDPH�IRU�DOO�ZLQGRZV

-� 'LIIHUHQW�LQWHUIDFH�VWDWH�IRU�HYHU\�ZLQGRZ��EXW�IRU�D�JLYHQ�ZLQGRZ
WKH�LQWHUIDFH�VWDWH�LV�WKH�VDPH�IRU�DOO�XVHUV

-� 2QO\�RQH�VWDWH�IRU�DOO�ZLQGRZV�DQG�XVHUV

6WDWHV�PD\�DOVR�EH�VKDUHG�E\�JURXSV�RI�XVHUV�RU�JURXSV�RI�ZLQGRZV�
EXW�ZH�KDYH�IRXQG�OLWWOH�XVH�IRU�WKLV�RSWLRQ�
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���� ,PSOHPHQWDWLRQ

7KH�:RUNVSDFH� VRIWZDUH� GHYHORSPHQW� HQYLURQPHQW� LV� UHDOL]HG� DV� D
FROOHFWLRQ�RI�&���FODVVHV�ZKLFK�H[WHQG�WKH�2SHQ�,QYHQWRU��2,9��7RRO�
NLW�>6WUDXVV����@��)LJXUH������7KH�ULFK�JUDSKLFDO�HQYLURQPHQW�RI�2,9
DOORZV�UDSLG�SURWRW\SLQJ�RI�QHZ�LQWHUDFWLRQ�VW\OHV��:H�DOVR�XVH�WKH�ILOH
IRUPDW� RI�2,9� WR� HQDEOH� FRQYHQLHQW� VFULSWLQJ� RI� WKH�SURSHUWLHV� RI� DQ
DSSOLFDWLRQ�DQG�WR�LQFOXGH�RXU�FXVWRP�FODVVHV��$�IXUWKHU�DGYDQWDJH�RI
2,9� LV� LWV� DYDLODELOLW\� RQ� ,5,;� DQG�:LQGRZV� 17�� ZKLFK� DOORZV� IRU
VRPH�IOH[LELOLW\�LQ�WKH�VHOHFWLRQ�RI�HTXLSPHQW�
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�'�HYHQW�KDQGOLQJ

$SSOLFDWLRQ

/D\HU

)LJXUH�����6WXGLHUVWXEH�:RUNVSDFH�DUFKLWHFWXUH�VFKHPDWLF

2,9�UHSUHVHQWV�VFHQHV�XVLQJ�VFHQHJUDSKV���GLUHFWHG�DF\FOLF�JUDSKV��
ZKLFK� FDQ�QRW� RQO\� FRQWDLQ� JHRPHWU\� EXW� DOVR� DFWLYH� LQWHUDFWLRQ� RE�
MHFWV��:H�PDNH�XVH�RI�WKLV�SURSHUW\�E\�LPSOHPHQWLQJ�PRVW�HOHPHQWV�RI
WKH�ZRUNVSDFH�DV�VFHQH�JUDSK�QRGHV�WKDW�DUH�FDSDEOH�RI�SURFHVVLQJ��'
HYHQWV��7KLV�DOORZV�HIILFLHQW�GHVLJQ�RI�XVHU�LQWHUIDFHV�OLNH�IRU�H[DPSOH
3,3�VKHHWV� E\� VLPSOH�ZULWLQJ� DQ�2,9�$6&,,� ILOH� ZKLFK� LQFOXGHV� WKH
QHFHVVDU\�ZLGJHWV�



��

������ �'�(YHQW�6\VWHP

2SHQ� ,QYHQWRUªV� HYHQW� V\VWHP� KDV� EHHQ� H[WHQGHG� WR� SURFHVV� �'
HYHQWV�� ZKLFK� LV� QHFHVVDU\� IRU� FKRUHRJUDSKLQJ� FRPSOH[� �'� LQWHUDF�
WLRQV��6LQFH�2,9�GRHV�QRW�VXSSRUW��'�LQWHUDFWLRQ�ZLWK��'2)�EXW�QRU�
PDOO\�SURMHFWV��'�LQSXW�LQWR��'�VSDFH��ZH�KDG�WR�LPSOHPHQW�D�QHZ��'
HYHQW� FODVV�� ZKLFK� GLVWULEXWHV� HYHQWV� FRQWDLQLQJ� �'2)� LQIRUPDWLRQ
WKURXJK�WKH�VFHQHJUDSK�XVLQJ�ERXQGLQJ�ER[�LQIRUPDWLRQ��$�QHZ�FODVV
KLHUDUFK\�RI��'�LQWHUDFWLRQ�REMHFWV�DOORZV�IRU�WKH�HDV\� LQWHJUDWLRQ�RI
DFWLYH�FRPSRQHQWV�LQ�D�VFHQHJUDSK�

7KHVH�REMHFWV�UHVSRQG�WR�HYHQWV�JHQHUDWHG�E\�D��'2)�LQSXW�GHYLFH��
LQ�PRVW� FDVHV� WKH�SHQ� ��E\�DOWHULQJ� WKHLU�DSSHDUDQFH�� SRVLWLRQ� RU� LQ�
WHUQDO� VWDWH�� 7KH\� FDQ� ILOWHU� HYHQWV� GHSHQGLQJ� RQ� XVHU� RU� W\SH� RU
§JUDE¨�DQ�LQSXW�GHYLFH��UHGLUHFWLQJ�DOO�LQSXW�WR�RQO\�RQH�REMHFW�

7KLV�EDVLF��'�LQWHUDFWLRQ�FODVVHV�KDYH�EHHQ�VXEFODVVHG�IRU�WKH�3,3�WR
LPSOHPHQW� VWDQGDUG� �'� ZLGJHW� EHKDYLRXU� �EXWWRQV�� UDGLREXWWRQV�
VOLGHUV�DQG�GLDOV�� VHH� ILJXUH�����$GGLWLRQDO� IHDWXUHV� OLNH�KLJKOLJKWLQJ
DQG�IO\RYHU�KHOS�DUH�VXSSRUWHG�IRU�WKHVH�ZLGJHWV�

7KH�PRUH�JHQHUDO�PHFKDQLVP�IRU�IXOO��'2)�LQWHUDFWLRQ�DUH�LQ�PRVW
FDVHV� LPSOHPHQWHG� E\� WKH� 6WXGLHUVWXEH� DSSOLFDWLRQV�� 7KLV� LV� GRQH
VLPLODU� WR��'�*8,V�E\�RSHQLQJ�D��'�ZLQGRZ�REMHFW�DQG�DWWDFKLQJ�D
ZLQGRZ�FDOOEDFN� IXQFWLRQ�ZKLFK� UHFHLYHV�DOO� HYHQWV�JHQHUDWHG� LQ� WKH
ZLQGRZV�YROXPH��PRYH��GUDJ�DQG�FOLFN���6RPH�FRPPRQO\�XVHG�W\SHV�RI
�'�LQWHUDFWLRQ�OLNH�PRYH�DQG�UHVL]H�RI�SDVVLYH�REMHFWV�KDYH�EHHQ�LQWH�
JUDWHG�LQWR�VSHFLDO�VFHQHJUDSK�FRPSRQHQWV��ZKLFK�DOORZ�WKH�VFULSWLQJ
RI�VLPSOH�DSSOLFDWLRQV�LQ�2,9�$6&,,�ILOHV�

������ 2XWSXW�&RQWH[WV

2XWSXW�FRQWH[WV�LQ�:RUNVSDFH�DUH�LPSOHPHQWHG�DV��'�ZLQGRZV��7KH
�'�ZLQGRZ�FODVV�LV�D�FRQWDLQHU�DVVRFLDWHG�ZLWK�D�XVHU�VSHFLILHG�VFHQH
JUDSK��7KLV�VFHQH�JUDSK�LV�QRUPDOO\�UHQGHUHG�ZLWK�FOLSSLQJ�SODQHV�VHW
WR�WKH�IDFHV�RI�WKH�FRQWDLQLQJ�ER[��VR�WKDW�WKH�FRQWHQW�RI� WKH�ZLQGRZ
GRHV� QRW� SURWUXGH� IURP� WKH� ZLQGRZªV� YROXPH�� 1HVWHG� ZLQGRZV� DUH
SRVVLEOH�� 7KH�ZLQGRZ� LV� QRUPDOO\� UHQGHUHG�ZLWK� DVVRFLDWHG� ¨GHFRUD�
WLRQ¨�WKDW�YLVXDOO\�GHILQHV�WKH�ZLQGRZV�H[WHQW�DQG�DOORZV�LW�WR�EH�PD�
QLSXODWHG�ZLWK�WKH�SHQ��PRYH��UHVL]H�HWF����7KH�FRORU�RI�WKH�GHFRUDWLRQ
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DOVR� LQGLFDWHV� ZKHWKHU� D� ZLQGRZ� KDV� D� XVHUªV� IRFXV� �DQG� KHQFH� EH�
FRPHV�DQ�LQSXW�FRQWH[W�IRU�WKDW�XVHU��

7KH�UHSUHVHQWDWLRQ�RI�D��'�ZLQGRZ�FDQ�EH�PD[LPL]HG���'�ZLQGRZ��RU
PLQLPL]HG�

-� 0LQLPL]HG�ZLQGRZV�DUH�RQO\�DFFHVVLEOH�YLD� LWV�DSSOLFDWLRQ� LFRQ� LQ
WKH� DSSOLFDWLRQ� ORDGHU� DQG� FRQVXPH� QR� VSDFH� LQ� WKH� ZRUNLQJ
YROXPH�

-� �'��QRUPDO��ZLQGRZ�LV�GLVSOD\HG�ZLWK�D�VXUURXQGLQJ�IUDPH��ZKLFK
DOORZV� SRVLWLRQLQJ� DQG� UHVL]LQJ� YLD� GUDJJLQJ� RI� WKH� HGJHV
UHVSHFWLYH�FRUQHUV�

-� 0D[LPL]HG� ZLQGRZV� GR� QRW� KDYH� WKH� IUDPH� RI� �'� ZLQGRZV�
HIIHFWLYHO\� FRQVXPLQJ� WKH� ZKROH� GLVSOD\� YROXPH�� 6LQFH� RQO\� RQH
DSSOLFDWLRQ� ZLQGRZ� PD\� EH� GLVSOD\HG� LQ� WKLV� VWDWH�� PD[LPL]LQJ
IRUFHV�DOO�XVHUV�WR�ZRUN�ZLWK�WKH�VDPH�DSSOLFDWLRQ�

2XWSXW�FRQWH[W�PXOWLSOLFLW\�LV�VWUDLJKW�IRUZDUG�DV�DOO�XVHUV�FDQ�VHH�DOO
ZLQGRZV��$Q� DSSOLFDWLRQ�ZLVKLQJ� WR� GLVSOD\�PXOWLSOH� RXWSXW� FRQWH[W
VLPSO\� FUHDWHV�PXOWLSOH�ZLQGRZV� DQG� DVVRFLDWHV� WKH� GHVLUHG� FRQWH[W
ZLWK� LW�� 0DLQWDLQLQJ� KRPRJHQHRXV� RXWSXW� FRQWH[WV� VLPSO\� UHTXLUHV
WKDW�WKRVH�DSSOLFDWLRQ�PHWKRGV�WKDW�PDQDJH�ZLQGRZ�FRQWHQW�DUH�SD�
UDPHWHUL]HG� E\� ZLQGRZ�� 7R� VLPSOLI\�08$� GHYHORSPHQW�� DSSOLFDWLRQ
SURJUDPPHUV� FDQ� VXEFODVV� D� IRXQGDWLRQ� FODVV� WKDW� DOUHDG\� HQFDSVX�
ODWHV�VXFK�EHKDYLRU�

������ ,QSXW�&RQWH[WV

$�3,3�VKHHW�DV�DQ�LQSXW�FRQWH[W�KDV�ERWK�DQ�LPSRUWDQW�IXQFWLRQ�DV�D
PHDQV� RI� LQWHUDFWLRQ� DV�ZHOO� DV� D� YLVXDO� UHSUHVHQWDWLRQ�� 3,3� VKHHWV
DUH� WKHUHIRUH� UHDOL]HG� DV� 2,9� VFHQH� JUDSKV� PRVWO\� FRPSRVHG� RI
6WXGLHUVWXEH�LQWHUDFWLRQ�ZLGJHWV��VXFK�DV�EXWWRQV�HWF����+RZHYHU��WKH
VFHQH� JUDSK� PD\� DOVR� FRQWDLQ� SDVVLYH� JHRPHWU\� �H��J��� �'� DQG� �'
LFRQV��WKDW�DUH�XVHIXO�WR�FRQYH\�XVHU�LQWHUIDFH�VWDWH�RU�PHUHO\�DV�GHFR�
UDWLRQ�

,Q�JHQHUDO��WKH�LQWHUQDO�VWDWH�RI�ZLGJHWV�GHSHQGV�RQ�WKH�FRQWH[W��L��H�
LW�LV�SDUDPHWHUL]HG�E\�XVHU�DQG�ZLQGRZ��$�FRQWH[W�VZLWFK�FDQ�KDYH�DQ
LPSDFW�RQ�WKH�YLVXDO�UHSUHVHQWDWLRQ�RI�D�ZLGJHW��H��J���FXUUHQW�SRVLWLRQ
RI� D� VOLGHU�� DQG� WKHUHIRUH� UHTXLUHV� D�ZLGJHWV� WR� EH� UHQGHUHG�XVLQJ� D
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GLIIHUHQW� LQWHUQDO� VWDWH�� $FWLYH� FRQWH[W� VZLWFKHV� RFFXU� LI� D� XVHU
FKDQJHV�WKH�ZLQGRZ�IRFXV��3DVVLYH�FRQWH[W�VZLWFKHV�RFFXU���XQQRWLFHG
E\�WKH�XVHUV��LI�WKH�V\VWHP�SURJUHVVHV�IURP�RQH�XVHU�WR�WKH�QH[W�DV�DOO
XVHUVª�YLHZV�RI�WKH�HQYLURQPHQW�DUH�UHQGHUHG�LQ�WXUQ�

,QSXW� UHFHLYHG� IURP� D� ZLGJHW� �VXFK� DV� WULJJHULQJ� RI� D� EXWWRQ�� ZLOO
XVXDOO\�EH�DGGUHVVHG�DW� WKH�FXUUHQWO\� IRFXVHG�ZLQGRZ��+RZHYHU�� WKH
VHPDQWLFV�RI�DQ\�LQWHUDFWLRQ�YLD�ZLGJHWV�LV�GHSHQGHQW�RQ�WKH�DSSOLFD�
WLRQ�DQG�FDQ�WKHUHIRUH�QRW�EH�SUHGHWHUPLQHG��)RU�H[DPSOH��DQ�RSHUD�
WLRQ�PD\�DIIHFW�DOO�ZLQGRZV�UDWKHU�WKDQ�RQO\�WKH�DFWLYH�RQH�

8SRQ�WKH�FUHDWLRQ�RI�D�3,3�VKHHW��DQ�DSSOLFDWLRQ�PD\�DOVR� LQGLFDWH
WKDW�WKH�VWDWH�RI�SDUWLFXODU�ZLGJHW�LV�WR�EH�VKDUHG�E\�DOO�ZLQGRZV��SHU
XVHU��� DOO� XVHUV�� RU� DOO�ZLQGRZV� DQG� XVHUV�� $Q\� RI� WKHVH� VKDULQJ� RS�
WLRQV�VLPSO\�UHVXOWV�LQ�IHZHU�VWDWHV�SHU�ZLGJHW�DQG�LV�WULYLDOO\�LPSOH�
PHQWHG�

1RWH�WKDW�LQ�SULQFLSOH�WKH�VDPH�RSWLRQV�IRU�VKDULQJ�QRW�RQO\�DSSO\�WR
LQWHUIDFH�VWDWH��EXW�DOVR�WR�GDWD�UHSUHVHQWLQJ�WKH�LQWHUQDO�VWDWH�RI�WKH
DSSOLFDWLRQ��+RZHYHU��RXU�IUDPHZRUN�FXUUHQWO\�RQO\�VXSSRUWV�PXOWLSOH
FRQWH[WV�RQ�WKH�LQWHUIDFH�OHYHO��,W�LV�WKH�DSSOLFDWLRQV�UHVSRQVLELOLW\�WR
PDQDJH�FRQWH[W�VZLWFKHV�RI�LQWHUQDO�VWDWH�

1DWXUDOO\��DQ\�ZLGJHW�VKDUHG�E\�PXOWLSOH�XVHUV� LV� LPSOLFLWO\� ORFNHG
GXULQJ� LWV� RSHUDWLRQ�E\� WKH�XVHU�ZKR� LQLWLDWHG�PDQLSXODWLRQ�� WR� SUH�
YHQW� HUURUV� DQG� XQGHVLUHG� EHKDYLRU� UHVXOWLQJ� IURP� FRQWHQWLRQ� DQG
UDFH�FRQGLWLRQV�

������ 6WXGLHUVWXEH�0DQDJHU�&ODVVHV

7KH� PDQDJHU� FODVV� LQ� 6WXGLHUVWXEH� :RUNVSDFH� JLYH� DFFHVV� WR� KLJK�
OHYHO�LQWHUDFWLRQ�FRQFHSWV��:KLOH�WKH�EDVLF�LQWHUDFWLRQ�HOHPHQW�FODVVHV
LPSOHPHQW�ZLGJHWV�OLNH�VOLGHUV��EXWWRQV�RU��'2)�GUDJJHUV�DQG�GR�QRW
GHSHQG�RQ�DQ\�LQWHUDFWLRQ�FRQFHSWV�EHVLGHV�WKH��'�HYHQW�V\VWHP��VHF�
WLRQ������� WKHVH� FODVVHV� LPSOHPHQW� WKH� VSHFLILF� :RUNVSDFH� FRQFHSWV
OLNH�VXSSRUW�IRU�PXOWLSOH�DSSOLFDWLRQ��PXOWLSOH�ZLQGRZV�DQG�PXOWLSOH
XVHUV�
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������ $SSOLFDWLRQ�0DQDJHU

7KH�:RUNVSDFH�MRE�PDQDJHPHQW�DOORZV�ORDGLQJ�D�QHZ�DSSOLFDWLRQ�LQWR
:RUNVSDFH�DQG�VWDUWLQJ�DQG�VWRSSLQJ�RI�DSSOLFDWLRQV��7KLV�IXQFWLRQ�LV
PRVWO\�XVHG�E\� WKH�DSSOLFDWLRQ� ORDGHU�VKHHW� �VHFWLRQ������EXW�PD\�EH
XVHG� E\� DQ\� DSSOLFDWLRQ� WR� VWDUW� D� KHOSHU� DSSOLFDWLRQ� OLNH� DQ� REMHFW
YLHZHU�RU�WR�VWRS�DQRWKHU�DSSOLFDWLRQ��6WDUWLQJ�DQG�VWRSSLQJ�DSSOLFD�
WLRQV�KDV�WR�EH�H[HFXWHG�V\QFKURQRXVO\��EHWZHHQ�VFUHHQ�XSGDWHV��ZLWK
WKH� DSSOLFDWLRQ�� ZKLFK� WKH� DSSOLFDWLRQ� PDQDJHU� DFKLHYHV� WKLV� E\
VHQGLQJ� DQ� (;,7� PHVVDJH� YLD� WKH� PHVVDJH� PDQDJHU� �VHFWLRQ������
8SRQ�UHFHLYLQJ�WKLV�PHVVDJH��WKH�DSSOLFDWLRQ�PD\�SHUIRUP�QHFHVVDU\
FOHDQ�XS�IXQFWLRQV�DQG�WKHQ�H[LW�

������ 5HVRXUFH�0DQDJHU

7KH�:RUNVSDFH�UHVRXUFH�PDQDJHPHQW�LPSOHPHQWV�LQTXLU\�DQG�VHWWLQJ
RI�:RUNVSDFH�DQG�GHYLFH�DWWULEXWHV�DV�OLVWHG�LQ�7DEOH���

UHVRXUFH DWWULEXWHV

ZRUNVSDFH GLPHQVLRQV�

QXPEHU�RI�XVHUV

SHQ DVVRFLDWHG�XVHU�

JHRPHWU\

+0' DVVRFLDWHG�XVHU�

JHRPHWU\�

FDOLEUDWLRQ

3,3 DVVRFLDWHG�XVHU�

JHRPHWU\�

VKHHWV�

DFWLYH�SURSHUWLHV�

�ILVKQHW��VQDSVKRW�

7DEOH����UHVRXUFH�DWWULEXWHV

6RPH�RI� WKLV�DWWULEXWHV�� OLNH�3,3�VKHHWV�DQG�SHQ�JHRPHWU\��DUH�REYL�
RXVO\�XVHG�E\�PRVW�DSSOLFDWLRQV��EXW�VRPH�RI�WKHP��OLNH�QXPEHU�RI�XV�
HUV��FRQFHUQ�RQO\�08$V��+0'�JHRPHWU\�IRU�H[DPSOH�LV�RQO\�VHW�ZKHQ
DQ�DSSOLFDWLRQ�ZDQWV�WR�DWWDFK�DXJPHQWHG�LQIRUPDWLRQ�WR�D�XVHU�DQG



��

+0'�FDOLEUDWLRQ�RQO\�LV�DFFHVVHG�E\�WKH�:RUNVSDFHV�FDOLEUDWLRQ�XWLO�
LW\�

7KH� DELOLW\� WR� DWWDFK� DFWLYH� FRPSRQHQWV� WR� D� 3,3� VKHHW� DV� GHPRQ�
VWUDWHG� LQ� WKH� ODQGVFDSLQJ� DSSOLFDWLRQ� �VHFWLRQ������ LQ� WKH� IRUP� RI� D
§ILVKQHW¨� �� WR�VHOHFW�E\� VZHHSLQJ� �)LJXUH������ RU� WR�XVH� LW�DV�D�PDJLF
OHQV��)LJXUH�����FDQ�EH�DFFHVVHG�YLD�WKLV�PDQDJHU�

������ :LQGRZ�0DQDJHU

7KH� :RUNVSDFH� ZLQGRZ� PDQDJHPHQW� LPSOHPHQWV� WKH� FUHDWLRQ� DQG
GHVWUXFWLRQ�RI�ZLQGRZ�REMHFWV�DQG�WKH�VHWWLQJ�RI�ZLQGRZ�DWWULEXWHV�

&DOOEDFN� IXQFWLRQV� IRU� UHQGHULQJ� DQG� HYHQW� SURFHVVLQJ� DQG� H[WHQ�
VLRQV�OLNH�§GUDJ�DQG�GURS¨�EHWZHHQ�ZLQGRZV�FDQ�EH�VSHFLILHG�YLD�WKLV
PDQDJHU�

ZLQGRZ�DWWULEXWH FRQWHQW

IRFXV RQ���RII

WLWOH�EDU�GLVSOD\ RQ��RII

UHSUHVHQWDWLRQ PLQLPL]HG���'�

�'��PD[LPL]HG

FXUVRU FXUVRU�JHRPHWU\

7DEOH�����'�ZLQGRZ�DWWULEXWHV

7KH� ZLQGRZ� PDQDJHU� IXUWKHUPRUH� PDQDJHV� WKH� VWDWHV� RI� WKH� GLV�
SOD\HG� ZLQGRZV�� 7KH�PRVW� LPSRUWDQW� DWWULEXWHV� RI� �'� ZLQGRZV� DUH
OLVWHG�LQ�7DEOH���

7KH�UHSUHVHQWDWLRQ�RI�D��'�ZLQGRZ�FDQ�EH�PD[LPL]HG���'�ZLQGRZ���'
ZLQGRZ�RU�PLQLPL]HG�

-� 0LQLPL]HG�ZLQGRZV�DUH�RQO\�DFFHVVLEOH�YLD� LWV�DSSOLFDWLRQ� LFRQ� LQ
WKH�DSSOLFDWLRQ� ORDGHU�DQG� FRQVXPH�QR� VSDFH� LQ� WKH�ZRUNLQJ� YRO�
XPH�

-� �'�ZLQGRZV�DUH�GLVSOD\HG�DV�D�IODW�IUDPH�WKURXJK�ZKLFK�WKH�DSSOL�
FDWLRQV�JHRPHWU\�FDQ�EH�VHHQ�
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-� �'��QRUPDO��ZLQGRZ�LV�GLVSOD\HG�ZLWK�D�VXUURXQGLQJ�IUDPH��ZKLFK
DOORZV� SRVLWLRQLQJ� DQG� UHVL]LQJ� YLD� GUDJJLQJ� RI� WKH� HGJHV� UHVSHF�
WLYH�FRUQHUV�

-� 0D[LPL]HG�ZLQGRZV�GR�QRW�KDYH� WKH� IUDPH�RI��'�ZLQGRZV�� HIIHF�
WLYHO\�FRQVXPLQJ�WKH�ZKROH�GLVSOD\�YROXPH��6LQFH�RQO\�RQH�DSSOL�
FDWLRQ�ZLQGRZ�PD\�EH�GLVSOD\HG� LQ� WKLV� VWDWH��PD[LPL]LQJ� IRUFHV
DOO�XVHUV�WR�ZRUN�ZLWK�WKH�VDPH�DSSOLFDWLRQ�

'LVSOD\LQJ�DQ�DSSOLFDWLRQ�LQ�D��'�ZLQGRZ�UHGXFHV�VSDFH�FRQVXPSWLRQ
WRR��EXW�VWLOO�DOORZV�YLHZLQJ� WKH�DSSOLFDWLRQV�GLVSOD\� LQ�UHDOWLPH��$OO
DSSOLFDWLRQ�RXWSXW�LV�VWLOO�UHQGHUHG�LQ��'��WKHUHE\�JHQHUDWLQJ�WKH�HI�
IHFW� RI� ZDWFKLQJ� LW� WKURXJK� D� §ZLQGRZ� LQ� VSDFH¨� RU� §PDJLF� PLUURU¨�
ZKLFK� FDQ� EH� SODFHG� OLNH� D� IUDPHG� SLFWXUH� VRPHZKHUH� LQ� WKH�:RUN�
VSDFH��7KLV�PHFKDQLVP�LV�YHU\�HIILFLHQW�ZKHQ�DQ�DSSOLFDWLRQV�RXWSXW
KDV� WR� EH� ZDWFKHG� ZKLOH� ZRUNLQJ� LQ� DQRWKHU� ZLQGRZ�� ,W� LV� LPSOH�
PHQWHG�XVLQJ�RXU�6($0�LQWHUDFWLRQ�HOHPHQW����,QWHUDFWLRQ�ZLWK�DS�
SOLFDWLRQV�LQ�WKLV�VWDWH�FDQ�RQO\�EH�DFFRPSOLVKHG�YLD�WKH�3,3�

������ 0HVVDJH�0DQDJHU

7KH�:RUNVSDFH�DSSOLFDWLRQ�OHYHO�PHVVDJH�SDVVLQJ�LPSOHPHQWV�D�JHQ�
HUDO�FRPPXQLFDWLRQ�PHFKDQLVP�EHWZHHQ�VWXGLHUVWXEH�:RUNVSDFH�RE�
MHFWV�� PDLQO\� EHWZHHQ� DSSOLFDWLRQV� WKHPVHOYHV� RU� EHWZHHQ� DSSOLFD�
WLRQV�DQG�PDQDJHUV��WDEOH����
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6\VWHP� HYHQWV� LPSOHPHQW� WDVN� PDQDJHPHQW� DQG� DUH� JHQHUDWHG� E\
WKH� DSSOLFDWLRQ� PDQDJHU� �VHFWLRQ������� 7KH\� DUH� URXWHG� WR� VSHFLDO
PHWKRGV�RI�WKH�DSSOLFDWLRQ��:LQGRZ�DQG�DSSOLFDWLRQ�PHVVDJHV� �7DEOH
���DUH�JHQHUDWHG�E\�WKH�ZLQGRZ�PDQDJHU�RU�DQRWKHU�DSSOLFDWLRQ�DQG
DUH� SDVVHG� WKURXJK� WKH� VSHFLILHG� UHFHLYHU� ZLQGRZV� ZLQGRZ�IXQFWLRQ
�VHFWLRQ������

0RVW� RI� WKHVH� PHVVDJHV� DUH� IDPLOLDU� IURP� FRQYHQWLRQDO� �'� ZLQGRZ
PDQDJHUV��RQO\� WKHLU�DGGLWLRQDO�TXDOLILHUV�GLVWLQJXLVK� WKHP� IURP��'
HYHQWV��7KH�LQWURGXFWLRQ�RI�UHDO��'�FRRUGLQDWHV�DQG�XVHU�LGHQWLILFDWLRQ
HQDEOH�WKH�IXOO�IXQFWLRQDOLW\�RI�0XOW�8VHU�DZDUH�$SSOLFDWLRQV��VHFWLRQ
�����

0HVVDJH 'HVFULSWLRQ 5HFHLYHU

:0B5(6,=( ZLQGRZ�KDV�EHHQ�UHVL]HG ZLQGRZ

:0B&/26( ZLQGRZ�KDV�EHHQ�FORVHG ZLQGRZ

:0B(9(17 �'�HYHQW�KDV�RFFXUUHG�LQ�ZLQGRZ ZLQGRZ

:0B:,1'2:B*27B)2&86 ZLQGRZ�KDV�ORVW�D�XVHUªV�IRFXV ZLQGRZ

:0B:,1'2:B/267B)2&86 ZLQGRZ�KDV�JRW�D�XVHUªV�IRFXV ZLQGRZ

$0B6+87B'2:1 DSSOLFDWLRQ�LV�EHLQJ�VKXW�GRZQ DSSOLFDWLRQ

$0B5(029(B$33/,&$7,21 UHTXHVW�WR�VKXW�GRZQ�DQ�DSSOLFDWLRQ $SS��PDQDJHU

$0B$33B72B)25(*5281' FDOOHG�ZKHQ� D� XVHU� FKDQJHV� WR� DQ�

RWKHU�DSSOLFDWLRQ

DSSOLFDWLRQ

$0B$33B72B%$&.*5281' FDOOHG�ZKHQ� D� XVHU� FKDQJHV� WR� DQ�

RWKHU�DSSOLFDWLRQ

DSSOLFDWLRQ

00B'(/,9(5<B5(3257 GHOLYHU\�UHVXOW�RI�D�PHVVDJH�VHQW�E\

DQ�DSSOLFDWLRQ

DSSOLFDWLRQ

7DEOH����VHOHFWHG�6WXGLHUVWXEH�:RUNVSDFHªV�PHVVDJHV
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��)DVW�&DOLEUDWLRQ�IRU�$XJPHQWHG�5HDOLW\

���� 2YHUYLHZ

$XJPHQWHG�5HDOLW\�RYHUOD\V�FRPSXWHU�JHQHUDWHG�LPDJHV�RYHU�WKH�UHDO
ZRUOG��7R� FRUUHFWO\�GHSLFW� VSDWLDO� UHODWLRQV� EHWZHHQ� UHDO� DQG� YLUWXDO
REMHFWV�� WKHVH� LPDJHV� KDYH� WR� EH� JHQHUDWHG� XVLQJ� WUDQVIRUPDWLRQV
ZKLFK�FRUUHFWO\�SURMHFW�D�SRLQW�LQ�YLUWXDO�VSDFH�RQWR�LWV�FRUUHVSRQGLQJ
SRLQW�LQ�WKH�UHDO�ZRUOG��)LJXUH�����

)LJXUH�����$XJPHQWHG�3HUVRQDO�,QWHUDFWLRQ�3DQHO

�LQVHW�PLVFDOLEUDWHG�

7KLV�UHTXLUHV�SUHFLVH�NQRZOHGJH�RI�WKH�YLHZLQJ�SURMHFWLRQ�RI�WKH�KHDG�
PRXQWHG� GLVSOD\� �+0'�� DQG� LWV� SRVLWLRQ�� 0HWKRGV� WR� FDOLEUDWH� WKH
SURMHFWLRQ�SDUDPHWHUV�RI�WKH�YLUWXDO�FDPHUDV�WR�WKDW�RI�WKH�+0'�KDYH
EHHQ�SUHVHQWHG�LQ�SUHYLRXV�ZRUN��VHFWLRQ�������0RVW�RI�WKHVH�PHWKRGV
DUH�FRPSOLFDWHG�RU�XVH�VSHFLDO�HTXLSPHQW�IRU�WKH�FDOLEUDWLRQ�SURFHVV�

:H�SUHVHQW�D�VLPSOH�DQG�IDVW�FDOLEUDWLRQ�VFKHPH��ZKLFK�GRHV�QRW�UH�
TXLUH�DGGLWLRQDO� LQVWUXPHQWDWLRQ�RU�FRPSOLFDWHG�SURFHGXUHV��7KLV�DO�
ORZV�XV�WR�FDOLEUDWH�+0'V�IRU�VSHFLILF�XVHUV��7KH�FDOLEUDWLRQ�SURFHVV�LV
SUHVHQWHG�WR�WKH�XVHU�DV�LQWHUDFWLYHO\�JXLGHG�LQLWLDOL]DWLRQ�VWHS��ZKLFK
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HQDEOHV�HYHQ�LQH[SHULHQFHG�XVHUV�WR�DGDSW�WKH�FDOLEUDWLRQ�WR�WKHLU�H\H
GLVWDQFH�DQG�KHDG�JHRPHWU\�

7KH� FDOLEUDWLRQ� LV� VWDEOH� ��PHDQLQJ� WKDW� VOLJKW� HUURUV�PDGH� E\� WKH
XVHU� GR� QRW� UHVXOW� LQ� JURVV�PLVFDOLEUDWLRQV� �� DQG� DSSOLFDEOH� IRU� VHH�
WKURXJK�DQG�YLGHR�EDVHG�+0'V��$GGLWLRQDOO\�ZH� VKRZ�D�PHWKRG� IRU
FRUUHFWLQJ�WKH�GLVWRUWLRQV�LQWURGXFHG�E\�WKH�FDPHUD� OHQV� LQ�UHDO�WLPH
XVLQJ�VWDQGDUG�2SHQ*/�KDUGZDUH�DQG�IRU�UHJLVWHULQJ�WUDFNHG�REMHFWV
WR�WKHLU�DXJPHQWDWLRQV�

���� ,QWURGXFWLRQ

9LUWXDO�(QYLURQPHQWV� �9(V��SUHVHQW� WR� WKH�XVHU� FRPSXWHU�JHQHUDWHG
LPDJHV�LQ�WKH�VDPH�ZD\�D�UHDO�HQYLURQPHQW�ZRXOG�EH�SHUFHLYHG��HDFK
H\H�SHUFHLYHV�DQ�LPDJH�GHSHQGLQJ�RQ�LWV�SRVLWLRQ�DQG�WKH�GLUHFWLRQ�RI
YLHZ��7KHVH�LPDJHV�DUH�JHQHUDWHG�DFFRUGLQJ�WR�WKH�XVHUV�KHDGV�SRVL�
WLRQ� LQ�VSDFH��7KH�SRVLWLRQ� LV� WUDFNHG�E\�VSHFLDO� VHQVRUV�DQG�XVHG� WR
PRYH�WKH�YLUWXDO�FDPHUDV�LQVLGH�WKH�9(�DFFRUGLQJO\�

6OLJKW�HUURUV�LQ�WKLV�SURFHVV���LQWURGXFHG�E\�HUURQHRXV�PHDVXUHPHQWV
RU�ZURQJO\� GHILQHG� FDPHUD� SDUDPHWHUV� �� UHVXOW� LQ� GLVWRUWLRQV� RI� WKH
YLHZ�SUHVHQWHG�WR�WKH�XVHU��OLNH�D�ZURQJ�SHUVSHFWLYH�RU�SDUDOOD[��JLY�
LQJ�D�IDOVH�DSSDUHQW�SRVLWLRQ�RI� WKH�YLUWXDO�REMHFWV��$GGLWLRQDO�HUURUV
DUH�LQWURGXFHG�ZKHQ�WKH�FDPHUD�PRGHO�XVHG�IRU�JHQHUDWLQJ�WKH�YLUWXDO
LPDJHV� GRHV� QRW� FRQWDLQ� SDUDPHWHUV� IRU� VLPXODWLQJ� WKH� GLVWRUWLRQ� RI
WKH� UHDO� FDPHUDV� OHQV� �)LJXUH� ����� 0RVW� KDUGZDUH� DFFHOHUDWHG� UHQ�
GHULQJ� ¥� H�J�� 2SHQ*/� >:RR����@� ¥� LV� GRQH� XVLQJ� D� VLPSOH� FDPHUD
PRGHO�ZKLFK�GRHV�QRW�WDNH�OHQV�GLVWRUWLRQV�LQWR�DFFRXQW�



��

)LJXUH�����/HQV�GLVWRUWLRQ��UHG�OLQHV�UHQGHUHG�ZLWK�LGHDOL]HG�FDPHUD�

:KLOH� WKHVH�GLVWRUWLRQV�DUH� RQO\�DQQR\LQJ� LQ�DQ� LPPHUVLYH� VHWXS� �
ZKHUH� WKH�XVHU�RQO\�SHUFHLYHV� WKH�YLUWXDO� HQYLURQPHQW� �� WKH\� FDQ� LQ
PDQ\�FDVHV�EH�RYHUFRPH��7KH�KDQG�WR�H\H�FRRUGLQDWLRQ�RI�WKH�XVHU�IRU
H[DPSOH� DGDSWV� WR� WKH� DOWHUHG� YLVXDO� IHHGEDFN� JLYHQ� E\� WKH� YLUWXDO
LPDJH� RI� WKH� KDQG�� 1HYHUWKHOHVV� UHVXOWLQJ� GLIIHUHQFHV� EHWZHHQ� WKH
YLVXDO� DQG� WKH� NLQHVWKHWLF� VHQVH� PD\� UHVXOW� LQ� PRWLRQ� VLFNQHVV
>3DXVFK����@�

,Q�$XJPHQWHG�5HDOLW\� >)HLQHU����@��ZKHUH� FRPSXWHU� JHQHUDWHG� LP�
DJHV�RYHUOD\�WKH�XVHUV�YLHZ�RI�WKH�UHDO�VXUURXQGLQJV��VXFK�GLVWRUWLRQV
FDQQRW�EH�WROHUDWHG��:KHQ�D�XVHU�SHUFHLYHV�WZR�GLIIHUHQW�ORFL�RI�LQWHU�
DFWLRQ��RQH�JLYHQ�E\�WKH�UHDO�LPDJH�RI�KLV�KDQG�DQG�RQH�E\�WKH�YLUWXDO
LPDJH�RQ�D�GLIIHUHQW�SRVLWLRQ��WKH�SHUFHLYHG�FOXHV�FRQIOLFW�DQG�KDQG�WR�
H\H�FRRUGLQDWLRQ�LV�VHYHUHO\�LPSDLUHG�

,Q� )LJXUH� ��� WKH� 3HUVRQDO� ,QWHUDFWLRQ� 3DQHO� >6]DODYiUL����@� LV
VKRZQ��D�VLPSOH�WUDFNHG�ERDUG��ZKLFK�LV�DXJPHQWHG�ZLWK�LQWHUDFWLRQ
HOHPHQWV�WR�DFW�DV�D�NLQG�RI� LQVWUXPHQW�SDQHO� IRU�FRQWUROOLQJ�WKH�SD�
UDPHWHUV� RI� D� VFLHQWLILF� YLVXDOL]DWLRQ�� 7KH� ELJ� LPDJH� VKRZV� FRUUHFW
RYHUODLG� FRPSXWHU� JUDSKLFV�� WKH� LQVHW� D� VOLJKW� PLVDOLJQPHQW� DV� GH�
VFULEHG�DERYH��&OHDUO\�FRQWUROOLQJ�D�YLUWXDO�VOLGHU�ZKLOH�VHHLQJ�WKH�UHDO
DQG�YLUWXDO�SHQ�LQ�GLIIHUHQW�SODFHV�LV�LUULWDWLQJ�DQG�OHDGV�WR�SUREOHPV
ZKHQ�LQWHUDFWLQJ�ZLWK�WKH�YLUWXDO�LQSXW�HOHPHQWV�
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7R�JXDUDQWHH�WKH�QHFHVVDU\�FRUUHFW�DOLJQPHQW�RI�UHDO�DQG�YLUWXDO�HQ�
YLURQPHQW��VRPH�SUHUHTXLVLWHV�KDYH�WR�EH�IXOILOOHG��,Q�WKLV�FKDSWHU�ZH
SUHVHQW�VLPSOH�VROXWLRQV�IRU�WZR�RI�WKH�PRVW�LPSRUWDQW�JRDOV�

-� +0'�FDOLEUDWLRQ��FDOLEUDWLRQ�RI�YLUWXDO�FDPHUD�

-� DOLJQPHQW�RI�YLUWXDO�WR�UHDO�REMHFWV

6HYHUDO� DSSURDFKHV� KDYH� EHHQ� SURSRVHG� LQ� WKH� SDVW� WR� DWWDFN� WKH
SUREOHPV�RI� FDOLEUDWLRQ�DQG� UHJLVWUDWLRQ� �VHFWLRQ�������+RZHYHU�� WKH\
DUH�JHQHUDOO\�QRW�GHVLJQHG�WR�EH�RSHUDWHG�E\�XQWUDLQHG�XVHUV��7KLV�LV
D� IXQGDPHQWDO� SUREOHP�DV� HYHU\�XVHU� LV� GLIIHUHQW�� DQG� FRQVHTXHQWO\
VRPH�SHU�XVHU�VHWXS�LV� LQHYLWDEOH�IRU�KLJK�UHVROXWLRQ�$5��+RZHYHU��D
FRPSOH[� RU� FXPEHUVRPH� SURFHVV� ZLOO� ODFN� XVHU� DFFHSWDQFH� DQG� ZLOO
PRVWO\�EH�LJQRUHG�

,I�DXJPHQWHG�UHDOLW\�LV�WR�EH�GHSOR\HG�RXWVLGH�RI�UHVHDUFK�ODEV��SUR�
FHGXUHV�PXVW�EH� VLPSOH�DQG�PD\�QRW� UHTXLUH� WUDLQHG�RSHUDWRU� LQWHU�
YHQWLRQ�

,Q�WKLV�FKDSWHU��ZH�SUHVHQW�D�VLPSOH��VWDEOH�DQG�LQWHUDFWLYH�PHWKRG
WR�LPSOHPHQW�FDPHUD�FDOLEUDWLRQ��7KH�PHWKRG�UHTXLUHV�OLWWOH�HIIRUW�RQ
WKH�VLGH�RI�WKH�XVHU�DQG�VKRXOG�WKXV�EH�PRUH�DSSHDOLQJ�WR�QRYLFH�XVHUV
DQG� H[SHUWV� LQ� SUROLIHUDWHG� ODE� SUDFWLFH� DOLNH�� ,W� LV� XVDEOH� IRU� VHH�
WKRXJK�+0'V��GRHV�QRW�UHTXLUH�DGGLWLRQDO�KDUGZDUH��DQG�LV�QXPHUL�
FDOO\�VWDEOH��)XUWKHUPRUH�D�IDVW�VROXWLRQ�IRU�WKH�FRUUHFW�DOLJQPHQW�RI
UHDO�DQG�YLUWXDO�REMHFWV�LV�SUHVHQWHG�

���� 5HJLVWUDWLRQ�LQ�$XJPHQWHG�5HDOLW\

7KH� DOLJQPHQW� RI� YLUWXDO� REMHFWV� DQG� WKHLU� DVVRFLDWHG� UHDO� FRXQWHU�
SDUWV�LV�FDOOHG�UHJLVWUDWLRQ��7KH�GHVLUHG�UHVXOW�LV�FRUUHFW�UHJLVWUDWLRQ�RI
WKH�LPDJHV�RI�WKH�UHDO�DQG�YLUWXDO�REMHFWV��7R�DFKLHYH�WKLV�DOLJQPHQW�
D�FRXSOH�RI�GLIIHUHQW�FULWHULD�KDYH�WR�EH�IXOILOOHG�

������ &RUUHFW�6HQVRULF�,QSXW

7UDFNLQJ�GDWD���HVSHFLDOO\�GDWD�DFTXLUHG�E\�PDJQHWLFDO�WUDFNHUV�DV�LQ
RXU�FDVH���LV��OLNH�DOO�PHDVXUHPHQWV��SURQH�WR�HUURUV��7LPH�ODJ��QRQOLQ�



��

HDU�GLVWRUWLRQV�DQG�QRLVH�KDYH�WR�EH�FRPSHQVDWHG��RWKHUZLVH�QR�UHJLV�
WUDWLRQ�LV�SRVVLEOH�

7KLV� OLHV� EH\RQG� WKH� VFRSH� RI� WKLV� WKHVLV�� UHOHYDQW� SXEOLFDWLRQV� DUH
>$]XPD������%U\VRQ����E@�

������ 5HJLVWUDWLRQ�RI�5HDO�DQG�9LUWXDO�2EMHFWV

6WDWLRQDU\�DQG�PRYLQJ�UHDO�REMHFWV�LQ�WKH�ZRUNLQJ�YROXPH�ZKLFK�DUH
WR�EH�DXJPHQWHG�KDYH� WR�EH� UHJLVWHUHG� WR� WKHLU�YLUWXDO� FRXQWHUSDUWV�
(�J��WR�DWWDFK�D�YLUWXDO�ODEHO�WR�D�VSHFLILF�SDUW�RI�D�UHDO�PRGHO��WKH�V\V�
WHP� ZRXOG� KDYH� WR� NQRZ� WKH� PRGHOV� SRVLWLRQ� DQG� GLPHQVLRQV�� )RU
PRYLQJ� REMHFWV� WKLV�NQRZOHGJH�KDV� WR� EH� XSGDWHG� LQ� UHDO�WLPH�XVLQJ
WUDFNLQJ�GDWD�

$�VLPSOH�LQWHUDFWLYH�PHWKRG�IRU�UHJLVWHULQJ�YLUWXDO�WR�UHDO�JHRPHWU\
LV�GLVFXVVHG�LQ�VHFWLRQ�����

������ &DPHUD�&DOLEUDWLRQ

7R�DFKLHYH�LPDJH�UHJLVWUDWLRQ��PHDQLQJ�DOLJQPHQW�RI�UHDO�DQG�YLUWXDO
ZRUOG�ZKHQ�SURMHFWHG�RQ�WKH�UHWLQDH�RI�WKH�XVHU��ZH�DOVR�QHHG�D�SUH�
FLVH�GHVFULSWLRQ�RI�WKH�SURMHFWLRQ�IURP�WKH�UHDO�ZRUOG�RQWR�HDFK�UHWLQD�
7KLV�VWHS��FDOOHG�FDPHUD�FDOLEUDWLRQ�IRU�WKH�UHPDLQGHU�RI�WKLV�FKDSWHU�
KDV�WR�GHWHUPLQH�WKH�LQWULQVLF�DQG�H[WULQVLF�SDUDPHWHUV�RI�WKH�YLUWXDO
FDPHUD�ZKLFK�KDV�WR�PLPLF�WKH�SURMHFWLRQ�RI�WKH�UHDO�HQYLURQPHQW�

,Q�WKH�FRXUVH�RI�WKLV�FKDSWHU��D�VLPSOH��VWDEOH�DQG�LQWHUDFWLYH�PHWKRG
WR� LPSOHPHQW� FDPHUD� FDOLEUDWLRQ� LV� SUHVHQWHG��:KLOH� VSHFLILFDOO\� GH�
YHORSHG� IRU� RXU� VKDUHG� DXJPHQWHG� HQYLURQPHQW� 6WXGLHUVWXEH�� WKH
FDOLEUDWLRQ�SURFHGXUH� LV�JHQHUDOO\�DSSOLFDEOH�ZKHUHYHU�TXLFN�DGDSWD�
WLRQ�RI�FDPHUD�SDUDPHWHUV�WR�D�VSHFLILF�XVHU�LV�DVNHG�IRU�



��

���� 3UHYLRXV�:RUN

������ 3KRWRJUDPPHWULF�$SSURDFKHV

,Q� SKRWRJUDPPHWULF� FDPHUD� FDOLEUDWLRQV� >7VDL������ )DXJHUDV�����
-DQLQ������ 7XFHU\DQ����@�� DV� XVHG� LQ� GDWD� H[WUDFWLRQ� IURP� DHULDO
SKRWRV�DQG�FRPSXWHU�YLVLRQ��GDWD�SRLQWV�LQ��'�DQG�WKHLU��'�SURMHFWLRQ
DUH�PHDVXUHG��)URP� WKHVH�TXLQWXSOH�DQ� RSWLPL]DWLRQ�DOJRULWKP�SUR�
GXFHV�FDPHUD�SDUDPHWHUV��LQ�PDQ\�FDVHV�YLD�WKH�LQWHUPHGLDU\�IRUP�RI
DQ�SURMHFWLRQ�PDWUL[�� IURP�ZKLFK� FDPHUD�SDUDPHWHUV� KDYH� WR� EH� H[�
WUDFWHG�DIWHUZDUGV�

7KH�PDLQ� GLVDGYDQWDJH� RI� WKHVH�PHWKRGV�ZKHQ� DSSOLHG� WR� RXU� VFH�
QDULR� OLHV� LQ� WKH� UHODWLYHO\� ODUJH� VDPSOH� RI� GDWD� SRLQWV� WKH\�QHHG� WR
FRQYHUJH� ��������� DQG� WHQGHQF\� WR� EHKDYH� XQVWDEOH�ZKHQ� SUHVHQWHG
ZLWK�HUURQHRXV�GDWD�

������ 'LUHFW�0HDVXUHPHQW�RI�&DPHUD�3DUDPHWHUV

6RPH�SUHYLRXV�DSSURDFKHV�XVH�DGGLWLRQDO�KDUGZDUH�IRU�FDOLEUDWLRQ�

2LVKL�HW�DO��>2LVKL����@�XVH�D��VKRRWLQJ�JDOOHU\���ZKLFK�SUHVHQWV�FDOL�
EUDWLRQ�SDWWHUQV�DW�YDU\LQJ�GLVWDQFHV�WR�WKH�XVHU��ZKRVH�KHDG�KDV�WR
EH�IL[HG�LQ�D�SUHYLRXVO\�GHILQHG�SRVLWLRQ��7KH�XVHU�KDV�WR�WDJ�DOO�WKHVH
SRLQWV�WR�DFKLHYH�FDOLEUDWLRQ�

$]XPD�HW�DO�� >$]XPD����@�XVH�RULHQWDWLRQ�PDUNHUV�RQ�D� FDOLEUDWHG
ER[�� ZKLFK� UHTXLUH� WKH� XVHU� WR� DOLJQ� DW� WKH� VDPH� WLPH� WZR� SDLUV� RI
WKHVH�PDUNHUV�WR�HDFK�RWKHU�DQG�D�YLUWXDO�WR�D�UHDO�FURVVKDLU�WR�GHILQH
WKH�H\H�SRVLWLRQ�DQG�RULHQWDWLRQ��$GGLWLRQDO�PDUNHUV�DOORZ�WKH�PHDV�
XUHPHQW�RI�)29�DQG�DVSHFW�UDWLR�

������ 2EMHFW�5HJLVWUDWLRQ

6WDWLRQDU\�REMHFWV�LQ�WKH�UHDO�HQYLURQPHQW�FDQ�EH�UHJLVWHUHG�RIIOLQH�E\
PHDVXULQJ� WKHLU� SRVLWLRQ� DQG� GLPHQVLRQV� LQ� WKH� WUDFNHU� FRRUGLQDWH
V\VWHP�
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%\�XVLQJ� LPDJH� SURFHVVLQJ� WHFKQLTXHV� >%HUJHU������:KLWDNHU�����
.XWXODNRV����@�WKLV�FDQ�DOVR�EH�GRQH�IRU�PRYLQJ��ULJLG��REMHFWV�GXULQJ
WKH�VLPXODWLRQ��EXW�WKH�QHFHVVDU\�SURFHVVLQJ�SRZHU�DQG�WKH�ORZ�SUHFL�
VLRQ� >:KLWDNHU����@� DQG� WKH� ODFN� RI� WKH� IRU� LQWHUDFWLRQ� QHFHVVDU\
GHSWK� LQIRUPDWLRQ� >%HUJHU����@� SUHFOXGH� XV� IURP� IROORZLQJ� WKLV� DS�
SURDFK��)XUWKHUPRUH�LPDJH�SURFHVVLQJ�PHWKRGV�DUH�RQO\�HDVLO\�DSSOL�
FDEOH�IRU�YLGHR�EDVHG�DXJPHQWHG�HQYLURQPHQWV�DQG�VXIIHU�XQGHU�OLQH�
RI�VLJKW�SUREOHPV�

%HVW� UHVXOWV� KDYH� EHHQ� DFKLHYHG� ZKHQ� XVLQJ� SRLQWHU�EDVHG� REMHFW
UHJLVWUDWLRQ�:KLWDNHU� HW�� DO��� ZKHUH� XVHUV� KDYH� WR� WRXFK� SUHGHILQHG
ODQGPDUNV�RQ�D�UHDO�REMHFW�ZLWK�D�WUDFNHG�SRLQWLQJ�GHYLFH�

/LNH�:KLWDNHU�HW��DO��ZH�DUH�XVLQJ�PDJQHWLFDO�WUDFNHUV�RQ�RXU�PRY�
DEOH�DXJPHQWHG�REMHFWV� �3,3�DQG�WKH�DVVRFLDWHG�SHQ�ZKLFK�DOVR�GRX�
EOHV�DV�D��'2)�PRXVH���0HWKRGV�RI�UHJLVWHULQJ�WKHVH�PRYDEOH�WUDFNHG
REMHFWV�LQ�WKH�$XJPHQWHG�(QYLURQPHQW�DUH�GLVFXVVHG�LQ�VHFWLRQ�����

���� 5HTXLUHPHQWV

,Q�WKH�IROORZLQJ��ZH�GLVFXVV�WKH�UHTXLUHPHQWV�IRU�D�FDOLEUDWLRQ�PHWKRG
WKDW�FDQ�EH�XVHG�IRU�DXJPHQWHG�UHDOLW\�VHWXSV�LQ�HYHU\GD\�VLWXDWLRQV�
0RUH�FRQFUHWHO\��WKLV�VHFWLRQ�DQDO\VHV�UHTXLUHPHQWV�IRU�D�PHWKRG�WKDW
ZKLFK�DOORZV�XQWUDLQHG�XVHUV�WR�FDOLEUDWH�WKH�+0'�WR�WKHLU�SHUVRQDO
SDUDPHWHUV��UHVXOWLQJ�LQ�LPSURYHG�UHJLVWUDWLRQ�

������ 5HGXFHG�8VHU�(IIRUW

$V� VWDWHG� EHIRUH� >$]XPD������ %DMXUD����@� FDOLEUDWLRQ� UHTXLUHV� LQ
PRVW�FDVHV�GLUHFW� LQWHUDFWLRQ�RI� WKH�XVHU��,Q�WKH�VWDWHG�FDVHV�WKLV� LQ�
WHUDFWLRQ� UHTXLUHG� D� SULQFLSDO� XQGHUVWDQGLQJ� RI� ZKDW� GLIIHUHQW� FDOL�
EUDWLRQ� VWHSV� ZHUH� VXSSRVHG� WR� DFKLHYH� �H�J�� FDOLEUDWLRQ� RI� ILHOG�RI�
YLHZ��DQG�FRPSOH[�LQWHUDFWLRQV�ZLWK�WKH�V\VWHP��VHH�VHFWLRQ�������:H
ZDQW� WR� UHGXFH�XVHU� LQWHUDFWLRQ� WR�D�JXLGHG�DSSURDFK��ZKLFK� LQ� IHZ�
VLPSOH� VWHSV� DOORZV� WKH� XVHU� WR� FDOLEUDWH� WKH�+0'�ZLWKRXW� QHHGLQJ
VSHFLDO� WUDLQLQJ�RU�XQGHUVWDQGLQJ��7KLV�DOORZV� IRU� D� VHWWLQJ�ZKHUH�D
KLJK� WKURXJKSXW�RI� GLIIHUHQW�XVHUV� LV� WR� EH� H[SHFWHG�� H�J�� D� VFLHQWLILF
H[KLELWLRQ�RU�D�PXVHXP�
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$V�DQ�H[DPSOH�IRU�D�VLPLODU�FDOLEUDWLRQ�SURFHGXUH�PD\�VHUYH�WKH�MR\�
VWLFN�FDOLEUDWLRQ�RI�PDQ\�FRPSXWHU�JDPHV�� �0RYH� WKH� MR\VWLFN� WR� WKH
IRXU�FRUQHU�SRVLWLRQV�DQG�SUHVV�EXWWRQ�DIWHUZDUGV���,Q�RWKHU�ZRUGV��ZH
ZDQW�WR�PDLQWDLQ�LQWHUDFWLYLW\�ZKLOH�UHGXFLQJ�XVHU�HIIRUW�

������ 8VDEOH�IRU�6HH�7KURXJK�+0'V

:KHQ� XVLQJ� VHH�WKURXJK� +0'V�� ZKLFK� RSWLFDOO\� RYHUOD\� WKH� FRP�
SXWHU� LPDJHV�RYHU� UHDOLW\�� WKH�XVHUV�H\HV� �� VSHFLILFDOO\� WKHLU�SRVLWLRQ
UHODWLYH�WR�WKH�GLVSOD\�VXUIDFH�RI�WKH�+0'���DUH�DQ�LQWHJUDO�SDUW�RI�WKH
UHJLVWUDWLRQ� SUREOHP� DQG� KDYH� WR� EH� WDNHQ� LQWR� DFFRXQW� ZKHQ� FDOL�
EUDWLQJ�WKH�YLUWXDO�FDPHUDV��7R�DFKLHYH�FRUUHFW�UHJLVWUDWLRQ�IRU�D�VSH�
FLILF�XVHU�ZH�KDYH�WR�FDOLEUDWH�WKH�+0'�ZKLOH�LW�LV�EHLQJ�ZRUQ�E\�WKLV
XVHU��(YHQ�VOLJKW�GLIIHUHQFHV�LQ�H\H�GLVWDQFH�DQG�GLVWDQFH�EHWZHHQ�H\H
DQG�RSWLFDO�V\VWHP�RI�WKH�+0'�OHDG�WR�PLVUHJLVWUDWLRQ�

������ 1R�$GGLWLRQDO�+DUGZDUH

3UHYLRXV� DSSURDFKHV� >$]XPD������ 2LVKL����@� PDNH� XVH� DGGLWLRQDO
KDUGZDUH�IRU�FDOLEUDWLRQ��7KH\�GHOLYHU�KLJK�TXDOLW\�FDOLEUDWLRQ�UHVXOWV
DW�WKH�H[SHQVH�RI�D�FRPSOLFDWHG�VHWXS�DQG�FRQVLGHUDEOH�XVHU�HIIRUW�

:H�ZDQW�WR�DYRLG�WKH�XVH�RI�DGGLWLRQDO�KDUGZDUH�DV�IDU�DV�SRVVLEOH�
VLQFH� LW� UDLVHV� DGGLWLRQDO� FDOLEUDWLRQ� SUREOHPV� �+RZ� WR� UHJLVWHU� WKH
FDOLEUDWLRQ� KDUGZDUH� LWVHOI"�� DQG� UHGXFHV�PRELOLW\� RI� WKH�ZKROH� V\V�
WHP�

������ 1XPHULFDOO\�6WDEOH

6LQFH�WKH�SUHFLVLRQ�RI�WKH�FDOLEUDWLRQ�GHSHQGV�RQ�WKH�XVHUV�LQWHUDFWLRQ�
ZH�KDYH� WR� ILQG�D�PHWKRG�ZKLFK� SUHVHQWV� XV�ZLWK� D� VWDEOH� VROXWLRQ�
7KLV�PHDQV� WKDW�HUURUV� LQ�VRPH�RI� WKH� LQSXW�GDWD�SRLQWV� VKRXOG� VWLOO
SURGXFH� D� YLDEOH� VROXWLRQ� DQG� QRW� UHQGHU� WKH� UHVXOWLQJ� FDOLEUDWLRQ
FRPSOHWHO\�XQXVDEOH��7KLV� LQVWDELOLW\�PD\�KDSSHQ�ZKHQ�D�SURMHFWLRQ
PDWUL[�LV�RSWLPL]HG�ZLWKRXW�UHJDUG�WR�LWV�LQKHUHQW�UHGXQGDQFLHV��7KH
UHTXLUHPHQW� RI� UHGXFHG� XVHU� HIIRUW� LPSOLHV� DQ� XSSHU� OLPLW� RI� WKH
DPRXQW�RI�LQSXW�GDWD�ZKLFK�FRXOG�IXUWKHU�LQFUHDVH�LQVWDELOLW\�
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���� &DOLEUDWLRQ�3URFHGXUH

:H� XVH� WKH� XVXDO� SLQKROH� FDPHUD� PRGHO� IRU� FDOLEUDWLRQ�� VLQFH� QRQ�
OLQHDU�OHQV�GLVWRUWLRQV�DUH�WR�EH�UHFWLILHG�LQGHSHQGHQWO\��VHFWLRQ������

7KH�IROORZLQJ�SDUDPHWHUV�KDYH�WR�EH�FDOLEUDWHG�

-� H\H�SRVLWLRQ

-� SRVLWLRQ�RI��PLGGOH�RI��LPDJH�SODQH

-� RULHQWDWLRQ�RI�LPDJH�SODQH

-� DVSHFW�UDWLR

-� �KRUL]RQWDO��ILHOG�RI�YLHZ

2XU�FDPHUD�PRGHO�WDNHV�LQWR�DFFRXQW�WKH�SK\VLFDOO\�GHFRXSOHG�QDWXUH
RI�H\HSRLQW�DQG�LPDJH�SODQH��)LJXUH�����LQ�D�VHH�WKURXJK�+0'��6LQFH
WKH�XVHUV�H\H�JHQHUDOO\�GRHV�QRW�OLH�FHQWHUHG�RYHU�WKH�SURMHFWLRQ�SODQH
QRW�RQO\�WKH�GHWHUPLQDWLRQ�RI�WKH�YLHZLQJ�GLUHFWLRQ�EXW�DOVR�RI�WKH�RUL�
HQWDWLRQ�RI�WKH�LPDJH�SODQH�LV�QHFHVVDU\�

:H�KDYH�LPSOHPHQWHG�D�WZR�VWHS�RSWLPL]DWLRQ�SURFHGXUH��ZKLFK�RS�
WLPL]HV� WKHVH� FDPHUDV�SDUDPHWHUV� IRU� D� JLYHQ� VHW� RI� GDWD�TXLQWXSOH�
(DFK�TXLQWXSOH�FRQWDLQV�WKH��'�FRRUGLQDWHV�RI�RQH�VDPSOH�SRLQW�DQG
LWV��'�SURMHFWLRQ�

7KH�IXOO�FDOLEUDWLRQ�SURFHGXUH�FRQVLVWV�RI�WKH�IROORZLQJ�VWHSV�

��� $FTXLVLWLRQ�RI�&DOLEUDWLRQ�'DWD��7KH�XVHU�VDPSOHV�WKH�SRVLWLRQV�RI
YLUWXDO� PDUNHUV� ZLWK� D� �'2)� LQSXW� GHYLFH� LQ� DQ� LQWHUDFWLYH
SURFHVV�

��� *HRPHWULF� GHWHUPLQDWLRQ� RI� FDPHUD� SDUDPHWHUV�� 8VLQJ� LQKHUHQW
JHRPHWULF� SURSHUWLHV� RI� WKH� DFTXLUHG� GDWD�� D� YLDEOH� VROXWLRQ� LV
GHWHUPLQHG�JHRPHWULFDOO\�

��� 1XPHULFDO�2SWLPL]DWLRQ��$� IXUWKHU�RSWLPL]DWLRQ� VWHS� FDOFXODWHV�D
VROXWLRQ�IRU�RII�D[LV�SURMHFWLRQ�

8VHU� LQWHUDFWLRQ� LV� QRUPDOO\� RQO\� QHFHVVDU\� LQ� VWHS� ��� EXW� H[FHHGHG
HUURU� WROHUDQFHV� LQ�RQH�RI� WKH� IXUWKHU�VWHSV�PD\�SURPSW� WKH�XVHU� IRU
UHHQWU\�RI�VRPH�GDWD�VDPSOHV�
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������ $FTXLVLWLRQ�RI�&DOLEUDWLRQ�'DWD

7KH� SURSHUWLHV� RI� VHH�WKURXJK�+0'V�PDNH� WKHLU� FDOLEUDWLRQ� VLJQLIL�
FDQWO\�GLIIHUHQW�IURP�WKH�FDOLEUDWLRQ�RI�YLGHR�EDVHG�+0'V�

9LGHR�EDVHG�+0'V�DUH�HVVHQWLDOO\� LPPHUVLYH�+0'V�ZLWK�DWWDFKHG
FDPHUDV��7KH� FDPHUDV� VXSSO\� WKH� YLGHR� VWUHDPV�ZKLFK� �� DIWHU� EHLQJ
RYHUODLG�ZLWK�WKH�FRPSXWHU�JHQHUDWHG�LPDJHV���DUH�IHG�LQWR�WKH�+0'V�
&DOLEUDWLRQ� RI� YLGHR�EDVHG� DXJPHQWDWLRQ� >%DMXUD����@� RQO\� GHWHU�
PLQHV� WKH� SDUDPHWHUV� RI� WKH� YLGHR� FDPHUD��'LIIHUHQFHV� EHWZHHQ� WKH
FDPHUDV�SDUDPHWHUV��)29��LQWHUSXSLOODU\�GLVWDQFH��HWF���DQG�WKH�XVHUV
H\HV�DUH�QRW�WDNHQ�LQWR�DFFRXQW��VLQFH�WKH�DOLJQPHQW�RI�UHDO�DQG�YLU�
WXDO�LPDJHV�FDQ�EH�JXDUDQWHHG�LQ�WKH�ILUVW�VWHS��7KH�GLVFUHSDQFLHV�LQ
WKH�FRPSOHWH�V\VWHP�RQO\�UHVXOW� LQ�WKH�VDPH�HIIHFWV�DV� LQ�DQ� LPPHU�
VLYH�9(��DV�GLVFXVVHG�LQ��:K\�FDOLEUDWLRQ��

7KH�DGYDQWDJH�RI�D�YLGHR�EDVHG�$XJPHQWHG�(QYLURQPHQW�LV�WKDW�WKH
YLGHR� LPDJHV�RI� WKH� UHDO� HQYLURQPHQW� FDQ�EH�XVHG� WR�GLUHFWO\� JDWKHU
FDOLEUDWLRQ�GDWD��:H�FDQ�SUHVHQW�FDOLEUDWLRQ�SDWWHUQV�WR�WKH�+0'�DQG
H[WUDFW�WKH�FRRUGLQDWHV�RI�WKH�SURMHFWHG�GDWD�SRLQWV�IURP�WKH�FDSWXUHG
LPDJH�XVLQJ�LPDJH�SURFHVVLQJ�WHFKQLTXHV�

7KH�RQO\�SODFH�ZKHUH�WKH�FRPSOHWH�DXJPHQWHG�LPDJH�LV�YLVLEOH�ZKHQ
XVLQJ�D�VHH�WKURXJK�+0'�LV�DW�WKH�UHWLQD�RI�WKH�XVHU��:KLOH�RQH�PD\
XVH�D�YLGHR�FDPHUD�LQ�WKH�SRVLWLRQ�RI�WKH�XVHUV�H\H��WKH�UHVXOWLQJ�FDOL�
EUDWLRQ�ZLOO� RQO\� EH� YDOLG� IRU� WKH� SRVLWLRQ� RI� WKLV� FDPHUD�� 7KH� GDWD
JDWKHULQJ� VWDJH� RI� RXU� FDOLEUDWLRQ� VFKHPH�� LQ� ZKLFK� ZH� KDYH� WR� DF�
TXLUH� TXLQWXSOH� RI� �'� FRRUGLQDWHV� RI� D� SRLQW� DQG� LWV� �'� SURMHFWLRQ�
WKHUHIRUH�KDV� WR� UHO\�RQ� WKH�XVHU� WR� LGHQWLI\�ZKHWKHU�D� UHDO� SRLQW� LQ
VSDFH�DQG�LWV�YLUWXDO�SURMHFWLRQ�PDWFK�

7R�DFKLHYH�WKLV��ZH�WXUQ�WKH�LPDJH�SURFHVVLQJ�DSSURDFK���SUHVHQWLQJ
D� UHDO� FDOLEUDWLRQ� SDWWHUQ� DQG� LGHQWLI\LQJ� SRLQWV� RQ� LWV� SURMHFWLRQ� �
DURXQG� DQG� SUHVHQW� WKH� XVHU� ZLWK� D� YLUWXDO� FDOLEUDWLRQ� SDWWHUQ�� RQ
ZKLFK�UHDO�SRLQWV�KDYH�WR�EH�DOLJQHG��7KH�XVHU�VHHV�D�UHDO�PDUNHU�RQ�D
WUDFNHG�SHQ��)LJXUH������ZKLFK�KH�KDV�WR�DOLJQ�ZLWK�D�YLUWXDO�PDUNHU
SUHVHQWHG�YLD�WKH�+0'��:KHQ�WKH�DOLJQPHQW�LV�DFKLHYHG��)LJXUH����
WKH�XVHU�SUHVVHV�D�EXWWRQ�RQ�WKH�SHQ�DQG�WKH�QH[W�YLUWXDO�PDUNHU� LV
GLVSOD\HG��$W�WKH�SUHVV�RI�WKH�EXWWRQ��WUDFNLQJ�GDWD�RI�WKH�VHQVRUV�DW�
WDFKHG�WR�WKH�SHQ�DQG�WKH�+0'�LV�VDPSOHG��7KH�SRVLWLRQ�RI�WKH�SHQ�LV
WUDQVIRUPHG� LQ� WKH� FRRUGLQDWH� V\VWHP� RI� WKH� +0'� WUDFNHU� VHQVRU�
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ZKLFK� HOLPLQDWHV� LQIOXHQFHV� RI� WKH� KHDG� SRVLWLRQ�� 7KH� UHVXOWLQJ� �'
SRLQW� JLYHV� XV� �� WRJHWKHU�ZLWK� WKH� NQRZQ� �'� ORFDWLRQ� RI� WKH� YLUWXDO
PDUNHU���RQH�TXLQWXSOH�RI�FDOLEUDWLRQ�GDWD�

)LJXUH�����SK\VLFDO�VHWXS�IRU�FDOLEUDWLRQ

)LJXUH�����9LHZ�WKURXJK�WKH�+0'���YLUWXDO

PDUNHU�RYHUOD\V�UHDO�PDUNHU



��

)LJXUH�����JHRPHWULF�GHWHUPLQDWLRQ�RI�+0'�SDUDPHWHUV

������ *HRPHWULF�'HWHUPLQDWLRQ�RI�&DPHUD�3DUDPHWHUV

6LQFH�ZH�ZDQW�WR�NHHS�WKH�QXPEHU�RI�VDPSOHG�GDWD�SRLQWV�ORZ��VHFWLRQ
��������ZH�QHHG�WR�PD[LPL]H�WKHLU�LQIRUPDWLRQ�FRQWHQW�ZLWK�UHVSHFW�WR
RXU� SUREOHP�� :H� GR� WKLV� E\� LPSRVLQJ� JHRPHWULF� FRQVWUDLQWV� RQ� WKH
VDPSOHG�SRLQWV�WR�DOORZ�GLUHFW�GHWHUPLQDWLRQ�RI�D�YLDEOH�VWDUW�VROXWLRQ
IRU�RXU�QXPHULFDO�RSWLPL]DWLRQ�VWHS�

,Q�)LJXUH����WKH�GLVWULEXWLRQ�RI�VDPSOH�SRLQWV�IRU�FRUUHFW�FDOLEUDWLRQ
LV�GHSLFWHG�DV�EODFN�FLUFOHV��������(YHU\�SDLU�RI��VDPSOHV�OLHV�RQ�D�OLQH
FRQQHFWLQJ� RQH� FRUQHU� RI� WKH� LPDJH� SODQH�ZLWK� WKH� H\H� SRLQW�� HVVHQ�
WLDOO\�GHILQLQJ�LQ�WKLV�ZD\�WKH�YLHZLQJ�S\UDPLG�

,Q�D�ILUVW�RSWLPL]DWLRQ�VWHS�WKLV�JLYHV�XV�WKH�ORFDWLRQ�RI�WKH�H\HSRLQW
DV�D� OHDVW�VTXDUHV�VROXWLRQ� IRU� WKH�SRLQW� O\LQJ�QHDUHVW� WR�DOO�RI� WKHVH
OLQHV��$YHUDJLQJ�WKHLU�GLUHFWLRQ�JLYHV�XV�D�JRRG�DSSUR[LPDWLRQ�RI�WKH
YLHZLQJ�GLUHFWLRQ��$V�D� ILUVW� DSSUR[LPDWLRQ�DW� WKLV� VWDJH�ZH�DVVXPH
WKDW�WKH�YLHZLQJ�GLUHFWLRQ�LV�QRUPDO�WR�WKH�LPDJH�SODQH��,QWHUVHFWLQJ
WKLV�DSSUR[LPDWHG� LPDJH�SODQH�ZLWK� WKH�SODQHV�GHILQHG�E\� WKH� OLQHV
��������������������DQG�������JLYHV�XV�DSSUR[LPDWLRQV�IRU�WKH�KRUL]RQWDO�
UHVSHFWLYH�YHUWLFDO�GLUHFWLRQV�LQ�LPDJH�VSDFH��$YHUDJLQJ�WKH�YHUWLFDOV
�$�&��%�'��DQG�WKH�QRUPDOV�RI�WKH�KRUL]RQWDOV��$�%��&�'��JLYHV�XV�DQ
DSSUR[LPDWLRQ�RI�WKH�XS�YHFWRU��X��IRU�RXU�FDPHUD�PRGHO�

,I� WKH� DVSHFW� UDWLR� RI� WKH� GLVSOD\� DUHD� LV� QRW� NQRZQ� LW�PD\� EH� DS�
SUR[LPDWHG� LQ� D� VLPLODU�PDQQHU� IURP� WKH� LQWHUVHFWLRQ� SRLQWV� RI� WKH
OLQHV�WKURXJK�WKH�VDPSOH�SDLUV�ZLWK�WKH�LPDJH�SODQH��$��%��&��'���EXW
LQ�PRVW�FDVHV�WKLV�SDUDPHWHU�LV�NQRZQ�IRU�D�JLYHQ�+0'�



��

7KLV�LQWHUPHGLDWH�VROXWLRQ�DOUHDG\�JLYHV�D�JRRG�DSSUR[LPDWLRQ�RI�WKH
FDOLEUDWLRQ� SUREOHP�� 'LIIHUHQFHV� EHWZHHQ� FDOFXODWHG� DQG� PHDVXUHG
SURMHFWLRQV�RI�WKH�GDWD�SRLQW�DUH�LQ�WKH�UDQJH�RI������

6LQFH�WKLV�VROXWLRQ�RQO\�KROGV�IRU�H\H�SRVLWLRQV�RQ�WKH�D[LV�RI�WKH�RS�
WLFDO�V\VWHP��ZH�KDYH�WR�DSSHQG�D�RSWLPL]DWLRQ�SURFHGXUH�WR�DFFRXQW
IRU�RII�D[LV�SRVLWLRQV�RI�WKH�H\H�

������ 1XPHULFDO�2SWLPL]DWLRQ�RI�3DUDPHWHUV

6LQFH���DV�DOUHDG\�PHQWLRQHG�DERYH���WKH�VROXWLRQ�DW�WKLV�VWDJH�LV�DO�
UHDG\�YHU\�JRRG��ZH�GR�QRW�KDYH� WR�DSSO\� VRSKLVWLFDWHG�RSWLPL]DWLRQ
WHFKQLTXHV� WR� LW��$� VLPSOH�PXOWL�GLPHQVLRQDO� OHDVW�VTXDUHV�RSWLPL]D�
WLRQ�>3UHVV����@�LV�EHLQJ�DSSOLHG�WR�WKH�JHRPHWULF�VROXWLRQ�UHDFKHG�LQ
WKH�SUHYLRXV�VWHS�

7KH�SDUDPHWHUV�RSWLPL]HG�LQ�WKLV�VWHS�DUH�WKH�QRUPDO�YHFWRU�RI� WKH
LPDJH�SODQH�� ILHOG� RI� YLHZ� �)29�� DQG� �� LI� QHHGHG� �� DVSHFW� UDWLR�� 7KH
RSWLPL]DWLRQV� UHDFKHV� D� VWDEOH� VROXWLRQ� DIWHU� ������� LWHUDWLRQV� DQG
OHDGV�WR�HUURUV�LQ�WKH�UDQJH�RI���������

���� )DVW�&DOLEUDWLRQ

7KH�SURFHGXUHV�GHVFULEHG�DERYH�LPSOHPHQW�D�IXOO�XVHU�VSHFLILF�FDOLEUD�
WLRQ�RI�DQ�XQNQRZQ�+0'�ZLWK�DWWDFKHG�WUDFNHU�VHQVRU��,W�QHHGV�XVHU
LQSXW�RI���VDPSOH�SRLQWV�SHU�H\H��D�WRWDO�RI����VDPSOHV�SHU�+0'��DQG
\LHOGV�D�YLUWXDO�FDPHUD�SDLU�ZKLFK�LV�RSWLPL]HG�IRU�D�VSHFLILF�XVHU��EXW
PD\�EH�XVHG� VDWLVIDFWRU\�E\�RWKHUV�� LI� WKH\�DUH�QRW�ZLOOLQJ� WR� UHSHDW
WKH�IXOO�SURFHGXUH��,GHDOO\�ZH�ZDQW�D�FDOLEUDWLRQ�ZKLFK�VHSDUDWHV�WKH
XVHU�VSHFLILF� SDUDPHWHUV� �H\H� SRVLWLRQ�� IURP� SDUDPHWHUV� IL[HG� IRU� D
JLYHQ�+0'�WUDFNHU� VHQVRU� VHWXS� VLPLODU� WR� WKH� RQH�XVHG� LQ�6WXGLHU�
VWXEH�

*LYHQ�D�VXIILFLHQWO\�OLQHDU�EHKDYLRU�RI�WKH�RSWLFDO�V\VWHP�RI�WKH�+0'
ZKLFK�SURMHFWV�WKH�GLVSOD\�VXUIDFH���/&'�RU�&57���RQWR�D�YLUWXDO�LP�
DJH�VRPHZKHUH�LQ�IURQW�RI�WKH�XVHU��ZH�FDQ�DVVXPH�WKDW�HDFK�SRLQW�RQ
WKH�GLVSOD\�VXUIDFH�FRUUHVSRQGV�WR�D�SRLQW�IL[HG�LQ�VSDFH�UHODWLYH�WR�WKH
+0'��)LJXUH������,W�VKRXOG�WKHQ�EH�SRVVLEOH�WR�GHWHUPLQH�WKLV�SURMHF�
WLRQ�RI�SRLQWV� LQ� LPDJH�VSDFH� �SL[HOV��RQ�D�SODQH� LQ� WKH�+0'�FRRUGL�



��

QDWH�V\VWHP��7KLV�ZRXOG�UHGXFH�WKH�FDOLEUDWLRQ�SUREOHP�WR�WKH�GHWHU�
PLQDWLRQ�RI�WKH�H\H�SRVLWLRQ��,W�HOLPLQDWHV�WKH�QHHG�IRU�PRUH�WKDQ�RQH
VDPSOH� SRLQW� DORQJ� D� HGJH� RI� WKH� VDPSOH� IUXVWXP�� VLQFH� WKH� �QRZ�
NQRZQ��'�ORFDWLRQ�RI�WKH�YLUWXDO�PDUNHU�LQ�UHDO�VSDFH�LQ�FRPELQDWLRQ
ZLWK�WKH�SRVLWLRQ�RI�WKH�UHDO�PDUNHU�JLYHV�XV�D�OLQH�LQ�VSDFH�WKURXJK
WKH�H\HSRLQW��7KLV�UHGXFHV�WKH�QXPEHU�RI�VDPSOH�SRLQWV�SHU�H\H�IURP��
WR���

:H�DUH�XVLQJ� WKH� IXOO� FDOLEUDWLRQ� GDWD� JDWKHUHG� IURP�D� VXIILFLHQWO\
ODUJH�XVHU�SRSXODWLRQ�WR�GHWHUPLQH�QRW�RQO\�WKH�RULHQWDWLRQ�RI�WKH�LP�
DJH�SODQH�EXW�DOVR� LWV�SRVLWLRQV� LQ�UHDO�VSDFH� LQ�D� OHDVW�VTXDUHV�RSWL�
PL]DWLRQ�VWHS�VLPLODU�WR�VHFWLRQ����:KHQ�WKH�H\H�GLVWDQFHV�RI�WKH�XVHUV
YDU\� VXIILFLHQWO\� �UDQJLQJ� IURP� FKLOGUHQ� WR� DGXOWV�� WKLV� RSWLPL]DWLRQ
WHUPLQDWHV�ZLWK�D�VROXWLRQ�DSSOLFDEOH�IRU�D�ZLGH�UDQJH�RI�XVHUV�

:KLOH�WKHRUHWLFDOO\�DSSOLFDEOH�ZLWK�RQO\���VDPSOH�SRLQWV�SHU�H\H�ZH
QRUPDOO\�XVH�DOO���FRUQHU�ORFDWLRQV��7KLV�UHGXFHV�WKH�XVHU�HIIRUW�YHUVXV
WKH�IXOO�FDOLEUDWLRQ�IURP����WR���SRLQWV�ZKLOH�NHHSLQJ�WKH�HUURU�PDUJLQ
ORZ��7KH�UHVXOWLQJ�HUURUV������������DUH�VOLJKWO\�KLJKHU�WKDQ�ZKHQ�IXOO
FDOLEUDWLRQ� LV� DSSOLHG� EXW� WKH� VROXWLRQ� LV� VWLOO� EHWWHU� WKDQ� DQ� �DYHU�
DJHG��FDPHUD�ZLWKRXW�XVHU�VSHFLILF�FDOLEUDWLRQ�

���� 'LVWRUWLRQ�&RPSHQVDWLRQ

$�IXUWKHU�SUREOHP�IRU� FRUUHFWO\� UHJLVWHULQJ�DQG�$XJPHQWHG�(QYLURQ�
PHQW� DUH� QRQ� OLQHDU� GLVWRUWLRQV� LQWURGXFHG� E\� WKH� RSWLFDO� V\VWHP� RI
WKH�+0'��(VSHFLDOO\� LQ� YLGHR�EDVHG�+0'V� WKH� VKRUW� IRFDO� OHQJWK� RI
WKH�FDPHUDV�OHQV�FDQ�LQWURGXFH�UDGLDO�GLVWRUWLRQV�DV�WKH�W\SLFDO�EDUUHO
GLVWRUWLRQ�GHSLFWHG�LQ�)LJXUH�����7KHVH�GLVWRUWLRQV�UHVXOW�IURP�GLIIHU�
HQW�IRFDO�OHQJWKV�RI�WKH�RSWLFDO�V\VWHP�IRU�GLIIHUHQW�SRLQWV�LQ�WKH�LPDJH
SODQH��(TXLYDOHQW�GLVWRUWLRQV�PD\�EH�LQWURGXFHG�E\�WKH�RSWLFDO�V\VWHP
LQVLGH�D�VHH�WKURXJK�+0'�

3KRWRJUDPPHWULF� FDOLEUDWLRQ� VFKHPHV� OLNH� >7VDL@� PRVWO\� LQFOXGH
VRPH�SDUDPHWHU�V��IRU�GHVFULELQJ�D�UDGLDO�GLVWRUWLRQV��ZKLFK�DOORZV�D
UHFWLILFDWLRQ�RI�LPDJH�GDWD�RQ�D�SRLQW�E\�SRLQW�EDVLV�

6LQFH�WKLV�DSSURDFK�GRHV�QRW�ZRUN�RQ�D�VWDQGDUG�2SHQ*/�JUDSKLFV
KDUGZDUH��ZKHUH�RQO\�OLQHDU�DQG�SHUVSHFWLYH�GLVWRUWLRQV�DUH�SRVVLEOH�
ZH�XVH�DQ�DSSURDFK� VLPLODU� WR� WKH� RQH�XVHG� LQ� >%DMXUD����@��ZKHUH
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YLGHR�LPDJHV�DUH�QRQ�OLQHDUO\�GLVWRUWHG�EHIRUH�EHLQJ�IHG�LQWR�D�YLGHR�
EDVHG�+0'�

7R� LPSOHPHQW� D� JHQHUDO� LPDJH� GLVWRUWLRQ� XVLQJ�2SHQ*/� KDUGZDUH
DFFHOHUDWLRQ� ZH� WDNH� DGYDQWDJH� RI� WKH� 2SHQ*/� WH[WXUH� PDSSLQJ
PHFKDQLVP�� 7R� UHFWLI\� DQ� LPDJH�ZH� XVH� LW� DV� D� WH[WXUH� DQG�PDS� LW
RQWR�D�VFUHHQ�DOLJQHG�VHJPHQWHG�SODQH�� WKH�UHFWLILFDWLRQ�JULG��%\�XV�
LQJ�WKH�LQYHUVH�RI�WKH�GLVWRUWLRQ�IXQFWLRQ�WKH�LPDJH�EHFRPHV�UHFWLILHG
�)LJXUH�����

,Q�PRVW� FDVHV� D� SUHFLVH� GHILQLWLRQ� RI� WKH� GLVWRUWLRQ� IXQFWLRQ� LV� QRW
DYDLODEOH��WKHUHIRUH�ZH�KDYH�WR�DFTXLUH�LW�E\�PHDVXULQJ�WKH�GLVWRUWLRQ
YLD�D�FDOLEUDWLRQ�SDWWHUQ��3KRWRJUDPPHWULF�DSSURDFKHV�GHOLYHU�FORVHG
IRUP� VROXWLRQV� IRU� WKH� GLVWRUWLRQ� IXQFWLRQ�� >7VDL����@� IRU� H[DPSOH
JLYHV�D�ILUVW�RUGHU�UDGLDO�OHQV�GLVWRUWLRQ�SDUDPHWHU�IRU�UHFWLILFDWLRQ�

6LQFH� ZH� DUH� VDPSOLQJ� WKH� LQYHUVH� GLVWRUWLRQ� IXQFWLRQ� DW� GLVFUHWH
SRLQWV���WKH�YHUWLFHV�RI�WKH�UHFWLILFDWLRQ�JULG���ZH�GR�QRW�QHHG�WR�GHWHU�
PLQH�WKH�FORVHG�IRUP�RI�WKH�IXQFWLRQ�DW�DOO��$OO�ZH�KDYH�WR�GR�LV�WDNH�D
GLVWRUWHG� LPDJH�RI� WKH�FDOLEUDWLRQ�SDWWHUQ� LQ�)LJXUH�����PHDVXUH� WKH
SRVLWLRQV�RI�WKH�LQWHUVHFWLRQV�DQG�PDS�WKHVH�SRVLWLRQV�DV�WH[WXUH�FRRU�
GLQDWHV�RQWR�WKH�XQGLVWRUWHG�UHFWLILFDWLRQ�JULG��7KH�WH[WXUH�KDUGZDUH
WKHQ�UHFWLILHV�WKH�GLVWRUWHG�LPDJHV��XVLQJ�OLQHDU�LQWHUSRODWLRQV�LQVLGH
WKH�JULGV�VTXDUHV�

)LJXUH�����GLVWRUWHG�YLGHR�LPDJH�RI�FDOLEUDWLRQ�SDWWHUQ
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)LJXUH�����GLVWRUWLRQ�FRPSHQVDWHG�LPDJH

7R�DSSO\�WKLV�PHWKRG�WR�VHH�WKURXJK�+0'V�RQH�MXVW�KDV�WR�GLVWRUW�WKH
FRPSXWHU� JHQHUDWHG� LPDJH� LQVWHDG� RI� D� YLGHR� LPDJH�� 7KLV� LV� LPSOH�
PHQWHG�E\�UHQGHULQJ�2SHQ*/�JUDSKLFV� LQWR�D�VHSDUDWH�UHJLRQ�RI� WKH
IUDPH�EXIIHU�DQG�WKHQ�XVLQJ�WKLV�UHJLRQ�DV�D�WH[WXUH�PDS��,Q�WKLV�FDVH
RI� FRXUVH� WKH�GLVWRUWLRQ�KDV� WR�EH� WKH� VDPH�DV� WKH� RQH� VHHQ� WKURXJK
WKH�+0'��&DOLEUDWLRQ�GDWD�IRU�WKLV�FDVH�FDQ�EH�JDWKHUHG�E\�OHWWLQJ�WKH
XVHU�FOLFN�D�ORW�RI�RQ�PDUNHUV�OLQHG�XS�OLNH�WKH�LQWHUVHFWLRQV�RI�WKH�UHF�
WLILFDWLRQ� JULG� RU� �� D� VLPSOHU� DQG� IDVWHU� DSSURDFK� �� E\� FDSWXULQJ� DQ
LPDJH�RI�WKH�FDOLEUDWLRQ�SDWWHUQ�WKURXJK�WKH�+0'�

7KH�FRRUGLQDWHV�RI�WKH�LQWHUVHFWLRQV�FDQ�WKHQ�EH�PHDVXUHG�E\�KDQG
RU�ZLWK�D�IHDWXUH�UHFRJQLWLRQ�DOJRULWKP�

���� 5HJLVWUDWLRQ�RI�9LUWXDO�WR�5HDO�2EMHFWV

5HJLVWUDWLRQ�RI� UHDO� REMHFWV� WR� YLUWXDO� FRXQWHUSDUWV�KDV� VHYHUDO�XVHV�
,Q� WKH� FDVH� RI� D� SK\VLFDOO\� EDVHG� VLPXODWLRQ� IRU� H[DPSOHV� D� YLUWXDO
EDOO� KDV� WR� ERXQFH� RQ� D� UHDO� WDEOH�� RU� DQQRWDWLRQV� DQG� LQVWUXFWLRQV
KDYH� WR�DSSHDU�DOLJQHG�WR�FRPSRQHQWV�RI�D�UHDO� REMHFW� >@)HLQHU����@�
:H�KDYH�XVHG�WUDFNHG�DSSUR[LPDWLRQV�RI�WKH�XVHUV�KHDG�DQG�OLPEV�WR
VLPXODWH� WKH� RFFOXVLRQ� RI� YLUWXDO� REMHFWV� E\� WKH� XVHUV� ERG\� >)XKU�
PDQQ����@�

:H�KDYH�XVHG�DQ�DSSURDFK�VLPLODU�WR�>:KLWDNHU����@�IRU�UHJLVWHULQJ
VWDWLF� REMHFWV�� EXW� XVH� D� VLPSOHU� PHWKRG� IRU� UHJLVWUDWLRQ� RI� WUDFNHG
REMHFWV��7UDFNHG�REMHFWV�DUH�REMHFWV�OLNH�WKH�3,3��RU�WKH�RFFOXGLQJ�ERG\
JHRPHWU\�LQ�VHFWLRQ�����ZKLFK�LQ�WKH�YLUWXDO�ZRUOG�DUH�UHSUHVHQWHG�DV



��

ULJLG�REMHFWV�PRYLQJ�DFFRUGLQJ�WR�WKH�WUDFNHU�VHQVRUV�DWWDFKHG�WR�WKHLU
UHDO�FRXQWHUSDUWV�

D�� � E��

F�� G��

)LJXUH�����UHJLVWUDWLRQ�RI�YLUWXDO�WR�UHDO�REMHFW��D��IURQW�YLHZ���PLV�

DOLJQHG

E��IURQW�YLHZ�¥�DOLJQHG��F��VLGH�YLHZ�¥�PLVDOLJQHG��G�

UHJLVWHUHG

,Q�RXU�DSSURDFK�WKH�XVHU�LV�SUHVHQWHG�ZLWK�D�DXJPHQWHG�YLHZ�RI� WKH
UHDO� REMHFW�� RYHUODLG� ZLWK� LWV� �QRQ�DOLJQHG�� YLUWXDO� UHSUHVHQWDWLRQ
�)LJXUH� ��D��� � 8VLQJ� NH\VWURNHV�� WKH� DXJPHQWHG� JHRPHWU\� PD\� EH
PRYH� VFUHHQ�DOLJQHG� WR� FRYHU� WKH� DFWXDO� REMHFW�� 5RWDWLRQ� DURXQG� WKH
FHQWHU�RI� WKH�REMHFW� LQ� WKH� LPDJH�SODQH�DUH�VXSSRUWHG�DOVR��7KH�XVHU
DOLJQV� WKH�YLUWXDO�REMHFW�ZLWK� WKH� UHDO� IURP�RQH�YLHZLQJ�GLUHFWLRQ�DV
VKRZQ� LQ�)LJXUH���D�DQG�)LJXUH���E�� WKHQ� WXUQV� WKH�SK\VLFDO� REMHFW
DURXQG� WR� ORRN� DW� LW� IURP� DQRWKHU� GLUHFWLRQ� �)LJXUH� ��F��� 7KH� SURFH�
GXUH� LV� UHSHDWHG� XQWLO� VDWLVIDFWRU\� UHJLVWUDWLRQ� LV� DFKLHYHG� �)LJXUH
��G��

7KLV�SURFHGXUH�LV�HDVLO\�LPSOHPHQWHG�DQG�WKH�XVHU�LQWHUIDFH�LV�LQWXL�
WLYH� HQRXJK� IRU�PRVW� XVHUV�� 6LQFH� WKH� UHJLVWUDWLRQ� SURFHVV� KDV� WR� EH
SHUIRUPHG� IRU� HDFK� WUDFNHG� REMHFW� RQO\� RQFH� �� EDULQJ� FKDQJHV� LQ� WKH
DWWDFKPHQW�SRVLWLRQ�RI�WKH�WUDFNHU�VHQVRU���WKH�QHFHVVDU\�XVHU�HIIRUW�LV



��

NHSW�VPDOO��,W�DOORZV�IRU�IDVW�UHJLVWUDWLRQ�RI�DUELWUDULO\�VKDSHG�REMHFWV
ZLWKRXW�WKH�QHHG�WR�DWWDFK�PDUNHUV�RQ�WKH�REMHFW�

�����,PSOHPHQWDWLRQ�'HWDLOV

7KH�+0'�FDOLEUDWLRQ�KDV�EHHQ�LPSOHPHQWHG�LQ�2SHQ�,QYHQWRU��2,9�
>6WUDXVV����@�� WKH� VDPH� JUDSKLFV� WRRONLW� LQ� ZKLFK� 6WXGLHUVWXEH� KDV
EHHQ� LPSOHPHQWHG�� 7KH� H[WHQGHG� FDPHUD� PRGHO� KDV� EHHQ� LPSOH�
PHQWHG�DV�DQ�2,9�H[WHQVLRQ��PDNLQJ�LW�SRVVLEOH�WR�VDYH�XVHU�VSHFLILF
FDOLEUDWHG� FDPHUDV� LQ� WKH� VWDQGDUG�2,9� ILOH� IRUPDW��7KH� FDOLEUDWLRQ
UXQV�DV�D�VHSDUDWH�PRGXOH�DQG�DOORZV�WKH�XVHU�WR�FDOLEUDWH�WKH�+0'
RQ�WKH� IO\�DQ\WLPH�GXULQJ�KLV�ZRUN� LQ� WKH�$XJPHQWHG�(QYLURQPHQW�
:KLOH�WKLV�LV�QRUPDOO\�GRQH�RQO\�RQFH�SHU�XVHU��SDVVLQJ�D�+0'�WR�DQ�
RWKHU�XVHU�PD\�PDNH�WKLV�QHFHVVDU\�GXULQJ�D�ZRUNLQJ�VHVVLRQ�

7KH�SURFHGXUH�LWVHOI�KDV�EHHQ�LPSOHPHQWHG�DV�XVHU�JXLGLQJ�VWHS�E\�
VWHS� �FDOLEUDWLRQ�ZL]DUG�� FRPSDUDEOH� WR� WKH� �VHWXS�ZL]DUGV�� RI� FRP�
PHUFLDO� VRIWZDUH�� 7KH� XVHU� LV� VKRZQ� YLUWXDO�PDUNHUV� GLUHFWO\� FRUUH�
VSRQGLQJ� LQ� VL]H� DQG� VKDSH� WKH� UHDO� PDUNHU�� WKHUHIRUH� QRW� RQO\
SURPSWLQJ�IRU�D�FRUUHFW�DOLJQPHQW�LQ�WZR�GLPHQVLRQ��EXW�DOVR�GLIIHUHQ�
WLDWLQJ�EHWZHHQ�GLIIHUHQW�GLVWDQFHV��)LJXUH����D�DQG�E�VKRZ�WKH�PDUN�
HUV� DFFRUGLQJ� WR� WKH� XSSHU� ULJKW� FRUQHU� DW� QHDU� DQG� IDU� ORFDWLRQ� UH�
VSHFWLYH��:KHQ�WKH�RSWLPL]DWLRQ�SURFHGXUH�GHWHFWV�RQH�RU�PRUH�PHDV�
XUHPHQWV�EH\RQG�WKH�WROHUDWHG�HUURU�PDUJLQ�WKH�XVHU�JHWV�SURPSWHG�WR
UHSHDW� WKH� QHFHVVDU\� VWHSV�� 'XULQJ� WKH� FDOLEUDWLRQ� SURFHVV� WKH� XVHU
PD\� UHSHDW� ERWFKHG�PHDVXUHPHQWV� E\� XVLQJ� D� �EDFN�� EXWWRQ� RQ� WKH
SHQ�

$V�DQ�XQIRUHVHHQ�DGYDQWDJH�SURYHG�WKH�VHSDUDWLRQ�EHWZHHQ�FDOLEUD�
WLRQ�RI�OHIW�DQG�ULJKW�H\H��6LQFH�VRPH�SHRSOH�KDYH�SUREOHPV�FORVLQJ�D
VLQJOH� H\H�� WKH\� H[SHFWHG� WR� KDYH� GLIILFXOWLHV� ZLWK� KDYLQJ� WR� DOLJQ
PDUNHUV�� 7KHVH� SUREOHPV� GLG� QRW� RFFXU�� VLQFH� WKH� YLUWXDO�PDUNHU� LV
RQO\�SUHVHQWHG�WR�RQH�H\H�DW�D�WLPH�

7KH� FDOLEUDWLRQ� PHWKRG� KDV� EHHQ� DSSOLHG� WR� VWDWLRQDU\� FDPHUDV�
WKHUHE\�IL[LQJ�WKHLU�SRVLWLRQ�LQ�VSDFH�ZLWKRXW�WKH�H[SHQVH�RI�DQ�DGGL�
WLRQDO�WUDFNHU�VHQVRU��:H�XVH�WKLV�VHWXS�WR�JHQHUDWH�YLGHRV� IRU�GRFX�
PHQWDWLRQ�SXUSRVHV�
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$OO� WKH�DXJPHQWHG� LOOXVWUDWLRQV� LQ�WKLV� FKDSWHU�KDYH�EHHQ�FDSWXUHG
ZLWK�D�GLJLWDO�FDPHUD�GLUHFWO\�WKURXJK�WKH�RSWLFDO�V\VWHP�RI�RXU�+0'
��YLUWXDO�LR�L�JODVVHV���DQG�KDYH�EHHQ�JHQHUDWHG�XVLQJ�D�6*,�,QGLJR��
JUDSKLFV�ZRUNVWDWLRQ�

7KH�GLVWRUWLRQ�FRPSHQVDWLRQ�KDV�EHHQ�LPSOHPHQWHG�DQG�WHVWHG�RQ�D
6*,� 2�� 5����� ZRUNVWDWLRQ�� XVLQJ� WKH� 2�� V\VWHP� FDPHUD� DV� YLGHR
VRXUFH�

D��

E��

)LJXUH�����JXLGLQJ�WKH�XVHU�WKURXJK�GLIIHUHQWO\�VL]HG�YLUWXDO�PDUN�

HUV��D��IDU�VDPSOH�SRLQW��E��QHDU�VDPSOH�SRLQW



��

�����5HVXOWV

)LJXUH����VKRZV�WKH�UHVXOWV�RI�D�IXOO�UHJLVWUDWLRQ�SURFHGXUH��7KH�YLU�
WXDO�PDUNHU�LV�LQ�WKLV�FDVH�WUDFNHG�DQG�IROORZV�WKH�UHDO�PDUNHU�RQ�WKH
WUDFNHG�SHQ�RYHU�WKH�ZKROH�ZRUNLQJ�YROXPH��LQGHSHQGHQW�RI�WKH�XVHUV
KHDGV�SRVLWLRQ�DQG�RULHQWDWLRQ�

7KH�YLGHR�LPDJHV�LQ�)LJXUH����GHPRQVWUDWH�WKH�UHDO�WLPH�GLVWRUWLRQ
FRPSHQVDWLRQ��7KH� WH[WXUH�PDSSLQJ�PHWKRG�GHVFULEHG� LQ� VHFWLRQ����
KDV�EHHQ�DSSOLHG�WR�D�OLIH�YLGHR�VWUHDP�FDSWXUHG�E\�D�6LOLFRQ�*UDSKLFV
2�� V\VWHP� FDPHUD�� 7KH� GLVWLQFW� EDUUHO� GLVWRUWLRQ� LQ� )LJXUH� ��D� KDV
EHHQ�FRPSHQVDWHG�LQ�)LJXUH���E�

$�ILUVW�VLPSOH�LPSOHPHQWDWLRQ�RI�WKLV�PHWKRG�UHFWLILHG�WKH�YLGHR�DW�D
UDWH�RI����IUDPHV�SHU�VHFRQG��LQFOXGLQJ�YLGHR�FDSWXULQJ�WLPH��RQ�D�6*,
2��5�����

)LJXUH�����UHVXOWLQJ�UHJLVWUDWLRQ�RI�YLUWXDO

WR�UHDO�PDUNHU



��

D��

E��

)LJXUH����� D��GLVWRUWHG�YLGHR�LPDJH�

� E��GLVWRUWLRQ�FRPSHQVDWHG�LPDJH

7KH�DGYDQWDJHV�RI�WKH�SUHVHQWHG�FDOLEUDWLRQ�PHWKRG�OLH�PDLQO\�LQ�LWV
VLPSOLFLW\�RI�DSSOLFDWLRQ�DQG�LWV�WROHUDQFH�WR�XVHU�HUURUV��:KLOH�WHVWLQJ
RWKHU�PHWKRGV�ZH�REVHUYHG�D�FHUWDLQ�UHOXFWDQFH�LQ�PDQ\�SDUWLFLSDQWV
WR�DSSO\�WKH�FDOLEUDWLRQ�SURFHGXUH�ZKHQ�SUHVHQWHG�ZLWK�D�UHDVRQDEOH��
EXW�QRW�XVHU�VSHFLILF���FDOLEUDWHG�+0'��2XU�PHWKRG���HVSHFLDOO\�ZKHQ
HPEHOOLVKHG�E\�WKH�XVHU�JXLGDQFH� LQWHUIDFH� ��VHHPV�WR�EH�PRUH�WROHU�
DEOH�WR�WKH�RUGLQDU\�XVHU��7KH�VLPSOH�WDVN�RI�PDWFKLQJ�RQH�GLVWLQFWLYH
LPDJH�ZLWK�DQRWKHU�SURYHG�WR�EH�HDVLHU�WR�DFFHSW�WKDQ�DQ\�PRUH�WD[�
LQJ�VFKHPHV�

7KH� GLVDGYDQWDJHV� RI� WKH� PHWKRG� OLH� PRVWO\� LQ� LWV� GHSHQGHQFH� RQ
SUHFLVH�XVHU� LQSXW�DQG�WUDFNHU�SUHFLVLRQ� IRU�KLJK�TXDOLW\� UHVXOWV��:H
DUH�SODQQLQJ� WR� LPSURYH� RXU�PHDVXUHPHQWV�E\�DSSO\LQJ�DSSURSULDWH
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ILOWHULQJ� GLUHFWO\� WR� WKH� PDUNHU� PHDVXUHPHQWV� DOUHDG\� WUDQVIRUPHG
LQWR�KHDG�WUDFNHU�FRRUGLQDWHV��6LQFH�WUDFNLQJ�GHOD\V�DQG�ORVV�RI�KLJK�
IUHTXHQF\� LQIRUPDWLRQ�DUH�QRW� UHOHYDQW�GXULQJ� WKH� FDOLEUDWLRQ�SURFH�
GXUH�ZH�H[SHFW�WR�LPSURYH�WKH�SUHFLVLRQ�FRQVLGHUDEO\�

7KH� XVH� RI� JUDGLHQW� PHWKRGV� IRU� RSWLPL]DWLRQ� DUH� DQRWKHU� WRSLF� IRU
LPSURYHPHQWV�DOWKRXJK�WKH�QXPHULFDO�RSWLPL]DWLRQ�VWHS�VHHPV�WR�EH
VWDEOH�DQG�LV�IDVW�HQRXJK�IRU�LQWHUDFWLYH�H[SHFWDWLRQV�
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���2FFOXVLRQ�LQ�&ROODERUDWLYH�$XJPHQWHG
(QYLURQPHQWV

�����2YHUYLHZ

$XJPHQWHG� HQYLURQPHQWV� VXSHULPSRVH� FRPSXWHU� HQKDQFHPHQWV� RQ
WKH�UHDO�ZRUOG��6XFK�DXJPHQWHG�HQYLURQPHQWV�DUH�ZHOO�VXLWHG�IRU�FRO�
ODERUDWLRQ�RI�PXOWLSOH�XVHUV��7R� LPSURYH� WKH�TXDOLW\�DQG�FRQVLVWHQF\
RI� WKH� DXJPHQWDWLRQ� WKH� RFFOXVLRQ� RI� UHDO� REMHFWV� E\� FRPSXWHU�
JHQHUDWHG�REMHFWV�DQG�YLFH�YHUVD�KDV�WR�EH� LPSOHPHQWHG��:H�SUHVHQW
PHWKRGV�KRZ�WKLV�FDQ�EH�GRQH�IRU�D�WUDFNHG�XVHU
V�ERG\�DQG�RWKHU�UHDO
REMHFWV�DQG�KRZ� LUULWDWLQJ�DUWLIDFWV� GXH� WR�PLVDOLJQPHQWV� FDQ�EH� UH�
GXFHG��2XU�PHWKRG�LV�EDVHG�RQ�VLPXODWLQJ�WKH�RFFOXVLRQ�RI�YLUWXDO�RE�
MHFWV�E\�D�UHSUHVHQWDWLRQ�RI� WKH�XVHU�PRGHOHG�DV�NLQHPDWLF� FKDLQV�RI
DUWLFXODWHG� VROLGV�� 6PRRWKLQJ� WKH� ERUGHU� EHWZHHQ� YLUWXDO� ZRUOG� DQG
RFFOXGLQJ�UHDO�UHGXFHV�UHJLVWUDWLRQ�DQG�PRGHOLQJ�HUURUV�RI�WKLV�PRGHO�
)LQDOO\�� DQ� LPSOHPHQWDWLRQ� LQ� RXU� DXJPHQWHG� HQYLURQPHQW� DQG� WKH
UHVXOWLQJ�LPSURYHPHQWV�DUH�SUHVHQWHG�

�����,QWURGXFWLRQ

2QH� RI� WKH� PDLQ� DGYDQWDJHV� RI� XVLQJ� DQ� DXJPHQWHG� HQYLURQPHQW
>)HLQHU������$]XPD����@� IRU� FROODERUDWLRQ� DV� RSSRVHG� WR� DQ� LPPHU�
VLYH�VHWXS�LV�WKH�GLUHFW�LQWHUDFWLRQ�RI�SDUWLFLSDQWV�LQ�UHDOLW\��:KLOH�WKH
FROODERUDWRUV� LQ�DQ� LPPHUVLYH� VHWXS�DOZD\V�KDYH� WR� UHO\� RQ�PRUH� RU
OHVV�VDWLVI\LQJ�UHSUHVHQWDWLRQV�RI�HDFK�RWKHU��UDQJLQJ�IURP�GLVHPERG�
LHG�KDQGV� RU�KHDGV� WR� FRPSOHWH�ERGLHV� YLVXDOL]HG� LQ�SODXVLEOH�SRVHV�
XVHUV�RI�DQ�DXJPHQWHG�VFHQDULR�DOZD\V�DUH�DEOH� WR�GLUHFWO\� VHH�HDFK
RWKHU� DQG� WKH� LQWHUIDFH� GHYLFHV� WKH\� DUH� XVLQJ�� 7KLV� FRPELQDWLRQ� RI
UHDOLW\� DQG� YLUWXDOLW\� OHDGV� WR� WKH� SUREOHP� RI� FRUUHFW� RFFOXVLRQ� EH�
WZHHQ� UHDO� DQG� YLUWXDO� REMHFWV��ZKLFK� RI� FRXUVH� GRHV� QRW� H[LVW� LQ� DQ
LPPHUVLYH�HQYLURQPHQW�

(YHQ� ZKHQ� XVLQJ� VHPL�WUDQVSDUHQW� +0'V�� ZKHUH� YLUWXDO� REMHFWV
RQO\�DSSHDU�DV�WUDQVSDUHQW�RYHUOD\V�RYHU�UHDOLW\��ZURQJ�RFFOXVLRQ�FDQ
KLGH�JHVWXUHV�RU�IDFLDO�H[SUHVVLRQV�RI�SDUWLFLSDQWV��:KHQ�DSSOLHG�LQ�D
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YLGHR�EDVHG� DXJPHQWDWLRQ� VHWXS� YLUWXDO� REMHFWV� FDQ� FRPSOHWHO\� KLGH
UHDO� REMHFWV� LI� QRW� RFFOXGHG� SURSHUO\�� ,Q� )LJXUH� ��� WKH� JHRPHWU\� LQ�
WHQGHG�WR�EH�GLVSOD\HG�EHWZHHQ�WKH�XVHUV�KDQGV�DQG�WKH�3,3�VHHPV�WR
EH� IORDWLQJ� DERYH� WKH� 3,3�� 0RUH� FRQIXVLRQ� DULVHV� ZKHQ� PRYLQJ� WKH
SHQ��LVW�YLUWXDO�FRXQWHUSDUW�FRUUHFWO\�RFFOXGHV�WKH�3,3��ZKLOH�WKH�UHDO
SHQ�LV�DOPRVW�LQYLVLEOH�

)LJXUH�����3,3�JHRPHWU\�ZURQJO\�RFFOXGLQJ�XVHUV�KDQGV

(YHQ� GLVFRXQWLQJ� WKH� LPSRUWDQFH� RI� WKH� VRFLDO� LQWHUDFWLRQ��ZURQJO\
RFFOXGLQJ�YLUWXDO� REMHFWV� VXEMHFW� WKH�XVHUV� EUDLQ� WR� FRQIOLFWLQJ� GHSWK
FOXHV�� WKH�SDUDOOD[�RI� WKH�VWHUHR�UHQGHUHG�REMHFWV�JLYHV�D� IDUWKHU�GLV�
WDQFH�WKDQ�WKH�RQH�LQIHUUHG�E\�WKH�RFFOXVLRQ�RI�UHDO�REMHFWV��7KLV�QRW
RQO\�OHDGV�WR�PLVFRQFHSWLRQV�RI�VSDWLDO�SURSHUWLHV�E\�WKH�XVHU��UHVXOW�
LQJ�LQ�HUURUV�ZKHQ�WU\LQJ�WR�JUDE�REMHFWV��EXW�DOVR�LQFUHDVHV�H\HVWUDLQ
DQG�WKH�SUREDELOLW\�RI�PRWLRQ�VLFNQHVV�

�������,QIOXHQFHV�RI�WKH�'LVSOD\�6\VWHP

$V�DOUHDG\�PHQWLRQHG��WKH�SURSHUWLHV�RI�WKH�GLVSOD\�V\VWHP�LQIOXHQFH
WKH�VHYHULW\�RI�WKH�RFFOXVLRQ�SUREOHP��DV�RXWOLQHG�LQ�WKH�IROORZLQJ�WD�
EOH�
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7DEOH����RFFOXVLRQ�RUGHU�YV��GLVSOD\�V\VWHP

RFFOXVLRQ
RUGHU

GLVSOD\�V\VWHP

�H[DPSOH�

YLUWXDO�REMHFW

RFFOXGLQJ

UHDO�REMHFW

UHDO�REMHFW

RFFOXGLQJ

YLUWXDO�REMHFW

EDFN�SURMHFWLRQ�
VFUHHQ�EDVHG

�&$9(� >&UX]�
1HLUD����@�UHVSRQVLYH
ZRUNEHQFK�>.U�JHU����@�

LPSRVVLEOH LQKHUHQW

VHPL�WUDQVSDUHQW�+0'

�6WXGLHUVWXEH� >6FKPDO�
VWLHJ����@�

LQKHUHQW VHPL�YLVLEOH��
VRIWZDUH�VROYDEOH

YLGHR���LPPHUVLYH�+0'

�81&�>6WDWH����E@�

LQKHUHQW VRIWZDUH
VROYDEOH

,Q� VFUHHQ�EDVHG� DXJPHQWHG� HQYLURQPHQWV� �� ILVKWDQN� VFHQDULR� �� RU
SURMHFWLRQ�EDVHG�VHWXSV��� OLNH�WKH�&$9(���RFFOXVLRQ�RI�YLUWXDO�REMHFWV
E\� UHDO� RQHV� LV� VLPSOH� DQG� VWUDLJKWIRUZDUG�� UHDO� REMHFWV� DUH� DOZD\V
EHWZHHQ�WKH�GLVSOD\�VXUIDFH�DQG�WKH�H\H�DQG�WKHUHIRUH�DOZD\V�RFFOXGH
YLUWXDO�REMHFWV��7KLV�\LHOGV�H[FHOOHQW�UHVXOWV�DV�ORQJ�DV�QR�UHDO�REMHFW�LV
SODFHG�SODFHG�EHKLQG� �QHDUHU� WKH�SURMHFWLRQ� VFUHHQ��D�YLUWXDO� RQH�� ,Q
WKLV�FDVH�WKH�UHDO�REMHFW�LQFRUUHFWO\�RFFOXGHV�WKH�YLUWXDO�REMHFW�LQ�IURQW
RI�LW��7KH�RQO\�H[FHSWLRQ�IRU�WKLV�ZRXOG�EH�WKH�SURMHFWLRQ�EDVHG�YLUWXDO
RIILFH� >5DVNDU����@��ZKHUH� IURQW�SURMHFWLRQ� LV�XVHG��6LQFH� WKH�YLUWXDO
REMHFWV� DUH� SURMHFWHG� RQ� WRS� RI� WKH� UHDO� RQHV� �� QRUPDOO\� RQ� ZDOOV� RU
GHVNWRSV� �� UHDO� REMHFWV� FDQ� EH� H[FOXGHG� IURP� WKLV� SURMHFWLRQ� E\� SUR�
MHFWLQJ�QRWKLQJ� �GLVSOD\LQJ� EODFN�� LQ� WKH� UHOHYDQW� SRUWLRQ� RI� WKH� GLV�
SOD\�DUHD��7KLV�FRXOG�IRU�H[DPSOH�EH�XVHG�WR�H[FOXGH�SLFWXUHV�RU�ZLQ�
GRZV� IURP�EHLQJ�SURMHFWHG� RQWR�� EXW� DOVR� ��ZKHQ�XVLQJ� WKH� SURSRVHG
RSWLFDO� WUDFNLQJ�PHFKDQLVP� �� WR� H[FOXGH� WKH�XVHUV�KDQGV� IURP�EHLQJ
SURMHFWHG�RQ��1HYHUWKHOHVV�WKH�RFFOXVLRQ�RI�WKH�GLVSOD\�VXUIDFH�E\�UHDO
REMHFWV� VWLOO� PDQLIHVW�� XVHUV� KDQGV� DQG� DUPV� IRU� H[DPSOH�PD\� GURS
VKDGRZV�RQ�WKH�VXUIDFH��WKHUHE\�RFFOXGLQJ�SDUWV�RI�REMHFWV�YLUWXDOO\�LQ
IURQW�RI�WKH�VKDGRZ�



��

:KHQ�XVLQJ�+0'V�� WKH� GLVSOD\� VXUIDFH� LV� DOZD\V� EHWZHHQ� WKH� H\H
DQG� UHDO� REMHFWV�� :LWKRXW� IXUWKHU� SURFHVVLQJ� YLUWXDO� REMHFWV� DOZD\V
RFFOXGH����UHDO�RQHV��7KH�RQO\�GLIIHUHQFH���DOEHLW�RQO\�JUDGXDO���H[LVWV
EHWZHHQ� VHH�WKURXJK� +0'V� XWLOL]LQJ� VHPL�WUDQVSDUHQW� PLUURUV� DQG
LPPHUVLYH�+0'V� EHLQJ� IHG� YLGHR� LPDJHV� E\� KHDGPRXQWHG� FDPHUDV�
WKH� ILUVW� RQO\� RYHUOD\V� VHPL�WUDQVSDUHQW� FRPSXWHU�JHQHUDWHG� LPDJHV
RYHU�UHDOLW\�ZKLOH�WKH�VHFRQG�RQH�PD\�GLVSOD\�FRPSOHWHO\�RSDTXH�RE�
MHFWV�

6LQFH�WKH�RQO\�FDVH�ZKHUH�WKH�RFFOXVLRQ�SUREOHP�LV�VROYDEOH�ZH�FRQ�
FHQWUDWH�RQ�VHWXSV�ZKHUH�WKH�GLVSOD\HG�YLUWXDO�REMHFWV�RYHUOD\�LPDJHV
RI� UHDOLW\��7KLV� FDQ�RI� FRXUVH�DOVR�EH�D�GHVNWRS�EDVHG� V\VWHP��ZKHUH
YLGHR�LPDJHV�DUH�GLVSOD\HG�RYHUODLG�E\�JUDSKLFV�

��������,QIOXHQFHV�RI�WKH�7UDFNLQJ�6\VWHP

7UDFNLQJ� RI� XVHUV� �KHDGV��� LQSXW� GHYLFHV� DQG� UHDO� REMHFWV� WR� EH� DXJ�
PHQWHG� LV� D�PDMRU� WDVN�ZKLFK� LQIOXHQFHV� VWURQJO\� WKH� TXDOLW\� RI� WKH
DXJPHQWDWLRQ�� ,PPHUVLYH� HQYLURQPHQWV� FDQ� WROHUDWH� GLVFUHSDQFLHV
EHWZHHQ�UHDOLW\�DQG�FRPSXWHU�JHQHUDWHG� LPDJHV�ZKLFK�ZRXOG�EH� LP�
SRVVLEOH� WR� LJQRUH� LQ� DQ� DXJPHQWHG� VHWXS�� 6LQFH� LQ� DQ� LPPHUVLYH
VLWXDWLRQ�WKH�XVHU�RQO\�UHOLHV�RQ�FRPSXWHU�JHQHUDWHG�LPDJHV�IRU�KDQG�
H\H� FRRUGLQDWLRQ�� HUURUV� EHWZHHQ� KDQG� SRVLWLRQ� LQ� UHDOLW\� DQG� SUR�
MHFWHG�KDQG�FXUVRU�SRVLWLRQ� LQ� WKH� HQYLURQPHQW�DOPRVW�QHYHU� OHDG� WR
SUREOHPV�ZKHQ�LQWHUDFWLQJ�ZLWK�WKH�YLUWXDO�HQYLURQPHQW�

,Q� DQ� DXJPHQWHG� HQYLURQPHQW� KRZHYHU�� PLVDOLJQPHQW� EHWZHHQ
WUDFNHG�UHDO�REMHFWV�DQG�WKHLU�UHSUHVHQWDWLRQV�LQ�YLUWXDOLW\���ZKLFK�GR
QRW�KDYH�WR�EH�YLVXDO�UHSUHVHQWDWLRQV��DQ�LQSXW�ZDQG�PD\�RQO\�EH�UHS�
UHVHQWHG�E\�LWV��KRWVSRW���WKH�SRLQW�LQ�VSDFH�ZKHUH�LWV�IXQFWLRQ�WDNHV
SODFH���FDQ�FDXVH�VHYHUH�SUREOHPV�IRU�WKH�XVHU�WR�RSHUDWH�LQ�WKH�HQYL�
URQPHQW�� $GGLWLRQDOO\�� ODJ� EHWZHHQ� UHDOLW\� DQG� WKH� FRPSXWHU�
JHQHUDWHG�HQYLURQPHQW�LV�PXFK�PRUH�QRWLFHDEOH�WKDQ�LQ�DQ�LPPHUVLYH
VLWXDWLRQ�� VLQFH� WKH� SRVLWLRQ� RI� YLUWXDO� REMHFWV� LQ� UHVSHFW� WR� WKH� UHDO
VXUURXQGLQJV� FDQ� EH� LPPHGLDWHO\� FRPSDUHG�� 7KLV� UHVXOWV� LQ� �VZLP�
PLQJ�� EHKDYLRU� RI� WKH� YLUWXDO� VFHQH��ZKLFK�PD\� DOVR� OHDG� WR�PRWLRQ
VLFNQHVV�

:KHQ� DGGUHVVLQJ� WKH� SUREOHP� RI� RFFOXVLRQ�� DQRWKHU� TXDOLW\� RI� WKH
WUDFNLQJ� V\VWHP� XVHG� PDWWHUV�� WKH� DELOLW\� WR� VXSSO\� WKH� VLPXODWLRQ
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ZLWK�DGGLWLRQDO� LQIRUPDWLRQ� UHJDUGLQJ� WKH� RFFOXGLQJ� REMHFWV�� ,GHDOO\�
ZH�ZRXOG� OLNH�WKH�WUDFNLQJ�V\VWHP�QRW�RQO\�VXSSO\�XV�ZLWK� WKH�SRVL�
WLRQ�DQG�RULHQWDWLRQ�RI�RQH�RU�PRUH�UHIHUHQFH�SRLQWV�RQ�WKH�RFFOXGLQJ
REMHFW�� EXW� DOVR� WR� GHOLYHU� FRPSOHWH� JHRPHWULF� LQIRUPDWLRQ�ZKLFK� HQ�
DEOHV�XV�WR�GHWHUPLQH�ZKLFK�SDUWV�RI�YLUWXDO�REMHFWV�WR�RFFOXGH�

7KLV�\LHOGV�WKH�IROORZLQJ�FODVVLILFDWLRQ�E\�WUDFNLQJ�V\VWHP�

7DEOH�����RFFOXVLRQ�RUGHU�YV��GLVSOD\�V\VWHP

6XSSOLHV�RQO\�SRVLWLRQDO�GDWD VXSSOLHV� DGGLWLRQDOO\� JHRPHWULF
LQIRUPDWLRQ

0DJQHWLF�WUDFNLQJ
0HFKDQLFDO�WUDFNLQJ
2SWLFDO� WUDFNLQJ� XVLQJ� EHDFRQV
>6WDWH����E@

YLGHR� WUDFNLQJ� GHOLYHULQJ� GHSWK
PDS�IURP�VWHUHR�>:ORND����@
YLGHR� WUDFNLQJ� GHOLYHULQJ� FRQWRXU
GDWD�>%HUJHU����@
YLGHR�UDQJH�WUDFNLQJ�>5DVNDU����@
XVLQJ�LQYLVLEOH�VWUXFWXUHG�OLJKW
ODVHU�UDQJH�WUDFNLQJ

7UDFNLQJ�V\VWHPV�SURYLGLQJ�RFFOXVLRQ�GDWD

$� YHU\� HIILFLHQW� DQG� VHOI�FRQWDLQHG� DSSURDFK� ZRXOG� EH� YLGHR�EDVHG
DXJPHQWDWLRQ�XVLQJ�VWHUHR�KHDGPRXQWHG�FDPHUDV�DQG�D�+0'��6WHUHR
YLGHR�GDWD�FRXOG�EH�XVHG�IRU�LQVLGH�RXW�WUDFNLQJ�RI�WKH�XVHUV�SRVLWLRQ
DQG�RULHQWDWLRQ�DQG�DOVR�WR�JHQHUDWH�D�GHQVH�GHSWK�PDS�RI�WKH�YLVLEOH
VFHQH�XVDEOH�IRU�RFFOXVLRQ��:KLOH�WKLV�DSSURDFK�VHHPV�WR�EH�WKH�PRVW
SURPLVLQJ�LQ�UHVSHFW�WR�YHUVDWLOLW\��LW�KDV�VWLOO�WR�RYHUFRPH�VRPH�GUDZ�
EDFNV��7KH�FRPSXWDWLRQDO�FRPSOH[LW\�RI�WKH�GHSWK�PDS�UHFRQVWUXFWLRQ
DOORZV�RQO\�FRDUVH�DSSUR[LPDWLRQV�RI�WKH�VFHQH�GHSWK�WR�EH�FRPSXWHG
LQ� UHDO�WLPH��:ORND� DQG�$QGHUVRQ� >:ORND����@� RQO\� SURGXFH� FRDUVH
DSSUR[LPDWLRQV�RI�RFFOXVLRQ�LQ�DFFHSWDEOH�WLPH��7KLV�ZLOO�SUREDEO\�EH
VROYHG� ZLWK� LQFUHDVLQJ� FRPSXWLQJ� VSHHG� RI� IXWXUH� V\VWHPV�� $QRWKHU
GUDZEDFN��ZKLFK�FDQQRW�EH�VROYHG�ZLWKRXW�DGGLWLRQDO� WUDFNLQJ� LQIRU�
PDWLRQ� LV� WKH� OLQH�RI�VLJKW� SUREOHP�� REMHFWV� QRW� YLVLEOH� LQ� WKH� YLGHR
LPDJHV� FDQQRW� EH� WUDFNHG�� :KLOH� WUDFNLQJ� RI� WKHVH� REMHFWV� LV� QRW
QHHGHG� IRU� VROYLQJ� RFFOXVLRQ�� WUDFNLQJ� RI� WKH� XVHUV� KDQG� RXWVLGH� WKH
YLHZLQJ� IUXVWXP� PD\� EH� QHFHVVDU\�� (VSHFLDOO\� ZKHQ� XVLQJ� WZR�
KDQGHG� LQWHUDFWLRQ� DV� ZH� GR� ZKHQ� XVLQJ� WKH� 3HUVRQDO� ,QWHUDFWLRQ
3DQHO��3,3���WKH�XVHU�PXVW�EH�DEOH�WR�XVH�KLV�SURSULRFHSWLF�VHQVH�DORQH
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WR�PDQLSXODWH� YLUWXDO� LQSXW� GHYLFHV�ZLWKRXW� UHO\LQJ� RQ� KLV� KDQG�WR�
H\H�FRRUGLQDWLRQ��7KLV�PDQLSXODWLRQ�RXWVLGH�WKH�XVHUV�ILHOG�RI�YLHZ�LV
RQH�RI�WKH�HVVHQWLDO�DGYDQWDJHV�RI�WZR�KDQGHG�LQWHUDFWLRQ�DQG�DYRLGV
GLVSOD\�FOXWWHULQJ�DQG�RFFOXVLRQ�E\�LQWHUDFWLRQ�HOHPHQWV�

%HUJHU� >%HUJHU����@� SUHVHQWHG� D� FRQWRXU�EDVHG� DSSURDFK� WR� RFFOX�
VLRQ�ZKLFK� GHOLYHUV� RXWVWDQGLQJ� UHVXOWV�ZKLOH� XVLQJ� HVVHQWLDOO\� RQO\
�'� LPDJH�SURFHVVLQJ�PHWKRGV��7KLV� UHGXFHV� WKH� FRPSXWDWLRQDO� FRVWV
GUDVWLFDOO\��EXW�DOVR�VXIIHUV�IURP�WKH�OLQH�RI�VLJKW�SUREOHPV�PHQWLRQHG
DERYH�

$SSURDFKHV� XVLQJ� VSHFLDO� KDUGZDUH�� DV� IRU� H[DPSOH� ODVHU� UDQJH
VFDQQLQJ� GHYLFHV�� ZKLOH� SURYLGLQJ� H[FHOOHQW� GDWD� DUH� LQ� PRVW� FDVHV
SURKLELWLYHO\� H[SHQVLYH� DQG� VXIIHU� LQ� PDQ\� FDVHV� IURP� OLQH�RI�VLJKW
SUREOHPV� VLPLODU� WR� WKH� RQHV� FLWHG� DERYH�� 7KLV� KROGV� HVSHFLDOO\� LQ� D
FROODERUDWLYH� VLWXDWLRQ�ZKHUH� XVHUV� VWDQGLQJ� FORVH� WRJHWKHU� H[DPLQH
DQG�REMHFW�EHWZHHQ�WKHP��DV�LQ�6WXGLHUVWXEH�

7UDFNLQJ�V\VWHPV�SURYLGLQJ�RQO\�SRVLWLRQDO�GDWD

$W� WKH� PRPHQW� PRVW� YLUWXDO� HQYLURQPHQWV� �LPPHUVLYH� DQG� DXJ�
PHQWHG��XVH�WUDFNLQJ�V\VWHPV�SURYLGLQJ�RQO\�SRVLWLRQ�DQG�RULHQWDWLRQ�
7KLV� LQFOXGHV� FRPPHUFLDO�PDJQHWLF�DQG�PHFKDQLFDO� WUDFNLQJ�GHYLFHV
DQG�DGYDQFHG�EHDFRQ�EDVHG�RSWLFDO�WUDFNLQJ�V\VWHPV�OLNH�WKH�RQH�GH�
YHORSHG�DW�81&�>:DUG����@�RU�WKH�VWUXFWXUHG�OLJKW�DSSURDFK�RI�>5DV�
NDU����@�

6RSKLVWLFDWHG� RSWLFDO� WUDFNLQJ� V\VWHPV� OLNH� WKLV�� RU� K\EULG� RSWL�
FDO�PDJQHWLF�VROXWLRQV�OLNH�WKH�RQH�XVHG�LQ�>6WDWH����E@�GHOLYHU�KLJK
SUHFLVLRQ� WUDFNLQJ� GDWD� EXW� XQIRUWXQDWHO\� QR� DGGLWLRQDO� GDWD� XVDEOH
IRU�RFFOXVLRQ�

�������5HJLVWUDWLRQ�3UREOHPV

7KH�SUREOHP�RI�UHJLVWHULQJ�WKH�XVHUV�KHDG�SRVLWLRQ�ZLWK�WKH�SRVLWLRQ�RI
WKH�YLUWXDO�FDPHUD�DQG�WKH�YLUWXDO�REMHFWV�ZLWK�WKH�UHDO�HQYLURQPHQW
KDV� DOUHDG\� EHHQ� FRYHUHG� H[WHQVLYHO\� >7D\ORU������ $]XPD�����
6WDWH����D�� :KLWDNHU����@�� +HUH� �� OLNH� LQ� WKH� SUHYLRXVO\� FLWHG� DS�
SURDFK�WR�RFFOXVLRQ�E\�>%HUJHU����@���D��'�LPDJH�EDVHG�DSSURDFK�SUH�



��

VHQWHG�E\�.XWXODNRV�>.XWXNDORV����@�VHHPV�WR�EH�DQ�DGHTXDWH�VROX�
WLRQ�IRU�YLGHR�EDVHG�V\VWHPV�

7KH�UHJLVWUDWLRQ�HUURUV�SUHVHQW�XV�ZLWK�HVSHFLDOO\�DQQR\LQJ�DUWLIDFWV
ZKHQ�RFFOXGLQJ�YLUWXDO�REMHFWV��6OLJKW�HUURUV�SURGXFH�D�YLVLEOH�JDS�EH�
WZHHQ�YLUWXDO�DQG�UHDO�REMHFW��)LJXUH�����RU�RYHUODSSLQJ�HIIHFWV�ZKLFK
RFFOXGH�D�VOLFH�RI�WKH�UHDO�REMHFW�WKDW�LV�VXSSRVHG�WR�DSSHDU�LQ�IURQW�RI
WKH�YLUWXDO�

D�� �E��

)LJXUH������D��2FFOXVLRQ�ZLWK�KHDG�SKDQWRP�

�E��PLVUHJLVWUDWLRQ��LQ�FLUFOH��GXH�WR�WLPH�ODJ�

6LQFH�UHJLVWUDWLRQ�RI�WKH�FRPPRQO\�XVHG�PDJQHWLFDO�WUDFNHUV�LV�QRWR�
ULRXVO\�LQVWDEOH��WKHVH�HUURUV�WHQG�WR�DSSHDU�LQ�PRVW�DXJPHQWHG�HQYL�
URQPHQWV��:H�WU\�WR�SUHVHQW�D�VROXWLRQ�IRU�UHGXFLQJ�WKH�YLVXDO�LPSDFW
RI�WKHVH�DUWLIDFWV�

�����5HTXLUHPHQWV�IRU�2FFOXVLRQ�LQ��6WXGLHUVWXEH�

7KH�FROODERUDWLYH�DXJPHQWHG�HQYLURQPHQW�ZH�KDYH�GHYHORSHG�DOORZV
PXOWLSOH� FROODERUDWLQJ� XVHUV� WR� VLPXOWDQHRXVO\� VWXG\� WKUHH�
GLPHQVLRQDO� VFLHQWLILF� YLVXDOL]DWLRQV� LQ� D� �VWXG\� URRP�� �� *HUPDQ�
�6WXGLHUVWXEH���(DFK�SDUWLFLSDQW�ZHDUV�DQ� LQGLYLGXDOO\�KHDG�WUDFNHG
VHH�WKURXJK�+0'�SURYLGLQJ�D�VWHUHRVFRSLF�UHDO�WLPH�GLVSOD\��7KH�XVH
RI� LQGLYLGXDO� GLVSOD\V� DQG� KHDG� WUDFNLQJ� DOORZV� SURYLGLQJ� VWHUHR�
VFRSLF��XQGLVWRUWHG�LPDJHV�IRU�HYHU\�XVHU��7KH�VHH�WKURXJK�SURSHUW\�RI
WKH� +0'V� DOORZV� XVHUV� WR� VHH� HDFK� RWKHU� DQG� DYRLGV� WKH� IHDU� RI
EXPSLQJ�LQWR�REVWDFOHV�
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2EMHFWV�LQ�6WXGLHUVWXEH�PD\�DSSHDU���XQOLNH�LQ�SURMHFWLRQ�EDVHG�GLV�
SOD\� V\VWHPV� �� ERWK� EHWZHHQ� DQG� EHVLGH� XVHUV�� ,QWHUDFWLRQ� DQG� FRO�
ODERUDWLRQ�ZLWKLQ�DUP�UHDFK�RI�WKH�XVHUV�LV�SRVVLEOH�DQG�VXSSRUWHG�E\
VFLHQWLILF� YLVXDOL]DWLRQ� DSSOLFDWLRQV� ZH� KDYH� SUHVHQWHG� LQ� >)XKU�
PDQQ����@� DQG� >)XKUPDQQ����@��6LQFH� WKH� UHVXOWLQJ� VFHQDULRV� OHDG
RIWHQ�WR�VLWXDWLRQV�ZKHUH�XVHUV�KHDGV��KDQGV�RU�ERGLHV�RU�WKH�3,3�KDG
WR�RFFOXGH�YLUWXDO�REMHFWV��ZH�KDG�WR� ILQG�D�PHWKRG� IRU�HIILFLHQW�KDQ�
GOLQJ�RI�WKHVH�RFFOXVLRQV�

7KH� SURSHUWLHV� RI� 6WXGLHUVWXEH� DQG� RXU� FKRVHQ� KDUGZDUH� DQG� VRIW�
ZDUH�VHWXS�SUHVHQWHG�XV�ZLWK�WKH� IROORZLQJ�UHTXLUHPHQWV� IRU�VROYLQJ
WKH�RFFOXVLRQ�SUREOHP�

��9LHZ�LQGHSHQGHQFH�VXSSRUWLQJ�PXOWLSOH�XVHUV
6WXGLHUVWXEH�KDV�WR�VXSSRUW�PXOWLSOH�XVHUV��2FFOXVLRQ�PHWKRGV�WKHUH�
IRUH�KDYH�WR�VXSSRUW�D�YLHZ�LQGHSHQGHQFH�RI�PHWKRGV��LGHDOO\�KROGLQJ
WKH�FRPSXWDWLRQDO�FRVW�SURSRUWLRQDO�WR�WKH�QXPEHU�RI�XVHUV�

��0LQLPL]H�QXPEHU�RI�WUDFNHUV
5HSUHVHQWDWLRQ� RI� XVHUV� ERGLHV� KDV� WR� EH� VXSSRUWHG�ZLWK� D�PLQLPDO
QXPEHU�RI�DGGLWLRQDO�WUDFNHUV��2WKHUZLVH�WKH�WUDFNLQJ�UHTXLUHPHQW�RI
PXOWLSOH�XVHUV�FRXOG�TXLFNO\�H[FHHG�RXU�KDUGZDUH�FDSDELOLWLHV�DQG�WKH
XVHUV�WROHUDQFH�WR�VHWXS�RYHUKHDG�IRU�XVH�RI�WKH�HQYLURQPHQW�

��0LQLPL]H�UHQGHULQJ�RYHUKHDG
6LQFH�RFFOXVLRQ�LV�RQO\�DQQR\LQJ�ZKHQ�LW�GRHV�QRW�ZRUN��WKH�WROHUDEOH
RYHUKHDG�IRU�FRUUHFWO\�VLPXODWLQJ�LW�LV�UHODWLYHO\�ORZ��:H�KDYH�WR�NHHS
UHQGHULQJ�SDVVHV��DGGLWLRQDO�JHRPHWU\�RU�LPDJH�SURFHVVLQJ�WR�D�PLQL�
PXP�

6LQFH�RXU�6WXGLHUVWXEH�XVHV� �� OLNH�PRVW� YLUWXDO� HQYLURQPHQWV�DW� WKH
PRPHQW���FRPPHUFLDO�PDJQHWLF�WUDFNHUV�ZH�QHHG�DQRWKHU�DSSURDFK�WR
WKH�RFFOXVLRQ�SUREOHP�ZKLFK�GRHV�QRW�UHO\�RQ�WUDFNLQJ�RI�JHRPHWU\�RU
GHSWK�

�����2FFOXGLQJ�ZLWK�3KDQWRPV

6LQFH�ZH�DUH�XVLQJ�D�WUDFNLQJ�V\VWHP��ZKLFK�GRHV�QRW�VXSSO\�JHRPHW�
ULF� LQIRUPDWLRQ�RI� RFFOXGLQJ� UHDO� REMHFWV��ZH�KDYH� WR� DFTXLUH� WKLV� LQ�
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IRUPDWLRQ�SUHYLRXVO\��7KLV�FDQ�HDVLO\�EH�GRQH�E\�PRGHOLQJ�RU�GLJLWL]�
LQJ� VXIILFLHQWO\� SUHFLVH� UHSUHVHQWDWLRQV� RI� WKH� REMHFWV� RIIOLQH� DQG
SODFLQJ�WKHP�LQVLGH�WKH�YLUWXDO�VFHQH�

:H� FDOO� WKHVH� PRFNXSV� RI� UHDO� REMHFWV� �SKDQWRPV��� %\� UHQGHULQJ
WKHP� LQ� DQ� DSSURSULDWH�ZD\� RFFOXVLRQ� RI� WKH� YLUWXDO� REMHFWV� E\� UHDO
REMHFWV� FDQ�EH�VLPXODWHG� �)LJXUH������5HQGHULQJ�RI�SKDQWRPV�FDQ�EH
SHUIRUPHG�GLIIHUHQWO\��GHSHQGLQJ�RQ�WKH�GLVSOD\�V\VWHP�XVHG�

6HPL�WUDQVSDUHQW�+0'V�RQO\�QHHG�EODFN�DUHDV�ZKHUH�UHDOLW\�VKRXOG
EH� YLVLEOH�� 7R� FRUUHFWO\� RFFOXGH� REMHFWV� LQ� WKLV� VHWXS� SKDQWRPV� KDYH
WKHUHIRUH�RQO\�WR�EH�UHQGHUHG�LQ�EODFN��ZLWKRXW�DQ\�VSHFLDO�UHQGHULQJ
RUGHU��7KLV�LV�IDVW�DQG�HDV\�WR�LPSOHPHQW�

:KHQ�FRPELQLQJ�LPDJHV�IRU�D�YLGHR�EDVHG�DSSURDFK�H[WHUQDOO\�XVLQJ
D� OXPLQDQFH�� RU� FKURPD�NH\HG� V\VWHP� WKH� VDPH�PHWKRG� FDQ� EH� DS�
SOLHG�� )RU� SUHVHQWDWLRQ� SXUSRVHV� RU� ZKHQ� JHQHUDWLQJ� PRYLHV� RI� RXU
HQYLURQPHQW�ZH�XVXDOO\�DSSO\�GLJLWDO�FRPSRVLWLQJ�XVLQJ�RQH�PDFKLQH
�� DQ�6*,�2FWDQH� �� IRU� VLPXOWDQHRXVO\� GLJLWL]LQJ� YLGHR� GDWD� DQG� UHQ�
GHULQJ�YLUWXDO�REMHFWV�RYHUOD\LQJ�WKH�YLGHR�LQIRUPDWLRQ�

7KH�SUHYLRXV�UHQGHULQJ�DSSURDFK�ZRXOG�RQO\�SURGXFH�D�EODFN�DYDWDU
LQ�IURQW�RI�WKH�YLGHR�LPDJH��7R�FRUUHFWO\�UHQGHU�RFFOXGLQJ�JHRPHWU\�ZH
KDG�WR�UHVWUXFWXUH�WKH�VFHQHJUDSK�WR�JXDUDQWHH�DOO�SKDQWRP�ZRXOG�EH
UHQGHUHG� EHIRUH� DQ\� YLVLEOH� JHRPHWU\�� 7KLV� FDQ� EH� GRQH� LQ� D� SUH�
SURFHVVLQJ�VWHS�DQG�GRHV�QRW�LQIOXHQFH�UHQGHULQJ�WLPHV��7KH�IROORZLQJ
2SHQ*/�VHTXHQFH�LV�H[HFXWHG�IRU�HDFK�IUDPH�
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7DEOH����2SHQ*/�UHQGHULQJ�VHTXHQFH�IRU�RFFOXVLRQ

UHVHW�]�EXIIHU

�

UHQGHU�YLGHR�EDFNJURXQG

�

HQDEOH�]�EXIIHU�WHVWLQJ�	
ZULWLQJ�

GLVDEOH�5*%�ZULWLQJ

�

UHQGHU�SKDQWRPV

�

HQDEOH�5*%�ZULWLQJ

�

UHQGHU�YLVLEOH�SDUW�RI�VFHQH

7KLV�UHVXOWV�LQ��LQYLVLEOH��SKDQWRPV��ZKLFK�RQO\�DUH�UHJLVWHUHG�LQ�WKH
]�EXIIHU�RI�WKH�UHQGHULQJ�KDUGZDUH��1RUPDO�JHRPHWU\�LV�RQO\�UHQGHUHG
ZKHUH�LW�OLHV�QHDUHU�WR�WKH�YLHZSRLQW�DV�D�SKDQWRP�

�������2FFOXVLRQ�RI�6WDWLF�2EMHFWV

7KH�VLPSOHVW� FDVH�RI� RFFOXVLRQ� RI� UHDO� E\� YLUWXDO� REMHFWV� LV�ZKHQ� WKH
UHDO�REMHFWV�DUH�SUHYLRXVO\�NQRZQ�DQG�VWDWLF�RYHU�WKH�GXUDWLRQ�RI�WKH
VLPXODWLRQ��([DPSOHV� IRU�WKLV�ZRXOG�EH� IXUQLWXUH�DQG� IL[WXUHV�RI� WKH
URRP�XVHG�DV�ZRUNVSDFH�

([DPSOHV�IRU�RFFOXVLRQ�RI�VWDWLF�REMHFWV�FDQ�EH� IRXQG�LQ� >%UHH����@�
:H�KDYH�DSSOLHG�WKLV�PHWKRG�WR�VLPXODWH�RFFOXVLRQ�RI�YLUWXDO�REMHFWV
E\�ODERUDWRU\�IXUQLWXUH�LQ�6WXGLHUVWXEH�



��

�������2FFOXVLRQ�RI�7UDFNHG�5LJLGV

7KH� RFFOXVLRQ� RI� YLUWXDO� VFHQHU\� E\� QRQ�VWDWLRQDU\� ULJLG� UHDO� REMHFWV
FDQ�EH�KDQGOHG�LQ�PXFK�WKH�VDPH�ZD\�DV�WKH�DERYH�FDVH�RI�VWDWLF�RE�
MHFWV��7KH�SRVLWLRQ�DQG�RULHQWDWLRQ�RI�WKH�SKDQWRP���VLQFH�WKH\�DUH�QR
ORQJHU�FRQVWDQW�RYHU�WKH�GXUDWLRQ�RI�WKH�VLPXODWLRQ���KDYH�WR�EH�FRX�
SOHG�WR�WKH�UHDO�REMHFW��LQ�RXU�VHWXS�E\�WKH�PRXQWLQJ�RI�DQ�DGGLWLRQDO
PDJQHWLF�WUDFNHU�VHQVRU�RQ�HDFK�RFFOXGLQJ�REMHFW�

:H�KDYH�XVHG�WKLV�DSSURDFK�WR�PRGHO�RFFOXVLRQ�RI�YLUWXDO�REMHFWV�E\
WUDFNHG�UHDO�REMHFWV�OLNH�WKH�3,3�LQ�6WXGLHUVWXEH��)LJXUH�����

)LJXUH�����3HUVRQDO�,QWHUDFWLRQ�3DQHO��3,3��RFFOXGLQJ

VFLHQWLILF�YLVXDOL]DWLRQ�

�������2FFOXVLRQ�IRU�7UDFNHG�$UWLFXODWHG�2EMHFWV

$�PRUH�JHQHUDO� FDVH� WKDQ� WUDFNLQJ� VLPSOH� ULJLG� REMHFWV� IRU� RFFOXVLRQ
SXUSRVHV� LV� WKH� XVH� RI� WUDFNHG� DUWLFXODWHG� REMHFWV� IRU� RFFOXVLRQ�� 7KH
SULPDU\�DSSOLFDWLRQ�RI�WKLV�LQ�RXU�HQYLURQPHQW�ZDV�WKH�RFFOXVLRQ�JHQ�
HUDWHG�E\�SDUWLFLSDQW
V�ERGLHV�PRYLQJ�LQ�IURQW�RI�YLUWXDO�REMHFWV�

7R�DFKLHYH�WKLV�XQGHU�WKH�UHTXLUHPHQWV�VWDWHG�DERYH�ZH�PRGHOHG�D
FRDUVH� DUWLFXODWHG� UHSUHVHQWDWLRQ� RI� D� XVHU�� 7KLV� DSSUR[LPDWLRQ� LV
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XVHG�DV�D��SKDQWRP�DYDWDU���ZKLFK�LV�VXSSRVHG�WR�PLPLF�DOO�SRVHV�DQG
JHVWXUHV�RI�WKH�WUDFNHG�XVHU�WR�DOORZ�UHQGHULQJ�RI�FRUUHFW�RFFOXVLRQ��,W
FRQVLVWV�RI�ULJLG�VHJPHQWV�FRUUHVSRQGLQJ�WR�ERG\�SDUWV��ZKLFK�KDYH�WR
EH� DQLPDWHG� LQ� UHDO�WLPH� DFFRUGLQJ� WR� LQFRPLQJ� WUDFNHU� GDWD�� 7R
DFKLHYH� WKLV� ZH� KDYH� WR� PRXQW� DGGLWLRQDO� WUDFNHUV� RQ� WKH� XVHU�
�)LJXUH����� VKRZV�KRZ� WKLV�ZDV�GRQH��6LQFH� WKH�KHDG�SRVLWLRQ� LV� DO�
UHDG\� WUDFNHG� YLD� WKH� +0'�� RQO\� WKUHH� DGGLWLRQDO� WUDFNHU� VHQVRUV
ZHUH�XVHG��WZR�RQ�WKH�ORZHU�DUPV�DQG�RQH�RQ�WKH�EDFN�RI�WKH�XVHU��D
VFKHPH�FRPSDUDEOH� WR� WKH�RQH�XVHG�E\�%DGOHU� >%DGOHU����@��6LPLODU
UHVXOWV�KDYH�EHHQ�REWDLQHG�E\�:DOGURS�>:DOGURS����@�ZLWK�WKH�XVH�RI
WKUHH�VHQVRUV�SHU�DUP�IRU�LPSOHPHQWLQJ�DYDWDUV�LQ�D�GLVWULEXWHG�YLU�
WXDO�HQYLURQPHQW�

)LJXUH�����8VHU�ZLWK���VHQVRUV�DQG�+0'�

%DVHG�RQ�D� UHGXFHG�QXPEHU� RI� VHQVRUV� RXU� VLPXODWLRQ�KDV� WR� LPSOH�
PHQW�D�QXPEHU�RI�DGGLWLRQDO�FRQVWUDLQWV�UHJDUGLQJ�MRLQW�VWLIIQHVV�DQG
GHJUHHV�RI�IUHHGRP�WR�FRUUHFWO\�VLPXODWH�WKH�SRVWXUH�RI�WKH�XVHU��6LQFH
RXU�V\VWHP�LV�EDVHG�RQ�ULJLGV�ZH�DOVR�DUH�QRW�DEOH�WR�VLPXODWH�GHIRU�
PDWLRQV� RI� WKH� ERG\�� EXW� DUH� SODQQLQJ� WR� LPSOHPHQW� WKLV� LQ� D� ODWHU
YHUVLRQ�EDVHG�RQ�D�VLPSOLILHG��VHJPHQWHG�VSLQH�
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�������&RPSHQVDWH�5HJLVWUDWLRQ�(UURUV�E\��%OXUULQJ��WKH
3KDQWRP

$V�DOUHDG\�VWDWHG�EHIRUH��VOLJKW�UHJLVWUDWLRQ�HUURUV�EHWZHHQ�SKDQWRP
DQG� UHDO� REMHFW� UHVXOW� LQ� DQQR\LQJ� DUWLIDFWV� ZKHQ� RFFOXVLRQ� RFFXUV�
7KLV�FDQ�EH�FDXVHG�E\�HUURUV�EHWZHHQ�WUDFNHU�GDWD�DQG�UHDO�SRVLWLRQ�RI
WKH�VHQVRU��GXH�WR�WLPH�ODJ�RU�PLVUHJLVWUDWLRQ�RI�UHDO�DQG�YLUWXDO�HQYL�
URQPHQW�RU�E\�GLIIHUHQFHV�EHWZHHQ�WKH�VKDSH�RI� � WKH�XVHU�DQG�SKDQ�
WRP� JHRPHWU\�� 7KH� ILUVW� WZR� FDXVHV� FDQ� EH� DGGUHVVHG� LQ� RQH� RI� WKH
ZD\V�FLWHG�DERYH��ZKHUHDV�WKH�ODVW�FDVH�GHILQHV�D�QHZ�SUREOHP�

:KLOH�WKHRUHWLFDOO\�SRVVLEOH��D�SL[HO�SHUIHFW�UHSUHVHQWDWLRQ�RI��IRU�H[�
DPSOH�WKH�XVHUV�IRUHDUP�PD\�EH�SRVVLEOH�WR�PRGHO��VXFK�SUHFLVLRQ�LV�LQ
PRVW�FDVHV�XQQHFHVVDU\��(YHQ�GLVFRXQWLQJ�UHPDLQLQJ�HUURUV�IURP�WKH
WUDFNHU�PLVUHJLVWUDWLRQ�GHIRUPDWLRQ�RI�ERG\�DQG�HYHQ�FKDQJHG�FORWKHV
FDQ�LQYDOLGDWH�WKH�SUHFLVLRQ�LQ�PRGHOLQJ�WKH�VKDSH�RI�D�ERG\�SDUW�LQ�D
IL[HG�SRVWXUH��)XUWKHUPRUH�D�SUHFLVH�DQG�WKHUHIRUH� ILQHO\� WHVVHOODWHG
PRGHO�RI�WKH�DYDWDU�ZRXOG�FRQVXPH�WRR�PXFK�RI�RXU�SRO\JRQ�EXGJHW�

:H�DUH�WKHUHIRUH�SURSRVLQJ�WR�UHSUHVHQW�WKLV�PDUJLQ�RI�HUURU�LQ�RXU
SKDQWRP�DYDWDU��:H�GR�QRW�UHQGHU�D�KDUG�HGJH�EHWZHHQ�RFFOXGHG�RE�
MHFW� DQG� RFFOXGLQJ� SKDQWRP� EXW� D� VRIW� WUDQVLWLRQ� FRYHULQJ� WKH� HUURU
PDUJLQ��)LJXUH������7KLV�WUDQVLWLRQ�VKDOO�HQDEOH�WKH�XVHU�WR�SHUFHLYH
GHWDLOV�RI�ERWK�YLUWXDO�REMHFW�DQG�RFFOXGLQJ�UHDO�REMHFW��ZKLOH�QRW�VLJ�
QLILFDQWO\�UHGXFLQJ�WKH�YLVXDO�RFFOXVLRQ�FOXH�

���

)LJXUH�����8VH�RI��D�EOXUUHG�SKDQWRP�ZLWK�GLIIHUHQW�JHVWXUHV�

$� IXUWKHU� DSSOLFDWLRQ� RI� WKLV� WUDQVLWLRQDO� �EOXUULQJ�� HIIHFW� DUH� ERG\
SDUWV�ZKHUH�PXFK�DGGLWLRQDO� WUDFNLQJ� HIIRUW�ZRXOG�KDYH� WR� EH� VSHQW
MXVW� WR� LPSOHPHQW�SUHFLVH� RFFOXVLRQ�� WKH�XVHUV�KDQGV��:LWKRXW� XVLQJ



��

WKH�DOPRVW�DOZD\V� FXPEHUVRPH�DQG� LQDFFXUDWH�JORYHV� WR� WUDFN� H[DFW
KDQG� DQG� ILQJHU� SRVLWLRQV�� QRW� HQRXJK� GDWD� LV� DYDLODEOH� WR� FRUUHFWO\
RFFOXGH� WKLV�SDUW�RI� WKH�XVHUV�ERG\��:KHQ�XVLQJ� VRPH�NLQG�RI� �SURE�
DELOLW\�EOXUULQJ�� LQ�WKLV�DUHD��ZKLFK�UHQGHUV�WKH�DYDWDU� WKH�PRUH�RF�
FOXGLQJ��WKH�KLJKHU�WKH�SUREDELOLW\�RI�D�SDUW�RI�WKH�KDQG�DSSHDULQJ�LQ
LW� LV��ZH�DUH�DEOH� WR�SURYLGH� VDWLVIDFWRU\�RFFOXVLRQ� �)LJXUH������6LQFH
ILQJHU�DQG�KDQG�JHVWXUHV�DUH�GHVLUDEOH�H[WHQVLRQV�RI�FROODERUDWLRQ�LQ
RXU�HQYLURQPHQW�ZH�ZDQW�HDFK�XVHU�EH�DEOH�WR�VHH�WKHP�

D�� �E�

)LJXUH�����D���3UREDELOLVWLF��IXQFWLRQ�RI�KDQG�

E��FRUUHVSRQGLQJ�SKDQWRP

�����,PSOHPHQWDWLRQ

�������,QWHJUDWLQJ�2FFOXVLRQ�LQWR�6WXGLHUVWXEH

7KH�LQWHJUDWLRQ�RI�WKH�QHFHVVDU\�H[WHQVLRQV�IRU�RFFOXVLRQ�LQWR�6WXGLHU�
VWXEH� SURYHG� WR� EH� UHODWLYHO\� VWUDLJKWIRUZDUG�� 7KH� ZKROH� V\VWHP� LV
EDVHG� RQ� WKH� 2SHQ,QYHQWRU� >6WUDXVV����@� 5HQGHULQJ�6LPXODWLRQ� OL�
EUDU\��ZKLFK�UHGXFHV�WKH�DGGLWLRQ�RI�QHZ�IXQFWLRQDOLW\�WR�WKH�6WXGLHU�
VWXEH�HQYLURQPHQW�WR�WKH�VLPSOH�SURFHVV�RI�DGGLQJ�D�QHZ�G\QDPLFDOO\
ORDGDEOH� PRGXOH�� 7KH� QHFHVVDU\� WUDFNHU� GDWD� LV� GHOLYHUHG� E\� WKH
6WXGLHUVWXEH� WUDFNHU� LQWHUIDFH��ZKLFK�GHOLYHUV�SRVLWLRQV�DQG� RULHQWD�
WLRQV� LQ� 2SHQ,QYHQWRU� ILHOGV�� D� KLJK�OHYHO� LQWHUIDFH� HOHPHQW�� ZKLFK
DOORZV� HDV\� FRQQHFWLRQV� WR� WKH� VHSDUDWHO\� GHYHORSHG� VLPXODWLRQ� OL�
EUDU\�>/|IIHOPDQQ����D@�
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�������.LQHPDWLF�6LPXODWLRQ�RI�$YDWDU�3RVWXUH

7KH�SKDQWRP�DYDWDU�XVHG�IRU�RFFOXVLRQ�LV�PRGHOHG�DV�DUWLFXODWHG�VRO�
LGV�UHSUHVHQWLQJ�D�KXPDQ�ERG\��$�JHRPHWU\�XVHG� IRU�RFFOXVLRQ� LV�DW�
WDFKHG�WR�HDFK�VROLG��6RPH�RI�WKH�VROLGV�DUH�GLUHFWO\�FRQQHFWHG�WR�WKH
WUDFNHUV�DWWDFKHG�WR�WKH�XVHU��)LJXUH�����

)LJXUH�����3KDQWRP�DYDWDU�ZLWK�SRVLWLRQ�RI�WUDFNHU�VHQVRUV��§7¨��DQG

MRLQWV��SRLQWV��

'\QDPLFV� LV� XVHG� WR� DQLPDWH� WKH� DYDWDU�� 7KLV� DOORZV� XV� WR� LQWXL�
WLYHO\� ULJLGLI\� WKH� GHJUHHV� RI� IUHHGRP� RI� WKH� MRLQWV� XVLQJ� GDPSHG
VSULQJV�� $Q� XSZDUG� IRUFH� DSSOLHG� WR� WKH� ERG\�PDLQWDLQV� D� VWDQGLQJ
SRVLWLRQ��7KH�UHVWLQJ�SRVLWLRQV�RI�WKH�VSULQJV�GHILQH�WKH�QDWXUDO��FRP�
IRUWDEOH�SRVWXUH�RI�WKH�DYDWDU�

2XU�VLPXODWRU��GHWDLOHG�LQ�>)DXUH����@��VROYHV�WKH�LQYHUVH�NLQHPDW�
LFV�SUREOHP�ZKLOH� WDNLQJ� LQWR�DFFRXQW�PDVVHV�DQG� IRUFHV��)RUFHV�DUH
DSSOLHG�DW� WKH�EHJLQQLQJ�RI�HDFK� WLPH�VWHS��7KH�PRWLRQ� LV� WKHQ� LQWH�
JUDWHG�RYHU�WLPH��OHDGLQJ�WR�QHZ�SRVLWLRQV��,Q�DGGLWLRQ��WKH�SRVLWLRQ�RI
WKH�VROLGV�ERXQG�WR�WKH�WUDFNHUV�DUH�VHW�DFFRUGLQJO\�WR�WKH�LQSXW�GDWD�
UHJDUGOHVV�RI�IRUFHV�RU�YHORFLWLHV��3RVVLEOH�YLRODWLRQV�RI�JHRPHWULF�FRQ�
VWUDLQWV� LQGXFHG� E\� IRUFHV�� WLPH� LQWHJUDWLRQ� DQG� WUDFNHU� LQSXW� DUH
WKHQ� FDQFHOOHG� E\� FRPSXWLQJ� DSSURSULDWH� GLVSODFHPHQWV� RI� WKH� RWKHU
VROLGV�
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7KH�GLVSODFHPHQWV�DUH�FRPSXWHG�E\�VROYLQJ�WKH�G\QDPLFV�HTXDWLRQ

E--0 7 =- l�� � ���

ZKHUH�PDWUL[�0�LV�D�EORFN�GLDJRQDO�PDWUL[�ZKLFK�UHSUHVHQWV�WKH�PDVV
RI� WKH� V\VWHP� DQG� -� D� VSDUVH�PDWUL[� ZKLFK� FRGHV� IRU� WKH� JHRPHWULF
FRQVWUDLQWV��9HFWRU�E��UHSUHVHQWV�WKH�JHRPHWULF�HUURUV�WR�FDQFHO��9HFWRU
l�JDWKHUV�/DJUDQJH�PXOWLSOLHUV�RI�WKH�FRQVWUDLQWV��7KH\�DFW�PXFK�OLNH
LQWHJUDWHG� IRUFHV��7KH�FRUUHVSRQGLQJ�PRWLRQ�FRUUHFWLRQV�DUH�DUH� WKXV
0��-7l�� 9HORFLW\� XSGDWHV� DUH� GHGXFHG� IURP� SRVLWLRQ� FRUUHFWLRQV� E\
DSSO\LQJ� 6WRHUPHU
V� UXOH� >3UHVV����@�� 7KLV� LQWHJUDWLRQ� VFKHPH� FRQ�
VLGHUV�GLVSODFHPHQWV�LQVWHDG�RI�YHORFLWLHV��7KLV�DYRLGV�XV�WR�GLIIHUHQWL�
DWH�WKH�SRVVLEO\�QRLV\�WUDFNHU�GDWD�

$Q�LWHUDWLYH�VROXWLRQ�RI�HTXDWLRQ�����LV�SHUIRUPHG��$�PLQLPL]DWLRQ�RI
WKH�QRUP�RI� WKH�HUURU� LV�SHUIRUPHG�RYHU� WKH� VHDUFK�VSDFH�GHILQHG�E\
WKH�FRPSRQHQWV�RI�YHFWRU��l��7KLV�DSSURDFK�KDV�WZR�XVHIXO�IHDWXUHV�IRU
RXU�DSSOLFDWLRQ��)LUVW�� LQ�SUHVHQFH� RI� RYHUFRQVWUDLQHG� VROLGV�� VXFK� DV
WKH�XSSHU�DUPV�RI�WKH�FKDUDFWHU�LQ�ILJXUH����D�FRPSURPLVH�EHWZHHQ�WKH
FRQVWUDLQWV� LV� IRXQG�� 6HFRQG�� WKH� LWHUDWLYH� PLQLPL]DWLRQ� DOORZV� WKH
XVHU�WR�WUDGH�RII�DFFXUDF\�IRU�FRPSXWDWLRQ�WLPH��PDNLQJ�WKH�DSSURDFK
VXLWDEOH�IRU�WKH�UHDO�WLPH�DQLPDWLRQ�RI�FRPSOH[�VFHQHV�

�������,PSOHPHQWLQJ��%OXUUHG��3KDQWRPV

7R�LPSOHPHQW�WKH��EOXUULQJ��ZH�ZDQW�WR�H[KLELW�WKH�DYDWDUV��ZH�KDYH
HVVHQWLDOO\�WZR�DSSURDFKHV�RI�UHDOL]LQJ�WKLV�HIIHFW�

,PDJH�EDVHG�EOXUULQJ

7KH� ILUVW�PHWKRG� WKDW� FRPHV� WR�PLQG�ZKHQ� DQ� RSHUDWLRQ� OLNH� �EOXU�
ULQJ��LV�UHTXHVWHG�LV�RI�FRXUVH�DQ�LPDJH�EDVHG�DSSURDFK��5HQGHULQJ�DQ
DYDWDU�EOXUUHG�E\�VRPH�NLQG�RI�FRQYROXWLRQ�RSHUDWLRQ�VHHPV�WR�EH�WKH
VLPSOHVW�ZD\�WR�LPSOHPHQW�WKH�GHVLUHG�HIIHFW�

%XW�D�QRUPDO�FRQYROXWLRQ�XVLQJ�RQO\�VRIWZDUH�IRU�D�YLGHR�UHVROXWLRQ
LPDJH�PD\�QRW�EH�FRPSOHWHG�LQ�UHDO�WLPH��H�J��IRU�IUDPH�UDWHV�!��+]�
ZLWKRXW�WKH�XVH�RI�VSHFLDO�KDUGZDUH��&RQYROXWLRQ�WHFKQLTXHV�XWLOL]LQJ
2SHQ*/� KDUGZDUH� DV� SUHVHQWHG� LQ� >0F5H\QROGV����@� PD\� EH� IDVW
HQRXJK��EXW�GHSHQG�LQ�RXU�FDVH�RQ�WKH�DELOLW\�RI�PRYLQJ�GDWD�IDVW�EH�



��

WZHHQ� LPDJH� EXIIHU� DQG� WH[WXUH� EXIIHU�� ZKLFK� LV� QRW� SUHVHQW� LQ� DOO
2SHQ*/� >:RR����@� LPSOHPHQWDWLRQV��8VLQJ� WKH� 2SHQ*/� DFFXPXOD�
WLRQ� EXIIHU� ZRXOG� SURYLGH� DQ� HOHJDQW� VROXWLRQ� IRU� WKLV� SUREOHP�� EXW
XQIRUWXQDWHO\�ZRXOG� UHTXLUH�1×� UHQGHULQJ�SDVVHV� RI� WKH�ZKROH� VFHQH
IRU�DQ�1�1�FRQYROXWLRQ�PDWUL[�

)XUWKHUPRUH�FHUWDLQ�SURSHUWLHV�RI�WKH�LPDJH�VSDFH�DSSURDFK�PD\�QRW
UHVXOW�LQ�WKH�GHVLUHG�DSSHDUDQFH�RI�WKH�RFFOXVLRQ��ZH�ZDQW�WKH�PDUJLQ
RI�HUURU�WR�EH�VSHFLILHG�LQ�DEVROXWH��UHDO�ZRUOG�PHDVXUHPHQWV��WR�DOORZ
IRU�D� IL[HG�HUURU�SURGXFHG�E\�H�J��GLIIHUHQW�FORWKLQJ�RU�KDLUVW\OHV��$Q
LPDJH�EDVHG�DSSURDFK�ZRXOG�GHOLYHU�WKH�VDPH�DPRXQW�RI�EOXUULQJ�IRU
QHDU�DQG�IDU�SDUWV�RI�WKH�DYDWDU��7KH�DERYH�PHQWLRQHG��SUREDELOLVWLF
EOXUULQJ��ZRXOG�DOVR�QRW�EH�HDVLO\�LPSOHPHQWDEOH�XVLQJ�D�VLQJOH�FRQ�
YROXWLRQ�RYHU�WKH�DYDWDU�

2EMHFW�EDVHG�EOXUULQJ

$QRWKHU� DSSURDFK� WR� WKH� LPSOHPHQWDWLRQ� RI� VPRRWK� WUDQVLWLRQV� IRU
RFFOXVLRQ� LV� WR� LPSOHPHQW� D� �EOXUUHG� JHRPHWU\�� RI� WKH� DYDWDU�� 7KLV
FRQVLVWV�QRW�RI�D�VLQJOH�VXUIDFH�UHSUHVHQWDWLRQ�RI�WKH�JHRPHWU\�UHSUH�
VHQWLQJ�D�ERG\�SDUW��EXW�D�OD\HUHG�DSSURDFK�RI�VXFFHVVLYHO\�ELJJHU�DQG
PRUH� WUDQVSDUHQW� VKHOOV� DURXQG� WKH� JHRPHWU\� �)LJXUH� ��D��� 7KHVH
VKHOOV�FDQ�EH�PRGHOHG�DV�WKH�VDPH�JHRPHWU\�UHVFDOHG�DURXQG�WKH�FHQ�
WURLG�RI�WKH�REMHFW��VLQFH�PRVW�RI�WKH�DYDWDUV�JHRPHWU\�LV�FRQYH[�

2I�FRXUVH�WKLV�DSSURDFK�GRHV�QRW�\LHOG�D��VPRRWK��WUDQVLWLRQ��EXW�RQH
FRQVLVWLQJ�RI�D�GLVFUHWH�QXPEHU�RI�VWHSV�LQ�RFFOXVLRQ��EXW�LW�VKRXOG�EH
VXIILFLHQW�WR�LPSOHPHQW�D�UHDVRQDEOH�VPDOO�QXPEHU�RI�VWHSV���VD\�WKUHH
WR�WHQ���WR�REWDLQ�VDWLVI\LQJ�UHVXOWV�LQ�PRVW�FDVHV��6LQFH�WKLV�JHRPHWU\
XQGHUJRHV� WKH� VDPH� SHUVSHFWLYH� WUDQVIRUPDWLRQV� DV� HYHU\WKLQJ� HOVH�
WKH�HUURU�PDUJLQ�FDQ�EH�VSHFLILHG�LQ�UHDO�ZRUOG�PHDVXUHPHQWV�DV�RS�
SRVHG�WR�WKH�LPDJH�EDVHG�DSSURDFK�DERYH�

$�IXUWKHU�DGYDQWDJH�RI�WKLV�PHWKRG�LV�WKH�DELOLW\�WR�LPSOHPHQW��/HY�
HOV�RI�'HWDLO�� IRU�SKDQWRPV��ZLWK� LQFUHDVLQJ�GLVWDQFH�ZH�FDQ� �VZLWFK
RII�� PRUH� DQG� PRUH� RI� WKH� LQWHUPHGLDWH� VKHOOV�� WR� UHGXFH� JHRPHWULF
FRPSOH[LW\�DQG�WKHUHIRUH�SRO\JRQ�FRXQW�IRU�REMHFWV�IDUWKHU�DZD\��7KLV
DOORZV�XV�WR�YDU\�WKH�QXPEHU�VKHOOV�DQG�RI�WUDQVLWLRQ�VWHSV�DFFRUGLQJ
WR�GLVWDQFH��,Q�GLVWDQW�SKDQWRPV�RQO\�RQH�RU�WZR�WUDQVLWLRQV��FRYHULQJ
PD\EH�DQ�HTXLYDOHQW�DPRXQW�RI�SL[HOV�RI�GLVWDQFH�EHWZHHQ�WZR�VKHOOV
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LQ�LPDJH�VSDFH�DUH�UHQGHUHG��3KDQWRPV�QHDUHU�WKH�REVHUYHU�DUH�UHS�
UHVHQWHG�E\�PRUH�VKHOOV��UHVXOWLQJ�LQ�DSSUR[LPDWHO\�WKH�VDPH�QXPEHU
RI�SL[HO�SHU�WUDQVLWLRQ�VWHS��7KLV�EHKDYLRU�LV�UHDGLO\�LPSOHPHQWHG�XV�
LQJ�WKH�VWDQGDUG�2SHQ,QYHQWRU�/2'�QRGH��ZKLFK�UHIHUHQFHV�PRUH�RU
OHVV�RI�WKH�VFDOHG�YHUVLRQV�RI�WKH�VDPH�JHRPHWU\�UHSUHVHQWLQJ�WKH�DYD�
WDU�

�������5HVXOWV

5HJLVWUDWLRQ�RI� WKH�DYDWDU�JHRPHWU\� WR� WKH�XVHU�SURYHG� WR�EH�D� UHOD�
WLYHO\�WLPH�FRQVXPLQJ�SURFHVV��6LQFH�PLVUHJLVWUDWLRQV�RI�WKH�WUDFNLQJ
VHQVRUV
�SRVLWLRQ�UHODWLYHO\�WR�WKH�JHRPHWU\�UHVXOWHG�QRW�RQO\�LQ�YLVXDO
DUWLIDFWV��)LJXUH���E��EXW�DOVR�LQ�DUWLIDFWV�RI�WKH�VLPXODWLRQ��UHJLVWUD�
WLRQ�KDG�WR�EH�GRQH�YHU\�FDUHIXOO\��2QFH�UHJLVWHUHG��WKH�PDLQ�SUREOHP
ZDV� DQ� DGGLWLRQDO� WLPH�ODJ� LQWURGXFHG� E\� WKH� NLQHPDWLF� VLPXODWLRQ�
ZKLFK�FRXOG�RQO\�SDUWLDOO\�EH�FRUUHFWHG�LQ�WKLV�YHUVLRQ��7KH�YLVXDO�UH�
VXOWV� LQ� D� W\SLFDO� VFLHQWLILF� YLVXDOL]DWLRQ� VLWXDWLRQ� DV� LQ� �)LJXUH� ���
ZHUH� VDWLVI\LQJ� DQG� JDYH� XVHUV� D�PXFK� EHWWHU� RYHUDOO� LPSUHVVLRQ� RI
WKH� VLWXDWLRQ� DQG� WKH� VSDWLDO� UHODWLRQVKLS� EHWZHHQ� UHDO� DQG� YLUWXDO
VFHQH�

7KH�REMHFW�EDVHG� LPSOHPHQWDWLRQ�RI� �EOXUUHG��RFFOXVLRQ�ZDV�HDV\� WR
LPSOHPHQW� DQG� JDYH� LQ� WKH� FDVHV� ZKHUH� KDQG�JHVWXUHV� PDGH� ULJLG
PRGHOLQJ�GLIILFXOW�D�VDWLVIDFWRU\�FRPSURPLVH�EHWZHHQ�FRUUHFW�RFFOXVLRQ
DQG� WUDFNLQJ� HIIRUW� �ILJXUH� �� DQG� ���� ,W� SURGXFHG�QRWLFHDEOH� DUWLIDFWV
DORQJ�WKH�LQWHUVHFWLRQV�EHWZHHQ�ULJLG�OLPEV��ZKLFK�FDQ�EH�FRUUHFWHG�E\
XVLQJ�VWHQFLO�PDVNV�ZKHQ�UHQGHULQJ�WKH�GLIIHUHQW�VKHOOV��D�FRUUHFWLRQ
ZKLFK�ZLOO� EH� LPSOHPHQWHG� LQ� WKH� QH[W� YHUVLRQ� RI� RXU� RFFOXVLRQ� V\V�
WHP�

7KH�PDLQ�GLIILFXOW\�IRU�WKH�DQLPDWLRQ�RI�WKH�DYDWDU�LV�WR�KDYH�LW�DFFX�
UDWHO\�RYHUODS�WKH�LPDJH�RI�WKH�XVHU��)LJXUH������$V�PHQWLRQHG�EHIRUH�
WKH� JHRPHWU\� KDV� WR� EH� FDUHIXOO\� DGMXVWHG� WR� WKH� ERG\� RI� WKH� XVHU
�)LJXUH� ����� $GGLWLRQDOO\�� WKH� SRVLWLRQV� RI� WKH� WUDFNHUV� DQG� RI� WKH
MRLQWV�ZLWK�UHVSHFW�WR�WKH�JHRPHWU\�KDYH�WR�EH�SUHFLVHO\�PRGHOHG��7KLV
LV�GRQH�LQWHUDFWLYHO\�EHIRUH�SHUIRUPLQJ�WKH�DQLPDWLRQ��-RLQW�SRVLWLRQV
DUH� GLIILFXOW� WR� DGMXVW� EHFDXVH� WKH\� DUH� LQVLGH� WKH� ERG\� RI� WKH� XVHU�
WKXV�LQYLVLEOH��:H�DGMXVW�WKHP�LWHUDWLYHO\�XVLQJ�GLIIHUHQW�SRVWXUHV�
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)LJXUH�����8VHU�ZLWK�RYHUODLG�SKDQWRP�DYDWDU�JHRPHWU\�

)LJXUH�����6DPH�XVHU�DV�DERYH�UHSUHVHQWHG�DV�DYDWDU�
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)LJXUH�����2FFOXVLRQ�RI�D�EDFNJURXQG�SRO\JRQ�

7KHUH�DUH�VHYHUDO�VRXUFHV�RI�HUURU�LQ�WKH�ILQDO�UHVXOW��)LJXUH������7KH
JHRPHWULF�PRGHOV�GR�QRW�ILW�SHUIHFWO\�WR�WKH�ERG\�RI�WKH�XVHU��7KH�KX�
PDQ�ERG\�LV�D�PXFK�PRUH�FRPSOH[�VWUXFWXUH�WKDQ�RXU�DYDWDU��/LPEV
DUH�QRW�ULJLG��HVSHFLDOO\�ZKHQ�FRYHUHG�ZLWK�FORWK��DQG�WKH�MRLQWV�RI�WKH
KXPDQ�ERG\�GLIIHU�IURP�RXU�VLPSOH�MRLQWV��,I�WKH�FDOLEUDWLRQ�RI�WKH�YLU�
WXDO� FDPHUD� GRHV� QRW� ILW� SHUIHFWO\� WR� WKH� UHDO� FDPHUD� XVHG� IRU� YLGHR
LQSXW�� WKH�DYDWDU�PD\� RYHUODS� WKH�XVHU� LQ� VRPH�SRVWXUHV� EXW� QRW� LQ
RWKHUV��)XWXUH�ZRUN�LQFOXGH�D�PRUH�UHDOLVWLF�ERG\�VWUXFWXUH��HVSHFLDOO\
IRU�VKRXOGHUV��EDFN�DQG�QHFN��DQG� �VHPL�DXWRPDWLF� FDOLEUDWLRQ�RI� WKH
YLUWXDO�FDPHUD�
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���6WXGLHUVWXEH�DV�D�)URQWHQG�IRU�6FLHQWLILF
9LVXDOL]DWLRQ

�����2YHUYLHZ

6FLHQWLILF�YLVXDOL]DWLRQ�LV�D�WRRO��LW�SURYLGHV�WKH�PHDQV�WR�H[WUDFW�VSH�
FLILF�LQIRUPDWLRQ�IURP�JDWKHUHG�GDWD�RU�D�VLPXODWLRQ�RI�UHDO�SKHQRP�
HQD��%XW�QRW� HYHU\�SHUVRQ� FDSDEOH� RI� IRUPXODWLQJ�D�SUREOHP�DQG� LQ�
WHUSUHWLQJ� YLVXDOL]DWLRQ� UHVXOWV� LV� DOVR� FDSDEOH� RI� ZLHOGLQJ� WKLV� WRRO�
7KHUHIRUH�VFLHQWLILF�YLVXDOL]DWLRQ�IUHTXHQWO\�UHTXLUHV�H[SHUWV�ZLWK�GLI�
IHUHQW� EDFNJURXQG� WR� FRRSHUDWH� FORVHO\�� LQ� SDUWLFXODU� EHFDXVH� PDQ\
YDOXDEOH� LQVLJKWV�RQO\�RFFXU� LQ� IDFH�WR�IDFH�GLVFXVVLRQV�RYHU� WKH�UHOH�
YDQW� GDWD�� :H� EHOLHYH� WKDW� DXJPHQWHG� UHDOLW\� �$5�� >)HLQHU����@�
ZKLFK� FRPELQHV� D� IDPLOLDU� SK\VLFDO� VXUURXQGLQJ�ZLWK� WKH� YLVXDOL]D�
WLRQ� RI� V\QWKHWLF� GDWD�� UHSUHVHQWV� DQ� LGHDO� ZRUNLQJ� HQYLURQPHQW� IRU
FROODERUDWLYH�YLVXDOL]DWLRQ�

,Q� WKLV� FKDSWHU�ZH�VKRZ�KRZ�D�FRPELQDWLRQ�RI�$5�DQG�D�YLVXDOL]D�
WLRQ� V\VWHP� >$96��@�� UHVXOWV� LQ� 678',(5678%(� EHFRPLQJ� D� WKUHH�
GLPHQVLRQDO�XVHU�LQWHUIDFH�IRU�VFLHQWLILF�YLVXDOL]DWLRQV��6HYHUDO�H[DP�
SOHV� FRQVWUXFWHG� LQ� '\Q6\V�'� >/|IIHOPDQQ��D@� �� GHYHORSHG� IRU� WKH
YLVXDOL]DWLRQ� RI� FRPSOH[� G\QDPLFDO� V\VWHPV� LQ� $96� ¥� FRQFOXGH� WKLV
FKDSWHU�

�����6WXGLHUVWXEH�$96�,QWHUIDFH

7R�FRPELQH�DXJPHQWHG�UHDOLW\�DQG�VFLHQWLILF�YLVXDOL]DWLRQ��D�QHZ�LQ�
WHJUDWHG�VROXWLRQ�FRXOG�EH�GHYHORSHG��EXW�HPSOR\LQJ�DQ�H[LVWLQJ��JHQ�
HUDO�SXUSRVH� VFLHQWLILF� YLVXDOL]DWLRQ� V\VWHP� �� LQ� RXU� FDVH�� WKH� $G�
YDQFHG�9LVXDOL]DWLRQ�6\VWHP��$96�� ��DOORZV�D�ZLGHU�VSHFWUXP�RI�DS�
SOLFDWLRQV� DQG� HDVHV� GHYHORSPHQW� >$96����@�� 6LQFH� WKLV� GHVNWRS�
EDVHG�V\VWHP�LV�QRW�GHVLJQHG�IRU�WKH�UHDO�WLPH�UHTXLUHPHQWV�RI�$5��ZH
XVH�GHFRXSOHG� VLPXODWLRQ� >6KDZ����@��7KH�YLVXDOL]DWLRQ� V\VWHP�DQG
WKH� $5� XVHU� LQWHUIDFH� �FDOOHG� GLVSOD\� VHUYHU� LQ� DQ� DQDORJ\� WR� ;�
:LQGRZV��UXQ�DV�FRPSOHWHO\�LQGHSHQGHQW�SURFHVVHV�� W\SLFDOO\�H[HFXW�
LQJ�RQ�VHSDUDWH�PDFKLQHV�FRQQHFWHG�E\�D�/$1��$V�VKRZQ�LQ�ILJXUH���
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WKH�V\VWHP� LV� FRPSRVHG�RI� WZR� ORRSV�� WKH�GLVSOD\� ORRS��D� WLJKWO\� FRX�
SOHG� KXPDQ�LQ�WKH�ORRS� FRPSRQHQW�� ZKHUH� UHDO�WLPH� UHVSRQVH� LV� HV�
VHQWLDO��DQG�D�ORRVH�FRXSOLQJ�EHWZHHQ�GLVSOD\�VHUYHU�DQG�YLVXDOL]DWLRQ
DSSOLFDWLRQ� IRU� WKH�H[FKDQJH�RI�YLVXDO� LQIRUPDWLRQ��6LQFH� WKH�GLVSOD\
VHUYHU� FRQWLQXDOO\� XSGDWHV� WKH� LPDJHV� VHQW� WR� WKH�+0'V�� GHOD\V� RI
VHYHUDO� VHFRQGV� IRU� UHFRPSXWDWLRQ�RI� WKH�YLVXDOL]DWLRQ�GR�QRW� LPSDLU
WKH�XVH�RI�WKH�9(�

GLVSOD\
VHUYHU

YLVXDOL]DWLRQ
VHUYHU

LPDJHV

LQWHUDFWLRQ

JHRPHWULF GDWD

PDSSLQJ
SDUDPHWHUV

Figure 38: Decoupled simulation model

2XU�REMHFWLYH�ZDV�WR�HQDEOH�XVHUV�IDPLOLDU�ZLWK�$96�JUDSKLFDO�ZD\�RI
FRQVWUXFWLQJ� GDWDIORZ� QHWZRUNV� WR� TXLFNO\� LQWHJUDWH� WKH� $5� V\VWHP
LQWR� WKHLU� YLVXDOL]DWLRQV�� VLPLODU� WR� WKH� ZRUN� SUHVHQWHG� LQ� >&UX]�
1HLUD����E�� 5R\����@�� :H� LPSOHPHQWHG� D� VHW� RI� LQWHUIDFH� PRGXOHV
ZKLFK� DXWRPDWLFDOO\� HVWDEOLVK� QHWZRUN� FRQQHFWLRQV� WR� WKH� GLVSOD\
VHUYHU� DQG� WUDQVIHU� GDWD� EHWZHHQ� WKH� $96� GDWDIORZ�QHWZRUN� DQG
6WXGLHUVWXEH��ILJXUH�����7KHVH�LQFOXGHG�DQ�$5�RXWSXW�PRGXOH�DQG�$5�
LQSXW�PRGXOHV� IRU� HYHU\� LQWHUDFWLRQ�PHWKRG�� VOLGHU�� GLDO�� EXWWRQ� DQG
SHQ� FOLFN�� DQG� GUDJ�HYHQWV�� 7R� UHURXWH� RXWSXW� JHRPHWU\� WR� 6WXGLHU�
VWXEH��WKH�XVHU�GUDJ�DQ�$5�RXWSXW�PRGXOH�LQWR�KLV�$96�QHWZRUN�DQG
FRQQHFWV� LW� OLNH� D� VWDQGDUG�$96� FRPSRQHQW� �ILJXUH� ��� WR� DQ\� RXWSXW
VXSSO\LQJ�JHRPHWU\�GDWD��)RU�WKH�JHQHUDWLRQ�RI�GLIIHUHQW�YLVXDOL]DWLRQ
LFRQV� ZKLFK� DUH� XSGDWHG� LQGHSHQGHQWO\�� PRUH� WKDQ� RQH� $5�RXWSXW
PRGXOH�LV�XVHG��:KHQ�XVLQJ�FXVWRPL]HG�YLHZV�ZH�FDQ�FKDQJH�WKH�GH�
IDXOW�EHKDYLRU�RI�WKLV�PRGXOHV�IURP�GLVSOD\LQJ�GDWD�RQ�DOO�+0'V�WR�D
GLIIHUHQW�VHOHFWLRQ�RI�XVHUV�SHU�PRGXOH��6LPLODUO\�� LQSXW�PRGXOHV�FDQ
EH�FRQQHFWHG�WR�WKH�LQSXW�SDUDPHWHUV�RI�WKH�YLVXDOL]DWLRQ��)RU�VOLGHUV
RU�RWKHU��'�LQSXW�HOHPHQWV�LQ�WKLV�ZD\�ZH�FDQ�VSHFLI\�ZKLFK�XVHU�PD\
DFFHVV� WKHP�YLD�KLV�3,3��7KH�/$1�FRQQHFWLRQV� WR� WKH�GLVSOD\� VHUYHU
DQG� WKH� DGPLQLVWUDWLYH� H[FKDQJH� RI� SDUDPHWHUV� OLNH� VOLGHU� H[WUHPD
DUH�SHUIRUPHG�EHKLQG�WKH�VFHQHV�E\�D�VHSDUDWH�SURFHVV�LQ�DQ�$96�FR�
URXWLQH��&KDQJHV�LQ�WKH�$96�QHWZRUN�DUH�WKHUHIRUH�LQVWDQWO\�UHIOHFWHG
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LQ� WKH� FRQILJXUDWLRQ� DQG� GLVSOD\� RI� WKH� FRUUHVSRQGLQJ� HOHPHQWV� RI
6WXGLHUVWXEH�

GLVSOD\ VHUYHU

7

QHWZRUN

LQWHUIDFH
WUDFNLQJ

LQWHUDFWLRQ

VFHQH

GDWDEDVH

UHQGHULQJ

$96

Figure 39: Display server and hardware configuration

�����&ROODERUDWLYH�9LVXDOL]DWLRQ

$V�VWDWHG�EHIRUH��VFLHQWLILF�YLVXDOL]DWLRQ�RIWHQ�LPSOLHV�FROODERUDWLRQ�RI
D� JURXS� RI� H[SHUWV�� $� FRPPRQ� VFHQDULR� LQ� RXU� YLVXDOL]DWLRQ� GHSDUW�
PHQW� LV� IRU� H[DPSOH� D� YLVXDOL]DWLRQ�H[SHUW� DQG� D� PDWKHPDWLFLDQ
ZRUNLQJ�WRJHWKHU�RQ�WKH�YLVXDOL]DWLRQ�RI�D�G\QDPLFDO�V\VWHP��OLNH�GH�
SLFWHG�LQ�)LJXUH�����7KH�PDWKHPDWLFLDQ�VXSSOLHV�KLV�NQRZOHGJH�RI�WKH
VLPXODWLRQ�DQG�NQRZV�ZKDW�IHDWXUHV�KH�LV�ORRNLQJ�IRU�DQG�WKH�YLVXDOL�
]DWLRQ� H[SHUW� DSSOLHV� YDULRXV� PRGHOLQJ� PHWKRGV� DQG� SDUDPHWHUL]HV
WKH�PDSSLQJ��,Q�FDVH�RI�D�FRPPHUFLDO�SURMHFW�WKH�JURXS�RIWHQ�FRQWDLQV
��DW�OHDVW�LQ�WKH�ODVW�SKDVH�RI�ZRUN���RQH�RU�PRUH�FXVWRPHUV�WR�ZKRP
WKH�ILQLVKHG�ZRUN�LV�SUHVHQWHG�
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)LJXUH�����&ROODERUDWLYH�ZRUN�LQ�6WXGLHUVWXEH��0L[HG�0RGH�2VFLOOD�

WLRQV�

7R�VXSSRUW� WKLV�ZRUNLQJ�PHWKRG��RXU�HQYLURQPHQW�KDV� WR�VXSSO\� WKH
IROORZLQJ�IHDWXUHV�

-� VRFLDO�LQWHUDFWLRQ

-� LQSXW�GHYLFHV� DQG� SDUDGLJPV�ZKLFK� DOORZ� IRU� VKDUHG� DQG� SULYDWH
LQWHUDFWLRQ

-� LQWHUDFWLRQ�ZLWK�WKH�YLVXDOL]DWLRQ

-� FXVWRPL]HG�YLHZV�WR�GLVSOD\�RQO\�GDWD�UHOHYDQW�IRU�D�VSHFLILF�XVHU

,Q�PRVW�FROODERUDWLYH�VLWXDWLRQV��GLUHFW�FRQYHUVDWLRQ�EHWZHHQ�SHUVRQV
LV�SUHIHUDEOH�RYHU�HYHU\�RWKHU�PHGLXP��:KHQ�D�JURXS�RI�SHRSOH�KDV�WR
ZRUN� WRJHWKHU� RQ� RQH� SUREOHP�� HYHU\� HOHFWURQLF� OD\HU� EHWZHHQ� WKHP
DFWV� DV� DQ� REVWDFOH� WR� HIILFLHQW� H[FKDQJH� RI� LGHDV�� 'XH� WR� WKH� DXJ�
PHQWHG�QDWXUH�RI�RXU�9(��XVHUV�FDQ�VHH�HDFK�RWKHU�HYHQ�LI�SDUWV�RI�WKH
IDFHV�DUH�KLGGHQ�E\� WKH�+0'� ��DQG� FDQ�SHUFHLYH� WKHLU� UHODWLYH�SRVL�
WLRQV�DQG�JHVWXUHV�LQ�D�ZD\�ZKLFK�FDQQRW�EH�HIILFLHQWO\�UHSOLFDWHG�E\
DQ�DYDWDU���&DQ�\RX�WXUQ�WKH�REMHFW�WKLV�ZD\"��DFFRPSDQLHG�E\�DQ�DS�
SURSULDWH�JHVWXUH�LV�VXIILFLHQW�WR�FRQYH\�WKH�UHTXHVW�WR�DQRWKHU�XVHU��$
FRPSOHWHO\� LPPHUVLYH� HQYLURQPHQW� IULJKWHQV� DQG� GLVRULHQWV� QRYLFH
XVHUV�PRUH�WKDQ�$5�

�������,QWHUDFWLRQ�ZLWK�WKH�9LVXDOL]DWLRQ

$OO� JHRPHWULFDOO\� LQWHUSUHWDEOH� LQSXW� H�J�� VHHGSRLQWV� IRU� VWUHDPOLQHV
RU�RWKHU�SRVLWLRQ� LQIRUPDWLRQ� LV�GRQH�E\� FOLFNLQJ�RU�GUDJJLQJ� WKH��'
PRXVH�LQ�WKH�6WXGLHUVWXEHªV�ZRUNVSDFH��,Q�WKLV�ZD\�D�GLUHFW�PDQLSX�
ODWLRQ� RI� YLVXDOL]DWLRQ� RXWSXW� FDQ� EH� SHUIRUPHG�� 7KH� GLVSOD\� VHUYHU
SURYLGHV�LQVWDQW�ORFDO�IHHGEDFN�WR�WKH�XVHU�LQ�IRUP�RI�SRLQWV�RU�OLQHV�DV
PDUNHUV�IRU�WKH�FRPSOHWLRQ�RI�WKH�JHVWXUH��ILJXUH����

�������3HUVRQDO�,QWHUIDFH

2XU�PDLQ�LQSXW�GHYLFH�IRU�QRQ�JHRPHWULFDO�LQWHUDFWLRQ�ZLWK�WKH�YLVX�
DOL]DWLRQ� LV� WKH�3,3��$OO� QXPHULFDO� RU� VWDWH� LQIRUPDWLRQ� LV� LQSXW� YLD
FRQYHQWLRQDO� �'� XVHU� HOHPHQWV� RQ� WKH� 3,3�� 7KHVH� DUH� DOORFDWHG� E\
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FRQQHFWLQJ�WKH�FRUUHVSRQGLQJ�LQSXW�PRGXOH�WR�WKH�$96�GDWDIORZ�QHW�
ZRUN��$Q�DGGLWLRQDO�SDUDPHWHU�VSHFLILHV�RQ�ZKLFK�XVHUV�3,3�WKH�LQSXW
HOHPHQW� DSSHDUV�� WKXV� SXWWLQJ� WKH� LQSXW� HOHPHQW� OLWHUDOO\� LQWR� WKH
KDQGV� RI� WKH� DSSURSULDWH� XVHU�� 7KXV� HYHU\� H[SHUWV� 3,3� LV� VXSSOLHG
RQO\�ZLWK�WKH�LQSXW�HOHPHQWV�WKDW�DUH�UHOHYDQW�IRU�KLP�

�������&XVWRPL]HG�9LHZV

6LQFH�RXU�VFHQDULR�SRVWXODWHV�WKH�FROODERUDWLRQ�RI�GLIIHUHQW�H[SHUWV��LW
LV� OLNHO\� WKDW� QRW� WKH� ZKROH� LQIRUPDWLRQ� QHFHVVDU\� IRU� RQH� H[SHUW
VKRXOG�EH�SUHVHQWHG�WR�DOO�XVHUV��7KH�YLVXDOL]DWLRQ�H[SHUW�IRU�H[DPSOH
PD\�ZDQW� WR�GLVSOD\�D�VWUHDPVXUIDFH�DV�ZLUHIUDPH�WR�FKHFN� WKH� WHV�
VHODWLRQ��ZKHUHDV�WKH�PDWKHPDWLFLDQ�PD\�ZDQW�WR�PDS�ORFDO�SURSHU�
WLHV�OLNH�WRUVLRQ�WR�WKH�FRORU�RI�WKH�VXUIDFH��2XU�$96�RXWSXW�PRGXOHV
WDNH� DV� DGGLWLRQDO� SDUDPHWHU� ZKHWKHU� WKH� GDWD� URXWHG� WR� WKH� HQYL�
URQPHQW�VKRXOG�EH�SUHVHQWHG�WR�DOO�RU�RQO\�WR�VRPH�XVHUV�

�������5HFRQILJXUDWLRQ�RI�9LVXDOL]DWLRQ

'XULQJ�PRVW�YLVXDOL]DWLRQ�VHVVLRQV�DW� OHDVW�D�SDUWLDO� UHFRQILJXUDWLRQ
RI�WKH�GDWDIORZ�QHWZRUN�WDNHV�SODFH�� ,W�PD\�EH� WKH� LQWURGXFWLRQ�RI�D
QHZ� YLVXDOL]DWLRQ�LFRQ� RU� RQO\� WKH�ZLVK� WR�PDQLSXODWH� D� IRUPHU� QRW
GLUHFWO\�DFFHVVLEOH�SDUDPHWHU�YLD� WKH�3,3��6XFK� UHFRQILJXUDWLRQ� FDQ�
QRW� EH� DFFRPSOLVKHG� E\� XVLQJ� LQWHUDFWLRQ� IURP� ZLWKLQ
678',(5678%(� EXW� PXVW� EH� GRQH� RQ� WKH� $96� GHVNWRS� LQWHUIDFH�
6LQFH�DOO�FKDQJHV�FDQ�EH�PDGH�RQ�WKH�UXQQLQJ�V\VWHP��WKH�RWKHU�XVHUV
PD\�FRQWLQXH�ZRUNLQJ�RQ�WKH�YLVXDOL]DWLRQ�ZKLOH�H�J��WKH�YLVXDOL]DWLRQ
H[SHUW�VLWV�GRZQ�RQ�WKH�ZRUNVWDWLRQ�WR�UHFRQILJXUH�WKH�QHWZRUN��(YHQ
LQ� WKLV� FDVH� LQWHUDFWLRQ� EHWZHHQ� XVHUV� LV� SRVVLEOH�� )LUVWO\� VPDOO
FKDQJHV�DUH�SRVVLEOH�ZKLOH�ZHDULQJ�WKH�+0'��VR�D�TXLFN�ORRN�RYHU�WKH
VKRXOGHU�LQWR�WKH�9(�VKRZV�WKH�UHVXOWV��VHFRQGO\�FRPPHQWV�IURP�WKH
RWKHU�XVHUV�FDQ�VWHHU�WKH�UHFRQILJXUDWLRQ�ZRUN�
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�����9LVXDOL]DWLRQ�RI�'\QDPLFDO�6\VWHPV

'\Q6\V�'�LV�D�PXOWL�SXUSRVH�ZRUNEHQFK�IRU�WKH�UDSLG�GHYHORSPHQW�RI
DGYDQFHG� YLVXDOL]DWLRQ� WHFKQLTXHV� >/|II��E�� /|II��F@� LQ� WKH� ILHOG� RI
WKUHH�GLPHQVLRQDO� G\QDPLFDO� V\VWHPV�� GHVLJQHG� WR� VXSSRUW� LQFUH�
PHQWDO�DQG�SDUDOOHO�LPSOHPHQWDWLRQV�RI�QHZ�LGHDV�LQ�WKLV�ILHOG�

7KH� V\VWHP� LV� EDVHG� RQ� $96� >$96��@�� ZKLFK� LV� D� JHQHUDO� SXUSRVH
YLVXDOL]DWLRQ�V\VWHP�EDVHG�RQ�GDWD�IORZ�SDUDGLJP�

'\Q6\V�'�PRGXOHV� DUH� XVXDOO\� EXLOW� IURP� DW� OHDVW� WKUHH� SULQFLSDO
FRPSRQHQWV�� '\QDPLFDO� 6\VWHP�� 1XPHULFDO� ,QWHJUDWRU�� DQG� 9LVXDOL�
]DWLRQ� 7HFKQLTXH�� 7KH\� DUH� VHSDUDWHG� E\� UDWKHU� QDUURZ� LQWHUIDFH
VSHFLILFDWLRQV�� %\� WKLV� VHSDUDWLRQ�� IRU� H[DPSOH�� QHZ� G\QDPLFDO� V\V�
WHPV�FDQ�EH�YLVXDOL]HG�ZLWK�DSSURYHG�YLVXDOL]DWLRQ� WHFKQLTXHV�ZLWK�
RXW� UHFRPSLOLQJ� WKHP��6LPLODUO\�� D�QHZ�QXPHULFDO� LQWHJUDWRU� FDQ� EH
SOXJJHG�LQWR�WKLV�V\VWHP�ZLWKRXW�WRXFKLQJ�DQ\�YLVXDOL]DWLRQ�PRGXOH�
&XUUHQWO\�� RXU� PRVW� LPSRUWDQW� YLVXDOL]DWLRQ� LFRQV� ¥� VWUHDPOLQHV�
VWUHDPVXUIDFHV� DQG� GDVKWXEHV� >)XKUPDQQ����@� �� DQG� D� VHW� RI� VSH�
FLDOL]HG�LQSXW�PRGXOHV�¥��'�VOLGHUV�DQG�EXWWRQV�DQG��'�IHHGEDFN���DUH
LPSOHPHQWHG�

2QH� GHVLJQ� JXLGHOLQH� RI�'\Q6\V�'�� QDPHO\� WKDW� DOO� RI� LWV�PRGXOHV
KDYH�WR�SURGXFH�VWDQGDUG�$96�RXWSXW��JHRPHWU\���ZDV�YHU\�LPSRUWDQW
IRU� WKH� LQWHJUDWLRQ� RI� '\Q6\V�'� DQG� 6WXGLHUVWXEH�� $� VLPSOH� XWLOLW\
WKDW�FRQYHUWV�$96�JHRPHWU\�LQWR�WKH�6WXGLHUVWXEHªV�IRUPDW��2SHQ�,Q�
YHQWRU��ZDV�VXIILFLHQW�WR�H[SRUW�JHRPHWU\��,QWHUDFWLRQ�PHVVDJHV�IURP
WKH�9(�DUH�VHQW�WR�'\Q6\V�'ªV�LQSXW�PRGXOHV�DV�$96�JHRPHWU\�LWHPV�
SRLQWV� IRU� �'� PRXVH� SRVLWLRQV�� OLQHV� IRU� PRXVH� GUDJ� HYHQWV� �FRORU
SODWHV������

*RYHUQHG� E\� WKH� GDWD� IORZ� SDUDGLJP� XQGHUO\LQJ� $96�� WKH� XVHUªV
FRPPDQGV� DUH� URXWHG� YLD� WKH� GLVSOD\� VHUYHU� WR� LQSXW�PRGXOHV� RI� DQ
$96�QHWZRUN��ZKHUHDV�WKH�UHVXOWV�RI�WKH�FRPSXWDWLRQ�DUH�VHQW�WR�RXW�
SXW�PRGXOHV��DQG�IURP�WKHUH�RQZDUG�WR�WKH�XVHU��)LJXUH������+RZHYHU�
$96ª�H[HFXWLRQ�VFKHPH�LQYRNHV�PRGXOHV�RQO\�ZKHQ�WKH�XVHU�JHQHUDWHV
LQSXW�HYHQWV��&RQVHTXHQWO\��WKH�QHWZRUN�FRPPXQLFDWLRQ�ZLWK�WKH�GLV�
SOD\�VHUYHU�KDG�WR�EH�LPSOHPHQWHG�DV�D�FRURXWLQH�LQVLGH�$96��ZKLFK
IRUZDUGV� WKH�XVHUªV� FRPPDQGV� WR�DQ�$96� LQSXW�PRGXOH��7KLV�H[SOLF�
LWO\�WULJJHUV�UH�HYDOXDWLRQ�RI� WKH�$96�QHW�� WKH�FRURXWLQH�DOVR�FROOHFWV
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WKH�UHVXOWV��XVXDOO\�QHZ�RU�PRGLILHG�JHRPHWULF�GDWD��DQG�IRUZDUGV� LW
WR�WKH�GLVSOD\�VHUYHU�

GLVSOD\
VHUYHU

QHWZRUN
FRURXWLQH

YLVXDOL]DWLRQ
'\Q6\V�'

$96
�' LQSXW
PRGXOH

�' LQSXW
PRGXOH

)LJXUH�����$96�'\Q6\V�'�FRQILJXUDWLRQ

)LJXUH�����$Q�$96�QHWZRUN�IRU�LQWHUDFWLRQ�YLD�6WXGLHUVWXEH
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���5HDO�7LPH�7HFKQLTXHV�)RU��'�)ORZ�9LVXDOL]DWLRQ

�����2YHUYLHZ

9LVXDOL]DWLRQ�RI� WKUHH�GLPHQVLRQDO�VWHDG\� IORZ�KDV� WR�RYHUFRPH�D� ORW
RI�SUREOHPV� WR�EH�HIIHFWLYH��$PRQJ� WKHP�DUH�RFFOXVLRQ�RI�GLVWDQW�GH�
WDLOV��ODFN�RI�GLUHFWLRQDO�DQG�GHSWK�KLQWV�DQG�RFFOXVLRQ��,Q�WKLV�FKDSWHU
ZH� SUHVHQW� PHWKRGV� ZKLFK� DGGUHVV� WKHVH� SUREOHPV� IRU� UHDO�WLPH
JUDSKLF� UHSUHVHQWDWLRQV� DSSOLFDEOH� LQ� YLUWXDO� HQYLURQPHQWV��:H� XVH
GDVKWXEHV�� L�H��� DQLPDWHG�� RSDFLW\�PDSSHG� VWUHDPOLQHV�� DV� YLVXDOL]D�
WLRQ� LFRQ� IRU� �'�IORZ� YLVXDOL]DWLRQ�� :H� SUHVHQW� D� WH[WXUH� PDSSLQJ
WHFKQLTXH�WR�NHHS�WKH�OHYHO�RI�WH[WXUH�GHWDLO�DORQJ�D�VWUHDPOLQH�QHDUO\
FRQVWDQW� HYHQ�ZKHQ� WKH� YHORFLW\� RI� WKH� IORZ� YDULHV� FRQVLGHUDEO\�� $Q
DOJRULWKP� LV� GHVFULEHG� ZKLFK� GLVWULEXWHV� WKH� GDVKWXEHV� HYHQO\� LQ
VSDFH��:H� DSSO\�PDJLF� OHQVHV� DQG�PDJLF� ER[HV� DV� LQWHUDFWLRQ� WHFK�
QLTXHV� IRU� LQYHVWLJDWLQJ� GHQVHO\� ILOOHG� DUHDV� ZLWKRXW� RYHUZKHOPLQJ
WKH� REVHUYHU� ZLWK� YLVXDO� GHWDLO�� ,PSOHPHQWDWLRQ� GHWDLOV� RI� WKHVH
PHWKRGV� DQG� WKHLU� LQWHJUDWLRQ� LQ� RXU� YLUWXDO� HQYLURQPHQW� FRQFOXGH
WKH�FKDSWHU�

�����,QWURGXFWLRQ�DQG�0RWLYDWLRQ

0DQ\� YLVXDOL]DWLRQ� WHFKQLTXHV� IRU� WZR�GLPHQVLRQDO� IORZV� KDYH� DO�
UHDG\�EHHQ�LQYHVWLJDWHG�LQ�GHWDLO�>3RVW����@��9LVXDOL]DWLRQ�RI��'�IORZ
SKHQRPHQD�� KRZHYHU�� WHQG� WR� SURGXFH� FRPSOH[� LPDJHV� ZLWK� RIWHQ
KHDYLO\� RYHUODSSLQJ� JHRPHWU\�� 2FFOXVLRQ�� DPELJXLWLHV� LQ� GHSWK� DQG
RULHQWDWLRQ�RI� IORZ�VWUDLQ� WKH�YLHZHU
V�DELOLWLHV� WR� LQWHUSUHW� WKH�YLVX�
DOL]HG�GDWD�

7KH�PDLQ�SRLQW�RI�WKLV�FKDSWHU�LV�WR�VKRZ�KRZ�UHDO�WLPH�JUDSKLFV�LQ�D
YLUWXDO�HQYLURQPHQW�FDQ�EH�XVHG�WR�RYHUFRPH�VRPH�RI�WKHVH�SUREOHPV�
6WHUHR� FXHV�� LQWHUDFWLYH� DQG� LQWXLWLYH� FKDQJHV� RI� WKH� YLHZSRLQW� DQG
WKH�IHHOLQJ�RI�LPPHUVLRQ�DOORZ�XVHUV�WR�JHW�D�EHWWHU�LPSUHVVLRQ�RI�WKH
VWUXFWXUH� RI� WKH� �'� IORZ� LQ� D� YLUWXDO� HQYLURQPHQW� DV� FRPSDUHG� WR� D
GHVNWRS�V\VWHP�
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:H�SUHVHQW� D� FRPELQDWLRQ� RI� VHOHFWHG� YLVXDOL]DWLRQ� DQG� LQWHUDFWLRQ
WHFKQLTXHV��ZKLFK�HQDEOH�WKH�XVHU�WR�UDSLGO\�H[SORUH�FRPSOH[��'�YHF�
WRU� ILHOGV�� )DVW� WH[WXUH�EDVHG� YLVXDOL]DWLRQ� WHFKQLTXHV��ZKLFK� XWLOL]H
WKH� JUDSKLFV� KDUGZDUH� WR� JHW� UHDO�WLPH� SHUIRUPDQFH�� DUH� DSSOLHG� WR
VWUHDPOLQHV��$�QHZ�SDUDPHWHUL]DWLRQ�VFKHPH�DOORZV�D�GLUHFW�PDSSLQJ
RI�D�ZLGH�UDQJH�RI�IORZ�YHORFLW\�WR�WH[WXUH�YHORFLW\�ZLWKRXW�ORVV�RI�GH�
WDLO��7KHVH� WHFKQLTXHV� WRJHWKHU�ZLWK� LQWHUDFWLYH��'� IRFXVVLQJ� HQDEOH
WKH�XVHU�WR�TXLFNO\�LGHQWLI\�DQG�H[SORUH�DUHDV�RI�LQWHUHVW��7KH�IRFXVVHG
YROXPH� LV� VHOHFWHG�ZLWK�PDJLF� OHQVHV�DQG�PDJLF� ER[HV� WKDW� DOVR�XVH
PDLQO\� KDUGZDUH� DFFHOHUDWHG� IHDWXUHV�� $QLPDWLRQ� LV� UHDOL]HG� LQ� WKH
WH[WXUH� FRRUGLQDWH� GRPDLQ� ZLWK�PRYLQJ� RSDFLW\� PDSV�� 7KLV� UHGXFHV
RFFOXVLRQ�DQG� FOXWWHULQJ�E\� VLPXODWLQJ�SDUWLFOH� WUDFHV��$Q�DXWRPDWLF
VWUHDPOLQH� SODFHPHQW� DOJRULWKP� >-REDUG����@� LV� H[WHQGHG� LQWR� WKH
WKLUG�GLPHQVLRQ�WR�JHQHUDWH�DQ�HYHQ�GLVWULEXWLRQ�RI�VWUHDPOLQHV�LQ�WKH
YLUWXDO�HQYLURQPHQW�

�����5HODWHG�:RUN

6HYHUDO�WHFKQLTXHV�IRU�WKH�YLVXDOL]DWLRQ�RI��'�DQG��'�IORZV� LQVSLUHG
WKLV�ZRUN��6RPH�H[DPSOHV�RI�WH[WXUH�EDVHG�WHFKQLTXHV�IRU�WKH�YLVXDOL�
]DWLRQ� RI� �'� IORZV� DUH� >&DEUDO����@�� >:LMN����@�� >6WDOOLQJ����@��:H
DOUHDG\� DSSOLHG� WH[WXUH�EDVHG� YLVXDOL]DWLRQ� WHFKQLTXHV� LQ
>/|IIHOPDQQ����@�

)52/,&� >:HJHQNLWWO����D@� LV� D� YDULDWLRQ� RI� 2/,&� �2ULHQWHG� /LQH
,QWHJUDO�&RQYROXWLRQ��>:HJHQNLWWO����E@��EDVHG�RQ�/,&�>&DEUDO����@�
2/,&�XVHV�VSDUVH� WH[WXUHV�DQG�DQ�DV\PPHWULF� FRQYROXWLRQ�NHUQHO� WR
HQFRGH�WKH�RULHQWDWLRQ�RI� WKH� IORZ� LQ�VWLOO� LPDJHV��&RVWO\�FRQYROXWLRQ
RSHUDWLRQV�DV�GRQH�LQ�/,&�DQG�2/,&�DUH�UHSODFHG�LQ�)52/,&�E\�DS�
SUR[LPDWLQJ�D�VWUHDPOHW�E\�D�VHW�RI�GLVNV�ZLWK�YDU\LQJ�LQWHQVLW\��7KH
YLVXDOL]DWLRQ� LFRQV� ZH� FDOO� GDVKWXEHV� DUH� EDVLFDOO\� �'� VWUHDPOLQHV
ZLWK�DQLPDWHG�WH[WXULQJ�DQG�DSSO\�VLPLODU�WHFKQLTXHV�WR��'�IORZV�

>,QWHUDQWH����@�XVH�/,&�IRU��'�IORZ�YROXPHV��+DORV�DURXQG�VWUHDP�
OHWV�RIIHU�DGGLWLRQDO�GHSWK�DQG�RUGHULQJ�FXHV��7KH�KLJK�FRVW�RI�YROXPH
UHQGHULQJ�� KRZHYHU�� SUHFOXGHV� DQ� LQWHUDFWLYH� H[SORUDWLRQ�� 7H[WXUH
VSODWV�DV�GLVFXVVHG�LQ�>&UDZILV����@�HQFRGH�GLUHFWLRQ�DQG�RULHQWDWLRQ
RI� �'� IORZV�� )DVW� VSODWWLQJ� RSHUDWLRQV� DUH� UHDOL]HG� ZLWK� KDUGZDUH
VXSSRUWHG� WH[WXUH� PDSSLQJ�� $QLPDWHG� WH[WXUH� VSODWV� LOOXVWUDWH� WKH
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IORZ� G\QDPLFV�� :KLOH� WKHVH� WHFKQLTXHV� SURGXFH� JRRG� UHVXOWV�� WKHLU
UHQGHULQJ�WLPHV�DUH�SURKLELWLYH�IRU�UHDO�WLPH�DSSOLFDWLRQV�

>0D[��@�SUHVHQWHG�YDULRXV�WHFKQLTXHV�IRU�YLVXDOL]LQJ��'�IORZV�FORVH
WR�FRQWRXU�VXUIDFHV��0RWLRQ�EOXUUHG�SDUWLFOHV�DUH�JHQHUDWHG�LQ�WKH�YL�
FLQLW\� RI� VXUIDFHV�� 3DUWLFOHV� DUH� VWDUWHG� DXWRPDWLFDOO\� RQ� D� ODWWLFH�
*HQHUDWLRQ� DQG� GHOHWLRQ� RI� SDUWLFOHV� LV� GHQVLW\� EDVHG�� /LQH� EXQGOHV
DUH�UHDOL]HG�DV�WH[WXUH�VSODWV�ZLWK�DQWLDOLDVHG�OLQHV�DV�WH[WXUH��+DLUV
DUH��'�SDUWLFOH�WUDFHV�RULJLQDWLQJ�RQ�WKH�VXUIDFH��$GGLWLRQDO�LQIRUPD�
WLRQ�LV�HQFRGHG�LQ�WKH�FRORU��OHQJWK�DQG�WUDQVSDUHQF\�RI�WKHVH�KDLUV�

6WUHDPOLQH� SODFHPHQW� LV� DQ� LPSRUWDQW� WDVN� WR� DFKLHYH� DQ� DSSUR[L�
PDWHO\�XQLIRUP�FRYHUDJH�RI�SKDVH�VSDFH��$Q�LPDJH�JXLGHG�VWUHDPOLQH
SODFHPHQW� KDV� EHHQ� SUHVHQWHG� LQ� >7XUN����@�� $QRWKHU� DSSURDFK� IRU
FUHDWLQJ�HYHQO\�VSDFHG�VWUHDPOLQHV�XVHV�D�UHJXODU�JULG�>-REDUG����@�
)RU� HDFK� JULG� HOHPHQW� D� OLVW� RI� SDVVLQJ� VWUHDPOLQHV� GHWHUPLQHV
ZKHWKHU�WKHUH�LV�VWLOO�VSDFH�IRU�WKH�SODFHPHQW�RI�DQRWKHU�VWUHDPOLQH�

4XHXHV�RI�VWUHDPOLQH�YHUWLFHV�DGPLQLVWHU�SRVVLEOH�VHHGSRLQWV�IRU�QHZ
VWUHDPOLQHV�� 7DSHULQJ� RI� VWUHDPOLQH� ZLGWKV� SURGXFH� KDQG�GUDZLQJ
HIIHFWV��'LUHFWLRQDO�JO\SKV� LOOXVWUDWH� IORZ�RULHQWDWLRQ��$��'�YDULDWLRQ
RI� WKH� VWUHDPOLQH� SODFHPHQW� LQ� >-REDUG����@� ZDV� XVHG� LQ� RXU� DS�
SURDFK��VHH�VHFWLRQ����

�����'DVKWXEHV��6WUHDPOLQHV�ZLWK�$QLPDWHG�2SDFLW\

6WUHDPOLQHV� DUH� DQ� LQWXLWLYH�ZD\� RI� YLVXDOL]LQJ� IORZ�� 7KHLU� DSSOLFD�
ELOLW\� LQ� �'�VSDFH� KRZHYHU� LV� OLPLWHG�� VLQFH� WKH\� GR� QRW� SURYLGH� WKH
YLVXDO�FXHV�QHHGHG��1RUPDOO\��OLQHV�DUH�UHQGHUHG�ZLWK�WKH�VDPH�ZLGWK
UHJDUGOHVV�RI�GLVWDQFH�WR�WKH�YLHZSRLQW�VR�WKH\�ODFN�SHUVSHFWLYH�GLVWRU�
WLRQ��ZKLFK�LV�D�VLJQLILFDQW�FXH�IRU�MXGJLQJ�GLVWDQFH�

$GGLWLRQDO� WHFKQLTXHV� OLNH� KDORV� >,QWHUUDQWH����@� DUH� QHFHVVDU\� WR
UHVROYH� WKH� DPELJXLWLHV� RI� RYHUODSSLQJ� OLQHV��:KHQ� YLVXDOL]LQJ� IORZ�
VWUHDPOLQHV�QHHG� WR�EH�HQKDQFHG� WR�FRQYH\� WKH�GLUHFWLRQ�RI� WKH� IORZ�
7KLV� FDQ� EH� GRQH� E\� GLUHFWLRQDO� FRORU� YDULDWLRQV� RU� E\� SODFLQJ� LFRQV
DORQJ� WKH� VWUHDPOLQH�DV� VKRZQ� LQ� >-REDUG����@��7H[WXUH�EDVHG� WHFK�
QLTXHV� OLNH�/,&� FDQ� EH�PRGLILHG� WR� LQFOXGH� GLUHFWLRQDO� YDULDWLRQV� DV
ZH�KDYH�VKRZQ�LQ�>:HJHQNLWWO����D@�DQG�>:HJHQNLWWO����E@��$�PRUH
GLUHFW�DSSURDFK�KRZHYHU�LV�WKH�YLVXDOL]DWLRQ�RI�IORZ�E\�DQLPDWLRQ��,Q
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WKH��'�FDVH�ZH�XVH�)52/,&�FRPELQHG�ZLWK�ORRNXS�WDEOH�DQLPDWLRQ�WR
GR�WKLV�LQ�UHDO�WLPH��>%U\VRQ����@��KDV�VXFFHVVIXOO\�XVHG�VWUHDNOLQHV��
�'�SDUWLFOHV�PRYLQJ�DORQJ�WKH�YHFWRU�ILHOG���LQ�WKH�YLUWXDO�ZLQGWXQQHO
WR�DQLPDWH� IORZ�LQ�VSDFH��7KLV�WHFKQLTXH�GHSHQGV�RQ�FRQWLQXDOO\�XS�
GDWLQJ�WKH�SRVLWLRQ�RI�DOO�SDUWLFOHV�ZLWK�HYHU\�DQLPDWLRQ�VWHS��OHDGLQJ
WR�D�FRQVLGHUDEOH�FRQVXPSWLRQ�RI�SURFHVVLQJ�SRZHU�

,Q�WKLV�FKDSWHU�ZH�SUHVHQW�GDVKWXEHV�DV�YLVXDOL]DWLRQ�WRRO�IRU�VWHDG\
�'�IORZ��'DVKWXEHV�DUH�JHQHUDOL]HG� F\OLQGHUV� H[WUXGHG�DORQJ� WKH�GL�
UHFWLRQ�RI�WKH�IORZ��)LJXUH������7KHLU�JHRPHWU\�LV�GLVSOD\HG�ZLWK�DQL�
PDWHG��RSDFLW\�PDSSHG�WH[WXULQJ�WR�YLVXDOL]H�YHORFLW\�DQG�GLUHFWLRQ�RI
IORZ��7KH\�DSSHDU�DV��GDVKHV����VKRUW�RSDTXH�VHJPHQWV���PRYLQJ�DORQJ
WKH�GLUHFWLRQ�RI�WKH�IORZ�

2XU�UHTXLUHPHQWV�IRU�GDVKWXEHV�DUH�

-� 9ROXPH�ILOOLQJ� SURSHUWLHV�� WKH� GDVKWXEHV� KDYH� WR� H[KLELW� DQ� HYHQ
GLVWULEXWLRQ�RYHU�WKH�YROXPH�RI�LQWHUHVW��2WKHUZLVH�WKH�RPLVVLRQ�RI
LQWHUHVWLQJ�IHDWXUHV�ZRXOG�EH�SUREDEOH�

-� 5HGXFHG�RFFOXVLRQ��ZH�QHHG�D�PHWKRG�ZKLFK�UHGXFHV�WKH�RFFOXVLRQ
RI�GLVWDQW�IHDWXUHV�E\� IHDWXUHV�QHDU�WKH�REVHUYHU��7KLV�GHPDQG�LV
DOPRVW� WKH� RSSRVLWH� IURP� WKH�YROXPH�ILOOLQJ�SURSHUWLHV�PHQWLRQHG
DERYH�

-� $QLPDWLRQ�RI�IORZ��WKH�YHORFLW\�DQG�GLUHFWLRQ�RI�WKH�IORZ�VKRXOG�EH
YLVLEOH�LQ�WKH�DQLPDWLRQ��'DVK�YHORFLW\�VKRXOG�GLUHFWO\�FRUUHVSRQG
WR�IORZ�YHORFLW\�

-� 9LVLELOLW\� RI�GDVKHV�� WKH� OHQJWK� RI� WKH�GDVKHV� VKRXOG�QRW� YDU\� WRR
PXFK�ZLWK�YHORFLW\��+LJK�YHORFLW\�DUHDV�ZRXOG�RWKHUZLVH�SURGXFH
ORQJ�GDVKHV�DQG�JDSV��ZKLFK�GR�QRW�JLYH� WKH�GHVLUHG�DSSHDUDQFH�
ZKLOH�ORZ�YHORFLW\�ZRXOG�OHDG�WR�YHU\�VKRUW�GDVKHV�DQG�HYHQWXDOO\
WR�DOLDVLQJ�DUWLIDFWV�

-� )DVW� 5HQGHULQJ�� 6LQFH� RQH� RI� RXU� PDLQ� SRLQWV� LV� WKH� UHDO�WLPH
DSSOLFDELOLW\��ZH�ZDQW�D�IDVW��KDUGZDUH�DVVLVWHG�UHQGHULQJ�PHWKRG�
/LNH�)52/,&�ZH�ZRXOG�OLNH�WR�XVH�WKH�JUDSKLFV�KDUGZDUH�WR�GR�WKH
DQLPDWLRQ�� OHDYLQJ� WKH�&38� WLPH� IRU� VLPXODWLRQ� DQG� LQWHUDFWLRQ�
7KLV� LV� DGYDQWDJHRXV� DV� WKH� JUDSKLFV� KDUGZDUH� KDV� DQ\KRZ� WR
XSGDWH� WKH� LPDJH� FRQWLQXRXVO\� ZKHQ� UHQGHULQJ� D� YLUWXDO
HQYLURQPHQW�
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7KH�GHVLJQ�RI�GDVKWXEHV�PHHWV�WKH�PHQWLRQHG�UHTXLUHPHQWV��7R�DYRLG
WKH� RFFOXVLRQ� RI� GLVWDQW� SDUWV� RI� WKH� YLVXDOL]DWLRQ� E\� FORVHU� IHDWXUHV
DQG�WR�JHQHUDWH�WKH�GHVLUHG�HIIHFW�RI�SDUWLFOHV�PRYLQJ�DORQJ�WKH�GDVK�
WXEH�ZH�UHQGHU�LW�SDUWLDOO\�LQYLVLEOH��7KLV�LV�GRQH�E\�XVLQJ�DQ�RSDFLW\
WH[WXUH�� ZKLFK� LQFOXGHV� WUDQVSDUHQF\� LQIRUPDWLRQ� IRU� WKH� UHQGHULQJ
KDUGZDUH��6LQFH�VHPL�WUDQVSDUHQF\�GRHV�QRW�ZRUN�ZHOO�LQ�FRPELQDWLRQ
ZLWK�]�EXIIHUHG�YLVLELOLW\�UHVROXWLRQ��ZH�RQO\�PDS�FRPSOHWHO\�RSDTXH
RU� FRPSOHWH� WUDQVSDUHQW� YDOXHV� WR� WKH� JHRPHWU\�� 7KHUHE\� ZH� DYRLG
DUWLIDFWV�SURGXFHG�E\�WKH�RUGHU�LQ�ZKLFK�ZH�UHQGHU�GLIIHUHQW�SDUWV�RI
WKH�VFHQH��7KH�GDVKWXEHV�DUH�DVVLJQHG�WH[WXUH�FRRUGLQDWHV��ZKLFK�FRU�
UHVSRQG�WR�D�WHPSRUDO�SDUDPHWHUL]DWLRQ�DORQJ�VWUHDPOLQHV�

)LJXUH�����6WUHDPOLQH�JHRPHWU\�ZLWKRXW�WH[WXULQJ
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)LJXUH�����'DVKWXEHV�ZLWK�RSDFLW\�WH[WXUH

:KHQ�FRPELQHG�ZLWK�DQ�DSSURSULDWH�RSDFLW\�WH[WXUH��WKLV�OHDGV�WR�WKH
GHVLUHG�GDVKHG�DSSHDUDQFH��ZLWK�RSDTXH�GDVKHV�LQWHUPLWWHG�E\�HPSW\
VHFWLRQV� �)LJXUH� ����� 6LQFH� DQLPDWLQJ� WKH� WH[WXUH� LPDJH� LWVHOI� LV� D
UHODWLYHO\� WLPH�FRQVXPLQJ� RSHUDWLRQ� RQ�PRVW� JUDSKLFV� KDUGZDUH��ZH
MXVW�WUDQVIRUP�WKH�WH[WXUH�FRRUGLQDWHV�DORQJ�WKH�GLUHFWLRQ�RI�WKH�WXEH�
,Q�2SHQ*/�WKLV�FDQ�EH�GRQH�E\�PRGLI\LQJ�WKH�WH[WXUH�WUDQVIRUP�PD�
WUL[�� ZKLFK� KDV� WKH� DGGLWLRQDO� DGYDQWDJH� WKDW� LW� ZRUNV� HYHQ� ZKHQ
PRUH�WKDQ�RQH�WH[WXUH�PDS�LV�XVHG��$QLPDWLRQ�LV�DQ�HVVHQWLDO�SDUW�RI
WKH�PHWKRG�� VLQFH�RWKHUZLVH� VWUXFWXUDO� LQIRUPDWLRQ�YLVLEOH� LQ�)LJXUH
���ZRXOG�EH�ORVW�LQ�WKH�RSDFLW\�PDSSHG�UHSUHVHQWDWLRQ��)LJXUH�����

(DUO\� WHVWV� VKRZHG� WKDW� WKH� DQLPDWHG� WH[WXUH� SURGXFHV� DQQR\LQJ
YLVXDO� DUWLIDFWV� DW� WKH� HQGV� RI� WKH� GDVKWXEHV�� 7KH� RSDTXH� VHJPHQWV
HQWHULQJ� DQG� OHDYLQJ� WKH� VXUIDFH� RI� WKH� H[WUXVLRQ� H[KLELWHG� DQ� LUUL�
WDWLQJ� ¨EOLQNLQJ¨� EHKDYLRU�� FRPSDUDEOH� WR� WKH� SXOVDWLRQ� ZH� KDG� WR
RYHUFRPH� LQ�)52/,&��:H� WUHDWHG� WKLV�E\� UHGXFLQJ� WKH� UDGLXV� RI� WKH
ILUVW�DQG�ODVW�FURVV�VHFWLRQ�RI�WKH�GDVKWXEHV�WR�QXOO��WKHUHE\�WDSHULQJ
WKH� H[WUXVLRQ� DW� WKH� HQGV� �)LJXUH� ��� DQG� )LJXUH� ����� 7KLV� \LHOGV
VPRRWK�WUDQVLWLRQV�DW�ERWK�HQGV��FRPSDUDEOH�WR�D�¨IDGH�LQ¨�HIIHFW�
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�����$GDSWLYH�7H[WXUH�0DSSLQJ

$V�PRVW�WH[WXUH�PDSSLQJ�WHFKQLTXHV��RXU�PHWKRG�LV�SURQH�WR�DOLDVLQJ�
:KHQ� WKH� OHQJWK� RI� RQH� GDVK� LQ� LPDJH�VSDFH� LV� UHGXFHG� WR� D� VLQJOH
SL[HO�ZLGWK�RU�EHORZ�DQQR\LQJ�DUWLIDFWV�PDNH�WKH�GLVWLQFWLRQ�RI�GDVKHV
GLIILFXOW�� (YHQ�ZRUVH�� WKH� VSHHG� DQG� GLUHFWLRQ� RI� WKH� YLVXDOL]HG� IORZ
EHFRPHV�LPSRVVLEOH�WR�REVHUYH�

7KHVH�HIIHFWV�DSSHDU�ZKHQ�WKH�YLHZSRLQW�PRYHV�DZD\�IURP�WKH�WH[�
WXUH�PDSSHG�WXEH�RU�ZKHQ�WKH�IORZ�YHORFLW\�LV�YHU\�ORZ��,Q�ERWK�FDVHV
D�ODUJH�WH[WXUH�DUHD�LV�PDSSHG�WR�D�VPDOO�UHJLRQ�RI�WKH�VFUHHQ�

7KHUHIRUH�ZH�QHHG�D�PHWKRG�WR�UHGXFH�DOLDVLQJ�ZKLOH�SUHVHUYLQJ�WKH
HVVHQWLDO� SURSHUWLHV� RI� GDVKWXEHV�� D� KLJK� FRQWUDVW� WH[WXUH� PRYLQJ
DORQJ�WKH�WXEH�DW�WKH�VSHHG�RI�WKH�YLVXDOL]HG�IORZ�ZKLFK�FRQWDLQV�GLV�
WLQFWLYH�RSDTXH�DQG�FRPSOHWHO\�WUDQVSDUHQW�VHFWLRQV��)XUWKHUPRUH�WKH
PD[LPXP� OHQJWK� RI� D� GDVK� DQG� JDS� VHTXHQFH� PXVW� QRW� EH� WRR� ELJ�
2WKHUZLVH�WKH�DSSHDUDQFH�RI�WKH�GDVKWXEH�DV�D�OLQH�RI�PRYLQJ�SDUWL�
FOHV�ZRXOG�VXIIHU��/RQJ�GDVKHV��ZKLOH�JLYLQJ�D�JRRG�LPSUHVVLRQ�RI�WKH
GLUHFWLRQ�RI�WKH�IORZ��RFFOXGH�PXFK�RI�WKH�VFHQH�IDUWKHU�DZD\�DQG�UH�
GXFH�WKH�LPSUHVVLRQ�RI�D�YROXPH�IORZ��,GHDOO\�ZH�ZDQW�DSSUR[LPDWHO\
XQLIRUP�VSDFHG�GDVKHV�LQ�LPDJH�VSDFH��LQGHSHQGHQW�RI�YLHZSRLQW�DQG
IORZ�YHORFLW\�

�������0LSPDS�0HWKRG

0RVW�FRPPRQO\�WKH�PLSPDS�PHWKRG�>:LOOLDPV����@�LV�XVHG�WR�UHGXFH
WH[WXUH�DOLDVLQJ��7KHUHE\�WKH�WH[WXUH�LV�ILOWHUHG�WR�FRQVHFXWLYHO\�ORZHU
UHVROXWLRQV�� $� VLQJOH� WH[WXUH� LV� UHSUHVHQWHG� E\� D� VHULHV� RI� WH[WXUH
PDSV�ZLWK�GHFUHDVLQJ�VL]H�DQG�WH[WXUH�IUHTXHQF\� �)LJXUH���D���6LQFH
WKLV�PHWKRG�GRHV�WKH�ILOWHULQJ�LQ�D�SUH�SURFHVVLQJ�VWHS��WKH�DGGLWLRQDO
H[SHQVHV�DW�UXQWLPH�DUH�UHODWLYHO\�ORZ�PDNLQJ�LW�WKH�PHWKRG�XVHG�E\
PRVW�UHDO�WLPH�JUDSKLFV�KDUGZDUH�

7R�DSSO\�PLSPDSV�RQ�GDVKWXEHV�ZH�KDYH�WR�DOWHU�WKH�VWDQGDUG�DOJR�
ULWKP�RI�SURGXFLQJ�WKH�UHGXFHG�WH[WXUH�PDSV��1RUPDOO\�HDFK�VXE�PDS
RI� D� PLSPDS� FRQWDLQV� D� ILOWHUHG� YHUVLRQ� RI� WKH� OHYHO� DERYH�� WKHUHE\
KDOYLQJ� UHVROXWLRQ� DQG� PD[LPXP� IUHTXHQF\� RI� WKH� WH[WXUH� �)LJXUH
��D�� 7KLV� FODVKHV� ZLWK� RXU� UHMHFWLRQ� RI� VHPL�WUDQVSDUHQW� REMHFWV� LQ
VHFWLRQ������� WKH�FRQWUDVW�RI� ORZHU�UHVROXWLRQ�PDSV� LV� UHGXFHG�GXH� WR
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ILOWHULQJ��ZKLFK�DOVR�SURGXFHV�VHPL�WUDQVSDUHQW�DUHDV��7KH�IORZ�YHORF�
LW\�LV�SUHVHUYHG��EXW�WKH�GDVKHV�JHW�VKRUWHU�LQ�DUHDV�ZLWK�UHGXFHG�YH�
ORFLW\�RU�D�PRUH�GLVWDQW�YLHZSRLQW�

6R�ZH�KDYH�WR�SURGXFH�VXE�PDSV�ZKLFK�GR�QRW�H[KLELW�WKLV�XQGHVLUHG
SURSHUWLHV��)LJXUH���E�VKRZV�DQ�H[DPSOH�KRZ�VXFK�PDSV� FRXOG� ORRN
OLNH��7KH\�SRVVHV� WKH� IUDFWDO�SURSHUW\�RI�KDYLQJ� WKH� VDPH�DPRXQW�RI
GHWDLO�RQ�HYHU\�OHYHO�

8VLQJ�VXFK�D�PLSPDS�SURGXFHV�WKH�IROORZLQJ�HIIHFWV��,I�WKH�YLHZSRLQW
PRYHV� IDUWKHU�DZD\�� WKH� WH[WXUH� �WKH�GDVKHV��VKULQN�FRQWLQXRXVO\� LQ
OHQJWK� XQWLO� D� QHZ�PLSPDS� OHYHO� LV� UHDFKHG�� ZKHUH� WKH� VZLWFK� WR� D
FRDUVHU� UHVROXWLRQ� LV� SHUIRUPHG� DQG� WKH� GDVKHV� DJDLQ�KDYH� D� GLVWLQ�
JXLVKDEOH� OHQJWK�� 6HFWLRQV� RI� GDVKWXEHV�ZKHUH� WKH� ORZ� IORZ� YHORFLW\
ZRXOG�SURGXFH�YHU\� VKRUW� GDVKHV�DUH�DOVR�PDSSHG� WR� FRDUVHU� UHVROX�
WLRQV�DQG�WKHUHIRUH�H[KLELW�ORQJHU�GDVKHV��)LJXUH�����

$Q�LPSRUWDQW�DVSHFW�RI�WKLV�DSSURDFK�LV�WKDW�RQO\�WKH�FRQWHQWV�RI�WKH
WH[WXUH�DUH�VZLWFKHG��QRW�WKH�PDSSLQJ�RI�WH[WXUH�WR�REMHFW��7KLV�OHDGV
WR�WKH�LQWHQGHG�HIIHFW�ZKHQ�DQLPDWLQJ�WKH�WH[WXUH��WKH�YHORFLW\�RI�WKH
WH[WXUH�DORQJ�WKH�WXEH�GLUHFWO\�FRUUHVSRQGV�WR�WKH� IORZ�YHORFLW\� LQGH�
SHQGHQWO\�RI�WKH�OHQJWK�RI�WKH�GDVKHV�

D�

E�

)LJXUH�����0LSPDS�WH[WXUHV�

D��FRQYHQWLRQDO�ILOWHULQJ�VFKHPH

E��PLSPDS�IRU�DGDSWLYH�WH[WXUH�PDSSLQJ
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)LJXUH�����GDVKWXEHV�ZLWK��D��DQG�ZLWKRXW��E��PLSPDS�WH[WXULQJ

7KH�PDLQ�SUREOHP�ZKHQ�XVLQJ�PLSPDSV�IRU�DGDSWLYH�WH[WXUH�PDSSLQJ
DULVHV�IURP�WKH�VPDOO�QXPEHU�RI�DYDLODEOH�PLSPDS�OHYHOV��6LQFH�HYHU\
WZR�GLPHQVLRQDO� VXE�PDS� KDV� H[DFWO\� WKH� GRXEOH� UHVROXWLRQ� RI� WKH
QH[W� ORZHU� OHYHO�� WKH�PHPRU\� FRQVXPSWLRQ� H[SRQHQWLDOO\� ULVHV� ZLWK
WKH�QXPEHU�RI� OHYHOV��$GGLWLRQDOO\� WKH� VZLWFK�EHWZHHQ�RQH� OHYHO�DQG
WKH�QH[W�OHDGV�WR�GLVFRQWLQXLWLHV�LQ�WKH�WH[WXUH�DSSHDUDQFH��6LQFH�WKH
WH[WXUHV�PRYH�DORQJ�WKH�WXEHV�WKHVH�GLVFRQWLQXLWLHV�DUH�HVSHFLDOO\�DQ�
QR\LQJ�ZKHQ�WKH\�DSSHDU�DORQJ�D�VLQJOH�WXEH�

0RVW�PLSPDS�LPSOHPHQWDWLRQV���LQFOXGLQJ�WKH�RQH�XVHG�LQ�2SHQ*/��
UHGXFH� WKH� DUWLIDFWV� GXH� WR� OHYHO� VZLWFKLQJ� E\� LQWHUSRODWLQJ� EHWZHHQ
WZR� DGMDFHQW� VXE�PDSV�� :H� FDQ� QRW� DSSO\� WKLV� PHWKRG� LQ� RXU� FDVH
VLQFH�WKLV�VWURQJO\�UHGXFHV�FRQWUDVW�EHFDXVH� WKH� LQWHUSRODWLRQ� LV�SHU�
IRUPHG� EHWZHHQ� WZR� HVVHQWLDOO\� GLIIHUHQW� PDSV�� QRW� EHWZHHQ� PDSV
RQO\� GLIIHULQJ� LQ� WKH� KLJK�IUHTXHQF\� FRPSRQHQWV�� )XUWKHUPRUH� WKH
LQWHUSRODWLRQ�SURGXFHV�VHPL�WUDQVSDUHQW�DUHDV�FDXVLQJ�WKH�DOUHDG\�LQ
VHFWLRQ������GLVFXVVHG�SUREOHPV�ZKHQ�UHQGHULQJ�LQWR�WKH�]�EXIIHU�

7KHVH�SUREOHPV�RFFXU�VLQFH�WKH�WUDQVLWLRQ�EHWZHHQ�RQH�OHYHO�DQG�WKH
QH[W� LV� UHODWLYHO\� FRDUVH�� ,I� ZH� FRXOG� UHGXFH� WKH� GLIIHUHQFH� EHWZHHQ
OHYHO�UHVROXWLRQV�DQG�LQFUHDVH�WKH�QXPEHU�RI�OHYHOV�ZH�ZRXOG�EH�DEOH
WR� H[DFWO\� VSHFLI\� KRZ� VZLWFKHV� EHWZHHQ� ORQJHU� �OHVV�� DQG� VKRUWHU
�PRUH�� GDVKHV� DUH� SHUIRUPHG�� 7KH� YDVW� PHPRU\� FRQVXPSWLRQ� RI
PLSPDSV�ZLWK�D�KLJK�QXPEHU�RI�OHYHOV�GHQLHV�XV�WKH�WULYLDO�VROXWLRQ�RI
WKLV�SUREOHP��VR�ZH�KDYH�WR�DSSURDFK�LW�GLIIHUHQWO\�
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,Q�VHFWLRQ��������ZH�VKRZ�D�GLIIHUHQW�DSSURDFK�WR�DGDSWLYH�WH[WXUH�
PDSSLQJ��ZKLFK�RYHUFRPHV�VRPH�RI�WKH�SUREOHPV�PHQWLRQHG�DERYH�
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)LJXUH�����7H[WXUH�XVDJH�RI�WH[WXUH�FRRUGLQDWH�PHWKRG
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D�

E�

)LJXUH�����GDVKWXEHV�ZLWK��D��DQG�ZLWKRXW��E��DGDSWLYH�WH[WXULQJ

�������7H[WXUH�&RRUGLQDWH�0HWKRG

,I� WKH� IORZ�YHORFLW\�DORQJ�D�GDVKWXEH� LV� IDOOLQJ�DV� LQ�)LJXUH���D�� WKH
UHVXOWLQJ�WH[WXULQJ�OHDGV�WR�VKRUW�GDVKHV�LQ�WKH�ORZ�YHORFLW\�UHJLRQ�RI
WKH� GDVKWXEH� �)LJXUH� ��E�� UHJLRQ� &��� 7KLV� EHKDYLRU� YLRODWHV� RXU� GH�
PDQGV� IURP� VHFWLRQ� ������ZKHUH�ZH� UHTXLUH� WKH� GDVKHV� WR� EH� GLVWLQ�
JXLVKDEOH�LQGHSHQGHQWO\�RI�IORZ�YHORFLW\��6LQFH�WKHVH�VKRUW�GDVKHV�FDQ
OHDG�WR�XQGHVLUDEOH�DOLDVLQJ�DUWLIDFWV��ZH�ZRXOG�SUHIHU� ORQJHU�GDVKHV
LQ�UHJLRQ�&��ZKLFK�VKRXOG�VWLOO�UHIOHFW�IORZ�YHORFLW\��,I�ZH�ZDQW�ORQJHU
GDVKHV�PRYLQJ�ZLWK� WKH�VDPH�VSHHG�DV� WKH�VKRUWHU�RQHV��ZH�KDYH� WR
VRPHKRZ�UHGXFH�WKH�QXPEHU�RI�GDVKHV�WUDYHOOLQJ�IURP�UHJLRQ�$�WR�UH�
JLRQ�&��$� SRVVLEOH� VROXWLRQ��ZKLFK� UHGXFHV� DQQR\LQJ� DUWLIDFWV� VKRZV
UHJLRQ�%�LQ�)LJXUH���F��HYHU\�WKUHH�GDVKHV�OHDYLQJ�UHJLRQ�$�JHW�MRLQHG
WR�D�VLQJOH�GDVK�ZKLOH�PRYLQJ�WKURXJK�UHJLRQ�%��7KH�ORZ�YHORFLW\�SDUW
�UHJLRQ�&�� RI� WKH� GDVKWXEH� FRQWDLQV� RQH� ORQJ� GDVK� LQ�)LJXUH� ��F� IRU
HYHU\� WKUHH� VKRUW�GDVKHV� LQ�)LJXUH���E��:KHQ�DQLPDWHG�� WKLV� VKRZV
WKUHH�GDVKHV�OHDYLQJ�WKH�KLJK�YHORFLW\�UHJLRQ�$�RI�WKH�GDVKWXEH��ZKLFK
UHGXFH� WKHLU� JDSV�XQWLO� WKH\�PHUJH� LQWR� RQH� ORQJHU�GDVK� LQ� WKH� ORZ�
YHORFLW\�UHJLRQ�&�

7R� LPSOHPHQW� WKLV� EHKDYLRU� XVLQJ� FRQYHQWLRQDO� �2SHQ*/�� WH[WXUH�
PDSSLQJ�KDUGZDUH�ZH�KDYH�WR�DOWHU�WKH�ZD\�ZH�PDS�D�WH[WXUH�WR�WKH
JHRPHWU\� RI� WKH� GDVKWXEH�� ,Q� RUGLQDU\� WH[WXUH�PDSSLQJ� DSSOLFDWLRQV
WZR�VSDWLDO�WH[WXUH�FRRUGLQDWHV�DUH�PDSSHG�RQWR�WKH��'�VXUIDFH�RI�DQ
REMHFW�� 6LQFH� WKH� URWDWLRQDOO\�V\PPHWULF� GDVKWXEHV� UHSUHVHQW� HVVHQ�
WLDOO\��'�REMHFWV���WKH�XQGHUO\LQJ�VWUHDPOLQHV���ZH�RQO\�QHHG�RQH�WH[�
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WXUH� FRRUGLQDWH� IRU� WKH� VSDWLDO�PDSSLQJ��:H� XVH� WKH� UHPDLQLQJ� WH[�
WXUH�FRRUGLQDWH�WR�VPRRWKO\�YDU\�WKH�GDVKHV�DSSHDUDQFH�

)LJXUH����VKRZV�D�WH[WXUH�PDS��ZKLFK�PDSV�YHORFLW\�DQG�WLPH�DORQJ
WKH�GDVKWXEH�RQWR�RSDFLW\��)RU�FRQVWDQW�YHORFLW\�KRUL]RQWDO�URZV�RI�WKH
WH[WXUH�DUH�PDSSHG� DORQJ� WKH� WXEH��&RQVWDQW� ORZ� YHORFLW\�PDSV� WKH
ORZHVW� URZ� RI� WKH� WH[WXUH� RQWR� D� VKRUW� VHJPHQW� RI� WKH� GDVKWXEH
�)LJXUH���F���ZKHUHDV�FRQVWDQW�KLJK�YHORFLW\�PDSV�WKH�XSSHUPRVW�URZ
RI� WKH�PDS� RQWR� D� ORQJ� VHJPHQW� RI� WKH� WXEH� �)LJXUH� ��D��� &KDQJLQJ
YHORFLW\�DORQJ�D�VHJPHQW�VDPSOHV�WKH�PDS�DORQJ�D�VODQWHG�OLQH��)LJXUH
��E���WKHUHE\�SURGXFLQJ�WKH�HIIHFWV�GHSLFWHG�LQ�)LJXUH���F��UHJLRQ�%�

7KH�PHUJLQJ�GDVKHV�LQ�WKH�WUDQVLWLRQV�H[KLELW�VOLJKWO\�LUULWDWLQJ�DUWL�
IDFWV�ZKHQ�WKH�JDSV�VKULQN�WR�RQH�SL[HO�ZLGWK��7R�UHGXFH� WKLV�HIIHFW�
ZH�ZDQW�WR�PDS�WKH�WUDQVLWLRQV�RQO\�WR�VKRUW�VHJPHQWV�RI�WKH�GDVKWX�
EHV�� %HWZHHQ� WKLV� WUDQVLWLRQ� VHJPHQWV� ZH� DOORZ� WKH� GDVKHV� WR
OHQJWKHQ�RU�VKRUWHQ�D�ELW��ZLWKRXW�DOWHULQJ� WKHLU�QXPEHU��7KLV�JLYHV
WKH�PRWLRQ�RI�WKH�GDVKHV�D�PRUH�XQLIRUP�DSSHDUDQFH�

7KH� WH[WXUH�PDS� LQ�)LJXUH���� LV�GHVLJQHG� WR� UHVWULFW� WKH� WUDQVLWLRQ
VHJPHQWV��)LJXUH���F��VHFWLRQ�%��WR�VPDOO�YHORFLW\�UDQJHV��,Q�WKH�DUHDV
ZKHUH�WKH�WH[WXUH�FRQWDLQV�SDUDOOHO��YHUWLFDO�VWULSHV�WKH�VDPSOHG�WH[�
WXUH� LV� LQGHSHQGHQW� RI� WKH� YHORFLW\��2QO\�ZKHQ� WKH� VDPSOLQJ� SDVVHV
LQWR�RQH�RI�WKH�EUDQFKLQJ�DUHDV�RI�WKH�PDS�GDVKHV�DUH�MRLQHG�RU�VSOLW�

�����6WUHDPOLQH�3ODFHPHQW

:KHQ�XVLQJ�VWUHDPOLQHV� IRU� IORZ�YLVXDOL]DWLRQ�� WKH�TXDOLW\�RI� WKH� UH�
VXOW�GHSHQGV�KHDYLO\�RQ�WKH�SODFHPHQW�RI�WKH�VWUHDPOLQHV��(YHQ�ZKHQ
YLVXDOL]LQJ� WZR�GLPHQVLRQDO� IORZ� ILHOGV� D�XQLIRUP�GLVWULEXWLRQ� LV� GH�
VLUDEOH�� EXW� ZKHQ� H[WHQGLQJ� WKH� IORZ� YLVXDOL]DWLRQ� WR� WKUHH� GLPHQ�
VLRQV� WKH� DGGHG� FRPSOLFDWLRQ� RI� RFFOXVLRQV�PDNH� DQ� HYHQ� SODFHPHQW
HVVHQWLDO��7KH�VWDUW��DQG�HQGSRLQWV�RI�VWUHDPOLQHV�LQWURGXFH�GLVWUDFW�
LQJ�DUWLIDFWV� LQWR� WKH�YLVXDOL]DWLRQ�VR�ZH�ZDQW� WR�NHHS� WKHLU�QXPEHU
VPDOO�� 7KHUHIRUH� ZH� ZDQW� WR� SRSXODWH� RXU� IORZ� YROXPH� ZLWK� HYHQO\
GLVWULEXWHG�VWUHDPOLQHV�RI�PD[LPXP�OHQJWK�

7R� DFFRPSOLVK� WKLV� ZH� H[WHQG� WKH� DOJRULWKP� RI� -REDUG� DQG� /HIHU
>-REDUG����@�WR�WKUHH�GLPHQVLRQV��7KH\�SODFH�VWUHDPOLQHV�XVLQJ�RQO\
ORFDO�FULWHULD��$�QHZ�VWUHDPOLQH�FDQ�RQO\�EH�SODFHG� LI� WKH�GLVWDQFH�WR
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DOUHDG\�H[LVWLQJ�VWUHDPOLQHV�GRHV�QRW� IDOO�EHORZ�D�FHUWDLQ�PLQLPXP�
6LQFH�WKH�VSHHG�RI�WKH�DOJRULWKP�GHSHQGV�PDLQO\�RQ�WKLV�GLVWDQFH�WHVW�
FHUWDLQ�WHFKQLTXHV�DUH�DSSOLHG�WR�DFFHOHUDWH�WKH�WHVW��(DFK�VWUHDPOLQH
LV�DSSUR[LPDWHG�E\�D�VHW�RI�HYHQO\�VSDFHG�VDPSOH�SRLQWV��7KH�GLVWDQFH
EHWZHHQ�WZR�VWUHDPOLQHV�LV�GHILQHG�DV�WKH�PLQLPDO�GLVWDQFH�EHWZHHQ
DQ\� RI� WKHLU� VDPSOH� SRLQWV�� 7KLV� ZRUNV� UHDVRQDEO\� ZHOO� ZKHQ� WKH
VDPSOH� SRLQWV� DUH� DOZD\V� FORVHU� VSDFHG� WKDQ� WKH�PLQLPXP�GLVWDQFH
EHWZHHQ�OLQHV��$�UHJXODU�JULG�LV�XVHG�WR�UHGXFH�WKH�VHW�RI�SRLQWV�WR�EH
WHVWHG�WR�WKH�RQHV�LQ�WKH�LPPHGLDWH�QHLJKERUKRRG�RI�D�QHZ�SRLQW��7KH
GLVWULEXWLRQ� RI� VHHGSRLQWV� GHSHQGV� RQ� WKH� GHVLUHG� GHQVLW\� RI� WKH� UH�
VXOWLQJ�LPDJHV��)RU�GHQVHO\�SODFHG�VWUHDPOLQHV�WKH�VHHGSRLQWV�DUH�GLV�
WULEXWHG� UDQGRPO\�� ZKLOH� IRU� VSDUVHO\� SODFHG� VWUHDPOLQHV� WKH� VHHG�
SRLQWV�DUH�LQWURGXFHG�QHDU�WKH�VDPSOH�SRLQWV�RI�H[LVWLQJ�VWUHDPOLQHV�

7KH�DGDSWDWLRQ�RI�WKLV�DOJRULWKP�WR�RXU�QHHGV�ZDV�TXLWH�VWUDLJKWIRU�
ZDUG��:H�H[WHQGHG�WKH�JULG�WR�WKUHH�GLPHQVLRQV��PDNLQJ�LW�QHFHVVDU\
WR�FKHFN�QRZ�D�PD[LPXP�RI����FHOOV�SHU�GLVWDQFH�WHVW��$QRWKHU�WHFK�
QLTXH�SUHVHQWHG� LQ� >-REDUG����@�� WKH�DJJORPHUDWLYH� VHHGSRLQW�SODFH�
PHQW� IRU� VSDUVH� GLVWULEXWLRQV�PDLQO\� SURGXFH� YLVXDOO\� DSSHDOLQJ� UH�
VXOWV�LQ��'��,Q��'��ZKHUH�VWUHDPOLQHV�FDQ�SDVV�LQ�IURQW�RI�HDFK�RWKHU
DQG�WKHLU�YLVXDO�GLVWDQFH�GHSHQGV�PDLQO\�RQ�WKH�YLHZSRLQW�LW�SURGXFHV
QR�GLVWLQFWLYH�DGYDQWDJH�RSSRVHG�WR�UDQGRP�VWDUWSRLQW�SODFHPHQW�

)RU� WKLV� UHDVRQ�ZH� FKRVH� WR� GLVWULEXWH� WKH� VHHGSRLQWV� RQ� D� MLWWHUHG
JULG�� D� SURFHVV� ZKLFK� ZRUNV� IDVWHU� WKDQ� DJJORPHUDWLYH� VHHGSRLQW
SODFHPHQW�DQG�SURGXFHV�DFFHSWDEOH� UHVXOWV��6LQFH� VWUHDPOLQHV�ZKLFK
DUH� VKRUW� ZLWK� UHVSHFW� WR� WKH� GDVK� OHQJWK� FDQ� SURGXFH� LUULWDWLQJ
¨EOLQNLQJ¨� DUWLIDFWV�� ZH� UHMHFW� WKHP� DV� VRRQ� DV� WKH\� DUH� LQWURGXFHG�
WKHUHIRUH�DOORZLQJ�RWKHU�VWUHDPOLQHV�WR�JURZ�

�����)RFXVVLQJ�DQG�&RQWH[W

2QH�RI� WKH�PDLQ�SUREOHPV�ZKHQ�YLVXDOL]LQJ��'�IORZ�ILHOGV� LV� ILQGLQJ
WKH� FRUUHFW� LQIRUPDWLRQ� GHQVLW\�� 7RR� PXFK� LQIRUPDWLRQ� SHU� YROXPH
RFFOXGHV� IHDWXUHV� IXUWKHU� DZD\� DQG� WRR� OLWWOH� LQIRUPDWLRQ� PD\� KLGH
LPSRUWDQW�GHWDLOV��:KHQ�XVLQJ�VWUHDPOLQHV�IRU��'�IORZ�YLVXDOL]DWLRQ�
WKH�DPRXQW�RI�LQIRUPDWLRQ�LQ�D�JLYHQ�YROXPH�LV�GLUHFWO\�UHODWHG�WR�WKH
QXPEHU�RI�VWUHDPOLQHV�WKURXJK�LW��7R�D�OHVVHU�GHJUHH�LW�DOVR�GHSHQGV
RQ�WKH�QXPEHU�RI�VDPSOH�SRLQWV�DORQJ�WKH�VWUHDPOLQH��$V�GHVFULEHG�LQ
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VHFWLRQ� ����� ZH� SODFH� RXU� VWUHDPOLQHV� DSSUR[LPDWHO\� HTXLGLVWDQW� WR
HDFK�RWKHU��7KHUHIRUH�GHQVLW\�RI� WKH�VWUHDPOLQHV� LQ�WKH�UHVXOWLQJ� LP�
DJHV�GHSHQGV�PDLQO\�RQ�WKLV�XVHU�VHOHFWHG�GLVWDQFH��2WKHU�IDFWRUV�FRQ�
WULEXWLQJ�WR�WKH�JHQHUDO�DSSHDUDQFH�DUH�ZLGWK�RI�WKH�VWUHDPOLQH�DQG��
LQ�FDVH�RI�GDVKWXEHV� �� WKH� OHQJWK�UDWLR�RI�RSDTXH� WR� WUDQVSDUHQW� VHF�
WLRQV�

:KHQ�LQYHVWLJDWLQJ�D��'�IORZ�ZH�ILUVW�WU\�WR�JHW�DQ�RYHUYLHZ�RI�WKH
IORZ�ILHOG��7KLV�LQFOXGHV�LQYHVWLJDWLRQ�RI�JOREDO� IHDWXUHV�� WKH� LGHQWLIL�
FDWLRQ�RI�DUHDV�RI�VSHFLDO� LQWHUHVW�� OLNH�YRUWLFHV��VHSDUDWULFHV��DQG�F\�
FOHV��7KHQ��ZKHQ�DQ�LQWHUHVWLQJ�IHDWXUH�KDV�EHHQ�LGHQWLILHG��ZH�ZDQW
WR� VLQJOH� RXW� WKLV� IHDWXUH� DQG� LQYHVWLJDWH� LW��:H�ZDQW� WR� YLHZ� LW� LQ
JUHDW�GHWDLO��ZLWKRXW�GLVWUDFWLRQV�RU�RFFOXVLRQV�IURP�RWKHU�IHDWXUHV�

,Q� PDQ\� SUDFWLFDO� FDVHV�� WKHVH� WZR� GLIIHUHQW� JRDOV� DUH� GLIILFXOW� WR
DFKLHYH� VLPXOWDQHRXVO\�� 7KHUHIRUH� ZH� WHVWHG� WHFKQLTXHV� ZKHUH� ZH
ILUVW�XVH�WKH�FRQWH[W�RI�D�FRDUVH�UHSUHVHQWDWLRQ�WR�LGHQWLI\�LQWHUHVWLQJ
UHJLRQV�� 7KHQ� ZH� XVH� RQH� RI� WKH� PHFKDQLVPV� GHVFULEHG� LQ� VHFWLRQV
�������DQG��������WR�IRFXV�RXU�DWWHQWLRQ�RQ�WKHVH�UHJLRQV�DQG�LQYHVWL�
JDWH�WKHP�ZLWK�ILQHU�GHWDLO�

0DJLF�OHQVHV��DV�SUHVHQWHG�LQ�>%LHU����@�DUH�WUDQVSDUHQW�XVHU�LQWHU�
IDFH�HOHPHQWV� IRU� FRQYHQWLRQDO��'�ZLQGRZLQJ�GHVNWRS�HQYLURQPHQWV�
7KH\�DUH�UHSUHVHQWHG�E\�VSHFLDO�ZLQGRZV��ZKLFK�GR�QRW�GLVSOD\�WKHLU
RZQ�LQGHSHQGHQW�FRQWHQW�EXW�UDWKHU�FKDQJH�WKH�UHSUHVHQWDWLRQ�RI�WKH
XQGHUO\LQJ� LQIRUPDWLRQ�� 7KH\� FDQ� EH� XVHG� IRU� ILOWHULQJ� RU� RWKHUZLVH
PRGLI\LQJ� XQGHUO\LQJ� LPDJH� GDWD� EXW� DOVR� IRU� PRUH� DEVWUDFW� RSHUD�
WLRQV� OLNH� VKRZLQJ� DGGLWLRQDO� LQIRUPDWLRQ� OLNH� FRPPHQWV�� ,Q
>9LHJD����@�PDJLF�OHQVHV�DUH�XVHG�LQ�YLUWXDO�HQYLURQPHQWV��7KLV�ZRUN
DOVR� GHDOV� ZLWK� YROXPHWULF� OHQVHV�� DQ� H[WHQVLRQ� RI� PDJLF� OHQVHV� LQ
WKUHH�GLPHQVLRQV�

:H�XVH� WKHVH� LQWHUIDFH�HOHPHQWV� WR� YLHZ�D�KLJKHU� UHVROXWLRQ� UHSUH�
VHQWDWLRQ� RI� WKH� IORZ� ILHOG�� 7KLV� UHSUHVHQWDWLRQ� FRQWDLQV� � PRUH
VWUHDPOLQHV� SHU� YROXPH� DQG� WKH� VWUHDPOLQHV� DUH� WKLQQHU� DQG� JHQHU�
DWHG� ZLWK� FORVHU� VSDFHG� YHUWLFHV� WKDQ� WKH� UHSUHVHQWDWLRQ� XVHG� IRU
FRDUVH�QDYLJDWLRQ��:H� IRXQG� WKDW� ERWK� IRFXVVLQJ� WHFKQLTXHV� �� OHQVHV
DQG�ER[HV���KDYH�VSHFLILF�DGYDQWDJHV�
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YLHZSRLQW

PDJLF�OHQV
IRFXV

FRQWH[W

FRQWH[W

)LJXUH�����9ROXPH�GHILQHG�E\�PDJLF�OHQV

)LJXUH�����)RFXVVLQJ�ZLWK�D�PDJLF�OHQV
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�������0DJLF�/HQVHV

$�PDJLF�OHQV�LV�D�SODQDU�SRO\JRQ�ZLWK�DUELWUDU\�ERXQGDULHV��H�J���FLU�
FOH�� VTXDUH��ZKLFK�FDQ�EH�SRVLWLRQHG�ZLWK�D��'2)�LQSXW�GHYLFH��QRU�
PDOO\�D��'�PRXVH�RU�WUDFNHG�SHQ��)LJXUH������:KHQ�ORRNLQJ�WKURXJK
WKH�OHQV��WKH�XVHU�IRFXVHV�RQ�WKH�KLJK�UHVROXWLRQ�UHSUHVHQWDWLRQ�

7KH�PDLQ�GLIIHUHQFH�WR��'�PDJLF�OHQVHV�LV�WKDW�RXU�OHQV�DGGLWLRQDOO\
DFWV�DV�D�FOLSSLQJ�SODQH��DOORZLQJ�RQO\�WKH�SDUWV�RI�WKH�KLJK�UHVROXWLRQ
VFHQH�EHKLQG�WKH�OHQV�WR�EH�VHHQ��:LWKRXW�WKLV�FOLSSLQJ�SODQH��WKH�OHQV
ZRXOG� DOVR� GLVSOD\� IHDWXUHV� RI� WKH� GHWDLOHG� UHSUHVHQWDWLRQ� EHWZHHQ
OHQV�DQG�YLHZSRLQW��UHVXOWLQJ�LQ�WKH�VDPH�RFFOXVLRQ�SUREOHPV�DV�LI�WKH
HQWLUH� GHWDLOHG� IORZ� YLVXDOL]DWLRQ� ZHUH� WR� EH� LQYHVWLJDWHG�� 7RJHWKHU
ZLWK�WKH�FXUUHQW�YLHZSRLQW�D�PDJLF�OHQV�HIIHFWLYHO\�GHILQHV�D�YLHZLQJ
IUXVWXP�ZLWK�LWV�QHDU�FOLSSLQJ�SODQH�O\LQJ�LQ�WKH�SODQH�RI�WKH�OHQV�DQG
LWV�FURVV�VHFWLRQ�GHILQHG�E\�WKH�VKDSH�RI�WKH�OHQV��)LJXUH�����

:RUNLQJ�ZLWK� WKH�PDJLF� OHQV� LV� HDV\� DQG� LQWXLWLYH�� 7KH� XVHU� SRVL�
WLRQV�LW�LQ�IURQW�RI�LQWHUHVWLQJ�IHDWXUHV�DQG�YLHZV�WKHP�WKURXJK�LW�OLNH
WKURXJK�D�PDJQLI\LQJ�JODVV��)LJXUH������7KH�IUDPH�RI�WKH�OHQV�PDVNV
WKH�ERUGHU�EHWZHHQ� IRFXV�DQG� FRQWH[W��:KLOH�SUHVHQWLQJ�DQ� HIIHFWLYH
DQG� YLVXDOO\� DSSHDOLQJ� LQYHVWLJDWLRQ�PHFKDQLVP��PDJLF� OHQVHV� KDYH
RQH�GLVWLQFWLYH�GLVDGYDQWDJH�FRPSDUHG�WR�PDJLF�ER[HV��VHFWLRQ���������
WKH�IRFXVVHG�YROXPH�GHSHQGV�VWURQJO\�QRW�RQO\�RQ�WKH�SRVLWLRQ�RI�WKH
OHQV� EXW� DOVR� RQ� WKH� YLHZSRLQW�� 7KLV� GRHV� QRW�PDWWHU�ZKHQ� D� VLQJOH
XVHU�LV�ORRNLQJ�IRU�D�ORFDO�IHDWXUH��7KH�XVHU�W\SLFDOO\�VZHHSV�WKH�OHQV
WKURXJK�VSDFH��SRVLWLRQLQJ�LW�DQG�KLPVHOI�XQWLO�WKH�DUHD�RI�LQWHUHVW�LV
ORFDWHG�� :KHQ� WKLV� KDV� EHHQ� DFFRPSOLVKHG�� WKH� LQYHVWLJDWLRQ� WHFK�
QLTXH�QRUPDOO\�FKDQJHV��1RZ��WKDW�WKH�GHWDLO�KDV�EHHQ�ORFDWHG��LW�KDV
WR� EH� H[DPLQHG� IURP� GLIIHUHQW� DQJOHV�� D� SURFHGXUH� IRU� ZKLFK� PDJLF
OHQVHV�DUH�QRW�ZHOO�VXLWHG��7KH�OHQV�KDV�WR�EH�GUDJJHG�DURXQG�WKH�IHD�
WXUH�WRJHWKHU�ZLWK�WKH�FKDQJLQJ�YLHZSRLQW��7KLV�LV�D�FXPEHUVRPH�SUR�
FHVV��ZKLFK�PD\�OHDG�WR�DFFLGHQWDO�ORVV�RI�WKH�IRFXV�DUHD�DQG�WKH�FRQ�
WDLQHG�IHDWXUH�

�������0DJLF�%R[HV

0DJLF� %R[HV� �� YROXPHWULF� PDJLF� OHQVHV� �� RYHUFRPH� WKH� DERYH� PHQ�
WLRQHG� GLVDGYDQWDJHV� RI� YLHZSRLQW� GHSHQGHQF\�� ,QVWHDG� RI� RQO\� LP�
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SOLFLWO\�GHILQLQJ�WKH� IRFXVVHG�YROXPH�GHSHQGLQJ�RQ�WKH�FXUUHQW�YLHZ�
SRLQW� �)LJXUH������ WKH\�H[SOLFLWO\�GHILQH�D�YROXPH�RI� LQWHUHVW� �)LJXUH
����� ,Q�WKH� LQWHULRU�RI�D�PDJLF�ER[�WKH�GHWDLOHG�UHSUHVHQWDWLRQ�RI� WKH
IORZ�LV�GLVSOD\HG�

7KH� XVHU� SRVLWLRQV� WKH� ER[�ZLWK� D� �'2)� LQSXW� GHYLFH� XQWLO� LW� FRQ�
WDLQV�WKH� ORFDO� IHDWXUH� �)LJXUH������7KHQ�WKLV� IHDWXUH�PD\�EH�YLHZHG
IURP�DOO�GLUHFWLRQV��7KLV� LV�HVSHFLDOO\� LPSRUWDQW�ZKHQ� WKHUH�DUH� VHY�
HUDO�XVHUV� YLHZLQJ� WKH� VDPH� IRFXV� OLNH� LQ�6WXGLHUVWXEH��:KHQ�XVLQJ
PDJLF�OHQVHV�HYHU\�XVHU�KDV�WR�SRVLWLRQ�KLV�RZQ�OHQV�DFFRUGLQJ�WR�KLV
SRVLWLRQ��RU�GLIIHUHQW�XVHUV�KDYH�WR�WUDGH�SODFHV�ZKHQ�ORRNLQJ�WKURXJK
D�VLQJOH�OHQV�

7KH�ERUGHU�EHWZHHQ�IRFXV�DQG�FRQWH[W�LV�PRUH�QRWLFHDEOH�ZKHQ�XVLQJ
ER[HV� LQVWHDG� RI� OHQVHV�� VLQFH� LW� FRQVLVWV� RI� WKH�ZKROH� VXUIDFH� RI� WKH
ER[�DQG�FDQQRW�EH�PDVNHG�E\�D�IUDPH�OLNH�WKH�LPDJH�DOLJQHG�ERUGHU�RI
WKH�OHQV��2Q�WKH�RWKHU�KDQG�WKH�FRQILQHG�YROXPH�RI�WKH�ER[�DOORZV�IR�
FXVVLQJ� LQ� DOO� WKUHH� GLPHQVLRQ�� ZKHUHDV�PDJLF� OHQVHV� GR� QRW� LQKHU�
HQWO\�GHILQH�D�IDU�SODQH�RI�WKH�IRFXV��$GGLWLRQDOO\�WKH�ER[�RFFOXGHV�IHD�
WXUHV�RI�WKH�FRQWH[W�EHKLQG�LW��WKHUHE\�UHGXFLQJ�GLVWUDFWLRQ�

PDJLF�ER[

YLHZSRLQW

FRQWH[W

IRFXV

)LJXUH�����9ROXPH�GHILQHG�E\�PDJLF�ER[
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)LJXUH�����)RFXVVLQJ�ZLWK�D�PDJLF�ER[

)LJXUH�����,QWHUDFWLRQ�XVLQJ�WKH�3,3

�����,PSOHPHQWDWLRQ

7KH� YLVXDOL]DWLRQ� DQG� LQYHVWLJDWLRQ� PHWKRGV� GHVFULEHG� DERYH� ZHUH
LPSOHPHQWHG� LQ� &��� XVLQJ� 2SHQ� ,QYHQWRU� >6WUDXVV����@�� 7KLV
2SHQ*/� EDVHG� JUDSKLFV� WRRONLW� HQDEOHG� XV� WR� HIILFLHQWO\� UHDOL]H� RXU
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PHWKRGV�SURYLGLQJ�KLJK�OHYHO�JUDSKLFV�FRQFHSWV�OLNH�D�VFHQH�JUDSK�DQG
VRSKLVWLFDWHG� GHVNWRS� LQWHUDFWLRQ� HOHPHQWV�� ZKLFK� ZH� XVHG� LQ� WKH
HDUO\� SKDVHV� RI� RXU� WHVWV�� 7KH�PDLQ� DGYDQWDJH� ZKHQ� LPSOHPHQWLQJ
RXU� PHWKRGV� ZDV� 2SHQ� ,QYHQWRUV� DELOLW\� WR� VXSSO\� WKHVH� KLJK�OHYHO
FRQFHSWV�ZKLOH� VLPXOWDQHRXVO\� HQDEOLQJ� GLUHFW� DFFHVV� WR� DOO�2SHQ*/
IXQFWLRQV��7KLV�ZDV�HVVHQWLDO�ZKHQ�PDQLSXODWLQJ�UHQGHULQJ�VHTXHQFHV
IRU� PDJLF� OHQVHV� DQG� PDJLF� ER[HV�� 6LQFH� RXU� YLUWXDO� HQYLURQPHQW
678',(5678%(�LV�DOVR�EDVHG�RQ�2SHQ�,QYHQWRU��WKH�WUDQVIHU�IURP�D
GHVNWRS� HYDOXDWLRQ�LPSOHPHQWDWLRQ� WR� WKH� DSSOLFDWLRQ� LQ� RXU� YLUWXDO
HQYLURQPHQW�ZDV�VWUDLJKWIRUZDUG��7KH�IROORZLQJ�VHFWLRQV�GHVFULEH�LP�
SOHPHQWDWLRQ�GHWDLOV�RI�WKH�WHFKQLTXHV�DQG�WKHLU�LQWHJUDWLRQ�LQWR�RXU
YLUWXDO�HQYLURQPHQW�

�������,QWHUDFWLRQ�LQ�6WXGLHUVWXEH

,Q� RXU� DSSOLFDWLRQ�ZH� XVHG� WKH� 3,3� WR� DGMXVW� SDUDPHWHUV� RI� WKH� G\�
QDPLFDO�V\VWHP�ZKLFK�SURYLGHG�WKH�IORZ�ILHOG�DV�ZHOO�DV�SURSHUWLHV�RI
WKH� GDVKWXEHV� DQG� WKH�PDJLF� ER[�� 7KH� VSHHG�� OHQJWK� RI� GDVKHV� DQG
GLVWDQFH�EHWZHHQ�GDVKHV�ZDV�DGMXVWDEOH�ZLWK�GLDOV��6OLGHUV�RQ�WKH�3,3
DGMXVW�WKH�RYHUDOO�VL]H�RI�WKH�PDJLF�ER[�DQG�DOORZ�LQGHSHQGHQW�VFDOLQJ
RI�RQH�GLPHQVLRQ�RI� WKH�ER[��7KLV� WUDQVIRUPV� WKH�ER[� WR�D� ¨VODE¨��DO�
ORZLQJ�WKH�XVHU�WR�XVH�LW�WR�FXW�VOLFHV�RI�DUELWUDU\�ZLGWK�RXW�RI�WKH�IORZ
ILHOG��%XWWRQV�RQ�WKH�3,3�ZHUH�XVHG�WR�VZLWFK�EHWZHHQ�PDJLF�OHQV�DQG
PDJLF�ER[�DQG�WR�GLVDEOH�WKH�FRDUVH�UHSUHVHQWDWLRQ�RQ�GHPDQG�
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)LJXUH�����&RQWUDFWLRQ�DUWLIDFWV�GXH�WR�WRUVLRQ

�������'DVKWXEHV

'DVKWXEHV� DUH� UHDOL]HG� DV� WH[WXUHG� SRO\JRQDO� H[WUXVLRQV� DORQJ� WKH
GLUHFWLRQ�RI�WKH�IORZ��,GHDOO\�WKH�FURVV�VHFWLRQ�RI�WKH�H[WUXVLRQ�VKRXOG
EH�D�FLUFOH�WR�SURYLGH�D�V\PPHWULF�DSSHDUDQFH�IURP�DOO�GLUHFWLRQV��EXW
ZH�IRXQG�WKDW�WKH�SRO\JRQDO�DSSUR[LPDWLRQ�FDQ�EH�UHGXFHG�GRZQ�WR��
WR���HGJHV�GHSHQGLQJ�RQ�WKH�UHVROXWLRQ�RI�WKH�GLVSOD\�DQG�WKH�UHTXLUHG
TXDOLW\�RI�WKH�LPDJH��%\�XVLQJ�*RXUDXG�VKDGLQJ�WKH�UHVXOWLQJ�GLVFRQ�
WLQXLWLHV� RI� WKH� DSSUR[LPDWLRQ� DUH� RQO\� YLVLEOH� DORQJ� WKH� VLOKRXHWWH
HGJHV��&RDUVH�WHVVHODWLRQV�OLNH�WKHVH�DUH�SURQH�WR�JHQHUDWLQJ�DUWLIDFWV
ZKHQ�WKH�JHRPHWU\�LV�WZLVWHG�DORQJ�WKH�H[WUXVLRQ�D[LV��7KH�UHVXOWLQJ
UDGLDO� FRQWUDFWLRQV� OHDG� WR� LUULWDWLQJ� YDULDWLRQV� LQ� WKH� ZLGWK� RI� WKH
GDVKWXEH��)LJXUH������7R�DYRLG�WKLV��ZH�JHQHUDWH�WKH�VHJPHQWV�RI�WKH
H[WUXVLRQ�QRW�E\�IROORZLQJ�WKH�)UHQHW�IUDPH�DORQJ�WKH�VWUHDPOLQH��:H
XVH�D�DOJRULWKP�VLPLODU�WR�>%ORRPHQWKDO����@��ZKLFK�UHGXFHV�WKH�WRU�
VLRQ�E\�DOLJQLQJ�WKH�RULHQWDWLRQ�RI� WKH�SRO\JRQDO�FURVV�VHFWLRQV�DORQJ
WKH�VHJPHQWV�

7KH�JHRPHWU\�RI� WKH�GDVKWXEHV�ZDV� LPSOHPHQWHG�DV�2SHQ�,QYHQWRU
6KDSHNLW��FRQWDLQLQJ� ILHOGV� IRU� WKH�YHUWLFHV�RI� WKH�H[WUXVLRQ�D[LV�� WKH
WH[WXUH�SDUDPHWHUV�DQG�WKH�JHRPHWULF�SDUDPHWHUV�RI�WKH�FURVV�VHFWLRQ�
7KH� 6KDSHNLW� SURGXFHV� 2SHQ*/� WULDQJOHVWULSV�� ZKLFK� JLYH� D� EHWWHU
UHQGHULQJ�SHUIRUPDQFH�WKDQ�RWKHU�2SHQ*/�SULPLWLYHV��5HQGHULQJ�WKH
GDVKWXEHV�ZLWK�FXOOHG�EDFNIDFHV�SURGXFHV�D�¨KDOISLSH¨�DSSHDUDQFH�DW
ERWK�HQGV�RI�WKH�RSDTXH�VHJPHQWV�DV�YLVLEOH�LQ�)LJXUH�����6LQFH�WKLV�LV
RQO\� HYLGHQW� LQ� H[WUHPH� FORVH�XS�� ZH� GHFLGHG� WKDW� WKH� UHQGHULQJ
VSHHGXS�MXVWLILHV�WKLV�DUWLIDFW�

�������0DJLF�/HQVHV

0DJLF� OHQVHV�DFW� DV�ZLQGRZ� IURP� FRQWH[W� WR� IRFXV��2XU� LPSOHPHQWD�
WLRQ�XVHV�6($0V�>6FKDXIOHU����@��D�PHFKDQLVP�WR�FRQQHFW�WZR�YLUWXDO
ZRUOGV� E\� �ZLQGRZV�� RI� DUELWUDU\� JHRPHWU\��2XU�PDJLF� OHQV� KDV� WKH
DSSHDUDQFH� RI� D� PDJQLI\LQJ� JODVV�� XVLQJ� D� FLUFXODU� 6($0� LQVLGH� D
ULQJ�JHRPHWU\�SURYLGLQJ� WKH� IUDPH� �)LJXUH������$FFRUGLQJ� WR� WKH�QR�
PHQFODWXUH�RI�>6FKDXIOHU����@��WKH�FRQWH[W�RXWVLGH�WKH�OHQV�ZRXOG�EH



���

WKH� ¨SULPDU\�ZRUOG¨�DQG�WKH� IRFXV�VHHQ�WKURXJK�WKH� OHQV� WKH� ¨VHFRQ�
GDU\�ZRUOG¨��7KH�JHRPHWU\�RI�ERWK�ZRUOGV�LV�JLYHQ�DV�D�GLUHFWHG�DF\FOLF
JUDSK��VFHQH�JUDSK���7KH�VFHQH�JUDSK�RI�WKH�FRQWH[W�LV�WUDYHUVHG�DQG
UHQGHUHG��:KHQ�D�6($0�LV�HQFRXQWHUHG�� WKH�DVVRFLDWHG�SRO\JRQ� �� LQ
RXU�FDVH�WKH�¨OHQV¨���LV�SDVVHG�WR�WKH�UHQGHULQJ�KDUGZDUH�IRU�VFDQ�FRQ�
YHUVLRQ�

7R� UHVWULFW� WKH� UHQGHULQJ� RI� WKH� IRFXV� WR� WKH� DUHD� FRYHUHG� E\� WKH
6($0� ZH� XVH� WKH� 2SHQ*/� VWHQFLO� EXIIHU�� DQ� DGGLWLRQDO� OD\HU� IRU
PDVNLQJ�DUHDV�RI�WKH�VFUHHQ�GXULQJ�UHQGHULQJ�

)RU�DOO�SL[HOV�WKDW�WKH�]�WHVW�IRU�WKH�6($0�SRO\JRQ�ILQGV�WR�EH�YLVLEOH�

��7KH� IUDPH�EXIIHU� LV� VHW� WR� WKH� EDFNJURXQG� FRORU� RI� WKH� VHFRQGDU\
ZRUOG��FOHDU�VFUHHQ��

�� WKH�=�EXIIHU�LV�VHW�WR�LQILQLW\��FOHDU�=�EXIIHU��

�� WKH�PDVN��VWHQFLO�EXIIHU��LV�VHW�WR���

1RWH�WKDW�WKHVH�LPDJH�PRGLILFDWLRQV�DUH�RQO\�FDUULHG�RXW�IRU�WKH�YLVL�
EOH�SRUWLRQ�RI�WKH�6($0�VXUIDFH��$IWHU�WKLV�SUHSDUDWLRQ�VWHS��UHQGHU�
LQJ�WKH�IRFXV�LV�SHUIRUPHG�LQVLGH�WKH�VWHQFLO�PDVN�FUHDWHG�LQ�WKH�SUH�
YLRXV�VWHS��7KLV�SUHYHQWV� WKDW� WKH� IRFXV� LV�GUDZQ�RXWVLGH� WKH�6($0
DUHD��$�FOLSSLQJ�SODQH�FRLQFLGHQW�ZLWK�WKH�6($0�SRO\JRQ�SUHYHQWV�WKH
IRFXV� IURP�SURWUXGLQJ� IURP� WKH�6($0��)LQDOO\� �� EHIRUH� UHQGHULQJ� RI
WKH�FRQWH[W�SURFHHGV���WKH�6($0�SRO\JRQ�LV�UHQGHUHG�DJDLQ��EXW�RQO\
WKH�FRPSXWHG�GHSWK�YDOXHV�DUH�ZULWWHQ�LQWR�WKH�]�EXIIHU��7KHUHE\�WKH
6($0�LV�¨VHDOHG¨��7KH�UHVXOWLQJ�]�YDOXHV�DUH�DOO�VPDOOHU�WKDQ�DQ\�]�
YDOXH�RI�WKH�IRFXV��7KLV�DVVHUWV�WKDW�QR�JHRPHWULF�SULPLWLYH�RI�WKH�FRQ�
WH[W� ORFDWHG� EHKLQG� WKH� 6($0� ZLOO� RYHUZULWH� D� SL[HO� JHQHUDWHG� E\
UHQGHULQJ�WKH�IRFXV�

7KLV�JLYHV�WKH�GHVLUHG� LPSUHVVLRQ�RI�D� �ZLQGRZ��EHKLQG�ZKLFK�RQO\
WKH�IRFXV�LV�GLVSOD\HG��)LJXUH�����

�������0DJLF�%R[HV

:H�IRXQG�WKDW�GLVSOD\LQJ�RQO\�WKH�FRQWHQWV�RI�WKH�PDJLF�ER[�ZLWKRXW
YLVXDO�UHSUHVHQWDWLRQ�RI�LWV�ERXQGDULHV�PDNHV�LW�GLIILFXOW�WR�ORFDWH�DQG
SRVLWLRQ�WKH�ER[�DQG�WHQGV�WR�FRQIXVH�WKH�XVHU��7KHUHIRUH�ZH�DGGHG�D
FXEH�DV� JHRPHWULF� UHSUHVHQWDWLRQ� RI� WKH� IRFXVVLQJ� YROXPH��7KH� IURQW
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IDFHV�RI�WKH�FXEH�DUH�FXOOHG��OHDGLQJ�WR�DQ�¨RSHQ�IURQW¨�DSSHDUDQFH�UH�
JDUGOHVV�RI�WKH�YLHZSRLQW�

0DJLF� ER[HV� DUH� UHQGHUHG� XVLQJ� WKH� VDPH� 6($0� DOJRULWKP� DV� GH�
VFULEHG�DERYH�� EXW�XVH�D� FXEH� LQVWHDG� RI� D� SODQH� WR� GHILQH� WKH� ¨ZLQ�
GRZV¨�EHWZHHQ�IRFXV�DQG�FRQWH[W��6L[�FOLSSLQJ�SODQHV�FRLQFLGHQW�ZLWK
WKH�IDFHV�RI�WKH�FXEH�FOLS�WKH�VHFRQGDU\�ZRUOG��WKH�GHWDLOHG�UHSUHVHQ�
WDWLRQ��� 7KH�PDLQ� GLIIHUHQFH� EHWZHHQ�PDJLF� ER[HV� DQG� WKH� �'� ZLQ�
GRZV� GHVFULEHG� LQ� VHFWLRQ� ������ OLHV� LQ� WKHLU� DSSOLFDWLRQ�� QRW� WKHLU
VWUXFWXUH��ZKLOH�WKH��'�ZLQGRZV�FRQWDLQ�D�VFHQH�DQFKRUHG�WR�WKH�ZLQ�
GRZ� DQG� LQGHSHQGHQW� IURP� LWV� SRVLWLRQ�� WKH�PDJLF� ER[� UHSUHVHQWV� D
PRYHDEOH� YROXPH� LQVLGH� D� VFHQH� DQFKRUHG� RXWVLGH� WKH� ER[�� 7KHUHE\
PRYLQJ�D�ZLQGRZ�PRYHV�LVW�FRQWHQWV��ZKLOH�PRYLQJ�D�ER[�VKRZV�D�QHZ
VHFWLRQ�RI�VSDFH�LQVLGH�WKH�VFHQH��6LQFH�WKH�VFHQH� LQVLGH�WKH�ER[�QRU�
PDOO\�FRUUHVSRQGV�LQ�VRPH�ZD\�WR�WKH�VFHQH�RXWVLGH�¥�LQ�RXU�DSSOLFD�
WLRQ�LW�LV�VLPSO\�D�KLJK�GHWDLO�YHUVLRQ�RI�WKH�VDPH�IORZ�ILHOG�¥�WKH�XVHU
FDQ�QDYLJDWH� WKURXJK�WKH� LQQHU�VFHQH�E\�XVLQJ�KLQWV� WDNHQ� IURP�WKH
RXWHU�VFHQH��)RU�H[DPSOH�D�YRUWH[��EDUHO\�YLVLEOH�LQ�WKH�RXWHU�VFHQH�¥
WKH� FRDUVHU� YHUVLRQ� RI� WKH� IORZ�ILHOG� ¥� FDQ� EH� LQYHVWLJDWHG� LQ� GHWDLO
ZKHQ�WKH�PDJLF�ER[�LV�PRYHG�RYHU�LW�

2XU�LPSOHPHQWDWLRQ�UHQGHUV�WKH�FRPSOHWH�VFHQH��IRFXV�DQG�FRQWH[W�
RQO\�RQFH��ZKLOH�>9LHJD����@�QHHGV�VL[�UHQGHULQJ�SDVVHV��RQH�IRU�HDFK
KDOIVSDFH� GHULYHG� IURP� D� FXEH� IDFH�� 7KLV� OHDGV� WR� D� VLJQLILFDQW� LP�
SURYHPHQW�LQ�WKH�IUDPH�UDWH��2XU�PHWKRG�GRHV�QRW�GLVSOD\�DQ\�SDUWV
RI�WKH�FRQWH[W�WKDW�OLH�EHKLQG�WKH�ER[��ZKLFK�IRU�RXU�DSSOLFDWLRQ�ZRXOG
DQ\ZD\�RQO\�EH�GLVWUDFWLYH�

�������5HVXOWV

$QLPDWHG�GDVKWXEHV�SURGXFH�DQ� LQWXLWLYH�YLVXDOL]DWLRQ�RI�D��'�IORZ�
ILHOG��7KH�PDLQ�SUREOHP�ZKHQ�DSSO\LQJ�RXU�IRFXVVLQJ�WHFKQLTXHV�OLHV
LQ� ILQGLQJ� WKH� FRUUHFW� GHQVLW\� IRU� IRFXV� DQG� FRQWH[W�� :KHQ� WHVWLQJ
OHQVHV�DQG�ER[HV�ZLWK�GLIIHUHQW�GHQVLWLHV�RI�GDVKWXEHV�LQ�WKH�IRFXV�ZH
IRXQG�WKDW�PDJLF�ER[HV�ZRUN�EHWWHU� WKDQ� OHQVHV�ZLWK�GHQVHO\�SODFHG
GDVKWXEHV��6LQFH�OHQVHV�GR�QRW�FOLS�GLVWDQW�SDUWV�RI�WKH�GHWDLOHG�VFHQH
WKH\� DUH� RQO\� DSSOLFDEOH� WR� VFHQHV� RI� KLJKHU� GHQVLW\� ZKHQ� WKH\� DUH
UHQGHUHG�ZLWK�VWURQJ�GHSWK�FXHV��KD]H��IRJ��
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0RVW�XVHUV�DSSOLHG�PDJLF� OHQVHV�ZLWKRXW�DQ\�SUREOHPV��EXW�QHHGHG
VRPH�H[SHULPHQWDWLRQ�WR�JUDVS�WKH�FRQFHSW�RI�YROXPHWULF�PDJLF�ER[HV�

7KH�PHWKRG� RI� VOLFLQJ� WKH� IORZ� ILHOG� ZLWK� ¨VODEV¨� �� PDJLF� ER[HV� RI
VPDOO�KHLJKW���DV�PHQWLRQHG�LQ�VHFWLRQ��������ZDV�LPSOHPHQWHG�DIWHU
XVHUV� VWDUWHG� WR� H[SHULPHQW�ZLWK� WKH� GLVWDQFHV� RI� QHDU� DQG� IDU� FOLS�
SLQJ�SODQH�RI�WKH�YLHZ�YROXPH�WR�DFKLHYH�WKLV��VOLFLQJ��HIIHFW�LQ�D�YLHZ
GHSHQGHQW�PDQQHU�

:KHQ� XVLQJ� PDJLF� ER[HV�� PRVW� XVHUV� DSSOLHG� WKH� IROORZLQJ� WHFK�
QLTXH��SRVLWLRQ�FRDUVH�UHSUHVHQWDWLRQ�FRQYHQLHQWO\��SRVLWLRQ�ER[�XQWLO
LQWHUHVWLQJ�IHDWXUHV�YLVLEOH��VZLWFK�RII�FRDUVH�UHSUHVHQWDWLRQ��PDJQLI\
ER[�ZLWK�LQFOXGHG�GHWDLOV�IRU�LQYHVWLJDWLRQ

6LQFH� RXU� DSSOLFDWLRQ� DOORZHG� LQGHSHQGHQW� SRVLWLRQLQJ� RI� IRFXVVLQJ
HOHPHQW�DQG�IORZ�ILHOG��VRPH�XVHUV�SUHIHUUHG�SRVLWLRQLQJ�WKH�IORZ�ILHOG
DQG�NHHSLQJ�WKH�ER[�RU�OHQV�VWDWLRQDU\��'XULQJ�WKH�GHVLJQ�SKDVH�RI�WKH
GDVKWXEHV�ZH�XVHG�VKXWWHU�JODVVHV�WR�SURGXFH�VWHUHRVFRS\��:KLOH�WKLV
ZRUNV�YHU\�ZHOO�IRU�WKH�H[DPLQDWLRQ�RI�WKH�IORZ�ILHOG��LQWHUDFWLRQ�ZLWK
PDJLF�OHQVHV�DQG�PDJLF�ER[HV�XVLQJ�WKH��'�GHVNWRS�PRXVH�LV�FXPEHU�
VRPH�DQG�QRQ�LQWXLWLYH�FRPSDUHG�WR�WKH�LQWHUDFWLRQ�LQ�WKH�YLUWXDO�HQ�
YLURQPHQW�

7KH�QHZO\� LQWURGXFHG�DGDSWLYH� WH[WXUH�PDSSLQJ�PHWKRG� VKRZV� WKDW
WH[WXUH� KDUGZDUH� FDQ� EH� HIILFLHQWO\� XVHG� WR� SURGXFH� GDVKWXEHV�ZLWK
XQLIRUP�VSDWLDO�UHVROXWLRQ��7KH�DSSURDFK�HQVXUHV�WKDW�YHORFLW\�YDULD�
WLRQV�DUH�VWLOO�HQFRGHG�LQ�WKH�DQLPDWLRQ��'DVKWXEHV�DUH�DXWRPDWLFDOO\
SRVLWLRQHG� LQ� SKDVH� VSDFH� WR� SURGXFH� DQ� HYHQ� UHSUHVHQWDWLRQ� RI� WKH
XQGHUO\LQJ��'�IORZ�

,QWHUDFWLYH� WRROV� OLNH� PDJLF� OHQVHV� DQG� PDJLF� ER[HV� SURYHG� WR� EH
YDOXDEOH�LQ�WKH�LQYHVWLJDWLRQ�RI�ORFDO�IHDWXUHV��7KH\�HQDEOH�WKH�XVHU�WR
LQWHUDFWLYHO\�VHOHFW�ILQHO\�GHWDLOHG�IHDWXUHV�DQG�UHGXFH�GLVWUDFWLRQ�E\
FRQWH[W��,Q�RXU�LQYHVWLJDWLRQV��'�SKDVH�VSDFH�FRQWDLQV�VSDWLDOO\�FRP�
SOH[�VWUXFWXUHV��ZKLFK�DUH�GLIILFXOW� WR� LQWHUSUHW��7KH�DGGHG� FXHV�RI�D
YLUWXDO�HQYLURQPHQW��H�J���VWHUHRVFRSLF�YLHZLQJ��LQWHUDFWLYH�DQG�LQWXL�
WLYH�YLHZSRLQW�FKDQJH��DUH�TXLWH�KHOSIXO�ZKHQ�LQVSHFWLQJ�WKHVH�VWUXF�
WXUHV�
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���5HVXOWV

7KLV�FKDSWHU�FRQVLVWV�RI�DSSOLFDWLRQV�DQG�UHVXOWV�RI�WKH�ZRUN�GHVFULEHG
LQ�WKH�SUHFHGLQJ��FKDSWHUV�

7KH�ILUVW�VHFWLRQ�RI�WKLV�FKDSWHU�GHVFULEHV�WKH�DSSOLFDWLRQ�RI�RXU�EDVLF
FRQFHSW�RI�SHUIRUPLQJ�VFLHQWLILF�YLVXDOL]DWLRQ�LQ�DXJPHQWHG�UHDOLW\��,W
IRFXVHV� RQ� WKH� YLVXDOL]DWLRQ� RI� G\QDPLFDO� V\VWHPV��$Q� HYDOXDWLRQ� RI
RXU� QHZ� LQWHUDFWLRQ� PHWKRGV� DQG� YLVXDOL]DWLRQ� LFRQV� FRQFOXGHV� WKLV
VHFWLRQ�

,Q� WKH� FRXUVH� RI� WKH� GHYHORSPHQW� RI� RXU� FROODERUDWLYH� YLUWXDO� HQYL�
URQPHQW� ZH� VRRQ� UHDOL]HG� WKDW�6WXGLHUVWXEH� SUHVHQWHG�PRUH� WKDQ� D
WRRO� IRU� VFLHQWLILF� YLVXDOL]DWLRQ�� $SSOLFDWLRQV� UDQJLQJ� IURP� VLPSOH
GHPRV�WR�&RPSXWHU�$LGHG�'HVLJQ�DQG�FORWK�VLPXODWLRQ�KDYH�DOUHDG\
EHHQ� LPSOHPHQWHG� LQ� 6WXGLHUVWXEH�� 7KHVH� DSSOLFDWLRQV� DV� ZHOO� DV� D
JHQHUDO�HYDOXDWLRQ�RI� WKH�:RUNVSDFH� FRQFHSW�DQG�FROODERUDWLRQV�ZLWK
RWKHU� UHVHDUFK� IDFLOLWLHV� DUH� SUHVHQWHG� LQ� WKH� VHFRQG� VHFWLRQ� RI� WKLV
FKDSWHU�

�����6FLHQWLILF�9LVXDOL]DWLRQ�LQ�6WXGLHUVWXEH

�������9LVXDOL]DWLRQ�$SSOLFDWLRQV

7R�VWXG\�WKH�SHUIRUPDQFH�RI�6WXGLHUVWXEH�DV�D�FROODERUDWLYH�YLVXDOL]D�
WLRQ�WRRO��ZH�FKRVH�G\QDPLFDO�V\VWHPV�DV�DQ�DSSOLFDWLRQ�ILHOG�

$96�QHWZRUNV� FRPSRVHG� IURP�'\Q6\V�'�PRGXOHV�ZHUH� FXVWRPL]HG
WR�H[SORLW�$5�FDSDELOLWLHV��DQG�XVDELOLW\�ZDV� LQIRUPDOO\�HYDOXDWHG� LQ
PXOWLSOH�VHVVLRQV�ZLWK�D�YDU\LQJ�VHW�RI�SDUWLFLSDQWV��UHVHDUFKHUV�DQG
VWXGHQWV�LQ�PDWKHPDWLFV��YLVXDOL]DWLRQ��DQG�DXJPHQWHG�UHDOLW\��

,Q�WKH�IROORZLQJ��ZH�JLYH�VRPH�H[DPSOHV�IRU�WKH�DSSOLFDWLRQV�ZH�KDYH
LQYHVWLJDWHG�� $OO� WKHVH� H[DPSOHV� LPPHUVHG� WKH� XVHU� LQ� WKH� SKDVH�
VSDFH�RI�WKH�G\QDPLFDO�V\VWHP�DQG�DOORZHG�GLUHFW�PDQLSXODWLRQ�RI�SR�
VLWLRQ��RULHQWDWLRQ�DQG�VFDOLQJ�RI�WKH�FRRUGLQDWH�V\VWHP�



���

57RUXV

57RUXV� LV�D� ©V\QWKHWLFª� V\VWHP�WKDW�GHPRQVWUDWHV� LPSRUWDQW�FRPPRQ
SURSHUWLHV�RI��G\QDPLFDO�V\VWHPV��)LJXUH������$EUDKDP�DQG�6KDZ�XVH
WKLV�PRGHO�DV�DQ�H[DPSOH�WR�H[SODLQ�VHYHUDO�IXQGDPHQWDO�IORZ�SURSHU�
WLHV� >$EUD��@�� 7KLV� G\QDPLFDO� V\VWHP� PRGHOV� D� FRXSOHG� RVFLOODWLRQ
ZLWKLQ�WKUHH�VSDFH��'HSHQGLQJ�RQ�WKH�SDUDPHWHUV�RI�WKH�PRGHO�HLWKHU
DQ�DWWUDFWLQJ�F\FOH�ZLWKLQ�WKH�[�\�SODQH�RU�DQ�DWWUDFWLQJ�WRUXV�DURXQG
WKH�]�D[LV�DSSHDUV�

)LJXUH�����57RUXV�RQ�WKH�3,3��WZR�KDQGHG�LQWHUDFWLRQ�

5|VVOHU

$V� D� UDWKHU� ZHOO�NQRZQ� G\QDPLFDO� V\VWHP�ZH� DOVR� LQYHVWLJDWHG� WKH
5|VVOHU�DWWUDFWRU�LQ�6WXGLHUVWXEH��)LJXUH������5|VVOHU�LV�DOVR�D�WKUHH�
GLPHQVLRQDO�G\QDPLFDO�V\VWHP�WKDW�H[KLELWV�D�FKDRWLF�DWWUDFWRU�LI�SD�
UDPHWHUV�DUH�VHW�SURSHUO\��7DNLQJ�WKLV�IDPLOLDU�G\QDPLFDO�V\VWHP�IRU
DQDO\VLV�LQ�6WXGLHUVWXEH�DOORZHG�XV�WR�HDVLO\�FRPSDUH�YLVXDOL]DWLRQ�LQ
$5�WR�HVWDEOLVKHG�WHFKQLTXHV�



���

9LHZ�IURP�+0'�

9LHZ�IURP�+0'�

0DJQHWLF�WUDFNHU

9LVXDOL]DWLRQ�
5RHVVOHU�$WWUDFWRU

�'�PRXVH

)LJXUH�����5RHVVOHU�$WWUDFWRU�LQ�6WXGLHUVWXEH

,OOXVWUDWLRQ�RI�GLIIHUHQW�YLHZSRLQWV

0L[HG�PRGH�2VFLOODWLRQV

$�PRGHO�ZH�LQYHVWLJDWHG�WRJHWKHU�ZLWK�FROOHDJXHV�IURP�RXU�HFRQRPHW�
ULFV�GHSDUWPHQW�LV�WKH��'�DXWRFDWDODWRU��>0LOLN������3HWURY����@��,W�LV
D� VLPSOH� �'� G\QDPLFDO� V\VWHP� ZKLFK� H[KLELWV� PL[HG�PRGH� RVFLOOD�
WLRQV��7KHVH�DUH�SKHQRPHQD�RIWHQ�HQFRXQWHUHG�LQ�UHDO�ZRUOG�V\VWHPV�
IRU�H[DPSOH�LQ�FKHPLFDO�V\VWHPV��'HSHQGLQJ�RQ�WKH�SDUDPHWHUV�RI�WKLV
V\VWHP� HLWKHU� SHULRGLF� RU� TXDVLSHULRGLF� �FKDRWLF�� VROXWLRQV� FDQ� EH
IRXQG��'LUHFW�LPPHUVLRQ�LQ�WKH��'�SKDVH�VSDFH�SURYLGHG�D�XVHIXO�WRRO
IRU� WKH� LQYHVWLJDWLRQ�RI� LWV�EHKDYLRU��6WUXFWXUH�DQG� UHODWLRQV�RI�YLVX�
DOL]DWLRQ� LFRQV� WKDW�DUH�SURGXFHG�E\� WKH�YLVXDOL]DWLRQ�V\VWHP�FDQ�EH
EHWWHU�LQYHVWLJDWHG�WKURXJK��'�LQWHUDFWLRQ�LQ�DXJPHQWHG�UHDOLW\�

D�� ��E��



���

F��

)LJXUH�����LQMHFWLQJ�D�QHZ�VWUHDPVXUIDFH�LQWR�002�

D��EXWWRQ�GRZQ��ROG�VWUHDPVXUIDFH�VWLOO�YLVLEOH

E��GUDJ�LQVHUWV�QHZ�VHHGOLQH��UHG�§UXEEHUEDQG¨�

F��EXWWRQ�XS��QHZ�JHRPHWU\��VWUHDPVXUIDFH��DSSHDUV

:H�XVHG�VWUHDPVXUIDFHV�VWDUWHG�E\�GLUHFW�PDQLSXODWLRQ��)LJXUH�����DV
YLVXDOL]DWLRQ�LFRQ�DQG�VXSSOLHG�WKH�PDWKHPDWLFLDQ�ZLWK�GLUHFW�DFFHVV
WR�WKH�V\VWHP�SDUDPHWHUV�YLD�GLDOV�RQ�WKH�3,3��7KH�YLVXDOL]DWLRQ�H[�
SHUW� XVHG� KLV� 3,3� WR� DGMXVW� WKH� LQWHJUDWRU� VWHSVL]H�� DFFXUDF\� DQG
UHVROXWLRQ�RI�WKH�VWUHDPVXUIDFH�WR�RSWLPL]H�WKH�UHVXOWLQJ�JHRPHWU\�

'\QDVWLF�&\FOH

7KLV�PRGHO� GHDOV� ZLWK� WKH� YLVXDOL]DWLRQ� RI� WKH� �'\QDVWLF� &\FOH�� �� D
WKUHH�GLPHQVLRQDO�G\QDPLFDO�V\VWHP�� WKDW�ZDV�PRGHOHG�DV�DQ�H[SOD�
QDWLRQ�IRU�WKH�ULVH�DQG�IDOO�RI�G\QDVWLHV�LQ�DQFLHQW�&KLQD��JLYHQ�DV�DO�
WHUQDWLQJ� SHULRGV� RI� DQDUFK\� DQG� GHVSRWLVP� >)HLFKWLQJHU����@�� 7KH
WKUHH� V\VWHP�YDULDEOHV�;��<� �� DQG�=� H[SUHVV� WKH�DPRXQW� RI� IDUPHUV�
EDQGLWV�� DQG� VROGLHUV�� UHVSHFWLYHO\�� 7KH�PRGHO� GHILQHV� WKHLU� LQWHUDF�
WLRQV�VLPLODUO\�WR�ZHOO�NQRZQ�IRRG�FKDLQV� �SUH\��SUHGDWRU��DQG�VXSHU�
SUHGDWRU���7KH�HYROXWLRQ�LQGXFHG�E\�WKH�'\QDVWLF�&\FOH�LV�JRYHUQHG�E\
VORZ�IDVW�G\QDPLFV��7ZR�RI�WKH�V\VWHP�YDULDEOHV��;��<��DUH� IDVW�YDUL�
DEOHV� WKDW� FKDQJH� UDSLGO\� LQ� FRPSDULVRQ� WR� WKH� ODVW� RQH� �=��� 7KH
NQRZOHGJH�DERXW�WKLV�VORZ�IDVW�FKDUDFWHULVWLFV�VLPSOLILHV�WKH�DQDO\VLV
DQG�PXVW�EH�FRQVLGHUHG�GXULQJ�YLVXDOL]DWLRQ��$QLPDWLQJ�WKH�OHQJWK�RI
WKH� VWUHDPOLQH� LQ� WKH� YLUWXDO� HQYLURQPHQW� SURYHG� WR� EH� DQ� HIILFLHQW
ZD\�RI�YLVXDOL]LQJ�WKLV�EHKDYLRU�DQG�ZDV�DFFRPSOLVKHG�E\�VLPSO\�LQ�
VHUWLQJ�DQ�DQLPDWHG�IORDW�SDUDPHWHU���D�VWDQGDUG�IHDWXUH�RI�$96���WR
WKH�GDWDIORZ�QHWZRUN��6LQFH�WKLV�V\VWHP�H[KLELWV�YDVWO\�GLIIHUHQW�EH�
KDYLRUV��ZH�XVHG�VOLGHUV�RQ�WKH�3,3�WR�DGMXVW�WKH�PRVW�LPSRUWDQW�SD�
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UDPHWHUV�� %\� XVLQJ� WKHVH� VOLGHUV� DQG� WKH� LQVHUWLRQ� RI� DQLPDWHG
VWUHDPOLQHV�ZH�ZHUH�DEOH�WR�REWDLQ�WKH�YLVXDOL]DWLRQV�LQ�ILJXUH���

D�� �E��

)LJXUH�����&KDQJLQJ�V\VWHP��SDUDPHWHUV�XVLQJ�WKH�3,3��G\QDVWLF�F\�

FOH��D��FKDRWLF��E��SHULRGLF�

,Q�DGGLWLRQ�WR�DOO�LQWHUDFWLRQ�PHWKRGV�XVHG�LQ�WKH�PL[HG�PRGH�RVFLOOD�
WLRQV� H[DPSOH� ZH� DOORZHG� LQWURGXFWLRQ� RI� VWUHDPOLQHV� E\� DOO� XVHUV�
6WUHDPOLQH�SDUDPHWHUV�ZHUH�DJDLQ�DFFHVVLEOH�YLD�WKH�3,3�RI�WKH�YLVX�
DOL]DWLRQ�H[SHUW�

�����6WXGLHUVWXEH�DV�D�JHQHULF�XVHU�LQWHUIDFH

'XULQJ� RXU� ZRUN� 6WXGLHUVWXEH� TXLFNO\� JUHZ� IURP� DQ� HQYLURQPHQW
SULPDULO\�SODQQHG�IRU�VFLHQWLILF�YLVXDOL]DWLRQ�LQWR�VRPHWKLQJ�RI�DQ�DOO�
SXUSRVH�HQYLURQPHQW��,Q�WKH�IROORZLQJ�VHFWLRQ�ZH�SUHVHQW�DSSOLFDWLRQV
EHVLGHV�VFLHQWLILF�YLVXDOL]DWLRQV�ZKLFK�KDYH�EHHQ�GHYHORSHG�XVLQJ�WKH
6WXGLHUVWXEH�$3,��$SSOLFDWLRQ�3URJUDPPHU�,QWHUIDFH��

�������$�VDPSOH�:RUNVSDFH�VHVVLRQ

7KLV� VHFWLRQ� JLYHV� D� VKRUW� RYHUYLHZ� RI� HVVHQWLDO� IHDWXUHV� RI� RXU
6WXGLHUVWXEH�:RUNVSDFH� LPSOHPHQWDWLRQ��:H�ZDQW� WR� VKRZ�KRZ� WKH
:RUNVSDFH� FRQFHSW� KDV� EHHQ� DSSOLHG� LQ� RXU� 9(� DQG� KRZ� VWDQGDUG
WDVNV� FDQ� EH� SHUIRUPHG��1RWH� WKDW� WKHVH� H[DPSOHV� RQO\� UHSUHVHQW� D
VPDOO� DVSHFW� RI� SRVVLEOH� VLWXDWLRQV� DQG� SROLFLHV�� DQG� DUH� SUHVHQWHG
KHUH� DV� GHPRQVWUDWLRQ� RI� IHDWXUHV� GLVFXVVHG� EHIRUH� DQG� DV� SURRI� RI
FRQFHSW�
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7KH� XVHU� HQWHUV� WKH� :RUNVSDFH� E\� SXWWLQJ� RQ� WKH� KHDG�� PRXQWHG
GLVSOD\��+0'��DQG�SLFNLQJ�XS�SHQ�DQG�3,3��1RUPDOO\�WKH�3,3�LV�KHOG
DORQJ� DQ� HGJH� XVLQJ� WKH� QRQ�GRPLQDQW� KDQG�� VLPLODU� WR� D� SDLQWHUV
SDOHWWH��7KH�SHQ�LV�KHOG�OLNH�D�UHDO�SHQ�DQG�DOORZV�LQWHUDFWLRQ�RQ�WKH
3,3�LQ�D�IDPLOLDU�SHQ�DQG�FOLSERDUG�PDQQHU�DV�ZHOO�DV��'�LQWHUDFWLRQ
ZLWK��'2)��)RU�VRPH�WDVNV�XVHUV�SUHIHU�WR�KROG�WKH�SHQ�OLNH�D�ZDQG
RU�DQ�XPEUHOOD��ZKLFK�LV�PDGH�SRVVLEOH�E\�WKH�V\PHWULF�DUUDQJHPHQW
RI�EXWWRQV�DORQJ�WKH�SHQV�D[LV�

7KH� 3,3� LV� WKH� PDLQ� PHFKDQLVP� IRU� DEVWUDFW� LQWHUDFWLRQ� LQ� WKH
:RUNVSDFH��H�J��LQSXW�RI�YDOXHV�DQG�VHOHFWLRQ�RI�DEVWUDFW�SURSHUWLHV�DV
RSSRVHG�WR�GLUHFW�LQWHUDFWLRQ�OLNH��'�GUDJJLQJ�DQG�SRLQWLQJ��,W� LV�QRW
RQO\�XVHG�DV�DSSOLFDWLRQ�LQSXW�GHYLFH�GLVSOD\LQJ�WKH�LQSXW�HOHPHQWV�RI
UXQQLQJ�DSSOLFDWLRQV�EXW�DOVR�DV�SULPDU\�FRQWURO�GHYLFH�IRU�WKH�:RUN�
VSDFH�� 'LUHFWO\� DFFHVVLEOH� YLD� VKRUW�FXW� FRUQHUV� �UHG� DQG� JUHHQ� WUL�
DQJOHV�LQ�ILJXUHV���	����DUH�WZR�VSHFLDO�VKHHWV�ZKLFK�DOZD\V�DYDLODEOH�
WKH�V\VWHP�VKHHW�DQG�WKH�DSSOLFDWLRQ�VKHHW�

7KH�DSSOLFDWLRQ�VKHHW���VHOHFWHG�YLD�WKH�JUHHQ�FRUQHU���IXQFWLRQV�DV�D
VLPSOH�VKHOO�DQG�HQDEOHV�WKH�XVHU�WR�EURZVH�WKH�ILOHV\VWHP�DQG�VWDUW
6WXGLHUVWXEH� DSSOLFDWLRQV� RU� VZLWFK� IRFXV� EHWZHHQ� UXQQLQJ� DSSOLFD�
WLRQV�� 7KLV�PRGXOH� KDV� EHHQ� LPSOHPHQWHG� DORQJ� WKH� OLQHV� RI� WKH� ID�
PLOLDU�§ILOH�RSHQ¨�GLDORJ� IURP�GHVNWRS�DSSOLFDWLRQV��5XQQLQJ�DSSOLFD�
WLRQV�DUH�VKRZQ�DV� LFRQV�DQG�DOORZ�H[SOLFLW� IRFXV�FKDQJHV� �)LJXUH����
,PSOLFLW�IRFXV�FKDQJH�RFFXUV�ZKHQ�FOLFNLQJ�LQWR�D�QRQ�IRFXVHG�ZLQGRZ�

�����

)LJXUH�����7KH�DSSOLFDWLRQ�VKHHW��OHIW��VWDUWV�QHZ�DSSOLFDWLRQV�DQG

VZLWFKHV�EHWZHHQ�UXQQLQJ�DSSOLFDWLRQV��7KH�V\VWHP�VKHHW

�ULJKW��FDQ�EH�XVHG�WR�FRQWURO�V\VWHP�DQG�ZLQGRZ�VWDWH�



���

7KH�V\VWHP�VKHHW��)LJXUH����ULJKW��JLYHV�DFFHVV�WR��'�ZLQGRZ�FRQILJX�
UDWLRQ�PHWKRGV��$��'�ZLQGRZ�FDQ�EH�VZLWFKHG�WR�D�PD[LPL]HG���'���'
RU�PLQLPL]HG� UHSUHVHQWDWLRQ� �GHVFULEHG� LQ� VHFWLRQ���������)XUWKHU� RS�
WLRQV�OLNH�GLVSOD\�RI�WLWOH�EDU�RU�RSDTXH�EDFNJURXQG�DUH�DFFHVVLEOH�WRR�
$�ZLQGRZ�FDQ�EH�UHVL]HG�DQG�SRVLWLRQHG�E\�GUDJJLQJ� LWV� IUDPH�RU� LWV
FRUQHUV�HTXLYDOHQW�WR��'�ZLQGRZV�

)RFXV�FKDQJHV�DUH�UHDOL]HG�E\�D�SHQ�FOLFN� LQWR� WKH�GHVLUHG�ZLQGRZ�
ZKLFK�DXWRPDWLFDOO\� VZLWFKHV� WR� WKH�DVVRFLDWHG� LQSXW� FRQWH[W� �VKHHW�
RQ�WKH�XVHUV�3,3�

�������:RUNVSDFH�$SSOLFDWLRQV

7KH�IROORZLQJ�DSSOLFDWLRQV�GHPRQVWUDWH�WKH�YDULHW\�RI� WDVNV�WKDW�FDQ
EH� SHUIRUPHG� ZLWKLQ� WKH� IUDPHZRUN� RI� RXU� :RUNVSDFH� LPSOHPHQWD�
WLRQ��/DUJH�SDUWV�RI�WKH�UHOHYDQW�LQWHUIDFH�DSSHDUDQFH�DQG�EHKDYLRXU
KDYH� EHHQ� LPSOHPHQWHG� XVLQJ� WKH� SUHGHILQHG� LQWHUDFWLRQ� FODVVHV�� LQ
VRPH�FDVHV�HYHQ�RQO\�E\�VFULSWLQJ�LQVLGH�WKH�VFHQH�GHVFULSWLRQ�ILOHV�

&DOFXODWRU

7KH� VLPSOHVW� DSSOLFDWLRQ� LV� WKLV� VLPXODWLRQ� RI� D� GHVNWRS� FDOFXODWRU
�ILJXUH���,W�KDV�EHHQ�ZULWWHQ�DV�D�WHVW�SURJUDP�IRU��'�LQWHUDFWLRQ�HOH�
PHQWV�DQG�GHPRQVWUDWHV�QLFHO\�KRZ�WKH�3,3�LV�XVHG�IRU��'�LQWHUDFWLRQ
ZLWK�WKH�§EXWWRQ¨�LQWHUDFWLRQ�HOHPHQWV��7KLV�DSSOLFDWLRQ�LV�IUHTXHQWO\
XVHG�WR�LQVWUXFW�QHZ�6WXGLHUVWXEH�XVHUV�RQ�WKH�XVDJH�RI�WKH�3,3��$OO
YLVLEOH�JHRPHWU\�DQG�PRVW�RI� WKH� LQWHUDFWLRQ�EHKDYLRXU�KDV�EHHQ�GH�
ILQHG�LQ�DQ�2SHQ�,QYHQWRU�VFHQH�GHVFULSWLRQ�ILOH�XVLQJ�VLPSOH�VFULSWLQJ
LQ�D�WH[W�HGLWRU�
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)LJXUH����7KH�FDOFXODWRU�XWLOLW\�RQ�WKH�3HUVRQDO�,QWHUDFWLRQ�3DQHO

PDNHV�LQWHQVLYH�XVH�RI��'�EXWWRQ�ZLGJHWV��7KH�IODW�VXUIDFH

RI�WKH�ZRRGHQ�SDQHO�JLYHV�JRRG�WDFWLOH�IHHGEDFN�DQG�SUR�

YLGHV�QDWXUDO�VXSSRUW�IRU��'�LQWHUDFWLRQ�LQ��'

;�UD\�YLHZHU

$OPRVW�DV�VLPSOH�LV�WKLV�LQWHJUDWLRQ�RI�WKH�6($0�>6FKDXIOHU����@�LQ�
WHUDFWLRQ�HOHPHQW�LQ�D�PHGLFDO�VLPXODWLRQ��7KH�6($0�DFWV�DV�D�PDJLF
OHQV��VHH�VHFWLRQ����������JLYLQJ�WKH�XVHU�WKH�DELOLW\�WR�ORRN�XQGHU�WKH
VNLQ�RI�D�SDWLHQW��3RVLWLRQLQJ�RI�WKH�OHQV�LV�GRQH�E\�GUDJJLQJ�LWV�IUDPH
RYHU�WKH�SDWLHQW��DOORZLQJ�D�UHDO�WLPH�FXWDZD\�YLHZ�RI�VNLQ�DQG�VNHOH�
WRQ�DW�WKH�VDPH�WLPH�



���

)LJXUH�����;�UD\�YLHZHU���WKH�SHQ�EHFRPHV�D�OHQV�VKDSHG�WRRO�WR�H[�

DPLQH�PHGLFDO�GDWD

6LQFH�DOO�WKH�SRVLWLRQLQJ�LV�GRQH�E\�D�§GUDJJHU¨�LQWHUDFWLRQ�HOHPHQW�
WKH�DSSOLFDWLRQ�FRQVLVWV�RQO\�RI�DQ�LQLWLDOL]DWLRQ�RI�ERG\�DQG�VNHOHWRQ
UHSUHVHQWDWLRQ�DQG�WKH�6($0�ZLWK�LWV�IUDPH�FRXSOHG�WR�WKH�GUDJJHU�

�'�IORZ�YLVXDOL]DWLRQ

+HUH�ZH�LPSOHPHQWHG�RXU�JHRPHWU\�DQG�WH[WXUH�EDVHG�IORZ�YLVXDOL]D�
WLRQ� WHFKQLTXH� >)XKUPDQQ����E@� �VHH� DOVR� FKDSWHU� ���� LQ� 6WXGLHU�
VWXEH�� 3DUDPHWUL]DWLRQ� RI� WKH� VLPXODWLRQ� DQG� WKH� YLVXDOL]DWLRQ� ZDV
GRQH� YLD� WKH� 3,3��$GGLWLRQDOO\� 6($0V�ZHUH� XVHG� DV� §PDJLF� OHQVHV¨
DQG� §PDJLF� ER[HV¨� WR� QDYLJDWH� LQVLGH� D� VSDUVH� UHSUHVHQWDWLRQ� RI� WKH
�'�IORZ�DQG�VHOHFW�DUHDV�ZKHUH�WKH�IORZ�VKRXOG�EH�GHSLFWHG�ZLWK�KLJK
GHWDLO�

$JDLQ�DOO�UHDO�WLPH�LQWHUDFWLRQ�KDYH�EHHQ�GHILQHG�XVLQJ�WKH�VWDQGDUG
LQWHUDFWLRQ�HOHPHQWV�DQG�RQO\�WKH�DSSOLFDWLRQ�VSHFLILF�SDUWV���VLPXOD�
WLRQ�� YLVXDOL]DWLRQ� DQG� DQLPDWLRQ� RI� WKH� UHVXOWV� �� KDG� WR� EH� LPSOH�
PHQWHG�

)LJXUH�����)ORZ�YLVXDOL]DWLRQ�XVLQJ�PDJLF�OHQV�IRU�IRFXVVLQJ
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/DQGVFDSLQJ

,Q�RXU�ODQGVFDSLQJ�DSSOLFDWLRQ�>6FKPDOVWLHJ����@�ZH�KDYH�LQWHJUDWHG
D� YDULHW\� RI� LQWHUIDFH� HOHPHQWV� DQG� PHWKRGV�� ,W� LV� D� &$'�OLNH� DS�
SOLFDWLRQ�VSHFLILFDOO\�GHVLJQHG�IRU�WKH�GHYHORSPHQW�RI� ODQGVFDSLQJ�VR�
OXWLRQV� LQ� VXEXUEDQ� HQYLURQPHQWV�� 6LPSOH� LQWHUDFWLRQV� OLNH� REMHFW
SODFHPHQW��KRXVHV��WUHHV��DUH�LQWHJUDWHG�DV�ZHOO�DV�VSHFLDOL]HG�PHWD�
SKRUV� OLNH� D� FDEOH� 79� WRRO� WKDW� SURYLGHV� WKH� XVHU�ZLWK� ;�UD\� YLVLRQ
�)LJXUH�����7KH�XVHU�FDQ�ORRN�XQGHU�WKH�VXUIDFH�RI�WKH�ODQGVFDSH�UHS�
UHVHQWLQJ�DQ�LVODQG��XVLQJ�ZLUHIUDPH�UHQGHULQJ��DQG�XVHV�WKH�SHQ�WR
OD\�ZLUH�DQG�FRQQHFW�KRXVHV�WR�D�FDEOH�79�QHWZRUN�

,QWHUHVWLQJ�KHUH�LV�WKH�GLUHFW�DSSOLFDWLRQ�RI�WKH�3,3�DV��'�LQWHUDFWLRQ
GHYLFH��6ZHHSLQJ�WKH�3,3�OLNH�D�ILVKQHW�WKURXJK�WKH�VFHQH��)LJXUH����
VHOHFWV�DOO�REMHFWV�ZKLFK�ZHUH�§FDXJKW¨�LQ�WKH�PRWLRQ��)XUWKHUPRUH�WKH
3,3� FDQ� EH� XVHG� DV� D� FDPHUD�� WDNLQJ� YLUWXDO� VQDSVKRWV� RI� GLIIHUHQW
VWDWHV�RI�WKH�ODQGVFDSH�DQG�SRVLWLRQLQJ�WKHP�OLNH�QRWHV�VRPHZKHUH�LQ
WKH�:RUNVSDFH��7KLV�VQDSVKRW�WRRO�DOORZV�WKH�XVHU�WR�PDQDJH�D�FROOHF�
WLRQ�RI�VFHQHV�WKDW�DUH�YLHZHG�IURP�GLIIHUHQW�SHUVSHFWLYHV�DQG�LQ�GLI�
IHUHQW�VWDJHV�RI�GHYHORSPHQW�

)LJXUH�����8VLQJ�WKH�3,3�DV�§PDJLF�OHQV¨�WR�VKRZ�KLGGHQ�SURSHUWLHV

RI�WKH�ODQGVFDSH
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)LJXUH�����8VLQJ�WKH�3,3�DV��ILVKQHW¨�WR�VHOHFW�REMHFWV

�VHOHFWHG�VSKHUHV�ZLWK�UHG�IUDPH�

)LJXUH�����7DNLQJ�DQG�GLVSOD\LQJ��'��VQDSVKRWV��XVLQJ�WKH�3,3

�'�SDLQWLQJ�DSSOLFDWLRQ

7KH� SDLQWLQJ� DSSOLFDWLRQ� �)LJXUH� ���� GHPRQVWUDWHV� KRZ� PXOWL�XVHU
DSSOLFDWLRQ�IXQFWLRQ�LQVLGH�6WXGLHUVWXEH�:RUNVSDFH��8SRQ�VWDUW�XS��LW
JHQHUDWHV� D� VLQJOH� �'�ZLQGRZ� DQG�3,3� VKHHWV� IRU� HYHU\� XVHU� LQVLGH



���

WKH� :RUNVSDFH�� 7KH� VKHHWV� FRQWDLQ� VOLGHUV� IRU� FRORXU� VHOHFWLRQ� DQG
EUXVK�VL]H�DV�ZHOO�DV�EXWWRQV�WR�VHOHFW�WKH�EUXVK�W\SH���VSUD\�RU�SHQ��
DQG�WR�FOHDQ�WKH�EODFNERDUG�

(YHU\� XVHU� PD\� VHOHFW� D� FRORXU� DQG� EUXVK� DFFRUGLQJ� WR� KLV� QHHGV�
ZKLFK� LV�GLVSOD\HG�DV�§OLIH�VL]H¨� LFRQ�RQ�KLV�3,3��3DLQWLQJ� LV�GRQH�E\
GUDJJLQJ�D�SHQ�WKURXJK�WKH�ZLQGRZ��'HSHQGLQJ�RQ�WKH�VHOHFWHG�EUXVK
W\SH�� D� VWUHDP� RI� �'� §GRWV¨� �� HPXODWLQJ� D� VSUD\� FDQ� �� LV� JHQHUDWHG�
(TXLSSHG�ZLWK�WKLV�VLPSOH�LQWHUIDFH��XVHUV�DUH�IUHH�WR�JHQHUDWH�ZKDW�
HYHU�WKUHH��GLPHQVLRQDO�SRLQWLOLVWLF�DUW�WKH\�PD\�KDYH�LQ�PLQG�

)LJXUH������'�FROODERUDWLYH��SDLQWLQJ���1RWH�VHFRQG�DSSOLFDWLRQ�ZLQ�

GRZ

�ZLWK�PHGLFDO�YLVXDOL]DWLRQ�LQ�IURQW�

7KH�SRVVLELOLWLHV�RI�PXOWL�XVHU�FROODERUDWLRQV�DSSHDUHG� WR�PRVW�XVHUV
ZKHQ� WKH\� LQDGYHUWHQWO\� HQWHUHG� HDFK� RWKHUV� SDLQW� YROXPH� DQG� UH�
VXOWHG�LQ�LPSUHVVLYH��LI�DEVWUDFW�ZRUNV�DV�ZHOO�DV�LQ�§SDLQW�ILJKWV¨��,Q
WKLV�DSSOLFDWLRQ�WKH�DGYDQWDJHV�RI�$5�FRXOG�FOHDUO\�EH�REVHUYHG��VLQFH
XVHUV� FRXOG� VHH� HDFK� RWKHU� DV� ZHOO� DV� WKHLU� FUHDWLRQV�� FROOLVLRQV� RI
SDLQWHUV� RU� SDLQWLQJV� FRXOG� HDVLO\� EH� DYRLGHG� �RU� GHOLEHUDWHO\� SUR�
YRNHG��� DQG� FROODERUDWLRQ� RQ� VLQJOH� SDLQWLQJV� ZDV� HQKDQFHG� E\� JHV�
WXUHV�DQG�GLVFXVVLRQV�



���

�����6FLHQWLILF�&ROODERUDWLRQV

6WXGLHUVWXEH�KDV�EHHQ�SDUW�RI�WKH�IROORZLQJ�FROODERUDWLRQV�ZLWK�RWKHU
UHVHDUFK�LQVWLWXWLRQV�

�������8QLYHUVLW\�RI�*UD]��+\EULG�0DJQHWLF�2SWLFDO�7UDFNLQJ

8QLYHUVLW\�RI�*UD]
$[HO�3LQ]��7KRPDV�$XHU
KWWS���ZZZ�FUFJ�HGX�SURMHFWV�YLUWXDOBWDEOH�KWPO

7KH�FRPPHUFLDO�PDJQHWLF� WUDFNHUV�ZH�XVH� LQ�6WXGLHUVWXEH�KDYH�RQO\
OLPLWHG� UDQJH� DQG� H[KLELW� VLJQLILFDQW� GLVWRUWLRQV� DQG� QRLVH� DW� GLV�
WDQFHV�JUHDWHU�����PHWHUV��$V�DQ� UHPHG\�D� VHFRQG�ZRUNJURXS�DW� WKH
XQLYHUVLW\�RI�*UD]�KDV�FRQVWUXFWHG�DQ�DXJPHQWHG�UHDOLW\�KHOPHW�WKDW
LQWHJUDWHV� WKH� PDJQHWLF� VHQVRU�� D� VWHUHR� FDPHUD� SDLU� DQG� D� VHH�
WKURXJK�GLVSOD\�XVHG�IRU�DXJPHQWLQJ�WKH�URRP��VLPLODU�WR�>+RII����@

7KH�KHOPHW� LQ�DFWLRQ� LV�GHSLFWHG� LQ�)LJXUH�����8VLQJ� WKH�KHOPHW��D
K\EULG�V\VWHP�FRPELQLQJ�ERWK�PDJQHWLF�DQG�RSWLFDO�WUDFNLQJ�KDV�EHHQ
GHYHORSHG��7KH�RXWSXW�IURP�WKH�PDJQHWLF�WUDFNHU�LV�XVHG�DV�DQ�LQLWLDO
HVWLPDWH�IRU�WKH�RSWLFDO�V\VWHP��$IWHU�WKH�UHVXOW�IURP�WKH�RSWLFDO�V\V�
WHP�KDV�EHHQ�REWDLQHG�LW�LV�YHULILHG�ZLWK�WKH�PDJQHWLF�V\VWHP�E\�FRP�
SXWLQJ�WKH�RIIVHW�EHWZHHQ�WKH�PDJQHWLF�DQG�WKH�RSWLFDO�V\VWHP��,I�WKH
RIIVHW� LV� WRR� ODUJH�� WKH�UHVXOW� IURP�WKH�RSWLFDO�V\VWHP� LV�QRW�DFFHSWHG
DQG�ZH�KDYH�WR�UHO\�RQ�WKH�PDJQHWLF�V\VWHP�DORQH��RWKHUZLVH��WKH�GDWD
JHQHUDWHG�E\�WKH�RSWLFDO�V\VWHP�DUH�XVHG��)XUWKHU��LI�WKH�RSWLFDO�UHVXOW
LV� DFFHSWHG��ZH� XSGDWH� WKH� RIIVHW� EHWZHHQ� WKH� WZR� V\VWHPV�� EHFDXVH
WKH�RIIVHW�GHSHQGV�RQ�WKH�FXUUHQW�ORFDWLRQ�RI�WKH�KHOPHW��EXW�KDV�RQO\
VPDOO�FKDQJHV�IRU�VPDOO�PRYHPHQWV�RI�WKH�XVHU��>6WDWH����D@�



���

�����

FDPHUD
PDJQHWLF�WUDFNHU

VHPL�WUDQVSDUHQW�GLVSOD\

)LJXUH�����+HOPHW�0RXQWHG�GLVSOD\�ZLWK�DWWDFKHG�FDPHUDV

�������&5&*�3URYLGHQFH��6WXGLHUVWXEH�97�DQG�6NHWFK
LQWHUIDFH

)UDXQKRIHU�&5&*�3URYLGHQFH��5,�
/�0LJXHO�(QFDUQDomR��6HDQ�&KDQGOHU
KWWS���ZZZ�FUFJ�HGX�SURMHFWV�YLUWXDOBWDEOH�KWPO

7KH�DGDSWDWLRQ�RI� WKH�6WXGLHUVWXEH� FRQFHSW� WR�D� FRPSOHWHO\�GLIIHUHQW
YLUWXDO�HQYLURQPHQW�KDV�EHHQ�SHUIRUPHG�E\�'LHWHU�6FKPDOVWLHJ�LQ�WKH
FRXUVH�RI�KLV�ZRUN�DW�WKH�)UDXQKRIHU�&5&*�>6FKPDOVWLHJ����@��+HUH
WKH�GLVSOD\�GHYLFH�LV�QRW�D�VHPL�WUDQVSDUHQW�+0'�EXW�D�YLUWXDO�ZRUN�
EHQFK� >.U�JHU����@� �)LJXUH������7KH� LPSOHPHQWDWLRQ�RI� WKH�3,3�KDV
EHHQ� DGDSWHG� IRU� EDFN�SURMHFWLRQ� E\� XVLQJ� D� WUDQVSDUHQW� SDG� ZKLFK
DOORZV�DXJPHQWDWLRQ�E\�ORRNLQJ�WKURXJK�LW�RQWR�WKH�GLVSOD\�VXUIDFH��

)LJXUH�����
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)LJXUH�����6HWXS�IRU�6WXGLHUVWXEH�97��,OOXVWUDWLRQ�

SHQ

WUDFNHU

WUDQVSDUHQW�3,3

GLVSOD\�VXUIDFH
RI�WKH

YLUWXDO�WDEOH

)LJXUH�����7KH�WUDQVSDUHQW�3,3�LQ�6WXGLHUVWXEH�97�

7KH�6.(7&+�JHVWXUH� LQWHUIDFH�KDV�EHHQ�DGDSWHG�E\�WKH�)UDXQKRIHU
&5&*�WR�UHFRJQL]H�JHVWXUHV�SHUIRUPHG�RQ�WKH�3,3��)LJXUH�����



���

)LJXUH�����XVLQJ�JHVWXUHV�RQ�WKH�WUDQVSDUHQW�3,3

*HVWXUH�EDVHG�LQWHUIDFHV�RIIHU�DQ�DOWHUQDWLYH�WR�WUDGLWLRQDO�NH\ERDUG�
PHQX�� DQG� GLUHFW�PDQLSXODWLRQ� LQWHUIDFHV�� 7KH� DELOLW\� WR� VSHFLI\� RE�
MHFWV��DQ�RSHUDWLRQ��DQG�DGGLWLRQDO�SDUDPHWHUV�ZLWK�D�VLQJOH�LQWXLWLYH
JHVWXUH�DSSHDOV�WR�ERWK�QRYLFH�DQG�H[SHULHQFHG�XVHUV��*HVWXUH�EDVHG
LQWHUIDFHV� IRU� SODWIRUPV� VXFK� DV� WKH� %$5&2� WDEOH� DUH� GHVLUDEOH�� DV
WKH\�SHUPLW�IDU�PRUH�QDWXUDO�LQWHUDFWLRQ�WKDQ�WUDGLWLRQDO�PRXVH�DQG
NH\ERDUG� LQWHUIDFHV�� 2XU� V\VWHP� LQFOXGHV� JHVWXUH� UHFRJQLWLRQ� WHFK�
QLTXHV� GHYHORSHG� IRU� 6.(7&+�� D� UDSLG� YLUWXDO� SURWRW\SLQJ� HQYLURQ�
PHQW�� GHYHORSHG� DW� %URZQ� 8QLYHUVLW\� >=HOH]QLN����@�� ,Q� WKH� HDUO\
VWDJHV�RI�D�GHVLJQ��RIWHQ�ZKDW�LV�UHTXLUHG�LV�D�UDSLG�FRQFHSWXDO�PRGHO
RI�WKH�GHVLUHG�SURGXFW�

6.(7&+�LV�GHVLJQHG�WR�EULGJH�WKH�JDS�EHWZHHQ�KDQG�VNHWFKHV�DQG
FRPSXWHU�EDVHG�PRGHOLQJ� SURJUDPV�� FRPELQLQJ� VRPH� RI� WKH� IHDWXUHV
RI� SHQFLO�DQG�SDSHU� VNHWFKLQJ� DQG� VRPH� RI� WKH� IHDWXUHV� RI� &$'� V\V�
WHPV� WR� SURYLGH� D� OLJKWZHLJKW�� JHVWXUH�EDVHG� LQWHUIDFH� WR� CCDSSUR[L�
PDWH

��'�SRO\KHGUDO�PRGHOLQJ��6.(7&+�XVHV�D�JHVWXUDO�PRGH�RI�LQ�
SXW� LQ� ZKLFK� DOO� RSHUDWLRQV� DUH� DYDLODEOH� GLUHFWO\� LQ� WKH� �'� VFHQH
WKURXJK�D�WKUHH�EXWWRQ�PRXVH�RU�WKUHH�EXWWRQ�VW\OXV�
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�������8QLYHUVLWlW�7�ELQJHQ��1lKVWXEH

8QLYHUVLWlW�7�ELQJHQ�
'HSDUWPHQW�*UDSKLVFK�,QWHUDNWLYH�6\VWHPH
:LOKHOP�6FKLFNDUG�,QVWLWXW�I�U�,QIRUPDWLN
%HUQG�(EHUKDUGW

7KH�1lKVWXEH� �§VHZLQJ� URRP¨�� LV� DQ� RQJRLQJ� SURMHFW� XVLQJ� 6WXGLHU�
VWXEH�WR�LQWHUDFWLYHO\�SODFH�DQG�FRQQHFW�SLHFHV�RI�FORWK�RYHU�D�WDLORU�V
GXPP\��&RPSOH[��'�SODFHPHQW�RSHUDWLRQV�OLNH�WKLV�DUH�RQO\�GLIILFXOW
WR� DFKLHYH� LQ� GHVNWRS� HQYLURQPHQWV� EXW� DUH� HDVLO\� SHUIRUPHG� LQ� DQ
HQYLURQPHQW�ZKHUH���GHJUHHV�RI�IUHHGRP�LQSXW�GHYLFHV�DQG��'�KHDG�
WUDFNHG�YLHZSRLQWV�DUH�LPSOHPHQWHG��)LJXUH�����

��

)LJXUH�����3ODFLQJ�VLPXODWHG�FORWK�RYHU�D�YLUWXDO�GUHVVPDNHUV

GXPP\

*HQHUDWLQJ� UHDOLVWLF� LPDJHV� RI� FORWK� ZLWK� GLIIHUHQW� IDEULFV� VXFK� DV
ZRRO��FRWWRQ�RU�VLON� LV�VWLOO�D�SUREOHP�LQ�JDUPHQW�GHVLJQ��7KH�FRUUHFW
IDOO� RI� D� WRZHO� RU� D� VNLUW� FDQ� RQO\� EH� REVHUYHG�ZKHQ� WKH�PDWHULDO� LV
SURGXFHG��WKH�JDUPHQW�VHZQ�DQG�WKH�UHVXOW�ZRUQ�E\�D�SHUVRQ��7R�UH�
GXFH� WKH� GHVLJQ� F\FOH� ZH� ZDQW� WR� VLPXODWH� WKLV� ZKROH� SURFHVV� ZLWK
FRPSXWHU�JUDSKLFV�



���
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)LJXUH�����'UDSLQJ�VLPXODWHG�FORWK�RYHU�D�VSKHUH�DQG�D�WDEOH

7KH�VLPXODWLRQ�GHYHORSHG�E\�%HUQG�(EHUKDUGW�XVHV�SDUWLFOH� V\VWHPV
WR�VLPXODWH�WKH�IDOO�RI�WKH�FORWK�DQG�REWDLQ�UHDOLVWLF�GUDSLQJ�EHKDYLRUV�
7KLV�DSSURDFK�LV�PRUH�JHQHUDO�WKDQ�RWKHUV�DQG�SURGXFHV�LPDJHV�PXFK
IDVWHU�WKDQ�RWKHU�LPSOHPHQWDWLRQV��)LJXUH�����

�������)UDXQKRIHU�,*'�'DUPVWDGW��$5&$'(

)UDXQKRIHU�,*'�$��'DUPVWDGW�
'HSDUWPHQW�IRU�,QGXVWULDO�$SSOLFDWLRQV
:LOKHOP�6FKLFNDUG�,QVWLWXW�I�U�,QIRUPDWLN
$QGUp�6WRUN��VWRUN#LJG�IKJ�GH
KWWS���ZZZ�LJG�IKJ�GH�ZZZ�LJG�D��3URMHNWH�$UFDGH�DUFDGHBH�KWPO

$5&$'(� �$GYDQFHG� 5HDOLVP� &$'� (QYLURQPHQW�� �� GHYHORSHG� DW
)UDXQKRIHU�,*'���LV�D��'�PRGHOLQJ�V\VWHP��WKDW�SODFHV�QDWXUDO�LQWHU�
DFWLRQ� WHFKQLTXHV� �IRU� LQVWDQFH� �'� LQSXW� IRU� REMHFW� FUHDWLRQ�� DW� WKH
XVHU
V�GLVSRVDO��'XULQJ�WKH�ZKROH�FRQVWUXFWLRQ�SURFHVV�WKH�REMHFWV�DUH
GLVSOD\HG� UHDOLVWLFDOO\� XVLQJ� LQVLJKWV� IURP� WKH� VFLHQFH� RI� SHUFHSWLRQ�
0RUHRYHU� $5&$'(� SURYLGHV� YLVXDOL]DWLRQ� WHFKQLTXHV� ZKLFK� HQDEOH
WKH�XVHU�WR�UHFRJQL]H�WKH�UHODWLYH�SRVLWLRQ�RI�WKH�REMHFWV�LQ�WKH�GHVLJQ
VSDFH�

7UDGLWLRQDO� �'�&$'�6\VWHPV� DUH� EXUGHQHG� E\� D� GLVFUHSDQF\� EH�
WZHHQ� WKH� YLUWXDO� WKUHH�GLPHQVLRQDO� GHVLJQ� VSDFH� DQG� WKH� WZR�
GLPHQVLRQDO�LQSXW�DQG�RXWSXW�GHYLFHV��2IWHQ��'�LQWHUDFWLRQV�KDYH�WR
EH�EXLOW�IURP�D�VHTXHQFH�RI�WZR�GLPHQVLRQDO�DFWLRQV��7KH�SUHVHQWDWLRQ
RI� WKH� �'� REMHFWV� RQ� WKH� �'� GLVSOD\� DQG� WKH� DSSOLHG� YLVXDOL]DWLRQ
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WHFKQLTXHV�UHQGHU�RQO\�D�IHZ�GHSWK�DQG�VKDSH�KLQWV��7KHVH�GLVFUHSDQ�
FLHV�KDPSHU�WKH�XVHU
V�RULHQWDWLRQ��SODFHPHQW�DQG�QDYL�JDWLRQ��VR�WKDW
WKH�DGYDQWDJHV�RI��'�FDQQRW�EH�XVHG�HQWLUHO\�

$5&$'(�RIIHUV�WKH�IROORZLQJ�QHZ�DSSURDFKHV��IHDWXUHV�DQG�FDSDELOL�
WLHV�

-� ,QWHJUDWLRQ�RI��'�LQSXW�DQG�RXWSXW�GHYLFHV

-� LQWXLWLYH��GLUHFW�PDQLSXODWLYH��'�LQWHUDFWLRQ�WHFKQLTXHV

-� KLJK�TXDOLW\� SUHVHQWDWLRQ� RI� GHVLJQ� REMHFWV� GXULQJ� FRQVWUXFWLRQ
�0DWHULDO��7H[WXUH��/LJKWLQJ�

-� VXSSRUW�RI�D�GLVWULEXWHG�FRRSHUDWLYH�GHVLJQ�SURFHVV

-� LQWHUDFWLYHO\�FRQILJXUDEOH�JUDSKLFDO�XVHU�LQWHUIDFH

-� +LVWRU\�*UDSK�ZLWK�SDWWHUQ�FUHDWLRQ�DQG�SRZHUIXO�XQGR��UHGR�DQG
FRS\�IHDWXUHV

-� LQWHOOLJHQW� ZDOOV� DV� YLVXDOL]DWLRQ� RI� WKH� G\QDPLF�� YLUWXDO� GHVLJQ
VSDFH

-� WUDQVSDUHQW�VKDGRZV

-� �'�JULG�ZLWK�VQDSSLQJ�XQG�DOLJQPHQW

-� LQWHUDFWLYH�FOLSSLQJ�SODQH

-� LQWHUDFWLYH�ZDON�WKURXJK

6LQFH�WKH��JUDSKLFDO�LQSXW�DQG�RXWSXW�RI�$5&$'(�LV�DOUHDG\�EDVHG�RQ
2SHQ�,QYHQWRU�� WKH� LQWHJUDWLRQ� LQWR�6WXGLHUVWXEH�ZDV�TXLWH� VWUDLJKW�
IRUZDUG��6SHFLDO� LQWHUIDFH� WHFKQLTXHV�DUH�VWLOO�PDQDJHG�E\�$5&$'(
GLUHFWO\��ZKHUHDV�WKH�VWDQGDUG�6WXGLHUVWXEH�LQSXW�HOHPHQWV�HQULFK�WKH
XVHU�LQWHUIDFH�RI�$5&$'(�DQG�WUDQVIHU�PRVW�RI�WKH��'�GHVNWRS�LQWHU�
IDFH�LQWR�WKH�YLUWXDO�HQYLURQPHQW�
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���(YDOXDWLRQ

7KLV� WKHVLV� KDV� SUHVHQWHG� GHVLJQ� JXLGHOLQHV� DQG� LPSOHPHQWDWLRQ
VWUDWHJLHV�IRU�D�FROODERUDWLYH�XVHU�LQWHUIDFH�IRU�VFLHQWLILF�YLVXDOL]DWLRQ
LQ�DXJPHQWHG�UHDOLW\���WKH�6WXGLHUVWXEH�:RUNVSDFH��%HORZ�ZH�HYDOX�
DWH�WKH�UHVXOWV�SUHVHQWHG�LQ�FKDSWHU����LQ�DQ�LQIRUPDO�XVHU�VWXG\�FRQ�
GXFWHG�GXULQJ�RXU�ZRUN�RQ�WKH�YLVXDOL]DWLRQ�RI�G\QDPLFDO�V\VWHPV�

:H� VKRZ�KRZ� RXU� VKDUHG� YLUWXDO� HQYLURQPHQW� VROYHV� WKH� SUREOHPV
VWDWHG� LQ� FKDSWHU� �� DQG� ZKLFK� RI� WKH� UHDOL]HG� FRQFHSWV� ZH� LPSOH�
PHQWHG�SURYHG�WR�EH�PRVW�YDOXDEOH�

�����6WXGLHUVWXEH�:RUNVSDFH

&RQFHSW�DQG�LPSOHPHQWDWLRQ�RI�RXU�GHVLJQ�SURYHG�WR�EH�YLDEOH�XQGHU
WKH� UHTXLUHPHQWV�ZKLFK�ZH� IRUPXODWHG� LQ� RXU�SUREOHP� VWDWHPHQW� LQ
FKDSWHU���

-� $XJPHQWDWLRQ�� 7KH� LQWHJUDWLRQ� RI� WKH�3HUVRQDO� ,QWHUDFWLRQ� 3DQHO
DQG�WKH�WUDFNHG�SURSV�DQG�DYDWDUV�ZH�XVHG�IRU�RFFOXVLRQ�LQ�FKDSWHU
���ZHUH�HDVLO\�LQWHJUDWHG�LQWR�WKH�HQYLURQPHQW��3UHFLVH�FDOLEUDWLRQ
DV� GHVFULEHG� LQ� FKDSWHU� �� HQDEOHG� WKH� UHJLVWUDWLRQ� RI� YLUWXDO� DQG
UHDO�JHRPHWU\�QHFHVVDU\�IRU�XQKLQGHUHG�LQWHUDFWLRQ�
7KH�VSHFLDO�LQWHUDFWLRQ�WHFKQLTXHV�DV�GHVFULEHG�LQ�VHFWLRQ���ZRUNHG
DV�ZHOO�RQ�3,3�DV�WKH��'�LQWHUDFWLRQ�HOHPHQWV��VHFWLRQ��������

-� &ROODERUDWLRQ�� 7KH� GLUHFW� YLVXDO� FRQWDFW� EHWZHHQ� XVHUV� DQG� WKH
FRQFHSW�RI�D�VKDUHG�DXJPHQWHG�HQYLURQPHQW�UHVROYHG�PRVW�RI� WKH
SK\VLFDO� DQG� ORJLFDO� FROOLVVLRQV� FRPPRQ� WR� LPPHUVLYH� RU
GLVWULEXWHG�YLUWXDO�HQYLURQPHQWV�
7KH�FRQFHSW�RI�0XOWL�8VHU�$ZDUH�$SSOLFDWLRQV��VHFWLRQ������DOORZHG
D� VRSSKLVWLFDWHG� WUHDWPHQW� RI� JHQHUDO� DQG� DSSOLFDWLRQ� VSHFLILF
FROODERUDWLRQ� WHFKQLTXHV�� 7KH� �'� (YHQW� 6\VWHP� �VHFWLRQ� ������
DFWLYHO\� VXSSRUWV� DOO� PHFKDQLVPV� QHFHVVDU\� WR� LPSOHPHQW
FROODERUDWLRQ�RQ�GLIIHUHQW�OHYHOV�RI�VRSKLVWLFDWLRQ�

-� 0XOWL�DSSOLFDWLRQ�� '\QDPLFDOO\� ORDGLQJ� DQG� XQORDGLQJ� RI
$SSOLFDWLRQV� �VHFWLRQ� �������� WKH� H[LVWHQFH� RI� D� ZHOO�GHILQH
$SSOLFDWLRQ� 3URJUDPPHU� LQWHUIDFH� DQG� V\QFKURQL]HG� RXWSXW� LQWR
GLIIHUHQW� �'�ZLQGRZV� �VHFWLRQ� ������� DOORZV� WKH� FRQFXUUHQW� XVH� RI



�������

ZLGHO\� GLIIHULQJ� DSSOLFDWLRQV� RU� PXOWLSOH� LQVWDQFHV� RI� WKH� VDPH
DSSOLFDWLRQ��VHFWLRQ���������

-� 6RSKLVWLFDWHG�9LVXDOL]DWLRQ�7HFKQLTXHV�� $V� GHVFULEHG� LQ� FKDSWHU
��� WKH� LQWHJUDWLRQ� RI� LQWHUDFWLRQ� DQG� IRFXVVLQJ� WHFKQLTXHV� OLNH
PDJLF�OHQVHV�DQG�PDJLF�ER[HV�DV�ZHOO�DV�WKH�LPSOHPHQWDWLRQ�RI�D
QHZO\� GHYHORSHG� YLVXDOL]DWLRQ� LFRQ� IRU� IORZ� YLVXDOL]DWLRQ� ¥� WKH
GDVKWXEH� ¥� KDV� EHHQ� VXFFHVVIXOO\� DSSOLHG� LQ� 6WXGLHUVWXEH�� 7KH
FOLHQW�VHUYHU�SULQFLSOH� H[SODLQHG� LQ� VHFWLRQ� �����ZKLFK� LQWHJUDWHG
6WXGLHUVWXEH� DV� DQ� LQWHUDFWLRQ� IURQWHQG� LQWR� D� FRPPHUFLDO
GDWDIORZ� QHWZRUN� YLVXDOL]DWLRQ� V\VWHP� KDV� DOUHDG\� EHHQ� XVHG� LQ
GLIIHUHQW�DSSOLFDWLRQV�

7KH�5HVSRQVLYH

:RUNEHQFK

',9(

1361(7

&5<67$/

&5<67$/�LQ�WKH�&$9(�

RQ�5HVSRQVLYH�:RUNEHQFK

³$�:LQGRZ�RQ

6KDUHG�9LUWXDO

(QYLURQPHQWV³

&$9(

6WXGLHUVWXEH

0XOWL�FRQWH[W

0XOWL�WDVN

0XOWL�XVHU

)LJXUH�����7D[RQRP\�RI�YLUWXDO�HQYLURQPHQWV���DGDSWHG�IURP�

>7VDR����@�

,Q� )LJXUH� ��� ZH� FRQWUDVW� WKH� VFDODELOLW\� RI� VHYHUDO� 95� V\VWHPV� WR
:RUNVSDFH�LQ�WHUPV�RI�PXOWL�XVHU��PXOWL�WDVNLQJ�DQG�PXOWL�GDWD�FRQ�
WH[W�RSHUDWLRQ��7KH�PRVW�LPSRUWDQW�FRQWULEXWLRQ�RI�:RUNVSDFH�LV�WKDW
LW�LV�VFDOHDEOH�LQ�DOO�WKUHH�FDWHJRULHV�

6WXGLHUVWXEH� LV�WR�RXU�NQRZOHGJH�WKH�RQO\�YLUWXDO�HQYLURQPHQW�WRGD\
ZKLFK�LV�DEOH�WR�VXSSRUW�PXOWLSOH�FRQFXUUHQW�DSSOLFDWLRQV��PXOWL�WDVN�
FRPPXQLFDWLQJ�ZLWK�PXOWLSOH�XVHUV�XVLQJ�PXOWLSOH�LQGLYLGXDO�,�2�FRQ�
WH[WV��7KLV�PXOWLSOLFLW\�RI�LQWHUDFWLRQ�SDWKV�JLYHV�D�XVHU�D�PD[LPXP�RI
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IOH[LELOW\� WR�ZRUN� DORQH� RU� FROODERUDWH� ZLWK� RWKHU� XVHUV� RQ� GLIIHUHQW
WDVNV�LQVLGH�D�VKDUHG�HQYLURQPHQW�

:H�DOVR�LQWURGXFHG�WKH�QRWLRQ�RI�D�PXOWL�XVHU�DZDUH�DSSOLFDWLRQ��RU
08$���ZKLFK� LV� DEOH� WR� GHDO�ZLWK�PXOWLSOH� FRQFXUUHQW� XVHUV� DW� RQFH
ZLWKRXW� WKH� QHHG� IRU� PRQRSROL]DWLRQ� RI� DOO� V\VWHP� UHVRXUFHV�� 7KH
ZRUNVSDFH� V\VWHP� LV� GHVLJQHG� WR� VXSSO\� D�PD[LPXP� RI� LQIRUPDWLRQ
UHJDUGLQJ� XVHUV�� FRQWH[WV� DQG� HQYLURQPHQW� WR� WKH�08$V� LI� GHVLUHG�
EXW�DOVR�VXSSRUWV�DSSOLFDWLRQV�GHVLJQHG�RQO\�WR�KDQGOH�RQH�XVHU�DW�D
WLPH��7KLV�FRQFHSW�SURYHG�WR�EH�H[WUHPHO\�KHOSIXO�LQ�VRPH�RI�RXU�FRO�
ODERUDWLYH� SURMHFWV� �FKDSWHU� ������ZKHUH� OHJDF\� FRGH� GHYHORSHG� IRU� D
PRUH�FRQYHQWLRQDO�IRUP�RI�VLQJOH�XVHU�LQWHUDFWLRQ�KDG�WR�EH�LQFOXGHG�

6WXGLHUVWXEH� :RUNVSDFH� KDV� SURYHG� WR� VWDQG� XS� DJDLQVW� WKH� GH�
PDQGV� RI� D� ZLGH� YDULHW\� RI� DSSOLFDWLRQV� �FKDSWHU� ����� 0DQ\� :RUN�
VSDFH�VSHFLILF� WDVNV� OLNH� IRFXV� FKDQJHV� RU� DSSOLFDWLRQ� ORDGLQJ� KDYH
EHHQ�LPSOHPHQWHG�LQ�D�ZD\�ZKLFK�HQDEOHV�XVHUV�WR�WUDQVIHU�VNLOOV�DF�
TXLUHG�LQ�GHVNWRS�HQYLURQPHQWV�LQWR�DXJPHQWHG�UHDOLW\��)RU�H[DPSOH
WKH�FRQFHSW�RI�D�§�'�ZLQGRZ¨�¥�DQ�HQFORVHG�VHFWLRQ�FRQWDLQLQJ�LQWHUDF�
WLRQ�VSDFH�IRU�D�VLQJOH�DSSOLFDWLRQ�¥�KDV�EHHQ�UHDGLO\�DFFHSWHG�E\�DOO
XVHUV�IDPLOLDU�ZLWK��'�*8,V�

7KH�DSSOLFDWLRQ�SURJUDPPHU� LQWHUIDFH�KDV�HQDEOHG�SURJUDPPHUV� WR
TXLFNO\� LQWHJUDWH� WKHLU� FRGH� LQWR� WKH� :RUNVSDFH� DQG� VXSSOHPHQW� LW
ZLWK�ERWK��'2)�LQWHUDFWLRQ� WHFKQLTXHV�DQG�FRQYHQWLRQDO��'�JUDSKL�
FDO�XVHU�LQWHUIDFH�HOHPHQWV�RQ�WKH�3,3��6LQFH�WKH�GHFLVLRQV�RQ�D�FRQ�
VLVWHQW� SROLF\� UHJDUGLQJ�PXOWL�� XVHU� DSSOLFDWLRQV� FDQ� QRW� EH� GRQH� DW
WKLV�HDUO\�VWDJH��WKH�LPSOHPHQWDWLRQ�RI�08$V�VWLOO�GHSHQGV�KHDYLO\�RQ
H[SOLFLW� LQWHUYHQWLRQ� RQ� WKH� DSSOLFDWLRQ� SURJUDPPHUV� VLGH�� 7KH� UH�
VXOWLQJ�YDULDWLRQV�LQ�DSSOLFDWLRQV�SROLF\�UHJDUGLQJ�XVHU�LQWHUDFWLRQ�DUH
JRLQJ� WR� DLG� XV� LQ� UHVROYLQJ� WKLV� DVSHFW� IRU� IXWXUH� YHUVLRQV� RI� WKH
:RUNVSDFH��2Q�WKH�RWKHU�KDQG�WKH�PLVVLQJ�JOREDO�SROLF\�PD\�OHDG�WR
DQ� XQQHFFHVDU\� SUROLIHUDWLRQ� RI� LQWHUDFWLRQ� FRQYHQWLRQV� IRU� LGHQWLFDO
WDVNV�� QRW� XQOLNH� D� VLPLODU� SKHQRPHQRQ� RFFXULQJ� XQGHU� ;�ZLQGRZV�
ZKHUH�RQO\�SRSXODU�WRRONLWV�OLNH�027,)�LQWURGXFH�VRPH�FRQVLVWHQF\�



�������

�����&ROODERUDWLYH�6FLHQWLILF�9LVXDOL]DWLRQ

%\�FRQQHFWLQJ�WKH�$5�V\VWHP�6WXGLHUVWXEH�DQG�WKH�YLVXDOL]DWLRQ�V\V�
WHP�'\Q6\V�'�ZH�KDYH�LQLWLDWHG�D�V\QHUJLVWLF�HIIHFW��5HVHDUFKHUV�ZKR
LQYHVWLJDWH� G\QDPLFDO� V\VWHPV� SURILW� IURP� WKH� LQWXLWLYH� LQWHUDFWLRQ
WHFKQLTXHV� DYDLODEOH� IRU� �'� SKDVH� VSDFH� LQ� 6WXGLHUVWXEH�� DQG� DOVR
IURP�WKH� FROODERUDWLYH� VHWWLQJ��)URP�DQ�$5�UHVHDUFKHUªV�SHUVSHFWLYH�
WKH�EHKDYLRU�DQG�GHPDQGV�RI�§UHDO¨�XVHUV��GHVLJQHUV�RI�G\QDPLFDO�V\V�
WHPV��VXSSRUWHG�WKH�GHYHORSPHQW�RI�6WXGLHUVWXEH�DV�D�SUDFWLFDO� WRRO�
DQG�DOVR�SHUPLWWHG�XV�WR�YHULI\�WKDW�XVHIXO�ZRUN�FDQ�EH�GRQH�LQ�VXFK�D
VHWXS��:H� IRXQG� WKDW� LPPHUVLRQ� LQWR� WKH� YLUWXDO� VSDFH� SURYLGHG� E\
6WXGLHUVWXEH�LV�HQKDQFHG�E\�FROODERUDWLRQ�DV�LW�OHDGV�WR�LQFUHDVHG�DF�
FHSWDQFH�RI�WKH�SUHVHQWHG�YLUWXDO�REMHFWV�

'XULQJ�RXU�ZRUN�RI�LQYHVWLJDWLQJ�WKH�PRGHOV�FUHDWHG�ZLWK�'\Q6\V�'
DQG� 6WXGLHUVWXEH�� ZH� KDYH�PDGH� VRPH� HQFRXUDJLQJ� REVHUYDWLRQV� LQ
WKH�EHKDYLRU�RI�WKH�LQYROYHG�XVHUV��8VHUV�ZHUH�JHQHUDOO\�SOHDVHG�ZLWK
WKH� RSWLRQ� RI� VHHLQJ� DEVWUDFW� PDWKHPDWLFDO� FRQFHSWV� VXFK� DV� SKDVH
VSDFH�UHSUHVHQWDWLRQV��DWWUDFWRUV�HWF��DV�FRQFUHWH��VWHUHRVFRSLF�YLVXDOL�
]DWLRQV��7KH\� UHSRUWHG�DQ� LQFUHDVHG�XQGHUVWDQGLQJ�RI� WKH� VWUXFWXUHV
FRPSDUHG�WR�D�VFUHHQ�EDVHG�UHQGHULQJ�DV�SURYLGHG�E\�VWDQGDUG�$96�
,Q�SDUWLFXODU�WKH\�OLNHG�WR�ZDON�DURXQG�D�YLVXDOL]DWLRQ��ORRN�DW�LW�IURP
DERYH�DQG�EHORZ�DQG�HYHQ�VWDQG�LQ�LWV�PLGGOH��:H�DOVR�REVHUYHG�WKDW
VRFLDO�EHKDYLRU�VXFK�DV�SRLQWLQJ�WR�LQGLFDWH�DQ�LQWHUHVWLQJ�IHDWXUH�WR�D
SHHU�ZHUH�IUHTXHQWO\�XVHG�WR�FRPSOHPHQW�YHUEDO�GLVFXVVLRQ�DQG�XVHUV
JHVWXUHG�DV�LI�WKH�YLVXDOL]DWLRQV�ZHUH�UHDO�REMHFWV�

2XU�XVHUV�VWUHVVHG�WKDW�WKH\�ZHUH�LQWHUHVWHG�LQ�ERWK�JOREDO�IHDWXUHV
RI�WKH�G\QDPLFDO�V\VWHP��VXFK�DV�LWV�RYHUDOO�VKDSH��DQG�ORFDO�IHDWXUHV
VXFK� DV� DWWUDFWRUV� DQG� WKHUHIRUH� QHHGHG� WR� VKLIW� WKHLU� YLHZ�ZLWK� UH�
VSHFW� WR� WKH� SUHVHQWHG� YLVXDOL]DWLRQ�� &RQVHTXHQWO\�� WKH\� FRQVWDQWO\
XVHG�DOO�DYDLODEOH�RSWLRQV�IRU�FKDQJLQJ�WKH�SHUFHLYHG�VL]H�RI�WKH�UHSUH�
VHQWDWLRQ���D�VFDOH�VOLGHU�RQ�WKH�3,3��VWHSSLQJ�EDFN��DQG�ILQDOO\�KROG�
LQJ�D�VPDOOHU�UHSUHVHQWDWLRQ�DW�DUPªV�OHQJWK�

'XULQJ�WKH�GHYHORSPHQW�RI�D�G\QDPLFDO�V\VWHP��D�SDUWLFXODU�UROH�EH�
KDYLRU� HPHUJHG� UHODWLYHO\� LQGHSHQGHQW� RI� WKH� DSSOLFDWLRQ� DQG� XVHU
JURXS�� ,Q� WKH� HDUO\� VWDJHV� RI� WKH� G\QDPLFDO� V\VWHP� GHVLJQ� UH�
DGMXVWPHQWV� RI� WKH� $96�'\Q6\V�'� QHWZRUN� DUH� RIWHQ� QHFHVVDU\�
:KLOH� VRPH� RI� WKH� XVHUV� UHPDLQHG� LPPHUVHG�� WKH� $96� H[SHUW� IUH�
TXHQWO\� VDW� GRZQ� DW� WKH� ZRUNVWDWLRQ� WR� PRGLI\� WKH� $96� QHWZRUN�
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0RYLQJ�EDFN�DQG�IRUWK�EHWZHHQ�LPPHUVHG�YLHZ�DQG�WKH�VFUHHQ�EDVHG
ZRUNSODFH�ZDV�QRW�SHUFHLYHG�SUREOHPDWLF�EHFDXVH�RI� WKH� VHH�WKURXJK
FDSDELOLW\�RI�WKH�+0'��,Q�PDQ\�FDVHV�WKH�$96�ZRUNVWDWLRQ�ZDV�HYHQ
RSHUDWHG�VWDQGLQJ�ZLWK�WKH�+0'�RQ�

$V�WKH�ZRUN�SURJUHVVHG��DOO�XVHUV�WHQGHG�WR�VWD\�LPPHUVHG�DQG�VLP�
SOH�PRGLILFDWLRQV�ZHUH�PDGH� IURP� LQVLGH� WKH�9(�XVLQJ� LQWHUIDFH�HOH�
PHQWV� RQ� WKH� 3,3�� 8VHUV� UHSRUWHG� WKDW� WKH\� ZHUH� SOHDVHG� ZLWK� WKH
UDSLG�IHHGEDFN�IRU�YLVXDOL]DWLRQ�PDSSLQJ��H��J�� WKH�FUHDWLRQ�RI�D�QHZ
VWUHDPOLQH�WDNHV�����VHFRQGV��DQG�WKH�SRVVLELOLW\�WR�FRQWLQXH�LQWHUDF�
WLYH�H[SORUDWLRQ�ZKLOH�ZDLWLQJ�IRU�VXFK�IHHGEDFN�

:H�DOVR�REVHUYHG� FDVXDO� HGXFDWLRQDO� VHWWLQJV�ZLWK�RQH� WHDFKHU�DQG
PXOWLSOH� VWXGHQWV�� )UHTXHQWO\� WKH� §VWXGHQWV¨� ZHUH� UHVHDUFKHU� FRO�
OHDJXHV� WKDW�KDSSHQHG� WR�ZDON�E\�DQG� H[SUHVVHG� LQWHUHVW� LQ� WKH� RQ�
JRLQJ� YLVXDOL]DWLRQ��7KHVH� VHWWLQJV� KDYH� D� WHQGHQF\� WR� LQYROYH�PRUH
WKDQ� WZR�SHRSOH� DQG�DUH�D� YHU\� VWURQJ� DUJXPHQW� IRU� D� FROODERUDWLYH
VHWWLQJ� VXFK�DV�RXUV��7KH�PRVW� VHYHUH� OLPLWDWLRQV� LQ� WKHVH� FDVHV�DUH
XVXDOO\� KDUGZDUH�ERXQG� �UHQGHULQJ� FDSDFLW\�� QXPEHU� RI� +0'V� DQG
3,3V��IORRU�VSDFH�HWF��

:KLOH�WKH�ORZ�UHVROXWLRQ�RI�WKH�+0'V�ZDV�QRW�IRXQG�WR�EH�D�VLJQLIL�
FDQW� SUREOHP�� XVHUV� GLVOLNHG� WKH� VPDOO� YLHZLQJ� DQJOH� RI� WKH� +0'�
UHJLVWUDWLRQ�HUURUV�DQG�ODJ��7KH\�DOVR�FULWLFL]HG�WKH�DEVHQFH�RI�D�SRVL�
WLRQLQJ�PHWKRG�HTXDOO\�SUHFLVH�WR�QXPHULFDO�VSHFLILFDWLRQ�RI�SDUDPH�
WHU� YDOXHV� LQ� $96� GLDORJ� ER[HV��1HYHUWKHOHVV�� WKH� FRPPHQWV� ZH� UH�
FHLYHG�ZHUH�JHQHUDOO\�HQFRXUDJLQJ�DQG�VRPHWLPHV�HYHQ�HQWKXVLDVWLF�

�����8QUHVROYHG�SUREOHPV

,Q�WKLV�VHFWLRQ�ZH�QXPEHU�VSHFLDO�FDVHV�RU�SUREOHPV�ZKLFK�KDYH�EHHQ
HQFRXQWHUHG� GXULQJ� RXU� ZRUN� DQG� KLWKHUWR� QRW� EHHQ� VDWLVIDFWRU\
VROYHG��:H�SODQ�WR�FRQFHUQ�RXU�IXUWKHU�UHVHDUFK�ZLWK�WKHVH�WRSLFV�

�������8VHU�0LJUDWLRQ

$Q� LPSRUWDQW�DVSHFW� IRU�D�QDWXUDO� FROODERUDWLRQ� LQ� WKH�:RUNVSDFH� LV
XVHU�PLJUDWLRQ�LQWR�DQG�RXW�RI�WKH�HQYLURQPHQW��,W�VKRXOG�EH�SRVVLEOH
IRU�D�XVHU�WR�FRPSOHWHO\� OHDYH� WKH�HQYLURQPHQW�DQG� IRU�QHZ�XVHUV� WR
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MRLQ� LW�� 6RPH� DSSOLFDWLRQV� �HVSHFLDOO\�08$V��PD\� QHHG� WR� UHFRJQL]H
WKHVH�FKDQJHV��1RW�RQO\�KDV�WKH�XVHU�FRQWH[W�WR�EH�HVWDEOLVKHG�RU�UH�
PRYHG�� WKH� WLPH�ZKHQ� WKLV�KDSSHQV�PD\� EH� FUXFLDO�� 7KH� LQLWLDO�3,3
VWDWH�RI�D�XVHU�ZKLFK�MRLQV�DQ�DSSOLFDWLRQ�PD\�EH�FRQVLGHUDEO\�GLIIHU�
HQW�IURP�WKH�RQH�DW�WKH�VWDUW�RI�WKLV�DSSOLFDWLRQ��7KH�QHFHVVDU\�PHV�
VDJH�VWUXFWXUH�LV�JRLQJ�WR�EH�LQWHJUDWHG�LQ�IXWXUH�UHOHDVHV�RI�WKH�PHV�
VDJH�PDQDJHU��VHFWLRQ������

�������$FFHVV�5LJKWV�DQG�9LVLELOLW\�/D\HUV

8VHU�GHSHQGHQW� DFFHVV� ULJKWV� IRU� YLVLELOLW\� DQG� LQWHUDFWLRQ� PDNH
VHQVH�LQ�DSSOLFDWLRQV�ZKHUH�DQ� LQKHUHQWO\�DV\PPHWULFDO�UHODWLRQVKLS
H[LVW��DV�GLVFXVVHG�LQ�WKH�FDVH�VWXG\�§HGXFDWLRQDO�GHPRQVWUDWLRQ¨�

$W� WKH�PRPHQW�PXWXDO� H[FOXVLRQ�PHFKDQLVPV�DUH� RQO\� LQFOXGHG�DV
PHDQV�RI�ORZHVW�OHYHO�FRQIOLFW�UHVROYHPHQW��7KHUH�H[LVWV�QR�FRQVLVWHQW�
JOREDO�V\VWHP�PHFKDQLVP�WR�PDUN�D�ZLQGRZ�RU�3,3�VKHHW�DV�SULYDWH
RU�WR�GLVSOD\�GDWD�RQO\�IRU�D�VHOHFWHG�VXEVHW�RI�XVHUV�

7KHLU� LPSOHPHQWDWLRQ� YLD� GLIIHUHQW� OD\HUV� >6]DODYiUL����E@� LV� DO�
UHDG\�LQ�WKH�ILQDO�LPSOHPHQWDWLRQ�VWDJH�DQG�LV�JRLQJ�WR�EH�LQFOXGHG�LQ
RXU�QH[W�UHOHDVH�

�������6FDODELOLW\

0RVW� RI� WKH� GHVFULEHG� UHVXOWV� KDYH� EHHQ� REWDLQHG� XVLQJ� D� VLQJOH�
FRPSXWHU� YHUVLRQ� RI�6WXGLHUVWXEH�� $OO� JUDSKLF� RXWSXW� KDV� EHHQ� UHQ�
GHUHG�RQ�D�VLQJOH�V\VWHP��D�6*,�,QGLJR��0D[LPXP�,PSDFW�ZLWK�0XOWL�
&KDQQHO�2SWLRQ��7R�PDNH�RXU�V\VWHP�UHDOO\�VFDODEOH�¥�VXSSRUWLQJ�DQ
DUELWUDU\�QXPEHU�RI�XVHUV�¥�ZH�QHHG�D�PHFKDQLVP�ZKLFK�DOORZV�XV�WR
GLVWULEXWH�WKH�6WXGLHUVWXEH�IXQFWLRQDOLW\�RYHU�D�FOXVWHU�RI�FRPSXWHUV�

$GGLQJ�DQRWKHU�XVHU�ZRXOG� WKHQ�EH�SRVVLEOH�RQ�D�PRGXODU�EDVLV�� ,W
ZRXOG�RQO\�LQYROYH�FRQQHFWLQJ�DQRWKHU�ZRUNVWDWLRQ�+0'�WUDFNHU�XQLW
WR�WKH�FOXVWHU�

:H�KDYH�DOUHDG\�VKRZQ�KRZ�WKLV�FDQ�EH�GRQH�RQ�WKH�ORZHVW�FRPPRQ
OHYHO�E\�GLVWULEXWLQJ�WKH�2SHQ�,QYHQWRU�GDWDEDVH�V\QFKURQL]HG�RYHU�D
FRXSOH� RI� FRPSXWHUV� >+HVLQD����@�� )LJXUH� ��� VKRZV� WKDW� RQO\� VOLJKW
FKDQJHV� WR� WKH� FRQFHSW� LQ� )LJXUH� ��� KDG� WR� EH�PDGH� WR� DFFRPSOLVK
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WKLV��(VVHQWLDOO\� WKH�2SHQ� ,QYHQWRU� LQWHUQDO� QRWLILFDWLRQ�PHFKDQLVP
LV�XVHG� � WR�QRWLI\� WKH�QHWZRUN� OD\HU� IURP�FKDQJHV� LQ� WKH� VFHQHJUDSK
DQG�WR�GLVWULEXWH�WKHVH�WR�RWKHU�QRGHV�RI�WKH�FOXVWHU�

-$9$ $96

VRFNHWV

SS�

0DQDJHU

SS�

0DK�

RQJJ

SS�

LQWHUIDFH

SS�

LQWHUIDFH

UHVRXUFH

PDQDJHU

�'�ZLQGRZ

V\VWHP

�'�HYHQW�KDQGOLQJ

GHYLFH�,�2

VQDSSLQJ

	

OD\HUV

GLVWULEXWHG�,QYHQWRU

2SHQ�,QYHQWRU

UHOLDEOH�PXOWLFDVW

+28&20��3$/

8'3��7&3

DSSOLFDWLRQ

OD\HU

NHUQHO

OD\HU

WE$3,

QHWZRUN

KDUGZDUH

JUDSKLFV

KDUGZDUH

)LJXUH�����'LVWULEXWHG�6WXGLHUVWXEH�DUFKLWHFWXUH�VFKHPDWLF

7KLV�VROXWLRQ�RI�FRXUVH�GLVWULEXWHV�DOO�FKDQJHV�WR�WKH�VFHQHJUDSK�DQG
PD\� OHDG� WR� FRQVLGHUDEOH� QHWZRUN� ORDGV�� $Q� HIILFLHQW� GLVWULEXWLRQ� RI
6WXGLHUVWXEH� ZRXOG� KDYH� WR� LQFOXGH� D� PHFKDQLVP� WR� GLVWULEXWH� QRW
RQO\�JUDSKLF�GDWD�EXW�DOVR�SDUWV�RI�WKH�DSSOLFDWLRQV�OLNH�-$9$�DSSOHWV
WR�UHGXFH�WKH�QHWZRUN�ORDG�DQG�WKH�FDOFXODWLRQ�ORDG�RQ�WKH�FRPSXWHU
DFWLQJ�DV�PDVWHU�
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���&RQFOXVLRQ

7KH�VXEMHFW�RI�WKLV�WKHVLV�LV�D�VKDUHG�YLUWXDO�HQYLURQPHQW�IRU�VFLHQWLILF
YLVXDOL]DWLRQ��:H� SUHVHQWHG�6WXGLHUVWXEH�� D� PXOWL�XVHU� HQYLURQPHQW
HPSOR\LQJ�DXJPHQWHG�UHDOLW\�¥�WKH�FRPSRVLWLRQ�RI� WKH�UHDO�VXUURXQG�
LQJV�ZLWK�FRPSXWHU�JHQHUDWHG�LPDJHV�¥�WR�DOORZ�WKH�WLJKW�FRRSHUDWLRQ
RI� XVHUV� LQ� D� VKDUHG� HQYLURQPHQW� RI� FRPSOHWHO\� YLUWXDO� REMHFWV� DQG
UHDO�REMHFWV�HQKDQFHG�E\�YLUWXDO�DXJPHQWDWLRQV�

2XU�JRDO�ZDV�D�FROODERUDWLYH�ZRUN�HQYLURQPHQW� IRU�VFLHQWLILF�YLVXDO
YLVXDOL]DWLRQ�DQG� RWKHU�DSSOLFDWLRQV�KHDYLO\�XWLOL]LQJ� FRPSOH[� WKUHH�
GLPHQVLRQDO� JUDSKLFV� DQG� LQWHUDFWLRQ� WHFKQLTXHV�� 7KH� H[LVWLQJ� LP�
SOHPHQWDWLRQ�RI�WKH�6WXGLHUVWXEH�FRQFHSW�KDV�DOUHDG\�SURYHQ�RXU�FRQ�
FHSW� WR�EH�DSSOLFDEOH� LQ�PDQ\�GLIIHUHQW�DUHDV� LQFOXGLQJ�YLVXDOL]DWLRQ
RI�G\QDPLFDO�V\VWHPV��PHGLFDO�YLVXDOL]DWLRQ�� IORZ�YLVXDOL]DWLRQ��FRP�
SXWHU�DLGHG�GHVLJQ�DQG�LQ�WKH�GHYHORSPHQW�DQG�WHVWLQJ�RI�QRYHO�XVHU
LQWHUIDFH�WHFKQLTXHV�

:KLOH�WKHVH�UHVXOWV�DUH�HQFRXUDJLQJ��VWLOO�PXFK�UHPDLQV�WR�EH�GRQH�
7KH�SUREOHPV�GLVFXVVHG�LQ�VHFWLRQ������RQO\�FRQVWLWXWH�D�VPDOO�VHOHF�
WLRQ�RI� WKH�WRSLFV� IRU� IXWXUH�UHVHDUFK�ZKLFK�RFFXUHG� WR�XV�GXULQJ�RXU
ZRUN��(VVHQWLDOO\�WKH\�DUH�RI�D�SXUHO\�WHFKQLFDO�QDWXUH�DQG�DUH�ZLWK�
RXW� GRXEW� JRLQJ� WR� EH� VROYHG�� %XW� RWKHU� SUREOHPV� UHPDLQ�� VRPH� RI
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>3HWURY����@ 9�� 3HWURY�� 6�� 6FRWW��.�� 6KRZDOWHU��0L[HG�PRGH� RVFLOODWLRQV� LQ� FKHPLFDO

V\VWHPV�� -RXUQDO� RI� &KHPLFDO� 3K\VLFV�� 9RO�� ���� 1R�� ��� SS�� ����������
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>6FKPDOVWLHJ����@ '��6FKPDOVWLHJ��$��)XKUPDQQ��=��6]DODYDUL��0��*HUYDXW]��6WXGLHUVWXEH��
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6SHFLILFDWLRQ��$GGLVRQ�:HVOH\�������
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IRU� $XJPHQWHG�5HDOLW\� 6\VWHPV�� UHDOL]LQJ� 8OWUDVRXQG�*XLGHG� 1HHGOH

%LRSVLHV��3URFHHGLQJV�RI�6,**5$3+�����$QQXDO�&RQIHUHQFH�6HULHV������
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$XJPHQWHG� 5HDOLW\�� 3URF�� RI� 9567
���� 7DLSHL�� 7DLZDQ�� SS���������
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3URFHHGLQJV�6,**5$3+�������SDJHV����¥����������
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9LUWXDO� 5HDOLW\� ZLWK� �'� $QLPDWLRQ�� 6SRNHQ� ,QWHUDFWLRQ� DQG� 5XQWLPH

([WHQGDELOLW\��3UHVHQFH���������������������
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�����3URFHHGLQJV����������SDJHV�������-XO\������
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