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$EVWUDFW��8VH� RI� GLVWULEXWHG� V\VWHPV� LV� VSUHDGLQJ� DQG� UHOHYDQW� DSSOLFDWLRQV�
EHFRPH� PRUH� GHPDQGLQJ�� 7R� DFKLHYH� WKH� GHVLUDEOH� OHYHO� RI� LQWHJUDWLRQ� RI�
GLVWULEXWHG�V\VWHP�FRPSRQHQWV��H[SHULHQFH�IURP�GLIIHUHQW�NQRZOHGJH�GRPDLQV�
PXVW� EH� FRPELQHG� UHVXOWLQJ� LQ� PHWKRGV� DQG� WHFKQLTXHV� RI� LQFUHDVLQJ�
FRPSOH[LW\�� ([SHUW� 6\VWHPV� PD\� FRQWULEXWH� WR� UHVROYLQJ� VXFK� SUREOHPV�� DV�
PRVW�GLVWULEXWHG�V\VWHP�GHVLJQHUV�XVH�HPSLULFDO�UXOHV��UXOHV�RI�WKXPE��ZKLFK�
FDQ� EH� UHSUHVHQWHG� DQG� H[SORLWHG� E\� V\PEROLF� FDOFXOXV�� :H� SUHVHQW� DQ�
,QWHOOLJHQW� 'LVWULEXWHG� 6\VWHP�'HVLJQ� WRRO�� ZKLFK� IDFLOLWDWHV� WKH� GHVLJQ� DQG�
HYDOXDWLRQ� RI� GLVWULEXWHG� V\VWHPV� DUFKLWHFWXUHV� PDNLQJ� H[WHQVLYH� XVH� RI�
DUWLILFLDO� LQWHOOLJHQFH� PHWKRGRORJLHV�� PDLQO\� DGGUHVVLQJ� WKH� LVVXH� RI�
FRQILJXULQJ�GLVWULEXWHG�DSSOLFDWLRQV��

�
.H\ZRUGV�� .QRZOHGJH� 5HSUHVHQWDWLRQ�� .QRZOHGJH� ([SORLWDWLRQ�� 'LVWULEXWHG�
$SSOLFDWLRQ�&RQILJXUDWLRQ�

�

���,QWURGXFWLRQ�

'LVWULEXWHG� V\VWHPV� �'6V�� FDQ� EH� GHVFULEHG� DV� VHWV� RI� GLVFUHWH� FRPSRQHQWV�� VXFK� DV�
DSSOLFDWLRQV��ILOHV��SURFHVVLQJ�QRGHV�DQG�FRPSXWHU�QHWZRUNV��7KHVH�DUH�ERXQG�WRJHWKHU�
WR�LQWHUDFW�DQG�FROODERUDWH�WR�DFKLHYH�DQ�RYHUDOO�REMHFWLYH��$SSOLFDWLRQV�RSHUDWLQJ�LQ�D�
GLVWULEXWHG�HQYLURQPHQW�DUH�JHQHUDOO\�FDOOHG�GLVWULEXWHG�DSSOLFDWLRQV��0RVW�DUH�EDVHG�RQ�
WKH�FOLHQW�VHUYHU�PRGHO�DQG�LWV�H[WHQVLRQV��VXFK�DV�WKH�WZR�WLHU��WKUHH�WLHU�DQG�PXOWL�WLHU�
PRGHOV�GLVFXVVHG�LQ�>�@��'LVWULEXWHG�DSSOLFDWLRQV�DQG�WKH�QHWZRUN�LQIUDVWUXFWXUH�IRUP�D�
GLVWULEXWHG� V\VWHP� �>�@���0RVW� FRPPHUFLDO� LQIRUPDWLRQ� V\VWHPV�� VXFK� DV� EDQNLQJ� DQG�
IOLJKW� FRQWURO� V\VWHPV�� H�PDLO� DQG�:::�DSSOLFDWLRQV�� GLVWDQW� OHDUQLQJ� HQYLURQPHQWV�
DQG� ZRUNIORZ� PDQDJHPHQW� V\VWHPV� IDOO� LQ� WKLV� FDWHJRU\�� 'HYHORSPHQW� RI� VWDQGDUGV��
VXFK� DV� &25%$�� DOORZLQJ� WKH� LQWHUDFWLRQ� EHWZHHQ� KHWHURJHQHRXV�� DXWRQRPRXV�
DSSOLFDWLRQV��DQG�RI�SURJUDPPLQJ�ODQJXDJHV��VXFK�DV�-DYD��SURYLGLQJ�QDWLYH�GLVWULEXWHG�
SURJUDPPLQJ� VXSSRUW�� HVWDEOLVK� D� ZHOO�GHILQHG� SODWIRUP� IRU� GLVWULEXWHG� DSSOLFDWLRQ�
GHYHORSPHQW��



7KH�HIILFLHQW�FRQILJXUDWLRQ�RI�'6�HQYLURQPHQWV�LV�EDVHG�RQ�WKH�VXFFHVVIXO�FRPELQDWLRQ�
RI�HOHPHQWDU\�FRPSRQHQWV��DOVR�IDFLQJ�WKH�LQWHUQDO�FRPSOH[LW\�RI�WKHVH�FRPSRQHQWV��,W�
UHTXLUHV�WKH�FRPSOHWH�DQG�DFFXUDWH�GHVFULSWLRQ�RI�XVHU�VSHFLILFDWLRQV�DQG�WKH�LQWHJUDWLRQ�
RI�NQRZOHGJH�IURP�GLIIHUHQW�DUHDV��$PRQJ�RWKHU�IDFWRUV��WKH�ODUJH�QXPEHU�RI�SRVVLEOH�
DUFKLWHFWXUDO� VROXWLRQV� DQG� WKH� YDULHW\� RI� GLVWULEXWHG� DSSOLFDWLRQV� LPSRVH� WKH�
GHYHORSPHQW� RI� VRIWZDUH� WRROV� DLPLQJ� DW� DVVLVWLQJ� H[SHUWV� GXULQJ� WKH� FRQVWUXFWLRQ��
PRGLILFDWLRQ�RU�SHUIRUPDQFH�HYDOXDWLRQ�RI�GLVWULEXWHG�V\VWHPV��>�@�>�@���

7UDGLWLRQDO�PHWKRGV��VXFK�DV�VLPXODWLRQ��KDYH�H[WHQVLYHO\�EHHQ�XVHG�IRU�WKH�GHVLJQ�DQG�
SHUIRUPDQFH� HYDOXDWLRQ� RI� GLVWULEXWHG� V\VWHPV� DQG� QHWZRUNV�� 6LPXODWLRQ� WRROV� RIWHQ�
H[SORUH�GDWD�DQG�UHVRXUFH�DOORFDWLRQ�SUREOHPV�XVLQJ�PDWKHPDWLFDO�PRGHOV��VLPXODWLRQ�
WHFKQLTXHV�RU��PRUH�RIWHQ��D�FRPELQDWLRQ�RI�ERWK��0RVW�WRROV�DLP�DW�DOORZLQJ�H[SHUWV�WR�
LQYHVWLJDWH� WKH�EHKDYLRXU�RI�SUHGHILQHG�DOJRULWKPV�IRU�WKH�SODFHPHQW�RI�UHVRXUFHV�DQG�
SURFHVVHV�RU�HVWLPDWLQJ�WKH�SHUIRUPDQFH�FKDUDFWHULVWLFV�RI�D�JLYHQ�QHWZRUN�DUFKLWHFWXUH��
SHUIRUPLQJ� D� ³ZKDW�LI´� DQDO\VLV�� 7KH\� GR� QRW� PDNH� VXJJHVWLRQV� IRU� WKH� GHVLJQ� RU�
UHGHVLJQ�RI�WKH�V\VWHP�DUFKLWHFWXUH���

:KHQ� GHVLJQLQJ� FRPSOH[� V\VWHPV�� H[SHUWV� UHO\� PRUH� RQ� H[SHULHQFH� WKDQ� RQ� WKHRU\�
EDVHG� FDOFXODWLRQV� �>�@�� >�@��� 6HYHUDO� DSSURDFKHV� WR� VROYH� DSSOLFDWLRQ� SODFHPHQW� DQG�
QHWZRUN� FRQILJXUDWLRQ� SUREOHPV� DSSHDU� LQ� WKH� OLWHUDWXUH�� 7KHVH� DSSURDFKHV� GHDO�ZLWK�
VXESUREOHPV�RI�OLPLWHG�VFRSH�DQG��LQ�PRVW�FDVHV��DUH�QRW�DSSOLFDEOH�LQ�SUDFWLFH��,QVWHDG��
'6�GHVLJQHUV�DUH�GULYHQ�E\�H[SHULPHQWDO�UXOHV�RI�WKXPE�WKDW�FDQ�HDVLO\�EH�UHSUHVHQWHG�
E\� UXOH�EDVHG� V\VWHPV�� 0RUHRYHU�� WKH� GLVWULEXWHG� V\VWHP� FRQILJXUDWLRQ� SUREOHP�
UHTXLUHV� VROYLQJ� VHYHUDO� LQWHUUHODWHG� LVVXHV�� WKDW� D� KHXULVWLF� DSSURDFK� FDQ� PDQDJH�
HIILFLHQWO\�� ,VVXHV�� DV�SURFHVV� DQG� ILOH� DOORFDWLRQ��SURYHG� WR�EH�13�FRPSOHWH��'HDOLQJ�
ZLWK�VXFK�SUREOHPV�UHTXLUHV�PHWKRGV�WKDW�DUH�PRUH�KHXULVWLF�WKDQ�DOJRULWKPLF�LQ�QDWXUH���

5HVHDUFK�LQ�WKH�H[SHUW�V\VWHP�GRPDLQ�KDV�RIWHQ�FRQFHQWUDWHG�RQ�WKH�UHSUHVHQWDWLRQ�DQG�
PDQLSXODWLRQ� RI� KHXULVWLF� NQRZOHGJH� DQG� LWV� XVH� LQ� GHFLVLRQ� PDNLQJ�� $UWLILFLDO�
LQWHOOLJHQW� PHWKRGV� DUH� ZLGHO\� DSSOLHG� IRU� WKH� HIIHFWLYH� H[SORUDWLRQ� RI� QHWZRUN�
FRQILJXUDWLRQ�SUREOHPV��>�@��>�@���0RVW�DUH�EXLOW� WR�H[SORUH�VSHFLILF�GHVLJQ�LVVXHV�DQG�
DSSHDU� WR� KDYH� LQKHULWHG� WKH� W\SLFDO� ZHDNQHVVHV� RI� H[SHUW� V\VWHPV� �LQHIILFLHQF\� WR�
H[SORLW�ODUJH�NQRZOHGJH�EDVHV��LQWHJUDWLRQ�ZLWK�RWKHU�V\VWHPV��HWF���(YHQ�WKRXJK��VRPH�
WRROV�LQFOXGH�D�VSHFLDO�PRGXOH�IRU�YDOLGDWLQJ�WKH�SURSRVHG�VROXWLRQ�DQG�JXDUDQWHH�WKDW�
WKH�JHQHUDWHG�DUFKLWHFWXUH� LV�FRUUHFW� LQ� WHUPV�RI�FRPSDWLELOLW\�� WKH\�IDLO� WR�HQVXUH� WKDW�
WKLV�LV�WKH�PRVW�HIILFLHQW�VROXWLRQ��VLQFH�WKH\�GR�QRW�VXSSRUW�SHUIRUPDQFH�HYDOXDWLRQ�RI�
WKH�SURSRVHG�VROXWLRQV��'LVFUHWH�HYHQW�VLPXODWLRQ�KDV�SURYHG�WR�EH�DQ�HIILFLHQW�DLG�IRU�
HVWLPDWLQJ�SHUIRUPDQFH�FKDUDFWHULVWLFV�RI�GLVWULEXWHG�V\VWHPV�DQG�QHWZRUNV� �>�@�� >��@��
>��@����

7KH� UHVHDUFK� SUHVHQWHG� LQ� WKLV� SDSHU� LV� RULHQWHG� WRZDUGV� WKH� FRQVWUXFWLRQ� RI� WKH�
,QWHOOLJHQW�'LVWULEXWHG�6\VWHP�'HVLJQ�WRRO��DEEUHYLDWHG�WR�,',6��,',6�PDNHV�H[WHQVLYH�
XVH� RI�$,� WHFKQLTXHV� DQG� SURSRVH� DOWHUQDWLYHV� IRU� WKH� GLVWULEXWHG� V\VWHP� DUFKLWHFWXUH�
DFFRUGLQJ� WR� WKH� VSHFLILFDWLRQV� SURYLGHG� E\� WKH� XVHU� DQG� WKH� FXUUHQWO\� DYDLODEOH�
WHFKQRORJ\�� ,WV� FRQWULEXWLRQ� LQYROYHV� WKH� HPSOR\PHQW�RI�NQRZOHGJH�EDVHG� WHFKQLTXHV�
IRU� WKH� FRQILJXUDWLRQ� RI� GLVWULEXWHG� DSSOLFDWLRQV� DQG� WKH� GHVFULSWLRQ� RI� SUREOHPV�
HQFRXQWHUHG�DQG�WKH�VROXWLRQV�SURSRVHG��$�VLPXODWLRQ�PRGXOH�LV�LQFRUSRUDWHG�LQWR�,',6�



HQYLURQPHQW�� LQ� RUGHU� WR� IDFLOLWDWH� WKH� SHUIRUPDQFH� HYDOXDWLRQ� RI� WKH� SURSRVHG�
GLVWULEXWHG�DUFKLWHFWXUH�DQG�WR�JXDUDQWHH�WKH�VDWLVIDFWLRQ�RI�DOO�XVHU�UHTXLUHPHQWV��

7KH� UHVW� RI� WKH� SDSHU� LV� RUJDQLVHG� DV� IROORZV�� ,Q� VHFWLRQ� �� WKH� GLVWULEXWHG� V\VWHP�
FRQILJXUDWLRQ� SUREOHP� LV� GLVFXVVHG�� ,Q� VHFWLRQ� �� ,',6� DUFKLWHFWXUH� LV� GHVFULEHG�� ,Q�
VHFWLRQ� ��� ZH� GLVFXVV� NQRZOHGJH� UHSUHVHQWDWLRQ� LVVXHV� LQ� WKH� FRQWH[W� RI� GLVWULEXWHG�
V\VWHP� GHVLJQ� DQG� WKH� WHFKQLTXHV� DGRSWHG� IRU� UHGXFLQJ� WKH� FRPSOH[LW\� RI� WKH�
LQIHUHQFLQJ�SURFHVV��&RQFOXVLRQV�UHVLGH�LQ�VHFWLRQ�����

���&RQILJXULQJ�'LVWULEXWHG�6\VWHP��

'LVWULEXWHG� V\VWHPV� DUH� YLHZHG� DV� D� FRPELQDWLRQ� RI� WZR� GLVFUHWH� FRPSRQHQWV�� WKH�
GLVWULEXWHG� DSSOLFDWLRQV� WR� EH� VXSSRUWHG� DQG� WKH� XQGHUO\LQJ� QHWZRUN� SODWIRUP��%RWK�
DSSOLFDWLRQ� IXQFWLRQDOLW\� DQG� DSSOLFDWLRQ� UHTXLUHPHQWV� IURP� WKH� VXSSRUWLQJ� QHWZRUN�
PXVW�EH� LQ�GHSWK�PRGHOOHG�DQG�DQDO\VHG� IRU� WKH�FRQVWUXFWLRQ�RI�D�GLVWULEXWHG�V\VWHP�
�>��@����

7KH�FRQILJXUDWLRQ�RI�GLVWULEXWHG�V\VWHPV�LV�SHUIRUPHG�EDVHG�RQ�WKH�FOLHQW�VHUYHU�PRGHO��
HLWKHU�WZR�WLHUHG�RU�PXOWL�WLHUHG��6\VWHPV�EDVHG�XSRQ�WKLV�DUFKLWHFWXUH�XVXDOO\�H[WHQG�WR�
PXOWLSOH�VLWHV�DQG�XVH�D�YDULHW\�RI�ORFDO�DQG�ZLGH�DUHD�QHWZRUNV��+DUGZDUH�DUFKLWHFWXUH�
LV�EDVHG�WR�WKH�ZRUNVWDWLRQ�VHUYHU�PRGHO��8VHUV�KDYH�WKHLU�RZQ�ZRUNVWDWLRQ��GLVNOHVV�RU�
QRW��IRU�H[HFXWLQJ�FOLHQW�SURFHVVHV��6HUYHU�SURFHVVHV�DUH�H[HFXWHG�RQ�GHGLFDWHG�VHUYHUV��
$OO�GDWD�XVHG�E\�DSSOLFDWLRQV�DUH�DFFHVVHG�WKURXJK�)LOH�6HUYHUV��

7KH�QHWZRUN�LQIUDVWUXFWXUH�FRQVLVWV�RI�ORFDO�QHWZRUNV�LQWHUFRQQHFWHG�YLD�ORFDO�DQG�ZLGH�
DUHD� LQWHUQHWZRUNV�� 1HWZRUNV� DQG� LQWHUQHWZRUNV� DUH� UHSUHVHQWHG� WKURXJK� WKH�
FRUUHVSRQGLQJ� SURWRFRO� VWDFNV�� ZKLFK� DUH� GHVFULEHG� DFFRUGLQJ� WR� WKH� ,62�� 26,�
UHIHUHQFH� PRGHO�� $OO� SURWRFROV� VHOHFWHG� DUH� GH� \XUH� DQG� GH� IDFWR� VWDQGDUGV� DQG�
FRQVLGHUHG�WR�IXOILOO�FXUUHQW�DQG�IXWXUH�FRPPXQLFDWLRQ�QHHGV���

:LWKLQ� ,',6� IUDPHZRUN�� ERWK� GLVWULEXWHG� DSSOLFDWLRQV� DQG� QHWZRUN� LQIUDVWUXFWXUH�
HQWLWLHV� DUH� GHVFULEHG� E\� HOHPHQWDU\� FRPSRQHQWV� �>�@��� 7KH� QHWZRUN� LQIUDVWUXFWXUH�
FRQVLVWV� RI� QRGHV�� HLWKHU� SURFHVVLQJ� RU� UHOD\�� VWRUDJH� GHYLFHV� DQG� FRPPXQLFDWLRQ�
HOHPHQWV�� &RPPXQLFDWLRQ� HOHPHQWV� UHSUHVHQW� QHWZRUNV� DQG� WKH� SURWRFRO� VWDFNV�
VXSSRUWHG� E\� WKH� FRUUHVSRQGLQJ� QRGHV�� )RU� DSSOLFDWLRQ� GHVFULSWLRQ�� WZR� HOHPHQWDU\�
FRPSRQHQWV�DUH�LQWURGXFHG��SURFHVVHV��FOLHQWV��VHUYHUV��DQG�ILOHV��DFFHVVHG�WKURXJK�)LOH�
6HUYHUV��8VHUV�DUH�GHVFULEHG�WKURXJK�XVHU�SURILOHV��$�W\SLFDO�'6�DUFKLWHFWXUH�GHVFULEHG�
LQ�WHUPV�RI�WKH�HOHPHQWDU\�FRPSRQHQWV�PHQWLRQHG�DERYH�LV�GHSLFWHG�LQ�ILJXUH����

'LVWULEXWHG�DUFKLWHFWXUH�SURSRVDOV�VKRXOG�EH�RULHQWHG�WRZDUGV��

x� SODFHPHQW�RI� VHUYHU�SURFHVVHV�DQG�GDWD�RSHUDWLQJ� LQ� WKH�GLVWULEXWHG�HQYLURQPHQW�
WR�PLQLPLVH�QHWZRUN�WUDIILF�DQG�HQVXUH�WKH�HIILFLHQW�RSHUDWLRQ�RI�WKH�'6�

x� GHVLJQ� RI� WKH� QHWZRUN� LQIUDVWUXFWXUH� �QHWZRUN� WRSRORJ\�� WR� VDWLVI\� WKH�
UHTXLUHPHQWV�LPSRVHG�E\�GLVWULEXWHG�DSSOLFDWLRQV�

7R�HIIHFWLYHO\�GHWHUPLQH�'6�DUFKLWHFWXUH��WKH�FRPSOHWH�DQG�DFFXUDWH�GHVFULSWLRQ�RI�WKH�
VXSSRUWHG�DSSOLFDWLRQV�PXVW�EH�HQVXUHG��)XUWKHUPRUH��RQH�VKRXOG�KDYH�WKH�RSSRUWXQLW\�



WR� HYDOXDWH� WKH� SHUIRUPDQFH� RI� WKH� SURSRVHG� VROXWLRQV� DQG� UHFRQILJXUH� WKH� '6�
DUFKLWHFWXUH�LI�XVHU�UHTXLUHPHQWV�DUH�QRW�IXOILOOHG��

�

)LJXUH����$�7\SLFDO�'6�&RQILJXUDWLRQ�

,',6� SURYLGHV� D� VHPL�DXWRPDWHG� HQYLURQPHQW�� JXLGLQJ� WKH� XVHU� WKURXJKRXW� WKH�
FRQILJXUDWLRQ� RI� GLVWULEXWHG� DSSOLFDWLRQV�� ZKLFK� LV� DFFRPSOLVKHG� LQ� WKH� IROORZLQJ�
VWHSV���

x� IXQFWLRQDO�WRSRORJ\�GHILQLWLRQ�

x� ORJLFDO�WRSRORJ\�GHILQLWLRQ��

x� SK\VLFDO�WRSRORJ\�GHILQLWLRQ�

����� )XQFWLRQDO�7RSRORJ\�

)XQFWLRQDO� WRSRORJ\� GHILQLWLRQ� FRQFHUQV� WKH� IXQFWLRQDOLW\� RI� WKH� V\VWHP��'LVWULEXWHG�
DSSOLFDWLRQV�DUH�GHILQHG� LQ� WHUPV�RI� WKHLU�RSHUDWLRQ�DQG�LQWHUDFWLRQ�ZLWK� WKH�QHWZRUN�
LQIUDVWUXFWXUH��$W�WKLV�VWDJH��WKH�XVHU�GHILQHV�DSSOLFDWLRQV�ZLWKRXW�V\VWHP�LQWHUIHUHQFH��
EHLQJ� UHVSRQVLEOH� IRU� WKH� FRPSOHWH� GHVFULSWLRQ� RI� DSSOLFDWLRQV�� ZKLOH� ,',6� LV�
UHVSRQVLEOH�IRU� WHVWLQJ� WKH�FRUUHFWQHVV�RI� WKLV�GHVFULSWLRQ��$SSOLFDWLRQV�DUH�GHVFULEHG�
DV�VHWV�RI�LQWHUDFWLQJ�SURFHVVHV�DFWLYDWHG�E\�XVHU�SURILOHV��0RUH�DERXW�WKH�DSSOLFDWLRQ�
UHSUHVHQWDWLRQ� VFKHPH� LV� LQFOXGHG� LQ� >��@�� 7KH� ILOHV� XVHG� E\� DOO� SURFHVVHV� DUH� DOVR�
VSHFLILHG��7KHUH�DUH�WZR�NLQG�RI�ILOHV��GDWD�ILOHV�DQG�FRGH�ILOHV��

:KLOH� LQWHUDFWLQJ� ZLWK� WKH� RSHUDWRU�� DFFHVV� SRLQWV� RI� WKH� '6� FDOOHG� ORFDWLRQV��
GLVWULEXWHG� DSSOLFDWLRQV� DQG� WKHLU� IXQFWLRQDOLW\� DQG� XVHU� SURILOHV� DUH� VSHFLILHG�� 7KH�
RSHUDWRU� DOVR� SURYLGHV� FRQWURO� LQIRUPDWLRQ� FRQFHUQLQJ� VSHFLILF� FRQGLWLRQV� IRU� WKH�

/$1 /$1

/$1

/$1

:$13URFHVVLQJ�1RGH

5HOD\�1RGH

&OLHQW�3URFHVV

6HUYHU�3URFHVV

)LOH�6HUYHU�3URFHVV

6WRUDJH�'HYLFH



SHUIRUPDQFH� HYDOXDWLRQ� RI� WKH� SURSRVHG� V\VWHP�� 'HILQLWLRQ� RI� ORFDWLRQV� DV� ZHOO� DV�
VSHFLILFDWLRQ� RI� WKHLU� VL]H� LV�SHUIRUPHG�ZLWK� UHVSHFW� WR� WKH�XVHU
V� YLHZ��/RFDWLRQV� DUH�
FRQILJXUDEOH�DQG�FDQ�EH�HLWKHU�GLIIHUHQW�IORRUV�LQ�D�EXLOGLQJ��GLIIHUHQW�EXLOGLQJV�LQ�WKH�
VDPH� DUHD�� GLIIHUHQW� DUHDV�� RU� HYHQ� D� FRPELQDWLRQ� RI� WKH� DERYH�� ,I�� IRU� H[DPSOH�� ZH�
GHVFULEH� WKH� VDOHV� GDWDEDVH� RI� D� VPDOO� ILUP�� ORFDWLRQV�ZRXOG�PRVW� OLNHO\� EH� GLIIHUHQW�
IORRUV�FRUUHVSRQGLQJ�WR�GLIIHUHQW�GHSDUWPHQWV�LQ�WKH�ILUP��,I�WKH�LQIRUPDWLRQ�V\VWHP�RI�
DQ�LQGXVWULDO�FRPSOH[�LV�GHVFULEHG��ORFDWLRQV�FRXOG�EH�IORRUV�LQ�WKH�FRUSRUDWH�EXLOGLQJ��
EXLOGLQJV�LQ�WKH�FRUSRUDWH�SDUN�RU�UHPRWH�EUDQFK�RIILFHV�DW�GLIIHUHQW�FLWLHV��DV�VKRZQ�LQ�
ILJXUH� ���7KH� ORFDWLRQ� HQWLW\� FDQ� EH� UHILQHG� LQWR�PRUH� HOHPHQWDU\�RQHV�� DOORZLQJ� WKH�
XVHU�WR�DGMXVW�WKH�GHVFULSWLRQ�RI�WKH�V\VWHP�DFFRUGLQJ�WR�WKH�DSSOLFDWLRQ�VFDOH��7KLV�DOVR�
DSSOLHV� WR�RWKHU�PDLQ�HQWLWLHV�� VXFK�DV�QHWZRUNV�DQG�LQWHUQHWZRUNV��ZKLFK�DUH�GHILQHG�
GXULQJ�SK\VLFDO�WRSRORJ\�FRQVWUXFWLRQ���

)LJXUH����3URJUHVVLYH�5HILQHPHQW�RI�/RFDWLRQ�'HILQLWLRQ��

����� /RJLFDO�7RSRORJ\�

/RJLFDO� WRSRORJ\�GHILQLWLRQ�HQVXUHV�SURYLGLQJ� WKH�UHTXLUHG�IXQFWLRQDOLW\��$SSOLFDWLRQV�
UHTXLUHPHQWV�IURP�WKH�QHWZRUN�LQIUDVWUXFWXUH�DUH�GHVFULEHG�E\�SDUDPHWHUV��VXFK�DV�WKH�
QHFHVVDU\�WKURXJKSXW��WKH�DSSOLFDWLRQ�W\SH��EDWFK�RU�LQWHUDFWLYH��HWF��7KH\�DUH�HVWLPDWHG�
IURP�WKHLU�IXQFWLRQDOLW\�GHVFULSWLRQ�SURYLGHG�E\�WKH�RSHUDWRU���

$OORFDWLRQ� RI� SURFHVVHV� DQG� ILOHV� LV� SHUIRUPHG� DLPLQJ� DW� D�� IXOILOOLQJ� DSSOLFDWLRQ�
UHTXLUHPHQWV� DQG� E�� PLQLPLVLQJ� FRQILJXUDWLRQ� FRVW�� 0LQLPLVLQJ� QHWZRUN� WUDIILF�
HVSHFLDOO\� RQ� :$1� FRQQHFWLRQV� DQG� EDODQFLQJ� WKH� ORDG� LV� DOVR� WDNHQ� LQWR� DFFRXQW��
:KLOH�ORFDWLQJ�SURFHVVHV�DQG�ILOHV��GLIIHUHQW�UHSOLFDWLRQ�VFHQDULRV�FDQ�EH�DSSOLHG��:KHQ�
GHDOLQJ�ZLWK�WKH�ILOH�DOORFDWLRQ�SUREOHP��)$3���L�H��WKH�RSWLPDO�DOORFDWLRQ�RI�ILOH�FRSLHV��
RQH�PXVW�XVXDOO\�PLQLPLVH�WKH�IXQFWLRQ�GHVFULELQJ�WKH�RYHUDOO�FRPPXQLFDWLRQ�FRVW�IRU�
ILOH�DFFHVV��7KLV��DV�SURYHG�LQ�>��@��LV�FRQVLGHUHG�WR�EH�13�&RPSOHWH��7KH�VDPH�DSSOLHV�
IRU�SURJUDP�DOORFDWLRQ�DV�ZHOO��)RU� WKH�VROXWLRQ�RI� WKLV�NLQG�RI�SUREOHPV��KHXULVWLF�RU�
VLPLODU� WHFKQLTXHV� DUH� LQWURGXFHG�� HQVXULQJ� WKDW� HYHQ� LI� WKH� RSWLPDO� VROXWLRQ� LV� QRW�
UHDFKHG��RQH�YHU\�FORVH�WR�LW�ZLOO�EH�IRXQG��
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����� 3K\VLFDO�7RSRORJ\�

$W� WKH� VWDJH� RI� SK\VLFDO� WRSRORJ\� GHILQLWLRQ�� WKH� QHWZRUN� WRSRORJ\� LV�GHVLJQHG��7KH�
QHWZRUN� LQIUDVWUXFWXUH� FRQVLVWV� RI� ORFDO� QHWZRUNV� LQWHUFRQQHFWHG� YLD� ORFDO� DQG�ZLGH�
DUHD� LQWHUQHWZRUNV�� 6LQFH� WKH� SHUIRUPDQFH� RI� GLVWULEXWHG� DSSOLFDWLRQV� GHSHQGV�
FULWLFDOO\�RQ�WKH�SHUIRUPDQFH�RI�WKH�QHWZRUN�LQIUDVWUXFWXUH��VSHFLDO�DWWHQWLRQ�LV�JLYHQ�WR�
WKH� ZD\� ORFDWLRQV� DUH� LQWHUFRQQHFWHG�� 7KH� ³EHVW´� VROXWLRQ� WR� WKLV� SUREOHP� LV� WR�
LQWHUFRQQHFW� HDFK� ORFDWLRQ�ZLWK� DOO� RWKHUV� FRPPXQLFDWLQJ�ZLWK� LW��8QIRUWXQDWHO\� WKLV�
VROXWLRQ� LV� WR�FRVWO\� WR�EH�VXSSRUWHG��*UDSK�SURFHVVLQJ� WHFKQLTXHV�DQG�KHXULVWLFV�DUH�
LQWURGXFHG� WR� LQGLFDWH� DQ� ³DFFHSWDEOH� VROXWLRQV´� VDWLVI\LQJ� DSSOLFDWLRQ� UHTXLUHPHQWV��
1HWZRUNV�� LQWHUQHWZRUNV� DQG� UHVRXUFHV� FKDUDFWHULVWLFV� PXVW� DOVR� EH� GHILQHG�� ,',6�
SURYLGHV� DOWHUQDWLYHV� IRU� SURFHVV� DQG� ILOH� SODFHPHQW�� QHWZRUN� WRSRORJ\� DQG� QHWZRUN�
FRQILJXUDWLRQ� WR� HQVXUH� WKH� GHVLUHG� SHUIRUPDQFH�� EXW� GRHV� QRW� LQGLFDWH� FRPPHUFLDO�
VROXWLRQV�

���,',6�$UFKLWHFWXUH�

,',6� LV� D� NQRZOHGJH�EDVHG� V\VWHP� FRQVWUXFWHG� DFFRUGLQJ� WR� WKH� EODFNERDUG�
DUFKLWHFWXUH�� ,WV� NQRZOHGJH� EDVH� FRQWDLQV� LQIRUPDWLRQ� FRQFHUQLQJ� WKH� VXSSRUWHG�
SURWRFROV� DQG� UHVRXUFHV� DORQJ� ZLWK� VHOHFWLRQ� DQG� FRPELQDWLRQ� UXOHV� DQG� UXOHV� IRU�
SURFHVV� DQG� GDWD� SODFHPHQW�� 7KH� EODFNERDUG� PRGHO� DOORZV� WKH� VWUXFWXUDWLRQ� RI� WKH�
NQRZOHGJH� EDVH� DQG� WKH� DFFHOHUDWLRQ� RI� WKH� LQIHUHQFH� HQJLQH� E\� GLYLGLQJ� LW� LQWR�
LQGHSHQGHQW� VXEXQLWV�� FDOOHG� NQRZOHGJH� VRXUFHV�� WKDW� H[FKDQJH� LQIRUPDWLRQ� WKURXJK�
WKH�ZRUNLQJ�PHPRU\�� UHIHUHQFHG� DV� EODFNERDUG�� 7KH� XVH� RI� EODFNERDUG� DUFKLWHFWXUH�
IDFLOLWDWHG� WKH� HIILFLHQW� LQFRUSRUDWLRQ� RI� WKH� VLPXODWLRQ� HQYLURQPHQW� LQWR� ,',6�
IUDPHZRUN��DV�LW�SHUPLWV�WKH�LQWHJUDWLRQ�RI�VXEXQLWV�ZLWK�GLIIHUHQW�LQWHUQDO�DUFKLWHFWXUH��
SURYLGHG�WKDW�WKH\�DUH�DEOH�WR�FRPPXQLFDWH�XVLQJ�LQIRUPDWLRQ�LQ�D�SUHGHILQHG�IRUPDW��
7KH�EODFNERDUG�DUFKLWHFWXUH�LV�DOVR�XVHG�IRU�WKH�LQWHUQDO�VWUXFWXUDWLRQ�RI�DOO�VXEXQLWV��
$V� 3URORJ� SURJUDPPLQJ� ODQJXDJH�ZDV� XVHG� IRU� LPSOHPHQWDWLRQ� SXUSRVHV�� WKH� LQSXW�
DQG� RXWSXW� RI� VXEXQLWV� DUH� 3URORJ� FODXVHV�� 7KH� NQRZOHGJH� VRXUFHV� IRUPLQJ� ,',6�
LQIHUHQFH� HQJLQH� DUH� VXSHUYLVHG� DQG� GLUHFWHG� E\� D� FRQWURO� VXEXQLW�� WKH�0DQDJHU�� DV�
VKRZQ�LQ�ILJXUH����

7KH� IXQFWLRQDOLW\� RI�PDLQ� ,',6� VXEXQLWV� LV� DQDO\WLFDOO\� SUHVHQWHG� LQ� >��@��7KH�8VHU�
,QWHUIDFH�0RGXOH��8V,0��LV�UHVSRQVLEOH�IRU�WKH�GHILQLWLRQ�RI�WKH�IXQFWLRQDO�WRSRORJ\�LQ�
FRRSHUDWLRQ�ZLWK� WKH� RSHUDWRU��8VL0� LV� D� JUDSKLFDO� HQYLURQPHQW� LPSOHPHQWHG� XVLQJ�
-DYD� 3URJUDPPLQJ� ODQJXDJH��8V,0� LV� DOVR� UHVSRQVLEOH� WR� LQWHUDFW�ZLWK� WKH� RSHUDWRU�
GXULQJ� GLVWULEXWHG� DSSOLFDWLRQ� FRQILJXUDWLRQ� DQG� HYDOXDWLRQ�� 7KH� 7RSRORJ\� 'HVLJQ�
0RGXOH� �7R'H0�� LV� UHVSRQVLEOH� IRU� WKH�GHILQLWLRQ�RI� WKH� ORJLFDO� WRSRORJ\��ZKLOH� WKH�
1HWZRUN� &RQILJXUDWLRQ� 0RGXOH� �1H&R0�� LV� UHVSRQVLEOH� IRU� WKH� GHILQLWLRQ� RI� WKH�
SK\VLFDO� WRSRORJ\�� 7R'H0� IXQFWLRQDOLW\� LV� GHILQHG� E\� D� VHW� RI� UXOHV� FRQVLVWLQJ� RI�
IRUPDO�GHVFULSWLRQV�RI�H[SHULPHQWDO��PDWKHPDWLFDO�DQG�HPSLULFDO� WHFKQLTXHV� IRU�GDWD�
DQG� SURFHVV� SODFHPHQW�� WRSRORJ\� GHVLJQ� DQG� DSSOLFDWLRQ� UHTXLUHPHQW� FRPSXWDWLRQ��
1H&R0� IXQFWLRQDOLW\� LV� GHILQHG� E\� D� VHW� RI� UXOHV� FRQFHUQLQJ� QHWZRUN� GHVLJQ� DQG�
FRQILJXUDWLRQ��7KLV�NQRZOHGJH�LV�SHUPDQHQWO\�VWRUHG�LQ�WKH�.QRZOHGJH�%DVH�DQG�FDQ�
EH�VXEMHFWHG�WR�XSGDWH�E\�,',6�SURSHU�PHFKDQLVPV��



7KH�3HUIRUPDQFH�(YDOXDWLRQ�0RGXOH� �3H0�� LV� UHVSRQVLEOH�IRU�HYDOXDWLQJ�DOWHUQDWLYHV�
VROXWLRQV�XVLQJ�GLVFUHWH�HYHQW�VLPXODWLRQ��02'6,0�VLPXODWLRQ�ODQJXDJH��>�@��ZDV�XVHG�
IRU�VLPXODWLRQ�SXUSRVHV��7KH�VLPXODWLRQ�SURJUDP�LV�DXWRPDWLFDOO\�FRQVWUXFWHG�EDVHG�RQ�
REMHFW� OLEUDULHV��:KHQ� LWV� H[HFXWLRQ� LV� FRPSOHWHG�� SHUIRUPDQFH� HYDOXDWLRQ� UHVXOWV� DUH�
VWRUHG� LQ� WKH�FRUUHVSRQGLQJ�NQRZOHGJH�EDVH��7KH�'6�FRQILJXUDWLRQ�FRQVWUXFWHG�IXOILOV�
DOO� WKH� GHVLUHG� SHUIRUPDQFH� FKDUDFWHULVWLFV� �IRU� H[DPSOH� DYJ�� RU� PLQ�� DSSOLFDWLRQ�
UHVSRQVH�WLPH���ZKLOH�LWV�FRVW�LV�DOVR�WDNHQ�LQWR�DFFRXQW��

)LJXUH����,',6�$UFKLWHFWXUH�

7KH�8VHU�&XVWRPLVDWLRQ�0RGXOH��8&X0��IDFLOLWDWHV�WKH�HQULFKPHQW�RI�,',6�NQRZOHGJH�
EDVH��,W�DOORZV�WKH�H[WHQVLRQ�RI�WKH�PRGHOV�XVHG�IRU�DSSOLFDWLRQ�GHVFULSWLRQ��WKH�DGGLWLRQ�
RU� UH�RUJDQLVDWLRQ� RI� SURFHVV� DQG� ILOH� DOORFDWLRQ� SROLFLHV� DQG� WKH� PRGLILFDWLRQ� RI�
QHWZRUN�FRQILJXUDWLRQ�SROLFLHV��([WHQGLQJ�,',6�NQRZOHGJH�EDVH� LV�QRW�WULYLDO��VLQFH�LW�
PD\� HIIHFW� UHDVRQLQJ� �>��@��� )RU� H[DPSOH�� H[WHQVLRQ� RI� DSSOLFDWLRQ�PRGHOV�PD\� DOVR�
DIIHFW� WKH� DOJRULWKP� FRPSXWLQJ� QHWZRUN� UHTXLUHPHQWV�� ,Q� RUGHU� WR� DYRLG� NQRZOHGJH�
LQFRQVLVWHQF\�� WKH� RSHUDWRU¶V� DELOLW\� WR� DGG� RU�PRGLI\� NQRZOHGJH� LV� UHVWULFWHG�� 7KXV��
8&X0�IXQFWLRQDOLW\�LV�FRQVWUXFWHG�E\�PHWD�UXOHV�HQVXULQJ�DFFXUDF\�DQG�FRQVLVWHQF\�RI�
WKH� DGGHG� NQRZOHGJH�� )RU� WKLV� SXUSRVH� WKH� VWUXFWXUH� RI� WKH� DGGHG� NQRZOHGJH� LV�
SUHGHILQHG��

7DVNV� DFFRPSOLVKHG� E\� ,',6� FDQQRW� EH� DFKLHYHG� E\� DOJRULWKPV� ZLWKLQ� DFFHSWDEOH�
SURFHVVLQJ�WLPH�RU�FRVW��2QO\�SDUWLDO�DQVZHUV�PD\�EH�JLYHQ�ZLWKLQ�DQ�DFFHSWDEOH�WLPH�
IUDPH��6LQFH� WKH�SUREOHP�,',6�FRSHV�ZLWK� LV�VHPL�VWUXFWXUDO�� LW�FDQ�EH�UHVROYHG�ZLWK�
PXFK� VLPSOLFLW\� ZKHQ�� DW� FULWLFDO� SRLQWV� RI� WKH� LQIHUHQFLQJ� SURFHVV�� DQ� H[SHULHQFHG�
XVHU� LQWHUIHUHV� DQG� UHRULHQWV�JXLGHV� WKH� V\VWHP�� 7KXV�� FR�RSHUDWLRQ� RI� DQ� '6�
FRQILJXUDWLRQ�H[SHUW�ZLWK�,',6�LV�HVVHQWLDO���

&ULWLFDO� SRLQWV� �3URFHVV�%UHDN�3RLQWV�� DUH� WKH�RQHV�ZKHUH� ,',6�PXVW�PDNH� D� FKRLFH�
DFFRUGLQJ� WR� VSHFLILHG� FULWHULD�� 7KH� WLPH� UHTXLUHG� IRU� WKH� H[KDXVWLYH� FRPELQDWRULDO�
H[DPLQDWLRQ� RI� DOO� DOWHUQDWLYHV� FDQ� EH� GUDVWLFDOO\� UHGXFHG� E\� WKH� RSHUDWRU�� 'XULQJ�
SURFHVV�SODFHPHQW��IRU�LQVWDQFH��WKH�QXPEHU�RI�DOWHUQDWLYH�VROXWLRQV�FDQ�EH�UHGXFHG�LI�
WKH�RSHUDWRU�H[FOXGHV�VRPH�UHPRWH�ORFDWLRQV�IURP�WKH�V\VWHP�LQLWLDO�FKRLFHV��7KH�WHUP�
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LQWHUYHQWLRQ� GHQRWHV� WKH� SURYLVLRQDO� LQWHUUXSWLRQ� RI� ,',6� RSHUDWLRQ�� WKH� LQWHUDFWLYH�
WUDQVIRUPDWLRQ�RI�GDWD�E\�WKH�RSHUDWRU�DQG�WKH�UHDFWLYDWLRQ�RI�,',6�LQIHUHQFH�HQJLQH��
,',6�UHVXPHV�LWV�RSHUDWLRQ�XVLQJ�WKH�PRGLILHG�GDWD��7KHVH�LQWHUYHQWLRQV��HYHQ�WKRXJK�
GHVLUDEOH��FDQ�DOVR�EH�IDWDO��7DNLQJ�LQWR�DFFRXQW�WKDW�WKH�VHOHFWLRQ�RI�HDFK�VXFFHVVLYH�
WDVN�GHSHQGV�RQ�WKH�IRUP�RI�WKH�GDWD�SURFHVVHG��GDWD�PRGLILFDWLRQ�DIIHFWV�WKH�FRQWURO�
LWVHOI�� $OORZLQJ� FRQWLQXRXV� DQG� LQVXIILFLHQWO\� FRQWUROOHG� H[WHUQDO� GDWD� PRGLILFDWLRQ�
FRXOG�VHULRXVO\�GLVWXUE�WKH�V\VWHP��7R�HQVXUH�,',6�HIILFLHQW�RSHUDWLRQ��3URFHVV�%UHDN�
3RLQWV�DUH�VWULFWO\�GHILQHG��

���.QRZOHGJH�5HSUHVHQWDWLRQ�

7KH� WKUHH� FODVVLF� IRUPDO� GHVFULSWLRQV� RI� NQRZOHGJH�� L�H�� IUDPHV�� UXOHV� DQG� VHPDQWLF�
QHWZRUNV�� DUH�XVHG� IRU�NQRZOHGJH� UHSUHVHQWDWLRQ��)UDPH�EDVHG� UHDVRQLQJ� LV�XVHG� IRU�
HQWLW\� JHQHUDWLRQ�� ZKLOH� UXOH�EDVHG� UHDVRQLQJ� LV� PDLQO\� XVHG� IRU� DOJRULWKP�
UHSUHVHQWDWLRQ��

����)UDPHV�

$V� IUDPH�EDVHG� UHDVRQLQJ� VLPSOLILHV� FRQILJXUDWLRQ� SURFHGXUHV�� IUDPHV� DUH� XVHG� WR�
UHSUHVHQW�DOO�HQWLWLHV�GHVFULELQJ�'6�FRPSRQHQWV��,QKHULWDQFH�SURSHUWLHV�DUH�H[WHQVLYHO\�
VXSSRUWHG��7KH� IUDPH�VWUXFWXUH� LQWURGXFHG�DQG�H[DPSOHV�RI�'6�HQWLW\� UHSUHVHQWDWLRQ�
DUH�SUHVHQWHG�LQ�ILJXUH����

�
�)UDPH�VWUXFWXUH�
��
IUDPHBQDPH�,'��,VB$B/LVW��6ORWB/LVW��+DVB$B/LVW��
ZKHUH�6ORWB/LVW�LV�/RFDOB6ORWV���,QKHULWB6ORWV�

�
�UXOH�VWUXFWXUH�IRU�SURSHUW\�LQLWLDOLVDWLRQ�
��
ILQGBIUDPHBQDPH��VORW��YDOXH��

�
�UXOH�VWUXFWXUH�IRU�HQWLW\�LQLWLDOLVDWLRQ�
��
ILQGBIUDPHBQDPHBKDVBD�)UDPH��

�
�VDPSOH�IUDPHV�UHSUHVHQWLQJ�'LVWULEXWHG�$SSOLFDWLRQV�
��
ORFDWLRQ�,'��>@��>^2WKHU�/RF��'LVWDQFH`@��>5HILQHGB/RFDWLRQV@���

DSSOLFDWLRQ�,'��>@��>@��>^SURFHVVBOLVW`��^ILOHBOLVW`@�

SURFHVV�,'��>SURFHVV@��>NLQG��UHVSRQVHBWLPH@��>^LQWHUIDFH��
^RSHUDWLRQBVFHQDULR`@���

RSHUDWLRQBVFHQDULR�,'��>�@��>,QWHUIDFHBQDPH@��>3URFHVV��
$FWLRQB/LVW@��

UHTXHVW�,'��>�@��>,QWHUIDFHBQDPH��6HUYHU��5HTXHVWBVL]H��
$PRXQWBVL]H@��>�@����

�
�VDPSOH�IUDPHV�UHSUHVHQWLQJ�1HWZRUN�,QIUDVWUXFWXUH�
��
QHWZRUN�,'��>�@��>/RFDWLRQ/LVW��W\SH@��>&RPPXQLFDWLRQ(OHPHQW@���

FRPPXQLFDWLRQ(OHPHQW�,'��>�@��>/RFDWLRQ/LVW@��>3HHU&RP(O��
5RXWLQJ&RP(O@���

SURFHVVLQJ1RGH�,'��>�@��>/RFDWLRQ��3URFHVV/LVW��3URFHVVLQJ3RZHU��
1XPEHU@��>�@���

)LJXUH����'6�(QWLW\�5HSUHVHQWDWLRQ�



'XULQJ� DSSOLFDWLRQV� GHVFULSWLRQ�� 8V,0� LV� UHVSRQVLEOH� QRW� RQO\� IRU� HQVXULQJ� WKDW� WKH�
LQIRUPDWLRQ�SURYLGHG�E\�WKH�XVHU�FRQIRUPV�ZLWK�WKH�SUHGHILQHG�VWUXFWXUH�DQG�IRUP��EXW�
DOVR� IRU� FKHFNLQJ� RQ� SRWHQWLDO� FRQWUDGLFWLRQV� DQG� RPLVVLRQV� �NQRZOHGJH� DFTXLVLWLRQ�
FRQWURO���

1RUPDOO\�� WKH� RSHUDWRU� GRHV� QRW� FKDQJH� WKH� FKDLQV� RI� VXFFHVVLYH� DWWULEXWHV� ZKLFK�
GHVFULEH�D�IUDPH��+RZHYHU��LI�UHTXLUHG��WKHUH�LV�D�PHFKDQLVP�ZKLFK�SHUPLWV�WKLV�W\SH�
RI� PRGLILFDWLRQ�� 7KURXJK� 8&X0�� ,',6� RSHUDWRU� FDQ� DGDSW� WKH� GHVFULSWLRQ� RI� WKH�
HQWLWLHV�WR�KHU�KLV�PRGHO��DWWULEXWHV�FDQ�EH�HLWKHU�DGGHG��PRGLILHG�RU�HOLPLQDWHG��7KHVH�
FKDQJHV� UHVXOW� LQ� XSGDWLQJ� WKH� GLFWLRQDU\�� $Q\�PRGLILFDWLRQ� LQ� HQWLW\� GHVFULSWLRQ� LV�
IROORZHG�E\�NQRZOHGJH�YDOLGDWLRQ��ZKLFK�LV�SHUIRUPHG�E\�GDHPRQV�EHIRUH�DGGLQJ�LW�WR�
WKH� GLFWLRQDU\� �>��@���'DHPRQV� FDQ� DOVR�EH�PRGLILHG��EXW� WKLV� �SULYLOHJH�� LV� JUDQWHG�
RQO\� WR� ,',6� GHYHORSHUV�� 7KH� IXQFWLRQ� RI� GDHPRQV� LV� IRXQGHG� LQ� WKH� XVH� RI� UXOHV��
ZKLFK�DUH�ILUHG�E\�FKDQJHV�LQ�WKH�IUDPH�VWUXFWXUH���

5XOHV�RI�NQRZOHGJH�LQWHJULW\�SURKLELW�IURP�VLJQLILFDQW�FKDQJHV�LQ�WKH�FRQWLQHQW�RI�WKH�
.QRZOHGJH� %DVH�� $V� D� UHVXOW�� NQRZOHGJH� DFTXLVLWLRQ�� YDOLGDWLRQ� DQG� YHULILFDWLRQ�
SURFHGXUHV�GR�QRW�RYHUFKDUJH�WKH�V\VWHP�ZLWK�H[KDXVWLYH�WLPH�FRQVXPLQJ�FKHFNV��2Q�
WKH� RWKHU� KDQG�� H[SHULPHQWDO� XVH� RI� ,',6� KDV� VKRZQ� WKDW� XVHUV� XVXDOO\� ZLVK� IRU�
LQVLJQLILFDQW�PRGLILFDWLRQV�WR�WKH�GHVFULSWLRQ�RI�HQWLWLHV��$V�WKH�GRPDLQ�RI�GLVWULEXWHG�
V\VWHPV� SHUPLWV� D� TXLWH� FRPSOHWH� DQG� REMHFWLYH� GHVFULSWLRQ� RI� WKH� NQRZOHGJH�
FRQFHUQLQJ� '6� HQWLWLHV�� D� GHWDLOHG� WHVW� RI� NQRZOHGJH� DFTXLVLWLRQ�� YDOLGDWLRQ� DQG�
YHULILFDWLRQ�PDGH� E\� FRPSOLFDWHG�PHFKDQLVPV��ZKLFK� SHUPLW� UDGLFDO� FKDQJHV� RI� WKH�
NQRZOHGJH�EDVH�VWDWXV��LV�FRQVLGHUHG�DV�XQQHFHVVDU\��

����5XOHV�

'XULQJ�,',6�RSHUDWLRQ��WKH�RSHUDWRU�LQVWDQWLDWHV�IUDPHV�FRUUHVSRQGLQJ�WR�'6�HQWLWLHV��
ZKLFK� LQVWDQWLDWH� RWKHU� IUDPHV�� HWF�� $� VXEXQLW� RI� WKH� LQIHUHQFH� HQJLQH� LV� DFWLYDWHG��
ZKHQ�DOO�QHFHVVDU\�IUDPHV�DUH�LQVWDQWLDWHG�DQG�WKH�FRUUHVSRQGLQJ�VHW�RI�UXOHV��EDQN�RI�
FODXVHV�� LV� ORDGHG�� 7KH� VXEXQLW� FKHFNV� RQ� WKH� FRPSDWLELOLW\� RI� WKH� LQVWDQFHV�� H�J�� LW�
FKHFNV� LI� FHUWDLQ� YDOXHV� RI� LQVWDQFHV� H[FOXGH�LPSRVH� VRPH� RWKHUV� DQG� LI� WKH�
H[FOXGHG�LPSRVHG� RQHV� GR� QRW�GR� DSSHDU� DPRQJ� WKH� LQVWDQFHV�� 7KH� VXEXQLW� DOVR�
SURYLGHV�D�UHODWLYHO\��JRRG��FKRLFH� LQ�FDVH�D�IUDPH�FDQ�EH� LQVWDQWLDWHG� LQ�PRUH� WKDQ�
RQH� ZD\V�� ,I� VRPH� FRPELQDWLRQ� RI� LQVWDQFHV� LV� FRQVLGHUHG� WR� EH� EHWWHU� WKDQ� WKH�
FRPELQDWLRQV�UHVXOWLQJ�IURP�WKH�XVHU�FKRLFHV��WKH�VXEXQLW�XSGDWHV�D�WHPSRUDU\�EDQN�RI�
FODXVHV�LQ�ZKLFK�DOWHUQDWLYH�VFHQDULRV�DUH�PDLQWDLQHG��7KH�V\VWHP�ZLOO�FRQVLGHU�WKHVH�
VFHQDULRV�LQ�FDVH�RI�LQDELOLW\�WR�SURYLGH�D�VROXWLRQ�ZLWK�UHVSHFW�WR�XVHU�FKRLFHV�DQG�UHDO�
ZRUOG�FRQVWUDLQWV��7KH�DOWHUQDWLYH�VFHQDULRV�DUH�FRQVLGHUHG�DV�SDUW�RI�WKH�LQWHUPHGLDWH�
UHVXOWV��ZKLFK�WKH�V\VWHP�PXVW�NHHS�LQ�RUGHU�WR�PDNH�QHZ�DWWHPSWV�LQ�FDVH�RI�D�IDLOXUH��
7KH\� DUH� QRW� H[DFWO\�ZKDW� WKH� XVHU� KDV� DVNHG� IRU�� EXW� WKH\� DUH�PRUH� �FRUUHFW��� LQ� D�
WHFKQLFDO� VHQVH�� VR� WKDW� WKH\� DUH� FRQVLGHUHG� DV� �OHJLWLPDWH� E\�SDVVHV�� WR� LQWUDFWDEOH�
GLIILFXOWLHV��)RU�H[DPSOH��GXULQJ�ORJLFDO�WRSRORJ\�GHVFULSWLRQ��WKH�XVHU�PD\�FKRRVH�WR�
SODFH� D� VHUYHU� SURFHVV� UHSOLFD� LQ� D� ORFDWLRQ� ZLWK� PDQ\� LQWHUDFWLYH� DSSOLFDWLRQV� WR�
LQFUHDVH�WKHLU�SHUIRUPDQFH��DQG�DYRLG�SODFLQJ�LW�LQ�WKH�QHDUE\�ORFDWLRQ�WR�LQFUHDVH�WKH�
RYHUDOO� V\VWHP�SHUIRUPDQFH��(YHQ� LI� WKH�XVHU� LQVLVWV�� ,',6�PXVW�NHHS� WKH� DOWHUQDWLYH�
VFHQDULR��7KH�RSHUDWLRQ�RI�UXOHV�LV�GHSLFWHG�LQ�ILJXUH����



)LJXUH����5XOH�)XQFWLRQDOLW\�

5XOH�EDVH�UHDVRQLQJ�LV�XVHG�IRU�DOJRULWKP�UHSUHVHQWDWLRQ��)RU�H[DPSOH��GXULQJ�SURFHVV�
DOORFDWLRQ� GLIIHUHQW� DOORFDWLRQ� VFHQDULRV� PXVW� EH� UHSUHVHQWHG�� 7KH� PRVW� SRSXODU�
DOJRULWKP�IRU�VHUYHU�SODFHPHQW�LV�WKH�RQH�EDVHG�RQ�WKH�DYRLGDQFH�RI�XQQHFHVVDU\�GDWD�
WUDQVIHU� EHWZHHQ�:$1� FRQQHFWLRQV� ZLWK� QR� GDWD� UHSOLFDWLRQ� VXSSRUW�� 7KH� DOJRULWKP�
GRHV�QRW�VXSSRUW�RSWLPDO�SHUIRUPDQFH�VROXWLRQV��VLQFH�LW�RQO\�IRFXVHV�RQ�:$1�WUDIILF�
DQG� VHDUFKHV� IRU� D� ³UHODWLYH� JRRG´�� FRVW� HIIHFWLYH� DQG� VLPSOH� �QR� GDWD� UHSOLFDWLRQ��
VROXWLRQ��7KH�DOJRULWKP�LV�H[HFXWHG�LQ�LQGHSHQGHQW�VWHSV�SUHVHQWHG�LQ�WKH�IROORZLQJ��

6WHS���� )RU� HDFK� VHUYHU� SURFHVV�� ILQG� WKH� FOLHQW� SURFHVV� VHWV�
WKDW�XVH�VKDUHDEOH�GDWD���

6WHS���� )RU� HDFK� VHW�� FRQVWUXFW� D� GLIIHUHQW� VHUYHU� SURFHVV�
UHSOLFD��7R�SODFH�WKH�UHSOLFD��

,��� )LQG�WKH�VHWV�RI�ORFDWLRQV�WKDW�FDQ�EH�LQWHUFRQQHFWHG�YLD�
D�/$1���,I�D�VHW�FRQWDLQV�RQO\�RQH�ORFDWLRQ��WKH�ORFDWLRQ�
FDQ�QRW�EH�LQWHUFRQQHFWHG�YLD�D�/$1����

,,���)LQG� WKH� DYHUDJH� QHWZRUN� WKURXJKSXW� FDXVHG� E\� GDWD�
WUDQVIHU�� LQYROYLQJ� FOLHQWV� XVLQJ� VKDUHDEOH� GDWD�� IRU�
HDFK�ORFDWLRQ��

,,,��)LQG� WKH� DYHUDJH� QHWZRUN� WKURXJKSXW� FDXVHG� LQ� DOO�
SRVVLEOH�/$1�LQWHUQHWZRUNV��

,9�� 3ODFH� WKH� 6HUYHU� UHSOLFD� LQ� WKH� /$1� LQWHUQHWZRUN� WKDW�
FDXVHV�WKH�PD[LPXP�QHWZRUN�ORDG��

6WHS��� )RU� HDFK� /$1� LQWHUQHWZRUN� ZLWK� RQH� RU� PRUH� VHUYHU�
UHSOLFDV�� SODFH� D� VHUYHU� UHSOLFD� LQ� WKH� ORFDWLRQ� WKDW�
FDXVHV�WKH�PD[LPXP�ORDG��

$IWHU� WKH� VXFFHVVIXO� H[HFXWLRQ� RI� HDFK� VWHS�� LQWHUPHGLDWH� NQRZOHGJH� LV� NHSW� WR�
HIIHFWLYHO\� VXSSRUW� EDFNWUDFNLQJ�� $OWHUQDWLYH� DOJRULWKPV� VXSSRUWLQJ� GLIIHUHQW� GDWD�
UHSOLFDWLRQ�VFKHPHV�DQG�/$1�WUDIILF�PLQLPLVDWLRQ�DUH�DOVR�VXSSRUWHG��(DFK�VXSSRUWHG�
DOJRULWKP� KDV� DQ� $FWLYDWLRQB)DFWRU�� LQGLFDWLQJ� DFWLYDWLRQ� RUGHU�� 0RVW� VLPSOH�
DOJRULWKPV��VXFK�DV�WKH�RQH�DIRUHPHQWLRQHG��DUH�ILUVW�DSSOLHG��,I�WKH�SURSRVHG�VROXWLRQ�
GRHV�QRW�VDWLVI\�DSSOLFDWLRQ�UHTXLUHPHQWV��PRUH�FRPSOH[�DOJRULWKPV�DUH�WHVWHG�XVXDOO\�
UHVXOWLQJ�LQ�PRUH�FRVWO\�VROXWLRQV��$FWLYDWLRQB)DFWRU�RI�HDFK�DOJRULWKP�PD\�EH�DOWHUHG�
E\�WKH�RSHUDWRU��
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����6WUXFWXUDO�.QRZOHGJH�)DFWRULVDWLRQ�

%RWK� ORFDWLRQV� XVHG� IRU� GLVWULEXWHG� DSSOLFDWLRQ� GHVFULSWLRQ� �IXQFWLRQDO� WRSRORJ\�� DV�
ZHOO� DV� QHWZRUNV� DQG� LQWHUQHWZRUNV� XVHG� WR� GHVFULEH� WKH� QHWZRUN� LQIUDVWUXFWXUH�
�SK\VLFDO�WRSRORJ\��DUH�LQWHUQDOO\�UHSUHVHQWHG�E\�VHPDQWLF�QHWZRUNV��ZKLFK�LQ�WXUQ�DUH�
UHSUHVHQWHG� DV� JUDSKV�� $OO� ORFDWLRQV� GHILQHG� E\� WKH� XVHU� IRUP� D� VHPDQWLF� QHWZRUN�
FRQWDLQLQJ� LQIRUPDWLRQ� DERXW� WKH� GLVWDQFH� EHWZHHQ� ORFDWLRQV�� ,Q� WKH� FRUUHVSRQGLQJ�
JUDSK�� ORFDWLRQV� DUH� YLHZHG� DV� QRGHV�� $Q� HGJH� H[LVWV� EHWZHHQ� WZR� QRGHV� LI� WKH�
GLVWDQFH�EHWZHHQ�WKH�FRUUHVSRQGLQJ�ORFDWLRQV�LV�OHVV�WKDQ���.P��PHDQLQJ�WKDW�WKH\�FDQ�
EH� LQWHUFRQQHFWHG� ZLWKLQ� WKH� VDPH� /$1�� 7KLV� LQIRUPDWLRQ� LV� XVHG� GXULQJ� VHUYHU�
SURFHVV� SODFHPHQW� DQG� QHWZRUN� WRSRORJ\� GHILQLWLRQ�� ZKHUH� DOWHUQDWLYH� VFHQDULRV� IRU�
ORFDWLRQ�LQWHUFRQQHFWLRQ�DUH�H[DPLQHG��,Q�WKLV�JUDSK��DOO�SRVVLEOH�/$1�LQWHUQHWZRUNV�
DUH�UHSUHVHQWHG�DV�FRPSOHWH�VXEJUDSKV��HYHU\�QRGH�FRPPXQLFDWHV�ZLWK�DOO�RWKHUV����

*UDSK� FRPSOH[LW\�PDNHV� LWV�PDQLSXODWLRQ� ODERULRXV�� 7R� RYHUFRPH� WKLV�� LQIRUPDWLRQ�
FRQWDLQHG�LQ� WKH�JUDSK�LV� IDFWRULVHG��7KH�REMHFWLYH�RI�IDFWRULVDWLRQ�LV�WR�IDFLOLWDWH�WKH�
VXEXQLWV�RI�WKH�LQIHUHQFH�HQJLQH�E\�LQGLFDWLQJ�ZKHUH�WR�ORRN�IRU�VSHFLILF�LQIRUPDWLRQ��
WKDW�LV��WR�GLUHFW�WKHP�WR�WKLV�SDUW�RI�WKH�.QRZOHGJH�%DVH�ZKHUH�UHOHYDQW�LQIRUPDWLRQ�LV�
PDLQWDLQHG��)DFWRULVDWLRQ�RI� WKH�NQRZOHGJH� IUDJPHQWV�ZLWK� UHVSHFW� WR� WKHLU�PHDQLQJ��
KRZHYHU� DGYDQWDJHRXV�� LV� UDWKHU� GLIILFXOW� WR� DFKLHYH� ZLWKRXW� WKH� GUDZEDFNV� WKDW�
H[KDXVWLYH� UHVHDUFK� LPSRVHV�� WKH� LQIHUHQFH� HQJLQH� GRHV� QRW� NQRZ� LI� D� IUDJPHQW� RI�
NQRZOHGJH�FRQWDLQV�XVHIXO�LQIRUPDWLRQ�EHIRUH�LW�H[DPLQHV�LW��7KH�IDFWRULVDWLRQ�WKDW�KDV�
EHHQ�PDGH�LV�IRXQGHG�RQ�VWUXFWXUDO�FULWHULD��7R�HIIHFWXDWH�VWUXFWXUDO�IDFWRULVDWLRQ��WKH�
FRUUHVSRQGLQJ�JUDSK�LV�IUDJPHQWHG��7KH�DGYDQWDJH�RI�IDFWRULVDWLRQ�LV�WKDW��LQ�FDVH�RI�D�
PRGLILFDWLRQ�RI�WKH�VHPDQWLF�QHWZRUN��WKH�LQIHUHQFH�HQJLQH�GRHV�QRW�QHHG�WR�UHSHDW�WKH�
ZKROH� SURFHVV�� 6XFK� D� PRGLILFDWLRQ� UHTXLUHV� D�PLQRU� UHVWUXFWXUH� RI� WKH�.QRZOHGJH�
%DVH� IRU� WKH� LQIHUHQFH� HQJLQH�� D� PRGLILFDWLRQ� RI� WKH� VHPDQWLF� QHWZRUN� LPSOLHV� WKH�
DGGLWLRQ� RU� WKH� HOLPLQDWLRQ� RI� YHUWLFHV� RU�HQG� HGJHV��$GGLWLRQV�HOLPLQDWLRQV�RI� WKHVH�
HOHPHQWV�FUHDWH�HOLPLQDWH�ORRSV�ZKLFK�FRXOG�FUHDWH�XQLI\�HOLPLQDWH�VWURQJO\�FRPSRXQG�
FRPSRQHQWV�RU�FRPSOHWH�VXEJUDSKV��7DNLQJ�LQWR�DFFRXQW�WKDW�XVHUV�XVXDOO\�PRGLI\�WKH�
VHPDQWLF� QHWZRUN� FRUUHVSRQGLQJ� WR� WKH� GLVWULEXWHG� V\VWHP� WKH\�ZLVK� WR� GHVLJQ� �H�J��
DGGLWLRQ�RI�D�QHZ�ORFDWLRQ���NHHSLQJ�FKDQJHV�DV�ORFDO�DV�SRVVLEOH�EHFRPHV�YLWDO��

7KH�VDPH�WHFKQLTXHV�DUH�DOVR�DSSOLHG�WR�WKH�FRQVWUXFWLRQ�RI�VLPXOWDQHRXV�SURFHVV�VHWV��
ZKLFK� DUH� XVHG� WR� HVWLPDWH� PD[LPXP� DSSOLFDWLRQ� UHTXLUHPHQWV� IURP� QHWZRUN�
UHVRXUFHV��DQG�DOVR�GXULQJ�SURFHVV�SODFHPHQW���

���&RQFOXVLRQV�

,',6�KDV�EHHQ�GHYHORSHG�WR�DVVLVW�GLVWULEXWHG�V\VWHP�GHYHORSHUV�GXULQJ�WKH�GHVLJQ�RI�D�
QHZ�V\VWHP�RU�GXULQJ�WKH�LPSURYHPHQW�RI�DQ�H[LVWLQJ�RQH�DQG�DOORZV�WKH�H[SORUDWLRQ�RI�
GLIIHUHQW�RSWLRQV�WR�LQFUHDVH�GLVWULEXWHG�V\VWHP�SHUIRUPDQFH��7R�VXSSRUW�WKH�GHVLJQ�RI�
UHDO� VFDOH� GLVWULEXWHG� V\VWHPV� H[WHQGLQJ� WR� PXOWLSOH� ORFDWLRQV�� WKH� DFTXLVLWLRQ� RI� D�
G\QDPLFDOO\� LQFUHDVLQJ� .QRZOHGJH� %DVH� LV� IDFLOLWDWHG�� *URXSLQJ� WKH� NQRZOHGJH�
SURYLGHG� E\� WKH� RSHUDWRU� DFFRUGLQJ� WR� VSHFLILHG� FULWHULD� �H�J�� ILQG� WKH� JURXSV� RI�
VLPXOWDQHRXV�SURFHVVHV��DQG�HIILFLHQWO\�HVWLPDWLQJ�WKH�UHVXOWV�RI�FRPSOH[�FRPSXWDWLRQV�
�H�J�� FRPSXWH� PD[LPXP� UHTXHVWHG� WKURXJKSXW� IRU� HDFK� QHWZRUN�� ZHUH� WKXV� FULWLFDO��



.QRZOHGJH� IDFWRULVDWLRQ� WHFKQLTXHV� ZHUH� LQWURGXFHG� WR� LQFUHDVH� LQIHUHQFH� HQJLQH�
SHUIRUPDQFH�DQG�SURYHG�WR�EH�H[WUHPHO\�XVHIXO��HVSHFLDOO\�LQ�DYRLGLQJ�LQIHUHQFH�HQJLQH�
VDWXUDWLRQ�GXH�WR�D�JUHDW�QXPEHU�RI�EDFNWUDFNLQJ�SRLQWV��DV�LQ�JUDSK�FRPSLODWLRQ��
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