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$EVWUDFW�

8VDELOLW\� LV� RQH� RI� VHYHUDO� TXDOLW\� DVSHFWV� �DOVR� QDPHG� QRQ�IXQFWLRQDO�

UHTXLUHPHQWV�� DFFRUGLQJ� WR� ,62������� 7KH� HOLFLWDWLRQ�RI� WKRVH�GXULQJ�DQ�

HDUO\�SKDVH�RI� WKH�GHYHORSPHQW� LV�FUXFLDO� LQ� LQIRUPDWLRQ�V\VWHPV�DV�ZHOO�

DV� LQ� HPEHGGHG� V\VWHPV�� 'HVSLWH� WKH� SUDFWLFDO� LPSRUWDQFH� RI� XVDELOLW\�

DQG�DGGLWLRQDO�DVSHFWV�OLNH�SHUIRUPDQFH�DQG�PDLQWDLQDELOLW\��DQG�VR�IRUWK��

WKHUH� LV�UDUHO\�DQ\�JXLGDQFH�RQ�WKH�HOLFLWDWLRQ�RI� WKHVH�UHTXLUHPHQWV��:H�

SUHVHQW� DQ� DSSURDFK� WR� HOLFLW� XVDELOLW\� UHTXLUHPHQWV� LQ� FRQFHUW� ZLWK�

VXSSOHPHQWDU\�UHTXLUHPHQWV�EDVHG�RQ�D�XVH�FDVH�EDVHG�VSHFLILFDWLRQ�RI�

IXQFWLRQDO�EHKDYLRU����

���,QWURGXFWLRQ�

0RVW� VRIWZDUH� GHYHORSPHQW� DSSURDFKHV� OLNH� WKH� 5DWLRQDO� 3URFHVV�

�.UXFKWHQ�� ������ DGGUHVV� WKH� HOLFLWDWLRQ� DQG� UHDOL]DWLRQ� RI� IXQFWLRQDO�

UHTXLUHPHQWV� V\VWHPDWLFDOO\� EXW� GLVUHJDUG� WKH� LPSRUWDQFH� RI� TXDOLW\�

DVSHFWV�OLNH�XVDELOLW\��,QGHHG�WKHVH�TXDOLW\�DVSHFWV�KDYH�WR�EH�FRQVLGHUHG�

ULJKW�IURP�WKH�EHJLQQLQJ�RI�D�SURMHFW��2QO\�LI�WKH\�DUH�ZHOO�XQGHUVWRRG�DQG�

VWDWHG� YHU\� SUHFLVHO\� LQ� DQ� HDUO\� VWDJH�� WKH� ULJKW� GHVLJQ� GHFLVLRQV� DQG�

WUDGH�RIIV� FDQ� EH� PDGH� ZKLOH� FUHDWLQJ� WKH� XVHUV� H[SHULHQFH� GXULQJ� WKH�
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GHYHORSPHQW� RI� WKH� SURMHFW� LQ� WKH� VXEVHTXHQW� SKDVHV�� 8VHU� FHQWHUHG�

DSSURDFKHV��0D\KHZ��������5RVVRQ�DQG�&DUUROO��������UHFRPPHQG�WR�VHW�

XVDELOLW\�JRDOV�HDUO\��EXW�GRQ·W�SURYLGH�JXLGDQFH�RQ�KRZ�WR�HOLFLW� WKHP��,Q�

DGGLWLRQ��WKH\�FRPSOHWHO\�GLVUHJDUG�RWKHU�TXDOLW\�DVSHFWV�OLNH�SHUIRUPDQFH��

PDLQWDLQDELOLW\��DQG�VR�RQ���

7KH�PDLQ�JRDO�RI�RXU�DSSURDFK�LV�WR�DFKLHYH�D�PLQLPDO��FRPSOHWH�DQG�

IRFXVHG� VHW� RI� PHDVXUDEOH� DQG� WUDFHDEOH� �,(((�� ������ TXDOLW\� DVSHFWV�

�DOVR�QDPHG�QRQ�IXQFWLRQDO�UHTXLUHPHQWV��1)5�IRU�VKRUW��RI�WKH�VRIWZDUH�DW�

DQ� HDUO\� VWDWH� RI� WKH� GHYHORSPHQW� SURMHFW� DQG� LQ� WKLV� PDQQHU� VHW� WKH�

SUHFRQGLWLRQV�IRU�D�VXFFHVVIXO�VRIWZDUH�SURGXFW��7KH�PDLQ�FRQWULEXWLRQ�RI�

RXU�DSSURDFK�LV�WR�SURYLGH�JXLGDQFH�GXULQJ�WKH�HOLFLWDWLRQ�SURFHVV�DQG�E\�

WKLV� HQVXUH�� WKDW� WKH� 1)5V� DUH� GHULYHG� LQ� WKH� UHTXLUHG� TXDOLW\� DV�

PHQWLRQHG�EHIRUH���

7KLV�JXLGDQFH�LV�DFKLHYHG�E\�WKH�IROORZLQJ�NH\�HOHPHQWV���

■ $�UHIHUHQFH�PRGHO�WKDW�FDSWXUHV�NQRZOHGJH�DQG�H[SHULHQFH�DERXW�

TXDOLW\�DWWULEXWHV�DQG�GHSHQGHQFLHV�DPRQJ�WKHP��,W�DOVR�FDSWXUHV�

NQRZOHGJH� DERXW� FRQVWUXFWLYH� SDWWHUQ� WR� VDWLVI\� WKH� TXDOLW\�

GHPDQGV�� 7KLV� PRGHO� LPSURYHV� FRQWLQXRXVO\� ZLWK� VXEVHTXHQW�

SURMHFWV�DQG�UHSUHVHQWV�D�FRPSUHKHQVLYH�YLHZ�RQ�TXDOLW\�DWWULEXWHV�

DQG�WKHLU�UHILQHPHQWV��

■ $� TXDOLW\� PRGHO� WKDW� FDSWXUHV� JHQHUDO� FKDUDFWHULVWLFV� RI� XVDELOLW\�

DQG�RWKHU�1)5V��,Q�WKH�TXDOLW\�PRGHO��TXDOLW\�DWWULEXWHV�DUH�UHILQHG�

LQWR� PRUH� ILQH�JUDLQHG� TXDOLW\� DWWULEXWHV�� 7KH� TXDOLW\� PRGHO� DOVR�

LQFOXGHV� PHWULFV� WR� PHDVXUH� WKH� 1)5V� �IRU� H[DPSOH� ´WLPH� WR�

SHUIRUP� D� WDVNµ� IRU� HIILFLHQF\��� DQG� PHDQV� WR� DFKLHYH� WKHP�� ,Q�

SDUWLFXODU�� WKLV�PRGHO�UHIOHFWV�YLHZV�RI�GLIIHUHQW�VWDNHKROGHU�UROHV��

VXFK� DV� FXVWRPHU� DQG� GHYHORSHU�� 7KH� TXDOLW\� PRGHO� VXSSRUWV�

PHDVXUDELOLW\�� FRPSOHWHQHVV� DV� ZHOO� DV� IRFXVVHGQHVV� GXH� WR� WKH�

YLHZV���

■ $�SULRULWL]DWLRQ�TXHVWLRQQDLUH� LV�XVHG�WR�SULRULWL]H�KLJK�OHYHO�TXDOLW\�

DWWULEXWHV� �L�H���PDLQWDLQDELOLW\��HIILFLHQF\�� UHOLDELOLW\��XVDELOLW\��� 7KLV�

KHOSV� WR� QDUURZ�GRZQ� WKH� FRPSUHKHQVLYH�YLHZ�RQ�TXDOLW\� DVSHFWV�

DQG� WR� IRFXV� RQO\� RQ� WKRVH� WKDW� DUH� LPSRUWDQW� IRU� WKH� FRQFUHWH�

SURMHFW�� 7KH� SULRULWL]DWLRQ� TXHVWLRQQDLUH� VXSSRUWV� D� PLQLPDO� DQG�

IRFXVHG�VHW�RI�1)5V��

■ &KHFNOLVWV�SURYLGH�GHWDLOHG�HOLFLWDWLRQ�JXLGDQFH��7KH�FKHFNOLVWV�DUH�

GHULYHG�IURP�WKH�TXDOLW\�PRGHO��7KH\�KHOS�WR�HOLFLW�XVDELOLW\�1)5V�LQ�

FRQFHUW� ZLWK� DQ� XVHU� PRGHO�� XVH� FDVHV� DQG� D� KLJK�OHYHO�
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DUFKLWHFWXUH�� 7KH� FKHFNOLVWV� VXSSRUW� WKH� FRPSOHWHQHVV� DQG�

PHDVXUDELOLW\�RI�WKH�GHULYHG�1)5V��

■ $� WHPSODWH�� ZKLFK� HPEHGV� )5V� DV� XVH� FDVHV� LQWR� D� IXOO�IOHGJHG�

UHTXLUHPHQWV� GRFXPHQW� DQG� SURYLGHV� VSHFLILF� SODFHV� IRU�

GRFXPHQWLQJ�1)5V��7KLV�WHPSODWH�VXSSRUWV�WUDFHDELOLW\�IURP�1)5V�

WR�)5V��FRPSOHWHQHVV�DQG�IRFXVVHGQHVV���

2XU�DSSURDFK�FDQ�EH�DSSOLHG�DV�H[WHQVLRQ�WR�DQ\�HVWDEOLVKHG�VRIWZDUH�

GHYHORSPHQW�SURFHVVHV�WKDW�DFFRPSOLVK�WKH�IROORZLQJ�SUHFRQGLWLRQ��

■ &KDUDFWHULVWLFV�RI�WKH�XVHUV�KDYH�DUH�XQGHUVWRRG�DQG�GHVFULEHG��

■ )XQFWLRQDO� UHTXLUHPHQWV� DUH� FDSWXUHG� LQ� D� WDVN�RULHQWHG�PDQQHU��

7KH�DSSURDFK�FRQVLVWV�RI�WZR�EDVLF�VWHSV��

■ 7KH� WDLORULQJ� RI� WKH� TXDOLW\� PRGHO�� 'XULQJ� WKLV� VWHS� ZH� WDLORU� WKH�

H[SHULHQFH�EDVHG� ´UHIHUHQFH�PRGHOµ� WR� WKH�QHHG� RI� WKH� FXVWRPHU�

DQG�LW·V�SURMHFW�

■ 7KH�HOLFLWDWLRQ�SURFHVV���'XULQJ�WKLV�VWHS�WKH�YDOXHV�WKDW�LQVWDQWLDWH�

WKH�TXDOLW\�DWWULEXWHV�LQ�D�PHDVXUDEOH�ZD\�DUH�GHILQHG��

7KH� SDSHU� LV� VWUXFWXUHG� DV� IROORZV�� ,Q� 6HFWLRQ� ��� ZH� VNHWFK� RXU�

WHUPLQRORJ\� DQG� H[SODLQ� WKH� QRWDWLRQ� RI� WKH� TXDOLW\� PRGHO�� 6HFWLRQ� ��

LQFOXGHV� WKH� WDLORULQJ� SURFHVV� DV� GHVFULEHG� DERYH�� 7KHQ�� ZH� SUHVHQW� LQ�

VHFWLRQ� �� WKH� HOLFLWDWLRQ� SURFHVV� E\� ZD\� RI� DQ� H[DPSOH�� 6HFWLRQ� ��

VXPPDUL]HV� RXU� H[SHULHQFH� DQG� 6HFWLRQ� �� GLVFXVVHV� UHODWHG� ZRUN�� :H�

ILQDOO\�FRQFOXGH�LQ�6HFWLRQ���ZLWK�DQ�RXWORRN�RQ�IXWXUH�ZRUN��

���0DLQ�&RQFHSWV�

7KLV� VHFWLRQ� GHVFULEHV� WKH� IXQGDPHQWDO� FRQFHSWV� DQG� WHUPLQRORJ\� RI�

RXU�DSSURDFK��

����4XDOLW\�PRGHO�

$� TXDOLW\� PRGHO� GHVFULEHV� W\SLFDO� UHILQHPHQWV� RI� KLJK�OHYHO� TXDOLW\�

DWWULEXWHV�� 4XDOLW\� DWWULEXWHV� �4$V� IRU� VKRUW�� DUH� QRQ�IXQFWLRQDO�

FKDUDFWHULVWLFV� RI� D� XVHU� WDVN�� V\VWHP� WDVN�� V\VWHP� FRPSRQHQW� RU�

RUJDQL]DWLRQ� WKDW� KDYH� DQ� LQIOXHQFH� RQ� WKH� SURGXFW�� � 7KH� GLVWLQFWLRQ�

EHWZHHQ�GLIIHUHQW�W\SHV�RI�TXDOLW\�DWWULEXWHV�LV�LPSRUWDQW�IRU�RXU�HOLFLWDWLRQ�

SURFHVV��(DFK�W\SH�RI�TXDOLW\�DWWULEXWH�LV�HOLFLWHG�GLIIHUHQWO\��VHH�6HFWLRQ�����

7KH� TXDOLW\�PRGHO� VKRZV� WKH� UHILQHPHQW� RI� KLJK�OHYHO� 4$V� LQWR�PRUH�

ILQH�JUDLQHG�4$V�DQG�UHODWHG�PHWULFV��7KH� LGHD�RI� WKH�TXDOLW\�PRGHO� LV� WR�

FRPH�XS�ZLWK�4$V�WKDW�DUH�PHDVXUDEOH��L�H���WR�4$V�WR�ZKLFK�D�PHWULF�FDQ�

EH� DVVRFLDWHG�� ,Q� DGGLWLRQ�� LW� GHVFULEHV� UHODWLRQVKLSV� EHWZHHQ� GLIIHUHQW�
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4$V�� 7KHUHIRUH�� LW� FDSWXUHV� H[SHULHQFH� RI� SUHYLRXV� SURMHFWV�� 2XU� TXDOLW\�

PRGHO�LV�VLPLODU�WR�WKH�JRDO�JUDSKV�RI�IRU�LQVWDQFH��&KXQJ�HW�DO����������EXW�

HPSKDVL]HV� GHSHQGHQFLHV�� DQG� GLVWLQJXLVKHV� EHWZHHQ� GLIIHUHQW� W\SHV� RI�

4$V���

)LJXUH���VKRZV�DQ�H[FHUSW�RI�WKH�TXDOLW\�PRGHO��40��IRU�XVDELOLW\��,W�LV�

EDVHG� RQ� VHYHUDO� XVDELOLW\� VWDQGDUGV� �IRU� H[DPSOH� ,62� ������ ���������

������������������DQG�ZDV�WDLORUHG�WR�WKH�QHHGV�RI�WKH�VWDNHKROGHUV�RI�

RXU�FDVH�VWXG\��,Q�WKH�40��4$V�DUH�UHSUHVHQWHG�E\�ZKLWH�UHFWDQJOHV��2YDOV�

DUH� PHWULFV� WR� PHDVXUH� WKH� UHODWHG� TXDOLW\� DWWULEXWH�� 7KHUH� DUH� IRXU�

GLIIHUHQW�W\SHV�RI�4$V�LQ�WKLV�TXDOLW\�PRGHO��WKH\�UHIHU�WR�GLIIHUHQW�DUWHIDFWV�

LQ�WKH�SURFHVV�RU�VWUXFWXUH�WKH�KLHUDUFK\���

■ *HQHUDO�4$V�VXFK�DV�´8QGHUVWDQGDELOLW\µ�DUH�XVHG�WR�VWUXFWXUH�WKH�

4$V�RQ�ORZHU�OHYHOV��
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■ 6\VWHP�4$V��VXFK�DV�´$FFHVVLELOLW\µ��DUH�4$V�UHODWHG�WR�WKH�V\VWHP�

DQG� LWV� VXEV\VWHPV� �$�V\VWHP� �IRU�H[DPSOH�� ´ZLUHOHVV�FRQWURO�DQG�

PRQLWRU� V\VWHPµ�� FDQ� EH� UHILQHG� LQWR� D� VHW� RI� VXEV\VWHPV� �IRU�

H[DPSOH�� ´PRELOH� GHYLFHµ��� 7KHVH� VXEV\VWHPV�KDYH� LQSXW�FRQWUROV�

DV� ZHOO� DV� RXWSXW� FRQWUROV�� (QYLURQPHQWDO� IDFWRUV� �IRU� H[DPSOH�

WHPSHUDWXUH��EULJKWQHVV��FRQVWUDLQ�WKH�V\VWHP��

■ 8VHU�7DVN�4$V�DQG�6\VWHP�7DVN�4$V��:H�GLVWLQJXLVK�EHWZHHQ�WZR�

W\SHV�RI�WDVNV��XVHU�WDVNV�DQG�V\VWHP�WDVNV��8VHU�WDVNV�DUH�WDVNV��D�

FHUWDLQ�XVHU�KDV�WR�SHUIRUP��7KH\�DUH�VXSSRUWHG�E\�WKH�V\VWHP��IRU�

H[DPSOH��´PRQLWRULQJ�RI�FHUWDLQ�PDFKLQHVµ���EXW�LQFOXGH�VRPH�XVHU�

LQYROYHPHQW�� 6\VWHP� WDVNV� DUH� WDVNV� WKH� V\VWHP� SHUIRUPV�� ,Q�

FRQWUDVW� WR� XVHU� WDVNV�� WKH� XVHU� LV� QRW� LQYROYHG� LQ� V\VWHP� WDVNV��

:LWK� WKLV� GLVWLQFWLRQ� ZH� DGDSW� &RQVWDQWLQH�V� VHSDUDWLRQ� RI� XVHU�

DFWLRQV� DQG� V\VWHP� UHVSRQVH� LQWURGXFHG� ZLWK� WKH� HVVHQWLDO� XVH�

FDVHV��&RQVWDQWLQH�DQG�/RFNZRRG���������

■ 2UJDQL]DWLRQDO� 4$V� FRQFHUQ� WKH� RUJDQL]DWLRQDO� DVSHFWV�� 7KLV� DOVR�

LQFOXGHV� GHYHORSPHQW� SURFHVV� UHODWHG� DVSHFWV�� VXFK� DV� UHTXLUHG�

GRFXPHQWDWLRQ��UHYLHZV�HWF�DV�ZHOO�DV�VWDQGDUGV��OHJDO�LVVXHV���

�

7KHVH�4$V�DUH� FRQVWUDLQHG� E\� QRQ�IXQFWLRQDO� UHTXLUHPHQWV� �1)5V��� $�

1)5� GHVFULEHV� D� FHUWDLQ� YDOXH� IRU� D� 4$� WKDW� VKRXOG� EH� DFKLHYHG� LQ� D�

VSHFLILF� SURMHFW�� 7KH� 1)5� FRQVWUDLQV� D� 4$� E\� GHWHUPLQLQJ� D� YDOXH� IRU� D�

PHWULF�DVVRFLDWHG�ZLWK�WKH�4$��)RU�H[DPSOH��WKH�1)5�´6LPLODU�DODUPV�KDYH�

WR� EH� DFNQRZOHGJHG� LQ� D� VLPLODU� ZD\� �QXPEHU� RI� GLIIHUHQW� DFWLRQV�  � ��µ�

FRQVWUDLQWV�WKH�4$�´JHQHUDOL]DWLRQµ��7KH�YDOXH�LV�GHWHUPLQHG�EDVHG�RQ�DQ�

DVVRFLDWHG�PHWULF�´QXPEHU�RI�GLIIHUHQW�DFWLRQVµ��)RU�HDFK�1)5��D�UDWLRQDOH�

VWDWHV�UHDVRQV�IRU�LWV�H[LVWHQFH��IRU�H[DPSOH��´7KH�DFWRU�VKDOO�FRQFHQWUDWH�

RQ� UHPRYLQJ� WKH� FDXVH� RI� WKH� DODUP� DQG� QRW� RQ� DFNQRZOHGJLQJ� WKH�

DODUPµ���

7KH�ILUVW�W\SH�RI�4$�VHUYHV�WR�VWUXFWXUH�WKH�KLHUDUFKLFDO�GHFRPSRVLWLRQ�

RI�WKH�PRUH�ILQH�JUDLQHG�4$V��7KLV�VWUXFWXUH�LV�DOVR�XVHG�LQ�WKH�WHPSODWH�WR�

GRFXPHQW� WKH�1)5V��+RZ� WKH�1)5V� IRU� WKH�4$V�DUH�HOLFLWHG��GHSHQGV�RQ�

WKH�W\SH�RI�WKH�4$�WKH\�FRQVWUDLQ��7KLV�LV�GHVFULEHG�LQ�6HFWLRQ�����

$�4$� FDQ�EH�SRVLWLYHO\� RU� QHJDWLYHO\� LQIOXHQFHG� E\�DQRWKHU�4$�� ,I� WKH�

´RSHUDELOLW\µ�� IRU� LQVWDQFH�� LV� KLJKHU�� WKH� ´HIIHFWLYHQHVVµ� ZLOO� LQFUHDVH�

�SRVLWLYH� LQIOXHQFH���'HSHQGHQFLHV�H[LVW�ZLWKLQ�RQH�TXDOLW\�PRGHO�DV�ZHOO�

DV�EHWZHHQ�TXDOLW\�PRGHOV�RI�GLIIHUHQW�4$V��DV�H[SODLQHG�LQ� WKH� IROORZLQJ�

VHFWLRQ��
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����'HSHQGHQF\�JUDSK�

8VDELOLW\� DV� LW� LV� XQGHUVWRRG� LQ� ,62� ����� �������� PDLQO\� DGGUHVVHV�

XVHU� LQWHUIDFH�4$V��4XDOLW\� LQ�XVH�DV� LW� LV�GHILQHG�LQ� ,62������DGGUHVVHV�

PRUH� WKDQ� WKDW�� 7KH� XVHUV� H[SHULHQFH� ZLWK� WKH� V\VWHP� FDQ� RQO\� EH�

H[SUHVVHG�DFFXUDWHO\��LI�DOO�RWKHU�TXDOLW\�DVSHFWV�DUH�WDNHQ�LQWR�DFFRXQW��,Q�

RXU�SURFHVV�ZH�KDYH�FXUUHQWO\�GHYHORSHG�UHILQHPHQW�PHWKRGV�IRU�WKH�KLJK�

OHYHO� 4$V� ´HIILFLHQF\µ�� ´UHOLDELOLW\µ�� ´SRUWDELOLW\µ�� DQG� ´PDLQWDLQDELOLW\µ��

EDVHG�RQ�,62�������'XULQJ�WKH�GHULYDWLRQ�RI�WKH�XVDELOLW\�40��WKH�40V�IRU�

WKH�RWKHU�4$V�DUH�XVHG� WR� LGHQWLI\�GHSHQGHQFLHV� WRZDUGV� WKHP��)LJXUH���

VKRZV�DQ�H[FHUSW�RI�WKH�40�IRU�´HIILFLHQF\µ��'|UU�HW�DO����������

,W� LV� REYLRXV� WKDW� WKHUH� LV� D� GHSHQGHQF\� EHWZHHQ� WKH� JHQHUDO� 4$V�

´XVDELOLW\µ� DQG� ´HIILFLHQF\µ�� 7KH� LGHQWLILFDWLRQ� RI� PRUH� ILQH� JUDLQHG�

GHSHQGHQFLHV� VXFK� DV� EHWZHHQ� WKH� HIILFLHQF\� 4$� ´XVDJH� WLPHµ� DQG� WKH�

XVDELOLW\� 4$� ´VDWLVIDFWLRQµ� LV� D� QHFHVVDU\� VWHS� WR� LGHQWLI\� 1)5V� DQG�

FRQIOLFWV�DPRQJ� WKHP��7KH� LGHQWLILHG�GHSHQGHQFLHV�DUH� LQWHJUDWHG� LQ� WKH�

FKHFNOLVWV�DQG�XVHG�LQ�WKH�FRQVROLGDWLRQ�VWHS�GHVFULEHG�LQ�VHFWLRQ����

�

)LJXUH����([FHUSWV�RI�WKH�(IILFLHQF\�40�XVHG�WR�LGHQWLI\�GHSHQGHQFLHV�

���7KH�7DLORULQJ�3URFHVV�

2XU�DSSURDFK�SURYLGHV�D�GHIDXOW� UHIHUHQFH�PRGHO� WKDW� FDQ�EH�XVHG�DV�D�

VWDUWLQJ�SRLQW�WR�WDLORU�WKH�40�WR�WKH�FRQWH[W�RI�HDFK�FRPSDQ\�DQG�SURMHFW��

,Q�DGGLWLRQ��D�FRPSDQ\�PLJKW�KDYH�DQ�RZQ�40�WKDW�VKDOO�EH�XVHG��,Q�WKLV�

FDVH�� LW�LV�YHU\�LPSRUWDQW�WR�DJUHH�RQ�WKH�PHDQLQJ�RI�WKH�GLIIHUHQW�4$V�LQ�

WKH�40��2XU�UHFRPPHQGDWLRQ�LV�WR�EXLOG�D�40�WRJHWKHU�ZLWK�WKH�FRPSDQ\�

LQ�D�ZRUNVKRS��%\�GRLQJ�VR�� WKH�40�EHQHILWV� IURP�WKH�DOUHDG\� LQWHJUDWHG�

H[SHULHQFH� RI� RXU� UHIHUHQFH� PRGHO� DQG� LW� LV� WDLORUHG� WR� WKH� SURMHFW� DQG�

FRPSDQ\���
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)LJXUH���GHVFULEHV�WKH�SURFHVV�RI�WDLORULQJ�WKH�UHIHUHQFH�PRGHO�WR�WKH�

SURMHFW� DQG� FRPSDQ\�� 7KH� WDLORUHG� 40� LV� XVHG� DV� LQSXW� WR� GHULYH� WKH�

FKHFNOLVWV�DQG�WHPSODWHV�IRU�GRFXPHQWLQJ�1)5V��([SHULHQFH�PDGH�GXULQJ�

WKH�SURMHFW� LV� LQFRUSRUDWHG�LQWR�WKH�UHIHUHQFH�PRGHOV��7KLV�IHHGEDFN�ORRS�

HQVXUHV�FRQWLQXRXV�LPSURYHPHQW�RI�WKH�UHIHUHQFH�DUWLIDFWV�DQG�HQVXUHV�D�

VXEVHTXHQWO\�PRUH�FRPSUHKHQVLYH�XQGHUVWDQGLQJ�RI�WKH�TXDOLW\�DWWULEXWHV�

DQG�WKHLU�GHSHQGHQFLHV��

�

)LJXUH����3URFHVV�RI�WDLORULQJ�WKH�TXDOLW\�PRGHOV��FKHFNOLVWV�DQG�WKH�

WHPSODWH�

7KH�KLHUDUFK\�RI�WKH�40�JLYHV�WKH�VWUXFWXUH�RI�WKH�FKHFNOLVWV��*HQHUDO�

4$V��IRU�H[DPSOH��2SHUDELOLW\��DUH��WKHUHIRUH��D�PHDQV�IRU�VWUXFWXULQJ�WKH�

FKHFNOLVW��ZKLOH�WKH�4$V�DW�WKH� ORZHVW� OHYHO� �IRU�H[DPSOH��8QGRDELOLW\��DUH�

GLUHFWO\� XVHG� WR� HOLFLW� WKH� 1)5V� FRQVWUDLQLQJ� WKHP�� 7KH� W\SH� RI� WKH� 4$�

LQIOXHQFHV�WKH�ZD\�WKH�TXHVWLRQV�LQ�WKH�FKHFNOLVW�DUH�SKUDVHG��

■ 2UJDQL]DWLRQDO�4$V�DUH�XVHG�LQ�LQLWLDOL]DWLRQ�FKHFNOLVWV�WKDW�IRFXV�RQ�

JHQHUDO�DVSHFWV�LQ�FRQWUDVW�WR�WKH�FRQFUHWH�V\VWHP�RU�LWV�WDVN��

4XDOLW\
PRGHO

,GHQWLI\
GHSHQGHQFLHV

5HIHUHQFH�
PRGHO
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■ 8VHU� WDVN� 4$V� DUH� LWHUDWHG� RYHU� WKH� XVH� FDVHV� �IRU� H[DPSOH�� XVH�

FDVH����WKHQ�XVH�FDVH����

■ 6\VWHP�WDVN�4$V�DUH�LWHUDWHG�RYHU�WKH�XVH�FDVH�VWHSV��IRU�H[DPSOH��

VWHS����WKHQ�VWHS����

■ 6\VWHP�4$V�DUH�LWHUDWHG�RYHU�WKH�YDULRXV�VXEV\VWHPV�LQ�WKH�V\VWHP�

�IRU� H[DPSOH�� LQSXW� FRQWUROV� RI� PRELOH� GHYLFHV� ILUVW�� WKHQ� RXWSXW�

FRQWUROV��DQG�WKH�XVHU�PRGHO��

7KH� VWUXFWXUH� RI� WKH� WHPSODWH� LV� VWURQJO\� LQIOXHQFHG� E\� WKH� TXDOLW\�

PRGHO�� 7KH�1)5V� FRQVWUDLQLQJ� WKH� GLIIHUHQW� W\SHV� RI�4$V�DUH� GHQRWHG�DW�

GLIIHUHQW�SODFHV�LQ�WKH�WHPSODWH��

■ 1)5V� FRQVWUDLQLQJ� WKH� RUJDQL]DWLRQDO� 4$V� DUH� GRFXPHQWHG� LQ� DQ�

RUJDQL]DWLRQDO�UHTXLUHPHQWV�VHFWLRQ��

■ 1)5V� FRQVWUDLQLQJ� XVHU� WDVN� 4$V� DUH� DWWDFKHG� WR� WKH� XVH� FDVH�

GLDJUDPV�DQG�DUH�� WKHUHIRUH�� GRFXPHQWHG� LQ� D� XVH� FDVH�GLDJUDP�

VHFWLRQ��

■ 1)5V� FRQVWUDLQLQJ� V\VWHP� WDVN�4$V� DUH� GLUHFWO\� DWWDFKHG� WR� HDFK�

XVH�FDVH�LQ�WKH�WH[WXDO�XVH�FDVH�GHVFULSWLRQ�VHFWLRQ��7KHUHIRUH��WKH�

XVH�FDVHV�KDYH�D�ILHOG�´1)5Vµ��ZKHUH�HDFK�V\VWHP�WDVN�RULHQWHG�4$�

LV�OLVWHG��%HORZ�VXFK�D�V\VWHP�WDVN�RULHQWHG�4$��WKHUH�LV�D�OLVW�RI�WKH�

XVH�FDVH�VWHSV�WKDW�H[SUHVV�V\VWHP�WDVNV��IRU�H[DPSOH��IDPLOLDULW\��

VWHS���VWHS����7KH�1)5V�IRU�HDFK�V\VWHP�WDVN�DUH� WKHQ�H[SUHVVHG�

DW� WKLV� XVH� FDVH� VWHS� �IRU� H[DPSOH�� IHHGEDFN� VWHS�� �� ´:KLOH� WKH�

V\VWHP� SHUIRUPV� WKLV� VWHS�� WKH� XVHU�PXVW� EH� LQIRUPHG� DERXW� WKH�

VWDWH�RI�WKH�V\VWHP��WLPH�RI�DV\QFKURQRXV�VWDWH�WUDQVSDUHQF\ ��µ��

VWHS����´«µ��DQG�VR�RQ��

■ 1)5V� FRQVWUDLQLQJ� V\VWHP� 4$V� DUH� GHQRWHG� DW� WZR� SODFHV� LQ� WKH�

WHPSODWH��)LUVW��LI�D�1)5�FRQVWUDLQV�D�V\VWHP�4$�RI�D�VXEV\VWHP��IRU�

H[DPSOH�� ´WKH� LQSXW� FRQWURO� PXVW� EH� DEOH� WR� RSHUDWH� ZHDULQJ�

JORYHVµ��WKDW�LV�XVHG�LQ�D�XVH�FDVH��WKH�1)5�LV�DWWDFKHG�WR�WKDW�XVH�

FDVH��7KHUHIRUH��HDFK�XVH�FDVH�DOVR�LQFOXGHV�D�OLVW�RI�V\VWHP�4$V�LQ�

WKH� ILHOG� 1)5V�� %HORZ� VXFK� D� V\VWHP� 4$�� WKHUH� LV� D� OLVW� RI� DOO�

VXEV\VWHPV��IRU�H[DPSOH��$FFHVVLELOLW\��PRELOH�GHYLFH�LQSXW�FRQWURO��

PRELOH� GHYLFH� RXWSXW� FRQWURO�� VWDWLRQDU\� WHUPLQDO� LQSXW� FRQWURO��

VWDWLRQDU\� WHUPLQDO�RXWSXW� FRQWURO��� 7KH�1)5V� IRU� HDFK�VXEV\VWHP�

DUH� WKHQ� H[SUHVVHG� DW� WKLV� VXEV\VWHP� �IRU� H[DPSOH�� $FFHVVLELOLW\��

PRELOH� GHYLFH� RXWSXW� FRQWURO� ²� ´WKH� GLVSOD\� RI� WKH� 3'$�PXVW� EH�

LOOXPLQDWHG�LQ�RUGHU�WR�EH�DFFHVVLEOH�LQ�WKH�GDUNQHVVµ���6HFRQG��WKH�

V\VWHP�1)5V�DUH�GRFXPHQWHG� LQ�WKH�VHFWLRQ�RI�WDVN�RYHUVSDQQLQJ�

1)5V��7KH�VWUXFWXUH�LV�VLPLODU�WR�WKH�VWUXFWXUH�LQ�WKH�XVH�FDVHV��L�H���
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WKHUH�LV�D�OLVW�RI�DOO�V\VWHP�4$V��EHORZ�HDFK�V\VWHP�4$�WKHUH�LV�D�OLVW�

RI�DOO�VXEV\VWHPV���EXW� LW�DJJUHJDWHV� WKH�1)5V� IURP�DOO�XVH�FDVHV�

DQG� WKH�RQHV� WKDW�DUH�QRW� VSHFLILF� IRU�RQH�XVH�FDVH��7KLV� LV�GRQH�

EHFDXVH�D�FRQVROLGDWLRQ�VWHS�VHDUFKHV�IRU�GHSHQGHQFLHV�EHWZHHQ�

1)5V�FRQFHUQLQJ�RQH�VXEV\VWHP��

$V� D� UHVXOW� RI� WKH� ´WDLORULQJµ� SURFHVV� WKH� UHTXLUHPHQWV� WHPSODWH� LV�

GHULYHG��7DEOH���VKRZV�D�VXEVHW�RI�WKLV�WHPSODWH��

�

7DEOH����6XEVHW�RI�WKH�UHTXLUHPHQWV�WHPSODWH�

���2UJDQL]DWLRQDO�UHTXLUHPHQWV�

����3URFHVV�UHTXLUHPHQWV�

����6WDNHKROGHU�UHTXLUHPHQWV�

���7DVN�GHVFULSWLRQV�

����8&�GLDJUDP�

����7H[WXDO�8&�GHVFULSWLRQ�

���7DVN�RYHU�VSDQQLQJ�UHTXLUHPHQWV�

����7H[WXDO�GHVFULSWLRQ�RI�WDVN�RYHU�VSDQQLQJ�1)5V�

�

����7KH�(OLFLWDWLRQ�3URFHVV�

,Q� WKH� IROORZLQJ� VHFWLRQV�� ZH� GHVFULEH� WKH� DFWLYLWLHV� WR� EH� SHUIRUPHG�

ZLWKLQ� WKH� HOLFLWDWLRQ� SURFHVV�� :H� XVH� H[DPSOHV� IURP� D� FDVH� VWXG\��

SURYLGHG�E\� DQ� LQGXVWULDO� SDUWQHU� DERXW� D�ZLUHOHVV� IUDPHZRUN� IRU�PRELOH�

VHUYLFHV��7KH�DSSOLFDWLRQ�HQDEOHV�XS�WR�HLJKW�XVHUV�WR�PRQLWRU�SURGXFWLRQ�

DFWLYLWLHV��PDQDJH� SK\VLFDO� UHVRXUFHV�� DQG� DFFHVV� LQIRUPDWLRQ�ZLWKLQ� DQ�

LQGXVWU\� SODQW�� 7KH� XVHU� FDQ� UHFHLYH� VWDWH� GDWD� IURP� WKH� SODQW� RQ� KLV�

PRELOH� GHYLFH�� VHQG� FRQWURO� GDWD� IURP� WKH� PRELOH� GHYLFH� WR� WKH� SODQW�

FRPSRQHQWV�� SRVLWLRQ� WKH�PDLQWHQDQFH� HQJLQHHU� DQG� JHW� JXLGDQFH� WR� IL[�

HUURUV� RQ�PDFKLQHV�� 7KH� FDVH� VWXG\� LV� EDVHG�RQ�D� UHDO� V\VWHP� DQG�ZDV�

SURYLGHG� E\� DQ� LQGXVWULDO� SDUWQHU� LQ� WKH� FRQWH[W� RI� WKH� ,7($�(035(66�

SURMHFW��

����3UHUHTXLVLWHV��

7KH�HOLFLWDWLRQ�SURFHVV�LV�EDVHG�XSRQ�WKH�IROORZLQJ�DUWHIDFWV��
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■ $� SULRULWL]DWLRQ� TXHVWLRQQDLUH�� 0DQ\� WLPHV�� EXGJHW� DQG� WLPH�

OLPLWDWLRQV� REOLJH� WR� SULRULWL]H� DQG� VHOHFW� WKH� VXEVHW� RI� KLJK�OHYHO�

4$V�PRVW� LPSRUWDQW� IRU� D� SURMHFW�� 7KLV� DFWLYLW\� LV� VXSSRUWHG� E\� D�

SULRULWL]DWLRQ�TXHVWLRQQDLUH�GHYHORSHG�DW�)UDXQKRIHU�,(6(��,W�EXLOGV�

D� UDQNLQJ� RUGHU� IRU� WKH� 4$V� GHVFULEHG� LQ� ,62� ����� �IRU� H[DPSOH��

PDLQWDLQDELOLW\�� HIILFLHQF\�� UHOLDELOLW\�� DQG� XVDELOLW\��� 7KH�

TXHVWLRQQDLUH� LV� GHVFULEHG� LQ�PRUH�GHWDLO� LQ� �3DHFK�HW�DO����������

%DVHG�RQ�WKLV�UDQNLQJ�RUGHU��TXDOLW\�PRGHOV�IRU�WKH�PRVW�LPSRUWDQW�

KLJK�OHYHO�4$V�UHOHYDQW�IRU�WKH�SURMHFW�FDQ�EH�FKRVHQ��

■ $� XVHU� PRGHO� �FRPSDUH� 3DHFK� 	� .RKOHU�� ������� UHSUHVHQWLQJ�

DVVXPSWLRQV� DERXW� WKH� XVHUV� RI� WKH� V\VWHP�� WKHLU� JRDOV��

UHVSRQVLELOLWLHV��FDSDELOLWLHV�DQG�VNLOOV��

■ 7KH�V\VWHP·V�IXQFWLRQDOLW\��EHKDYLRU��GHVFULEHG�E\�XVH�FDVHV��8&V����

■ 7KH�SK\VLFDO�DUFKLWHFWXUH�� LI�DYDLODEOH��DQG� IXUWKHU� LPSOHPHQWDWLRQ�

FRQVWUDLQWV��VRPH�1)5V�FDQ�RQO\�EH�HOLFLWHG�LI�WKH�GHWDLOHG�SK\VLFDO�

V\VWHP�DUFKLWHFWXUH�LV�NQRZQ���

$V�GHVFULEHG�DERYH��VRPH�RI�WKH�4$V�DUH�DVVRFLDWHG�WR�XVHU�WDVNV�DQG�

V\VWHP� WDVNV�� 7KHUHIRUH��ZH� UHFRPPHQG�XVH�FDVHV� WR� GHVFULEH� WKH�)5V��

7KLV� VHHPV� WR� EH� EHQHILFLDO�� EHFDXVH� 4$V� DVVRFLDWHG� WR� XVHU� WDVNV� FDQ�

GLUHFWO\� EH� UHODWHG� WR� XVH� FDVHV�� 4$V� DVVRFLDWHG� WR� V\VWHP� WDVNV� FDQ�

GLUHFWO\� EH� UHODWHG� WR� XVH� FDVH� VWHSV�� +RZHYHU�� ZH� EHOLHYH� WKDW� RXU�

DSSURDFK�FDQ�EH�DSSOLHG�WR�RWKHU�QRWDWLRQV�DV�ZHOO����

����(OLFLWDWLRQ�DQG�GRFXPHQWDWLRQ�RI�1)5V�

7KLV� VHFWLRQ� GHVFULEHV� WKH� DFWLYLWLHV� DQG� GRFXPHQWV� QHHGHG� WR� HOLFLW��

GRFXPHQW� DQG� FRQVROLGDWH� 1)5V�� $� FKHFNOLVW� WKDW� LV� GHULYHG� IURP� WKH�

TXDOLW\�PRGHO�DV�GHVFULEHG�LQ�6HFWLRQ���JXLGHV�HDFK�DFWLYLW\��7KH�DFWLYLWLHV�

DUH� H[SODLQHG� LQ� PRUH� GHWDLO� LQ� WKH� IROORZLQJ�� :H� GLVWLQJXLVK� EHWZHHQ�

GLIIHUHQW�HOLFLWDWLRQ�DFWLYLWLHV��XVHU� WDVN�1)5�HOLFLWDWLRQ�� V\VWHP� WDVN�1)5�

HOLFLWDWLRQ�DQG�V\VWHP�1)5�HOLFLWDWLRQ�DQG�RUJDQL]DWLRQDO�1)5�HOLFLWDWLRQ���

$FWLYLW\�´(OLFLW�RUJDQL]DWLRQDO�1)5Vµ�

,Q�WKLV�DFWLYLW\��VHH�ILJXUH�����1)5V�DUH�HOLFLWHG�WKDW�FRQVWUDLQ�4$V�RI�WKH�

RUJDQL]DWLRQ��7KH�FXVWRPHU��IRU�H[DPSOH��PLJKW�KDYH�FHUWDLQ�UHTXLUHPHQWV�

FRQFHUQLQJ�WKH�RUJDQL]DWLRQDO�VWUXFWXUH�DQG�H[SHULHQFH�RI�D�VXSSOLHU��7KLV�

SURFHVV� LV� JXLGHG� E\� D� VHW� RI� FOXHV� LQ� IRUP� RI� D� FKHFNOLVW�� 7KHVH� FOXHV�

VXJJHVW� WKLQNLQJ� DERXW� GRPDLQ�H[SHULHQFH�� VL]H�� VWUXFWXUH� RU� DJH� RI� WKH�

VXSSOLHU� RUJDQL]DWLRQ�� DV� ZHOO� DV� UHTXLUHG� VWDQGDUGV� �IRU� H[DPSOH� 583���
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DFWLYLWLHV��IRU�H[DPSOH� LQVSHFWLRQV���GRFXPHQWV�RU�QRWDWLRQV� �IRU�H[DPSOH�

6WDWHFKDUWV���

�

�

$FWLYLW\��´(OLFLW�XVHU�WDVN�1)5Vµ�

,Q�WKLV�DFWLYLW\��1)5V�DUH�HOLFLWHG�WKDW�FRQVWUDLQ�4$V�RI�XVHU�WDVNV��VHH�

)LJXUH� �� IRU� D� UHSUHVHQWDWLRQ� RI� WKLV� DFWLYLW\��� ,Q� RXU� FDVH� VWXG\�� WKH� 4$�

´VLPSOLFLW\µ�LQFOXGHG�LQ�WKH�TXDOLW\�PRGHO�LV�D�XVHU�WDVN�4$��7KHVH�4$V�DUH�

GRFXPHQWHG�IRU�HDFK�XVH�FDVH�LQFOXGHG�LQ�WKH�XVH�FDVH�GLDJUDP��EHFDXVH�

HDFK� XVH� FDVH� UHSUHVHQWV� D� XVHU� WDVN�� $V� VKRZQ� LQ� )LJXUH� ��� 1)5V� DUH�

DGGHG�WR�XVH�FDVHV�ZLWK�WKH�KHOS�RI�QRWHV���

�

,Q� RXU� FDVH� VWXG\� WKH� UHTXLUHPHQW� ´7R� PRQLWRU� WKH� VWDWXV� RI� WKH�

PDFKLQH�� RQO\� QHFHVVDU\� LQIRUPDWLRQ� DERXW� ILOO� VWDWXV�� FKRFRODWH�

6WDNH�
KROGHU

3URFHVV2UJD
4$¥V

&KHFN
/LVW��

���(OLFLW
2UJD
1)5¥V

���(OLFLW
2UJD
1)5¥V

6WDNH�
KROGHU

3URFHVV2UJD
4$¥V

&KHFN
/LVW��

���(OLFLW
2UJD
1)5¥V

���(OLFLW
2UJD
1)5¥V

)LJXUH����(OLFLW�RUJDQL]DWLRQDO�1)5V�

8VHU�
WDVN
4$¥V

���(OLFLW
8VHU�WDVN
1)5¥V

&KHFN
/LVW��

5HILQHG
8&�

GLDJUDP

8&�
GLDJUDP

���(OLFLW
8VHU�WDVN
1)5¥V

���(OLFLW
8VHU�WDVN
1)5¥V

8VHU�
PRGHO

8VHU�
WDVN
4$¥V

���(OLFLW
8VHU�WDVN
1)5¥V

&KHFN
/LVW��

5HILQHG
8&�

GLDJUDP

8&�
GLDJUDP

���(OLFLW
8VHU�WDVN
1)5¥V

���(OLFLW
8VHU�WDVN
1)5¥V

8VHU�
PRGHO

)LJXUH����(OLFLW�XVHU�WDVN�1)5V�
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WHPSHUDWXUH� DQG� DFWLYDWLRQ� VWDWXV� VKDOO� EH� SURYLGHG� DQG� RQO\� PLQLPDO�

IXQFWLRQV� WR� IXOILOO� WKH� WDVNV� SURYLGHG�µ� ZDV� DWWDFKHG� WR� WKH� XVH� FDVH�

´0RQLWRU�VWDWXV�RI�WKH�PDFKLQHµ��7R�SUHYHQW�SUHPDWXUH�GHVLJQ�GHFLVLRQV��D�

MXVWLILFDWLRQ�IURP�WKH�VWDNHKROGHU�LV�UHTXLUHG��:H�UHFRPPHQG�WKH�6RFUDWLF�

'LDORJXH�DV�D�PHWKRG�WR�UHYHDO�UDWLRQDOHV�DQG�TXHVWLRQ�GHFLVLRQV��,Q�WKH�

6RFUDWLF�'LDORJXH��.DKQ���������D�1)5�LV�TXHVWLRQHG�RYHU�DQG�RYHU�DJDLQ�

DQG� WKH� SKUDVLQJ� VWDNHKROGHU�PXVW� KDYH� D� JRRG� UHDVRQ� IRU� SKUDVLQJ� LW��

RWKHUZLVH� LW� ZRQ·W� EH� DFFHSWHG�� ,I� WKH� VWDNHKROGHU� FDQ·W� H[SUHVV� WKH�

UDWLRQDOH� IRU� D� 1)5�� DQ� DOWHUQDWLYH� 1)5� FDQ� EH� RIIHUHG�� 1RZ� WKH�

VWDNHKROGHU� ZLOO� KDYH� WR�PDNH� D� GHFLVLRQ� EHWZHHQ� WZR� DOWHUQDWLYHV� DQG�

MXVWLI\�WKH�GHFLVLRQ��,PSOLFLW�JRDOV�DQG�FULWHULD�FDQ�EH�GLVFRYHUHG�WKDW�ZD\��

7KH� UHVXOWLQJ� UDWLRQDOH� IRU� WKH� 1)5� PHQWLRQHG� DERYH� ZDV� SKUDVHG� DV�

´UHGXFH� WKH�FRJQLWLYH� ORDG�� VR�DFWRU�KDV� D�JRRG�RYHUYLHZ�RI� VWDWXVµ� DQG�

ZDV�GRFXPHQWHG�LQ�SDUHQWKHVLV�EHKLQG�WKH�1)5��

�

�

 

$FWLYLW\�´(OLFLW�V\VWHP�WDVN�1)5Vµ�

,Q�WKLV�DFWLYLW\��1)5V�DUH�HOLFLWHG�WKDW�FRQVWUDLQ�4$V�RI�V\VWHP�WDVNV��VHH�

)LJXUH��� IRU�D� UHSUHVHQWDWLRQ� RI� WKLV�DFWLYLW\��� 7KH�HOLFLWDWLRQ� LV� EDVHG�RQ�

WKH�GHWDLOHG�LQWHUDFWLRQ�VHTXHQFH��DOVR�FDOOHG�IORZ�RI�HYHQWV��GRFXPHQWHG�

LQ� WKH� XVH� FDVH�� 7DEOH� �� VKRZV� WKH� WH[WXDO� GHVFULSWLRQ� RI� WKH� XVH� FDVH�

6LPSOLFLW\�
2QO\ QHFHVVDU\�LQIRUPDWLRQ�VKDOO�EH�
SURYLGHG�DQG�RQO\�IXQFWLRQV�WR IXOILO�
WKH�WDVN�SURYLGHG���UHGXFH�WKH�FRJQLWLYH�
ORDG��VR�DFWRU�KDV�D�JRRG�RYHUYLHZ�RI
VWDWXV�

0HDQLQJIXOQHVV�
7KH�IXQFWLRQV�DYDLODEOH�LQ�FDVH�RI�
KDQGOLQJ�DQ�DODUP�VKRXOG�EH�GLVSOD\HG�LQ�D�ZD\��XVHUV�
ZLOO�LQ������ILQG�WKH�ULJKW�RSWLRQ��DODUPV�KDYH�WR�EH�
KDQGOHG�IDVW��

6LPSOLFLW\�
2QO\ QHFHVVDU\�LQIRUPDWLRQ�VKDOO�EH�
SURYLGHG�DQG�RQO\�IXQFWLRQV�WR IXOILO�
WKH�WDVN�SURYLGHG���UHGXFH�WKH�FRJQLWLYH�
ORDG��VR�DFWRU�KDV�D�JRRG�RYHUYLHZ�RI
VWDWXV�

0HDQLQJIXOQHVV�
7KH�IXQFWLRQV�DYDLODEOH�LQ�FDVH�RI�
KDQGOLQJ�DQ�DODUP�VKRXOG�EH�GLVSOD\HG�LQ�D�ZD\��XVHUV�
ZLOO�LQ������ILQG�WKH�ULJKW�RSWLRQ��DODUPV�KDYH�WR�EH�
KDQGOHG�IDVW��

)LJXUH����8VH�FDVHV�ZLWK�DWWDFKHG�XVHU�WDVN�1)5V�
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´KDQGOH�DODUPµ�� ,W�GHVFULEHV� WKDW� WKH� V\VWHP�VKRZV�DQ�DODUP�DQG�ZKHUH�

WKH�DODUP�ZDV�SURGXFHG��$V� UHDFWLRQ� WR� WKLV�� WKH�XVHU�DFNQRZOHGJHV� WKH�

DODUP��VR�RWKHU�XVHUV�NQRZ�V�KH�LV�WDNLQJ�FDUH�RI�LW���

�

$V� D� UHVXOW� RI� WKH� HOLFLWDWLRQ� DQG� GRFXPHQWDWLRQ� SURFHVV�� 1)5V� WKDW�

FRQVWUDLQ�WKH�XVHU�WDVN�4$�´8QGRDELOLW\µ�ZHUH�GRFXPHQWHG��7KH�1)5�´WKH�

XVHU�PXVW�EH�DEOH�WR�XQGR�WKH�QRWLILFDWLRQ�µ�ZDV�DWWDFKHG�WR�WKH�XVH�FDVH�

VWHS���´7KH�V\VWHP�LQIRUPV�RWKHU�XVHUV�DERXW�DFNQRZOHGJHPHQWµ�DQG�WKH�

VDPH� 1)5� ZDV� DWWDFKHG� WR� XVH� FDVH� VWHS� ���� %RWK� UHTXLUHPHQWV� ZHUH�

GRFXPHQWHG� LQ� WKH� 1)5V� ILHOG� ZLWKLQ� WKH� WH[WXDO� GHVFULSWLRQ� RI� WKH� XVH�

FDVH�� DIWHU� EHLQJ� MXVWLILHG� E\� WKH� FXVWRPHU� LQ� WKH� 6RFUDWLF� GLDORJXH�� 7KH�

UDWLRQDOH�HOLFLWHG�ZDV�´�LQ�FDVH�WKH�XVHU�LV�KLQGHUHG�WR�ILQLVK�WKH�WDVN�µ��$V�

VKRZQ� LQ� )LJXUH� �� DQG� )LJXUH� ��� WKH� UDWLRQDOH� ZDV� GRFXPHQWHG� LQ�

SDUHQWKHVLV��

7DEOH�����8&�VWHSV�ZLWK�DWWDFKHG�V\VWHP�WDVN�1)5V�

8VH&DVH� +DQGOH�DODUP�

$FWRUV� &RQWUROOHU��*XHVW��$GPLQLVWUDWRU��0DFKLQH��

,QWHQW� 8VHU��UHPRYHV�D�ZDUQLQJ�VHQG�E\�D�FHUWDLQ�PDFKLQH�

3UHFRQGLWLRQV� 8VH�&DVH�´%RRW�XS�V\VWHPµ�

7[W�
'HVFU��8&�
2YHUVS�
1)5¥V

6\VWHP
WDVN
4$¥V

���(OLFLW
6\VWHP�WDVN

1)5¥V&KHFN
/LVW��

7[W�8&
'HVFU�

2I�1)5¥V
7[W�8&

'HVFULSWLRQ

���(OLFLW
6\VWHP�WDVN

1)5¥V

���(OLFLW
6\VWHP�WDVN

1)5¥V

8VHU�
PRGHO

7[W�
'HVFU��8&�
2YHUVS�
1)5¥V

6\VWHP
WDVN
4$¥V

���(OLFLW
6\VWHP�WDVN

1)5¥V&KHFN
/LVW��

7[W�8&
'HVFU�

2I�1)5¥V
7[W�8&

'HVFULSWLRQ

���(OLFLW
6\VWHP�WDVN

1)5¥V

���(OLFLW
6\VWHP�WDVN

1)5¥V

8VHU�
PRGHO

)LJXUH����(OLFLW�V\VWHP�WDVN�1)5V�



�

��� .HUNRZ��.RKOHU��'|UU��8VDELOLW\�DQG�2WKHU�4XDOLW\�$VSHFWV�

)ORZ�RI�HYHQWV� ��� 7KH� V\VWHP� UHTXHVWV� GDWD� IURP� WKH� SULPDU\� GDWDEDVH�

UHJXODUO\�

��� 7KH� V\VWHP� VKRZV� DODUP� DQG� ZKHUH� WKH� DODUP� ZDV�

SURGXFHG���>�([HSWLRQ��0XOWLSOH�DODUPV@�

��� 7KH� DFWRU� DFNQRZOHGJHV� DODUP� WR� OHW� RWKHUV� NQRZ�

KH�VKH�LV�JRLQJ� WR� WDNH�FDUH�RI� LW��>([FHSWLRQ��$QRWKHU�

DFWRU�KDV�DFNQRZOHGJHG�WKH�DODUP@��

��� 7KH� DFWRU� PRYHV� WR� WKH� PDFKLQH� IROORZLQJ� WKH� SDWK�

GLVSOD\HG�E\�WKH�V\VWHP��

��� 'XULQJ� WKH�ZDON�� WKH�DFWRU�PRQLWRUV� WKH� VWDWXV�RI� WKLV�

PDFKLQH�E\�WKH�V\VWHP���!�XVH�FDVH�´PRQLWRU�VWDWXV�RI�

PDFKLQHµ��

��� 7KH� DFWRU� UHPRYHV� WKH� SUREOHP� E\� FRQWUROOLQJ� WKH�

PDFKLQH���!�XVH�FDVH�´FRQWURO�PDFKLQHµ��

��� 7KH�V\VWHP�VHQGV�FRQWURO�GDWD�WR�ILUVW�GDWDEDVH���

([FHSWLRQV� ���� 0XOWLSOH� DODUPV�� 6\VWHP� RSHQV� D� ZLQGRZ� IRU� HDFK� DODUP�

PHVVDJH��

����$QRWKHU�XVHU�KDV�DFNQRZOHGJHG� WKH�DODUP��6\VWHP�UHPRYHV�

DODUP�PHVVDJH�IURP�WKH�VFUHHQ�DQG�VKRZV�DFNQRZOHGJHPHQW��

5XOHV� 7KH�DODUP�ZDUQLQJ�ZLOO�DOZD\V�KDYH�WKH�KLJKHVW�SULRULW\��

1)5V� «�

8QGRDELOLW\��

��� WKH� XVHU�PXVW� EH� DEOH� WR�XQGR� WKH� QRWLILFDWLRQ� �LQ� FDVH�

WKH�XVHU�LV�KLQGHUHG�WR�ILQLVK�WKH�WDVN�

��� «�

)HHGEDFN�

��� :KLOH� WKH� V\VWHP� SHUIRUPV� WKLV� VWHS�� WKH� XVHU� PXVW� EH�

LQIRUPHG�DERXW�WKH�VWDWH�RI�WKH�V\VWHP�

��� «�

�

$FWLYLW\�´(OLFLW�V\VWHP�1)5Vµ�

,Q�WKLV�DFWLYLW\��1)5V�DUH�HOLFLWHG�WKDW�FRQVWUDLQ�4$V�RI�WKH�V\VWHP�DQG�

VXEV\VWHPV� �VHH� )LJXUH� �� IRU� D� UHSUHVHQWDWLRQ� RI� WKLV� DFWLYLW\��� ,Q� WKLV�
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DFWLYLW\�� WKH�DUFKLWHFWXUH�RI� WKH� SK\VLFDO� VXEV\VWHPV� LV�XVHG�� LI�DYDLODEOH��

7KH�VXEV\VWHPV�DQG�DUFKLWHFWXUH�FRQVWUDLQWV�RQ�RXU�FDVH�VWXG\�DUH�VKRZQ�

LQ�7DEOH�����

�

7KH� FKHFNOLVW� JLYHV� LQVWUXFWLRQV� RQ� KRZ� WR� FRQVLGHU� WKH� XVHU� PRGHO�

ZKLOH� SKUDVLQJ� 1)5V� IRU� HDFK� XVH� FDVH� GHVFULSWLRQ� DQG� SK\VLFDO�

VXEV\VWHP� RI� WKH� V\VWHP� DUFKLWHFWXUH�� 7DEOH� �� VKRZV� DQ� H[FHUSW� RI� WKH�

XVHU�PRGHO�WKDW�LV�FRQVLGHUHG�LQ�UHODWLRQVKLS�WR�WKH�V\VWHP��$�XVHU�PRGHO�

GHVFULEHV�DVVXPSWLRQV�DERXW�W\SLFDO�XVHUV�RI�WKH�V\VWHP��+HUH�ZH�FDSWXUH�

XVHU� UROHV�� WKHLU� H[SHFWHG� FDSDELOLWLHV� DQG� OLPLWDWLRQV� LQ� DQ� SK\VLFDO�

HQYLURQPHQWDO�DQG�LQ�D�SK\VLRORJLFDO�VHQVH��7KH�XVHU�UROHV�DUH�D�VXEVHW�RI�

WKH� DFWRUV� �RQO\� WKRVH� DFWRUV�� WKDW� DUH� KXPDQ�� PHQWLRQHG� LQ� WKH�

GHVFULSWLRQ�RI�WKH�IXQFWLRQDO�UHTXLUHPHQWV��

�

7DEOH����&RQVWUDLQWV�RQ�V\VWHP�DUFKLWHFXUH�

&RQVWUDLQWV�RQ�RYHUDOO�DUFKLWHFWXUH�

$���:LQGRZV�&(�26�PXVW�EH�UXQ�RQ�WKH�3'$�

$���6WDQGDUG�3'$V�PXVW�EH�XVHG��UHSODFHDEOH��

$���6WDQGDUG�1HWZRUN�FRPSRQHQWV�PXVW�EH�XVHG��UHSODFHDEOH��

$���7KURXJKSXW��:/$1����0ELW�VHF�

6\VWHP
$UFKLWHFWXUH

���(OLFLW
6\VWHP
1)5¥V

���(OLFLW
6\VWHP
1)5¥V

8VHU�
PRGHO

7[W�
'HVFU��8&�
2YHUVS�
1)5¥V

7[W�8&
'HVFU�

2I�1)5¥V

6\VWHP
4$¥V

&KHFN
/LVW��

6\VWHP
$UFKLWHFWXUH

���(OLFLW
6\VWHP
1)5¥V

���(OLFLW
6\VWHP
1)5¥V

8VHU�
PRGHO

7[W�
'HVFU��8&�
2YHUVS�
1)5¥V

7[W�8&
'HVFU�

2I�1)5¥V

6\VWHP
4$¥V

&KHFN
/LVW��

)LJXUH����(OLFLW�6\VWHP�1)5·V�
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$���6HUYHU��:LQGRZV������PXVW�EH�XVHG�

$����6HFRQGDU\�'DWDEDVH��!�3'$��:LUHG�1HWZRUN�UHTXLUHG�

$���'RZQORDGLQJ�DQG�PRQLWRULQJ�DW�WKH�VDPH�WLPH�LV�QRW�SRVVLEOH�

 
�

7DEOH����8VHU�PRGHOV�IRU�&RQWUROOHU�DQG�$GPLQLVWUDWRU�

$FWRUV� &RQWUROOHU� $GPLQLVWUDWRU�

*RDOV� 0LQRU�V\VWHP�GRZQWLPH� 0LQRU�PDLQWHQDQFH�HIIRUW�

(QYLURQPHQW� :HDUV� JORYHV�� QRLV\�� VSDFH� EHWZHHQ� WKH� HQJLQHV� QRW� YHU\� ZHOO�

LOOXPLQDWHG�

6NLOOV� 0HFKDQLFDO� HQJLQHHU�� ZRUNLQJ�

LQ�VKLIWV�

7HFKQLFLDQ��«�

3HUVRQDO�$WWULEXWHV� ������\HDUV�� ������\HDUV�

(TXLSPHQW� 0RELOH�SKRQH��VFUHZ�GULYHU� ��

 
��

$V� 7DEOH� �� VKRZV�� WKH� 1)5� ILHOG� RI� WKH� XVH� FDVH� GHVFULSWLRQ� LV�

VHJPHQWHG�LQWR�1)5V�UHODWHG�WR�HYHU\�SK\VLFDO�VXEV\VWHP��

7DEOH����8&�ZLWK�DWWDFKHG�V\VWHP�1)5V�

1)5V� «�

$FFHVVLELOLW\�UHTXLUHPHQWV��

PRELOH�GHYLFH� LQSXW�FRQWURO��7KH� VXEV\VWHP�VKDOO� EH�DEOH�

WR� EH� RSHUDWHG� ZHDULQJ� JORYHV�� �WKH� DFWRU� ´FRQWUROOHUµ� XVXDOO\�

ZHDUV�JORYHV�ZKHQHYHU�KH�PDQLSXODWHV�D�PDFKLQH��

PRELOH�GHYLFH�RXWSXW�FRQWURO���WKH�GLVSOD\�RI�WKH�3'$�PXVW�

EH�LOOXPLQDWHG�LQ�RUGHU�WR�EH�DFFHVVLEOH�LQ�WKH�GDUNQHVV�

,Q� WKH�XVH�FDVH�´KDQGOH�DODUPµ��1)5V�IRU�WKH�4$�´DFFHVVLELOLW\µ�FRXOG�

EH� SKUDVHG� IRU� WKH� SK\VLFDO� VXEV\VWHP� ´3'$�� LQSXW� FRQWUROµ�� 7KH�

VXEV\VWHP�VKDOO�EH�DEOH�WR�EH�RSHUDWHG�ZHDULQJ�JORYHV��7KH�UDWLRQDOH�IRU�

WKLV�1)5�LV�WKH�SUDFWLFH�RI�WKH�DFWRU�´FRQWUROOHUµ�WR�ZHDU�JORYHV�ZKHQHYHU�

KH�PDQLSXODWHV�D�PDFKLQH��
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7KH� HOLFLWHG� 1)5V� IRU� VLQJOH� VXEV\VWHPV� DUH� GRFXPHQWHG� ZLWKLQ� WKH�

WH[WXDO� XVH� FDVH� GHVFULSWLRQ� DV� ZHOO� DV� LQ� WKH� VHFWLRQ� ´XVH� FDVH�

RYHUVSDQQLQJ� WH[WXDO� GHVFULSWLRQ� RI� 1)5Vµ�� 7KLV� LV� GRQH� WR� EH� DEOH� WR�

FRQVROLGDWH�WKH�UHTXLUHPHQWV�RYHU�VHYHUDO�XVH�FDVHV���

$FWLYLW\��´&RQVROLGDWHµ�

,Q� WKLV� DFWLYLW\�� WKH� 1)5V� DUH� DQDO\]HG� IRU� FRQIOLFWV�� 7KLV� DFWLYLW\�

LQFOXGHV� WZR� VXE�DFWLYLWLHV� �VHH� )LJXUH� �� IRU� D� UHSUHVHQWDWLRQ� RI� WKLV�

DFWLYLW\��� ,Q� WKH� ILUVW�� 1)5V� RI� RQH� NLQG�� L�H��� RI� RQH� TXDOLW\� DWWULEXWH�� IRU�

H[DPSOH�� XVDJH� WLPH� LV� DQDO\]HG� RYHU� DOO� XVH� FDVHV�� 7KH� FKHFNOLVW� JLYHV�

KLQWV� RQ� KRZ� WR� LGHQWLI\� FRQIOLFWV� DQG� KRZ� WR� VROYH� WKHP�� ,W� KDV� WR� EH�

FKHFNHG�� IRU� H[DPSOH�� ZKHWKHU� 1)5V� FDQ� EH� DFKLHYHG� LI� XVH� FDVHV� DUH�

H[HFXWHG� LQ� SDUDOOHO�� ,Q� WKH� VHFRQG� VXE�DFWLYLW\�� 1)5V� WKDW� FRQVWUDLQ�

GLIIHUHQW� 4$V� DUH� YDOLGDWHG� XQGHU� FRQVLGHUDWLRQ� RI� WKH� GHSHQGHQFLHV�

GRFXPHQWHG�ZLWKLQ�WKH�TXDOLW\�PRGHO���

�

7KH�FRQVROLGDWLRQ�DFWLYLW\�GLVFRYHUHG�DQ�LPSRUWDQW�FRQIOLFW�EHWZHHQ�WKH�

GHWHUPLQHG� DFFHVVLELOLW\� UHTXLUHPHQWV� DQG� WKH� GHILQHG� KDUGZDUH�

FRQVWUDLQWV�� $V� VKRZQ� LQ� )LJXUH� �� RQH� RI� WKH� DFFHVVLELOLW\� UHTXLUHPHQWV�

VWDWHG���

´7KH� VXEV\VWHP� VKDOO� EH� DEOH� WR� EH� RSHUDWHG� ZHDULQJ�

JORYHV�µ�

7KH� KDUGZDUH� FRQVWUDLQWV� VKRZQ� LQ� )LJXUH� �� FRQVWUDLQHG� WKH� 3'$� WR�

VWDQGDUG�3'$V��ZKLFK�GR�QRW� VXSSRUW�XVHUV�ZHDULQJ� JORYHV�� 7KLV� FRQIOLFW�

EHWZHHQ�WKH�UHTXLUHPHQWV�FDQ�EH�IRXQG�LQ�DQ�HDUO\�SKDVH�E\�PDNLQJ�WKH�
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UHODWLRQVKLSV� EHWZHHQ� UHTXLUHPHQWV� H[SOLFLW�� 7KH� FRPSOH[LW\� RI�

GHSHQGHQFLHV� EHWZHHQ�1)5V� DVFHQGV� LI� 4$V� RI� GLIIHUHQW�40V�DUH� WDNHQ�

LQWR�FRQVLGHUDWLRQ��

7KH�GHSHQGHQF\�UHODWLRQVKLSV�PDNH�H[SOLFLW�WKDW�WKH�4$�ZRUNORDG�IURP�

WKH�HIILFLHQF\�40�KDV�DQ�LQIOXHQFH�RQ� WKH�FRPPXQLFDELOLW\�DVSHFW�RI�WKH�

XVDELOLW\� 40�� ,W� GRHV� QRW� WDNH� PXFK� WR� LPDJLQH� WKDW� D� IUHH]LQJ� V\VWHP�

ODFNV�RI�FRPPXQLFDELOLW\��

$QRWKHU�UHODWLRQVKLS�LV�WKH�RQH�EHWZHHQ�WKURXJKSXW�IURP�WKH�HIILFLHQF\�

40� DQG� IHHGEDFN� IURP� WKH� XVDELOLW\� 40�� $JDLQ�� WR� UHFHLYH� SHUPDQHQW�

IHHGEDFN� DERXW� WKH� VWDWH� RI� WKH� V\VWHP�� WKH� QHWZRUN� FRPSRQHQWV� PXVW�

SURYLGH�HQRXJK�UHVRXUFHV���

���([SHULHQFH��

:H�KDYH�XVHG�WKLV�DSSURDFK�IRU�D�VXEVHW�RI�WKH�TXDOLW\�DWWULEXWHV�VR�IDU�LQ�

D�FDVH�VWXG\�ZLWK�DQ�LQGXVWULDO�SDUWQHU�LQ�WKH�,7($�(035(66�SURMHFW�DQG�LQ�

D�ZRUNVKRS�ZLWK����SUDFWLWLRQHUV�� ,Q�WKH�FDVH�VWXG\��ZH�VSHQW�KDOI�D�GD\�

ZLWK�WKH�FXVWRPHU�LQ�GLVFXVVLQJ�DQG�WDLORULQJ�WKH�GHIDXOW�TXDOLW\�PRGHO�DQG�

KDOI� D� GD\� LQ� HOLFLWLQJ� 1)5V� IRU� VRPH� RI� WKH� 8VH� &DVHV�� 7KH� FXVWRPHU�

DFNQRZOHGJHG� WKDW� WKH� WLPH�ZDV�YHU\�ZRUWKZKLOH�DV�KH�GLVFRYHUHG�PDQ\�

QHZ�1)5V�KH�KDG�QRW�EHHQ�DZDUH�RI�EHIRUH��$OVR��LW�KHOSHG�KLP�WR�VSHFLI\�

WKHP�PRUH�SUHFLVHO\�� ,Q� WKH�ZRUNVKRS��ZH�VSHQW�RQH�KRXU�H[SODLQLQJ�RXU�

PHWKRG�DQG�WKHQ�ZLWKLQ�DQRWKHU�WZR�KRXUV�ZH�LQWHUDFWLYHO\�ZHQW� WKURXJK�

WKH� FKHFNOLVWV� DQG� ILOOHG� WKH� WHPSODWH�� $JDLQ�� WKH� IHHGEDFN� ZDV� YHU\�

SRVLWLYH� DV� WKH� SDUWLFLSDQWV� DFNQRZOHGJHG� WKDW� WKLV� ZDV� WKH� ILUVW�

V\VWHPDWLF�PHWKRG�WKH\�KDG�VHHQ�WR�HOLFLW�1)5V��7KH\�SDUWLFXODUO\�OLNHG�WKH�

LGHD�RI�WKH�TXDOLW\�PRGHO��FKHFNOLVWV��DQG�WHPSODWH�WR�FDSWXUH�H[SHULHQFH�

RQ�1)5V���,Q�DGGLWLRQ��WKH\�OLNHG�WKH�XVH�RI�XVH�FDVHV�DQG�WKH�DUFKLWHFWXUH�

WR�HQVXUH�FRPSOHWHQHVV�DQG�HDVH�WUDFHDELOLW\���

���5HODWHG�ZRUN�

7KH�FXUUHQW�SDSHU�DGGUHVVHV�RQ�WKH�RQH�KDQG�XVDELOLW\�DV�D�KLJK�OHYHO�4$��

DQG� RQ� WKH� RWKHU� KDQG� WKH� FRQFHSW� RI� TXDOLW\� LQ� XVH��ZKLFK� FDQ� RQO\� EH�

XQGHUVWRRG� DV� DQ� LQWHJUDWLRQ� RI� XVDELOLW\� 4$V� ZLWK� RWKHU� 4$V� VXFK� DV�

HIILFLHQF\�� UHOLDELOLW\�� SRUWDELOLW\� DQG� PDLQWHQDQFH�� ,Q� FRQWUDVW� RWKHU�

DSSURDFKHV� OLNH� �%HYDQ�� ������ ']LGD� HW�� DO��� ������ WKDW� VXSSRUW� WKH�

PHDVXUHPHQW�RI�XVDELOLW\��DUH�UHVWULFWHG�RQ�XVDELOLW\�RQO\�DQG�GRQ·W�SURYLGH�

WKLV� FRPSUHKHQVLYH� YLHZ� RQ� WKH� TXDOLW\� DWWULEXWHV�� $GGLWLRQDOO\� WKHVH�
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DSSURDFKHV�PHDVXUH� RQO\� D� SUHGHILQHG�� IL[HG� VHW� RI�PHWULFV� WKDW� LV� QRW�

WDLORUHG�WR�WKH�QHHGV�RI�WKH�SURMHFW���

)XUWKHU� UHODWHG� ZRUN� RQ� 1)5V� FDQ� EH� IRXQG� LQ� WKH� FRPPXQLWLHV� RI�

UHTXLUHPHQWV� HQJLQHHULQJ�� DUFKLWHFWXUH� GHVLJQ� DQG� SHUIRUPDQFH�

HQJLQHHULQJ��&\VQHLURV�	�/HLWH���������

$QRWKHU�DSSURDFK�GHYHORSHG�IRU�VHFXULW\�UHTXLUHPHQWV�LV�WKH�HOLFLWDWLRQ�

RI�1)5V�E\�XVLQJ�0LV�8VHFDVHV��$OH[DQGHU���������7KRVH�DUH�DQ�H[FHOOHQW�

PHDQV� WR� DQDO\]H� VHFXULW\� WKUHDWV�� EXW� LQDSSURSULDWH� WR� H[SUHVV� VHFXULW\�

UHTXLUHPHQWV� H[SOLFLWO\� LQ� D�PHDVXUDEOH�ZD\�� DV� GLVFXVVHG� LQ� �)LUHVPLWK��

������� 7KH�DSSURDFKHV�SUHVHQWHG� E\� �)LUHVPLWK�� ������ DQG� �6LQGUH� DQG�

2SGDKO�� ������ DUH� YHU\� VLPLODU� WR� RXU� DFWLYLWLHV� RI� XVHU� WDVN� OHYHO�

HOLFLWDWLRQ�� 2XU� UHVXOWV� VKRZ�� WKDW� QRW� HYHU\� TXDOLW\� DWWULEXWH� FDQ� EH�

H[SUHVVHG�E\�GRFXPHQWLQJ�D�WDVN��7KHUH�DUH�1)5V�WKDW�FDQ�RQO\�EH�HOLFLWHG�

DQG� H[SUHVVHG� XVLQJ� GHVFULSWLRQV� RI� V\VWHP� FRPSRQHQWV� DQG� IORZV� RI�

HYHQWV�QRW�H[SOLFLWO\�UHODWHG�WR�WKH�TXDOLW\�DWWULEXWH��:H�KDYH�DOVR�OHDUQHG��

WKDW� D� TXDOLW\� DWWULEXWH� VXFK� DV� HIILFLHQF\� FDQ� EH� XQGHUVWRRG� LQ� PDQ\�

GLIIHUHQW�ZD\V�E\�GLIIHUHQW�VWDNHKROGHUV��7KH�GHILQLWLRQ�RI�WKH�FRQFHSW�DQG�

ILQGLQJ� GHSHQGHQFLHV� WR� RWKHU� DWWULEXWHV� DUH� DOVR� SDUW� RI� WKH� HOLFLWDWLRQ�

SURFHVV��

$V� H[HPSOLILHG� E\� ODVW� \HDU·V� 675$:� ZRUNVKRS�� LQ� WKH� DUFKLWHFWXUH�

FRPPXQLW\� VHYHUDO� DSSURDFKHV� UHO\� RQ� JRDO� JUDSKV� IRU� VSHFLI\LQJ� 1)5V�

DQG�)5V�DQG�WKHLU�GHSHQGHQFLHV��%RHKP�HW��DO��������(J\HG�HW�DO���������

*URVV� DQG� <X�� ������ ,Q� HW� DO�� ������ /LX� DQG� <X�� ������� ,Q� WKHVH�

DSSURDFKHV��WKH�JUDSK�FDSWXUHV�WKH�DFWXDO�)5V�DQG�1)5V��,Q�FRQWUDVW��ZH�

RQO\�XVH�WKH�JUDSK�WR�UHSUHVHQW�GHSHQGHQFLHV�EHWZHHQ�TXDOLW\�DWWULEXWHV�

DQG�ZH�SODFH�WKH�1)5V�LQ�WKH�UHTXLUHPHQWV�GRFXPHQW�WHPSODWH���

���&RQFOXVLRQ��

,Q� WKLV� SDSHU�� ZH� KDYH� SUHVHQWHG� DQ� DSSURDFK� IRU� HOLFLWLQJ� DQG�

GRFXPHQWLQJ�XVDELOLW\�UHTXLUHPHQWV�LQ�FRQFHUW�ZLWK�XVH�FDVHV�DQG�D�KLJK�

OHYHO�DUFKLWHFWXUH��7KHUH�DUH�WKUHH�PDMRU�LQQRYDWLRQV��2QH�LV�WKH�XVH�RI�D�

TXDOLW\�PRGHO�DQG�TXDOLW\�DWWULEXWH�W\SHV�WR�FDSWXUH�JHQHUDO�NQRZOHGJH�RQ�

1)5V�� ZKLOH� VSHFLILF� 1)5V� DUH� FDSWXUHG� LQ� D� WHPSODWH�� 7KH� RWKHU� DUH�

GHWDLOHG�FKHFNOLVWV�RQ�KRZ�WR�HOLFLW�1)5V�LQ�FRQFHUW�ZLWK�XVHU�PRGHOV��XVH�

FDVHV� DQG� DUFKLWHFWXUH�� :LWK� WKLV� DSSURDFK�� ZH� DFKLHYH� D� PLQLPDO��

FRPSOHWH�DQG�IRFXVHG�VHW�RI�PHDVXUDEOH�DQG�WUDFHDEOH�1)5V��7KLV� OHDGV�

WR� WKH� DSSOLFDELOLW\� LQ� HDUO\� VWDJHV� RI� WKH� VRIWZDUH� GHYHORSPHQW� SURFHVV�

DQG�GLIIHUV�IURP�WHVWLQJ�DSSURDFKHV��7KH�GHSHQGHQFLHV�WR�RWKHU�4$V�WKDQ�



�

��� .HUNRZ��.RKOHU��'|UU��8VDELOLW\�DQG�2WKHU�4XDOLW\�$VSHFWV�

XVDELOLW\�H[WHQGV�WKH�DSSURDFK�WR�VXSSRUW�TXDOLW\�LQ�XVH�DV�LW�LV�DGGUHVVHG�

LQ�,62�������

7KHUH� LV� ILUVW�HYLGHQFH� IURP�SUDFWLWLRQHUV� WKDW� WKLV�DSSURDFK�YDOXDEOH�

IRU� WKH� 4$V� XVDELOLW\�� HIILFLHQF\�� UHOLDELOLW\� DQG� PDLQWDLQDELOLW\�� :H� KDYH�

H[WHQGHG�WKH�YDOLGDWHG�DSSURDFK�WR�RWKHU�4$V��VXFK�DV�WKH�RQH�SUHVHQWHG�

LQ�WKLV�SDSHU��:H�DVVXPH�WKDW�WKH�GHILQHG�FRQFHSWV��VXFK�DV�WKH�GLIIHUHQW�

W\SHV� RI� 4$V� DQG� PHWULFV� FDQ� EH� DSSOLHG� WR� HYHU\� KLJK�OHYHO� TXDOLW\�

DWWULEXWHV��:H�KDYH�H[SHULHQFHG�� WKDW� RQO\� WKH�QHFHVVDU\�FRQWH[W� IDFWRUV�

DUH� YDULDQW�� VXFK� DV� WKH� JUDQXODULW\� RI� WKH� V\VWHP�� DUFKLWHFWXUH� DQG� WKH�

XVDJH�RI�DUWLIDFWV�VXFK�DV�XVHU�PRGHOV�LQVWHDG�RI�GDWD�DVVXPSWLRQV���7KH�

PDLQ�RSHQ�LVVXH�LV�LPSURYLQJ�WKH�UHIHUHQFH�TXDOLW\�PRGHO�ZLWK�VXEVHTXHQW�

SURMHFW�� ,Q� WKDW� ZD\� WKH� WDLORULQJ� RI� WKH� TXDOLW\� PRGHO� ZLOO� EH� PRUH� DQG�

PRUH� VLPSOLILHG� XQWLO� LW� ILQDOO\� FDQ� EH� FXW� GRZQ� WR� WKH� VHOHFWLRQ� RI� WKH�

UHOHYDQW� ´EUDQFKHVµ� RI� WKH� 4$� PRGHO� DQG� GRHV� QRW� QHHG� DQ\� IXUWKHU�

DGDSWDWLRQ�RI�FKHFNOLVWV���

���$FNQRZOHGJHPHQWV�

:H� WKDQN�RXU�FROOHDJXHV� IRU� IUXLWIXO� GLVFXVVLRQ�ZLWKLQ� WKH�)UDXQKRIHU�

,(6(�(035(66�7HDP�� :H� DFNQRZOHGJH� WKH� (85(.$�,7($� SURMHFW�

´(035(66µ��,7($��������IRU�SDUWO\�IXQGLQJ�RXU�UHVHDUFK��)XUWKHUPRUH��ZH�

ZDQW�WR�WKDQN�DOO�SDUWQHUV�LQ�WKH�,7($�SURMHFW�(035(66�WKDW�FRQWULEXWHG�WR�

RXU�UHVHDUFK���

5HIHUHQFHV�

$OH[DQGHU��,���������0LVXVH�&DVH�+HOS�7R�(OLFLW�1RQIXQFWLRQDO�5HTXLUHPHQWV��,((�&&(-�

%HYDQ�� 1�� ������� 0HDVXULQJ� 8VDELOLW\� DV� 4XDOLW\� RI� 8VH�� 6RIWZDUH� 4XDOLW\� -RXUQDO�� ���

S���������

'|UU��-���.HUNRZ��'���YRQ�.QHWKHQ��$���3DHFK��%���������(OLFLWLQJ�(IILFLHQF\�5HTXLUHPHQWV�

ZLWK�8VH�&DVHV��3URFHHGLQJV�RI�5()64�:RUNVKRS�

']LGD�� :�� HW� DO�� ������� *HEUDXFKVWDXJOLFKNHLW� YRQ� 6RIWZDUH�� 6FKULIWHQUHLKH� GHU�

%XQGHVDQVWDOW�I�U�$UEHLWVVFKXW]�XQG�$UEHLWVPHGL]LQ�

&KXQJ�� /��� 1L[RQ�� %�$��� <X�� (��� 0\ORSRXORV�� -��� ������� 1RQ�)XQFWLRQDO� 5HTXLUHPHQWV� LQ�

6RIWZDUH�(QJLQHHULQJµ��.OXZHU�$FDGHPLF�3XEOLVKHUV�

&RQVWDQWLQH��/���/RFNZRRG��/���������6RIWZDUH�IRU�8VH��$&0�3UHVV�

&\VQHLURV��/�1���/HLWH��-�&�6�3��������'ULYLQJ�1RQ�)XQFWLRQDO�5HTXLUHPHQWV�WR�8VH�&DVHV�

DQG�6FHQDULRV��;9�%UD]LOLDQ�6\PSRVLXP�RQ�6RIWZDUH�(QJLQHHULQJ�

(J\HG�� $��� *U�QEDFKHU�� 3���0HGYLGRYLF�� 1��� UHILQHPHQW� DQG� HYROXWLRQ� LVVXHV� LQ� EULGJLQJ�

UHTXLUHPHQWV�DQG�DUFKLWHFWXUH�²�WKH�&%63�DSSURDFK��675$:������
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)LUHVPLWK��'��� ´6HFXULW\�8VH�&DVHVµ�� LQ�-RXUQDO�RI�2EMHFW�7HFKQRORJ\��YRO�����QR�����0D\�

-XQH�������SS���������

*URVV��)���<X��(���´(YROYLQJ�V\VWHP�DUFKLWHFWXUH�WR�PHHW�FKDQJLQJ�EXVLQHVV�JRDOV��DQ�DJHQW�

DQG�JRDO�RULHQWHG�DSSURDFKµ��675$:������

,(((�5HFRPPHQGHG�3UDFWLFH� IRU� 6RIWZDUH�5HTXLUHPHQWV� 6SHFLILFDWLRQV�� ,(((�6WG������

�����

,Q��+���%RHKP��%�:���5RGJHUV��7���'HXWVFK��:����$SSO\LQJ�:LQ:LQ�WR�4XDOLW\�5HTXLUHPHQWV��

$�&DVH�6WXG\���,&6(�������SS����������������

,Q�� +��� .D]PDQ�� 5��� 2OVRQ�� '��� )URP� UHTXLUHPHQWV� QHJRWLDWLRQ� WR� VRIWZDUH� DUFKLWHFWXUDO�

GHFLVLRQV��675$:������

,62�,(&�������������(���´6RIWZDUH�(QJLQHHULQJ���3URGXFW�4XDOLW\���3DUW����4XDOLW\�0RGHOµ��

�����

.DKQ�� &�+��� 3ODWR� DQG� WKH� 6RFUDWLF�'LDORJXH�� 7KH� 3KLORVRSKLFDO�XVH� RI� D� /LWHUDU\� )RUP��

&DPEULGJH�8QLYHUVLW\�3UHVV�������

.UXFKWHQ��3���7KH�5DWLRQDO�8QLILHG�3URFHVV��$Q�,QWURGXFWLRQ��$GGLVRQ�:HVOH\�������

/LX�� /��� <X�� (��� )URP� UHTXLUHPHQWV� WR� DUFKLWHFWXUDO� GHVLJQ�²� XVLQJ� JRDOV� DQG�VFHQDULRV��

675$:������

0D\KHZ��'�-���7KH�8VDELOLW\�(QJLQHHULQJ�/LIHF\FOH��0RUJDQ�.DXIPDQQ�3XEOLVKHUV�������

3DHFK��%���.RKOHU��.���7DVN�GULYHQ�UHTXLUHPHQWV�LQ�REMHFW�RULHQWHG�GHYHORSPHQW��LQ�/HLWH��

-��� 'RRUQ�� -���HGV��� 3HUVSHFWLYHV� RQ� 5HTXLUHPHQWV� (QJLQHHULQJ�� .OXZHU� $FDGHPLF�

3XEOLVKHU��������

3DHFK�� %��� YRQ� .QHWKHQ�� $��� 'RHUU�� -��� %D\HU�� -��� .HUNRZ�� '��� .ROE�� 5��� 7UHQGRZLF]�� $���

3XQWHU��7���'XWRLW��$���Å$Q�H[SHULHQFH�EDVHG�DSSURDFK�IRU�LQWHJUDWLQJ�DUFKLHFWXUH�DQG�

UHTXLUHPHQWV�HQJLQHHULQJ�´��,&6(�ZRUNVKRS�675$:��0D\������

5RVVRQ��0�%���&DUUROO��-�0���8VDELOLW\�(QJLQHHULQJ��0RUJDQ�.DXIPDQQ�3XEOLVKHUV�������

6LQGUH��*��	�2SGDKO��$���Å(OLFLWLQJ�6HFXULW\�5HTXLUHPHQWV�E\�0LVXVH�&DVHV��3URF��722/6�

3DFLILF�������SS����������������1RYHPEHU������
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