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$EVWUDFW�
,W� LV� ZHOO� HVWDEOLVKHG� ZLWKLQ� LQWHUIDFH� GHYHORSPHQW� WKDW� XVHU� UHTXLUHPHQWV� DUH
FRQYHQWLRQDOO\��LGHQWLILHG�DQG�GRFXPHQWHG�SULRU�WR�GHVLJQ�DQG�LPSOHPHQWDWLRQ��:LWK�WKH
JURZLQJ� XSWDNH� RI� LQIRUPDWLRQ� WHFKQRORJ\� WKH� GHYHORSPHQW� SURFHVV� DOVR� QHHGV� WR
PDQDJH� WKH� UH�HQJLQHHULQJ� RI� OHJDF\� V\VWHPV�� 5H�HQJLQHHULQJ� QRW� RQO\� SURYLGHV� DQ
RSSRUWXQLW\�WR�HQKDQFH�XVHU�LQWHUIDFH�TXDOLW\��EXW�DOVR�WR�EURDGHQ�WKH�XVHU�EDVH�

7KLV� SDSHU� UHSRUWV� RQ� WKH� WHFKQLTXHV� GHYHORSHG� LQ� WKH� UH�HQJLQHHULQJ� RI� WZR� GLVWLQFW
OHJDF\�V\VWHPV�ZLWK�WKH�DLP�RI�LGHQWLI\LQJ�DQG�PHHWLQJ�FRPPRQ�XVHU�UHTXLUHPHQWV�IRU
ERWK��0RUH� JHQHUDOO\�� LW� LV� SURSRVHG� WKDW� WKHVH� WHFKQLTXHV� VKRXOG� EHQHILW� XVHU�FHQWUHG
GHVLJQ�LQ�WKH�FRQWH[W�RI�ZLGHQLQJ�XVHU�EDVHV�

���,QWURGXFWLRQ
7KH� JURZLQJ� XSWDNH� DQG� DZDUHQHVV� RI� LQIRUPDWLRQ� WHFKQRORJ\� KDV� SURYRNHG� WKH
SUROLIHUDWLRQ� RI� OHJDF\� V\VWHPV��'HYHORSHUV� DUH� EHLQJ� UHTXLUHG� WR� UH�HQJLQHHU� H[LVWLQJ
V\VWHPV�� ZKLFK� ZHUH� FRQVLGHUHG� SHUIHFWO\� DGHTXDWH�� EXW� QRZ� IDLO� WR� VDWLVI\� WKH
UHTXLUHPHQWV� RI�PRUH� D� VRSKLVWLFDWHG� XVHU� EDVH�� ,Q� DGGLWLRQ�� WR� HQKDQFLQJ� WKH� V\VWHP
LQWHUDFWLRQ�� FURVV� SURGXFW� UH�HQJLQHHULQJ� SURYLGHV� DQ� RSSRUWXQLW\� LGHQWLI\� DQG� PHHW
FRPPRQ�XVHU�UHTXLUHPHQWV�PRUH�HIIHFWLYHO\�

8VHU�,QWHUIDFHV�IRU�$OO�HQFRXUDJHV�WKH�UHFRJQLWLRQ�RI�WKH�UDQJH�DQG�GLYHUVLW\�RI�XVHUV�IRU
ZKLFK� LQWHUDFWLYH� V\VWHPV� VKRXOG� EH� XVDEOH�� IRFXVLQJ� XSRQ� WKH� QRQ�H[FOXVLRQ� RI� XVHU
JURXSV��:LWKLQ� WKH� FRQWH[W� RI� LQWHUDFWLYH� V\VWHP� GHYHORSPHQW� WKLV� QRW� RQO\� FRQFHUQV
LVVXHV�RI�HIIHFWLYH�DQG�DSSURSULDWH�LQWHUDFWLRQ�EXW�DOVR�WKH�LGHQWLILFDWLRQ�RI�WKH�XVHU�WDVNV
DQG� UHTXLUHPHQWV� WKDW� DUH� FRQYHQWLRQDOO\� GHWHUPLQHG� HDUO\� LQ� GHYHORSPHQW� �5\DQ� DQG
6XWFOLIIH�������&DUUROO��������7KH�ZRUN�LQ�WKLV�SDSHU�UHSRUWV�XSRQ�WHFKQLTXHV�WKDW�KDYH
EHHQ�XVHG�WR�FRQWULEXWH�WR�LGHQWLI\�WKH�XVHU�UHTXLUHPHQWV�FRPPRQ�WR�GLVWLQFW�V\VWHPV�

:H� UHSRUW� RQ� WKH� DGDSWDWLRQ� DQG� DSSOLFDWLRQ� RI� 5HTXLUHPHQWV� (QJLQHHULQJ� �5(�� DQG
+XPDQ�&RPSXWHU�,QWHUDFWLRQ��+&,��WHFKQLTXHV�WR�HQDEOH�HIIHFWLYH�UH�HQJLQHHULQJ�IRU�D
EURDGHU�XVHU�EDVH��7KH�ZRUN�KDV�EHHQ�GULYHQ�E\�D�FDVH�VWXG\�RI�D�VPDOO�VRIWZDUH�KRXVH
HQJDJHG� LQ� UH�HQJLQHHULQJ� WZR� OHJDF\� VRIWZDUH� SURGXFWV�� ZLWK� WKH� DLP� RI� H[SORLWLQJ
FRPPRQDOLW\�EHWZHHQ� WKHP��7KH�VSHFLILF� OHJDF\� V\VWHPV�DUH� WKH� UHVXOW� RI� D�KLVWRU\�RI
SRRUO\�GRFXPHQWHG�SURGXFW�HYROXWLRQ��KHQFH��UH�HQJLQHHULQJ�DFWLYLW\�FDQ�EH�FODVVLILHG�DV
RQH�RI��GHVLJQ�UHFRYHU\���&KLNRIVN\�DQG�&URVV��������IRU�WKH�UHYHUVH�HQJLQHHULQJ�DVSHFW
RI� WKH�SURMHFW��7KH� WZR�SURGXFWV�SURYLGH�VLPLODU� VHUYLFHV� WR� WZR�YHUWLFDO�PDUNHWV�ZLWK



GLVWLQFW� XVHU� EDVHV�� +HQFH�� WKH� DFWLYLW\� QDWXUDOO\� FRQFHUQV� LWVHOI� ZLWK� LGHQWLI\LQJ� DQG
PHHWLQJ�XVHU�UHTXLUHPHQWV�WKDW�DUH�FRPPRQ�WR�WKH�WZR�XVHU�JURXSV��7KH�LGHDO�RXWFRPH

RI�WKH�DFWLYLW\�LV�WR�KDYH�DQ�LQWHUDFWLYH�V\VWHP�IXOILOOLQJ�WKH�XVHU�UHTXLUHPHQWV�FRPPRQ
WR� ERWK� JURXSV� DQG� LQ� DGGLWLRQ� VDWLVI\LQJ� WKH� GLVWLQFW� UHTXLUHPHQWV� RI� D� VSHFLILF� XVHU
JURXS�� :H� ORRN� WRZDUGV� PD[LPLVLQJ� WKH� FRUH� HOHPHQWV� WKXV� HQVXULQJ� D� GHJUHH� RI
IOH[LELOLW\�VDWLVIDFWRU\�IRU�ERWK�H[LVWLQJ�XVHU�JURXSV�DQG�QHZ�XVHU�JURXSV�

%HORZ�ZH� IXUWKHU� FKDUDFWHULVH� WKH� VSHFLILF� QDWXUH� RI� WKH� FURVV� SURGXFW� UH�HQJLQHHULQJ
SURFHVV�DQG�WKH�VHOHFWLRQ�RI�WKH�WHFKQLTXHV�XVHG��6HFWLRQ�����)ROORZLQJ�WKLV��WKH�SURFHVV
DGRSWHG� LV� GHWDLOHG�� HPSKDVLVLQJ� WKH� HQKDQFHPHQWV� QHFHVVLWDWHG� E\� WKH� GHVLUH� WR
PD[LPLVH�D�EURDGHU�XVHU�EDVH��6HFWLRQ�����7KH�DSSOLFDWLRQ�RI�WKH�WHFKQLTXHV�ZLWKLQ�WKH
FDVH� VWXG\� LV� GHVFULEHG� �6HFWLRQ� ���� )LQDOO\� ZH� UHIOHFW� XSRQ� WKH� HIIHFWLYHQHVV� RI� WKH
WHFKQLTXHV�HPSOR\HG�

���6HOHFWLQJ�D�3URFHVV
,Q�DGGLWLRQ�WR�WKH�REMHFW�RI�PD[LPLVLQJ�FRPPRQDOLW\�EHWZHHQ�WKH�H[LVWLQJ�V\VWHPV��WKH
DGRSWLRQ�RI�D�SDUWLFXODU�SURFHVV�ZDV�LQIOXHQFHG�E\�RWKHU�GHYHORSPHQW�EDVHG�FRQFHUQV��,Q
SDUWLFXODU�WKHUH�ZDV�D�GHVLUH�WR�HPSOR\�FRQWHPSRUDU\�REMHFW�RULHQWDWHG�DQG�PRGHO�EDVHG
WHFKQLTXHV��$OVR��WKHUH�ZDV�D�QHHG�IRU�IOH[LELOLW\�ZLWKLQ�WKH�SURFHVV�WR�HQDEOH�DGDSWDWLRQ
WR� WKH� VSHFLILF� FRQVWUDLQWV� JRYHUQLQJ� GHYHORSPHQW�� LQFOXGLQJ�� HQDEOLQJ� UH�HQJLQHHULQJ
DFWLYLW\��FORVHO\�PDWFKLQJ�H[LVWLQJ�GHYHORSPHQW�SUDFWLFHV��DQG�DFFRPPRGDWLQJ�HVVHQWLDO�
WKRXJK�VSRUDGLF��DFFHVV�WR�XVHUV�

7KHUH�KDV�DOUHDG\�EHHQ�GLIIHUHQW�DSSURDFKHV� WR� HQKDQFLQJ� OHJDF\� V\VWHPV��0HUOR� HW� DO
�������� 7KHLU� SURFHVV� LQYROYHG� WKH� FUHDWLRQ� RI� D� PHWD� JUDSKLFDO� ODQJXDJH� IURP� WKH
FKDUDFWHU�EDVHG�LQWHUIDFH��7KLV�PHWD�ODQJXDJH�ZDV�WKHQ�XVHG�WR�FUHDWH�D�JUDSKLFDO�XVHU
LQWHUIDFH�� 7RROV� ZKHUH� XVHG� WR� PDNH� WKH� SURFHVV� VHPL�DXWRPDWHG�� 2XU� DSSURDFK� LV
GLIIHUHQW�LQ�WZR�NH\�DVSHFWV��)LUVW��WKDW�0HUOR�HW�DO��������DUH�ORRNLQJ�DW�UHSUHVHQWDWLRQ
LVVXHV�RI�DQ�LQWHUIDFH�ZKLOH�ZH�DUH�ORRNLQJ�DW�VWUXFWXUDO�LVVXHV��6HFRQG��WKDW�WKH\�DUH�QRW
FRPELQLQJ� WZR� OHJDF\� V\VWHPV� LQWR� RQH� WR� H[WUDFW� WKH� FRUH� IXQFWLRQDOLW\�� EXW� DUH
WUDQVODWLQJ�RQH�ROG�V\VWHP�LQWR�RQH�QHZ�

)DVKLRQ6WRFNKROGLQJ

&RUH

)LJXUH����6WRFNKROGLQJ�DQG�)DVKLRQ�6\VWHPV�DUHDV�RI�FRPPRQDOLW\

,QWHUIDFH



$QRWKHU�PHWKRG�RI� UHTXLUHPHQWV�DFTXLVLWLRQ� IRU�DQ�REMHFW�RULHQWDWHG� V\VWHP�ZRXOG�EH
µ8VH� &DVHV¶�� 7KH� µ8VH� &DVH¶� PHWKRG� FDQ� EH� GHVFULEHG� DV� D� µFDVH� RI� XVH¶� DQG� LV
VXJJHVWHG� E\� %RRFK�� 5XPEDXJK� 	� -DFREVRQ� �������� 7KHUH� DUH� SUREOHPV� ZLWK� WKHLU
DSSOLFDWLRQ�� LI� WKH\� DUH� XVHG� RQ� WKHLU� RZQ� DV� D� PHWKRG� RI� HOLFLWDWLRQ�� $UORZ� ������
SRLQWHG�RXW�WKDW�
��� 8VH� &DVHV� FDQ� WHQG� WR� WULYLDOLVH� EXVLQHVV� UHTXLUHPHQWV�� ZKLFK� PHDQV� NH\

UHTXLUHPHQWV�FDQ�EH�ORVW�
��� ,I��IXQFWLRQDO�UHTXLUHPHQWV�DUH�EHLQJ�FOXPSHG�WRJHWKHU�LQWR�RQH�µ8VH�&DVH¶�WKHQ�WKLV

FDQ�OHDG�WR�D�SUREOHP�RI�SULRULWLVLQJ�ODWHU�RQ�LQ�WKH�SURMHFW�
7KH� DFTXLVLWLRQ� RI� EXVLQHVV� UHTXLUHPHQWV� LV� RQH� RI� WKH� PDMRU� UHDVRQV� IRU� UHYHUVH
HQJLQHHULQJ�DV�WKH\�DUH�QRW�DYDLODEOH�HOVH�ZKHUH��:KHQ� WLPH�DQG�UHVRXUFHV�DUH� OLPLWHG
WKHQ�EHLQJ�DEOH�WR�SULRULWLVH�NH\�DVSHFWV�RI�WKH�GHYHORSPHQW�EHFRPHV�FUXFLDO�

7KH� SURFHVV� VHOHFWHG� ZDV� WKH� �&RPELQHG� 0RGHO�� GHYHORSHG� E\� .DLQGO� �������� WKLV
SURYLGHG�D�SURFHVV�LQ�ZKLFK�XVHU�UHTXLUHPHQWV�DQG�LQWHUDFWLRQ�DUH�FOHDUO\�OLQNHG��0RUH
LPSRUWDQWO\��WKH�PRGHO�LV�DFFRPPRGDWLQJ�RI�UH�HQJLQHHULQJ�DFWLYLW\�DQG�IOH[LEOH�HQRXJK
WR� DOORZ� UHTXLUHPHQWV� WR� EH� GHYHORSHG� DQG� GRFXPHQWHG� LQ� D� UHODWLYHO\� RSSRUWXQLVWLF
PDQQHU�� 6SHFLILFDOO\�� .DLQGO
V� DSSURDFK� FRPELQHV� WKH� XVH� RI� JRDOV�� VFHQDULRV� DQG
IXQFWLRQV��ZKLFK�HQDEOHV�UHTXLUHPHQWV�HOLFLWDWLRQ�WR�SURFHHG�E\�GHYHORSLQJ�FRKHUHQW�DQG
FRPSOHWH�LQWHU�UHODWLRQVKLSV�EHWZHHQ�VHWV�RI�DOO�WKUHH�RI�WKHVH�FRQFHSWV�

'HVSLWH� WKH� DSSURSULDWHQHVV� RI� .DLQGO
V� DSSURDFK�� LW� GRHV� QRW� H[SOLFLWO\� DGGUHVV� RXU
SULPDU\�REMHFWLYH�RI�LGHQWLI\LQJ�FRPPRQ�UHTXLUHPHQWV�IRU�OHJDF\�V\VWHPV��+RZHYHU��WKH
SURFHVV�RIIHUHG�E\�.DLQGO�LV�VXIILFLHQWO\�ULFK�DQG�IOH[LEOH�WR�HQDEOH�WKH�FRQVLGHUDWLRQ�RI
LGHQWLI\LQJ�DQG�PD[LPLVLQJ�D�FRPPRQ�FRUH�

7KH�LVVXHV�WR�EH�DGGUHVVHG�LQ�WKH�DGDSWDWLRQ�RI�WKH�&RPELQHG�0RGHO�SURFHVV�
 � 'LYHUVH� 5HTXLUHPHQWV� �� +RZ� WR� FRPELQH� GLYHUVH� UHTXLUHPHQWV� DVVRFLDWHG� ZLWK

GLIIHUHQW�XVHU�JURXSV�
 � /HJDF\� )HDWXUHV� �� +RZ� WR� LGHQWLI\� LI� FKDUDFWHULVWLFV� RI� D� IXQFWLRQ� LQ� WKH� OHJDF\

V\VWHP� UHIOHFW� YDOLG� XVHU� UHTXLUHPHQWV�� RU� LI� WKH\� DUH� D� GHVLJQ� IHDWXUH� UHIOHFWLQJ
LPSOHPHQWDWLRQ�GHWDLOV�

�

�$� PRUH� JHQHUDO� UHTXLUHPHQW� IRU� WKH� SURFHVV� DGRSWHG� LV� WKDW� RI� LWV� LQWHJUDWLRQ� ZLWK
H[LVWLQJ� GHYHORSPHQW� SURFHVV�� LQ� SDUWLFXODU� LWV� XVH� ZLWKLQ� DQ� REMHFW�RULHQWDWHG� GHVLJQ
SURFHVV��7KH�&RPELQHG�0RGHO� LQWHJUDWHV� WKH� GRFXPHQWLQJ� RI� VFHQDULRV� DQG� IXQFWLRQV
ERWK�RI�ZKLFK�FDQ�GLUHFWO\�FRQWULEXWH�WR�REMHFW�RULHQWHG�GHYHORSPHQW��+RZHYHU�WR�KHOS
LQLWLDOLVH�DQG�VWUXFWXUH� WKH�SURFHVV�D� WDVN�RULHQWHG�IUDPHZRUN�EDVHG�RQ�)RUEULJ� ������
ZDV�HPSOR\HG��)RUEULJ�HQFRXUDJHV� WKH�GHYHORSPHQW�RI� LQWHU�OLQNHG� WDVN�PRGHO��REMHFW
PRGHO�DQG�XVHU�PRGHO��IRU� WKH�H[LVWLQJ�V\VWHP��WKH�HQYLVLRQHG�V\VWHP�DQG�DOVR�IRU� WKH
DSSOLFDWLRQ�PRGHO�

����7KH�$GDSWHG�3URFHVV
�7KH�RYHUDOO�SURFHVV�LV�DQ�DGDSWDWLRQ�RI��WKH�&RPELQHG�0RGHO�LQ�ZKLFK�D�FRPPRQ�WDVN
PRGHO�LV�GHYHORSHG�WR�SURYLGH�LQLWLDO�JRDOV�DQG�VFHQDULRV��*LYHQ�WKLV�LQIRUPDWLRQ��LQWHU�
OLQNHG� VHWV� RI� JRDOV�� IXQFWLRQV� DQG� VFHQDULRV� DUH� LGHQWLILDEOH� �� WKH� IXQFWLRQV� EHLQJ� D



SURGXFW� RI� WKH� DQDO\VLV�� ,Q� RUGHU� WR� HIIHFWLYHO\� � DGGUHVV� LVVXHV� VXUURXQGLQJ� GLYHUVH
UHTXLUHPHQWV�WKH�SURFHVV�LV�HQKDQFHG�WR�HQDEOH�UHTXLUHPHQWV�WR�EH�FODVVLILHG�DV�WR�WKHLU
RULJLQ� DQG�DSSURSULDWHQHVV��7R� WDFNOH� WKH�SUREOHP�RI� OHJDF\� IHDWXUHV� WKH� SURFHVV� LV� WR
IRFXV�XSRQ�GHULYLQJ� IXQFWLRQV�ZKLFK�DUH� WKHQ�FRPSDUHG�ZLWK� WKRVH�HYLGHQW�ZLWKLQ� WKH
OHJDF\�V\VWHPV�

�3UHSDUDWLRQ
�,QLWLDOO\��XVHU�SURILOHV�RI� WKH� WZR� OHJDF\�V\VWHPV�ZHUH�GHYHORSHG� WR�FODULI\� WKH�FRQWH[W
DQG�QDWXUH�RI�XVH��)ROORZLQJ�WKLV��D�FRPPRQ�WDVN�PRGHO�ZDV�GHYHORSHG��WKLV�UHSUHVHQWV
WKH� PRVW� VSHFLILF� DFFRXQW� RI� WDVN� WKDW� FDQ� FRQVLGHUHG� FRPPRQ� WR� WKH� XVH� RI� ERWK
V\VWHPV��)RU�H[DPSOH��LQ�RUGHU�WR�ILQG�D�VWRFN�GHWDLOV�UHFRUG�RQH�OHJDF\�V\VWHP�HQDEOHG
VHDUFK�E\��EDWFKHV���ZKHUH�DV� WKH�RWKHU�V\VWHP�HQDEOHG�VHDUFK�E\��DQDO\VLV�JURXSLQJ��
KHQFH��ILQGLQJ�VWRFN�GHWDLOV�ZDV�QRW�GHFRPSRVHG�DQ\�IXUWKHU��7KH�FRPPRQ�WDVN�PRGHO
SURYLGHV�D�UHIHUHQFH�WR�DFWLYLWLHV�FRPPRQ�WR�ERWK�V\VWHPV�DQG�LQLWLDO�VHWV�RI�JRDOV�

�,WHUDWLRQ
�.DLQGO
V�&RPELQHG�0RGHO�GHVFULEHV�GHSHQGHQFLHV�EHWZHHQ� W\SHV�RI� UHTXLUHPHQWV�� DQG
DUWLFXODWHV� JXLGHOLQHV� IRU� DQ� LWHUDWLYH� SURFHVV� E\� ZKLFK� VHWV� RI� JRDOV�� VFHQDULRV� DQG
IXQFWLRQV� FDQ� EH� GHYHORSHG� DQG� WKHLU� FRQVLVWHQF\� DQG� FRPSOHWHQHVV� DVVHVVHG�� 7ZR
H[DPSOHV�RI�WKH�W\SH�RI�JXLGHOLQH�
�

�

�,I�VRPH�JRDO�LV�NQRZQ��WKHQ�WU\�WR�OLQN�LW�WR�RQH�RU�PRUH�NQRZQ�VFHQDULRV

�,I�VRPH�VFHQDULR�LV�NQRZQ��WKHQ�LGHQWLI\�WKH�JRDOV�WKDW�DUH�DFKLHYHG�WKURXJK�LW
���3DUDSKUDVHG�IURP�.DLQGO������

�

�

�)LJXUH���VKRZV�WKH�SULPDU\�GHSHQGHQFLHV�EHWZHHQ�WKHVH�HQWLWLHV��LQ�JHQHUDO�
�

 � XVHU�JRDOV�FDQ�UHODWH�WR�V\VWHP�IXQFWLRQDO�UHTXLUHPHQWV�E\�LGHQWLI\LQJ�WKH�SXUSRVHV
RI�SDUWLFXODU�IXQFWLRQV�

 � VFHQDULRV�FDQ�UHODWH�WR�IXQFWLRQDO�UHTXLUHPHQWV�E\�LGHQWLI\LQJ�WKH�EHKDYLRXU�UHOHYDQW
WR�SDUWLFXODU�IXQFWLRQV�

 � VFHQDULRV�FDQ�UHODWH�XVHU�JRDOV�E\�FRQVLGHULQJ�WKH�SODQV�RI�DFWLYLW\�

3ODQV��SXUSRVHV�DQG�EHKDYLRXUV�KDYH�EHHQ�FODVVLILHG�DV� LQWHUVHFWLRQ�HQWLWLHV� WR� VXSSRUW
WKH�PDQDJHPHQW�RI�HOHPHQWV�RULJLQDWLQJ�IURP�GLIIHUHQW�OHJDF\�V\VWHPV��7KLV�SURYLGHV�DQ
HDV\�ZD\�RI�FURVV�FKHFNLQJ�EHWZHHQ� IXQFWLRQV�� VFHQDULRV�DQG�JRDOV� WR� HQVXUH� WKDW�RQH
OHJDF\�V\VWHP�VFHQDULR�LV�QRW�EHLQJ�VROYHG�E\�DQRWKHU
V�IXQFWLRQDOLW\�



,Q� WKH� DERYH� GLDJUDP� �ILJXUH� ��� WKH� GRWWHG� OLQHV� DQG� JUH\� WH[W� UHODWH� WR� WKH� RULJLQDO
.DLQGO��������FRPELQHG�PRGHO�UHODWLRQVKLSV�EHWZHHQ�HQWLWLHV��7KH\�KDYH�EHHQ�DGGHG�WR
JLYH�H[WUD�FODULW\�DQG�WR�VKRZ�WKH�GLIIHUHQFHV�LQ�WKH�PRGHOV�

'HDOLQJ�ZLWK�'LYHUVH�5HTXLUHPHQWV
$GGUHVVLQJ�WKH�SUREOHP�RI�PD[LPLVLQJ�FRPPRQ�JURXQG�EHWZHHQ�GLYHUVH�UHTXLUHPHQWV�
HDFK�JRDO��VFHQDULR�DQG�IXQFWLRQ�LV�FODVVLILHG�DV�EHLQJ�RI�RQH�VSHFLILF�OHJDF\�V\VWHP�RU
ERWK�� *LYHQ� WKHVH� FODVVLILFDWLRQV�� LQWHU�UHODWLRQVKLSV� VXFK� DV� WKH� EHKDYLRXU� OLQNLQJ� D
IXQFWLRQ� DQG� D� VFHQDULR�� FDQ� EH� DVVHVVHG� LQ� WHUPV� RI� ZKHWKHU� FRPPRQ� IXQFWLRQV� �RU
VFHQDULRV�� DUH� OHJLWLPDWH�� ,Q� SDUWLFXODU�� ZH� ZRXOG� H[SHFW� WR� VHH� D� FRQVLVWHQF\� LQ� WKH
WUHDWPHQW�RI�JRDOV��VFHQDULRV�DQG�IXQFWLRQV�RI�HDFK�FODVV�

,GHQWLI\LQJ�/HJDF\�)HDWXUHV
7KH� SUREOHP� RI� IRFXVLQJ� XSRQ� UHTXLUHG� IXQFWLRQV� HYLGHQW� LQ� WKH� OHJDF\� V\VWHPV�� DV
RSSRVHG�WR�OHJDF\�GHVLJQ�IHDWXUHV��ZDV�WDFNOHG�E\�FRPSDULQJ�IXQFWLRQV�LGHQWLILHG�E\�WKH
DERYH� DQDO\WLF� DFWLYLW\� ZLWK� WKRVH� RI� WKH� H[LVWLQJ� OHJDF\� V\VWHPV�� $Q\� DSSDUHQW
RPLVVLRQV� FDQ� EH� LQGLYLGXDOO\� DVVHVVHG� DV� HLWKHU� OHJDF\� LPSOHPHQWDWLRQ� GHSHQGDQW
IXQFWLRQV�� LQ�ZKLFK� FDVH� WKH\�ZHUH� LJQRUHG�� RU� UHTXLUHG� IXQFWLRQV�� LQ�ZKLFK� FDVH� WKH\
ZHUH�DGGHG�WR�WKH�IXQFWLRQ�VHW��7KH�LPSRUWDQFH�RI�UHFRYHULQJ�D�GHVLJQ�E\�VHSDUDWLQJ�RXW
LPSOHPHQWDWLRQ�ELDV� IXQFWLRQV�KDV�EHHQ�QRWHG�E\�%\QH� ��������7KH�RYHUDOO�SURFHVV�RI
FRQVLVWHQF\� FKHFNLQJ� PHDQV� WKDW� QHZO\� DGGHG� IXQFWLRQV� QDWXUDOO\� GHPDQG� WKH
LGHQWLILFDWLRQ��DQG�SRVVLEO\�FUHDWLRQ��RI�JRDOV�DQG�VFHQDULRV�WR�VXSSRUW�WKHP�

9DOLGDWLRQ
7KURXJKRXW�WKLV�SURFHVV�XVHUV�FDQ�EH�LQYROYHG�LQ�YDOLGDWLQJ�WKH�UHTXLUHPHQWV�LGHQWLILHG�
+RZHYHU�DFFHVV�WR�XVHUV�IRU�YDOLGDWLRQ�LV�DQ�RIWHQ�OLPLWHG��\HW�KLJKO\�YDOXDEOH�UHVRXUFH�

)LJXUH����$GDSWHG�0RGHO

HQDEOHV
GHVFULEHV

FRUUHVSRQGV�WR

DFKLHYHG�E\ PDWFKHV

KDV

3ODQ 3XUSRVH

%HKDYLRXU
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���
 ���


���
���


���


6FHQDULR )XQFWLRQ

0DGH�RI

5HODWHV�WR

)XOILOOHG

*RDO



+HQFH�� LW� LV� HQYLVDJHG� WKDW� WKH� SUHSDUDWLRQ� SKDVH� VKRXOG� EH� WKH� SULPDU\� IRFXV� RI
YDOLGDWLRQ�DFWLYLW\��SURYLGLQJ�WKH�LQIRUPDWLRQ�RQ�ZKLFK�WKH�VXEVHTXHQW�DQDO\VLV�UHOLHV�

,Q� LGHDO� FLUFXPVWDQFH� ZH� ZRXOG� WR� HQVXUH� XVHU� LQYROYHPHQW� LQ� WKH� RWKHU� SKDVHV� RI
DQDO\VLV�HVSHFLDOO\�LQ�WKH�DVVHVVPHQW�RI�OHJDF\�IHDWXUHV�DQG�WKH�JHQHUDWLRQ�DQG�YDOLGDWLRQ
RI�VFHQDULRV��DV�GHPDQGHG�E\�WKH�DQDO\VLV��7KH�&RPELQHG�0RGHO�LV�RI�SDUWLFXODU�YDOXH
KHUH� VLQFH� LW� HQDEOHV� XVHU� YDOLGDWLRQ� EDVHG� RQ� GLIIHULQJ� UHTXLUHPHQWV� UHSUHVHQWDWLRQV�
8VHU� IHHGEDFN� FDQ� EH� JDLQHG� RQ� IXQFWLRQV� ZLWK� D� UHIHUHQFH� WR� VLWXDWLRQ� VSHFLILF
H[DPSOHV��VR�D�XVHU�FDQ�PRUH�HDVLO\�UHODWH�WKH�WZR�

&RPSOHWLRQ�DQG�8VH
7KH�LWHUDWLYH�SURFHVV�RI�LGHQWLI\LQJ�DQG�PRGLI\LQJ�UHTXLUHPHQWV�RI�HDFK�W\SH�FRQWLQXHV
XQWLO�HDFK�VHW�LV�FRQVLGHUHG�WR�EH�LQWHUQDOO\�FRQVLVWHQW�DQG�FRPSOHWH�DQG�WKH�UHODWLRQVKLSV
EHWZHHQ� HDFK� VHW� DUH� DOVR� FRKHUHQW�� )RU� H[DPSOH�� LI� WKHUH� LV� IXQFWLRQ� ZKLFK� LV� QRW
GHVFULEHG� E\� DQ\� RI� WKH� VFHQDULRV�� WKH� DQDO\VLV� PD\� FRQVLGHU� WKH� OHJLWLPDF\� RI� WKH
IXQFWLRQ�RU�LGHQWLILFDWLRQ�RI�D�UHOHYDQW�VFHQDULR�

2QFH�FRPSOHWHG��WKH�VFHQDULRV�DQG�IXQFWLRQV�LGHQWLILHG�FRXOG�EH�HPSOR\HG�DV�LQSXWV�WR
REMHFW� RULHQWDWHG� GHVLJQ�� 7KH� VFHQDULRV� FDQ� EH� XVHG� DV� D� VWDUWLQJ� SRLQW� IRU� µXVH� FDVH¶
DQDO\VLV�PDSSLQJ�LQWR�REMHFW�RULHQWDWHG�GHYHORSPHQW��)XQFWLRQV�FDQ�EH�XVHG�WR�LGHQWLI\
REMHFW�FRPSHWHQFH
V��%RRFK��5XPEDXJK�	�-DFREVRQ�������DV�ZHOO�DV�IHHGEDFN�WR�KHOS
SULRULWLVH�WKH�IXWXUH�GHYHORSPHQW��:KLOH�WKH�7DVN�PRGHO��XVHG�WR�FUHDWH�WKH�JRDOV��FDQ�EH
XVHG�DV�D�EDVLV�IRU�WKH�GHVLJQ�DQG�FRQVWUXFWLRQ�RI�WKH�LQWHUIDFH�

���&DVH�6WXG\
7KH�FDVH� VWXG\� LV� WKDW�RI�D� VPDOO� VRIWZDUH�KRXVH�GHYHORSLQJ� D�QHZ�V\VWHP�FRPELQLQJ
WZR�OHJDF\�V\VWHPV��$OWKRXJK�WKH�V\VWHPV�DUH�GHYHORSHG�ZLWKLQ�WKH�VDPH�FRPSDQ\�WKH\
DUH� WKH� SURGXFW� RI� VHSDUDWH� DQG� HYROYLQJ� SURGXFW� WHDPV� DQG� KDYH� OLPLWHG� H[SOLFLW� RU
SODQQHG� RYHUODS�� 7KH� V\VWHPV� KDYH� EHHQ� GHYHORSHG�� HQKDQFHG� DQG� PDLQWDLQHG� RYHU
VHYHUDO�\HDUV�

7KH� FRPSDQ\� FXOWXUH� ZRXOG� EH� GHILQHG� DV� µ&OXE� &XOWXUH¶� E\� +DQG\� �������� &OXE
FRPSDQ\�FXOWXUH�FDQ�EH�FKDUDFWHULVHG�E\�EHLQJ�FHQWUHG�RQ�WKH�OHDGHU�RI�WKH�FRPSDQ\�DQG
VWDII� SHUVRQDO� NQRZOHGJH� DQG� H[SHULHQFH�� 7KLV�PHDQV� WKDW� WKH� RUJDQLVDWLRQ� LV� ULFK� LQ
SHUVRQDOLW\��$OO�VRIWZDUH�GHYHORSPHQW�KDV�WR�WDNH�SODFH�LQ�WKLV�FRQWH[W��DV�SRLQWHG�RXW�E\
+HQGHUVRQ�6HOOHUV��������

7KH�WKUHH�PDLQ�UHDVRQV�WKH�FRPSDQ\�LV�UHGHYHORSLQJ�LWV�SURGXFWV�DUH�
��� (IILFLHQW� XVH� RI� UHVRXUFHV� ±� $W� SUHVHQW� WKHUH� LV� GXSOLFDWLRQ� EHFDXVH� RI� WKH� WZR

V\VWHPV�
��� 0DUNHW� 7UHQGV� ±� $V� QRWHG� LQ� WKH� LQWURGXFWLRQ� XVHUV� DUH� EHFRPLQJ� PRUH

VRSKLVWLFDWHG�
��� 2SHQLQJ�0DUNHWV�±�,GHQWLI\LQJ�FRPPRQDOLW\�ZLOO�PDNH�LW�HDVLHU�WR�FUHDWH�QHZ�QLFKH

PDUNHW�VRIWZDUH�



7KH�OHJDF\�V\VWHPV�DUH�IRU�WKH�)DVKLRQ�LQGXVWU\�PDUNHW�DQG�WKH�IHUURXV�DQG�QRQ�IHUURXV
PHWDOV� 6WRFNKROGLQJ� PDUNHW�� 'HVSLWH� WKH� WZR� GLVWLQFW� PDUNHWV�� WKHUH� LV� VXIILFLHQWO\
FRPPRQ� IXQFWLRQDOLW\� IRU� WKH� SURFHVVHV� RI� GHYHORSPHQW� DQG� PDLQWHQDQFH� WR� EHQHILW
IURP�LGHQWLI\LQJ�DQG�PRGHOOLQJ�WKH�FRPPRQ�JURXQG�

7KH�&RPPRQ�7DVN�0RGHO
7KH�SUHOLPLQDU\�SKDVH�LQYROYHG�ZDV�WKH�FUHDWLRQ�RI�WKH�XVHU�SURILOHV�DQG�FRPPRQ�WDVN
PRGHO�� LQ� ERWK� FDVHV� WKHVH� ZHUH� YDOLGDWHG� ZLWK� PHPEHUV� RI� WKH� GHYHORSPHQW� WHDPV
IDPLOLDU�ZLWK� WKH� WZR�XVHU�JURXSV��7KH�XVHU�SURILOHV�SURYLGHG�EDFNJURXQG�PDWHULDO� IRU

WKH�GHYHORSPHQW�RI��WKH�FRPPRQ�WDVN�PRGHO��7KH�WDVN�PRGHO�HPSOR\HG�D�OLJKW�ZHLJKW
QRWDWLRQ� LQ�ZKLFK�HDFK� WDVN�� WKH� UROH�� DUWHIDFW�V��DQG� WRROV�ZHUH� LGHQWLILHG��FRQMRLQW�RU
GLVMRLQW�VXE�WDVN�VHWV�DUH�SRVLWLRQHG�EHORZ�WDVNV��)LJXUH����LOOXVWUDWHV�RQH�WDVN�ZLWKLQ�WKH
FRPPRQ� WDVN�PRGHO��%HLQJ� FRPPRQ� WR� ERWK� OHJDF\� V\VWHPV�� WDVN� GHFRPSRVLWLRQ�ZDV
OLPLWHG�WR�WDVN�WKDW�IDLOHG�WR�GLVFULPLQDWH�EHWZHHQ�WKH�WZR�V\VWHPV��)RU�H[DPSOH��ZLWKLQ
WKH�ILJXUH����WKH�WDVN�RI��)LQG��LV�QRW�EURNHQ�GRZQ�IXUWKHU�VLQFH�WKH�VHOHFWLRQ�FULWHULD�IRU
ILQGLQJ�LQ�WKH�)DVKLRQ�V\VWHP�GLIIHUHG�FRQVLGHUDEO\�IURP�WKRVH�LQ�WKH�6WRFNKROGLQJ�

8VLQJ�7KH�&RPELQHG�0RGHO
7KH�FRPPRQ�WDVN�PRGHO�SURYLGHG�WKH�LQLWLDO� LQSXW�IRU� WKH�XVH�RI�&RPELQHG�0RGHO�� LQ
WKH�IRUP�RI�DQ�LQLWLDO�VHW�RI�FRPPRQ�JRDOV��,Q�DGGLWLRQ��VFHQDULRV�FRQIRUPLQJ�ZLWK�WKH
WDVN� PRGHO�� \HW� VSHFLILF� WR� D� OHJDF\� V\VWHP� ZHUH� HOLFLWHG� IURP� XVHUV�� 7KHVH� LQLWLDO
VFHQDULRV� SURYHG� WR� EH� SUREOHPDWLF�� WKH\�ZHUH� ODUJH� DQG� GHWDLOHG�� LQFOXGHG� DVSHFWV� RI

5ROH��2IILFH�6WDII
$UWHIDFW��2IILFH
7RRO��&RPSXWHU

5ROH��2IILFH�6WDII
$UWHIDFW��2IILFH
7RRO��&RPSXWHU

&UHDWLQJ

5ROH��2IILFH�6WDII
$UWHIDFW��2IILFH
7RRO��&RPSXWHU

&RS\

5ROH��2IILFH�6WDII
$UWHIDFW��2IILFH
7RRO��&RPSXWHU

5ROH��2IILFH�6WDII
$UWHIDFW��2IILFH
7RRO��&RPSXWHU

)LQG

5ROH��2IILFH�6WDII
$UWHIDFW��2IILFH
7RRO��&RPSXWHU

1HZ

5ROH��2IILFH�6WDII
$UWHIDFW��2IILFH
7RRO��&RPSXWHU

'XSOLFDW $PHQG

5ROH��*HQHUDO
$UWHIDFW��:DUHKRXVH
7RRO��&RPSXWHU

&RQWURO�6WRFN
'HWDLOV

6HOHFW

6WRFN�/LVW

0DLQWDLQ
6WRFN�'HWDLOV 0RYH

6WRFN

$GMXVW

6WRFN

/HYHO

$GMXVW

9DOXH

0DLQWDLQ

'HOHWLRQ

)LJXUH����$�7DVN�0RGHO



OHJDF\� V\VWHP� EHKDYLRXUV� DQG� FKDUDFWHULVWLFV� RXWVLGH� WKH� IRFXV� RI� WKH� UH�HQJLQHHULQJ
SURFHVV��)RU�H[DPSOH��ZKLOH�IRFXVLQJ�XSRQ�VD\�WKH�VWRFN�FRQWURO��D�VFHQDULR�PD\�UHIHU�WR
SDFNDJHV�� VXFK� DV� FXVWRPHU� DFFRXQWV�� ZKLFK� ZDV� QRW� VXEMHFW� WR� UHYLVLRQ� RU� DQDO\VLV�
7KHVH� VFHQDULRV� SURYLGHG� OLWWOH� VFRSH� IRU� XVH� LQ� WKH� &RPELQHG� 0RGHO�� DQG� DV� D
FRQVHTXHQFH�LW�ZDV�GHFLGHG� WKDW� WKH\�VKRXOG�EH�VHJPHQWHG� LQWR�VPDOOHU�VFHQDULRV��DQG
ZKHUH� SRVVLEOH�� WKRVH�ZKLFK� GLG� QRW� UHODWHG� WR� V\VWHP� EHLQJ� FRQVLGHU�ZHUH� H[FOXGHG�
7KHVH�VFHQDULR�VHJPHQWV�VHUYHG�DV�D�PRUH�HIIHFWLYH�LQLWLDO�VHW�IRU�WKH�DSSOLFDWLRQ�RI�WKH
&RPELQH�0RGHO�

7R� DVVHVV� DQG�PDQDJH� WKH� RULJLQ� DQG� UHOHYDQFH� RI� GLIIHUHQW� UHTXLUHPHQWV�� HDFK� JRDO�
VFHQDULR�DQG�IXQFWLRQ�ZDV�WDJJHG�DV�IROORZV�

% � %RWK �&RUH�6\VWHP�
6 � 6WRFNKROGLQJ �6WRFNKROGLQJ�6\VWHP�
) � )DVKLRQ �)DVKLRQ�6\VWHP�

+HQFH��JRDOV�ZLWKLQ�WKH�LQLWLDO�JRDO�VHW�ZHUH�WDJJHG�%��VLQFH�WKH\�ZHUH�GHULYHG�IURP�WKH
FRPPRQ�WDVN�PRGHO��� DQG�VFHQDULRV�ZLWKLQ� WKH� LQLWLDO� VFHQDULR� VHW�ZHUH� WDJJHG�6�RU�)
GHSHQGLQJ�XSRQ�WKHLU�RULJLQ��)LJXUHV���DQG���LOOXVWUDWH�VRPH�RI�WKH�VFHQDULRV�DQG�JRDOV
XVHG�

7KH� DQDO\VLV� ZLWKLQ� WKH� &RPELQHG�0RGHO� WKHQ� SURFHHGHG� E\� WKH� LWHUDWLYH� SURFHVV� RI
FKHFNLQJ� IRU� FRQVLVWHQF\� DQG� FRKHUHQFH�ZLWKLQ� WKH� VHW� RI� WDJJHG� VFHQDULRV�� JRDOV� DQG
IXQFWLRQV��DQG�UHILQLQJ�WKH�VHWV�DSSURSULDWHO\��7KLV�UHOLHG�XSRQ�DSSO\LQJ�JXLGHOLQHV�VXFK
DV�WKRVH�RI�.DLQGO�LOOXVWUDWHG�LQ�WKH�SUHYLRXV�VHFWLRQ��+RZHYHU��LQ�DGGLWLRQ�WR�GHYHORSLQJ
WKH�UHSUHVHQWDWLRQV��ZH�LGHQWLILHG�WDJ�FRQVLVWHQF\�UXOHV�WR�SURPRWH�WKH�LGHQWLILFDWLRQ�RI
FRPPRQ� UHTXLUHPHQWV�� ZKLOH� ZLVKLQJ� WR� DYRLG� WKH� XQ�PDQDJHG� WUDQVIHUHQFH� RI
UHTXLUHPHQWV�IRU�RQH�OHJDF\�V\VWHP�WR�WKH�RWKHU�

*HQHUDOLVLQJ�RYHU�WKH�DQDO\VLV�RI�WKH�VSHFLILF�FDVH�VWXG\��WKH�IROORZLQJ�WDJ�FRQVLVWHQF\
UXOHV�ZHUH�SURSRVHG��7KH�UDWLRQDO�RI�WKHVH�UXOHV�LV�RI�WU\LQJ�WR�ILQG�FRQYHUJHQFH�LQ�WKH
WZR�V\VWHPV�ZLWK�D�JRDO�RI�FORVXUH��,Q�JHQHUDO�WKHVH�KDYH�WKH�HIIHFW�RI�HQDEOLQJ�FRPPRQ
JRDOV�DQG�IXQFWLRQV�ZLWKLQ�WKH�DQDO\VLV�DQG�HQFRXUDJLQJ�V\VWHP�VSHFLILF�VFHQDULRV�

 � ,I�D�SODQ�OLQNV��JRDO�V��;�µFRPSRVHG�RI¶�VFHQDULR�V��<�
LI�JRDO�V��;�LV�FRPPRQ��%���WKHQ�LWV�FRPSRVHG�RI�VFHQDULR�V��<�FDQ�EH�ERWK�FRPPRQ
�%��DQG�VSHFLILF�WR�D�V\VWHP��6�RU�)���H�J��*���%�IURP�)LJXUH���LV�FRPSRVHG�RI�6����
%��6�����%��6����)�	�6����6�
LI�JRDO�V��;�LV�VSHFLILF�WR�D�V\VWHP��6�RU�)���WKHQ�LWV�FRPSRVHG�RI�VFHQDULR�V��<�PXVW
DOVR�EH�VSHFLILF�WR�WKH�VDPH�V\VWHP��6�RU�)��

 � ,I�D�EHKDYLRXU�OLQNV��VFHQDULR�V��;�µUHODWHV�WR¶�IXQFWLRQ�V��<�
LI�VFHQDULR�V��;�LV�VSHFLILF�WR�D�V\VWHP��WKHQ�LW�UHODWHV�WR�IXQFWLRQ�V��<�FDQ�EH
FRPPRQ�RU�VSHFLILF�WR�WKH�VDPH�V\VWHP��H�J��6�����)�UHODWHV�WR�)�����)�
LI�VFHQDULR�V��;�LV�FRPPRQ��WKHQ�LW�UHODWHV�WR�IXQFWLRQ�V��<�ZKLFK�LV�FRPPRQ��H�J��6
����%�UHODWHV�WR�)�����%�



 � ,I�D�SXUSRVH�OLQNV��IXQFWLRQ�V��;�µIXOILOV¶�JRDO�V��<�
LI�IXQFWLRQ�V��;�LV�VSHFLILF�WR�D�V\VWHP��WKHQ�JRDO�V��<�FDQ�EH�FRPPRQ�RU�VSHFLILF�WR
WKH�VDPH�V\VWHP��H�J��)�����)�IXOILOV�JRDO�*���%�
LI�IXQFWLRQ�V��;�LV�FRPPRQ��WKHQ�JRDO�<�LV�FRPPRQ��H�J��)�����%�IXOILOV�JRDO�*����
%�

�

�2QO\� VRPH� RI� WKHVH� UXOHV� ZHUH� DSSOLFDEOH� ZLWKLQ� WKH� FDVH� VWXG\�� VLQFH� QRW� DOO
FLUFXPVWDQFHV�DURVH��)RU�H[DPSOH��WKH�LQLWLDO�JRDOV�WDNHQ�IURP�WKH�FRPPRQ�WDVN�PRGHO
ZHUH�DOO�FODVVHG�DV�FRPPRQ��%���DW�QR�SRLQW�GLG�D�JRDO�VSHFLILF�WR�D�V\VWHP�DULVH��*UHDWHU
WHVWLQJ�ZLOO�EH� WDNLQJ�SODFH� LQ� WKH� IXWXUH�DV� WKH� WDJ� UXOHV�DUH�DSSOLHG� LQ� WKH� UHVW�RI� WKH
V\VWHPV� HOLFLWDWLRQ� DFTXLVLWLRQ�� 7KH� ILUVW� RI� WKH� DERYH� UXOHV� LV� ZRUWK� FRPPHQWLQJ� RQ
IXUWKHU�� 6LQFH�� ERWK� FRPPRQ� JRDOV� DQG� V\VWHP� VSHFLILF� VFHQDULRV� IRUPHG� WKH� LQLWLDO
LQSXWV� WR� WKH� SURFHVV�� WR� GHYHORS� FRKHUHQW� DQG� FRPSOHWH� VHWV� LW� ZDV� LPSRUWDQW� WR
DVVRFLDWH�WKH�WZR��7KLV�DVVRFLDWLRQ�LV�HQDEOHG�E\�WKH�ILUVW�UXOH�OLQNLQJ�FRPPRQ�JRDOV�WR
VSHFLILF�VFHQDULRV�
�

�&RPSOHPHQWLQJ� WKH� DERYH� SRLQW� WKH� DQDO\VLV� DOVR� EHQHILWHG� IURP� LGHQWLI\LQJ� PRUH
JHQHUDO�VFHQDULRV�EDVHG�XSRQ�WKH�FRPPRQ�FKDUDFWHULVWLFV�RI�PRUH�VSHFLILF�VFHQDULRV��)RU
H[DPSOH��ILJXUH���VKRZV�VFHQDULR�6������%���DV�DEVWUDFWLQJ�RYHU�6������)��DQG�6������6��
�

�$W�UHJXODU�RSSRUWXQLWLHV�WKH�UHSUHVHQWDWLRQ�RI�UHTXLUHPHQWV�LQ�WHUPV�RI�JRDOV��VFHQDULRV
DQG� IXQFWLRQV�ZDV� VXEMHFWHG� WR� YDOLGDWLRQ� GUDZLQJ� XSRQ� WKH� H[SHULHQFH� RI� GHYHORSHUV
IDPLOLDU�ZLWK�WKH�H[LVWLQJ�OHJDF\�V\VWHPV�DQG�WKH�WZR�XVHU�JURXSV��7KLV�DFWLYLW\�VHUYHG
WZR�SXUSRVHV�
 � 7KH�IXQFWLRQV�GHYHORSHG�ZLWKLQ�WKH�&RPELQHG�0RGHO�FRXOG�EH�FRPSDUHG�ZLWK�WKRVH

NQRZQ�WR�EH�SUHVHQW�LQ�WKH�OHJDF\�V\VWHPV��,Q�WKLV�ZD\�LW�ZDV�SRVVLEOH�WR�DGGUHVV�WKH
LVVXH�RI�OHJDF\�IHDWXUHV�

2QH�VXFK�FDVH�RI�LPSOHPHQWDWLRQ�ELDV�DURVH�LQ�WKH�FRQVLGHUDWLRQ�RI�WUDQVIHUULQJ�GDWD
EHWZHHQ�PRGXOHV�RI�WKH�V\VWHP��7KH�DQDO\VLV�RI�JRDOV�DQG�VFHQDULRV�PRWLYDWHG�WKH
UHTXLUHPHQW�IRU�D���WUDQVIHU�GDWD��IXQFWLRQ��+RZHYHU�WKH�OHJDF\�V\VWHP�LQ�IDFW
SURYLGHG�WZR�VHSDUDWH�IXQFWLRQV��³GXPS�GDWD�WR�SRRO´�DQG�³JHW�GDWD�IURP�SRRO´�
FORVHO\�PLUURULQJ�DQ�LPSOHPHQWDWLRQ�GHWDLO�

 � 7KH� RYHUDOO� LQWHJULW\� RI� WKH� GHYHORSLQJ� UHSUHVHQWDWLRQ� FRXOG� EH� YDOLGDWHG�� LQ�PRVW
FDVHV� UHFRPPHQGDWLRQV� DQG� UHYLVLRQV� FDQ� FRXOG� VLPSO\� EH� DFFRPPRGDWHG� DV
DGGLWLRQV� RU� GHOHWLRQV� RI� WKH� HOHPHQWV� RI� WKH� UHTXLUHPHQW� UHSUHVHQWHG�� $V� D
FRQVHTXHQFH��WKH�SURFHVV�FRXOG�FRQWLQXH�ZLWK�OLWWOH�GLIILFXOW\�



�*RDOV
�*�� &UHDWH�SURGXFW�GHWDLOV %
�*���� 7R�EH�DEOH�WR�FUHDWH�D�SURGXFW�GHWDLOV�UHFRUG %
�*���� 7R�EH�DEOH�WR�PDNH�D�GXSOLFDWH�RI�D�SURGXFW�GHWDLOV�UHFRUG� %

�6FHQDULRV
�6���� 7KH�HQG�XVHU�LV�VHWWLQJ�XS�WKH�V\VWHP��WKH\�DOUHDG\�KDYH�DOO�WKH�VWRFN�FRGHV�VWUXFWXUHG�DQG

SUHSDUHG�EHIRUHKDQG��'DWD�LV�HQWHUHG�LQ�D�EDWFK� %
�6���� 7KH�HQG�XVHU�LV�FUHDWLQJ�D�32��3XUFKDVH�2UGHU��62��6DOHV�2UGHU���4XRWH�DQG�WKH�LWHP�GRHV

QRW�H[LVW��,W�QHHGV�WR�EH�TXLFNO\�FUHDWHG�WKHQ�DQG�WKHUH�WR�DOORZ�WKH�FUHDWLRQ�RI�WKH
GRFXPHQW� %

�6���� $Q�HQG�XVHU�ZLOO�RUGHU�IURP�D�VXSSOLHU��7KH\�GR�QRW�NQRZ�WKH�H[DFW�GHWDLOV�XQWLO�WKDW�LWHP
KDV�EHHQ�UHFHLYHG�DQG�LQYRLFHG��7KLV�LV�EHFDXVH�D�FRQWDLQHU��ORDG�LV�ERXJKW��7KH�TXDQWLW\�LV
NQRZQ�EXW�QRW�WKH�VL]HV�RU�FRORXUV�DV�WKLV�KDV�WR�EH�FKHFNHG�RQ�GHOLYHU\��7KH�TXDOLW\�RI
HDFK�LWHP�LV�QRW�H[DFWO\�NQRZQ�DV�WKHLU�KDV�WR�EH�D�VWRFN�YDOLGDWLRQ�FKHFN�ZKHQ�GHOLYHUHG�

%
�6���� 7KH�H[DFW�GHWDLOV�QHHGHG��IRU�6������DUH�WKH�VL]H�DQG�FRORXU )
�6���� 7KH�H[DFW�GHWDLOV�QHHGHG��IRU�6������DUH�ZHLJKW�DQG�ILQLVK� 6
�6���� 7KHUH�LV�D�QHZ�LWHP�LQ�SURGXFW�WKDW�LV�QHDUO\�WKH�VDPH�DV�DQ�H[LVWLQJ�LWHP��,W�VKRXOG�EH

SRVVLEOH�WR�FRS\�WKH�H[LVWLQJ�VWRFN�UHFRUG�DQG�WKHQ�DPHQG�WKH�GHWDLOV�RI�WKH�QHZ�SURGXFW
GHWDLOV�UHFRUG�LQ�WKH�VSHFLILF�DUHD��,I�D�FRGH�LV�HQWHUHG�WKDW�DOUHDG\�H[LVWV�WKHQ�D�FRS\�RI�WKDW
UHFRUG�VKRXOG�EH�VKRZQ� %

�6���� :KHQ�FUHDWLQJ�D�GXSOLFDWH�LW�VKRXOG�QRW�EH�SRVVLEOH�WR�FUHDWH�D�QHZ�SURGXFW�ZLWKRXW
DPHQGLQJ�VRPH�GHWDLO�RQ�WKH�QHZ�SURGXFW�EHFDXVH�LW�ZLOO�FDXVH�FRQIXVLRQ�LI�WKH�RQO\
GLIIHUHQFH�LV�WKH�FRGH� %

�6���� 7KH�OLVW�RI�SURGXFW�GHWDLOV�UHFRUGV�VKRXOG�PDLQO\�VKRZ�ZKDW�UHFRUGV�DUH�VWLOO�DFWLYH��QRW
GHOHWHG��VWRFN�GHWDLOV�UHFRUGV��7KRXJK�WKHUH�DUH�WLPHV�ZKHQ�WKLV�LQIRUPDWLRQ�LV�QHHGHG�H�J�
ZKHQ�DQ�LWHP�LV�EHLQJ�XQGHOHWHG�� %

�6���� 0LVFHOODQHRXV�QRWHV�DERXW�D�SURGXFW�VKRXOG�EH�DEOH�WR�EH�HQWHUHG�DV�QHHGHG�DERXW�WKH
VSHFLILF�SURGXFW� %

�

)LJXUH�����([WUDFWV�IURP�WKH�*RDO�DQG�6FHQDULR�VHWV



�

�

�

�)XQFWLRQV
�)���� ,I�DOO�WKH�VWRFN�GHWDLOV�LQIRUPDWLRQ�LV�NQRZQ�ZKHQ�WKH�UHFRUG�LV�EHLQJ�FUHDWHG�WKHQ�DOO�WKDW

LQIRUPDWLRQ�FDQ�EH�SXW�LQ�IURP�RQH�VFUHHQ� %
�)���� 1RWHV�DERXW�D�SURGXFW�GHWDLOV�VKRXOG�EH�DEOH�WR�EH�HQWHUHG�ZKHQ�QHHGHG�RQ�DQ\�VFUHHQ�WKDW

KDV�DQ\WKLQJ�WR�GR�ZLWK�D�SURGXFW� %
�)���� 7KH�FRS\�IXQFWLRQ�ZLOO�GLVSOD\�WKH�GHWDLOV�RI�WKH�ROG�SURGXFW�GHWDLOV�UHFRUG�LQWR�WKH�QHZ

VWRFN�GHWDLOV�UHFRUG��,W�ZLOO�QRW�FRS\�WKH�FRGH�DV�WKDW�ZLOO�KDYH�WR�EH�HQWHUHG�E\�WKH
RSHUDWRU��$Q�RFFXUUHQFH�ZLOO�RQO\�EH�DGGHG�ZKHQ�WKH�SURGXFW�GHWDLOV�KDYH�EHHQ�DPHQGHG�

%
�)���� ,I�D�GXSOLFDWH�FRGH�LV�FUHDWHG�GHWDLOV�IRU�WKDW�FRGH�DUH�VKRZQ� %
�)���� 7KH�FUHDWH�IXQFWLRQV�VKRXOG�EH�DFFHVVLEOH�DW�DQ\�WLPH�IURP�RWKHU�SDFNDJHV� %
�)���� ,I�DOO�WKH�SURGXFW�GHWDLOV�LQIRUPDWLRQ�LV�QRW�NQRZQ�XSRQ�FUHDWLRQ�WKHQ�WKH�UHFRUG�FDQ�EH

FUHDWHG�DV�D�SURVSHFW�UHFRUG��7KLV�UHFRUG�FDQ�EH�XVHG�RQO\�DV�D�OLPLWHG�SURGXFW�GHWDLOV
UHFRUG�XQWLO�DOO�WKH�QHHGHG�LQIRUPDWLRQ�LV�HQWHUHG�RU�LW�LV�GHOHWHG�

%
�)���� 6L]H�DQG�FRORXU�VKRXOG�EH�DEOH�WR�EH�DPHQGHG�VHSDUDWHO\��7KH�IXQFWLRQ�VKRXOG�EH

DFFHVVLEOH�LQ�RWKHU�SURJUDPPHV� )
�)���� :HLJKW�DQG�ILQLVK�VKRXOG�EH�DEOH�WR�EH�DPHQGHG�VHSDUDWHO\��7KH�IXQFWLRQ�VKRXOG�EH

DFFHVVLEOH�LQ�RWKHU�SURJUDPPHV� 6
�)���� 7KH�OLVW�JHQHUDWHG�RI�SURGXFW�GHWDLOV�VKRXOG�EH�VZLWFKDEOH�VR�GHOHWHG�LWHPV��SURVSHFW�DQG

DFWLYH�LWHPV�FDQ�EH�WXUQHG�RQ�DQG�RII� %
)LJXUH����$Q�H[WUDFW�IURP�WKH�IXQFWLRQ�VHW

�&RQWURO�6WRFN�'HWDLOV���DQG���0DLQWDLQ�6WRFN�'HWDLOV

�3ODQ %HKDYLRXU 3XUSRVH
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)LJXUH����0DSSLQJ�JRDOV�WR�VFHQDULRV�WR�IXQFWLRQV�DQG�EDFN�WR�JRDOV�



�7R� SRVLWLRQ� WKH� WDVNV� LQYROYHG� LQ� WKH� FUHDWLRQ� RI� WKH� FRPELQHG� PRGHO� ZLWKLQ� WKH
UHTXLUHPHQWV�DFTXLVLWLRQ�SURFHVV�DQG�WR�JLYH�D�KROLVWLF�YLHZ�RI�WKH�SURFHVV�D�PHWD�PRGHO
KDV�EHHQ�FUHDWHG��VHH�)LJXUH�����7KH�SURFHVV�VWDUWV�ZLWK�GDWD�FROOHFWLRQ��ZKLFK�LQFOXGHG
�WKH�FUHDWLRQ�RI�XVHU

�

�SURILOHV�DQG�LQLWLDO�VFHQDULRV��,Q�RXU�FDVH�VWXG\�ZH�VWDUWHG�ZLWK�WKH�FUHDWLRQ�RI�WKH�JRDOV�
ZKLFK� LQFOXGHG� WKH� FUHDWLRQ� RI� WKH� FRPPRQ� WDVN� PRGHO�� 7KHQ� VHJPHQWHG� VPDOOHU
VFHQDULRV�ZHUH�H[WUDFWHG�IURP�WKH�LQLWLDO�VFHQDULRV��/DVW�WKH�IXQFWLRQDOLW\�ZDV�H[WUDFWHG
IURP� WKH� GDWD� FROOHFWHG� IURP� WKH� OHJDF\� V\VWHPV�� 7KLV� ZDV� HYDOXDWHG� DQG� WKH� F\FOH
VWDUWHG�DJDLQ�XQWLO�DOO�JRDOV��VFHQDULRV�DQG�IXQFWLRQV�ZKHUH�FRPELQHG�DQG�QRWKLQJ�ZDV
PLVVLQJ��7KH�FRPSDQ\�FXOWXUH�GRHV�QRW� VXSSRUW� IRUPDO�� ULJLG� �PHWKRGV�RI� � HOLFLWDWLRQ�
+HQFH�WKH�IDFW�WKDW�WKH�SURFHVV�LV�IOH[LEOH�DQG�LQIRUPDO��VXSSRUWLQJ�FRPSDQ\�FXOWXUH�DQG
WKHUHIRUH�JDLQLQJ�XVHU�VXSSRUW�

����'LVFXVVLRQ
�7KH�H[SHULHQFH�RI�DSSO\LQJ�WKH�SURSRVHG�SURFHVV�PRGHO� IRU� UHTXLUHPHQWV�DQDO\VLV�ZDV
JRYHUQHG� E\� D� ZLVK� WR� H[DPLQH� KRZ� WKH� PRGHO� SHUIRUPHG� DV� ZHOO� DV� HQVXULQJ� WKDW
DSSURSULDWH�GHFLVLRQV�ZHUH�PDGH�IRU�WKH�VSHFLILF�FDVH�VWXG\��+HUH�ZH�VXPPDULVH�WKHVH
WKH�GHSDUWXUH�IURP�WKH�HQYLVDJHG�SURFHVV�DQG�FRQVLGHU�WKHLU�LPSOLFDWLRQ�IRU�RWKHU�FURVV
SURGXFW�UH�HQJLQHHULQJ�SUREOHPV�

�,W�ZDV�HQYLVDJHG� WKDW� WKH� LQLWLDO� LQSXW� IRU� WKH� UHTXLUHPHQWV�DFTXLVLWLRQ�ZRXOG�EH�JRDOV
DQG�VFHQDULRV�GUDZQ�IURP�WKH�FRPPRQ�WDVN�PRGHO��'HVSLWH�WKH�YDOXH�RI�WKLV�LQLWLDO�JRDO
VHW�WKH�SURFHVV�EHQHILWHG�JUHDWO\�IURP�OHJDF\�V\VWHP�VFHQDULRV�ZKLFK�ZHUH�VSHFLILF�WR�D
VLQJOH�V\VWHP��7KH�VFHQDULRV�FRXOG�QRW�EH�LPPHGLDWHO\�DUWLFXODWHG�LQ�WHUPV�FRPPRQ�WR
ERWK�V\VWHPV��,Q�WHUPV�RI�WKH�DFWLYLWLHV�LQYROYHG�WKH�VFHQDULRV�SURYLGHG�IRU�WKH�DQDO\VLV

'DWD
&ROOHFWLRQ

6FHQDULR )XQFWLRQ*RDO

(YDOXDWLRQ

&RPELQHG
0RGHO

)LJXUH����5HTXLUHPHQWV�$FTXLVLWLRQ



ZHUH�PRWLYDWHG� ODUJHO\�GXULQJ� WKH�YDOLGDWLRQ�RI� WKH�FRPPRQ� WDVN�PRGHO��7KH�DQDO\VLV
IUDPHZRUN� RIIHUHG� E\� WKH� &RPELQHG� 0RGHO� FRXOG� HDVLO\� DFFRPPRGDWH� WKLV� IRUP� RI
LQSXW��2Q�UHIOHFWLRQ�WKH�SURYLVLRQ�RI�VSHFLILF�VFHQDULRV�FRPSOHPHQWHG�WKH�JRDOV�HYLGHQW
LQ�WKH�FRPPRQ�WDVN�PRGHO�
�

�7KH� QDWXUH� RI� WKH� VFHQDULRV� HPSOR\HG� GXULQJ� WKH� DQDO\VLV� SKDVH� ZDV� FRQVLGHUDEO\
GLIIHUHQW�IURP�WKRVH�HQYLVDJHG��$OWKRXJK�WKH�UROH�RI�VFHQDULRV�LV�RIWHQ�WR�SURYLGH�KLJKO\
VLWXDWHG� UHSUHVHQWDWLRQV�RI� KRZ� D� V\VWHP�ZLOO� EH� XVHG�� VSHFLILF� GHWDLOV� DSSHDU� WR� OLPLW
WKHLU�DSSOLFDELOLW\�LQ�WKH�SODQQHG�SURFHVV�
�

�%XW� IRU� WKHVH� WZR� SRLQWV� WKH� SODQQHG� SURFHVV� ODUJHO\� IXOILOOHG� RXU� H[SHFWDWLRQV�
)ROORZLQJ� WKH� VSLULW� RI� .DLQGO
V� &RPELQHG� 0RGHO� ZH� SUHIHU� WR� LGHQWLI\� SUDFWLFDO
GHVFULSWLRQV� RI� KRZ� WKH� PRGHO� FDQ� EH� XVHG� DV� RSSRVHG� WR� SUHVFULELQJ� VSHFLILF
DSSURDFKHV��7KXV��ZH�SUHIHU�WR�YLHZ�WKHVH�GLIIHUHQFHV�IURP�RXU�SODQQHG�SURFHVV�DV�EHLQJ
LQGLFDWRUV�DV�WR�DOWHUQDWLYH�ZD\V�RI�XVLQJ�WKH�VDPH�PRGHO��)RU�H[DPSOH��WKH�JXLGHOLQHV
IRU� WKH� &RPELQHG�0RGHO� FRXOG� EH� H[WHQGHG� WR� UHIOHFW� RXU� WUHDWPHQW� RI� VFHQDULRV�� E\
LQFOXGLQJ�
�

�,I�WZR�VFHQDULRV�DSSHDU�WR�KDYH�D�JHQHUDO�FKDUDFWHULVDWLRQ��FRQVLGHU�LQFOXGLQJ�WKLV
DV�D�PRUH�JHQHULF�VFHQDULR�
�

�$GGLWLRQDO� JXLGHOLQHV�� VXFK� DV� WKLV�� UHSUHVHQW� IXUWKHU� RSSRUWXQLWLHV� IRU� WKH� XVH� RI� WKH
&RPELQHG�0RGHO�
�

�,Q� WHUPV� RI�PHHWLQJ� WKH� RULJLQDO� REMHFWLYHV� IRU� WKH� FDVH� VWXG\�� WKH� DGDSWHG� SURFHVV� RI
DQDO\VLV�KDV�VHUYHG�LWV�SXUSRVH��7KH�DQDO\VLV�LGHQWLILHG�DQG�LQFUHDVHG�WKH�VHW�RI�FRPPRQ
UHTXLUHPHQWV�FU\VWDOOLVLQJ�IXQFWLRQDOLW\�WKDW�ZDV�VSHFLILF�WR�WKH�LQGLYLGXDO�V\VWHPV��7KH
UHSUHVHQWDWLRQ� RI� FRPPRQ� XVHU� UHTXLUHPHQWV� KDV� GULYHQ� WKH� REMHFW� EDVHG� V\VWHP
GHYHORSPHQW� RI� UH�HQJLQHHUHG� YHUVLRQV� RI� WKH� WZR� V\VWHPV�� ZLWK� D� VLJQLILFDQW� VKDUHG
HOHPHQWV�� 7KH� NH\� IHDWXUHV� RI� WKH� SURFHVV� ZKLFK� KDYH� FRQWULEXWHG� WR� WKLV� DUH� WKH
LGHQWLILFDWLRQ�RI�IXQFWLRQV�SULRU��WR�FRQVLGHULQJ�WKRVH�RI�WKH�OHJDF\�V\VWHPV��DQG�WKH�XVH
RI�UHSUHVHQWDWLRQV�WDJJHG�WR�UHIOHFW�WKHLU�DSSOLFDELOLW\�

,W� KDV� EHHQ� QRWHG� WKDW� WKH� GHVFULSWLRQ� RI� WKH� IXQFWLRQV� DQG� WKH� JRDOV� WKHPVHOYHV� DUH
JHQHUDO�DQG�DUH�QRW�VSHFLILF�DW�DOO��7KLV�ZDV�GRQH�RQ�SXUSRVH��7KH�UHDVRQ�IRU�WKLV�LV�WKDW
LW� ZDV� IHOW� WKH� YHU\� VSHFLILF� JRDOV� DQG� IXQFWLRQV� ZRXOG� ODWHU� FRQVWULFW� SURJUDPPHUV�
:KLFK�ZRXOG�KDYH�WKH�HIIHFW�RI�FRQILQLQJ�RU�FRQVWULFWLQJ�WKHLU�DELOLW\�WR�FUHDWH�VRIWZDUH
VROXWLRQV�WR�D�IXQFWLRQ�
�

�,Q�DGGLWLRQ�WR�WKHVH�IHDWXUHV��WKH�RYHUDOO�SURFHVV�EHQHILWHG�IURP�PLQLPLVLQJ�FRQIOLFWV�RI
RZQHUVKLS�DQG�SULRULWLHV�ZKHQ�FRQVLGHULQJ�FRPPRQ�UHTXLUHPHQWV�IURP�GLVWLQFW�VRXUFHV�
,Q� WKH� VSHFLILF�FDVH� VWXG\�� WKH�FRPPRQ� WDVN�PRGHO�DSSHDUV� WR�KDYH�RIIHUHG�D� µVWDUWLQJ
SRLQW¶� WKDW�ZDV� QRW� ELDVHG� WR� HLWKHU� OHJDF\� V\VWHP��$V� D� FRQVHTXHQFH�� WKH� WDVN�PRGHO
DSSHDUHG�WR�IDFLOLWDWH�FR�RSHUDWLRQ�EHWZHHQ�XVHUV�LQ�WKH�VXEVHTXHQW�YDOLGDWLRQ�DFWLYLWLHV�
,Q�SDUWLFXODU�WKH�FR�RSHUDWLYH�VSLULW�ZDV�UHIOHFWHG�LQ�WKH�GHYHORSHUV�RI�RQH�OHJDF\�V\VWHP
UHTXHVWLQJ�WKDW�VSHFLILF�IXQFWLRQV�EHFRPH�FRPPRQ�



�)XWXUH
$�VHULHV�RI�VLPLODU�UH�HQJLQHHULQJ�DFWLYLWLHV�DUH�WR�EH�FDUULHG�RXW�XVLQJ�WKH�SURFHVV
GHVFULEHG�LQ�WKLV�SDSHU��7KLV�ZLOO�HQDEOH�WKH�IXUWKHU�UHILQHPHQW�RI�WKH�DSSURDFK�ZH�KDYH
WDNHQ��$PRQJVW�WKH�LVVXHV�WR�EH�DGGUHVVHG�LQ�WKH�IXWXUH�DUH�
 � 7KH�WUHDWPHQW�RI�QRQ�IXQFWLRQDO�UHTXLUHPHQWV�
 � &ORVHU�PDSSLQJ�RI�WKH�UHTXLUHPHQWV�DFTXLVLWLRQ�µFRPELQHG¶�PRGHO�LQWR�WKH�2EMHFW

2ULHQWDWHG�'HVLJQ��22'��SKDVH�RI�WKH�SURMHFW�
 � 8VLQJ�WKH�WDVN�PRGHO�DV�D�EDVLV�IRU�WKH�FUHDWLRQ�RI�WKH�LQWHUIDFH�
 � *UHDWHU�WHVWLQJ�RI�WKH�WDJ�FRQVLVWHQF\�UXOHV�

���&RQFOXVLRQ
7KH�ZRUN�GHVFULEHG�KDV�EHHQ�PRWLYDWHG�E\�WKH�GHVLUH�WR�LGHQWLI\�XVHU�UHTXLUHPHQWV�WKDW
DUH�FRPPRQ�WR�GLVWLQFW�OHJDF\�V\VWHPV�DQG�XVH�WKHP�DV�D�EDVLV�IRU�UH�HQJLQHHULQJ�WKRVH
V\VWHPV�� 7KH� LVVXHV� DGGUHVVHG� LQ� WKH� DFWLYLW\� DUH� KLJKO\� UHOHYDQW� ZKHQ� ZH� FRPH� WR
FRQVLGHU�8VHU�,QWHUIDFHV�IRU�$OO�DQG�ZLVK�WR�FRQVLGHU�LGHQWLI\LQJ�DQG�PHHWLQJ�FRPPRQ
XVHU� UHTXLUHPHQWV�� &OHDUO\�� D� VSHFLILF� V\VWHP� LV� GHYHORSHG�ZLWK� D� VSHFLILF� SXUSRVH� LQ
PLQG� DQG� DV� VXFK� ZLOO� EH� GLVWLQFW�� KRZHYHU� ZKHUH� WKHUH� LV� FRPPRQDOLW\� EHWZHHQ
V\VWHPV�� ERWK� SURVSHFWLYH� XVHUV� DQG� GHYHORSHUV� FDQ� EHQHILW� IURP� WKH� UHFRJQLWLRQ� RI
FRPPRQDOWLHV�

7KH�SURFHVV�RI�UHTXLUHPHQWV�LGHQWLILFDWLRQ�GHVFULEHG�LQ�WKLV�SDSHU�SURYLGHV�RQH�HIIHFWLYH
PHFKDQLVP�IRU� LGHQWLI\LQJ�FRPPRQ�XVHU� UHTXLUHPHQWV�� WKDW� LV�DSSOLFDEOH� LQ� WKH�KLJKO\
UHOHYDQW�FRQWH[W�RI�UH�HQJLQHHULQJ�RI�OHJDF\�V\VWHPV�

$FNQRZOHGJHPHQWV
7KLV�ZRUN�KDV�EHHQ�VXSSRUWHG�E\�8.�7HDFKLQJ�&RPSDQ\�6FKHPH��,Q�FR�RSHUDWLRQ�ZLWK
3&,�6\VWHPV�DQG�HVSHFLDOO\�$QG\�%RZGLQ�IRU�DOO�KLV�KHOS�DQG�VXSSRUW��7KH�UHYLHZHUV�RI
DQ�HDUOLHU�YHUVLRQ�RI�WKLV�SDSHU�IRU�WKHLU�FRQVWUXFWLYH�FULWLFLVPV�

���5HIHUHQFHV
$UORZ������� ��-LP�$UORZ��µ8VH�&DVHV��80/�9LVXDO�0RGHOOLQJ�DQG�WKH�7ULYLDOLVDWLRQ

RI�%XVLQHVV�5HTXLUHPHQWV¶�5HTXLUHPHQWV�(QJLQHHULQJ��9RO����1R���3J���������
6SLQJHU�9HUODJ�/RQGRQ�/LPLWHG

%RRFK��5XPEDXJK�	�-DFREVRQ�����������*UDG\�%RRFK��-DPHV�5XPEDXJK�	�,YDU
-DFREVRQ��7KH�8QLILHG�0RGHOLQJ�/DQJXDJH��8VHUV�*XLGH��$GGLVRQ�:HVOH\�����
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3UDFWLFH�DQG�([SHULHQFH��9RO��������������������'HFHPEHU������

&DUURO��������±�-RKQ�0�&DUURO��µ'HVLJQLQJ�,QWHUDFWLRQ��3V\FKRORJ\�DW�WKH�+XPDQ�
&RPSXWHU�,QWHUIDFH¶��&DPEULGJH�8QLYHUVLW\�3UHVV�������

&DUURO����������-RKQ�0�&DUURO��µ6FHQDULR�%DVHG�'HVLJQ��(QYLVRQLQJ�:RUN�DQG
7HFKQRORJ\�LQ�6\VWHP�'HYHORSPHQW¶��-RKQ�:LOH\�	�6RQV�



&KLNRIVN\�DQG�&URVV��������±�(OOLRW�-��&KLNRIVN\�DQG�-DPHV�+��&URVV�,,��µ5HYHUVH
(QJLQHHULQJ�DQG�'HVLJQ�5HFRYHU\��$�7D[RQRP\¶��,(((�6RIWZDUH�-DQXDU\������

)RUEULJ����������3HWHU�)RUEULJ��7DVN�DQG�2EMHFW�2ULHQWHG�'HYHORSPHQW�RI�,QWHUDFWLYH
6\VWHP�±�+RZ�PDQ\�PRGHOV�DUH�QHFHVVDU\"��,Q�'69�,6�����WK�(XURJUDSKLFV
:RUNVKRS�'HVLJQ��6SHFLILFDWLRQ�DQG�9HULILFDWLRQ�RI�,QWHUDFWLYH�6\VWHPV�

+DQG\�&��������±�&��+DQG\��,QVLGH�2UJDQLVDWLRQV�����,GHDV�IRU�PDQDJHUV��%%&�%RRNV�
����

+HQGHUVRQ�6HOOHUV��������±���±�%��+HQGHUVRQ�6HOOHUV��µ$�0HWKRGRORJLFDO�0HWDPRGHO�RI
3URFHVV¶��-223�52$'�SJ��������)HEUXDU\������

.DLQGO����������+HUPDQQ�.DLQGO��µ&RPELQLQJ�*RDOV�DQG�)XQFWLRQDO�5HTXLUHPHQWV�LQ�D
6FHQDULR�EDVHG�'HVLJQ�3URFHVV¶��3HRSOH�DQG�&RPSXWHUV�;,,,��+LODU\�-RKQVRQ�
/DXUHQFH�1LJD\�DQG�&KULV�5RDVW��HGV���6SULQJHU�9HUODJ�

0HUOR�HW�DO��������±�(WWRUH�0HUOR��3LHUUH�<YHV�*DJQH��-HDQ�)UDQFRLV�*LUDUG��.RVWDV
.QRWRJLDQQLV��3UDNDVK�3DQDQJDGHQ�DQG�5HQDWR�'H�0RUL��µ5HHQJLQHHULQJ�8VHU
,QWHUIDFHV¶��,(((�6RIWZDUH�-DQXDU\������SS������

5\DQ�DQG�6XWFOLIIH����������0��5\DQ�DQG�$��6XWFOLIIH�µ$QDO\VLQJ�5HTXLUHPHQW�WR�,QIRUP
'HVLJQ¶��3HRSOH�DQG�&RPSXWHUV�;,,,��+LODU\�-RKQVRQ��/DXUHQFH�1LJD\�DQG�&KULV
5RDVW��HGV���6SULQJHU�9HUODJ�


