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LWV� RULJLQDO� VRIWZDUH� GHYHORSPHQW� RUJDQL]DWLRQ� >��@�� 3RSXODU� DSSURDFKHV� WR� GHFHQWUDOL]HG� VRIWZDUH
HYROXWLRQ� �KHUHDIWHU� DEEUHYLDWHG� '6(�� LQFOXGH� DSSOLFDWLRQ� SURJUDPPLQJ� LQWHUIDFHV� �$3,V��� VRIWZDUH
SOXJ�LQV�� VFULSWLQJ� ODQJXDJHV�� FRPSRQHQW� DUFKLWHFWXUHV�� HYHQW�EDVHG� V\VWHPV�� DQG� RSHQ�VRXUFH
GHYHORSPHQW�� $SSOLFDWLRQ� YHQGRUV� HPSOR\� '6(� DV� D� PHDQV� RI� DWWUDFWLQJ� DGGLWLRQDO� XVHUV³DQG�
FRQVHTXHQWLDOO\��LQFUHDVLQJ�WKHLU�PDUNHW�VKDUH³VLQFH�LW�RSHQV�XS�WKH�SRVVLELOLW\�WKDW�D�WKLUG�SDUW\�PRGLILHG
YHUVLRQ�RI�WKH�DSSOLFDWLRQ�ZRXOG�VDWLVI\�WKH�QHHGV�RI�HQG�XVHUV�XQVDWLVILHG�ZLWK�WKH�RULJLQDO�YHUVLRQ��7KLV
EHQHILWV� HYHU\RQH� LQYROYHG�� WKH� RULJLQDO� DSSOLFDWLRQ� YHQGRU� VHOOV� PRUH� SURGXFW� VLQFH� FXVWRPL]DWLRQ
LPSOLHV�XVH��WKLUG�SDUW\�GHYHORSHUV�GHOLYHU�D�SURGXFW�LQ�OHVV�WLPH�DQG�DW�D�ORZHU�FRVW�E\�UHXVLQJ�VRIWZDUH
DV�RSSRVHG�WR�EXLOGLQJ�IURP�VFUDWFK��DQG�HQG�XVHUV�UHFHLYH�D�KLJKHU�TXDOLW\�SURGXFW��FXVWRPL]HG�WR�VXLW
WKHLU�QHHGV��LQ�OHVV�WLPH�DQG�DW�D�ORZHU�FRVW�DV�FRPSDUHG�WR�EXLOGLQJ�IURP�VFUDWFK�

1XPHURXV� FRPPHUFLDO� DQG� IUHH�ZDUH� DSSOLFDWLRQV� URXWLQHO\� GHPRQVWUDWH� WKH� EHQHILWV� RI� '6(�
$SSOLFDWLRQV�VXFK�DV�*18�(PDFV��$GREH�3KRWRVKRS��0LFURVRIW�2IILFH�� WKH�/LQX[�RSHUDWLQJ�V\VWHP�
DQG� WKH�$SDFKH�ZHE�VHUYHU��HDFK�RIIHU�D� ULFK�DVVRUWPHQW�RI�DGG�RQV��GHYHORSHG�E\� LQGHSHQGHQW� WKLUG�
SDUWLHV�� WKDW� DXJPHQW� WKH� DSSOLFDWLRQ·V� IXQFWLRQDOLW\�� )RU� H[DPSOH�� WKLUG�SDUWLHV� KDYH� XVHG� $GREH
3KRWRVKRS·V� SOXJ�LQ�PHFKDQLVP� WR� DGG� QRYHO� LPDJLQJ� HIIHFWV� DQG� WUDQVIRUPDWLRQV�� VXSSRUW� QHZ� ILOH
IRUPDWV��DQG�VXSSRUW�QHZ�KDUGZDUH�GHYLFHV��:LWKRXW�'6(��HQG�XVHUV�ZRXOG�KDYH�WR�UHO\�RQ�$GREH�RU�D
FRPSHWLWRU� WR�SURYLGH�VXFK�IHDWXUHV��%XW�VLQFH�VRPH�DGG�RQV�FDWHU� WR�QLFKH�PDUNHWV�� LW·V�XQOLNHO\� WKDW
$GREH�ZRXOG�HYHU�SURYLGH�WKH�EUHDGWK�RI�IXQFWLRQDOLW\�RIIHUHG�E\�WKLUG�SDUWLHV�

,Q�DGRSWLQJ�D�'6(�PHFKDQLVP��VRIWZDUH�SURGXFHUV�VWUXJJOH�ZLWK�D�QXPEHU�RI�LVVXHV��2QH�RI�WKHVH�LV
DSSOLFDWLRQ�FRQVLVWHQF\���L�H���KRZ�FDQ�WKH�VRIWZDUH�SURGXFHU�SUHVHUYH�WKH�LQWHJULW\�RI�WKH�DSSOLFDWLRQ�LI�WKLUG�
SDUWLHV�FDQ� LQGHSHQGHQWO\�PRGLI\� LW"�7KLV�SUREOHP� LV�D�FRQVHTXHQFH�RI�WKH� WUXLVP�WKDW�´LQGHSHQGHQW
FKDQJH�LQWURGXFHV�WKH�SRVVLELOLW\�RI�LQFRQVLVWHQW�FKDQJH�µ

7KLV�SDSHU�EULHIO\�H[SORUHV�DSSOLFDWLRQ�FRQVLVWHQF\�LQ�WKH�FRQWH[W�RI�GHFHQWUDOL]HG�VRIWZDUH�HYROXWLRQ�
:H�EHJLQ�LQ�VHFWLRQ���E\�VXUYH\LQJ�FRPPRQ�VWUDWHJLHV�IRU�GHDOLQJ�ZLWK�DSSOLFDWLRQ�FRQVLVWHQF\�LQ�'6(�
6HFWLRQ���SURSRVHV�D�QHZ�VWUDWHJ\�EDVHG�RQ�UHVRXUFH�PRGHOV��6HFWLRQ���FRQVLGHUV�UHODWHG�ZRUN�RQ�QRQ�
'6(�WHFKQLTXHV�IRU�DVVXULQJ�FRQVLVWHQF\�WKDW�FRXOG�SRWHQWLDOO\�EH�DGDSWHG�WR�'6(�

���&RPPRQ�6WUDWHJLHV�LQ�'6(
$SSOLFDWLRQ�LQFRQVLVWHQF\�LQ�'6(�FDQ�DULVH�LQ�WZR�ZD\V������ LQWHUDFWLRQV�EHWZHHQ�WKH�KRVW�DSSOLFDWLRQ
DQG� D� VLQJOH� DGG�RQ�� DQG� ���� LQWHUIHUHQFH�EHWZHHQ� WZR�RU�PRUH� DGG�RQV��$QRPDOLHV�RI� WKH� ILUVW� W\SH
LQYROYH� WZR� VHOI�DZDUH� SDUWLHV� �WKH� WKLUG�SDUW\� GHYHORSHU� FUHDWHV� DQ� DGG�RQ� IRU� D� SDUWLFXODU� VRIWZDUH
SURGXFHU·V�KRVW�DSSOLFDWLRQ���ZKHUHDV�DQRPDOLHV�RI� WKH�VHFRQG�W\SH� LQYROYH� LQGHSHQGHQW�HQWLWLHV��7KLV

�� $SSOLFDWLRQ�FRQVLVWHQF\�ZLWK�UHVSHFW�WR�ZKDW"�)RU�WKH�SXUSRVH�RI�WKLV�SDSHU��ZH�XVH�LW�JHQHULFDOO\�WR�UHIHU�WR�DQ\�
VRIWZDUH�TXDOLW\�WKDW�WKH�VRIWZDUH�SURGXFHU�LV�FRQFHUQHG�ZLWK��VXFK�DV�VDIHW\��WLPHOLQHVV��ODFN�RI�GHDGORFNV��HWF�
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GLIIHUHQFH�KDV� OHDG� WR�GLIIHUHQW� WHFKQLTXHV� IRU�GHDOLQJ�ZLWK�HDFK� VRXUFH�RI� LQFRQVLVWHQF\��:H�H[SORUH
HDFK�RQH�LQ�WKH�IROORZLQJ�VXEVHFWLRQV��

�����+RVW�DSSOLFDWLRQ�$GG�RQ��,Q�&RQVLVWHQF\
+RVW�DSSOLFDWLRQV�WKDW�XVH�'6(�RIIHU�D�YDULHW\�RI�UHVRXUFHV�WR�DLG�WKLUG�SDUW\�GHYHORSHUV�LQ�FUHDWLQJ�DGG�
RQV��&RPPRQO\�SURYLGHG�UHVRXUFHV�LQFOXGH�WHFKQLFDO�GRFXPHQWDWLRQ�FRYHULQJ�SHUWLQHQW�SRUWLRQV�RI�WKH
KRVW� DSSOLFDWLRQ·V� GHVLJQ� DQG� IXQFWLRQDO� EHKDYLRU�� FRRNERRN� FRGH� DQG� VDPSOH� DGG�RQV�� GLVFXVVLRQ
JURXSV�DQG�PDLOLQJ�OLVWV��DQG�WHVW�VFULSWV��6XFK�UHVRXUFHV�QRW�RQO\�KHOS�WKLUG�SDUWLHV�LPSOHPHQW�DGG�RQV�
EXW� KHOS� WKHP� WR� LPSOHPHQW� DGG�RQV� ´FRUUHFWO\µ�� L�H��� LQ� D� ZD\� WKDW� SUHVHUYHV� KRVW� DSSOLFDWLRQ
FRQVLVWHQF\��%XW�XVLQJ�WKHVH�UHVRXUFHV�GRHV�QRW�HQVXUH�DSSOLFDWLRQ�FRQVLVWHQF\��6RIWZDUH�SURGXFHUV�UHO\
VROHO\�RQ�WKH�JRRG�LQWHQWLRQV�DQG�WKRURXJKQHVV�RI�WKLUG�SDUW\�GHYHORSHUV�LQ�GHYHORSLQJ�DQG�WHVWLQJ�WKHLU
DGG�RQV� XVLQJ� WUDGLWLRQDO� VRIWZDUH� WHVWLQJ� DQG� DQDO\VLV� WHFKQLTXHV�� (YHQ� VR�� WKHVH� DUH� WKH� PRVW
FRPPRQO\�XVHG�WHFKQLTXHV�IRU�DYRLGLQJ�DSSOLFDWLRQ�LQFRQVLVWHQF\�

,I� WKH� LQWHQWLRQV� RI� WKLUG�SDUWLHV� DUH� LQ� GRXEW�� WKHUH� DUH� WZR� JHQHUDO� VWUDWHJLHV� IRU� SUHYHQWLQJ
LQFRQVLVWHQF\�� �D� UHVWULFWLQJ� WKH� ODQJXDJH�XVHG� WR� LPSOHPHQW� DGG�RQV�� DQG� �E�� UHVWULFWLQJ� WKH� UXQWLPH
HQYLURQPHQW�RI�WKH�DGG�RQ��:H�FRQVLGHU�HDFK�RI�WKHVH�LQ�WXUQ�EHORZ�

5HVWULFWLQJ� WKH� ODQJXDJH� IRU� LPSOHPHQWLQJ�DGG�RQV�DPRXQWV� WR�FLUFXPVFULELQJ� WKH�UDQJH�RI�RSHUDWRUV
DQG� RSHUDQGV� DYDLODEOH� WR� DGG�RQV�� 7KLV� DYRLGV� FHUWDLQ� FODVVHV� RI� LQFRQVLVWHQFLHV� DOO� WRJHWKHU� E\
HOLPLQDWLQJ�ODQJXDJH�FRQVWUXFWV�WKDW�OHDG�WR�WKRVH�HUURUV��)RU�H[DPSOH��WKH�-DYD�SURJUDPPLQJ�ODQJXDJH
GRHV�QRW�SURYLGH�SRLQWHU�W\SHV��ZKLFK�SUHYHQWV�SRWHQWLDO�PLVXVHV�RI�GLUHFW�PHPRU\�DFFHVV�DQG�SRLQWHU
DULWKPHWLF��([DPSOHV�RI�PRUH�UHVWULFWHG�DGG�RQ�LPSOHPHQWDWLRQ�ODQJXDJHV�LQFOXGH�VSUHDGVKHHWV�IRUPXOD
ODQJXDJHV�DQG�GDWDEDVH�TXHU\�ODQJXDJHV�VXFK�DV�64/�

%XW�UHVWULFWHG�DGG�RQ�LPSOHPHQWDWLRQ�ODQJXDJHV�DUH�QRW�D�SDQDFHD��,I�WKH�ODQJXDJH�LV�7XULQJ�FRPSOHWH�
QR�DPRXQW�RI�DXWRPDWHG�DQDO\VLV�FDQ�SURYH�WKDW�WKH�DGG�RQ�WHUPLQDWHV��GXH�WR�WKH�KDOWLQJ�SUREOHP���$V
D�FRQVHTXHQFH��RQO\�FHUWDLQ�DVSHFWV�RI�FRQVLVWHQF\�PD\�EH�JXDUDQWHHG��7KH�VRIWZDUH�SURGXFHU�PXVW�VWLOO
UHO\�LQ�SDUW�RQ�WKH�JRRG�LQWHQWLRQV�RI�WKLUG�SDUW\�GHYHORSHUV�

5HVWULFWLQJ� WKH� DGG�RQ� UXQWLPH� HQYLURQPHQW� LV� DFKLHYHG� LQ� RQH� RI� WZR�ZD\V�� SURJUDP� LQWHUSUHWDWLRQ
DQG�RU� VRIWZDUH� IDXOW� LVRODWLRQ�� 3URJUDP� LQWHUSUHWDWLRQ� SUHYHQWV� FHUWDLQ� W\SHV� RI� LQFRQVLVWHQFLHV� E\
YHULI\LQJ�SURJUDP�LQVWUXFWLRQV�EHIRUH�H[HFXWLQJ�WKHP��([DPSOHV�RI�WKLV�WHFKQLTXH�LQFOXGH�(PDFV·�HOLVS
DQG�-DYD·V�YLUWXDO�PDFKLQH�LQWHUSUHWHU��$OWKRXJK�LQWHUSUHWDWLRQ�XVXDOO\�RFFXUV�DW�WKH�OHYHO�RI�WKH�VRXUFH
ODQJXDJH�RU�RQ�DQ�LQWHUPHGLDWH�H[HFXWDEOH�IRUPDW�VXFK�DV�E\WHFRGHV�RU�S�FRGH��PRGHUQ�YLUXV�FKHFNHUV
LQWHUSUHW�QDWLYH�PDFKLQH�LQVWUXFWLRQV�WR�GHWHFW�DQG�SUHYHQW�PDOLFLRXV�RSHUDWLRQV�E\�VRIWZDUH�YLUXVHV�>�@�

6RIWZDUH� IDXOW� LVRODWLRQ� WHFKQLTXHV�� VXFK� DV� VDQGER[LQJ� >��@>��@�� DFKLHYH� VLPLODU� UHVXOWV� ZLWK� QRQ�
LQWHUSUHWHG�ODQJXDJHV��,Q�VDQGER[LQJ��FULWLFDO�SRLQWV�RI�WKH�FRPSLOHG�SURJUDP�DUH�´LQVWUXPHQWHGµ�ZLWK
ORJLF�WKDW�YHULILHV�SDUWLFXODU�FRQVWUDLQWV�RQ�WKH�SURJUDP·V�UXQWLPH�HQYLURQPHQW��0LV),7�>��@��D�VRIWZDUH
IDXOW�LVRODWLRQ�WRRO��LQVWUXPHQWV�DVVHPEO\�ODQJXDJH�SURJUDPV�E\�LQVHUWLQJ�FRGH�EHIRUH�HYHU\�LQVWUXFWLRQ
WKDW�UHIHUHQFHV�PHPRU\�WR�YHULI\�WKDW�RQO\�SHUPLVVLEOH�PHPRU\�ORFDWLRQV�DUH�DGGUHVVHG��2WKHU�VLPLODU
PHFKDQLVPV�LQFOXGH�WKH�LQYDOLG�LQVWUXFWLRQ�LQWHUUXSWV�RI�PRGHUQ�KDUGZDUH�SURFHVVRUV��WKH�PHPRU\�DQG
ILOH�V\VWHP�SURWHFWLRQ�PHFKDQLVPV�RI�RSHUDWLQJ�V\VWHPV��DQG�-DYD·V�YLUWXDO�PDFKLQH�VHFXULW\�PDQDJHU�

�����0XOWLSOH�$GG�RQ��,Q�&RQVLVWHQF\
$OWKRXJK�LW�LV�UHDVRQDEOH�WR�H[SHFW�D�WKLUG�SDUW\�GHYHORSHU�WR�WKRURXJKO\�WHVW�WKHLU�DGG�RQ�ZLWK�WKH�KRVW
DSSOLFDWLRQ�EHIRUH� UHOHDVLQJ� LW� WR� WKH�SXEOLF�� VXFK� WHVWLQJ�FDQQRW� UHYHDO� LQFRQVLVWHQFLHV� WKDW�PD\�DULVH
ZKHQ�LW�LV�XVHG�LQ�FRQMXQFWLRQ�ZLWK�RWKHU�WKLUG�SDUW\�DGG�RQV��*LYHQ�D�KRVW�DSSOLFDWLRQ�ZLWK�Q�DGG�RQV�
WKHUH�DUH� �XQLTXH�KRVW�DGG�RQ�FRQILJXUDWLRQV��LQFOXGLQJ�WKH�GHJHQHUDWH�FDVH�RI�WKH�KRVW�DSSOLFDWLRQ
ZLWKRXW� DGG�RQV���7KXV�� DQ� DSSOLFDWLRQ�ZLWK� ��� DGG�RQV� KDV� RYHU� RQH�PLOOLRQ� XQLTXH� FRQILJXUDWLRQV�
2EYLRXVO\��WKLV�PDNHV�H[KDXVWLYH�WHVWLQJ�RI�FRQILJXUDWLRQV�LQIHDVLEOH�

2
n

3DJH���RI��



6RIWZDUH�SURGXFHUV�XVH�D�YDULHW\�RI�VWUDWHJLHV�WR�FRPEDW�WKH�SUREOHP��:H�KDYH�JHQHUDOL]HG�WKHP�LQWR
WKUHH�FDWHJRULHV��GHIHQVLYH�GHVLJQ��VWDQGDUGL]HG�LQWHUIDFHV��DQG�H[WHUQDO�WRROV��:H�H[DPLQH�HDFK�RI�WKHVH
LQ�WXUQ�XVLQJ�VHYHUDO�H[DPSOHV�IURP�UHDO�ZRUOG�DSSOLFDWLRQV�

$� GHIHQVLYH� GHVLJQ� VWUDWHJ\� DYRLGV� LQFRQVLVWHQFLHV� DOWRJHWKHU� E\� KDYLQJ� WKH� KRVW� DSSOLFDWLRQ� GHYHORSHUV
GHVLJQ� DQG� LPSOHPHQW� WKH� KRVW� DSSOLFDWLRQ� LQ� VXFK� D� ZD\� WKDW� DGG�RQV� DUH� IRUFHG� WR� EH� PXWXDOO\
LQGHSHQGHQW³WKH\�GR�QRW�GHSHQG�RQ�RU�LQWHUDFW�ZLWK�RQH�DQRWKHU�GLUHFWO\��,QVWHDG��WKH�KRVW�DSSOLFDWLRQ
PHGLDWHV�DOO�LQWHUDFWLRQV�DPRQJ�DGG�RQV��6]\SHUVNL >��@�UHIHUV�WR�VXFK�V\VWHP�DV�LQGHSHQGHQWO\�H[WHQVLEOH�DV
WKH\� ´FDQ� FRSH� ZLWK� WKH� ODWH� DGGLWLRQ� RI� H[WHQVLRQV� ZLWKRXW� UHTXLULQJ� D� JOREDO� LQWHJULW\� FKHFN�µ
.ULVKQDPXUWKL�DQG�)HOOHLVHQ >�@�KDYH�IRUPDOL]HG�D�PRUH�UHVWULFWHG�QRWLRQ�RI�LQGHSHQGHQW�H[WHQVLELOLW\�
0DQ\�RSHUDWLQJ�V\VWHPV�DQG�VKULQN�ZUDSSHG�DSSOLFDWLRQV�DGRSW�WKLV�VWUDWHJ\��)RU�H[DPSOH��1HWVFDSH·V
&RPPXQLFDWRU�:HE� EURZVHU� VXSSRUWV� D� EXLOG�LQ� VHW� RI� DXGLR� DQG� JUDSKLFDO�PHGLD� W\SHV�� DQG� DOORZV
WKLUG�SDUWLHV� WR� LQFRUSRUDWH�QHZ�PHGLD� W\SHV�XVLQJ� D�SOXJ�LQ�PHFKDQLVP��(DFK�SOXJ�LQ� LPSOHPHQWV� D
VWDQGDUG� LQWHUIDFH� DQG� DVVRFLDWHV� LWVHOI� ZLWK� SDUWLFXODU� PHGLD� W\SHV� ZKHQ� &RPPXQLFDWRU� EHJLQV
H[HFXWLQJ�� &RPPXQLFDWRU� LQYRNHV� WKH� SOXJ�LQ� ZKHQHYHU� D�:HE� SDJH� FRQWDLQLQJ� WKDW� FRQWHQW� W\SH� LV
UHWULHYHG��,I�D�VLQJOH�:HE�SDJH�FRQWDLQV�VHYHUDO�GLIIHUHQW�FRQWHQW�W\SHV��HDFK�SOXJ�LQ�LV�SURYLGHG�ZLWK�DQ
LQGHSHQGHQW�PHDQV�RI�UHWULHYLQJ�WKDW�FRQWHQW�DQG�LWV�RZQ�SULYDWH�UHJLRQ�RI�WKH�GLVSOD\�VFUHHQ�WR�UHQGHU
WKH�FRQWHQW��,Q�WKLV�ZD\��WZR�SOXJ�LQV�ZLOO�QRW�LQWHUIHUH�ZLWK�RQH�DQRWKHU�LI�WKH\�EHKDYH�DV�GLUHFWHG�E\�WKH
KRVW� DSSOLFDWLRQ�� $OWKRXJK� D� GHIHQVLYH� GHVLJQ� VWUDWHJ\� FDQ� EH� XVHG� WR� SUHYHQW� PRVW� W\SHV� RI
LQFRQVLVWHQF\��LW�KDV�LWV�GUDZEDFNV��7KH�KRVW�DSSOLFDWLRQ�PXVW�PHGLDWH�DOO�WKH�LQWHUDFWLRQ�EHWZHHQ�DGG�
RQV��ZKLFK�SUHFOXGHV� WKH�XVH�RI�QRYHO�DQG�XVHIXO� LQWHUDFWLRQV� WKDW�ZHUH�QRW�IRUHVHHQ�E\� WKH�VRIWZDUH
SURGXFHU��$GGLWLRQDOO\�� FRQVLVWHQF\� LV� SUHVHUYHG� VR� ORQJ� DV� WKH� SOXJ�LQV� GR� QRW� LQDGYHUWHQWO\� LQWHUDFW
WKURXJK�VRPH�VKDUHG�RSHUDWLQJ�V\VWHP�UHVRXUFH��VXFK�DV�D�GHYLFH�RU�ILOH�

$� VWDQGDUGL]HG� LQWHUIDFH� VWUDWHJ\�� XVHG� E\� FRPSRQHQW�EDVHG� DUFKLWHFWXUHV� EXLOW� RQ� 20*·V� &25%$�
0LFURVRIW·V� &20�� DQG� ),(/'� >��@�� DVVXPHV� WKDW� LQWHUIDFH� FRPSDWLELOLW\� LPSOLHV� EHKDYLRUDO
FRPSDWLELOLW\��)RU�H[DPSOH��),(/'·V�GHEXJJHU�XQGHUVWDQGV����FRPPDQG�PHVVDJHV�DQG�EURDGFDVWV���
HYHQW�PHVVDJHV��HDFK�RI�ZKLFK�KDV�LWV�RZQ�$6&,,�VWULQJ�UHSUHVHQWDWLRQ��2WKHU�WRROV�LQ�WKH�HQYLURQPHQW
�L�H��� DGG�RQV�� FDQ� LQYRNH�GHEXJJHU� FRPPDQGV�E\� VHQGLQJ� LW� DSSURSULDWHO\� IRUPDWWHG�PHVVDJHV��$V� D
UHVXOW��LQGHSHQGHQWO\�GHYHORSHG�DGG�RQV�FDQ�LQWHUDFW�ZLWK�RQH�DQRWKHU�LI�WKHLU�LQWHUIDFHV�DUH�FRPSDWLEOH�
%XW�LQWHUIDFH�FRPSDWLELOLW\�LV�D�SRRU�PHDVXUH�RI�FRQVLVWHQF\�VLQFH�LW�GRHV�QRW�SUHYHQW�WZR��RU�PRUH��DGG�
RQV�IURP�XVLQJ�WKH�VDPH�FRPSRQHQW�LQWHUIDFH�LQ�LQFRPSDWLEOH�ZD\V��,Q�WKH�GHEXJJHU�H[DPSOH��WZR�DGG�
RQV� WKDW� VLPXOWDQHRXVO\� VHQG� D� FRPPDQG� WR� WKH� GHEXJJHU� WR� ¶VLQJOH� VWHS·�ZLOO� HQG� XS� DGYDQFLQJ� WKH
SURJUDP�E\�WZR�LQVWUXFWLRQV�LQVWHDG�RI�WKH�LQWHQGHG�VLQJOH�LQVWUXFWLRQ��

$Q� H[WHUQDO� WRRO�EDVHG� VWUDWHJ\�XVHV�WRROV� WR�GHWHFW�DQG�UHVROYH� LQFRQVLVWHQFLHV��7KH�´V\VWHP�H[WHQVLRQµ
PHFKDQLVP�RI�$SSOH�&RPSXWHU·V�6\VWHP���RSHUDWLQJ�V\VWHP�XVHV�VXFK�D�VWUDWHJ\��,Q�WKLV�FDVH��V\VWHP
LQFRQVLVWHQFLHV� FDQ� DULVH� ZKHQ� WZR� RU� PRUH� DGG�RQV�� FDOOHG� H[WHQVLRQV� RU� ,1,7V� RQ� WKH� 0DFLQWRVK�
LQWHUFHSW�LQYRFDWLRQV�WR�WKH�VDPH�RSHUDWLQJ�V\VWHP�IXQFWLRQ��L�H���´SDWFK�D�WUDSµ��LQ�LQFRPSDWLEOH�ZD\V�
)RU�H[DPSOH�

´>2@QH�,1,7�PD\�DVVXPH�WKDW�D�SDUWLFXODU�WUDS�ZRUNV�LQ�D�SDUWLFXODU�ZD\�DQG�RQO\�UHWXUQV�
RQH�RI�WZR�SRVVLEOH�HUURU�FRGHV��,I�DQRWKHU�,1,7�FRPHV�DORQJ�DQG�DOVR�SDWFKHV�WKDW�WUDS��
LW�PD\�GHFLGH�WKDW�LW�QHHGV�WR�IRUFH�WKH�RULJLQDO�WR�UHWXUQ�\HW�D�WKLUG�HUURU�FRGH��'HSHQG�
LQJ�RQ�WKH�RUGHU�LQ�ZKLFK�WKH�,1,7V�ORDG��ZKLFK�GHFLGHV�WKH�RUGHU�LQ�ZKLFK�WKH�SDWFKHV�
WKHPVHOYHV�DUH�FDOOHG��RQH�PD\�QRW�H[SHFW�WKH�QHZ�HUURU�FRGH�DQG�\RXU�FRGH�PD\�XQH[�
SHFWHGO\�FUDVK�RU�EHKDYH�VWUDQJHO\��,VVXHV�OLNH�WKLV��LQFOXGLQJ�PDQ\�WKDW�DUH�PXFK�PRUH�
VXEWOH��DUH�WKH�FDXVH�IRU�PDQ\�SUREOHPV�EHWZHHQ�V\VWHP�H[WHQVLRQV�µ
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6LQFH� WKHUH� LV� QR�ZD\� WR� GHWHUPLQH� LI� WZR� RU�PRUH� DGG�RQV�ZLOO� ZRUN� WRJHWKHU�ZLWKRXW� WU\LQJ� WKHP
WRJHWKHU�� WKHUH� LV� QR� EXLOW�LQ�PHFKDQLVP� IRU� GHWHFWLQJ� DQG� UHVROYLQJ� LQFRQVLVWHQFLHV�� ,QVWHDG�� V\VWHP
LQWHJUDWRUV� DQG� HQG�XVHUV� XVH� XWLOLW\� SURJUDPV� WR� KHOS� GHWHFW� DQG� UHVROYH� LQFRQVLVWHQFLHV� LQ� D� VHPL�
DXWRPDWHG� ZD\�� )RU� H[DPSOH�� &DVDGD\� 	� *UHHQH·V� &RQIOLFW� &DWFKHU� XWLOLW\� DWWHPSWV� WR� UHVROYH
LQFRQVLVWHQFLHV�E\�UHSHDWHGO\�UHERRWLQJ�WKH�PDFKLQH�ZLWK�GLIIHUHQW�FRPELQDWLRQV�RI�V\VWHP�H[WHQVLRQV
XQWLO�LW�QDUURZV�WKH�OLVW�RI�SRWHQWLDO�FXOSULW�H[WHQVLRQV�GRZQ�WR�RQH��6XFK�WRROV�UHO\�RQ�WKH�HQG�XVHU�WR
GHWHUPLQH� LI� WKH�DQRPDO\�SHUVLVWV�DIWHU�HDFK�UHERRW��7KLV�FDQ�EH�DQ�DUGXRXV�� WLPH�FRQVXPLQJ��DQG�DQ
HUURU�SURQH� SURFHVV�� 7KH� &RPSOHWH� &RQIOLFW� &RPSHQGLXP� >ZZZ�PDF�FRQIOLFWV�FRP@� DQG� 0DF)L[,W
>ZZZ�PDFIL[LW�FRP�DUFKLYH�KWPO@�DUH�H[DPSOHV�RI�UHODWHG�VWUDWHJLHV��7KHVH�:HE�VLWHV�VLPSO\�FDWDORJ�HQG�
XVHU� UHSRUWHG� FRQIOLFWV� EHWZHHQ� 0DFLQWRVK� V\VWHP� H[WHQVLRQV�� (QG�XVHUV� PDQXDOO\� VHDUFK� WKHVH
FDWDORJXHV�WR�ILQG�UHPHGLHV�WR�H[WHQVLRQ�FRQIOLFWV�

���$�5HVRXUFH�EDVHG�6WUDWHJ\"
2SHUDWLQJ� V\VWHPV� VXJJHVW� DQ� DOWHUQDWH� VWUDWHJ\�� 2SHUDWLQJ� V\VWHPV� HIIHFWLYHO\� SUHYHQW� PXOWLSOH�
LQGHSHQGHQWO\�GHYHORSHG�DSSOLFDWLRQV�IURP�LQWHUIHULQJ�ZLWK�RQH�DQRWKHU�HYHQ�WKRXJK�WKH�DSSOLFDWLRQV
PXVW�VKDUH�FRPPRQ�IXQFWLRQDO�LQWHUIDFHV�DQG�UHVRXUFHV�VXFK�DV�WKH�V\VWHP�VHUYLFHV��SURFHVVRU��PHPRU\�
ILOH� V\VWHP�� DQG� KDUGZDUH� GHYLFHV�� 2SHUDWLQJ� V\VWHPV� HVVHQWLDOO\� GR� WKLV� E\� PDQDJLQJ� WKH� UHVRXUFHV
DFFHVVLEOH� WR�DSSOLFDWLRQV��)RU�H[DPSOH��WKH�VSHDNHU�GHYLFH�LV�XVXDOO\�UHVHUYHG�IRU�D�VLQJOH�DSSOLFDWLRQ�
$SSOLFDWLRQV�PXVW� UHTXHVW� H[FOXVLYH� DFFHVV� WR� WKH� GHYLFH� EHIRUH� XVLQJ� LW�� DWWHPSWV� WR� XVH� WKH� GHYLFH
ZLWKRXW�SHUPLVVLRQ�DUH�SUHYHQWHG��0RUH�FRPSOH[�UHVRXUFH�VKDULQJ�SROLFLHV�DUH�XVHG�IRU�WKH�SURFHVVRU�
PHPRU\��DQG�ILOH�V\VWHP�

$Q�RSHUDWLQJ�V\VWHP�OLNH�UHVRXUFH�VWUDWHJ\�PD\�EH�XVHG�LQ�WKH�GHEXJJHU�H[DPSOH�E\�PRGHOLQJ�WKH�¶VLQJOH
VWHS·� FRPPDQG� DV� DQ� H[FOXVLYH� DFFHVV� UHVRXUFH�� $GG�RQV� ZRXOG� WKHQ� EH� UHTXLUHG� WR� ´UHTXHVW
SHUPLVVLRQµ�WR�VHQG�WKH�¶VLQJOH�VWHS·�FRPPDQG�IURP�D�UHVRXUFH�PDQDJHU��7KH�UHVRXUFH�PDQDJHU�FRXOG
WKHQ�HQVXUH�WKDW�D�VLQJOH�DGG�RQ�KDV�SHUPLVVLRQ�WR�VHQG�WKH�¶VLQJOH�VWHS·�FRPPDQG��DQG�SUHYHQW�RWKHU
DGG�RQV�IURP�XVLQJ�LW�ZLWKRXW�SHUPLVVLRQ�

9DULRXV� WZLVWV� RQ� WKH� QRWLRQ� RI� D� UHVRXUFH� PD\� EH� XVHG� WR� SUHYHQW� D� EURDG� FODVV� RI� DGG�RQ
LQFRQVLVWHQFLHV��)RU�H[DPSOH�

� ([FOXVLYH�DFFHVV�UHVRXUFHV��ZKLFK�DOORZ�RQO\�RQH�DGG�RQ�DW�D�WLPH�WR�RZQ�WKH�UHVRXUFH��FDQ�EH�XVHG
WR�SUHYHQW�WZR�RU�PRUH�DGG�RQV�IURP�XVLQJ�WKH�GHEXJJHU·V�¶VLQJOH�VWHS·�FRPPDQG��RU�SDWFKLQJ�WKH
VDPH�0DFLQWRVK�V\VWHP�WUDS��RU�UHVSRQGLQJ�WR�WKH�VDPH�*8,�HYHQW��RU�KDQGOLQJ�WKH�VDPH�1HWVFDSH
FRQWHQW�W\SH�

� %RXQGHG�DFFHVV�UHVRXUFHV��ZKLFK�DOORZ�DW�PRVW�Q�DGG�RQV�WR�RZQ�D�UHVRXUFH��FDQ�EH�XVHG�WR�UHVHUYH
EDQGZLGWK�RQ�D�FULWLFDO�FRPPXQLFDWLRQ�FKDQQHO�

� 6SDFLDO�UHVRXUFHV��ZKLFK�DOORZ�DW�PRVW�RQH�DGG�RQ�WR�RZQ�D�UHJLRQ�RI�WKH�VSDFH��FDQ�EH�XVHG�WR�SUH�
YHQW�DGG�RQV�IURP�ZULWLQJ�WR�RYHUODSSLQJ�UHJLRQV�RI�D�JUDSKLFDO�XVHU�LQWHUIDFH�

� 7HPSRUDO�UHVRXUFHV��ZKLFK�DOORZ�PXOWLSOH[HG�DFFHVV�WR�D�UHVRXUFH�E\�VHYHUDO�DGG�RQV��FDQ�EH�XVHG�WR
JXDUDQWHH�VHYHUDO�DGG�RQV�HTXDO�RSSRUWXQLW\�WR�D�VKDUHG�FRPPXQLFDWLRQV�FKDQQHO�

7KLV�VWUDWHJ\�LV�DOVR�QRW�ZLWKRXW�LWV�GUDZEDFNV��7KH�WHFKQLTXH�UHOLHV�RQ�WKH�VRIWZDUH�SURGXFHU�WR�SUHGLFW
DOO� WKH� W\SHV� RI� LQFRQVLVWHQFLHV� WKDW�PD\� RFFXU� DQG� WR� GHYLVH� UHVRXUFHV�PRGHOV� WKDW� FDQ� EH� XVHG� WR
SUHYHQW�WKHP��'HDGORFNV�PD\�RFFXU�DV�DGG�RQV�ZDLW�IRU�PXWXDOO\�XQDYDLODEOH�UHVRXUFHV�

���5HODWHG�:RUN
$VVXULQJ� FRQVLVWHQF\� LQ� DQ\� ODUJH� DSSOLFDWLRQ� LV� GLIILFXOW�� :LWK� '6(�� WKH� SUREOHP� LV� DJJUDYDWHG� E\
��� LQGHSHQGHQW�FKDQJH�DQG�����LQFRPSOHWH�DFFHVV�WR�WKH�LPSOHPHQWDWLRQ�E\�WKLUG�SDUWLHV��

$� QXPEHU� RI� WHFKQLTXHV� IRU� GHWHFWLQJ� LQFRQVLVWHQF\� LQ� WUDGLWLRQDO� FHQWUDOL]HG� VRIWZDUH� HYROXWLRQ
FRQWH[WV� FRXOG� SRWHQWLDOO\� EHQHILW� '6(�� 7KHVH� LQFOXGH�� IRU� H[DPSOH�� UHXVH� FRQWUDFWV� >�@>��@�
3DJH���RI��



FRQILJXUDWLRQ�JUDSKV� >�@��JUDPPDUV� >�@��DUFKLWHFWXUDO� W\SH� WKHRU\� >�@�� DQG�DUFKLWHFWXUDO� FRQVWUDLQWV� >�@�
5HXVH� FRQWUDFWV� H[SOLFLWO\� FDSWXUH� FRQWUDFWXDO� REOLJDWLRQV� EHWZHHQ� WKH� FRPSRQHQWV� RI� D� V\VWHP� DQG
HYROXWLRQV�RI�WKRVH�FRPSRQHQWV��+HQFH��ZKHQ�WZR�LQGHSHQGHQW�FKDQJHV�DUH�PHUJHG��WKH�FRQWUDFWV�FDQ
EH�FRQVXOWHG�WR�GHWHUPLQH�LI�WKH�FKDQJHV�DUH�LQFRPSDWLEOH��&RQILJXUDWLRQ�JUDSKV�H[SOLFLWO\�FDSWXUH�WZR
IRUPV�RI�GHSHQGHQFLHV�EHWZHHQ�DSSOLFDWLRQ�PRGXOHV������LI�[�LV�LQ�WKH�V\VWHP��VR�PXVW�\��DQG�����LI�[�LV�LQ
WKH�V\VWHP��\�FDQQRW�EH�LQ�WKH�V\VWHP��7KHVH�GHSHQGHQFLHV�DUH�YHULILHG�ZKHQHYHU�FKDQJHV�DUH�PDGH�WR
GHWHUPLQH� LI� WKH� V\VWHP� LV� LQ� D� FRQVLVWHQW� VWDWH�� %DWRU\� DQG�*HUDFL� XVH� JUDPPDUV� DQG� D� GHVLJQ� UXOH
FKHFNLQJ�V\VWHP�EDVHG�RQ�SUH��DQG�SRVW��FRQGLWLRQV�WR�GHVFULEH�YDOLG�V\VWHP�FRPSRVLWLRQV��0HGYLGRYLF
FRPELQHV� W\SH� WKHRUHWLF� QRWLRQV� RI� FRPSDWLELOLW\� DQG� SUH�� DQG� SRVW�FRQGLWLRQV� WR� GHWHUPLQH� YDOLG
FRQILJXUDWLRQV� RI� VRIWZDUH� DUFKLWHFWXUHV�� $UFKLWHFWXUDO� FRQVWUDLQWV� DUH� D� PRUH� JHQHUDO� IRUP� RI
FRQILJXUDWLRQ� JUDSKV� DQG� FDQ� H[SUHVV� FRQVWUDLQWV� RYHU� WKH� WRSRORJ\� RI� D� VHW� RI� LQWHUFRQQHFWHG
FRPSRQHQWV��7KHVH�FRQVWUDLQWV�FRXOG�EH�YHULILHG�DW�D�YDULHW\�RU�PL[WXUH�RI�WLPHV��LQFOXGLQJ�EXLOG�WLPH�
ZKHQ�DGG�RQV�DUH�DGGHG�RU�UHPRYHG�IURP�WKH�DSSOLFDWLRQ��RU�GXULQJ�UXQWLPH�

7HFKQLTXHV�EDVHG�RQ�VRXUFH�FRGH�DQDO\VLV�DUH�JHQHUDOO\�LQDGHTXDWH��7KLV�LV�EHFDXVH�GHWHUPLQLQJ�ZKHWKHU
RU� QRW� WZR� DUELWUDU\� VRXUFH� FRGH� FKDQJHV� FRQIOLFW� UHTXLUHV� FDUHIXO� DQDO\VLV� RI� WKH� VRXUFH� FRGH�� DQG
W\SLFDOO\� FDQQRW�EH� DXWRPDWHG��7KH�SUREOHP� LV� DQDORJRXV� WR�PHUJLQJ� VHYHUDO� EUDQFKHV�RI� D� VRIWZDUH
UHYLVLRQ�WUHH�LQ�D�VRIWZDUH�FRQILJXUDWLRQ�PDQDJHPHQW�V\VWHP��VHH�>�@>�@��
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