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$EVWUDFW
2SHUDWLRQV� SODQQLQJ� LV� D� FRPSOH[� DQG� NQRZOHGJH

LQWHQVLYH� SURFHVV�� 3URGXFWV� ZLWK� ODUJH� QXPEHUV� RI
YDULDQWV�� VXFK� DV� SURGXFWV�PDQXIDFWXUHG� LQ� D� RQH�RI�D�
NLQG� SURGXFWLRQ� VFKHPH�� UHTXLUH� WKDW� ODUJH� SDUWV� RI� WKH
RSHUDWLRQV�SODQQLQJ� LV�GRQH� DXWRPDWLFDOO\� RU� VXSSRUWHG
E\�FRPSXWHU�DLGHG�V\VWHPV��'HVLJQLQJ�VXFK�D�V\VWHP�IRU
D� IOH[LEOH� HQYLURQPHQW� GHPDQGV� FHUWDLQ� FDSDELOLWLHV� DV
I�H�� VLPSOH� XQGHUVWDQGLQJ� DQG� WKXV� PDLQWDLQLQJ� RI� WKH
NQRZOHGJH� EDVH� RU� SRVVLEOH� XVHU� LQWHUDFWLRQ� GXULQJ� WKH
SODQQLQJ�SURFHVV�IRU�JDLQLQJ�DGGLWLRQDO�NQRZOHGJH

7KLV� SDSHU� SUHVHQWV� DQ� RYHUYLHZ� RYHU� WKH� GHPDQGV
RQ�NQRZOHGJH�EDVHG�RSHUDWLRQV�SODQQLQJ�V\VWHPV�XQGHU
VSHFLDO� FRQVLGHUDWLRQ� RI� NQRZOHGJH� PDQDJHPHQW
DVSHFWV��:LWKLQ�DQ� LQGXVWU\�SURMHFW�� WKLV� DQG� WKH� UHVXOWV
RI�WKH�VWXG\�RI�H[LVWLQJ�SODQQLQJ�V\VWHPV�VKRXOG�OHDG�WR
D� VSHFLILFDWLRQ� DQG� SURWRW\SH� LPSOHPHQWDWLRQ� RI� D� QHZ
RSHUDWLRQV� SODQQLQJ� V\VWHP� IRU� VKHHW� DQG� FRLO� PDWHULDO
SURGXFWV�

��� ,QWURGXFWLRQ
7KH�RSHUDWLRQV�SODQQLQJ�LV�XVXDOO\�VHHQ�DV�D�VXEWDVN�RI

WKH� SURGXFWLRQ� SODQQLQJ� DFWLYLWLHV� WKDW� KDV� WR� ILQG� WKH
SURFHVVHV��FUHDWH�D�YDOLG�RUGHU�DPRQJ�WKHP�DQG�LQVWDQWLDWH
WKHVH�SURFHVVHV�ZLWK�WKH�QHFHVVDU\�SDUDPHWHUV�VXFK�WKDW�DQ
LQLWLDO� ZRUN� SLHFH� LV� EHLQJ� WUDQVIRUPHG� LQWR� WKH� SURGXFW
RUGHUHG� E\� WKH� FXVWRPHU�� ,Q� WKH� VKHHW�� DQG� FRLO� ZRUNLQJ
LQGXVWULHV��WKH�LQLWLDO�ZRUN�SLHFH�LV�DQ�LQJRW�RU�D�PHWDO�VKHHW
ZKLOH� WKH�UHVXOWLQJ�SURGXFW�XVXDOO\� LV�D�PHWDO�VKHHW��D�FRLO
RU� D� IRLO�� 7KH� EDVLF� DFWLRQV� RI� DQ� RSHUDWLRQV� SODQ� DUH
HOHPHQWDU\� PDQXIDFWXULQJ� RSHUDWLRQV�� ,W� LV� WKHUHIRUH� D
VSHFLDO�DSSOLFDWLRQ�RI� WKH�JHQHUDO�SODQQLQJ�SUREOHP�ZKLFK
FDQ�PDNH� XVH� RI� DGGLWLRQDO� FRQVWUDLQWV� HYROYLQJ� IURP� WKH
UHVSHFWLYH�GRPDLQV�

,Q� QRQ�PDVV�SURGXFWLRQ� VKHHW�� DQG� FRLO�ZRUNLQJ
LQGXVWULHV�� FXVWRPHU� UHTXLUHPHQWV� DUH� VR� VSHFLILF� WKDW� WKH
VDPH�SURGXFW�DOPRVW�QHYHU�DSSHDUV�WZLFH�LQ�WKH�SURGXFWLRQ
SURJUDP�ZLWKLQ� D� UHDVRQDEOH�SHULRG�RI� WLPH��(YHQ� WKRXJK
WKH�SURGXFW�� D� VKHHW�RU� FRLO� RI� YDU\LQJ�PDWHULDO�� LV� DOZD\V
VLPLODU�� LWV� SURSHUWLHV� YDU\� JUHDWO\� LQ� WKHLU� GLPHQVLRQV�
VXUIDFH�VWUXFWXUH�DQG�FKDUDFWHULVWLFV��DQG�RWKHU�SDUDPHWHUV�

0DVV�FXVWRPL]DWLRQ� IRU� FRPSHWLWLYH� PDUNHWV� UHTXLUHV� DQ
HIILFLHQW� DQG� LQH[SHQVLYH� SURGXFWLRQ� SODQQLQJ�� 7KH� FRVW
DULVLQJ� ZLWKLQ� WKH� SURGXFWLRQ� SODQQLQJ� DFWLYLWLHV� VKRXOG
UHPDLQ� LQ� D� IDLU� SURSRUWLRQ� WR� WKH� WRWDO� SURGXFW� FRVW
�6FKZDU]H��������

7KH� JHQHUDO� VWUXFWXUH� RI� WKH� RSHUDWLRQV� SODQQLQJ
SUREOHP� LV� JLYHQ� LQ� )LJXUH� ��� 8VLQJ� WKH� WHFKQLFDO� DQG
SURFHVV� NQRZOHGJH� DQG� WKH� GDWD� RI� D� VSHFLILF� FXVWRPHU
RUGHU�� VRPH� WUDQVIRUPDWLRQ� LV� EHLQJ� VHDUFKHG� IRU� WKDW
FUHDWHV�DQ�RSHUDWLRQV�SODQ��D�YDOLG�RUGHU�RI�SURFHVVHV��7KH
VROXWLRQV� IRU� WKLV� WUDQVIRUPDWLRQ� YDU\� JUHDWO\��:KLOH� IRU� D
ORQJ� WLPH� WKLV� WDVN� ZDV� SHUIRUPHG� E\� KXPDQ� SODQQLQJ
H[SHUWV�� VRIWZDUH�VXSSRUWHG� V\VWHPV� �&RPSXWHU�$LGHG
3URFHVV�3ODQQLQJ�6\VWHPV��&$33��KDYH� EHHQ� LQFUHDVLQJO\
LQWURGXFHG�VLQFH�WKH�EHJLQQLQJ�RI�WKH�����V��7KHVH�V\VWHPV
FDQ�IXOILOO�WKH�IXOO�VFDOH�RI�SODQQLQJ�WDVNV�RQO\�LQ�YHU\�IHZ
DSSOLFDWLRQV�� ,Q� PDQ\� DSSOLFDWLRQV�� HYHQ� WKH� VXSSRUW� IRU
URXWLQH�WDVNV�LV�YHU\�OLPLWHG��7KH�PDLQ�GLIILFXOW\�RI�&$33
SURMHFWV� LV� QRW� VR� PXFK� ILQGLQJ� DSSURSULDWH� SUREOHP
VROYLQJ�PHWKRGV�EXW�UDWKHU�DGGUHVVHV�WKH�HIIRUW�RI�PRGHOLQJ
DQG�PDLQWDLQLQJ�SURFHVV�NQRZOHGJH��+DPHOPDQQ��������

��� 3ODQQLQJ� 3ULQFLSOHV� IRU� 2SHUDWLRQV
3ODQQLQJ

:KLOH� KXPDQ� SODQQHUV� RIWHQ� ZRUN� LQWXLWLYHO\� DQG� XVH
GLIIHUHQW�ZD\V� IRU� VROYLQJ� SUREOHPV� GHSHQGLQJ�PRVWO\� RQ
WKH� SUREOHP� LQVWDQFH�� WKH� DSSURDFKHV� WKDW� &$33� V\VWHPV
WDNH�WR�VROYH�D�SODQQLQJ�WDVN�FDQ�JHQHUDOO\�EH�GLYLGHG�LQWR
WKUHH� SULQFLSOHV��ZKHUHDV�PDQ\� V\VWHPV� FRPELQH� VRPH� RI
WKHVH� SULQFLSOHV� IRU� JDLQLQJ� SHUIRUPDQFH� DQG� IOH[LELOLW\�
7KHVH� WKUHH� SULQFLSOHV�� JHQHUDWLYH� SODQQLQJ�� YDULDQW
SODQQLQJ�� DQG� FDVH�EDVHG� SODQQLQJ� �SODQ� UHXVH��� DUH
FRPSDUHG�VKRUWO\�LQ�WKLV�VHFWLRQ�DQG�HYDOXDWHG�ZLWK�UHVSHFW
WR�WKHLU�DSSOLFDWLRQ�DUHDV�DQG�WKH�QHHGV�DQG�DGYDQWDJHV�RI
KXPDQ�LQYROYHPHQW��7KH\�GLIIHU�PRVWO\�LQ�KRZ�WKH�SURFHVV
NQRZOHGJH�LV�PDGH�DYDLODEOH�WR�WKH�SODQQLQJ�V\VWHP�RU�WKH
SODQQHU�DQG�KRZ�LW�LV�XVHG�GXULQJ�WKH�SODQQLQJ�SURFHVV�

*HQHUDWLYH� SODQQLQJ� LV� WKH� V\QWKHVLV� RI� SODQV� ZLWK� QR
SULRU�SODQ�LQIRUPDWLRQ��7KH�SURFHVV�NQRZOHGJH�GHILQHV�WKH
FRQGLWLRQV�XQGHU�ZKLFK�DQ�RSHUDWLRQ�PXVW�RU�FRXOG�EH�SDUW
RI�D�SODQ�VR�WKDW�WKH�UHVXOWLQJ�RSHUDWLRQV�SODQ�FDQ�SURGXFH
WKH� RUGHUHG� SURGXFW�� 7KHUH� LV� DGGLWLRQDO� NQRZOHGJH� IRU
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VWUXFWXULQJ� DQG� DUUDQJLQJ� WKHVH� RSHUDWLRQV� LQWR� D� YDOLG
RUGHU�� ILQGLQJ�RSHUDWLRQ�SDUDPHWHUV�DQG� ILQDOO\�RSWLPL]LQJ
WKH�SODQ��6WLOO��QR�SULRU�VWUXFWXUDO�NQRZOHGJH�LV�JLYHQ�DV�DQ
LQSXW�WR�WKH�SODQQLQJ�SURFHVV�

9DULDQW� SODQQLQJ� XVHV� H[LVWLQJ� VWDQGDUG� SODQV� WKDW
GHVFULEH� WKH� VWUXFWXUH� RI� DQ� RSHUDWLRQV� SODQ� ZLWK� LWV
GHILQLQJ� RSHUDWLRQV�� 'XULQJ� WKH� SODQQLQJ� SURFHVV�� WKHVH
SODQV�DUH�GHWDLOHG�DQG�ILOOHG�ZLWK�VSHFLILHG�SDUDPHWHUV��7KH
SDUDPHWHUV�DUH�HLWKHU�DYDLODEOH�IURP�WKH�FXVWRPHU�RUGHU�RU
FDQ� EH� FDOFXODWHG� IURP� WKRVH��8VXDOO\�� VWDQGDUG� SODQV� DUH
DVVRFLDWHG�ZLWK� D�SURGXFW� IDPLO\��7KH�GHYHORSPHQW�RI� WKH
VWDQGDUG�SODQV�UHTXLUHV�D�ODUJH�HIIRUW��7KH�VHW�RI�SODQV�PXVW
FRYHU� DOO� SDUWV� RI� WKH� SURGXFW� VSHFWUXP�� VR� WKDW� HDFK
FXVWRPHU� RUGHU� FDQ� EH� DVVLJQHG� WR� RQH� VWDQGDUG� SODQ�
2WKHUZLVH�� UHPDLQLQJ� RUGHUV� ZRXOG� QHHG� WR� EH� SODQQHG
PDQXDOO\�RU�ZLWK�DVVLVWDQFH�RI�DQ�DGGLWLRQDO�V\VWHP��2Q�WKH
RWKHU�KDQG��PDQ\�GHWDLOHG�VWDQGDUG�SODQV�IRU�HYHU\�VSHFLDO
FDVH� FUHDWH� D� NQRZOHGJH� PDLQWHQDQFH� SUREOHP�� 6WDQGDUG
SODQV� QHHG� WR� EH� DGMXVWHG� ZLWK� HYHU\� FKDQJH� LQ� WKH
PDQXIDFWXULQJ� SURFHVVHV� HYHQ� WKRXJK� WKH\� DUH� XVHG� RQO\
UDUHO\��7KH�GHILQLWLRQ�RI�WKH�SODQ�OHYHO�LV�WKHUHIRUH�RI�JUHDW
LPSRUWDQFH�

&DVH�EDVHG�SODQQLQJ�XVHV�D�ODUJH�GDWD�EDVH�RI�SUHYLRXV
RUGHUV�DQG�UHVXOWLQJ�RSHUDWLRQV�SODQV��)RU�HYHU\�QHZ�RUGHU�
WKH� GDWD� EDVH� LV� VHDUFKHG� IRU� D� VLPLODU� SUREOHP� LQVWDQFH
ZKLFK� LV� WKHQ� WDNHQ� DV� WKH� EDVLV� IRU� VROYLQJ� WKH� JLYHQ

SUREOHP�� 7KH� UHWULHYHG� SODQ� LV� DGMXVWHG� PDQXDOO\� RU
DXWRPDWLFDOO\��3DUWLFXODUO\� LQ�FRPSOH[�SUREOHP�GRPDLQV� LW
LV�YHU\�GLIILFXOW� WR�GHILQH�ZKHQ�WZR�SUREOHP� LQVWDQFHV�DUH
VLPLODU�RU�QRW��$OHYHQ�DQG�$VKOH\���������7KH�LQWHUYDOV�RI
WKH�LQSXW�YDULDEOHV�LQ�ZKLFK�D�SODQ�VWUXFWXUH�LV�VWLOO�YDOLG�DUH
XVXDOO\�QRW�GHWHUPLQHG��$�VPDOO�YDULDQFH�LQ�RQH�SDUDPHWHU
FDQ�UHVXOW�LQ�D�YHU\�GLIIHUHQW�SODQ��$�VHFRQG�SUREOHP�LV�WKH
GHWHUPLQDWLRQ�RI�WKH�QXPEHU�RI�SUREOHPV�WKDW�DUH�VWRUHG�LQ
WKH� FDVH� EDVH��$� ODUJH� QXPEHU� LQFUHDVHV� WKH� VHDUFK� HIIRUW
IRU�LQVWDQFHV�VLPLODU�WR�D�JLYHQ�SUREOHP�DQG�DOVR�LQFUHDVHV
PDLQWHQDQFH�HIIRUW��,I�WKH�GDWD�EDVH�LV�WRR�VPDOO��VRPH�DUHDV
RI� WKH� SUREOHP� VSDFH� PLJKW� QRW� EH� FRYHUHG� DQG� PDQXDO
SODQQLQJ�LV�QHFHVVDU\�

0DQ\� HIILFLHQF\� HYDOXDWLRQV� DUH� PDGH� WR� GHWHUPLQH
ZKLFK�SODQQLQJ�PHWKRGV� LV� VXLWHG�EHVW� IRU�ZKLFK�SODQQLQJ
SUREOHP�� &RPSDULQJ� JHQHUDWLYH� SODQQLQJ� RQ� WKH� RQH� VLGH
DQG�YDULDQW�SODQQLQJ�RU�FDVH�EDVHG� UHDVRQLQJ�RQ� WKH�RWKHU
VLGH�IRU�DVSHFWV�RI�NQRZOHGJH�PDQDJHPHQW�DQG�NQRZOHGJH
PDLQWHQDQFH��VWDQGDUG�SODQV�XVHG�IRU�YDULDQW�SODQQLQJ�WHQG
QRW� WR� EH� XS�WR�GDWH� GXH� WR� D� IUHTXHQWO\� FKDQJLQJ
HQYLURQPHQW��D�FRQWLQXLW\�LQ�WKH�JHQHUDWHG�SODQV�FDQQRW�EH
JXDUDQWHHG��DQG� WKDW� WKH� IOH[LELOLW\� IRU�RSWLPL]LQJ�SODQV� LV
YHU\� OLPLWHG� �$OGHU�� ������� 7RROV� IRU� VXSSRUWLQJ� PDQXDO
FKDQJH� DQG� RSWLPL]DWLRQ� E\� WKH� SODQQHUV� ZRXOG� UHGXFH
WKHVH�GUDZEDFNV�
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*HQHUDWLYH�SODQQLQJ��RQ�WKH�RWKHU�KDQG��SUHVHQWV�D�PRUH
IOH[LEOH� ZD\� RI� SODQQLQJ� DQG� DOORZV� WR� IDVWHU� UHDFW� WR
FKDQJHV� LQ� WKH� HQYLURQPHQW�� 6WLOO�� WKH� FRPSOH[LW\� RI
NQRZOHGJH� PDQDJHPHQW� DQG� NQRZOHGJH� PDLQWHQDQFH� FDQ
EHFRPH�D�PDMRU�SUREOHP��,Q�ODUJH�V\VWHPV��WKH�FRPSOH[LW\
RI� WKH� NQRZOHGJH� WR� EH� PDQDJHG� DQG� WKH� VWURQJ
GHSHQGHQFLHV� ZLWKLQ� WKH� NQRZOHGJH� UHTXLUHV� ZHOO� WUDLQHG
VSHFLDOLVWV�� 7KLV� LQWURGXFHV� D� QHZ� NLQG� RI� H[SHUWV� LQ
DGGLWLRQ� WR� WKH� SODQQLQJ� RU� SURFHVV� H[SHUWV�� NQRZOHGJH
HQJLQHHUV��6LQFH�WKH�GHYHORSPHQW�RI�D�HUURU�IUHH�JHQHUDWLYH
SODQQLQJ� V\VWHP� VHHPV� LPSRVVLEOH�� SURFHVV� H[SHUWV� KDYH
QRW� DW� DOO� ORVW� WKHLU� LPSRUWDQFH�� 7KH� JRDO� RI� UHGXFLQJ� WKH
LPSRUWDQFH�RI�SURFHVV�H[SHUWV�FDQ�KDUGO\�EH�UHDFKHG��6WLOO�
WKH�PDMRU�DGYDQWDJH�OLHV�LQ�UHGXFLQJ�WKH�DPRXQW�RI�URXWLQH
ZRUN�IRU�SODQQLQJ�H[SHUWV�

:RUVW�FDVH� VWXGLHV� KDYH� VKRZQ� WKDW� FDVH�EDVHG
UHDVRQLQJ�DSSURDFKHV�PLJKW�HYHQ�EH�PRUH�FRPSXWDWLRQDOO\
H[SHQVLYH� WKDQ�JHQHUDWLYH�SODQQLQJ��)LQGLQJ� D� JRRG� UHXVH
FDQGLGDWH�PD\�DOUHDG\�EH�YHU\�H[SHQVLYH��OHDGLQJ�WR�KLJKHU
FRPSXWDWLRQDO� FRVW� WKDQ� JHQHUDWLQJ� D� QHZ� SODQ�� 7KLV
DVVXPSWLRQ� LV�DOVR�VXSSRUWHG�E\�HPSLULFDO� UHVXOWV� LQ� VRPH
GRPDLQV� �1HEHO� DQG� .RHKOHU�� ������� ,Q� RWKHU� GRPDLQV�
UHXVH� VWUDWHJLHV� VHHP� WR� EH� TXLWH� VXFFHVVIXO�� 6\VWHPV� WKDW
LQWHJUDWH� ODUJH� FDVH�EDVHV� DQG� ZHOO�XQGHUVWRRG� UHXVH
VWUDWHJLHV�KDYH�WR�EH�LPSURYHG�IXUWKHU�WR�EH�RI�SUDFWLFDO�XVH
�0F'HUPRWW�DQG�+HQGOHU��������

*HQHUDWLYH� SODQQLQJ� LV� ZLGHO\� DSSOLHG� LQ� LQGXVWULDO
FRQWH[WV�� 6WLOO�� RQO\� DERXW� ���� RI� WKH� FRPSDQLHV� XVH� D
V\VWHP� WKDW� VXSSRUWV� WKH� SODQQLQJ� WDVN�� 8VXDOO\�� &$33
V\VWHPV�RQO\�VXSSRUW� WKH�SODQQHU� LQ�ILQGLQJ� UHOHYDQW�FDVHV
DQG� DUH� WKXV� FRXQWHG� WR� EHORQJ� WR� FDVH�EDVHG� SODQQLQJ
DSSURDFKHV��7KH�DGDSWDWLRQ�RI�WKH�SODQ�IRU�ILWWLQJ�WKH�JLYHQ
FXVWRPHU� RUGHU� LV� WKHQ� GRQH� PDQXDOO\� �%DXP�� 8KOLJ� DQG
=DKQ��������

��� 5HTXLUHPHQWV� RQ� DQ� 2SHUDWLRQV� 3ODQQLQJ
6\VWHP

7KH�HYDOXDWLRQ�RI�GLIIHUHQW� LQWHUHVWV�QHHGV� WR�EH�D�ILUVW
VWHS� EHIRUH� VSHFLI\LQJ� V\VWHP� UHTXLUHPHQWV� IRU� D� QHZ
&$33� V\VWHP�� 7KHUH� DUH� IRXU� DUHDV� RI� WDVNV� WKDW� DUH
DIIHFWHG� E\� RSHUDWLRQV� SODQQLQJ�� V\VWHP� GHYHORSPHQW�
NQRZOHGJH�HQJLQHHULQJ��SODQQLQJ��DQG�PDQXIDFWXULQJ��2QH
SHUVRQ� SHUIRUPV� QRW� QHFHVVDULO\� RQO\� WDVNV� LQ� RQH� RI� WKH
DUHDV��7KLV�ODUJHO\�GHSHQGV�RQ�WKH�VL]H�DQG�RUJDQL]DWLRQ�RI
WKH� FRPSDQ\��7KH�PRVW� UHOHYDQW� MREV� WR� EH� GRQH� LQ� WKHVH
DUHDV�DUH�

• 0DQXIDFWXULQJ�� ,QWHUSUHWDWLRQ� DQG� H[HFXWLRQ� RI
RSHUDWLRQV�SODQV�

• 3ODQQLQJ�� *HQHUDWLQJ� SODQV� DQG� FKHFNLQJ� IRU
FRUUHFWQHVV�� $SSO\� PDQXDO� FKDQJHV� RU� DGDSWDWLRQV�
HVSHFLDOO\� LQ� FDVHV� RI� YDULDQW� RU� FDVH�EDVHG� SODQQLQJ
DSSURDFKHV��3HUVRQV�LQYROYHG�LQ�SODQQLQJ�QHHG�WR�KDYH
WKH�H[SHUW�SURFHVV�NQRZOHGJH�

• .QRZOHGJH�(QJLQHHULQJ��.HHS�WKH�NQRZOHGJH�EDVH�XS�
WR�GDWH�� 7KLV� LQFOXGHV� QRW� RQO\� PRGLILFDWLRQV� GXH� WR
FKDQJHG� PDFKLQHU\� �QHZ� PDFKLQHU\� RU� H[WHQGHG
FDSDELOLWLHV��� FKDQJHG� SURGXFWLRQ� SURFHVVHV� �QHZ
UHJXODWLRQV� RU� PRGLILHG� SURFHVV� GHVFULSWLRQV��� DQG
DOWHUDWLRQV� LQ� WKH� SURGXFW� VSHFLILFDWLRQV� �QHZ� RU
H[WHQGHG�SURGXFWV�� VSHFLDO� FXVWRPHU� UHTXLUHPHQWV�� EXW
DOVR�LPSURYHPHQWV�RI�WKH�NQRZOHGJH�VWUXFWXUH�DQG�HUURU
WUDFNLQJ�DQG�VROYLQJ�

• 6\VWHP� 'HYHORSPHQW�� *XDUDQWHH� FRUUHFWQHVV� RI
SODQQLQJ� SURFHVV�� ,W� LV� UHVSRQVLEOH� IRU� WKH� VWUXFWXUDO
GHVLJQ� RI� WKH� NQRZOHGJH� EDVH� DQG� JHQHUDO� UHDVRQLQJ
V\VWHP�PDLQWHQDQFH�
)RU� WKH� IXOILOOPHQW� RI� HDFK� WDVN�� UHTXLUHPHQWV� IRU� D

&$33�V\VWHP�FDQ�EH�GHULYHG��7KH� UHTXLUHPHQWV�SUHVHQWHG
KHUH� DUH� PRVWO\� XVDELOLW\� GULYHQ�� 7HFKQLFDO� ERXQGDU\
FRQGLWLRQV�DUH�QRW�GHVFULEHG� VLQFH� WKH\� ODUJHO\�GHSHQG�RQ
WKH� JLYHQ� DSSOLFDWLRQ�� ,Q� DGGLWLRQ�� XVHU� UHTXLUHPHQWV� GR
RIWHQ� QRW� JHW� HQRXJK� DWWHQWLRQ� LQ� WHFKQLFDO� DSSOLFDWLRQV
VLQFH� WKHLU� GHYHORSPHQW� LV� PRVWO\� OHDG� E\� WHFKQLFDO
FRQVLGHUDWLRQV��XVXDOO\�ZLWK�RQO\�OLWWOH�FRQWDFW�WR�WKH�XVHUV�
$Q�RYHUYLHZ�RYHU� WKH�PRVW�UHOHYDQW�XVHU�UHTXLUHPHQWV� IRU
NQRZOHGJH�EDVHG� SODQQLQJ� V\VWHPV� LV� JLYHQ� LQ� )LJXUH� ��
7KH� UHTXLUHPHQWV� DUH� DJDLQ� JURXSHG� ZLWK� UHVSHFW� WR� WKH
GLIIHUHQW�LQWHUHVW�JURXSV�

• 0DQXIDFWXULQJ��0RVW�LPSRUWDQW�LV�WKH�FRUUHFWQHVV�RI�WKH
RSHUDWLRQV� SODQV�� 7KH� SODQ� VKRXOG� LQFOXGH� DOO� SURFHVV
LQIRUPDWLRQ� DV� ZHOO� DV� SRVVLEOH� UHIHUHQFHV� WR
PDQXIDFWXULQJ� UXOHV� WKDW� PXVW� EH� REH\HG�
'HWHUPLQDWLRQ� RI� DOWHUQDWLYH� PDFKLQHV� DQG� SURFHVV
WROHUDQFHV� KHOS� RSHUDWRUV� LQWHUSUHWLQJ� WKHLU� DFWLRQ
SRWHQWLDO�� 7KLV� VKRXOG� JLYH� OLEHUW\� IRU� UHDFWLQJ� RQ
SURFHVV�XQFHUWDLQWLHV�RU� VSHFLDO� FXVWRPHU� UHTXLUHPHQWV
QRW� FRYHUHG� E\� WKH� SODQQLQJ� V\VWHP�� 7HFKQLFDO
SURFHVVHV�DUH�QRW�DOZD\V�XQGHUVWRRG�FRPSOHWHO\�VR�WKDW
WKH�DELOLW\�RI�IOH[LEOH�UHDFWLRQ�QHHGV�WR�EH�PDLQWDLQHG�

• 3ODQQLQJ�� 7KH� PRVW� LPSRUWDQW� UHTXLUHPHQW� E\� WKH
SODQQLQJ�SHUVRQQHO� LV� WKDW� WKH� UHDVRQLQJ�VWHSV� WDNHQ� WR
GHYHORS�WKH�RSHUDWLRQV�SODQ�PXVW�EH�WUDQVSDUHQW��7KLV�LV
QHFHVVDU\� IRU� HYHQWXDOO\� PDNLQJ� PDQXDO� DGGLWLRQV� RU
FKDQJHV� EXW� DOVR� IRU� XQGHUVWDQGLQJ� HUURU� PHVVDJHV� RI
WKH� SODQQLQJ� V\VWHP�� )XUWKHU� RQ�� WKH� SODQQLQJ� V\VWHP
VKRXOG� EH� IOH[LEOH� HQRXJK� WR� DOORZ� LQWHUDFWLRQ� GXULQJ
WKH�SODQQLQJ�SURFHVV�IRU�LQIOXHQFLQJ�RU�DYRLGLQJ�ZURQJ
GHFLVLRQV�� ,QWHUDFWLRQ�� RQ� WKH� RWKHU� KDQG�� UHTXLUHV� D
UHDVRQDEO\�IDVW�V\VWHP�UHDFWLRQ�WLPH�

• .QRZOHGJH� (QJLQHHULQJ�� .QRZOHGJH� HQJLQHHUV� DUH
ORRNLQJ� IRU� D� SRZHUIXO� IRUP� RI� NQRZOHGJH� VWUXFWXULQJ
ZKLFK� DOORZV� WKHP� WR� GHILQH� JHQHUDO� SULQFLSOHV� RQ� D
YHU\� DEVWUDFW� OHYHO� EXW� DOVR� HQDEOHV� D� VLPSOH
UHSUHVHQWDWLRQ�RI�VSHFLILF�H[FHSWLRQV�WR�WKHVH�SULQFLSOHV�
7KH�PRVW� LPSRUWDQW� DVSHFW� LQ� WKLV� FRQWH[W� LV� WR� ILQG� D
FRPSUHKHQVLYH�VWUXFWXUH�RI�NQRZOHGJH�ZKLFK�LQFOXGHV�D



PLQLPL]DWLRQ� RI� GHSHQGHQFLHV� ZLWKLQ� WKH� NQRZOHGJH
WKDW�FDQQRW�EH� UHSUHVHQWHG� LQ� WKLV� VWUXFWXUH��7KLV�KHOSV
GHWHUPLQLQJ� VLGH� HIIHFWV� RI� DQ\� FKDQJHV� LQ� WKH
NQRZOHGJH�EDVH��,Q�DGGLWLRQ��WKH�NQRZOHGJH�HQJLQHHU�LV
LQWHUHVWHG�LQ�EHLQJ�VXSSRUWHG�E\�WKH�V\VWHP�IRU�WUDFNLQJ
SRVVLEOH�HUURUV�LQ�UHDVRQLQJ�VWHSV�WDNHQ�

• 6\VWHP� 'HYHORSPHQW�� 7KH� UHTXLUHPHQWV� RI� V\VWHP
GHYHORSHUV�DUH�VRPHZKDW�VLPLODU�WR�WKRVH�RI�NQRZOHGJH
HQJLQHHUV�� 2Q� WRS� RI� WKDW�� WKH� PHWKRGV� JLYHQ� E\� WKH
V\VWHP� IRU� UHDVRQLQJ� ZLWK� WKH� NQRZOHGJH� VKRXOG� EH
SRZHUIXO� HQRXJK� IRU� UHDFKLQJ� D� JRRG� SHUIRUPDQFH� RI
WKH�SODQQLQJ�SURFHVV�

7KHVH� UHVXOWV� VKRZ� WKDW� NQRZOHGJH� PDQDJHPHQW� LV� D
FHQWUDO� DVSHFW� RI� D� NQRZOHGJH�EDVHG� SODQQLQJ� V\VWHP�
.QRZOHGJH�PDQDJHPHQW�PD\�LQ�FRPSOH[�V\VWHPV�EHFRPH
HYHQ�PRUH�LPSRUWDQW�WKDQ�WKH�DFWXDO�UHDVRQLQJ�FDSDELOLWLHV�
7KH� VXFFHVV� LQ� NQRZOHGJH� PDQDJHPHQW� DQG� PDLQWHQDQFH
ODUJHO\�LQIOXHQFHV�WKH�IOH[LELOLW\�DV�ZHOO�DV�WKH�FRVW�RI�VXFK
D�V\VWHP�

7KH� VHFRQG� LPSRUWDQW� TXHVWLRQ� LV� WR� ZKLFK� H[WHQG� D
SODQQLQJ� V\VWHP� VKRXOG� EH� DXWRPDWHG�� $� KLJK� GHJUHH� RI
DXWRPDWLRQ�ZLOO� UHGXFH�DYHUDJH�SODQQLQJ� WLPH�DQG�HQODUJH
WKH�VFRSH�RI�SRVVLEOH�DSSOLFDWLRQV��7KLV�JRHV�DORQJ�ZLWK�D
SRRU� IOH[LELOLW\� RI� UHDFWLQJ� WR� VSHFLDO� FXVWRPHU

UHTXLUHPHQWV��7KH�KLJKHU�WKH�GHJUHH�RI�LQWHUDFWLRQ�ZLWK�WKH
SODQQHU�LV��WKH�PRUH�DGDSWDEOH�FDQ�WKH�SODQQLQJ�SURFHVV�EH
GHVLJQHG�

7KHVH� DUH� WKH� SULPDU\� FULWHULD� IRU� HYDOXDWLQJ� QHZ
DSSURDFKHV�RI�KDQGOLQJ�WKH�RSHUDWLRQV�SODQQLQJ�WDVN�

��� $SSURDFKHV� IRU� +DQGOLQJ� WKH� 3ODQQLQJ
7DVN

����� .QRZOHGJH� 6\VWHPDWL]DWLRQ� DQG� .QRZOHGJH
0DLQWHQDQFH

7KH� UHSUHVHQWDWLRQ� RI� SURFHVV� NQRZOHGJH� LV� D� FUXFLDO
DVSHFW� ZKLOH� GHVLJQLQJ� DQ� RSHUDWLRQV� SODQQLQJ� V\VWHP�
0DLQWHQDQFH�RI�WKH�NQRZOHGJH�EDVH�LV�D�FRVW�GULYLQJ�IDFWRU
LQ�H[SHUW�V\VWHPV�DQG�PXVW�EH�NHSW�YHU\�VLPSOH�VR�WKDW�HYHQ
QRQ�VSHFLDOLVWV� FDQ� SHUIRUP� FKDQJHV�� 7KH� GDQJHU� LV� KLJK
WKDW�NQRZOHGJH�HQJLQHHUV�EHFRPH�D�VHFRQG�NLQG�RI�H[SHUWV
LQ� DGGLWLRQ� WR� WKH� SURFHVV� H[SHUWV�� 7KLV� LV� VRPHZKDW
FRQWUDGLFWRU\� WR� WKH� RULJLQDO� JRDO� RI� NQRZOHGJH�EDVHG
V\VWHPV�RI�JHWWLQJ�OHVV�GHSHQGDEOH�RI�H[SHUW�NQRZOHGJH��$W
WKH�VDPH�WLPH��IOH[LELOLW\�LV�LQKLELWHG�E\�FRPSOH[�V\VWHPV�
6LGH� HIIHFWV� RI� FKDQJHV� LQ� WKH� NQRZOHGJH� EDVH� JURZ� LQ
FRPSOH[LW\�DQG�PDNH�FKDQJHV�D�GLIILFXOW�WDVN�

.QRZOHGJH�EDVHG
&$33�6\VWHP

0DQXIDFWXULQJ

¬&RUUHFWQHVV

¬,QIRUPDWLRQ�DERXW

PDQXIDFWXULQJ�UXOHV

¬)OH[LELOLW\�RI�UHDFWLQJ�WR

SURFHVV�XQFHUWDLQWLHV

6\VWHP�'HYHORSPHQW

¬6WUXFWXUHG�NQRZOHGJH

UHSUHVHQWDWLRQ

¬3RZHUIXO�UHDVRQLQJ�WRROV

.QRZOHGJH�(QJLQHHULQJ

¬3RZHUIXO�WRROV�IRU

NQRZOHGJH�VWUXFWXULQJ

¬/LWWOH�GHSHQGHQFLHV�ZLWKLQ

NQRZOHGJH�EDVH

¬(UURU�WUDFNLQJ�FDSDELOLWLHV

3ODQQLQJ

¬WUDQVSDUHQW�UHDVRQLQJ

¬,QWHUDFWLRQ�IRU�LQIOXHQFLQJ

SODQQLQJ�SURFHVV

¬IDVW�UHVSRQVH�WLPH

¬H[SUHVVLYH�HUURU�PHVVDJHV

)LJXUH����5HTXLUHPHQWV�IRU�NQRZOHGJH�EDVHG�SODQQLQJ�V\VWHPV�E\�GLIIHUHQW
LQWHUHVW�JURXSV�



2QH� RI� WKH� PRVW� WUDQVSDUHQW� ZD\V� RI� SUHVHQWLQJ
SODQQLQJ� NQRZOHGJH� LQ� IRUP� RI� VWUXFWXUHG� GHFLVLRQ
SURFHVVHV� LV� E\�PHDQV� RI� GHFLVLRQ� WDEOHV�� 'HFLVLRQ� WDEOHV
KDYH�RQO\�D�YHU\�OLPLWHG�DUHD�RI�DSSOLFDWLRQ�DQG�FDQQRW�EH
XVHG�DV�WKH�RQO\�IRUP�RI�UHSUHVHQWLQJ�SODQQLQJ�NQRZOHGJH
LQ� QRQ�WULYLDO� SUREOHPV� �-XHWWQHU� DQG� )HOOHU�� ������� 7KH\
PLJKW� WKRXJK� SUHVHQW� D� JRRG� ZD\� RI� VROYLQJ� HDV\� VXE�
SUREOHPV�� 7KH� GHVFULSWLYH� FRPSRQHQW� RI� GHFLVLRQ� WDEOHV
PDNHV�LW�HDV\�WR�XQGHUVWDQG�WKH�GHFLVLRQV�WDNHQ�

5XOH�EDVHG�V\VWHPV�DUH� WKH�PRVW�ZLGHO\�XVHG�SODQQLQJ
V\VWHPV��:LWK�JURZLQJ�NQRZOHGJH�EDVHV��WKH\�WHQG�WR�ODFN
GLVWLQFWQHVV��0RVW�RI�WKH�REVHUYDWLRQV�PDGH�LQ�WKH�SUHYLRXV
VHFWLRQV�KDYH�EHHQ�PDGH�ZLWK�UXOH�EDVHG�SODQQLQJ�V\VWHPV
HYHQ�WKRXJK�WKH\�DUH�RI�UDWKHU�JHQHUDO�QDWXUH��7KH�HIIRUWV�LQ
VWUXFWXULQJ� NQRZOHGJH� KDYH� OHDG� WR� VRPH� LPSURYHPHQWV�
7KH� PHWKRG� RI� KLHUDUFKLFDO� SODQQLQJ� ZRUNV� E\� ILUVW
FRQVWUXFWLQJ� DQ� DEVWUDFW� SODQ� LQ� ZKLFK� GHWDLOV� DUH� OHIW
XQVSHFLILHG��DQG�WKHQ�UHILQLQJ�WKHVH�FRPSRQHQWV�LQWR�PRUH
GHWDLOHG� VXESODQV� XQWLO� HQRXJK� RI� WKH� SODQ� KDV� EHHQ
HODERUDWHG� WR� HQVXUH� LWV� VXFFHVV�� 7KH� HVVHQFH� RI
KLHUDUFKLFDO� SODQQLQJ� LV� WKH� XVH� RI� GLIIHUHQW� OHYHOV� RI
DEVWUDFWLRQ� ERWK� LQ� WKH� SODQQLQJ� SURFHVV� DQG� LQ� WKH
GHVFULSWLRQ�RI�WKH�GRPDLQ��:LONHQV��������

$Q�DOWHUQDWLYH�WR�UXOH�EDVHG�SODQQLQJ�V\VWHPV�LV�DULVLQJ
WKURXJK� UHFHQW� DGYDQFHV� LQ� FRQVWUDLQW� SURJUDPPLQJ�� $
&RQVWUDLQW�6DWLVIDFWLRQ�3UREOHP��&63��LV�W\SLFDOO\�GHILQHG
DV� WKH�SUREOHP�RI� ILQGLQJ� FRQVLVWHQW� DVVLJQPHQW�RI�YDOXHV
WR�D�IL[HG�VHW�RI�YDULDEOHV�JLYHQ�VRPH�FRQVWUDLQWV�RYHU�WKHVH
YDULDEOHV��7VDQJ��������

&RQVWUDLQW�EDVHG� WHFKQLTXHV� SUHVHQW� VRPH� DGYDQWDJHV
RYHU� UXOH�EDVHG� WHFKQLTXHV� ZKLFK� DUH� XVXDOO\� XVHG� IRU
VROYLQJ� VLPLODU� SUREOHPV�� HVSHFLDOO\� ZLWK� UHVSHFW� WR
NQRZOHGJH�PDLQWHQDQFH�DVSHFWV��7KLV�LV�GXH�WR�WKH�IDFW�WKDW
NQRZOHGJH� UHSUHVHQWDWLRQ� XVLQJ� FRQVWUDLQWV� FDQ� EHWWHU
GHPRQVWUDWH�UHODWLRQVKLSV�EHWZHHQ�YDULDEOHV��&RQVHTXHQFHV
RI�FKDQJHV�DUH�WUDFHG�EHWWHU��)XUWKHUPRUH��OHVV�SDUWV�RI�WKH
NQRZOHGJH� EDVH�PLJKW� EH� HIIHFWHG� E\� NQRZOHGJH� FKDQJHV
�)DOWLQJV�DQG�:HLJHO���������2Q�WKH�RWKHU�KDQG��FRQVWUDLQW
WHFKQLTXHV�FDQQRW�YHU\�ZHOO�H[SODLQ�ZK\�D�JLYHQ�VROXWLRQ�LV
FRUUHFW�DQG�KRZ�LW�ZDV�IRXQG��7KH\�FDQ�UDWKHU�GHPRQVWUDWH
ZK\�D�JLYHQ�VHW�RI�FRQVWUDLQWV�FDQQRW�SURGXFH�DQ\�VROXWLRQ�

:LWK� UXOHV� DQG�FRQVWUDLQWV� DORQH�� LW�ZLOO� EH�GLIILFXOW� WR
GHVFULEH� WKH� IXOO� DPRXQW� RI� NQRZOHGJH� DYDLODEOH� WR� D
KXPDQ� SODQQHU�� 7KHUH� DUH� VHYHUDO� GLIIHUHQW� W\SHV� RI
FRQVWUDLQWV� RQ� RSHUDWLRQV� SODQV� WKDW� PXVW� EH� DEOH� WR� EH
IRUPXODWHG� HLWKHU� GLUHFWO\� RU� LQGLUHFWO\� LQ� D� NQRZOHGJH
UHSUHVHQWDWLRQ��7KHVH�W\SHV�DUH�

,�� D�IL[HG�SRVLWLRQ�RI�DQ�RSHUDWLRQ�LQ�WKH�SODQ
,,�� D�GLUHFW�VHTXHQFH��RSHUDWLRQ�%�IROORZV�RSHUDWLRQ

$�GLUHFWO\�
,,,�� DOWHUQDWLYHV� IRU� VXEVHTXHQW� RSHUDWLRQV�� WR� EH

FKRVHQ�E\�IL[HG�FULWHULD
,9�� GHSHQGHQFLHV� XSRQ� WKH� H[LVWHQFH� RI� RWKHU

RSHUDWLRQV�LQ�WKH�SODQ

9�� RSWLRQDO�RSHUDWLRQV��RU�VHWV�RI�RSHUDWLRQV�
9,�� RSHUDWLRQV� ZLWK� D� SRVLWLRQ� LQ� WKH� SODQ� ZKLFK

UHODWLRQ� WR� RWKHU� RSHUDWLRQV� LV� QRW� LPPHGLDWHO\
NQRZQ�IURP�WKH�RUGHU�GDWD

9,,�� H[FHSWLRQV
9,,,�� VSHFLDO�SULRULWLHV�RU�ZLVKHV

7KHVH� GLIIHUHQW� W\SHV� DUH� QRW� D� FRPSOHWH� OLVW�
.QRZOHGJH� EDVHG� RQ� H[SHULHQFH�ZKLFK� DUH� UDUHO\� GHILQHG
LQ� FULVS� WHUPV�� FDQQRW� EH� UHSUHVHQWHG� HDVLO\� E\� UXOHV�� 2Q
WRS��LW�LV�GLIILFXOW�WR�ILUVW�YHULI\�DQG�WKHQ�XVH�WKH�NQRZOHGJH
HIILFLHQWO\�LI�WKLV�LV�ODUJHO\�UHSUHVHQWHG�LQ�D�WH[WXDO�IRUP�

7KH�FRQGLWLRQV�HYDOXDWHG�IRU�ILQGLQJ�WKH�SRVLWLRQ�RI�DQ
RSHUDWLRQ�RU� IRU� FKRRVLQJ� RQH� RI� D� VHW� RI� DOWHUQDWLYHV� FDQ
XVH� WKH� IROORZLQJ� FULWHULD� ZKLFK� DUH� DYDLODEOH� DW� WKH
EHJLQQLQJ�RI� WKH�SODQQLQJ�SURFHVV� RU� EHFRPH� DYDLODEOH� LQ
LWV�SURJUHVV�

$�� RUGHU�GDWD
%�� FULWHULD� WKDW�FDQ�EH�GHGXFHG�GLUHFWO\� IURP�RUGHU

GDWD
&�� FDOFXODWHG� YDOXHV�� RIWHQ� GHSHQGHQW� RQ� WKH� SULRU

RSHUDWLRQV�LQ�WKH�SODQ

����� 6WDQGDUG�3ODQV�DQG�WKHLU�9LVXDOL]DWLRQ
7KH� UHVHDUFK� ZLWKLQ� WKLV� SURMHFW� LV� FXUUHQWO\

LQYHVWLJDWLQJ�VXLWDEOH�ZD\V�RI�YLVXDOL]LQJ�WKH�NQRZOHGJH�LQ
IRUP�RI�QHWZRUNV��(YHU\�SDWK�WKURXJK�VXFK�D�QHWZRUN�FRXOG
UHSUHVHQW� D� SRVVLEOH� RSHUDWLRQV� SODQ� ZKHUHDV� QRW� DOO� RI
WKHVH� SODQV� DUH� YDOLG�� 6XFK� D� YLVXDOL]DWLRQ� LV� VKRZQ� LQ
)LJXUH����7KH�JUDSK�UHSUHVHQWV�D�VWDQGDUG�SODQ�DV�WKH�EDVLV
IRU� D� YDULDQW� SODQQLQJ� SURFHVV�� ,Q� WKLV� FDVH�� DOO� SRVVLEOH
YDULDQWV� DUH� HQFRGHG� LQ� WKH� VWDQGDUG� SODQ�� ,QIRUPDWLRQ� LV
VWRUHG� LQ�PDQ\�ZD\V� LQ� WKLV�JUDSK��(DFK�QRGH� �RSHUDWLRQ�
KDV�VRPH�SDUDPHWHUV�DVVRFLDWHG�ZLWK�LW�ZKLFK�DUH�QHHGHG�WR
FDOFXODWH� WKH� UHODWHG� FRQVWUDLQWV�� 6HTXHQFLQJ� DQG� SRVLWLRQ
FRQVWUDLQWV� DUH� GHVFULEHG� WKURXJK� WKH� JUDSK� VWUXFWXUH�
DOWHUQDWLYHV� DUH� GHILQHG� DORQJVLGH� WKH� HGJHV� RI� WKH� JUDSK�
&RQVWUDLQWV� WKDW� UHODWH� RSHUDWLRQV� LQ� GLIIHUHQW� SDUWV� RI� WKH
SODQ��DUH�GHILQHG�RXWVLGH�WKH�SODQ�

7KH� UHSUHVHQWDWLRQ� RI� VWDQGDUG� SODQV� E\� WKH� DERYH
PHDQV�ZRUNV�ZHOO� IRU� SODQV�ZLWK� OLPLWHG� FRPSOH[LW\�� 7KH
FRPELQDWRULDO� DVSHFWV� �L�H�� D� VHW� RI� RSHUDWLRQV� ZKRVH
VHTXHQFH� LV�GHWHUPLQHG�PRVWO\�E\�SDUDPHWHUV� WKDW�QHHG� WR
EH� FDOFXODWHG�� VKRXOG� QRW� EH� ODUJH� IRU� WKH� SODQ� WR� UHPDLQ
UHDGDEOH�� )XUWKHUPRUH�� H[FHSWLRQV� �L�H�� XQGHU� D� FHUWDLQ
FRQGLWLRQ�VZDS� WKHVH�RSHUDWLRQV��FDQ�KDUGO\�EH�GLVSOD\HG�
XQOHVV� DOO� FRPELQDWRULFDOO\� SRVVLEOH� FDVHV� DUH� VKRZQ
H[SOLFLWO\�

6RPH� RI� WKH�PHQWLRQHG� GUDZEDFNV� FDQ� EH� UHGXFHG� E\
XVLQJ�DQ�HQKDQFHG�SODQ� UHSUHVHQWDWLRQ�DV� VKRZQ� LQ�)LJXUH
���7KH�RSWLRQDO�RSHUDWLRQV�DUH�SDUW�RI� WKH�SODQ�RQO\�XQGHU
FHUWDLQ�FRQGLWLRQV��,I�DQ�RSWLRQDO�RSHUDWLRQ�LV�QRW�QHHGHG��LW
LV� MXVW� VNLSSHG� DQG� WKH� SUHFHGLQJ� RSHUDWLRQ� LV� IROORZHG



GLUHFWO\�E\�WKH�VXFFHHGLQJ�RSHUDWLRQ��7KLV�HOLPLQDWHV�PDQ\
HGJHV�GHVFULELQJ�DOO�WKHVH�SRVVLELOLWLHV��2SHUDWLRQ�(�ZRXOG
UHSUHVHQW� WKH� W\SH� RI� RSHUDWLRQ� ZKLFK� GHWHUPLQHV� LWV
SRVLWLRQ� GXULQJ� WKH� SODQQLQJ� SURFHVV� GXH� WR� ORFDO
LQIRUPDWLRQ�DQG�WKXV�HOLPLQDWHV� WKH�H[SOLFLW�GHVFULSWLRQ�RI
DOO�SRVVLELOLWLHV�LQ�WKH�JUDSK�

7KLV� HQKDQFHG� YLVXDOL]DWLRQ� VHHPV� WR� EH� FDSDEOH� RI
GHVFULELQJ� PRUH� FRPSOH[� RSHUDWLRQV� SODQ� VWUXFWXUHV� HYHQ
WKRXJK�LW�LQWURGXFHV�PRUH�W\SHV�RI�LWHPV�WKDQ�WKH�SUHYLRXV
PRGHO�� 6WLOO�� UHDFWLRQV� IURP� WKH� XVHUV� RQ� WKH� DSSURDFK
SUHVHQWHG� DUH� DFFHSWDQW� DQG� SURPLVLQJ�� 7KLV� SRVLWLYH
IHHGEDFN� LV� ODUJHO\� GXH� WR� WKH� IDFW� WKDW� PDLQWHQDQFH� RI
YLVXDOL]HG� VWDQGDUG� SODQV� LV� E\� IDU� HDVLHU� WKDQ� WKH
PDLQWHQDQFH� RI� D� ODUJH� UXOH� VHW�� 7KH� H[SODQDWLRQ� RI
VROXWLRQV� DQG� WKHLU� SRVVLEOH� DOWHUQDWLYHV� LV� DOVR� VHHQ� DV� D
ELJ�SOXV�

)RU� XVLQJ� WKH� VWDQGDUG� SODQV� DQG� WKH� DVVRFLDWHG
NQRZOHGJH� LQ� WKH� UHDVRQLQJ� SURFHVV�� LW� LV� QHFHVVDU\� WR
WUDQVIRUP� LW� LQWR� D� UHSUHVHQWDWLRQ� WKDW� FDQ� EH� XVHG� E\
VROYLQJ� DOJRULWKPV�� 7KH� WUDQVODWLRQ�� ZKLFK� LQ� WKH� SUHVHQW
SURWRW\SH�VWDJH� LV�GRQH�PDQXDOO\�� VKRXOG�EH�DXWRPDWHG�VR
WKDW� FKDQJHV� LQ� WKH� JUDSKLFDO� UHSUHVHQWDWLRQ� FDQ� EH
FRPSLOHG�TXLFNO\�LQWR�WKH�DOJRULWKP�UHSUHVHQWDWLRQ�

:KHQ� WKH� VHTXHQFH� RI� WKH� RSHUDWLRQV� LV� IRXQG� E\� WKH
VROYLQJ� DOJRULWKP�� WKH� RSHUDWLRQV� SDUDPHWHUV� FDQ� EH
GHWHUPLQHG� E\� SURSDJDWLQJ� WKH� VWDUWLQJ� YDOXHV� WKURXJK� DOO
RSHUDWLRQV�

����� 'HJUHH�RI�$XWRPDWLRQ
2QH� TXHVWLRQ� ZKLFK� QHHGV� WR� EH� GLVFXVVHG� ZKHQ

GHVLJQLQJ� D� NQRZOHGJH�EDVHG� V\VWHP� LV� WKH� SODQQHG
GHJUHH�RI�DXWRPDWLRQ��7KLV�GHFLVLRQ�KDV�D�JUHDW�LPSDFW
RQ� KRZ� WKH� V\VWHP� FDQ� EH� HPEHGGHG� LQ� WKH
VXUURXQGLQJ� SURFHVVHV�� $V� VRRQ� DV� RQH� KXPDQ� LV
LQYROYHG�� WKH�SURFHVV�KDV� WR�EH�GHVLJQHG�DFFRUGLQJ� WR
WKH�QHHGV��MREV��DQG�DELOLWLHV�RI�WKLV�SHUVRQ��,I�SHUVRQV
DUH� FRQFHUQHG�ZLWK� FKHFNLQJ� WKH� FRUUHFWQHVV� RI� HYHU\
RSHUDWLRQV� SODQ�� LW� PDNHV� QR� VHQVH� WR� XVH� WKH
RSHUDWLRQV�SODQ�DV�D�EDVLV�IRU�SULFH�FDOFXODWLRQV�GXULQJ
WKH� RQOLQH� RIIHU� SUHSDUDWLRQ� VLQFH� D� OLPLWHG� UHVSRQVH
WLPH�DFFHSWDEOH�WR�WKH�FXVWRPHU�FDQQRW�EH�JXDUDQWHHG�

%HVLGHV� WKHVH� UHVWULFWLRQV� WKH� TXHVWLRQ� LV� WR� EH
DQVZHUHG�ZKHWKHU�D�IXOO�DXWRPDWLRQ�LV�DW�DOO�GHVLUDEOH�
,V� WKHUH� D� JXDUDQWHH� WKDW� DOO� JHQHUDWHG� SODQV� DUH
FRUUHFW"� (YHQ� LI� WKH� FRUUHFWQHVV� FKHFN� LV� GRQH
PDQXDOO\�� DQ� DXWRPDWHG� RSHUDWLRQV� SODQLQJ� DOORZV� WR
JHQHUDWH� SODQV� LQ� EDWFK� UXQV� LQGHSHQGHQW� RI� RIILFH
KRXUV��7KLV�VHHPV�WR�UHGXFH�WKH�KXPDQ�LQYROYHPHQW�WR
D�PLQLPXP�

6WLOO��DQ�HQJDJHPHQW�RI�WKH�SODQQHU�LQ�WKH�SODQQLQJ
SURFHVV� PDNHV� PRUH� VWUXFWXUDO� NQRZOHGJH� DYDLODEOH
DQG�PLJKW�WKXV�HQKDQFH�WKH�SODQQLQJ��7KH�ZD\�SODQHUV
ILQG� D� ILUVW� VROXWLRQ� ZLWKRXW� FRPSXWDWLRQDO� KHOS� �
GHILQLQJ� WKH� SODQ� VWUXFWXUH� ZLWK� RQO\� IHZ� NH\
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SDUDPHWHUV� RI� WKH� LQSXW� YDOXHV� �� LV� YHU\� HIIHFWLYH� EXW
GLIILFXOW� WR� SHUIRUP� E\� D� SODQQLQJ� V\VWHP�� ,Q� D� FRPELQHG
DSSURDFK��WKH�SODQQHU�FRXOG�GHVLJQ�WKH�VWUXFWXUH�RI�WKH�SODQ
ZKLOH� WKH� SODQQLQJ� V\VWHP� FDOFXODWHV� WKH� RSHUDWLRQV
SDUDPHWHUV��FKHFNV�IRU�SODXVLELOLW\�RU�RSWLPL]HV�WKH�DFWLRQV�
'LIILFXOW�FDOFXODWLRQV�DQG� URXWLQH� WDVNV�DUH� WKRVH� MREV� WKDW
WDNH�PXFK�WLPH�ZLWKRXW�EHLQJ�YHU\�GLIILFXOW�IRU�KXPDQV�DQG
VKRXOG�WKHUHIRUH�EH�SDVVHG�RQ�WR�WKH�SODQQLQJ�V\VWHP�

,I�WKLV�DSSURDFK�LV�H[WHQGHG��WKH�TXHVWLRQ�PXVW�EH�UDLVHG
ZKHWKHU� UHDOO\� DOO� RI� WKH� SURGXFWLRQ� V\VWHP¶V� FDSDELOLWLHV
VKRXOG� EH� PRGHOHG� LQ� WKH� NQRZOHGJH� EDVH�� 7KH� HIIRUW� RI
PRGHOLQJ�DOO�VSHFLDO�FDVHV�DQG�H[FHSWLRQV� WR�JHQHUDO� UXOHV
DQG� WKH� UHVXOWLQJ� FRPSOH[LW\� HQODUJHPHQW� PLJKW� EH� PXFK
KLJKHU� WKDQ� SDVVLQJ� RQ� VSHFLDO� SODQV� WR� KXPDQV� GLUHFWO\�
7KLV�DVVXPHV�DJDLQ� WKDW� WKH�SODQQHU� LV� UHVSRQVLEOH� IRU� WKH
GHVLJQ� RI� WKH� SODQ� EXW� UHFHLYHV� KHOS� LQ� FRPSOH[
FDOFXODWLRQV�DQG�SODXVLELOLW\�FKHFNV�E\�WKH�V\VWHP�

,Q�WKLV�FRQWH[W��D�YDULDQW�SODQQLQJ�DSSURDFK�VHHPV�YHU\
UHDVRQDEOH�� )RU� HDFK� SURGXFW� IDPLO\�� WKHUH� H[LVW� RQH� RU
VHYHUDO�VWDQGDUG�SODQV�ZKLFK�FDQ�LQ�VWDQGDUG�FDVHV�EH�ILOOHG
ZLWK� SDUDPHWHUV� E\� WKH� FRPSXWHU� V\VWHP� DQG� LQ� VSHFLDO
FDVHV��LQ�DQ�LQWHUDFWLYH�SURFHVV��EH�FKDQJHG�E\�WKH�SODQQHU
DFFRUGLQJ�WR�WKH�FXVWRPHU�RUGHU��,I�QR�VWDQGDUG�SODQ�ILWV�WR
D� JLYHQ� RUGHU�� WKH� SODQQHU� FRXOG� XVH� KLV� H[SHULHQFH� WR
GHYHORS�D�QHZ�SODQ��,W�LV�LPSRUWDQW�WKDW�D�FRPIRUWDEOH�XVHU
LQWHUIDFH�VXSSRUWV�HDFK�RI�WKHVH�VWHSV��7KH�EHVW�VXFFHVV�FDQ
EH� H[SHFWHG� LQ� FDVHV�ZKHUH� WKH� SODQQLQJ� SURFHVV�PDWFKHV
EHVW� ZLWK� WKH� LQWXLWLYH� DSSURDFK� RI� SODQQHUV�� 7KLV� DOVR
VXSSRUWV�WKH�HUURU�WUDFNLQJ�LQ�FDVH�RI�QHFHVVDU\�FKDQJHV�WR
WKH�NQRZOHGJH�

��� 6XPPDU\
2SHUDWLRQV� SODQQLQJ� KDV� DOZD\V� EHHQ� LQ� WKH� FRQIOLFW

EHWZHHQ� LQGHSHQGHQFH� RI� H[SHUWV� DQG� HIILFLHQF\
FRQVLGHUDWLRQV�WKDW�UHTXLUH�D�SODQQLQJ�SURFHVV�WR�EH�PRVWO\
DXWRPDWHG� RQ� WKH� RQH� KDQG� DQG� QHHG� IRU� IOH[LELOLW\�� IDVW
UHDFWLRQ� DQG� D� ORZ� GHJUHH� RI� PDLQWHQDQFH� HIIRUW� RQ� WKH
RWKHU� KDQG�� 8QWLO� WRGD\�� LW� VHHPV� LPSRVVLEOH� WR� ILQG
NQRZOHGJH� VWUXFWXUHV� WKDW� IXOILOO� WKH� UHTXLUHPHQWV� RI� WKH
GLIIHUHQW�NLQGV�RI�XVHUV�ZKLOH�DW� WKH�VDPH� WLPH�EHLQJ�HDV\
WR�PDQDJH��$OVR��RSHUDWLRQV�SODQQLQJ�SUREOHPV�DUH�XVXDOO\
WRR�FRPSOH[�IRU�EHLQJ�VROYHG�ZLWKRXW�KXPDQ�LQWHUDFWLRQ�

7KHUH�LV�QR�SHUIHFW�VROXWLRQ��5DWKHU��QHZ�DYHQXHV�KDYH
WR� EH� WULHG�� 7KH� SRVVLEOH� VROXWLRQ� SUHVHQWHG� LQ� WKH� ODVW
VHFWLRQ� UHGXFHV� WKH� DPRXQW�RI�NQRZOHGJH�PDLQWHQDQFH�E\
ODUJH� DQG� LQYROYHV� WKH� SODQQHUV� DFWLYHO\� LQ� WKH� SODQQLQJ
SURFHVV�ZLWKRXW�RQO\�ERWKHULQJ�KLP�ZLWK�FRQWUROOLQJ�WDVNV�
7KLV� OHDGV� WR� D� KLJKO\� LQFUHDVHG� IOH[LELOLW\� ZLWKLQ� WKH
SODQQLQJ�SURFHVV��7KH�HIIRUW�RI�NHHSLQJ�WKH�VWDQGDUG�SODQV
XS�WR�GDWH� VHHPV� UHDVRQDEOH� FRPSDUHG� WR� WKH� DPRXQW� RI
NQRZOHGJH�PDLQWHQDQFH�VDYHG�

��� $FNQRZOHGJHPHQWV
7KH�3UR&21),*�3URMHFW��3URFHVV�&RQILJXUDWLRQ�IRU

0XOWLSOH�9DULDQW�3URGXFWV��:RUN�3ODQ�*HQHUDWLRQ�IRU
6KHHW�DQG�&RLO�0DWHULDO�3URGXFWLRQ��GHQRWHV�WKH�PDMRU
FRQWULEXWLRQ� RI� WKH� 6ZLVV� SDUWQHUV� WR� WKH� ,06�3URMHFW
*126,6� �� .QRZOHGJH� 6\VWHPDWL]DWLRQ�� &RQILJXUDWLRQ
6\VWHPV� IRU� 'HVLJQ� DQG� 0DQXIDFWXULQJ�� 7KH� SURMHFW� LV
VXSSRUWHG� ZLWKLQ� WKH� ,06� SURJUDP� E\� WKH� 6ZLVV
&RPPLVVLRQ� IRU�7HFKQRORJ\� DQG� ,QQRYDWLRQ� WKURXJK� IXQG
1R��.7,��������

��� 5HIHUHQFHV
$OGHU�� +�� �������� 9HUWHLOWHV� 3ODQHQ� PLWWHOV
VHOEVWRUJDQLVLHUHQGHU�2EMHNWQHW]ZHUNH��'LVV��(7+�=�ULFK�
�����

$OHYHQ�� 9�� DQG� $VKOH\�� .�� '�� �������� +RZ� 'LIIHUHQW� LV
'LIIHUHQW"�,Q��6PLWK��,��DQG�)DOWLQJV��%���$GYDQFHV�LQ�&DVH�
%DVHG�5HDVRQLQJ��6SULQJHU��%HUOLQ������������

%DXP�� 7��� 8KOLJ�� 9�� DQG� =DKQ�� *�� �������� 0DQXHOOH
9RUJHKHQVZHLVH� GRPLQLHUW��$UEHLWVYRUEHUHLWXQJ���� ������
���������

)DOWLQJV�� %�� DQG� :HLJHO�� 5�� �������� &RQVWUDLQW�EDVHG
NQRZOHGJH� UHSUHVHQWDWLRQ� IRU� FRQILJXUDWLRQ� V\VWHPV�
7HFKQLFDO� UHSRUW� 75�������� /DERUDWRLUH� G¶,QWHOOLJHQFH
$UWLILFLHOOH�� (FROH� 3ROLWHFKQLTXH� )pGpUDOH� GH� /DXVDQQH�
�����

+DPHOPDQQ�� 6�� �������� 6\VWHPHQWZLFNOXQJ� ]XU
$XWRPDWLVLHUXQJ� GHU� $UEHLWVSODQXQJ�� )RUWVFKULWWVEHULFKWH
9',���������9',�������

-XHWWQHU�� *�� DQG� )HOOHU�� +�� �������� (QWVFKHLGXQJVWDEHOOHQ
XQG� ZLVVHQVEDVLHUWH� 6\VWHPH� �� $QZHQGXQJHQ� LQ� GHU
$UEHLWVSODQXQJ��2OGHQERXUJ�������

0F'HUPRWW��'��DQG�+HQGOHU�� -�� ��������3ODQQLQJ��:KDW� LW
LV��:KDW� LW� FRXOG�EH��$Q� LQWURGXFWLRQ� WR� WKH�6SHFLDO� ,VVXH
RQ� 3ODQQLQJ� DQG� 6FKHGXOLQJ�� $UWLILFLDO� ,QWHOOLJHQFH� ��
�������������

1HEHO�� %�� DQG�.RHKOHU�� -�� �������� 3ODQ� UHXVH� YHUVXV� SODQ
JHQHUDWLRQ�� D� WKHRUHWLFDO� DQG� HPSLULFDO� DQDO\VLV�� $UWLILFLDO
,QWHOOLJHQFH��������������������

6FKZDU]H�� 6�� �������� 3URGXNWYHUWULHE� YLD� ,QWHUQHW�
7HFKQLVFKH�5XQGVFKDX�1R������������������

7VDQJ�� (�� �������� )RXQGDWLRQV� RI� &RQVWUDLQW� 6DWLVIDFWLRQ�
$FDGHPLF�3UHVV��/RQGRQ�������

:LONLQV��'��(�� ��������3UDFWLFDO�3ODQQLQJ� ��([WHQGLQJ� WKH
&ODVVLFDO� 3ODQQLQJ� 3DUDGLJP�� 0RUJDQ� .DXIPDQQ�� 6DQ
0DWHR�������


