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$�1HZ�$SSURDFK�WR�6ROYH�6XSSO\�&KDLQ�0DQDJHPHQW�3UREOHP
�E\�,QWHJUDWLQJ�0XOWL�DJHQW�7HFKQRORJ\�DQG�&RQVWUDLQW�1HWZRUN

6WDQOH\�.��<XQJ�DQG�&KULVWRSKHU�&��<DQJ

'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH�DQG�,QIRUPDWLRQ�6\VWHPV
7KH�8QLYHUVLW\�RI�+RQJ�.RQJ
$EVWUDFW

6XSSO\�&KDLQ�0DQDJHPHQW� LV�DQ� LPSRUWDQW� LVVXH� IRU
PDQXIDFWXULQJ� HQWHUSULVHV�� � 0RVW� RI� WKHVH
PDQXIDFWXULQJ� HQWHUSULVHV� DUH� GHSHQGLQJ� RQ� WKHLU
ORJLVWLF� V\VWHP� WR� LPSURYH� WKHLU� HIILFLHQFLHV�
+RZHYHU�� LQIRUPDWLRQ� GLVWRUWLRQ� IURP� WKH� UDZ
PDWHULDO� VXSSOLHUV� WR� WKH� GLVWULEXWRUV� FDQ� PDNH� WKH
ZKROH�SURFHVV�WR�HQRUPRXV�LQHIILFLHQFLHV���7KHUHIRUH�
WKLV�UHVHDUFK�DLPV�WR�SURSRVH�D�QHZ�PHWKRG�WR�VROYH
WKH� EXOOZKLS� HIIHFW� E\� LQWHJUDWLQJ� PXOWL�DJHQW
WHFKQRORJ\�� DUWLILFLDO� LQWHOOLJHQFH� DQG� ,QWHUQHW
WHFKQRORJ\�

���,QWURGXFWLRQ

,Q� ������ +�� /�� /HH� DQG� WKH� ORJLVWLF� H[HFXWLYHV� RI
3URFWRU�DQG�*DPEOH�KDYH�H[DPLQHG�WKH�RUGHU�SDWWHUQ
RI�3DPSHUV���7KH�VDOHV�RI�WKH�UHWDLOHUV�DUH�IOXFWXDWLQJ
ZLWKLQ�D�VPDOO�UDQJH���+RZHYHU��ZKHQ�WKH\�H[DPLQHG
WKH�RUGHU�SDWWHUQ�IRU�WKH�GLVWULEXWRUV�� WKH\�GLVFRYHU�D
JUHDWHU�YDULDELOLW\�RQ�WKH�VDOHV���)LQDOO\��WKHUH�LV�HYHQ
D�JUHDWHU�VZLQJ� IRU�WKH� VXSSOLHUV�� �7KLV�SKHQRPHQRQ
LV� XQUHDVRQDEOH� EHFDXVH� WKH� GHPDQG� RI� GLDSHU� LV
VWHDG\�IRU�WKH�EDE\���7KH�GHPDQG�RUGHUV�YDULDELOLW\�LV
DPSOLILHG�DV�WKH\�PRYH�XS�WKH�VXSSO\�FKDLQ�DQG�WKLV
SKHQRPHQRQ�LV�QDPHG�EXOOZKLS�HIIHFW�E\�3URFWHU�DQG
*DPEOH�>�@��,Q�DGGLWLRQ�WR�WKH�3DPSHUV�RI�3URFWHU�DQG
*DPEOH�� +HZOHWW�3DFNDUG� �+3�� KDV� GLVFRYHUHG� WKDW
WKHUH� DUH� VRPH� IOXFWXDWLRQV� LQ� WKHLU� VXSSO\� FKDLQ� RI
WKHLU� SULQWHU� >�@�� 7KHUHIRUH�� EXOOZKLS� HIIHFW� LV� D
FRPPRQ�VFHQDULR�IRU�PRVW�RI�WKH�VXSSO\�FKDLQV�

,W� LV� LPSRUWDQW� WR� DVN� KRZ�PXFK� GRHV� WKH� EXOOZKLS
DIIHFW� WKH�FRPSDQ\�� �%\�REVHUYDWLRQ�� WKHUH�DUH� VRPH
FRQVHTXHQFHV�FDQ�EH� LGHQWLILHG�� �7KH�ZDUHKRXVH�KDV
WR� PDLQWDLQ� D� KLJK� LQYHQWRU\� RI� WKH� JRRGV� EHFDXVH
WKH\� GR� QRW� ZDQW� WR� ORVH� VDOHV� ZKHQ� WKH\� FDQQRW
IRUHFDVW�GHPDQG�DSSURSULDWHO\�� �:KHQ� WKH� LQYHQWRU\
LV�KLJK�� WKHUH�ZLOO�EH�H[FHVV�FDSDFLW\�RI� WKH�SURGXFW�
ORZ�XWLOL]DWLRQ��ORZHU�TXDOLW\�RI�WKH�SURGXFW�DQG�KLJK
VXSSO\�FRVW���0RUHRYHU��WKH�LQIRUPDWLRQ�RI�WKH�PDUNHW
YDOXH� RI� WKH� SURGXFW� ZLOO� EH� GLVWRUWHG� LI� GHPDQG
SDWWHUQ� RI� WKH� FRQVXPHUV� LV� RQH� RI� WKH� PDMRU
FRPSRQHQWV� IRU� WKH� FRPSDQ\� WR� SODQ� WKHLU� VWUDWHJ\�
0-7695-0001-3/99 $10.
7KHVH�FRQVHTXHQFHV�ZLOO� MHW�XS�WKH�RSHUDWLRQ�FRVW�RI
WKH�FRPSDQ\�VLJQLILFDQWO\�

+���/�� /HH� KDV� LGHQWLILHG� IRXU� PDMRU� FDXVHV� RI� WKH
EXOOZKLS�HIIHFW�>��@�
�� )LUVWO\�� WKH� GHPDQG� VLJQDO� SURFHVVLQJ� LV� RIWHQ

EDVHG� RQ� WKH� RUGHU� KLVWRU\�� � $QG� UHSHDWLQJ
IRUHFDVW� SURFHVVHV� ZRXOG� DXWRPDWLFDOO\� DPSOLI\
RUGHU� YDULDELOLW\�� � :KHQ� WKHUH� LV� D� ORQJHU
UHSOHQLVKPHQW� OHDG�WLPH�� WKH� DPSOLILFDWLRQ� LV
HYHQ�JUHDWHU�

�� 6HFRQGO\�� WKH� EDWFK� RUGHULQJ� LV� RQH� RI� WKH
FRPPRQ� SUDFWLFHV� GXH� WR� WKH� HFRQRPLFV� RI
WUDQVSRUWDWLRQ�DQG�KLJK�RUGHU�FRVW�

�� 7KLUGO\�� WKH� SULFH� IOXFWXDWLRQV� ZLOO� OHDG� WKH
EX\HUV� WR� PDNH� RUGHUV� ZKHQ� WKH� SULFH� LV� ORZ�
$QG�WKLV�ZLOO�FDXVH�WKH�KLJKHU�RUGHU�YDULDELOLW\�

�� )LQDOO\��WKH�VKRUWDJH�JDPLQJ�RI�WKH�VXSSOLHU�ZLOO
FDXVH�WKH�EX\HU�WR�H[DJJHUDWH�WKHLU�UHDO�QHHGV�LQ
RUGHU�WR�PHHW�WKHLU�GHPDQG���+RZHYHU��ZKHQ�WKH
VKRUWDJH� FULVLV� LV� RYHU�� RUGHUV� ZLOO� GLVDSSHDU
VXGGHQO\�� � 7KHUHIRUH�� WKLV� ZLOO� DPSOLILHG� WKH
GHPDQG�YDULDELOLW\�

����&RQWULEXWLRQ

:H� KDYH� DSSURDFKHG� WKH� EXOOZKLS� HIIHFW� E\
LQWHJUDWLQJ�WKH�PXOWL�DJHQW�DQG�FRQVWUDLQW�VDWLVIDFWRU\
SUREOHP� WHFKQLTXHV�� � 7KH� FRQWULEXWLRQ� RI� RXU� ZRUN
FDQ�EH�VXPPDUL]HG�DV�IROORZV�
�L���'HYHORSPHQW� RI� FRQVWUDLQW� SURSDJDWLRQ

WHFKQLTXHV�IRU�WKH�VXSSO\�FKDLQ��DQG
�LL���3URSRVH�PXOWL�DJHQW� DUFKLWHFWXUH�ZLWK� FRQVWUDLQW

VDWLVIDFWRU\� SUREOHP� WR� UHGXFH� WKH� EXOOZKLS
HIIHFW�LQ�WKH�VXSSO\�FKDLQ�

���/LWHUDWXUH�5HYLHZ

����5HODWHG�ZRUN�LQ�EXOOZKLS�HIIHFW

7KH� HDUO\� DFDGHPLF� GHVFULSWLRQV� RI� WKH� EXOOZKLS
HIIHFW� DUH� VKRZQ� LQ� PDQ\� RSHUDWLRQV� PDQDJHPHQW�
)RUUHVWHU
V�ZRUN� LQ������ZDV� WKH�HDUOLHVW� UHVHDUFK� LQ
VWXG\�VXSSO\�FKDLQ�>�@��+H�VWDWHV�WKDW�WKH�LQIRUPDWLRQ
IHHGEDFN� ORRS� RI� WKH� VXSSO\� FKDLQ� V\VWHP� LV� WRR
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FRPSOH[� IRU�PDQDJHULDO� LQWXLWLRQ� DORQH� WR� JHW� EHWWHU
SHUIRUPDQFH�� � +H� DOVR� FODLPV� WKDW� WKH� SHUIRUPDQFH
FDQ�EH�LPSURYHG�LI�WKH�PDQDJHPHQW�FRXOG�XQGHUVWDQG
WKH�V\VWHP�DV�D�ZKROH�DQG�PRGHO� WKDW�V\VWHP�ZLWK�D
VSHFLILF�G\QDPLF�VLPXODWLRQ�PRGHO���,I�WKHVH�DUH�WUXH
WKHQ�DSSURSULDWH�DFWLRQV�FDQ�EH�SODQQHG�DQG�H[HFXWHG
DFFRUGLQJO\�

6WHUPDQ�GHVFULEHG�WKH�EXOOZKLS�HIIHFW�XVLQJ�WKH�EHHU
GLVWULEXWLRQ�JDPH�>��@��,Q�WKH�EHHU�GLVWULEXWLRQ�JDPH�
WKH� SDUWLFLSDQWV� QHHG� WR� VLPXODWH� D� VXSSO\� FKDLQ
FRQVLVWLQJ� RI� D� EHHU� UHWDLOHU�� ZKROHVDOHU�� GLVWULEXWRU
DQG� EUHZHU\�� � 7KH� SDUWLFLSDQWV� FDQQRW� FRPPXQLFDWH
ZLWK�HDFK�RWKHU�DQG�PXVW�PDNH�RUGHU�GHFLVLRQV�EDVHG
RQO\� RQ� RUGHUV� IURP� WKH� QH[W� GRZQVWUHDP� SOD\HU�
7KLV�JDPH�KDV�EHHQ�SOD\HG�PDQ\�WLPHV�E\�VWXGHQWV�DV
ZHOO�DV�H[HFXWLYHV�LQ�ILUPV�DQG�WKH�UHVXOW�VKRZV�WKDW
H[DJJHUDWHG� UHVSRQVHV� RFFXU� XSVWUHDP� LQ� WKH� VXSSO\
FKDLQ�� � 6WHUPDQ� DOVR� GHVFULEHV� WKH� UHDVRQ� RI� WKH
EXOOZKLS�HIIHFW�WKDW�LW�LV�GLIILFXOW�WR�PDNH�GHFLVLRQ�LQ
HYDOXDWLQJ� WKH� FRPSOH[� IHHGEDFN� ORRSV� LQ� WKH
FRQMXQFWLRQ� ZLWK� WLPH� GHOD\V�� � ,Q� DGGLWLRQ�� PRVW� RI
WKH� PDQDJHUV� WHQG� WR� RUGHU� EDVHG� RQ� D� FXUUHQW� RQ�
KDQG� LQYHQWRU\� OHYHO�PLQXV� WKH� EDFNRUGHUV� DQG� WKH\
ZLOO�QRW� FRQVLGHU� WKH� RQ�RUGHU� LQYHQWRU\�� �7KH\�ZLOO
QRW� SHUFHLYH� HYHQ� PRUH� ZLWK� WKLV� NLQG� RI� V\VWHP
WKLQNLQJ�� �6WHUPDQ�VXJJHVWV�D�UHWUDLQLQJ�SURJUDP�IRU
0-7695-0001-3/99 $10.
WKH� PDQDJHUV� LQ� RUGHU� WR� FRUUHFW� WKRVH� V\VWHP
WKLQNLQJ�EXW�WKLV�LV�YHU\�H[SHQVLYH�

2Q� WKH� RWKHU� KDQG�� VRPH� HFRQRPLVWV� DOVR� UHFRJQL]H
WKLV� SKHQRPHQRQ�� � 7KH\� QRWH� WKDW� WKH� YDULDQFH� RI
SURGXFWLRQ�LV�JUHDWHU�WKDQ�WKH�YDULDQFH�RI�VDOHV���7KH
UHDVRQ�EHKLQG� LV�GHVFULEHG�DV� WKH� UDWLRQDO� DFWLRQV� RI
SURILW� RSWLPL]LQJ� PDQDJHUV� UHVSRQGLQJ� WR� HLWKHU
GHPDQG�VKRFNV��IRUHFDVW� WKH�GHPDQG�E\� WKH�GHPDQG
KLVWRU\� RI� VWRFNV�� >��@�� VWRFNRXW� DYRLGDQFH� �SUHYHQW
ORVW�VDOHV�IURP�VKRUWDJH�RI�VWRFNV��>�@��RU�SURGXFWLRQ
FRVW� VPRRWKLQJ� �RSWLPL]H� WKH� FRVW� IXQFWLRQ�� >�@�
+RZHYHU�� WKH� HFRQRPLVWV� RQO\� PRGHO� WKH� FDXVHV� RI
WKH� SKHQRPHQRQ� DQG� WKH\� GR� QRW� UHPHG\� WKH
EXOOZKLS�HIIHFW�

,Q� DGGLWLRQ� WR� WKH� HFRQRPLVWV�� WKH� RSHUDWLRQDO
UHVHDUFKHUV�DUH�DOVR�LQWHUHVWHG�LQ�WKLV�EXOOZKLS�HIIHFW
DURXQG�WKDW�WLPH���7KH\�LQGLFDWH�WKH�RYHUULGLQJ�FDXVH
RI� WKH� EXOOZKLS� HIIHFW� LV� WKH� WLPH� GHOD\V� EHWZHHQ
VXSSO\� FKDLQ� OLQNV�� � ,Q� IDFW�� PDQ\� RWKHU� EXVLQHVV
SUREOHPV� DUH� KDYLQJ� WKH� VDPH� VFHQDULR� DV� WKH
EXOOZKLS� HIIHFW�� � %ODFNEXUQ� >�@� LQGLFDWHV� WKDW�
IRUHFDVW� HUURUV� FDQ� EH� UHGXFHG� VLJQLILFDQWO\� ZKHQ
VDOHV� DUH� LQFUHDVHG� E\� FRPSUHVVLQJ� WKH� WLPH� GHOD\V
EHWZHHQ�VXSSO\�FKDLQ�OLQNV�
7DEOH����)UDPHZRUN�IRU�VXSSO\�FKDLQ�FRRUGLQDWLRQ�LQLWLDWLYHV
,QLWLDWLYHV

&DXVHV ,QIRUPDWLRQ�6KDULQJ &KDQQHO�$OLJQPHQW 2SHUDWLRQDO�(IILFLHQF\
'HPDQG�)RUHFDVW
8SGDWH

8QGHUVWDQGLQJ�V\VWHP
G\QDPLFV
8VH�SRLQW�RI�VDOH��326�
GDWD
(OHFWURQLF�'DWD
,QWHUFKDQJH�(',�
,QWHUQHW
&RPSXWHU�DVVLVWHG
RUGHULQJ��&$2�

9HQGRU�PDQDJHG
LQYHQWRU\��90,�
'LVFRXQW�IRU�LQIRUPDWLRQ
VKDULQJ
&RQVXPHU�GLUHFW

/HDGWLPH�UHGXFWLRQ
(FKHORQ�EDVHG�LQYHQWRU\
FRQWURO

2UGHU�%DWFKLQJ (',
,QWHUQHW�2UGHULQJ

'LVFRXQW�IRU�WUXFNORDG
DVVRUWPHQW
'HOLYHU\�DSSRLQWPHQWV
&RQVROLGDWLRQ
/RJLVWLFV�RXWVRXUFLQJ

5HGXFWLRQ�LQ�IL[HG�FRVW
RI�RUGHULQJ�E\�(',�RU
HOHFWURQLF�FRPPHUFH
&$2

3ULFH�)OXFWXDWLRQ &RQWLQXRXV
UHSOHQLVKPHQW�SURJUDP
�&53�
(YHU\GD\�ORZ�FRVW
�('/&�

(YHU\GD\�ORZ
SULFH�('/3�
$FWLYHO\�EDVHG
FRVWLQJ�$%&�

6KRUWDJH�*DPLQJ 6KDULQJ�VDOHV��FDSDFLW\�
DQG�LQYHQWRU\�GDWD

$OORFDWLRQ�EDVHG�RQ�SDVW
VDOHV
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0HWWHUV� >��@� KDV� FRPH� XS� ZLWK� DQ� RSWLPL]DWLRQ
HTXDWLRQ� WR� TXDQWLI\� WKH� EXOOZKLS� HIIHFW� XQGHU� WKH
FRQVLGHUDWLRQ� DV� D� SHULRGLF�� WLPH�YDU\LQJ�� VWRFKDVWLF
GHPDQG� G\QDPLF� SURJUDP� ZLWK� FDSDFLWDWHG
SURGXFWLRQ�� +H� GLYLGHV� WKH� FRVW� IRU� WKH� SURGXFWLRQ
SROLF\� LQWR�SURGXFWLRQ�FRVWV�� H[SHFWHG�KROGLQJ�FRVWV�
H[FHVV� GHPDQG� FRVWV� DQG� GLVFRXQWHG� IXWXUH� FRVWV�
+RZHYHU�� WKH� HTXDWLRQ� UHSUHVHQWV� RQO\� RQH
FRPSRQHQW� LQ� WKH� VXSSO\� FKDLQ� OLQNV�� � ,I� WKH� VXSSO\
FKDLQ�QHWZRUN� LV� ODUJH�� WKHQ� WKH� FRPSXWDWLRQ� RI� WKLV
RSWLPL]DWLRQ�SUREOHP�ZLOO�EH�GLIILFXOW���,Q�DGGLWLRQ�WR
WKH�KLJK�FRPSOH[LW\�RI�WKH�HTXDWLRQ��WKLV�RSWLPL]DWLRQ
HTXDWLRQ� PD\� QRW� FDSWXUH� WKH� XQH[SHFWHG� FRVW�� IRU
H[DPSOH�� WKH� FRVW� RI� SURGXFLQJ� WKH� XQTXDOLILHG
SURGXFWV�RU�WKH�EURNHQ�JRRGV�GXULQJ�WUDQVSRUWDWLRQ�

$IWHU�WKH�FDXVHV�RI�WKH�EXOOZKLS�HIIHFW�DUH�LGHQWLILHG�
+��/��/HH�DOVR�DGGUHVVHV�WKH�FRXQWHUDFWLRQ�VWUDWHJLHV�
7KH� SULQFLSDO� LV� WR� LPSURYH� WKH� VXSSO\� FKDLQ
SHUIRUPDQFH� E\� FRRUGLQDWLQJ� LQIRUPDWLRQ� DQG
SODQQLQJ� DORQJ� WKH� VXSSO\� FKDLQ�� � +H� >��@� XVHV
GLIIHUHQW� PHWKRGV� WR� KDQGOH� WKH� GLIIHUHQW� FDXVHV� RI
WKH� EXOOZKLS� HIIHFW�� � 7KH� IROORZLQJ� WDEOH� KDV
VXPPDUL]HG� WKH� IUDPHZRUN� IRU� VXSSO\� FKDLQ
FRRUGLQDWLRQ�LQLWLDWLYHV�

����� 3URSRVH� QHZ� PHWKRGRORJ\� IRU
LQIRUPDWLRQ� VKDULQJ� LQ� VXSSO\� FKDLQ
PDQDJHPHQW

,Q� WKLV� IUDPHZRUN�� (',� LV� LPSRUWDQW� LQ� VKDULQJ
LQIRUPDWLRQ� HVSHFLDOO\� IRU� WKH� FDXVHV� RI� GHPDQG
IRUHFDVWLQJ� DQG� RUGHU� EDWFKLQJ�� ,W� FDQ� SURYLGH� DQ
HIIHFWLYH�ZD\�WR�UHFRUG��SURFHVV�DQG�GLVVHPLQDWH� WKH
VXSSO\� FKDLQ� LQIRUPDWLRQ�� � ,W� FDQ� DOVR� HQKDQFH� WKH
-XVW�,Q�7LPH� �-,7�� LQYHQWRU\� PDQDJHPHQW� E\� IDVWHU
DQG�PRUH�DFFXUDWH�ILOOLQJ�RI�RUGHUV�� � ,Q�DGGLWLRQ�� WKH
SURFHVVHG�GDWD� FDQ�EH�XVHG� LQ�PDQDJHPHQW� GHFLVLRQ
PDNLQJ�� � 7KHUHIRUH�� (',� LV� D� SRZHUIXO� WRRO� LQ
PDQDJLQJ�WKH�VXSSO\�FKDLQ�LQ�WKH�SDVW�\HDUV�

+RZHYHU��WKHUH�DUH�OLPLWDWLRQV�LQ�WKH�(',���)LUVW��LW�LV
FRVWO\�WR�GHYHORS�DQG�RSHUDWH���6HFRQGO\��LW�OLPLWV�WKH
DFFHVVLELOLW\� WR� WKH� FXVWRPHU�� � ,W� LV� RQO\� D� VWDQGDUG
WKDW� FDQ� EH� FRPPXQLFDWHG� EHWZHHQ� FRPSDQLHV� RU
YHQGRUV���7KLUGO\��(',�QHHGV�WKH�XVHUV�WR�IXOILOO�ULJLG
UHTXLUHPHQWV�� � ,I� RQH� VPDOO� FRPSDQ\� DQG� RQH� ELJ
FRPSDQ\� FDQQRW� DJUHH� DW� WKH� VDPH� VWDQGDUG�� WKH\
FDQQRW� XVH� (',� WR� FRPPXQLFDWH�� � )RXUWKO\�� (',
FDQQRW� FRYHU� DOO� WKH� VHUYLFHV� QHHGHG� LQ� WKH� VXSSO\
FKDLQ��DQG� LW�RQO\�DXWRPDWHV� WKH� WUDQVDFWLRQ�SURFHVV�
,Q� IDFW�� LW� PD\� WDNH� WKH� FRPSDQLHV� PRUH� WLPH� WR
KDQGOH� WKH�GDWD�FRQYHUVLRQ� IURP�WKH�(',�GDWD� WR� WKH
VWDQGDUG�RI�WKH�YDOXH�DGGHG�V\VWHPV���)LQDOO\��(',�LV
0-7695-0001-3/99 $10.0
D� SHHU�WR�SHHU� V\VWHP� DQG� LW� GRHV� QRW� KDYH� D� JRRG
QHJRWLDWLRQ�PHFKDQLVP�IRU�WKH�FRPSDQLHV�>��@�

,QWHUQHW� LV� EUHDNLQJ� WKURXJK� VRPH� RI� WKH� OLPLWDWLRQV
E\� GHYHORSLQJ� QHZ� WHFKQRORJLHV� ZLWK� OHVV� FRVW�
%URZVHU� LV� RQH� RI� WKH� FKHDSHVW� WRROV�� ZKLFK� LV
SRZHUIXO� LQ� YLVXDOL]LQJ� WKH� LQWHUIDFH�� � � ,Q� DGGLWLRQ�
DJHQWV�FDQ�EH�EXLOW�LQWR�WKH�EURZVHU�DQG�FRPPXQLFDWH
ZLWK� HDFK�RWKHU� WKURXJK� WKH� ,QWHUQHW�� � ,Q� IDFW�� LW� FDQ
PRGHO�PRVW�RI� WKH�SURFHVVHV�RI�(',�� �7KHUHIRUH�� WKH
DJHQW� WHFKQRORJLHV� FDQ� SURYLGH� SRUWDELOLW\� ZLWK
GLIIHUHQW� SODWIRUPV� WKDW� (',� FDQQRW� SURYLGH�
0RUHRYHU�� LW� FDQ� SURYLGH� YDOXH�DGGHG� VHUYLFHV� E\
HPEHGGLQJ� LQWHOOLJHQFH� LQWR� WKH� DJHQW� EXW� (',
DSSOLFDWLRQV� QHHG� WR� GR� FRQYHUVLRQ� EHIRUH� DQG� DIWHU
WKH� WUDQVDFWLRQ� SURFHVVHV�� � ([WHQGHG� 0DUNXS
/DQJXDJH� �;0/�� DQG� 3XOO� WHFKQRORJLHV� DOORZV� WKH
YHQGRUV� WR� JHW� FRPPHQWV� DQG� SURPRWH� SURGXFWV
WKURXJK�WKH�,QWHUQHW�EXW�(',�FDQQRW�FRQWDFW� WKH�XVHU
GLUHFWO\�� � $OO� WKHVH� IDFWRUV� VKRZ� WKDW� ,QWHUQHW
DSSOLFDWLRQ�LV�WKH�IXWXUH�WUHQG�RI�GHYHORSLQJ�EXVLQHVV
V\VWHPV�

7KHUHIRUH��ZH�FDQ�UHSODFH�(',�E\�DJHQW�DQG�,QWHUQHW�
,Q� DGGLWLRQ�� PRUH� IXQFWLRQV�� ZKLFK� DUH� ,QWHUQHW
RUGHULQJ�� VKDULQJ� VDOHV� FDSDFLW\�� VKDULQJ� LQYHQWRU\
GDWD�� FRPSXWHU� DVVLVWHG� RUGHULQJ� DQG� HWF��� FDQ� EH
LQWHJUDWHG� WRJHWKHU� LQ� RUGHU� WR� HQKDQFH� WKH
SHUIRUPDQFH�RI�WKH�V\VWHP���$V�D�UHVXOW��LW�FDQ�UHGXFH
WKH�EXOOZKLS�HIIHFW�HYHQ�EHWWHU�WKDQ�(',�

�����5HODWHG�ZRUN�LQ�,QWHOOLJHQW�$JHQW

*HQHUDOO\�� DJHQW� LV� D� SURJUDP� WKDW� FDQ� SHUIRUP� D
VSHFLILF� WDVN� ZLWKRXW� DQ\� GLUHFW� KXPDQ� VXSHUYLVLRQ�
,Q�DGGLWLRQ��WKH�GHWDLO�GHVFULSWLRQV�RI�DJHQW�KDYH�EHHQ
FDWHJRUL]HG�LQWR�VWURQJ�QRWLRQ�DQG�ZHDN�QRWLRQ�� �)RU
WKH�ZHDN�QRWLRQ��DQ�DJHQW�LV�D�KDUGZDUH�RU�VRIWZDUH�
EDVHG� FRPSXWHU� V\VWHP� WKDW� KDYH� WKH� SURSHUWLHV� RI
DXWRQRP\�� VRFLDO� DELOLW\�� UHDFWLYLW\�� SURDFWLYLW\�
WHPSRUDO� FRQWLQXLW\�� DQG� JRDO� RULHQWHGQHVV�� � )RU� WKH
VWURQJ�QRWLRQ�� DQ�DJHQW� LV� D� FRPSXWHU� V\VWHP� WKDW� LV
HLWKHU�FRQFHSWXDOL]HG�RU�LPSOHPHQWHG�XVLQJ�FRQFHSWV
WKDW� DUH� PRUH� XVXDOO\� DSSOLHG� WR� KXPDQ� VXFK� DV
PRELOLW\�� EHQHYROHQFH�� UDWLRQDOLW\�� DGDSWLYLW\�� DQG
FROODERUDWLRQ�DELOLW\�

+LQNNDQHQ� >�@� KDV� VXJJHVWHG� D� GLVWULEXWHG� GHFLVLRQ
VXSSRUW� V\VWHP� IRU� UHDO� WLPH� VXSSO\� FKDLQ
PDQDJHPHQW� XVLQJ� DJHQW� WHFKQRORJLHV�� +H� VXJJHVWV
WKDW� DJHQW� FDQ� EH� PRGHOHG� DV� D� KXPDQ� DQG
DFFRPPRGDWH� DV� PDQ\� VLWXDWLRQ� DV� SRVVLEOH�� � 7KXV�
WKH� VXSSO\� FKDLQ� FDQ� EH� GULYHQ� DQG� PDQDJHG� E\
DJHQWV� FRPSOHWHO\�� � ,Q� DGGLWLRQ�� KH� XVHV� DXFWLRQ
0 (c) 1999 IEEE 3
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PDUNHW� PRGHO�� ZKLFK� KDYH� UHVRXUFH� DJHQWV� DQG
UHTXHVW� DJHQWV� WR� ELG� DQG� DVN� VLPXOWDQHRXVO\�� WR� GR
WKH� RSWLPL]DWLRQ� IRU� WKH� UHVRXUFH� DOORFDWLRQ�
+RZHYHU�� WKLV�SDSHU� VXJJHVWV� HPSOR\LQJ�(',� DV� WKH
PHGLXP� WR� H[FKDQJH� LQIRUPDWLRQ� EHWZHHQ
FRPSDQLHV���7KHUHIRUH��LW�LV�VWLOO�D�FORVHG�ZRUOG�WR�WKH
RWKHUV�

%DUEXFHDQX� DQG� )R[� >�@� KDYH� LQWHJUDWHG� DQ� DJHQW�
EDVHG� V\VWHP� ZLWK� UXOH�EDVHG� PHFKDQLVP� WR� WKH
VXSSO\� FKDLQ� LQGXVWU\�� 7KHUH� LV� DQ� DVVRFLDWHG
SUREDELOLW\� IRU�HDFK�UXOHV� DQG� VWDWHV�� �%\� HPSOR\LQJ
WKH�0DUNRY�'HFLVLRQ�3URFHVV��WKH�RSWLPDO�DFWLRQV�FDQ
EH� GHWHUPLQHG� WR� H[HFXWH� LQ� RUGHU� WR� PD[LPL]H� WKH
H[SHFWHG�DFFXPXODWHG�UHZDUGV�RI�WKH�UXOHV�DQG�VWDWHV�
+RZHYHU��GXH�WR�WKH�FRPSOH[LW\�RI�WKH�UXOHV�DQG�UXOH
FKDLQLQJ��WKH�UXOH�EDVHG�V\VWHP�LV�GLIILFXOW�WR�DGRSW�WR
WKH�G\QDPLF�FKDQJHV�LQ�WKH�VXSSO\�FKDLQ���,Q�DGGLWLRQ�
WKHUH� PD\� EH� FRQIOLFWV� H[LVWHG� LQ� WKH� UXOH�EDVHG
V\VWHP� DQG� WKLV� FRQIOLFW� PD\� DIIHFW� WKH� OHYHO� RI
RSWLPL]DWLRQ�� � 7KHUHIRUH�� DQRWKHU� PHWKRG� VKRXOG� EH
HQWHUWDLQHG� WR� FRRUGLQDWLRQ� WKH� DJHQWV� LQ� WKH� VXSSO\
FKDLQ�

����5HODWHG�:RUN�LQ�&RQVWUDLQW
6DWLVIDFWRU\�3UREOHP

$� FRQVWUDLQW� VDWLVIDFWRU\� SUREOHP� �&63�� LQYROYHV� D
VHW�RI�YDULDEOHV��D�GRPDLQ�RI�SRWHQWLDO�YDOXHV�IRU�HDFK
YDULDEOH��DQG�D�VHW�RI�FRQVWUDLQWV��ZKLFK�VSHFLILHV�WKH
DFFHSWDEOH� FRPELQDWLRQV�RI� YDOXHV�� �7KHUH�DUH�PDQ\
DSSURDFKHV�WR�VROYH�WKH�&63�EXW�ZH�FDQ�FODVVLI\�WKHVH
WHFKQLTXHV� LQWR� �L�� SUREOHP� UHGXFWLRQ� ZKLFK� LV� WR
UHPRYH� UHGXQGDQW� YDOXHV� DQG� UHGXQGDQW� FRPSRXQG
ODEHOV�� �LL�� VROXWLRQ� V\QWKHVLV� ZKLFK� LQFUHPHQWDOO\
EXLOGV� D� ODWWLFH�� FDOOHG� PLQLPDO� SUREOHP� JUDSK� WKDW
UHSUHVHQWV� WKH� PLQLPDO� SUREOHP�� DQG� �LLL�� VHDUFKLQJ
ZKLFK� LQFOXGHV� EDFNWUDFNLQJ� DOJRULWKP�� IRUZDUG
FKHFNLQJ� �ORRNDKHDG�� DOJRULWKP�� WUXWK� PDLQWHQDQFH
V\VWHP��DQG�FRQVWUDLQW�SURSDJDWLRQ���,Q�DGGLWLRQ�WR�WKH
RULJLQDO�&63�� WKHUH� LV� LQWHUYDO� FRQVWUDLQW� VDWLVIDFWRU\
SUREOHP� �,&63�� ZLWK� WKH� GRPDLQ� RI� YDULDEOH� DV
LQWHUYDO�

,Q� D� QRUPDO� &63�� WKH� VROXWLRQ� LV� QRW� WKH� RSWLPDO
VROXWLRQ�EHFDXVH� WKHUH� LV� QR� RSWLPL]DWLRQ�ZLWKLQ� WKH
&63� RU� ,&63�� � 7UDGLWLRQDOO\�� RSWLPL]DWLRQ� ZLOO� EH
GRQH� DIWHU� DOO� SRVVLEOH� VROXWLRQV� DUH� SURSDJDWHG� DQG
VHOHFW� WKH� PRVW� RSWLPL]HG� RQH�� <DQJ� >��@� KDV
SURSRVHG� D� SURSDJDWLRQ� WHFKQLTXH� WKDW� FDQ� RSWLPL]H
WKH� VROXWLRQ� GXULQJ� SURSDJDWLRQ� DQG� WKLV� WHFKQLTXH
FDQ�IDFLOLWDWH�D�UHDO�WLPH�V\VWHP�ZLWK�LWV�SDUDOOHOLVP�

.DODNRWD� >�@� KDV� GHVLJQHG� DQ� DJHQW�EDVHG� UHDO�WLPH
V\VWHP�WR�FRRUGLQDWH�WKH�VXSSO\�FKDLQ�DQG�PRGHO�LW�DV
0-7695-0001-3/99 $10.
D�PXOWL�FRPPRGLW\�QHWZRUN�IORZ�SUREOHP��0&1)3�
ZLWK� VLGH� FRQVWUDLQWV�� +H� HPSOR\V� WKH� 3ULPDO
�%HQGHUV�W\SH�� 'HFRPSRVLWLRQ� DSSURDFK� WR
GHFRPSRVH� WKH� ZKROH� SUREOHP� LQWR� D� VXE� QHWZRUN
SUREOHP�LQ�HDFK�WLPH�SHULRG�QDWXUDOO\���:KHQ�DOO�WKH
VXE�QHWZRUN�SUREOHPV�DUH�VROYHG��WKH�RYHUDOO�SUREOHP
ZLOO� EH� VROYHG� DFFRUGLQJO\�� � +RZHYHU�� LW� GRHV� QRW
FRQVLGHU� WKH� WUDQVVKLSPHQW� EHWZHHQ�ZDUHKRXVHV� DQG
WKH�OHDG�WLPHV���,W�ZLOO�FDXVH�WKH�EXOOZKLS�HIIHFW�LI�WKH
XSVWUHDP�SURGXFH�PRUH� JRRGV�ZLWKRXW� NQRZLQJ� DQG
PDQDJLQJ�WKH�LQYHQWRU\�DW�WKH�GRZQVWUHDP�

���'HVLJQ

,Q� WKH� WUDGLWLRQDO� VXSSO\� FKDLQ�� WKH� SDWK� EHWZHHQ
FXVWRPHUV�DQG� WKH� VXSSOLHUV� LV�� �7KH� ORQJHU� WKH�SDWK
LV�� WKH� ELJJHU� WKH� GLVWRUWLRQ� LV�� � 0RVW� RI� WKH
HQWHUSULVHV� KDYH� VKRUWHQ� WKHLU� VXSSO\� FKDLQ� IURP
XVXDOO\� ILYH� OD\HUV� WR� WKUHH� OD\HUV� LQ�RUGHU� WR�UHGXFH
WKH�RSHUDWLRQ�UHGXQGDQF\�� �7KHUHIRUH�� WKHUH�DUH�RQO\
WKUHH� OD\HUV�� ZKLFK� DUH� PDQXIDFWXULQJ� SODQW�
ZDUHKRXVHV� DQG� FXVWRPHUV�� � +RZHYHU�� LI� WKH
FRRUGLQDWLRQ� PRGHO� EHWZHHQ� WKRVH� OD\HUV� LV� QRW
HIILFLHQW�� WKH� VKRUWHU� SDWK� ZLOO� FDXVH� D� ELJJHU
FRPSOH[LW\�LQ�WKH�V\VWHP���$V�WKH�DJHQW�WHFKQRORJLHV
DUH�JURZLQJ�ZLWK�WKH�SHUIRUPDQFH�RI�WKH�,QWHUQHW��LW�LV
RQH� RI� WKH� VROXWLRQV� IRU� WKLV� ORJLVWLF� PDQDJHPHQW
V\VWHP�LQ�D�GLVWULEXWHG�DQG�UHDO�WLPH�HQYLURQPHQW�

,Q�WKLV�VHFWLRQ��ZH�ZLOO�GLVFXVV
�L�� WKH�VWDWLF�VXSSO\�FKDLQ�PRGHO�
�LL�� WKH�FRQVWUDLQWV�RI�WKH�VXSSO\�FKDLQ�
�LLL��WKH� RSWLPL]DWLRQ� IXQFWLRQV� RI� WKH� VXSSO\� FKDLQ

PRGHO��DQG
�LY��WKH�ZRUN�RI�DJHQWV�

����7KH�6WDWLF�6XSSO\�&KDLQ�0RGHO

:H�FDQ�VLPSOLI\�WKH�VXSSO\�FKDLQ�IURP�XVXDOO\�PXOWL�
FRPPRGLWLHV�SUREOHP�WR�D�VLQJOH�FRPPRGLW\�SUREOHP
LQ� RUGHU� WR� KDYH� D� FOHDU� HYDOXDWLRQ� RI� WKH� DJHQW
SHUIRUPDQFH�� � /HW¶V� FRQVLGHU� D� VLQJOH� FRPPRGLW\
VXSSO\� FKDLQ� ZLWK� RQH� PDQXIDFWXULQJ� SODQW�� WZR
ZDUHKRXVHV��DQG�PDQ\�FXVWRPHUV���7KH�GHILQLWLRQV�RI
FRQVLVWHQF\� RI� D� FRQVWUDLQW� DQG� VDWLVIDFWLRQ� RI� WKH
FRQVWUDLQW�QHWZRUN�IRU�WKH�VXSSO\�FKDLQ�PRGHO�GHVLJQ
DUH�DV�IROORZV�
00 (c) 1999 IEEE 4
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'HILQLWLRQ���
$�FRQVWUDLQW��&L��8�N�I�����LV�FRQVLVWHQW�LI�DQG�RQO\�LI
¯�M¶8��"�YM�¶�9M�_�9M� �YM����$�YN�¶�9N�_�9N� �YN�

VXFK�WKDW�&L�8�N��LV�VDWLVILHG�

ZKHUH�8�LV� WKH�VHW�RI� LQGH[HV� IRU� WKH� LQSXW�YDULDEOHV
DQG� N� LV� WKH� LQGH[� RI� WKH� RXWSXW� YDULDEOH� IRU� WKH
FRQVWUDLQW�&L��I���LV�WKH�FRQVWUDLQW�IXQFWLRQ�RI�&L�

'HILQLWLRQ���
7KH�FRQVWUDLQW�QHWZRUN�IRU�WKH�VXSSO\�FKDLQ�GHVLJQ�LV
VDWLVILHG� LI� DQG� RQO\� LI� DOO� RI� WKH� FRQVWUDLQWV� DUH
FRQVLVWHQW�

����&RQVWUDLQWV

0LQ��

4XDQWLW\�

0DGH

7RWDO�

4XDQWLW\�

0DGH

0D[��

4XDQWLW\�

0DGH

+ROGLQJ�

4XDQWLW\�RI�

:DUHKRXVH�

'HOLYHU\�

4XDQWLW\�WR�

:DUHKRXVH�

'HOLYHU\�

4XDQWLW\�WR�

:DUHKRXVH�

+ROGLQJ�

4XDQWLW\�RI�

:DUHKRXVH�

7RWDO�

+ROGLQJ�

4XDQWLW\

7RWDO�

'HPDQG

� � 

�

� 

�

&RQVWUDLQW�1HWZRUN�RI�WKH�6WDWLF�6XSSO\�&KDLQ

)LJXUH����&RQVWUDLQW�1HWZRUN�RI�WKH�6WDWLF�6XSSO\
&KDLQ

0DQXIDFWXULQJ�SODQW�FRQVWUDLQWV�
0LQLPXP�TXDQWLW\�PDGH����TXDQWLW\�PDGH
�������PD[LPXP�TXDQWLW\�PDGH

:DUHKRXVH�FRQVWUDLQWV�
TXDQWLW\�KROG�RI�ZDUHKRXVH���
�����FDSDFLW\�RI�ZDUHKRXVH�

TXDQWLW\�KROG�RI�ZDUHKRXVH���
�����FDSDFLW\�RI�ZDUHKRXVH�

WRWDO�GHPDQG���WRWDO�TXDQWLW\�KROG�RI
������������������������ZDUHKRXVH��DQG�ZDUHKRXVH�
0-7695-0001-3/99 $10.
����2SWLPL]DWLRQ

7R� LQWHJUDWH� WKH� RSWLPL]DWLRQ� RI� WKH� WRWDO� FRVW� ZLWK
SURSDJDWLRQ�� WKH� RSWLPL]DWLRQ�SUREOHP� LV� IRUPXODWHG
DV�IROORZ�

0LQLPL]H� WKH� IROORZLQJ� VXEMHFW� WR� WKH� DERYH
FRQVWUDLQWV�

0DQXIDFWXULQJ�SODQW�FRVW�IXQFWLRQV�
��WRWDO�SURGXFWLRQ�FRVW� ��TXDQWLW\�PDGH��
��������������������SURGXFWLRQ�FRVW�RQ�D�VLQJOH�SURGXFW

:DUHKRXVH�FRVW�IXQFWLRQV�
��KROGLQJ�FRVW� �TXDQWLW\�KROG��
��������������������KROGLQJ�FRVW�IRU�D�VLQJOH�SURGXFW

'HOLYHU\�FRVW�IXQFWLRQV�
�TXDQWLW\� IURP� SODQW� WR� ZDUHKRXVH�� �� FRVW� RI
GHOLYHU\�SHU�XQLW���
�TXDQWLW\� IRUP� SODQW� WR� ZDUHKRXVH�� �� FRVW� RI
GHOLYHU\�SHU�XQLW���
�PDWUL[� RI� GHOLYHU\� FRVW� IURP� ZDUHKRXVH�� WR
FXVWRPHUV�ZDUHKRXVH��� �� �YHFWRU� RI� TXDQWLW\� WR
FXVWRPHUV���
�PDWUL[� RI� GHOLYHU\� FRVW� IURP� ZDUHKRXVH�� WR
FXVWRHPUV�ZDUHKRXVH��� �� �YHFWRU� RI� TXDQWLW\� WR
FXVWRPHUV�

:H� FDQ� VROYH� WKH� SUREOHP� FRQFXUUHQWO\� E\� XVLQJ
DJHQWV�� � ,Q� IDFW�� WKH� RSWLPL]DWLRQ� SUREOHP�PD\� EH� D
SUREOHP�RI�OLQHDU�SURJUDPPLQJ���+RZHYHU��WKLV�LV�QRW
HIILFLHQW� WR� GR� WKH� OLQHDU� SURJUDPPLQJ� LQ� D� VLQJOH
VHUYHU�� �:H� FDQ� HPSOR\� WKH� SDUDOOHO� SURSDJDWLRQ� WR
VROYH� WKH� FRQVWUDLQW� VDWLVIDFWLRQ� SUREOHP� DERYH� E\
XWLOL]LQJ� GLVWULEXWHG� FRPSXWHU� V\VWHP�� � ,Q� DGGLWLRQ�
LQWHOOLJHQW� DJHQW� FDQ� EH� WKH� FKDQQHO� WR� VROYH� WKH
SUREOHP� LQ� D� GLVWULEXWHG� HQYLURQPHQW� DQG� LW� ZLOO
HQKDQFH� WKH� UHDO� WLPH� SHUIRUPDQFH� RI� WKH� V\VWHP� DV
ZHOO�

����:RUN�RI�$JHQWV

,Q� WKLV� SDSHU�� DQ� DJHQW�EDVHG� V\VWHP� ZLOO� EH
SURSRVHG���7KH�PDMRU�WDVN�RI�WKLV�V\VWHP�LV�WR�ZRUN�DV
D�WHDP�WR�VROYH�WKH�FRQVWUDLQW�VDWLVIDFWLRQ�SUREOHP�LQ
WKH� VXSSO\� FKDLQ�� � ,Q� WKLV� V\VWHP�� LW� FRQVLVWV� RI� WKH
SURSDJDWLRQ� DJHQWV� DQG� LQIRUPDWLRQ� DJHQWV�� � 7KH
SURSDJDWLRQ� DJHQW� ZLOO� SHUIRUP� WKH� FRQVWUDLQW
SURSDJDWLRQ�DOJRULWKP�LQ�D�GLVFUHWH� WLPH� IDVKLRQ�� � ,Q
DGGLWLRQ� WR� ILQG� WKH� FRQVLVWHQW� VROXWLRQ�� LW� ZLOO
RSWLPL]H� WKH� SUREOHP� GXULQJ� WKH� SURSDJDWLRQ�� � 7KH
LQIRUPDWLRQ� DJHQW� LV� UHVSRQVLEOH� WR� VKRZ� WKH
LQYHQWRU\�LQIRUPDWLRQ�WR�WKH�PDQJHU�EHIRUH�DQG�DIWHU
WKH� SURSDJDWLRQ�� � ,W� FDQ� DOVR� DOHUW� WKH�PDQDJHU�ZLWK
00 (c) 1999 IEEE 5
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WKH�VXSSRUWHG�HPHUJHQF\�PHVVDJHV���7KH�IROORZLQJ�LV
WKH�V\VWHP�DUFKLWHFWXUH�

,Q� WKH� VXSSO\� FKDLQ�� WKHUH� DUH� PDQ\� GLIIHUHQW� WDVNV
DQG�QR�VLQJOH�DJHQW�FDQ�EH�GHVLJQHG� WR�KDQGOH� WKHVH
WDVNV�� � 7KXV�� PXOWLSOH� VSHFLDOL]HG� DJHQWV� VKRXOG� EH
HPSOR\HG�WR�VHUYH�WKH�VXSSO\�FKDLQ�HQWLUHO\���$JHQWV
FDQ�EH�FDWHJRUL]HG� LQWR�GLIIHUHQW�DJHQW�RUJDQL]DWLRQV
GHSHQGLQJ� RQ� VRPH� IDFWRUV� VXFK� DV� IXQFWLRQDOLW\
GLIIHUHQFH��JHRJUDSKLFDO�ORFDWLRQ�DQG�LPSOHPHQWDWLRQ
SXUSRVHV�RI� DJHQWV�� �:H�KDYH� FDWHJRUL]HG� WKHP� LQWR
WKUHH�PDMRU�RUJDQL]DWLRQV��ZKLFK�DUH�LQWHUIDFH�DJHQWV�
IXQFWLRQDO�DJHQWV�DQG�FRQWURO�DJHQWV�
0-7695-0001-3/99 $10.0
������,QWHUIDFH�$JHQW

)RU�WKH�LQWHUIDFH�DJHQW��HDFK�DJHQW�ZLOO�FRPPXQLFDWH
ZLWK� HDFK� PDQDJHU� LQ� WKH� VXSSO\� FKDLQ�� � ,W� FROOHFWV
LQIRUPDWLRQ�IURP�WKH�PDQDJHUV�HIIHFWLYHO\�LQ�RUGHU�WR
WULJJHU�RWKHU�IXQFWLRQDO�DJHQWV�WR�GR�WKH�RSWLPL]DWLRQ
ZRUN�� �2Q� WKH� RWKHU� KDQG�� LW� KDV� WKH� DELOLW\� WR� DOHUW
PDQDJHUV� WR� SHUIRUP� VSHFLILF� DFWLRQV� WR� GHDO� ZLWK
GLIIHUHQW� SUREOHPV�� � )RU� H[DPSOH�� ZKHQ� WKH
IXQFWLRQDO� DJHQWV� KDV� RUGHUHG� WKH� SURGXFWV� IURP� WKH
XSVWUHDP� RI� WKH� VXSSO\� FKDLQ�� WKLV� LQWHUIDFH� DJHQWV
KDV� WR� NHHS� WUDFN� RI� WKH� DUULYDO� RI� WKH� SK\VLFDO
SURGXFWV� DQG� XSGDWH� WKH� GDWD� LQ� WKH� LQYHQWRU\
GDWDEDVH�
$ J H Q W �1 D P H �6 H U Y H U

,Q IR UP D W LR Q �6 H UY H U

0 D Q X ID F WX U H U LQ J �3 OD Q WV : D UH K R X V H V & X V WR P H UV
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)LJXUH����$UFKLWHFWXUH�RI�PXOWL�DJHQW�V\VWHP�RQ�WKH�WKUHH�OD\HU�VXSSO\�FKDLQ
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7DEOH����0DMRU�IXQFWLRQDO�DUHDV�RI�WKH�VXSSO\�FKDLQ�PDQDJHPHQW�V\VWHP�LQ�HOHFWURQLF�FRPPHUFH
0DMRU�)XQFWLRQDO
$UHDV

6HW�RI�.H\�$FWLYLWLHV�LQ�(DFK�)XQFWLRQDO�$UHD

0DQXIDFWXULQJ (QJLQHHULQJ�DQG�SURGXFW�FRQILJXUDWLRQ��SURGXFWLRQ�SODQQLQJ�DQG�FRVW
PDQDJHPHQW��SURGXFWLRQ�H[HFXWLRQ��DQG�TXDOLW\�PDQDJHPHQW

/RJLVWLFV 3XUFKDVLQJ�DQG�RUGHULQJ�PDQDJHPHQW��GLVWULEXWLRQ��LQYHQWRU\��DQG
ZDUHKRXVLQJ

)LQDQFLDO *HQHUDO�/HGJHU��SD\DEOH�DQG�UHFHLYDEOH��ELOOLQJ��EXGJHWV�DQG�DVVHW
PDQDJHPHQW

0DUNHWLQJ $GYHUWLVLQJ��VDOHV��RUGHU�PDQDJHPHQW��FXVWRPHU�VHUYLFH�DQG�VXSSRUW��DQG
PDUNHW�UHVHDUFK�DQG�VWUDWHJ\

+506 3D\UROO�PDQDJHPHQW��WLPH�DQG�ODERU�PDQDJHPHQW��EHQHILWV
DGPLQLVWUDWLRQ��DQG�SHQVLRQ�DGPLQLVWUDWLRQ
������)XQFWLRQDO�$JHQW

)RU� WKH� IXQFWLRQDO� DJHQW�� HDFK� DJHQW� KDQGOHV� D
VSHFLILF�SUREOHP�DQG�WULHV�WR�ILQG�DQ�RSWLPDO�VROXWLRQ�
.DODNRWD�>��@�KDV�GHILQHG�WKH�PDMRU�IXQFWLRQDO�DUHDV
RI�WKH�VXSSO\�FKDLQ�PDQDJHPHQW�V\VWHP�LQ�(OHFWURQLF
&RPPHUFH�

$FFRUGLQJ� WR� WKH� IXQFWLRQV� LQ� 7DEOH� ��� WKHUH� DUH� DW
OHDVW� ILYH� DJHQWV� FDQ� EH� LGHQWLILHG�� � 7KH� 3URGXFWLRQ
DQG�&RVW�0DQDJHPHQW�$JHQW��3&0$���WKH�3XUFKDVH�
2UGHU� DQG� ,QYHQWRU\� &RQWURO� $JHQW� �32,&$��� WKH
$FFRXQWLQJ� $JHQW� �$$��� WKH� 2UGHU� 0DQDJHPHQW
$JHQW� �20$�� DQG� WKH� /DERU� 0DQDJHPHQW� $JHQW
�/0$����,Q�WKH�IROORZLQJ��WKH�MRE�GHVFULSWLRQV�RI�WKH
DJHQWV�ZLOO�EH�GLVFXVVHG�

)LUVW� RI� DOO�� WKH� 3URGXFWLRQ� DQG� &RVW� 0DQDJHPHQW
$JHQW��3&0$��FRQWDLQV�WKH�IXQFWLRQV�IRU�FDOFXODWLQJ
WKH� RSHUDWLRQ� FRVW� RI� WKH� SURGXFWLRQ�� � 7KLV� DJHQW
VKRXOG� NHHS� WKH� FRQVLVWHQF\� ZLWK� WKH� FRQVWUDLQW
VDWLVIDFWLRQ�SUREOHP�LQ�WKH�VXSSO\�FKDLQ���,W�VKRXOG�EH
DEOH� WR�PDLQWDLQ� WKH�RSWLPDO� FRVW�E\� FRPPXQLFDWLQJ
ZLWK�RWKHU�DJHQWV�ZLWKLQ�WKH�PDQXIDFWXULQJ�SODQW�

6HFRQGO\�� WKH� 3XUFKDVLQJ�2UGHULQJ� DQG� ,QYHQWRU\
&RQWURO� $JHQW� �32,&$�� FRQWDLQV� WKH� IXQFWLRQV� IRU
FDOFXODWLQJ� WKH� LQYHQWRU\� OHYHO� LQ� WKH�ZDUHKRXVH�� IRU
H[DPSOH��WKH�VDIHW\�LQYHQWRU\�OHYHO���,Q�WKLV�FDVH��WKLV
DJHQW� VKRXOG� EH� DEOH� WR�PDQDJH� WKH� LQYHQWRU\� OHYHO
ZLWK�WKH�FRUUHVSRQGLQJ�LQWHUIDFH�DJHQWV�

7KLUGO\�� WKH�$FFRXQWLQJ�$JHQW� �$$�� VKRXOG�EH� DEOH
WR�FRPPXQLFDWH�ZLWK�DOO�RWKHU�DJHQWV�EHFDXVH�DOO�WKH
WUDQVDFWLRQV� LQ� WKH� VXSSO\� FKDLQ� DUH� UHODWHG� WR� FDVK
IORZV�EHWZHHQ�GLIIHUHQW�DFFRXQWV�� � ,Q�DGGLWLRQ�WR� WKH
ERRNNHHSLQJ� DQG� DFFRXQWLQJ� IXQFWLRQV�� LW� VKRXOG
FRQWDLQ�D�VHW�RI�YDULDEOHV��H�J��WKH�H[FKDQJH�UDWHV��WD[
UDWHV� DQG� RWKHU� ILQDQFLDO� GHULYDWLYHV� WKDW� ZLOO� DIIHFW
WKH�ILQDQFLDO�HIILFLHQF\�RI�WKH�VXSSO\�FKDLQ�
0-7695-0001-3/99 $10.
)RXUWKO\�� WKH� 2UGHU� 0DQDJHPHQW� $JHQW� �20$�
FRQWDLQV� WKH� IXQFWLRQV� WR� FDOFXODWH� WKH� FRVW� LQ� WKH
GLVWULEXWLQJ�WKH�SURGXFWV�DQG�FRQWUROOLQJ�WKH�RUGHULQJ
SHULRG��,Q�DGGLWLRQ� WR� WKH�RUGHULQJ�PDQDJHPHQW�� WKLV
DJHQW� FDQ� VWRUH� WKH� SURGXFW� GHPDQG� DQG� FXVWRPHU
VHUYLFHV�VWDWLVWLFV��DQG�VKDUHV�LQIRUPDWLRQ�WR�RWKHUV�LQ
WKH�VXSSO\�FKDLQ�

)LQDOO\�� WKH� /DERU� 0DQDJHPHQW� $JHQW� �/0$�
FRQWDLQV� WKH� IXQFWLRQV� WR� FDOFXODWH� FRVW� RI� WKH� ODERU
IRUFH�� � ,Q� IDFW�� WKLV� LV� D� VXE�DJHQW� RI� WKH� 3URGXFWLRQ
DQG� &RVW� 0DQDJHPHQW� $JHQW� �3&0$�� EHFDXVH� WKH
ODERU�FRVW�LV�RQH�RI�WKH�RSHUDWLRQ�FRVW���+RZHYHU��WKH
/0$�VKRXOG�EH�VHSDUDWHG�IURP�WKH�3&0$�GXH�WR�WKH
FRPSOH[LW\�RI�WKH�KXPDQ�UHVRXUFHV�PDQDJHPHQW�

������&RQWURO�$JHQW

)RU� WKH� FRQWURO� DJHQWV�� WKH\� ZLOO� VWRUH� DOO� QHFHVVDU\
LQIRUPDWLRQ�IRU�WKH�VXSSO\�FKDLQ�V\VWHP��IRU�H[DPSOH�
WKH� DJHQW� QDPH� VHUYHU� DQG� WKH� GDWDEDVH� DJHQW�� � 7KH
DJHQW� QDPH� VHUYHU� ZLOO� NHHS� WKH� QDPH�� DGGUHVV�
VWDWXV�� IXQFWLRQDOLW\� DQG� RZQHUVKLS� RI� HDFK� DJHQW�
7KLV�LQIRUPDWLRQ�LV�LPSRUWDQW�IRU�WKH�FRPPXQLFDWLRQ
EHWZHHQ� DJHQWV�� � 7KH� GDWDEDVH� DJHQWV� DUH� SURYLGLQJ
GDWD� FRQYHUVLRQ� EHWZHHQ� SURSULHWDU\� GDWDEDVHV� DQG
WKH�VXSSO\�FKDLQ�V\VWHP�

���&XUUHQW�6WDWXV

$V�GHVFULEHG� LQ�6HFWLRQ����ZH�KDYH�GHYHORSHG� WKUHH
GLIIHUHQW� W\SHV� RI� DJHQWV� LQ� RXU� V\VWHP�� LQWHUIDFH
DJHQWV��IXQFWLRQDO�DJHQWV��DQG�FRQWURO�DJHQWV�

)LJXUH���VKRZV�WKH�DJHQW�QDPH�VHUYHU�RI� WKH�FRQWURO
DJHQW���,Q�WKH�ILUVW�GRV�SURPSW��DQ�DJHQW�QDPH�VHUYHU
LV� VWDUWHG�XS�ZDLWLQJ� IRU�QHZ�FOLHQW� WR� UHJLVWHU�� �7KH
VHFRQG� GRV� SURPSW� VKRZV� DQ� LQIRUPDWLRQ� VHUYHU
00 (c) 1999 IEEE 7
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UHJLVWHULQJ� WR� WKH� DJHQW� QDPH� VHUYHU�� � )LJXUH� �� DOVR
VKRZV� DQ� LQWHUIDFH� DJHQW�� ZKLFK� XVHV� D� 1HWVFDSH
EURZVHU� DQG� DOORZV� FXVWRPHUV� WR� RUGHU� SURGXFW
RQOLQH�� � )LJXUH� �� VKRZV� WZR� LQWHUIDFHV�� � 7KH� ILUVW
LQWHUIDFH� DOORZV�ZDUHKRXVH� DQG�PDQXIDFWXULQJ� SODQW
0-7695-0001-3/99 $10.
WR� ORJLQ� WKURXJK� D� EURZVHU� RQ� WKH� ,QWHUQHW�� � 7KH
VHFRQG� LQWHUIDFH� VKRZV� KRZ� D�PDQDJHU� FDQ� UHWULHYH
LQIRUPDWLRQ�WKURXJK�WKH� IXQFWLRQDO�DJHQWV�DIWHU� ORJLQ
WR�WKH�V\VWHP�
$JHQW�QDPH
VHUYHU�LV
VWDUWHG�XS
DQG�ZDLWV
IRU�QHZ
FOLHQW�WR
UHJLVWHU�LQ

,QIRUPDWLRQ
6HUYHU�LV
UHJLVWHULQJ
WR�WKH�$JHQW
1DPH�6HUYHU

&XVWRPHUV�RUGHU
SURGXFW�RQOLQH�
00 (c) 1999 IEEE 8
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)LJXUH����$JHQW�1DPH�6HUYHU�DQG�LQWHUIDFH�IRU�FXVWRPHUV�WR�UHJLVWHU

:DUHKRXVH�DQG

0DQXIDFWXULQJ

3ODQW�FDQ�ORJLQ

IURP�WKH

0DQDJHU�FDQ�UHWULHYH
LQIRUPDWLRQ�WKURXJK
WKH�DJHQWV�DIWHU
ORJLQ�IURP�WKH
0-7695-0001-3/99 $10.00 (c) 1999 IEEE 9
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)LJXUH���,QWHUIDFH�IRU�ZDUHKRXVH�DQG�PDQXIDFWXULQJ�SODQW�WR�ORJLQ�DQG�LQWHUIDFH�IRU�PDQDJHU�WR�XVH�WKH
IXQFWLRQDO�DJHQWV
���&RQFOXVLRQ

7KH�EXOOZKLS� HIIHFW� LV� WKH�DPSOLILFDWLRQ� WKH� GHPDQG
DV� LW� SURFHHGV� XSVWUHDP� LQ� D� PXOWLSOH� ILUP� VXSSO\
FKDLQ�� � $QG� LW� LV� D� ZHOO�GRFXPHQWHG� SUREOHP� LQ� WKH
DUHD� RI� RSHUDWLRQDO� PDQDJHPHQW� DQG� LW� DIIHFWV
VHULRXVO\�WKURXJKRXW�WKH�VXSSO\�FKDLQ�� � ,Q�IDFW�� WKHUH
DUH�PDQ\� UHVHDUFKHUV� KDV�SURSRVHG�GLIIHUHQW� NLQG� RI
VROXWLRQV��ZKLFK�DUH�WKH�PDWKHPDWLFDO� VROXWLRQ�XVLQJ
VWRFKDVWLF�SURFHVV��WKH�UXOH�EDVHG�PXOWL�DJHQW�V\VWHP
DQG� HWF�� � +RZHYHU�� PRVW� RI� WKH� VROXWLRQV� QHHG� WKH
ILUP� WR� SXW�PRUH� HIIRUW� RQ� VHWWLQJ� XS� WKH� GHYLFHV� WR
PHHW� WKH� VWDQGDUG� RU� GRLQJ� KLJK� FRPSOH[LW\
FDOFXODWLRQ�� � � � 7KH� SXUSRVH� RI� WKLV� UHVHDUFK� LV� WR
LQYHVWLJDWH� QHZ� WHFKQRORJLHV� LQWR� WKH� FRXQWHUDFWLRQ
IUDPHZRUN� RI� EXOOZKLS� HIIHFW�� GHYHORSPHQW� RI
FRQVWUDLQW� SURSDJDWLRQ� WHFKQLTXHV� IRU� WKH� VXSSO\
FKDLQ�� DQG� SURSRVH� PXOWL�DJHQW� DUFKLWHFWXUH� ZLWK
FRQVWUDLQW� VDWLVIDFWRU\� SUREOHP� WR� UHGXFH� WKH
EXOOZKLS�HIIHFW�LQ�WKH�VXSSO\�FKDLQ�
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