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7KH�DUWLFOH�GHDOV�ZLWK�DQ�DOJRULWKP�DQG�KDUGZDUH�LPSOHPHQWDWLRQ�RI�WZR�SODFH�
DQG�PXOWL�SODFH� IXQFWLRQV�RI� DGGLWLRQ� LQ�RQ�OLQH�PRGH��ZKLFK�DOORZV� WR� FRPELQH� WKH�
SURFHVVHV�RI�ELW�E\�ELW�LQSXW��SURFHVVLQJ�DQG�ELW�E\�ELW�RXWSXW�RI�LQIRUPDWLRQ��VWDUWLQJ�
ZLWK�WKH�KLJK�RUGHU�ELW�ZLWK�WKH�XVH�RI�UHGXQGDQW�QXPEHU�V\VWHP��,W�LV�VKRZQ�WKDW�WKH�
LPSOHPHQWDWLRQ� RI� D�PXOWL�SODFH� IXQFWLRQ� HQDEOHV� WR� UHGXFH� GHOD\� LQ� WKH� UHVXOW� GLJLW�
REWDLQLQJ��DV�ZHOO�DV�VFRSH�RI�HTXLSPHQW��

.H\� ZRUGV�� RQ�OLQH� FRPSXWDWLRQV�� UHGXQGDQW� QXPEHU� V\VWHP�� GHSHQGHQW�
RSHUDWLRQV�RYHUODS��
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5HOHYDQFH�RI�WKH�UHVHDUFK�WRSLF��7KH�VROXWLRQ�RI�FRPSOH[�WDVNV�RI�LQIRUPDWLRQ�
SURFHVVLQJ� LQ� UHDO� WLPH� GHWHUPLQHV� WKH� XVH� RI� SDUDOOHO� FRPSXWLQJ� V\VWHPV�� ,Q� VXFK�
V\VWHPV� WKH� WLPH� RI� VROYLQJ� SUREOHPV� GHSHQGV� QRW� RQO\� RQ� WKH� WLPH� RI� H[HFXWLRQ� RI�
SDUDOOHO� EUDQFKHV� RI� DOJRULWKPV�� EXW� DOVR� RQ� WKH� WLPH� VSHQW� RQ� WKH� H[FKDQJH� RI�
LQIRUPDWLRQ�EHWZHHQ�FRPSXWLQJ�PRGXOHV��5HGXFLQJ�WKH�WLPH�VSHQW�RQ�GDWD�H[FKDQJH�LV�
DQ�XUJHQW�WDVN��

3UREOHP� VWDWHPHQW��:KHQ� EXLOGLQJ� V\VWHPV� EDVHG� RQ� )3*$�� DQ� HFRQRPLFDO�
XVH� RI� WKH� PLFURFLUFXLW� UHVRXUFH� �LQWHUQDO� IXQFWLRQDO� EORFNV� DQG� H[WHUQDO� SLQV�� LV�
LPSRUWDQW� LQ� RUGHU� WR� UHGXFH� WKH� QXPEHU� RI� FKLSV� IRU� WKH� LPSOHPHQWDWLRQ� RI� WKH�
FRPSXWLQJ� V\VWHP�� 7KH� SDSHU� FRQVLGHUV� WKH� SRVVLELOLW\� RI� VROYLQJ� WKLV� SUREOHP� E\�
UHGXFLQJ�WKH�QXPEHU�RI�FRQQHFWLRQV�EHWZHHQ�FRPSRQHQWV�RI�WKH�V\VWHP��

$QDO\VLV� RI� UHFHQW� UHVHDUFKHV�DQG�SXEOLFDWLRQV�� 3HUIRUPLQJ� RSHUDWLRQV� XVLQJ�
SDUDOOHO�DULWKPHWLF�UHTXLUHV�GDWD�WUDQVIHU�EHWZHHQ�EORFNV�ZLWK�PXOWL�ELW�FRGHV��7KLV�GRHV�
QRW� VDYH� WKH� VZLWFKLQJ� HOHPHQWV� RI� WKH� )3*$��7R� UHGXFH� WKH� QXPEHU�RI� OLQNV�� TXDVL�
SDUDOOHO�DULWKPHWLF�PHWKRGV�KDYH�EHHQ�GHYHORSHG��&DOFXODWLRQV�LQ�WKLV�FDVH�LQ�HDFK�EORFN�
DUH�SHUIRUPHG�ZLWK�ELWZLVH�LQWURGXFWLRQ�RI�RSHUDQGV��7R�H[FOXGH�WUDQVIHUV�WR�WKH�XSSHU�
GLJLWV��UHGXQGDQW�QXPEHU�V\VWHPV�DUH�XVHG��:KHQ�SHUIRUPLQJ�FKDLQV�GHSHQGHQW�RQ�GDWD�
RSHUDWLRQV�� LW� EHFRPHV� SRVVLEOH� WR� RYHUODS� RSHUDWLRQV� DW� WKH� SURFHVVLQJ� OHYHO� RI� WKH�
RSHUDQG�ELWV��7KLV�LV�VKRZQ�LQ�D�QXPEHU�RI�ZRUNV��6LQJOLQJ�RXW�RI�XQH[SORUHG�SDUWV�RI�
WKH� JHQHUDO� SUREOHP�� :KHQ� SHUIRUPLQJ� WKH� FKDLQ� RI� GHSHQGHQW� RSHUDWLRQV�� HDFK�
PRGXOH� ZRUNV� LQ� RQ�OLQH� PRGH�� :LWK� WKH� LQFUHDVH� LQ� WKH� OHQJWK� RI� WKH� FKDLQ� RI�
RSHUDWLRQV��WKH�SURFHVVLQJ�WLPH�LQFUHDVHV��7R�UHGXFH�WKH�QXPEHU�RI�RSHUDWLRQV�LQ�D�FKDLQ��
LW�LV�DGYLVDEOH�WR�XVH�PRGXOHV�WKDW�SHUIRUP�PXOWLSOH�RSHUDWLRQV��

7DVN� GHILQLWLRQ�� ,Q� WKH� SUHVHQW� SDSHU�� WKH� HIILFLHQF\� RI� UHDOL]LQJ� D� PXOWL�
RSHUDQG�IXQFWLRQ�LQ�WKH�FDVH�RI�UHGXQGDQW�GDWD�UHSUHVHQWDWLRQ�LV�VKRZQ��

6WDWHPHQW�RI�WKH�PDLQ�PDWHULDO��7KH�DOJRULWKP�DQG�KDUGZDUH�LPSOHPHQWDWLRQ�
RI� WKH� DGGLWLRQ� IXQFWLRQ� LQ� RQ�OLQH� PRGH� XVLQJ� UHGXQGDQW� QXPEHU� V\VWHPV� LV�
FRQVLGHUHG�� $� FRPSDUDWLYH� DQDO\VLV� RI� WKH� VSHHG� DQG� FRPSOH[LW\� RI� GHYLFHV� ZLWK�
GLIIHUHQW�QXPEHU�RI�RSHUDQGV� LV�SHUIRUPHG��7KH�UHVXOW�RI�FRPSDULVRQ�VKRZHG�JUHDWHU�
HIILFLHQF\�RI�GHYLFHV�ZLWK�D�ODUJH�QXPEHU�RI�RSHUDQGV��

.H\�ZRUGV��RQ�OLQH�FRPSXWDWLRQV��UHGXQGDQW�QXPEHU�V\VWHP��GHSHQGHQW�RSHUDWLRQV�
RYHUODS�
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