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7KH�SDSHU�FRQVLGHUV�QHZ�OLQHV�RI�LQYHVWLJDWLRQ�LQ�WKHRUHW�
LFDO�LQIRUPDWLRQ�DQG�PDWKHPDWLFDO�F\EHUQHWLFV��FRQWLQXDO�DO�
JHEUDLF�ORJLFV�Ü�VSHFLDO�DOJHEUDHV�DQG�JHQHUDO�ORJLFV��DQG�LQ
DQDORJ� FRPSXWLQJ� PDFKLQHU\� �UHODWRU� FLUFXLWU\�� DLPHG� DW
VROYLQJ�FRPSXWDWLRQDO�FRQWURO�WDVNV�RQ�WKH�EDVLV�RI�XQLYHUVDO
ORJLFDO�DQG�DOJHEUDLF�WRRO�RI�LPSOLFDWLYH�FKRLFH�DOJHEUD�
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7KH�SDSHU�H[DPLQHV�D�QHZ�DSSURDFK�WR� WKH�GLVWULEXWHG
FDOFXODWLRQV�RUJDQL]DWLRQ�LQ�WKH�,QWHUQHW��EDVHG�RQ�WKH�PDWK�
HPDWLFDOO\�FRPSOHWH�DQG�FORVHG�PRGHO�RI�WUHH�W\SH�VWUXFWXUHV
FDOFXOXV��UHDOL]HG�E\�PHDQV�RI�3$56(&�SURJUDPPLQJ�V\V�
WHP��7KH�3$56(&�ODQJXDJH�LV�VXSSOHPHQWHG�ZLWK�WKH�RSHU�
DWRUV�IRU�UHVRXUFHV�DGPLQLVWUDWLRQ�DQG�EXON�GDWD�WUDQVIHU��7KH
HIIHFWLYHQHVV�RI�WKH�SURSRVHG�QHW�UHVRXUFHV�FRQWURO�WHFKQLTXH
LV�VKRZQ�E\�WKH�H[DPSOH�RI�UHDO�WLPH�FRPSUHVVLRQ�HQFRGLQJ
IRU�+���� YLGHRFRQIHUHQFHV�DQG�IRU�03(*�GLJLWDO�YLGHR�
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7KH�SUREOHP�RI�FKRRVLQJ�RSWLPDO�SDUDPHWHU�YDOXHV� IRU
DQDORJ�GHYLFHV�DQG�V\VWHPV�LV�FRQVLGHUHG��6SHFLDO�DWWHQWLRQ�LV
SDLG�WR�WKH�DOJRULWKPV�WKDW�UHGXFH�WKH�FRPSXWDWLRQ�FRVW�RI
RSWLPL]DWLRQ�SUREOHP��6HYHUDO�SDUDOOHO�WHFKQLTXHV�IRU�PXOWL�
YDULDWH�DQDO\VLV�DQG�VWRFKDVWLF�RSWLPL]DWLRQ�DUH�GLVFXVVHG�
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7KH�SDSHU�RIIHUV�HIIHFWLYH�WHFKQLTXHV�WKDW�FRQVLGHUDEO\�UH�
GXFH� WKH� DPRXQW� RI� VHDUFKLQJ� SHUIRUPHG� IRU� ILQGLQJ� WKH
VKRUWHVW�VROXWLRQ�RI�OLQHDU�ORJLF�HTXDWLRQV��,W�SUHVHQWV�VRIWZDUH
LPSOHPHQWDWLRQ�UHVXOWV��HVWLPDWHV�WKH�FRPSHWLWLYHQHVV�RI�WKH
SURJUDPV�GHYHORSHG�DQG�GLVFXVVHV�WKHLU�DSSOLFDWLRQ�DUHDV�
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7KH�SUREOHP�RI�GHWHFWLQJ�WKH�FKDQJHV�LQ�WKH�SURSHUWLHV�RI
FRLQWHJUDWHG�QRQVWDWLRQDU\�SURFHVVHV�LV�GLVFXVVHG��$�FXPXOD�
WLYH�VXP�DOJRULWKP�LV�RIIHUHG�IRU�GHWHFWLQJ�WKH�FRLQWHJUDWLRQ
ORVV��7KH�HIIHFWLYHQHVV�RI�WKH�DSSURDFK�SURSRVHG�LV�GHPRQVWUDW�
HG�ZLWK�WKH�VROXWLRQ�WR�WKH�SUREOHP�RI�DQDO\]LQJ�D�JURXS�RI�5XV�
VLDQ�PDUNHW�LQGLFHV�GHVFULEHG�DV�QRQVWDWLRQDU\�WLPH�VHULHV�
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7KH�SDSHU�VROYHV�D�FRPPHUFLDO�EXGJHWLQJ�SUREOHP��,W�RIIHUV
YLUWXDO�DQDO\]HUV�IRU�PDUNHWLQJ�LQIRUPDWLRQ�EDVHG�RQ�SDUDPHW�
ULF�LGHQWLILFDWLRQ�DQG�LQYHQWRU\�FRQWURO�DOJRULWKPV�DQG�PRGHOV
XQGHU�LQFRPSOHWH�D�SULRUL�LQIRUPDWLRQ�DQG�UDQGRP�VXSSOLHV�
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7KH�SDSHU�VWXGLHV�EDVLF�UHJXODULWLHV�RI�WKH�VZLWFKLQJ�DFWLYLW\
LQ�SURFHVV�RI�UHWXUQLQJ�WKH�VWRFN�PDUNHW�WR�WKH�LQLWLDO�FKDQQHO
RI�WKH�V\VWHP�V�HYROXWLRQ��,W�UHYHDOV�WZR�GLVWLQFWLYH�IHDWXUHV�RI
WKH�UHWXUQ�LQWHUYDOV��7KH�ILUVW�IHDWXUH�LV�WKH�PLQLPL]DWLRQ�RI�WKH
IUDFWDO�GLPHQVLRQ�RI�WKH�HYROXWLRQ�WUDMHFWRU\��ZKLOH�WKH�VHFRQG
RQH�LV�WKH�PLQLPL]DWLRQ�RI�LQWHUPLWWHQF\�LQGH[�
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7KH� SDSHU� SUHVHQWV� D� V\VWHP�OHYHO� VHOI�GLDJQRVLV� �6'�
PHWKRG� IRU� WKH� FRPSRQHQWV� �PRGXOHV� DQG� FRPPXQLFDWLRQ
OLQHV��RI�UHFRQILJXUDEOH�V\VWHPV�ZLWK�PXOWLSOH�KDUG�IDLOXUHV�RI
VHYHUDO�FRPSRQHQWV��7KH�PHWKRG�LV�EDVHG�RQ�WKH�H[SDQGLQJ
GRPDLQ�DVVXPSWLRQ��$Q�H[DPSOH�RI�� IDLOHG�FRPSRQHQWV�6'
LQ�D���IDXOW�WROHUDQW�V\VWHP�LV�DGGXFHG�
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7KH�SDSHU�FODVVLILHV�EDVLF�W\SHV�RI�FRQWLQJHQFLHV��ZKLFK
PLJKW�WDNH�SODFH�DW�WKH�ORQJ�IXQFWLRQLQJ�VSDFH�VWDWLRQ��,W�DOVR
GHILQHV�DQG�GHVFULEHV�NH\�IHDWXUHV�RI�FULWLFDO�IXQFWLRQV�SHU�
IRUPHG�E\�VSDFH�VWDWLRQ�V�DXWRPDWLFV�DQG�VRIWZDUH��7KH�VRIW�
ZDUH�LV�FDWHJRUL]HG�E\�GDQJHU�FODVVHV�DFFRUGLQJ�WR�1$6$�DQG
(6$�UHTXLUHPHQWV�
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7KH�SUREOHP�RI�ZLGH�DXGLHQFH�DFFHVV�WR�LQIRUPDWLRQ�LV
GLVFXVVHG��7KH�SDSHU�LQWURGXFHV�WKH�LGHD�RI�DQ�RSHQ�TXHXLQJ
V\VWHP�DQG�GLVFXVVHV�WKH�DSSOLFDWLRQ�RI�VSHHFK�UHFRJQLWLRQ
WHFKQRORJ\�WR�RUJDQL]H�D�YRLFH�LQWHUIDFH�IRU�LQIRUPDWLRQ�V\V�
WHPV��7KH�H[LVWLQJ�V\VWHP�ZLWK�WKH�DFFHVV�WR�GDWDEDVHV�YLD�WKH
SKRQH�LV�GHVFULEHG�
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7KH�SUREOHP�RI�UROOLQJ�D�VSDFH�URSH�V\VWHP�E\�FRQWUROOLQJ
WKH�URSH�WHQVLRQ�LV�FRQVLGHUHG�EDVHG�RQ�WKH�IROORZLQJ�DVVXPS�
WLRQ��WKH�V\VWHP�LV�UHYROYLQJ�DORQJ�WKH�FLUFXODU�RUELW��LW�FRQ�
VLVWV�RI�� PRGXOHV�FRQQHFWHG�ZLWK�D�LPSRQGHUDEOH�DQG�QRQH�
ODVWLF�URSH�DQG�LV�LQ�WKH�VWDWH�RI�HLWKHU�OLEUDWLRQ�RU�YHUWLFDO�VWD�
EOH�HTXLOLEULXP��$�WHQVLRQ�FRQWURO�SURJUDP�LV�SURSRVHG�WKDW
SUHVXPHV�WKH�DYDLODELOLW\�RI�EDVLF�WUDMHFWRU\�DQG�PXOWLSDUDP�
HWHU�FRQWURO�UHODWLYH�WR�LW�


