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,Q�WKLV�SDSHU�D�PHWKRG�IRU�WKH�SHUIRUPLQJ�WKH�FDOFXODWLRQV�UHTXLUHG�IRU�PRGXODU�
H[SRQHQWLDWLRQ�XVLQJ�UHPRWH�RU�GLVWDQW�FRPSXWDWLRQDO�UHVRXUFHV��7KH�SURSRVHG�PHWKRG�
RSHUDWHV�E\�VHSDUDWLQJ� WKH�SURFHGXUH� IRU�PRGXODU�H[SRQHQWLDWLRQ� LQ� WZR�FRPSRQHQWV��
7KH� ILUVW� FRPSRQHQW� ZKLFK� LV� FRPSXWDWLRQDOO\� VLPSOH� LV� SHUIRUPHG� RQ� WKH� XVHU�
WHUPLQDO� DQG� WKH� VHFRQG� DQG� FRPSXWDWLRQDOO\� FRPSOH[� FRPSRQHQW�� LV� H[HFXWHG� RQ�
SRZHUIXO� FORXG� FRPSXWDWLRQDO� UHVRXUFHV�� 7KH� GHWDLOV� RI� WKH� SURSRVHG� GLVWULEXWHG�
FDOFXODWLRQ� DUH� SUHVHQWHG�� +HQFH�� WKH� PHWKRGRORJ\� IRU� WKH� RUJDQL]DWLRQ� RI� WKH�
FDOFXODWLRQV�LV�DQDO\]HG��7KH�FDOFXODWLRQ�LV�LOOXVWUDWHG�E\�PHDQV�RI�D�VLPSOH�QXPHULFDO�
H[DPSOH�

.H\� ZRUGV�� PRGXODU� H[SRQHQWLDWLRQ�� FORXG� FRPSXWLQJ�� FU\SWRJUDSK\�� VHFXUH�
FRPSXWDWLRQV���
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��� ;LDRIHQJ� &KHQ�� 1HZ� $OJRULWKPV� IRU� 6HFXUH� 2XWVRXUFLQJ� RI� 0RGXODU�
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7DUJHW� VHWWLQJ�� 7KH� QDWXUDO� ZD\� WR� UHVWRUH� FU\SWRJUDSKLF� UHVLOLHQFH� RI�
LQIRUPDWLRQ� VHFXULW\� V\VWHPV�RI� WKLV� FODVV� LQ� VLPLODU� FRQGLWLRQV� LV� WR� LQFUHDVH� WKH�ELW�
GHSWK�Q�RI�WKH�QXPEHUV�XWLOL]HG��+RZHYHU��DV�PHQWLRQHG�DERYH��LQFUHDVLQJ�RI�ELW�GHSWK�
VLJQLILFDQWO\�VORZV�GRZQ�FDOFXODWLRQV�� UHODWHG� WR� LQIRUPDWLRQ�VHFXULW\� IXQFWLRQV��7KLV�
VLWXDWLRQ� PD\� EH� RYHUFRPH� E\� XVLQJ� FRPSXWLQJ� UHVRXUFHV� RI� FORXG� V\VWHPV� IRU�
PRGXODU�H[SRQHQWLDWLRQ�� LQ�VXFK�D�PDQQHU� WKDW� WKDW�ZKHQ�FDOFXODWLQJ� WKH�$(�PRG�0��
WKH�VHFUHW�H[SRQHQW�(�FRGH�DQG�WKH�SURFHVVHG�QXPEHU�$�DUH�QRW�GLVFORVHG��

7KH�SULQFLSOH�GLIILFXOW\�LQ�WDFNOLQJ�WKLV�SUREOHP�OLHV�LQ�WKH�IDFW�WKDW�WKHUH�H[LVWV�QR�
JHQHUDO�DSSURDFK�IRU�JXDUDQWHHLQJ�GDWD�SURWHFWLRQ�GXULQJ�SURFHVVLQJ��0HWKRGV�IRU�GDWD�
SURWHFWLRQ�GHSHQG�KHDYLO\�RQ�WKH�QDWXUH�RI�WKH�RSHUDWLRQV�HPSOR\HG�GXULQJ�SURFHVVLQJ��
,Q�RWKHU�ZRUGV��GDWD�VHFXULW\�WHFKQRORJLHV�UHTXLUH�D�KRPRPRUSKLF�HQFU\SWLRQ�SURFHGXUH�
IRU� WKH� UHPRWH� GDWD� HQFU\SWLRQ� SURFHVV� >�@�� )RU� WKLV� UHDVRQ�� D� QXPEHU� RI� GLIIHUHQW�
VROXWLRQV� IRU� WKH� VHFXUH� UHPRWH� LPSOHPHQWDWLRQ� RI� VROXWLRQV� WR� SUREOHPV� RI� GLIIHUHQW�
FDWHJRULHV��VXFK�DV�OLQHDU�DOJHEUD�RU�LPDJH�SURFHVVLQJ�KDYH�EHHQ�SURSRVHG��

&RQVHTXHQWO\��DPRQJVW�WKH�WDUJHWV�RI�DOJRULWKPV�IRU�WKH�UHPRWH�LPSOHPHQWDWLRQ�
RI�PRGXODU� H[SRQHQWLDWLRQ� VKRXOG� EH� WKH� GLUHFW� FRRUGLQDWLRQ� RI� SDUDOOHO� VROXWLRQV� WR�
WKLV�SUREOHP�LQ�V\VWHPV�ZLWK�PXOWLSOH�SURFHVVRUV���

7KH� SXUSRVH� RI� WKH� SUHVHQW� UHVHDUFK� LV� WR� GHYHORS� D� PHWKRG� IRU� WKH� VHFXUH�
LPSOHPHQWDWLRQ� RI� WKH� PRGXODU� H[SRQHQWLDWLRQ� RSHUDWLRQ� LQ� FORXG� V\VWHPV�� ZLWK� WKH�
FDSDELOLW\�IRU�SDUDOOHOLVP���

$V� D� UHVXOW� RI� WKH� UHVHDUFK� SURSRVHG�� D� VLPSOH� WHFKQRORJLFDO� DSSURDFK� ZDV�
SURSRVHG� IRU� H[SORLWLQJ�FORXG�FRPSXWLQJ� UHVRXUFHV� LQ�RUGHU� WR� LQFUHDVH� WKH� VSHHG�RI�
FDOFXODWLRQV� RI� WKH� IXQGDPHQWDO� RSHUDWLRQ� WKDW� LV� UHTXLUHG� IRU� PRVW� GDWD� VHFXULW\�
SURWRFROV�� 7KLV� RSHUDWLRQ� LV� PRGXODU� H[SRQHQWLDWLRQ�� 7KH� DFFHOHUDWLRQ� RI� WKH�
FDOFXODWLRQ� LV� DFKLHYHG� E\� PHDQV� RI� WKH� WUDQVIHU� RI� D� VLJQLILFDQW� SURSRUWLRQ� RI� WKH�
FRPSOH[LW\� LQYROYHG� WR� FRPSXWLQJ� UHVRXUFHV� DYDLODEOH� YLD� WKH� XVH� RI� FORXG�
WHFKQRORJLHV���

7KH�PHWKRG�SURSRVHG�LQYROYHV�WKH�H[HFXWLRQ�RI�SDUW�RI�WKH�FDOFXODWLRQV�RQ�XVHU�
HTXLSPHQW� DQG� DQRWKHU� SDUW� LQ� UHPRWH� FRPSXWDWLRQDO� UHVRXUFHV�� 'XULQJ� WKH� FORXG�
SURFHVVLQJ��WKH�VHFUHF\�RI�ERWK�WKH�GDWD�DQG�WKH�XVHU�NH\�LV�SUHVHUYHG���

,WZDVVKRZQE\PHDQVRIERWKWKHRUHWLFDODQGSUDFWLFDOFDOFXODWLRQVWKDWWKHYROXPHRIWK
HRSHUDWLRQVUHTXLUHG�WR�EH�SHUIRUPHG�E\�WKH�XVHUV�LV�UHGXFHG�E\�DSSUR[LPDWHO\�D�IDFWRU�
RI� WKUHH� WLPHV�� 7KLV� UHGXFWLRQ� UHVXOWV� LQ� D� VLJQLILFDQW� LQFUHDVH� LQ� WKH� VSHHG� RI�
LPSOHPHQWDWLRQ� RI� FU\SWRJUDSKLF� PHFKDQLVPV�� E\� XVH� RI� WKH� VLJQLILFDQW� SURFHVVLQJ�
UHVRXUFHV�PDGH�DYDLODEOH�E\�WKH�FRQWHPSRUDU\�FORXG�UHVRXUFHV���

7KH�SURSRVHG�PHWKRG� LV�RULHQWHG� WR�XVHU� DSSOLFDWLRQV� WKDW�RSHUDWH�RQ�SRUWDEOH�
FRPSXWLQJ�WHUPLQDOV�ZLWK�VPDOO�SURFHVVLQJ�SRZHU�DQG�FRQQHFWHG�WR�WKH�LQWHUQHW��

.H\� ZRUGV�� PRGXODU� H[SRQHQWLDWLRQ�� FORXG� FRPSXWLQJ�� FU\SWRJUDSK\�� VHFXUH�
FRPSXWDWLRQV���
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