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+HW GRHO YDQ GLW SURHIVFKULIW LV KHW JHQHUDOLVHUHQ GH PHWKRGH PDVNLQJ GLH

ZRUGW JHEUXLNW WHU YHUEHWHULQJ YDQ GH EHWURXZEDDUKHLG YDQ GLJLWDOH V\VWH�

PHQ� 7HYHQV ZRUGW HHQ PHWKRGH JHSUHVHQWHHUG GLH KHW FRUUHFW IXQFWLRQHUHQ

YDQ HHQ IRXWHQ�WROHUHUHQG V\VWHHP RQDIKDQNHOLMN PDDNW YDQ HHQ RQEHWURXZ�

EDUH RPJHYLQJ� 9RRU GLW ODDWVWH GRHO LV HHQ QLHXZ HQ HpFLHQW DOJRULWPH YRRU

LQWHUDFWLHYH FRQVLVWHQWLH RQWZLNNHOG�

7RW QX WRH ZHUGHQ IRXWHQ�WROHUHUHQGH GLJLWDOH V\VWHPHQ YHHODO EHVFKUHYHQ

GRRU WH YHUNODUHQ KRH LQ HHQ EHSDDOGH DUFKLWHFWXXU GH H[WUD� G�Z�] UHGXQ�

GDQWH� RQGHUGHOHQ RI GHHOV\VWHPHQ ZRUGHQ EHQXW RP GH EHWURXZEDDUKHLG YDQ

KHW WRWDOH V\VWHHP WH YHUEHWHUHQ�

,Q GH]H FRQWH[W GLHQW EHWURXZEDDUKHLGVYHUEHWHULQJ WH ZRUGHQ EHVFKRXZG

DOV GH YHUKRXGLQJ WXVVHQ GH 0HDQ�7LPH�%HWZHHQ�)DLOXUHV YDQ HHQ IRXWHQ�

WROHUHUHQG V\VWHHP HQ GH 0HDQ�7LPH�%HWZHHQ�)DLOXUHV YDQ HHQ QLHW�IRXWHQ�

WROHUHUHQG V\VWHHP PHW GH]HOIGH IXQFWLRQDOLWHLW�

)RXWHQ�WROHUHUHQGH DUFKLWHFWXUHQ ZRUGHQ WHJHQZRRUGLJ PHW VXFFHV WRHJHSDVW

LQ WHOHIRRQ FHQWUDOHV� LQ FRPSXWHUV YRRU KHW EHWDDOYHUNHHU� UXLPWHYDDUW� HQ

]HOIV LQ GH EXUJHUOXFKWYDDUW�

+HW QDGHHO YDQ GH KXLGLJH RQWZHUSPHWKRGHQ YRRU IRXWHQ�WROHUHUHQGH GLJL�

WDOH V\VWHPHQ LV KHW IHLW GDW GH EHWURXZEDDUKHLG QLHW DOOHHQ DIKDQNHOLMN LV

YDQ GH YHUEHWHULQJ GLH YHUNUHJHQ ZRUGW GRRU KHW WRHSDVVHQ YDQ HHQ EDVLVDU�

FKLWHFWXXU� PDDU GDW GH EHWURXZEDDUKHLGVYHUEHWHULQJ WHYHQV DIKDQNHOLMN LV

YDQ DOOHUOHL RQWZHUSGHWDLOV� %RYHQGLHQ ZRUGW GH EHWURXZEDDUKHLGVYHUEHWHU�

LQJ EHSDDOG GRRU GH YUDDJ RI KHW DUFKLWHFWXXUFRQFHSW FRQVHTXHQW LV WRHJHSDVW

RI GDW EHSDDOGH DDQSDVVLQJHQ ]LMQ JHPDDNW WHQHLQGH GH NRVWHQ WH YHUODJHQ�

9RRU YHHO RQWZHUSHQ YDQ IRXWHQ�WROHUHUHQGH GLJLWDOH V\VWHPHQ EOLMNW KHW HUJ

PRHLOLMN WH ]LMQ RP JHGXUHQGH KHW RQWZHUSSURFHV GH RQWZHUSEHVOLVVLQJHQ WH
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KHUNHQQHQ GLH NULWLVFK ]LMQ YRRU GH EHWURXZEDDUKHLGVYHUEHWHULQJ� ,Q IHLWH

NRPW KHW HU RS QHHU GDW DOV JHYROJ YDQ GH WRHJHSDVWH RQWZHUSPHWKRGH GH

EHWURXZEDDUKHLGVHLJHQVFKDSSHQ QLHW NXQQHQ ZRUGHQ JHYHULnHHUG WLMGHQV KHW

RQWZHUSSURFHV� 'XV GH XLWHLQGHOLMNH EHWURXZEDDUKHLGVYHUEHWHULQJ YDQ KHW

IRXWHQ�WROHUHUHQG V\VWHHP KDQJW VWHUN DI YDQ GH NZDOLWHLW YDQ KHW RQWZHUS�

KHW RQWZHUSSURFHV HQ KHW YDOLGDWLHSURFHV� ,Q LHGHU JHYDO LV GH EHUHNHQGH RI

JHVFKDWWH EHWURXZEDDUKHLGVYHUEHWHULQJ YDQ YHHO RQWZHUSHQ WZLMIHODFKWLJ�

,Q GLW SURHIVFKULIW ZRUGW EHVFKUHYHQ KRH YRRU GH NODVVH YDQ IRXWHQ�WROHUHUHQGH

GLJLWDOH V\VWHPHQ GLH JHEDVHHUG ]LMQ RS ?PDVNLQJ� HHQ DDQWDO YDQ GH]H QDGH�

OHQ ZHJ WH QHPHQ ]LMQ GRRU KHW IRXWHQ�WROHUHUHQG V\VWHHP WH UHGXFHUHQ WRW

HHQ YHU]DPHOLQJ JHNRSSHOGH 0RRUH PDFKLQHV HQ GRRU GH NULWLVFKH GDWD FRP�

PXQLFDWLHV LQ HHQ GHUJHOLMN V\VWHHP WH LGHQWLnFHUHQ�

%RYHQGLHQ ]DO KHW NODVVLHNH PDVNLQJ FRQFHSW ZRUGHQ JHJHQHUDOLVHHUG GRRU GH

PHHUGHUKHLGVIXQFWLH� GLH GH NHUQ YRUPW YDQ GH]H PHWKRGH� WH YHUYDQJHQ GRRU

HHQ GHFRGHHUIXQFWLH YDQ HHQ IRXWHQFRUULJHUHQGH FRGH� +HW UHVXOWDDW KLHUYDQ

]XOOHQ ZH ?*HQHUDOL]HG 0DVNLQJ� QRHPHQ�

'H WRWDOH NODVVH YDQ IRXWHQ�WROHUHUHQGH GLJLWDOH V\VWHPHQ� GLH JHEDVHHUG LV RS

*HQHUDOL]HG 0DVNLQJ PHW LQEHJULS YDQ GH NODVVLHNH PDVNLQJ�V\VWHPHQ NDQ�

LQGLHQ GH V\VWHPHQ RS HHQ YROGRHQG KRRJ QLYR YDQ DEVWUDFWLH EHVFKUHYHQ

]LMQ� GRRU WZHH GHHONODVVHQ ZRUGHQ JHNDUDNWHULVHHUG� DIKDQNHOLMN YDQ GH ZL�

M]H ZDDURS GH GHHOV\VWHPHQ YHUERQGHQ ]LMQ� 'H]H WZHH GHHONODVVHQ ZRUGHQ

JHNDUDNWHULVHHUG GRRU UHVSHFWLHYHOLMN WZHH IXQFWLHV�QO� ; HQ < RI GRRU GULH

IXQFWLHV QO� ; �< HQ =� DOVPHGH GRRU KHW PD[LPXP DDQWDO 7 WH WROHUHUHQ

GHIHFWH PRGXOHV� 'H V\VWHPHQ GLH GRRU GH]H WZHH NODVVHQ EHVFKUHYHQ ZRUGHQ

]LMQ UHVSHFWLHYHOLMN �; �<� 7 � V\VWHPHQ HQ �; �< �=� 7� V\VWHPHQ�

'H IXQFWLH ; EHVFKULMIW GH PDQLHU ZDDURS LHGHU YDQ GH PRGXOHV LQ KHW IRXWHQ�

WROHUHUHQG V\VWHHP ]LMQ LQIRUPDWLH RQWYDQJW YDQ GH EXLWHQZHUHOG� :H ]XOOHQ

DDQWRQHQ GDW GH]H IXQFWLH DOWLMG FRUUHFW PRHW ZRUGHQ XLWJHYRHUG RRN ZDQ�

QHHU GLH EXLWHQZHUHOG IRXWLHYH HQ PLVOHLGHQGH LQIRUPDWLH QDDU KHW V\VWHHP

VWXXUW� ,V DDQ GH]H YRRUZDDUGH QLHW YROGDDQ� GDQ NDQ KHW IRXWHQ�WROHUHUHQG

V\VWHHP ]LFK LQFRUUHFW JDDQ JHGUDJHQ ]HOIV ZDQQHHU PLQGHU PRGXOHV GHIHFW

]LMQ GDQ YROJHQV KHW RQWZHUS LV WRHJHVWDDQ� 'LW ZRUGW KHW ?,QSXW 3UREOHP�

JHQRHPG�

+HW FRUUHFW XLWYRHUHQ YDQ GH IXQFWLH ; KRXGW LQ GDW GH FRUUHFW IXQFWLRQHUHQGH

PRGXOHV LQ KHW IRXWHQ�WROHUHUHQG V\VWHHP DOOHPDDO WRW GH]HOIGH FRQFOXVLH
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PRHWHQ NRPHQ EHWUHmHQGH GH LQIRUPDWLH GLH ]LM YDQXLW GH H[WHUQH EURQ

KHEEHQ RQWYDQJHQ� :DQQHHU GLH H[WHUQH EURQ FRUUHFW IXQFWLRQHHUW GDQ PRHW

GLH FRQFOXVLH RYHUHHQNRPHQ PHW GH GDWD GLH GRRU GLH H[WHUQH EURQ ZDV YHU�

VWXXUG�

$OJRULWPHQ GLH VRRUWJHOLMNH HLJHQVFKDSSHQ EH]LWWHQ DOV GH HLJHQVFKDSSHQ GLH

YHUHLVW ]LMQ YRRU GH IXQFWLH ; ]LMQ GH ]RJHQDDPGH DOJRULWPHQ YRRU LQWHUDF�

WLHYH FRQVLVWHQWLH RI %\]DQWLMQVH *HQHUDDOV $OJRULWPHQ� 6LQGV ���� ZRUGHQ

GH]H DOJRULWPHQ RQGHU]RFKW HQ VLQGVGLHQ ]LMQ YHOH UHVXOWDWHQ JHSXEOLFHHUG�

'H DOJRULWPHQ YRRU ,QWHUDFWLHYH &RQVLVWHQWLH KHEEHQ KHW QDGHHO GDW ZDQQHHU

WZHH RI PHHU IRXWHQ JHWROHUHHUG PRHWHQ ZRUGHQ� HHQ HQRUPH KRHYHHOKHLG GDWD

WXVVHQ GH PRGXOHV YDQ KHW IRXWHQ�WROHUHUHQG V\VWHHP PRHW ZRUGHQ XLWJHZLV�

VHOG� 9RRU SUDNWLVFKH WRHSDVVLQJHQ EHWHNHQW GLW GDW QLHW PHHU GDQ GULH RI

YLHU GHIHFWH PRGXOHV LQ HHQ V\VWHHP JHWROHUHHUG NXQQHQ ZRUGHQ� 7HQHLQGH

GH KRHYHHOKHLG GDWD GLH YHU]RQGHQ PRHW ZRUGHQ WH YHUPLQGHUHQ� ZRUGW HHQ

QLHXZH NODVVH YDQ DOJRULWPHQ YRRU LQWHUDFWLHYH FRQVLVWHQWLH JHSUHVHQWHHUG� GLH

PLQGHU FRPPXQLFDWLH YHUHLVW LQGLHQ KHW DDQWDO WH WROHUHUHQ GHIHFWH PRGXOHV

NOHLQHU LV GDQ YLHU� +HODDV ZRUGW JHHQ YHUEHWHULQJ YHUNUHJHQ YRRU KHW PHHVW

HHQYRXGLJH DOJRULWPH� QO� KHW DOJRULWPH GDW JHVFKLNW LV YRRU YLHU PRGXOHV

ZDDUYDQ HU WHQ KRRJVWH HuHQ IRXW PDJ ]LMQ�

7HQVORWWH ZRUGHQ LQ GLW SURHIVFKULIW HHQ DDQWDO PHWKRGHQ JHSUHVHQWHHUG GLH

KHW ,QSXW 3UREOHP RSORVVHQ� 'H]H DOJRULWPHQ ]LMQ JHEDVHHUG RS DOJRULWPHQ

YRRU LQWHUDFWLHYH FRQVLVWHQWLH�

6DPHQYDWWHQG LV KHW GRHO YDQ GLW SURHIVFKULIW

q 'H JHQHUDOLVDWLH YDQ GH YHU�1 �YRXGLJLQJ PHWKRGH� ZHONH JHEDVHHUG LV

RS HHQ JHGLVWULEXHHUGH XLWYRHULQJ YDQ HHQ IRXWHQFRUULJHUHQGH FRGH� +HW

UHVXOWDDW QRHPHQ ZH ?*HQHUDOL]HG 0DVNLQJ��

q 'H GHnQLWLH YDQ WZHH NODVVHQ IRXWHQ�WROHUHUHQGH V\VWHPHQ GLH GH NODVVH

YDQ V\VWHPHQ GLH JHEDVHHUG ]LMQ RS *HQHUDOL]HG 0DVNLQJ NDUDNWHULV�

HUHQ�

q 'H SUHVHQWDWLH YDQ HHQ EHSDDOGH DUFKLWHFWXXU� KHW �1�.��FRQFHSW GLH

JHEDVHHUG LV RS *HQHUDOL]HG 0DVNLQJ HQ ZDDUYDQ GH YRRUGHOHQ LQ GH

SUDNWLMN ]LMQ EHZH]HQ�
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q 'H SUHVHQWDWLH YDQ HHQ V\PERROFRUULJHUHQGH FRGH WHQ EHKRHYH YDQ KHW

��� �� FRQFHSW� GLH QDDVW GH V\PERROIRXWHQ RRN QRJ LQ VWDDW LV ELW�IRXWHQ

WH FRUULJHUHQ ]RQGHU GDW GDDU H[WUD UHGXQGDQWLH YRRU QRGLJ LV�

q 'H GHnQLWLH YDQ KHW ,QSXW 3UREOHP YDQ HHQ IRXWHQ�WROHUHUHQG V\VWHHP�

q 'H SUHVHQWDWLH YDQ HHQ QLHXZH NODVVH YDQ V\QFKURQH GHWHUPLQLVWLVFKH DO�

JRULWPHQ YRRU LQWHUDFWLHYH FRQVLVWHQWLH GLH JHEDVHHUG LV RS PHHUGHUKHL�

GVEHVOLVVLQJHQ HQ IRXWHQFRUULJHUHQGH FRGHV HQ GLH LQ SUDFWLVFKH WRHSDVVLQ�

JHQ PLQGHU GDWD FRPPXQLFDWLH YHUHLVW GDQ GH EHVWDDQGH V\QFKURQH

GHWHUPLQLVWLVFKH DOJRULWPHQ YRRU LQWHUDFWLHYH FRQVLVWHQWLH�

q 'H RSORVVLQJ YDQ KHW ,QSXW 3UREOHP PHW EHKXOS YDQ JHOLMNVRRUWLJH

DOJRULWPHQ DOV GH DOJRULWPHQ YRRU LQWHUDFWLHYH FRQVLVWHQWLH�
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7KLV WKHVLV DWWHPSWV WR JHQHUDOL]H D SDUWLFXODU PHWKRG� FDOOHGPDVNLQJ� ZKLFK

LV XVHG IRU LPSURYLQJ WKH UHOLDELOLW\ RI GLJLWDO V\VWHPV� VXFK DV FRPSXWHU V\V�

WHPV� 0RUHRYHU D PHWKRG LV SUHVHQWHG ZKLFK PDNHV WKH SURSHU IXQFWLRQLQJ

RI D IDXOW�WROHUDQW V\VWHP LQGHSHQGHQW RI DQ XQUHOLDEOH H[WHUQDO ZRUOG� )RU

WKH ODWWHU SXUSRVH D QHZ DQG HmHFWLYH LQWHUDFWLYH FRQVLVWHQF\ DOJRULWKP LV

GHYHORSHG�

7KXV IDU IDXOW�WROHUDQW GLJLWDO V\VWHPV DUH PRVWO\ GHVFULEHG MXVW E\ H[SODLQ�

LQJ KRZ WKH VSDUH �L�H� UHGXQGDQW� FRPSRQHQWV RU VXEV\VWHPV LQ D SDUWLFXODU

DUFKLWHFWXUH DUH XWLOL]HG IRU LPSURYLQJ WKH RYHUDOO V\VWHP UHOLDELOLW\�

,Q WKH SUHVHQW FRQWH[W WKH UHOLDELOLW\ LPSURYHPHQW VKRXOG EH LQWHUSUHWHG DV

WKH UDWLR EHWZHHQ WKH PHDQ WLPH EHWZHHQ IDLOXUHV RI WKH IDXOW�WROHUDQW V\V�

WHP DQG WKH PHDQ WLPH EHWZHHQ IDLOXUHV RI D QRQ�IDXOW�WROHUDQW V\VWHP ZLWK

WKH VDPH IXQFWLRQDOLW\�

$W SUHVHQW PDQ\ IDXOW�WROHUDQW DUFKLWHFWXUHV DUH VXFFHVVIXOO\ DSSOLHG LQ UHDO

ZRUOG V\VWHPV� VXFK DV WHOHSKRQH H[FKDQJHV� VSDFH YHKLFOHV� FRPSXWHUV IRU

WUDQVDFWLRQ SURFHVVLQJ� HWF�� DQG HYHQ LQ FLYLO DYLDWLRQ�

7KH GUDZEDFN RI WKH FXUUHQW GHVLJQ PHWKRGV IRU IDXOW�WROHUDQW V\VWHPV KRZ�

HYHU LV WKDW UHOLDELOLW\ LPSURYHPHQW QRW RQO\ GHSHQGV RQ WKH LPSURYHPHQW

DFKLHYHG E\ WKH DSSOLFDWLRQ RI VRPH EDVLF DUFKLWHFWXUH� EXW WKDW WKH UHOLDELO�

LW\ DOVR GHSHQGV RQ PDQ\ GHVLJQ GHWDLOV DQG ZKHWKHU WKH DUFKLWHFWXUDO LGHDV

DUH LPSOHPHQWHG VWUDLJKWIRUZDUGO\ RU ZKHWKHU VRPH DGDSWDWLRQV KDYH EHHQ

PDGH LQ RUGHU WR DUULYH DW D PRUH FRVW�HmHFWLYH GHVLJQ� ,Q PDQ\ IDXOW�WROHUDQW

GHVLJQV� GHVLJQ GHFLVLRQV ZKLFK DUH FULWLFDO ZLWK UHVSHFW WR WKH UHOLDELOLW\ LP�

SURYHPHQW� DUH YHU\ GLpFXOW WR UHFRJQL]H GXULQJ WKH GHVLJQ SURFHVV� ,Q IDFW LW

RIWHQ WXUQV RXW WKDW GXH WR WKH GHVLJQ PHWKRGV DSSOLHG� WKH UHOLDELOLW\ SURS�

HUWLHV RI WKH V\VWHP FDQQRW EH YHULnHG GXULQJ WKH GHVLJQ SURFHVV� +HQFH WKH

�
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TXDOLW\ RI WKH GHVLJQ� WKH GHVLJQ SURFHVV DQG WKH YDOLGDWLRQ SURFHVV KHDYLO\

GHWHUPLQHV WKH nQDO UHOLDELOLW\ RI WKH IDXOW�WROHUDQW V\VWHP� $W OHDVW WKH FDO�

FXODWHG RU HVWLPDWHG UHOLDELOLW\ LPSURYHPHQW RI PDQ\ RI WKH SUHVHQW GHVLJQV

LV TXHVWLRQDEOH�

,Q WKLV WKHVLV ZH ZLOO WU\ WR RYHUFRPH VRPH RI WKHVH GUDZEDFNV IRU WKH FODVV

RI IDXOW�WROHUDQW DUFKLWHFWXUHV ZKLFK DUH EDVHG RQ PDVNLQJ� E\ UHGXFLQJ D

IDXOW�WROHUDQW GLJLWDO V\VWHP ZKLFK LV EDVHG RQ PDVNLQJ WR D VHW RI FRXSOHG

0RRUH PDFKLQHV DQG LGHQWLI\LQJ WKH FULWLFDO GDWD WUDQVIHUV�

0RUHRYHU� WKH FODVVLFDO PDVNLQJ FRQFHSW� WKH1 �PRGXODU UHGXQGDQF\ VFKHPH�

ZLOO EH JHQHUDOL]HG E\ UHSODFLQJ WKH PDMRULW\ YRWH� ZKLFK LV WKH NH\ RI WKLV

PHWKRG� E\ WKH GHFRGHU IXQFWLRQ RI DQ HUURU�FRUUHFWLQJ FRGH� 7KH UHVXOW ZLOO

EH FDOOHG ?*HQHUDOL]HG PDVNLQJ��

3URYLGHG WKH V\VWHPV DUH GHVFULEHG RQ D VXpFLHQWO\ KLJK OHYHO RI DEVWUDFWLRQ�

WKH HQWLUH FODVV RI IDXOW�WROHUDQW V\VWHPV EDVHG RQ JHQHUDOL]HG PDVNLQJ� WKH

FODVVLFDO PDVNLQJ V\VWHPV LQFOXVLYH� FDQ EH GHVFULEHG LQ WZR ZD\V GHSHQGLQJ

RQ WKH LQWHUFRQQHFWLRQ RI WKH VXEV\VWHP� 2QH RI WKHVH VXEFODVVHV LV FKDUDF�

WHUL]HG E\ WZR IXQFWLRQV� L�H� ; DQG < DQG WKH QXPEHU 7 RI IDXOW\ PRGXOHV

WKDW FDQ EH WROHUDWHG� 7KH RWKHU VXEFODVV LV FKDUDFWHUL]HG E\ WKUHH IXQF�

WLRQV ; �< DQG = DQG WKH QXPEHU 7 RI IDXOW\ PRGXOHV WKDW FDQ EH WROHUDWHG�

7KH V\VWHPV GHVFULEHG E\ WKHVH WZR FODVVHV DUH FDOOHG �; �<� 7 � V\VWHPV DQG

�; �<�= � 7 � V\VWHPV UHVSHFWLYHO\�

7KH IXQFWLRQ ; GHVFULEHV WKH ZD\ LQ ZKLFK HDFK RI WKH PRGXOHV RI WKH IDXOW�

WROHUDQW V\VWHP UHFHLYHV LWV LQIRUPDWLRQ IURP WKH RXWVLGH ZRUOG� :H ZLOO

VKRZ WKDW WKLV IXQFWLRQ PXVW EH SHUIRUPHG ?IDXOW IUHH� HYHQ LI WKH RXWVLGH

ZRUOG SURGXFHV LQFRUUHFW GDWD� RWKHUZLVH WKH IDXOW�WROHUDQW V\VWHP PLJKW JR

GRZQ HYHQ LI LW FRQWDLQV OHVV IDXOW\ PRGXOHV WKDQ LW LV GHVLJQHG WR WROHUDWH�

7KLV ZLOO EH FDOOHG WKH ?,QSXW 3UREOHP��

$ ?IDXOW IUHH� SHUIRUPDQFH RI WKH IXQFWLRQ ; PHDQV WKDW WKH FRUUHFWO\ IXQF�

WLRQLQJ PRGXOHV LQ WKH IDXOW�WROHUDQW V\VWHP DOO PXVW FRPH WR WKH VDPH FRQ�

FOXVLRQ DERXW ZKDW WKH H[WHUQDO VRXUFH KDV VHQW WKHP� $QG LI WKH H[WHUQDO

VRXUFH IXQFWLRQV FRUUHFWO\� WKLV FRQFOXVLRQ VKRXOG EH WKH GDWD ZKLFK ZHUH

VHQW E\ WKH H[WHUQDO VRXUFH�

$OJRULWKPV ZLWK SURSHUWLHV VLPLODU WR WKRVH ZKLFK DUH UHTXLUHG IRU WKH IXQF�

WLRQ ; DUH WKH VR�FDOOHG ,QWHUDFWLYH &RQVLVWHQF\ $OJRULWKPV RU %\]DQWLQH



�

*HQHUDOV $OJRULWKPV� 7KH\ KDYH EHHQ LQYHVWLJDWHG VLQFH ���� DQG PDQ\

UHVXOWV KDYH EHHQ SXEOLVKHG VLQFH WKHQ�

7KH LQWHUDFWLYH FRQVLVWHQF\ DOJRULWKPV VXmHU IURP WKH IDFW WKDW LI WZR RU

PRUH IDXOW\ PRGXOHV DUH WR EH WROHUDWHG DQ HQRUPRXV DPRXQW RI GDWD KDV

WR EH WUDQVPLWWHG EHWZHHQ WKH PRGXOHV RI WKH IDXOW�WROHUDQW V\VWHP� ,Q

SUDFWLFH WKLV PHDQV WKDW QR PRUH WKDQ WKUHH RU IRXU IDXOW\ PRGXOHV FDQ EH

WROHUDWHG LQ D V\VWHP� ,Q RUGHU WR UHGXFH WKH DPRXQW RI GDWD ZKLFK KDV

WR EH WUDQVPLWWHG� D QHZ FODVV RI LQWHUDFWLYH FRQVLVWHQF\ DOJRULWKPV ZLOO EH

SUHVHQWHG ZKLFK LV EDVHG RQ HUURU FRUUHFWLQJ FRGHV DQG ZKLFK LI WKH QXPEHU

RI IDXOW\ PRGXOHV LV IRXU RU OHVV� UHTXLUHV OHVV GDWD WR EH WUDQVPLWWHG WKDQ

WKH H[LVWLQJ DOJRULWKPV� 8QIRUWXQDWHO\ QR LPSURYHPHQW LV REWDLQHG IRU WKH

PRVW VLPSOH DOJRULWKP ZKLFK UXQV RQ � PRGXOHV RI ZKLFK DW PRVW RQH PD\

EH IDXOW\�

)LQDOO\ ZH ZLOO SUHVHQW D QXPEHU RI PHWKRGV ZKLFK VROYH WKH ,QSXW 3URE�

OHP� 7KHVH PHWKRGV DUH EDVHG RQ DQ DOJRULWKP VLPLODU WR WKH LQWHUDFWLYH

FRQVLVWHQF\ DOJRULWKPV�

,Q VXPPDU\ WKLV WKHVLV DLPV DW

q $ JHQHUDOL]DWLRQ RI WKH 1 �PRGXODU UHGXQGDQF\ VFKHPH ZKLFK LV EDVHG

RQ WKH GLVWULEXWHG LPSOHPHQWDWLRQ RI HUURU�FRUUHFWLQJ FRGHV� DQG ZKLFK

ZLOO EH FDOOHG JHQHUDOL]HG PDVNLQJ�

q $ GHnQLWLRQ RI WKH WZR FODVVHV RI V\VWHPV ZKLFK FKDUDFWHUL]H WKH V\V�

WHPV WKDW DUH EDVHG RQ JHQHUDOL]HG PDVNLQJ�

q 7KH SUHVHQWDWLRQ RI D SDUWLFXODU DUFKLWHFWXUH� FDOOHG WKH �1�.��FRQFHSW�

ZKLFK LV EDVHG RQ JHQHUDOL]HG PDVNLQJ DQG WKH IHDVLELOLW\ RI ZKLFK LV

SURYHG E\ DSSOLFDWLRQ LQ D FRPPHUFLDO V\VWHP�

q 7KH SUHVHQWDWLRQ RI D V\PERO�HUURU�FRUUHFWLQJ FRGH WR EH XVHG LQ WKH

��� ���FRQFHSW� ZKLFK LQ DGGLWLRQ WR V\PERO�HUURUV LV DOVR FDSDEOH RI

FRUUHFWLQJ ELW HUURUV ZLWKRXW UHTXLULQJ H[WUD UHGXQGDQF\�

q $ GHnQLWLRQ RI WKH ,QSXW 3UREOHP RI D IDXOW�WROHUDQW V\VWHP�

q 7KH SUHVHQWDWLRQ RI D QHZ FODVV RI LQWHUDFWLYH FRQVLVWHQF\ DOJRULWKPV

ZKLFK LV EDVHG RQ YRWLQJ DQG FRGLQJ� DQG ZKLFK UHTXLUHV LQ PRVW SUDF�

WLFDO DSSOLFDWLRQV OHVV GDWD WUDQVIHU WKDQ WKH H[LVWLQJ V\QFKURQRXV GH�

WHUPLQLVWLF LQWHUDFWLYH FRQVLVWHQF\ DOJRULWKPV�
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q 7KH VROXWLRQ RI WKH ,QSXW 3UREOHP RQ WKH EDVLV RI DOJRULWKPV VLPLODU

WR WKH LQWHUDFWLYH FRQVLVWHQF\ DOJRULWKPV�
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7KH nHOG RI IDXOW�WROHUDQW FRPSXWLQJ LV VWLOO UDWKHU QHZ� 7KLV FDQ EH FRQ�

FOXGHG IURP D VWLOO FRQWLQXLQJ GLVFXVVLRQ RQ GHnQLWLRQV DQG D ODFN RI VWDQGDUG

OLWHUDWXUH LQ ZKLFK WKH DUHD LV WUHDWHG IURP D IRUPDO SRLQW RI YLHZ LQVWHDG

RI IURP D SKHQRPHQRORJLFDO SRLQW RI YLHZ� 7KHUHIRUH D VKRUW LQWURGXFWLRQ

WR WKH nHOG RI IDXOW�WROHUDQW FRPSXWLQJ DQG RQH RI LWV PRVW LQWULJXLQJ LVVXHV�

WKH VR�FDOOHG ?,QSXW SUREOHP� LV SUHVHQWHG LQ &KDSWHU �� ,Q WKLV FKDSWHU VXE�

VHTXHQWO\ WKH DVSHFWV ZKLFK GHWHUPLQH WKH UHOLDELOLW\ RI D GLJLWDO V\VWHP DUH

GLVFXVVHG� WKH UHOHYDQW UHOLDELOLW\ FULWHULD DUH GHnQHG� DQG D VXUYH\ LV JLYHQ

RI WKH YDULRXV PHWKRGV DQG WHFKQLTXHV ZKLFK DUH DYDLODEOH IRU LPSURYLQJ

WKH UHOLDELOLW\ RI GLJLWDO V\VWHPV VXFK DV IDXOW DYRLGDQFH DQG IDXOW�WROHUDQFH

EDVHG RQ HUURU GHWHFWLRQ� PDVNLQJ UHGXQGDQF\ RU G\QDPLF UHGXQGDQF\�

)XWKHUPRUH� LQ WKLV FKDSWHU ZH ZLOO SRLQW RXW WKDW WKH PHWKRG WR EH XVHG

RIWHQ GHSHQGV RQ WKH UHTXLUHG IRUP RI UHOLDELOLW\ �IDLO�VDIH� IDXOW�WROHUDQW�

VXUYLYDEOH ZLWKRXW UHSDLU� DQG WKH GHJUHH RI LPSURYHPHQW WR EH DFKLHYHG�

,Q D VHSDUDWH VHFWLRQ WKH DUJXPHQWV DUH SUHVHQWHG ZKLFK VXSSRUW WKH RSLQLRQ

WKDW UHSDLUDEOH IDXOW�WROHUDQW V\VWHPV VKRXOG EH LPSOHPHQWHG E\ PHDQV RI

PDVNLQJ UHGXQGDQF\� WKH ODWWHU EHLQJ WKH VXEMHFW RI WKLV WKHVLV�

)LQDOO\ WKH ?,QSXW SUREOHP� ZKLFK LV DQ LQWHJUDO SDUW RI DQ\ IDXOW�WROHUDQW

V\VWHP ZLOO EH H[SODLQHG�

,Q &KDSWHU � WKH ZHOO NQRZQ 1�PRGXODU UHGXQGDQF\ VFKHPH ZLOO EH JHQ�

HUDOL]HG WR D FODVV RI V\VWHPV ZKLFK ZH ZLOO FDOO ?*HQHUDOL]HG PDVNLQJ UH�

GXQGDQF\�� $V DQ LQWURGXFWLRQ WR *HQHUDOL]HG PDVNLQJ nUVW D SDUWLFXODU

DUFKLWHFWXUH� FDOOHG WKH �1�.��FRQFHSW� ZKLFK EHORQJV WR WKLV FODVV ZLOO EH

SUHVHQWHG� 7KLV QHZ IDXOW�WROHUDQW FRPSXWHU DUFKLWHFWXUH LV EDVHG RQ D ?GLV�

WULEXWHG LPSOHPHQWDWLRQ� RI D V\PERO�HUURU�FRUUHFWLQJ FRGH� 7KH IDXOWV LQ

WKLV �1�.��FRQFHSW DUH PDVNHG E\ WKLV HUURU�FRUUHFWLQJ FRGH LQVWHDG RI E\ D

PDMRULW\ YRWH IXQFWLRQ ZKLFK LV WKH FDVH LQ 1�PRGXODU UHGXQGDQW V\VWHPV�

�
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7R XQGHUVWDQG EHWWHU WKH WLPH GHSHQGHQF\ RI D V\QFKURQRXV GLJLWDO V\VWHP

ZH ZLOO PRGHO D V\QFKURQRXV GLJLWDO V\VWHP E\ PHDQV RI WKH 0RRUH PRGHO

DQG UHODWH WLPH DQG VSDFH E\ XQIROGLQJ WLPH LQWR VSDFH�

8VLQJ DV D EDVLV WKH XQIROGHG UHSUHVHQWDWLRQ RI WKH 1�PRGXODU UHGXQGDQF\

VFKHPH ZH ZLOO LGHQWLI\ DQG GLVFXVV WKH FULWLFDO GDWD WUDQVIHUV� :H ZLOO VKRZ

WKDW WKH EURDGFDVW RI GDWD DQG WKH YRWLQJ RQ WKH UHVXOWV FDQ EH UHSODFHG E\

WKH HQFRGHU IXQFWLRQ DQG WKH GHFRGHU IXQFWLRQ RI DQ HUURU�FRUUHFWLQJ FRGH

UHVSHFWLYHO\� 7KLV FDQ EH LPSOHPHQWHG IRU WKH ,�2 RI WKH V\VWHP DV ZHOO DV

IRU WKH VWDWH RI WKH V\VWHP� 7KLV UHVXOWV LQ WKH GHnQLWLRQ RI D �; �<� 7 � IDXOW�

WROHUDQW V\VWHP DQG D �; �<�=� 7 � IDXOW�WROHUDQW V\VWHP� 5HDO IDXOW�WROHUDQW

V\VWHPV EDVHG RQ JHQHUDOL]HG PDVNLQJ ZLOO EH EDVHG RQ D PL[WXUH RI ERWK�

7KH EDVLF LGHDV EHKLQG *HQHUDOL]HG PDVNLQJ FRXOG DOVR EH GHVFULEHG LQ WHUPV

RI D ?GLVWULEXWHG LPSOHPHQWDWLRQ RI DQ HUURU�FRUUHFWLQJ FRGH� RU LQ WHUPV RI

?WKH HQFRGLQJ RI SK\VLFDOO\ LPSOHPHQWHG IXQFWLRQV��

7KH �1�.��FRQFHSW LV GHVFULEHG LQ GHWDLO IRU 1  � DQG .  ��

,W ZLOO EH VKRZQ WKDW V\PERO�HUURU�FRUUHFWLQJ FRGHV ZLWK DGGLWLRQDO ELW�HUURU�

FRUUHFWLQJ FDSDELOLWLHV PDNH DGGLWLRQDO PHPRU\ SURWHFWLRQ E\ PHDQV RI ELW�

HUURU�FRUUHFWLQJ FRGHV VXSHUoXRXV DQG D QHZO\ GHVLJQHG V\PERO� DQG ELW�

HUURU�FRUUHFWLQJ FRGH IRU WKH ��� ���FRQFHSW ZLOO EH SUHVHQWHG�

7KH V\VWHPV GHVFULEHG LQ &KDSWHU � DUH DOO EDVHG RQ WKH DVVXPSWLRQ WKDW

WKH ,QSXW 3UREOHP LV VROYHG� ,Q &KDSWHU � WKLV nQDOO\ ZLOO EH GRQH RQ WKH

EDVLV RI LQWHUDFWLYH FRQVLVWHQF\ DOJRULWKPV� &KDSWHUV � DQG � ZLOO EH GHYRWHG

WR WKHVH LQWHUDFWLYH FRQVLVWHQF\ DOJRULWKPV�

,Q &KDSWHU � WKH %\]DQWLQH *HQHUDOV SUREOHP� ZKLFK LV DOVR FDOOHG WKH ,QWHU�

DFWLYH FRQVLVWHQF\ SUREOHP� ZLOO EH VNHWFKHG EDVHG RQ LWV RULJLQDO GHVFULSWLRQ�

,WV UHOHYDQW SDUDPHWHUV ZLOO EH GLVFXVVHG DQG WKH UHTXLUHPHQWV ZKLFK KDYH WR

EH IXOnOOHG E\ DQ DOJRULWKP ZKLFK VROYHV WKH SUREOHP DUH GHnQHG� 7KHUHDIWHU

D VXUYH\ ZLOO EH JLYHQ RI WKH H[LVWLQJ OLWHUDWXUH DQG WKH UHVXOWV REWDLQHG VR

IDU�

,Q WKH VHFRQG SDUW RI &KDSWHU � D QHZ FODVV RI DOJRULWKPV ZLOO EH GHnQHG

ZKLFK ZLOO EH FDOOHG 'LVSHUVHG -RLQHG &RPPXQLFDWLRQ DOJRULWKPV DQG ZKLFK

VDWLVI\ VRPH SURSHUWLHV ZKLFK FDQ EH UHJDUGHG DV D PRUH OLEHUDO YHUVLRQ RI

WKH LQWHUDFWLYH FRQVLVWHQF\ UHTXLUHPHQWV�

%DVHG RQ WKHVH 'LVSHUVHG -RLQHG &RPPXQLFDWLRQ DOJRULWKPV D QHZ FODVV RI
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DOJRULWKPV IRU UHDFKLQJ LQWHUDFWLYH FRQVLVWHQF\ ZLOO EH SUHVHQWHG� 7KLV FODVV

RI DOJRULWKPV LV EDVHG RQ YRWLQJ DQG HUURU�FRUUHFWLQJ FRGHV DQG PHHWV ERWK

WKH 1 w �7 � � ERXQG DQG WKH . w 7 � � ERXQG�

7KH FODVV RI ,QWHUDFWLYH &RQVLVWHQF\ DOJRULWKPV EDVHG RQ YRWLQJ DQG HUURU�

FRUUHFWLQJ FRGHV FRPSULVHV�

q WKH FODVV RI DOJRULWKPV EDVHG RQ YRWLQJ SXEOLVKHG LQ WKH HDUO\ HLJKWLHV�

ZKLFK ZH ZLOO FDOO WKH FODVVLFDO DOJRULWKPV�

q D QHZ FODVV RI DOJRULWKPV EDVHG RQ YRWLQJ ZKLFK UHTXLUH FRQVLGHUDEO\

OHVV GDWD FRPPXQLFDWLRQ WKDQ WKH FODVVLFDO DOJRULWKPV DQG ZKLFK PHHW

ERWK WKH . w 7 � � ERXQG DQG WKH 1 w �7 � � ERXQG�

7KH FODVV RI DOJRULWKPV GHVFULEHG LQ &KDSWHU � FRQWDLQV DOJRULWKPV ZKLFK

UHTXLUH PXFK OHVV GDWD FRPPXQLFDWLRQ EHWZHHQ WKH PRGXOHV WKDQ WKH H[�

LVWLQJ V\QFKURQRXV GHWHUPLQLVWLF DOJRULWKPV� ,Q RUGHU WR FRPSDUH WKH QHZ

DOJRULWKPV GHnQHG LQ &KDSWHU � ZLWK WKH H[LVWLQJ V\QFKURQRXV GHWHUPLQLVWLF

DOJRULWKPV WZR FULWHULD ZLOO EH GHnQHG� L�H��

q WKH QXPEHU RI PHVVDJHV ZKLFK QHHGV WR EH WUDQVPLWWHG EHWZHHQ WKH

PRGXOHV�

q WKH PLQLPXP VL]H RI WKH RULJLQDO PHVVDJH�

)RU WKHVH FULWHULD D QXPEHU RI UHODWLRQV ZLOO EH GHULYHG ZKLFK PDNH LW SRVVLEOH

WR FDOFXODWH WKHVH nJXUHV� )RU D ODUJH QXPEHU RI SUDFWLFDO H[DPSOHV WKH

UHVXOWLQJ nJXUHV DUH SUHVHQWHG�

$OWKRXJK WKH QXPEHU RI PHVVDJHV LQ RXU QHZ FODVV RI DOJRULWKPV EDVHG RQ

YRWLQJ DQG HUURU�FRUUHFWLQJ FRGHV� LQFUHDVHV H[SRQHQWLDOO\ ZLWK WKH QXPEHU

RI IDXOWV ZKLFK DUH WR EH WROHUDWHG DQG WKH QXPEHU RI PHVVDJHV LQ RQH RI WKH

DOJRULWKPV SXEOLVKHG E\ 'ROHY JURZV SRO\QRPLDO ZLWK WKH QXPEHU RI IDXOWV

ZKLFK DUH WR EH WROHUDWHG� ZH ZLOO VKRZ WKDW IRU SUDFWLFDO DSSOLFDWLRQV WKH

DOJRULWKPV LQ WKH FODVV RI DOJRULWKPV ZKLFK LV EDVHG RQ YRWLQJ DQG FRGLQJ

DUH IDYRXUDEOH�

,Q &KDSWHU � D PHWKRG LV SUHVHQWHG ZKLFK PDNHV WKH SURSHU IXQFWLRQLQJ RI D

IDXOW�WROHUDQW V\VWHP LQGHSHQGHQW RI DQ XQUHOLDEOH H[WHUQDO ZRUOG� ,Q RWKHU

ZRUGV� WKH VROXWLRQ WR WKH ,QSXW 3UREOHP ZLOO EH SUHVHQWHG� 7KLV VROXWLRQ

ZLOO EH H[WHQGHG WR D JHQHUDO VROXWLRQ IRU WKH LQWHUFRQQHFWLRQ RI IDXOW�WROHUDQW

V\VWHPV�
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7KH FRUUHFWQHVV RI WKH EHKDYLRXU RI D IDXOW�WROHUDQW V\VWHP GHSHQGV DPRQJ

RWKHU WKLQJV RQ WKH FRUUHFW GLVWULEXWLRQ RI WKH GDWD RI XQUHOLDEOH ,�2 GHYLFHV

RYHU WKH PRGXOHV RI WKH IDXOW�WROHUDQW V\VWHP� $ PDOIXQFWLRQLQJ V\VWHP�

ZKHWKHU LW LV IDXOW�WROHUDQW RU QRW� VKRXOG QHYHU GHIHDW D FRUUHFWO\ IXQFWLRQ�

LQJ IDXOW�WROHUDQW V\VWHP� L�H D V\VWHP ZKLFK GRHV QRW FRQWDLQ PRUH IDXOW\

PRGXOHV WKDQ LW LV GHVLJQHG WR WROHUDWH� ,Q RUGHU WR FRSH ZLWK WKLV SURE�

OHP� LQ &KDSWHU � LQWHUDFWLYH FRQVLVWHQF\ RI FRPPXQLFDWLQJ IDXOW�WROHUDQW

V\VWHPV ZLOO EH GHnQHG� 7KHUHDIWHU D QXPEHU RI LQWHUFRQQHFWLRQ PHWKRGV

DQG DOJRULWKPV ZLOO EH SUHVHQWHG ZKLFK VDWLVI\ WKH DERYH�PHQWLRQHG LQWHU�

DFWLYH FRQVLVWHQF\� 7KHVH LQWHUFRQQHFWLRQ PHWKRGV DQG DOJRULWKPV DUH DOO

EDVHG RQ LQWHUDFWLYH FRQVLVWHQF\ DOJRULWKPV� 7KH LPSOHPHQWDWLRQ RI VXFK DQ

DOJRULWKP IRU LQWHUDFWLYH FRQVLVWHQF\ EHWZHHQ FRPPXQLFDWLQJ IDXOW�WROHUDQW

V\VWHPV LV GHVFULEHG LQ GHWDLO IRU WKH ������FRQFHSW IDXOW�WROHUDQW FRPSXWHU

V\VWHP DUFKLWHFWXUH�


