
6\QWKHVL]HG 6OLGLQJ 0 RGH DQG 7 LPH�'HOD\ &RQWU RO IRU D

&ODVV RI 0 DWFKHG DQG 8QPDWFKHG 8QFHU WDLQ 6\VWHPV

-LD Q �; LQ ; X � D Q G : H Q �-X Q &D R �

$EVWUDFW

,Q WKLV SDSHU� WKH 6OLGLQJ 0RGH &RQWURO �60&� LV LQFRU�
SRUDWHG ZLWK 7LPH�'HOD\ &RQWURO �7'&� GXULQJ VOLGLQJ
SKDVH WR UHGXFH WKH VZLWFKLQJ JDLQ� 7'& LGHQWLpHV WKH
XQNQRZQ V\VWHP G\QDPLFV DQG GLVWXUEDQFH GLUHFWO\ HY�
HU\ GHOD\�WLPH� )RU D V\VWHP ZLWK D OXPSHG SHUWXUED�
WLRQ ZKLFK LV UHODWLYHO\ VORZ YDU\LQJ ZLWK UHVSHFW WR
WKH VDPSOLQJ LQWHUYDO� D PXFK ORZ VZLWFKLQJ JDLQ FDQ
EH XVHG LI D UHDVRQDEO\ JRRG HVWLPDWH RI WKH GHULYDWLYH
RI V\VWHP VWDWH FDQ EH REWDLQHG XVLQJ WKH SDVW LQIRU�
PDWLRQ� KHQFH FKDWWHULQJ FDQ EH UHGXFHG RU HOLPLQDWHG
ZKLOH UHWDLQLQJ WKH WUDFNLQJ DFFXUDF\� 7KLV SDSHU FRQ�
VLGHUV XQPDWFKHG XQFHUWDLQWLHV� ,W LV DQ H[WHQVLRQ RI
>�@�

.H\ZRUGV� 6OLGLQJ 0RGH &RQWURO� 7LPH�'HOD\ &RQWURO�
/\DSXQRY 'LUHFW 0HWKRG� &KDWWHULQJ (OLPLQDWLRQ�
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2YHU WKH SDVW WZR GHFDGHV� WKHUH KDV EHHQ DQ LQFUHDV�
LQJ LQWHUHVW LQ 6OLGLQJ 0RGH &RQWURO �60&� RZQLQJ WR
LWV LQVHQVLWLYHQHVV WR SDUDPHWULF XQFHUWDLQWLHV DQG GLV�
WXUEDQFHV� (VVHQWLDOO\� 6OLGLQJ 0RGH &RQWURO �60&�
XWLOL]HV D GLVFRQWLQXRXV FRQWURO ODZ WR GULYH V\VWHP
V
VWDWH WUDMHFWRU\ RQWR D VSHFLpHG DQG XVHU�FKRVHQ VXU�
IDFH LQ WKH VWDWH VSDFH �FDOOHG WKH VOLGLQJ RU VZLWFKLQJ
VXUIDFH�� DQG WR PDLQWDLQ WKH V\VWHP
V VWDWH WUDMHFWRU\
RQ WKLV VXUIDFH IRU DOO VXEVHTXHQW WLPH >�@ >�@� 7KH SODQW
G\QDPLFV UHVWULFWHG WR WKLV VXUIDFH UHSUHVHQW WKH FRQ�
WUROOHG V\VWHP
V EHKDYLRU� +HQFH� 96& GHVLJQ IROORZV
WZR VWDQGDUG VWHSV� ��� D VOLGLQJ VXUIDFH LV GHVLJQHG
VXFK WKDW WKH FORVHG�ORRS V\VWHP GXULQJ VOLGLQJ PRGH
H[KLELWV GHVLUHG G\QDPLF EHKDYLRU� ��� D GLVFRQWLQXRXV
FRQWURO ODZ LV HPSOR\HG WR IRUFH WKH V\VWHP VWDWHV WR
UHPDLQ RQ WKH VXUIDFH� 7KHVH VWHSV EHFRPH WZR NH\
LVVXHV WR DWWDLQ VWDEOH VOLGLQJ PRWLRQ VDWLVI\LQJ VRPH
SUH�VSHFLpHG VSHFLpFDWLRQV�

,Q WKLV SDSHU� ZH FRQFHQWUDWH RQ WKH VHFRQG GHVLJQ VWHS�
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:H FRQVLGHU D EURDGHU FODVV RI XQFHUWDLQ V\VWHPV ZKLFK
PD\ EH FRQWDPLQDWHG E\ XQPDWFKHG XQFHUWDLQWLHV� 7KH
SUHVXPSWLRQ KHUH LV WKDW WKH pUVW VWHS KDV EHHQ ZRXQG
XS VXFK WKDW WKH FORVHG�ORRS V\VWHP G\QDPLFV GXULQJ
WKH VOLGLQJ PRGH LV DV\PSWRWLFDOO\ VWDEOH LUUHVSHFWLYH
RI V\VWHP XQPDWFKHG XQFHUWDLQWLHV�

7KH LGHDO VOLGLQJ PRGH� KRZHYHU� UHTXLUHV LQpQLWH
VZLWFKLQJ IUHTXHQF\ ZKLFK LQ SUDFWLFH LV QRW DFKLHY�
DEOH GXH WR WKH OLPLWHG VDPSOLQJ UDWH LQ GLJLWDO LPSOH�
PHQWDWLRQ� 7KH pQLWH VZLWFKLQJ IUHTXHQF\ DVVRFLDWHG
ZLWK ODUJH FRQWURO JDLQV ZLOO FDXVH FKDWWHULQJ ZKLFK LQ
PRVW FDVHV LV XQGHVLUDEOH EHFDXVH LW PD\ H[FLWH KLJK�
IUHTXHQF\ XQPRGHOHG V\VWHP G\QDPLFV DQG LV KDUPIXO
WR DFWXDWRU GHYLFHV�

7R RYHUFRPH WKLV SUREOHP� QXPHURXV VFKHPHV KDYH EHHQ
SURSRVHG� ,Q >�@� WKH PHWKRG RI ERXQGDU\ OD\HU LV LQ�
WURGXFHG WR REWDLQ D VPRRWK FRQWURO ODZ LQ WKH FRVW RI
WUDFNLQJ DFFXUDF\� ,Q >�@� WKH DGDSWLYH WHFKQLTXH LV XVHG
WR HVWLPDWH VXLWDEOH XSSHU ERXQGV RI WKH XQFHUWDLQWLHV
DQG GLVWXUEDQFHV IRU WKH GHVLJQ RI DGDSWLYH UREXVW FRQ�
WUROOHUV� +RZHYHU� WKH DGDSWLYH W\SH 60&V XVXDOO\ UH�
TXLUH WKDW V\VWHP EH LQ WKH SDUDPHWHUL]DWLRQ IRUP DQG
WKH FRQWUROOHU GHVLJQ LV UDWKHU FRPSOLFDWHG�

7KH LGHD RI 7LPH�'HOD\ &RQWURO �7'&� LV SUHVHQWHG
LQ >�@� >�@ ZKLFK XVHV LQIRUPDWLRQ LQ WKH UHFHQW SDVW WR
GLUHFWO\ HVWLPDWH WKH XQNQRZQ G\QDPLFV DW DQ\ JLYHQ
LQVWDQW WKURXJK WLPH�GHOD\� 7'& FDQ ZRUN HoHFWLYHO\
LQ SUDFWLFH LI WKH IROORZLQJ WZR FRQGLWLRQV DUH PHW� ���
WKH V\VWHP GLVWXUEDQFHV DUH VORZ YDU\LQJ ZLWK UHVSHFW
WR VDPSOLQJ LQWHUYDO� DQG ��� WKH GHULYDWLYHV RI V\VWHP
VWDWHV LQ UHFHQW SDVW DUH DYDLODEOH XVLQJ DSSURSULDWH
VFKHPHV� 7KH FRQGLWLRQ ��� KROGV IRU PRVW PHFKDQL�
FDO V\VWHPV ZLWK GRPLQDQW LQHUWLD DQG IRU PRVW SURFHVV
LQGXVWULDO FRQWURO SUREOHPV� 0RUHRYHU� E\ YLUWXH RI WKH
FRQGLWLRQ ���� 7'& QHHGV RQO\ WR HVWLPDWH V\VWHP VWDWH
GHULYDWLYHV LQ UHFHQW SDVW LQVWHDG RI WKH FXUUHQW RQHV�
QXPHURXV VLJQDO SURFHVVLQJ DSSURDFKHV VXFK DV ]HUR�
SKDVH pOWHU� %XWWHUZRUWK pOWHU� HWF� FDQ EH DSSOLHG WR
DFKLHYH VDWLVIDFWRU\ GHULYDWLYH HVWLPDWHV� ,Q >�@� XVLQJ
WKH REVHUYDWLRQV RI WKH LQSXW DQG RXWSXW RI D SODQW
ZLWK D ZKLWH QRLVH GLVWXUEDQFH� WKH DSSUR[LPDWLRQ RI
WKH GHULYDWLYHV RI V\VWHP VWDWHV DUH REWDLQHG� ,QVWHDG
RI XVLQJ QXPHULFDO GLoHUHQWLDWRUV� PRGHO UHIHUHQFH RE�
VHUYHU LV SURSRVHG LQ >�@ DQG >��@ WR VWDEO\ UHFRQVWUXFW
VWDWH YDULDEOHV DQG WKHLU GHULYDWLYHV�



7R DYRLG KLJK VZLWFKLQJ JDLQ DQG VHYHUH FKDWWHULQJ GXU�
LQJ VOLGLQJ SKDVH� LQ WKLV SDSHU 7'& LV LQFRUSRUDWHG
ZLWK 60& IRU D FODVV RI XQFHUWDLQ V\VWHPV ZKLFK PHHWV
WKH WZR 7'& FRQGLWLRQV� ,W LV GHPRQVWUDWHG WKDW WKH
SURSRVHG PHWKRG DFKLHYHV PXFK ORZHU VZLWFKLQJ JDLQ
LI WKH DERYH FRQGLWLRQV KROG� KHQFH FKDWWHULQJ FDQ EH
JUHDWO\ UHGXFHG ZKLOH UHWDLQLQJ WUDFNLQJ DFFXUDF\�

7KH RUJDQL]DWLRQ RI WKLV SDSHU LV DV IROORZV� ,Q 6HF�
WLRQ �� SUREOHP IRUPXODWLRQ LV LQWURGXFHG� ,Q 6HFWLRQ
�� 60& ZLWK 7'& LV SURSRVHG� ,Q 6HFWLRQ �� VLP�
XODWLRQ ZRUN LV SUHVHQWHG DQG D FRPSDULVRQ EHWZHHQ
WKH SURSRVHG PHWKRG ZLWK D W\SLFDO 60& LV PDGH�
7R DYRLG DQ\ FRQIXVLRQ� WKH LPSOLFLW GHSHQGHQF\ RI
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XQPDWFKHG XQFHUWDLQWLHV�

,Q JHQHUDO WKH OXPSHG V\VWHP SHUWXUEDWLRQ G FDQ EH
FODVVLpHG LQWR WKH IROORZLQJ FDWHJRULHV LQ WHUP RI LWV
SULRUL NQRZOHGJH�

&DWHJRU\ �� G LV ERXQGHG ZLWK D NQRZQ ERXQGLQJ
IXQFWLRQ

NG�[�X� W�N x GPD[�[� W�� ���

&DWHJRU\ �� 7KH YDULDWLRQ RI G LV ERXQGHG ZLWK D
NQRZQ ERXQGLQJ IXQFWLRQ

NG�[�X� W�b G�[�X� Wb O7V�N x OG�[� W� ���

ZKHUH O LV D VPDOO SRVLWLYH LQWHJHU DQG 7V LV D SRVLWLYH
FRQVWDQW� 7V FDQ EH WDNHQ WR EH WKH VDPSOLQJ LQWHUYDO
LQ D VDPSOHG�GDWD V\VWHP �

1RWH WKDW WR LPSOHPHQW WKH 60&� &DWHJRU\ � LV XVXDOO\
UHTXLUHG� :KLOH LPSOHPHQWLQJ WKH 7'&� &DWHJRU\ � LV
UHTXLUHG� +HUH WKH REMHFWLYH LV WR XVH 60& pUVW DVVXULQJ
WKH V\VWHP UREXVWQHVV� PHDQZKLOH LQFRUSRUDWLQJ 7'&
ZKHQHYHU SRVVLEOH� WR UHGXFH VZLWFKLQJ JDLQV� 7KLV FDQ
EH DFKLHYHG LI LQ D V\VWHP OG�[� W� � GPD[�[� W�� VD\
OG�[� W� x o7V ZKHUH o LV D SRVLWLYH FRQVWDQW ZLWK D
PRGHUDWH YDOXH� L�H�� G LV UHODWLYHO\ VORZ YDU\LQJ ZLWK
UHVSHFW WR 7V DQG o7V � GPD[�[� W� IRU D VXrFLHQWO\
VPDOO 7V�
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1HYHUWKHOHVV� FKDWWHULQJ HOLPLQDWLRQ LV DFKLHYHG LQ WKH
FRVW RI WUDFNLQJ DFFXUDF\� 7KH ODUJHU s� WKH VPRRWKHU
WKH FRQWURO SURpOH� EXW DOVR WKH ODUJHU WKH WUDFNLQJ HUURU�

� 60& ZLWK 7LPH�'HOD\ &RQWURO

)URP WKH DERYH GLVFXVVLRQV� LW LV FOHDU WKDW WKH VZLWFK�
LQJ JDLQ RI XQ FDQ EH UHGXFHG LI WKH WRWDO XQFHUWDLQW\
G FDQ EH HVWLPDWHG� $ FRPSHQVDWLRQ XFPS FDQ EH LQ�
FRUSRUDWHG LQWR X WR FDQFHO D SDUW RI G� L�H��
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+RZHYHU� REWDLQLQJ G IURP B[�W� DQG X�[� W� LV QRW DQ
HDV\ WDVN GXH WR WKH GHOD\ RI WKH VDPSOHG�GDWD PHFKD�
QLVP� 8QGHU WKH DVVXPSWLRQ WKDW GLVWXUEDQFHV EHORQJ
WR FDWHJRU\ � DQG OG�[� W� x o7V IRU D VXrFLHQWO\ VPDOO
7V DQG D PRGHUDWH o� XQFHUWDLQW\ FDQ EH HVWLPDWHG XV�
LQJ SDVW LQIRUPDWLRQ DV
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)RU SUDFWLFDO FRQVLGHUDWLRQ� B[�Wb O7V� PD\ QRW EH UHDG�
LO\ DYDLODEOH� AB[�Wb O7V�� WKH HVWLPDWH RI B[�Wb O7V� JLYHQ
GDWD XS WR WLPH W FDQ EH GHGXFHG IURP WKH KLVWRU\ RI
WKH PHDVXUDEOH V\VWHP VWDWHV� L�H�� [�W b O7V�� 7KH HV�
WLPDWLRQ RI B[�W b O7V� LV HDVLHU WKDQ WKDW RI B[�W� DV
PDQ\ HoHFWLYH VLJQDO SURFHVVLQJ PHWKRGV FDQ EH DS�
SOLHG� VXFK DV ]HUR�SKDVH pOWHU� %XWWHUZRUWK pOWHU� HWF�
7KH ZRUN LQ >�@ DQG >��@ DOVR VKRZV WKDW V\VWHP VWDWHV
DQG WKHLU GHULYDWLYHV FDQ EH VWDEO\ UHFRQVWUXFWHG E\
XVLQJ REVHUYHU GHVLJQ� 7KXV� LW LV DVVXPHG WKDW WKH
PHDVXUHPHQW XQFHUWDLQW\ RI B[�Wb O7V� GXH WR QRLVH DQG
HVWLPDWLRQ HUURU LV ERXQGHG E\qqq B[�Wb O7V�b AB[�Wb O7V�
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DQG q�[� W� � GPD[�[� W� ZKHQ B[�W b O7V� LV HVWLPDWHG
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ZKHUH yPLQ�.� GHQRWHV WKH PLQLPXP HLJHQYDOXH RI . �

5HPDUN �� ���� DGGV D IRUP RI LQWHJUDO DFWLRQ LQWR WKH
FRQWUROOHU ���� ,QWHJUDO DFWLRQ KDV EHHQ XVHG LQ DGDSWLYH
YDULDEOH VWUXFWXUH FRQWURO VXFK DV >�@ ZKLFK HVWLPDWHV
WKH VZLWFKLQJ JDLQ DQG LQ LQWHJUDO YDULDEOH VWUXFWXUH
FRQWURO VXFK DV >��@ ZKLFK XVHV LQWHJUDWLRQ LQ WKH GHVLJQ



RI VOLGLQJ VXUIDFH� ,Q WKLV QRWH� LQWHJUDO DFWLRQ LV GLUHFWO\
DGGHG LQWR WKH FRQWURO LQSXW�

5HPDUN �� 6LQFH XVXDOO\ o7V � GPD[�[� W� IRU D
VXrFLHQWO\ VPDOO 7V� WKHQ LW FDQ EH LQIHUUHG IURP ���
WKDW o7V � ~FRQ�[� W�� ,I G LV UHODWLYHO\ VORZ YDU\LQJ
ZLWK UHVSHFW WR 7V� VD\� OG�[� W� x o7V� WKHQ OG�[� W� �
~FRQ�[� W�� ,I B[�Wb O7V� LV HVWLPDWHG DFFXUDWHO\ HQRXJK�
L�H�� q�[� W� � GPD[�[� W�� WKHQ DFFRUGLQJ WR ��� DQG
����� ~WGF�[� W� � ~FRQ�[� W�� L�H�� WKH VZLWFKLQJ JDLQ
LV JUHDWO\ UHGXFHG� 7KLV PDNHV LW IHDVLEOH WR FKRRVH
D PXFK VPDOOHU s WKDQ WKDW RI WKH W\SLFDO 60& WR HOLP�
LQDWH FKDWWHULQJ PRWLRQ DQG WR LPSURYH WUDFNLQJ DFFX�
UDF\� 7KH 7LPH�'HOD\ &RQWURO EDVHG GLVWXUEDQFH HV�
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