
,Q�D�V\VWHP�ZLWK�1�SDUWLFOHV�WKH�SRVLWLRQV�RI�DOO�RI�WKH�SDUWLFOHV�FDQ�LQ�JHQHUDO�EH�GHVFULEHG�E\�

VSHFLI\LQJ�Q�JHQHUDOL]HG�FRRUGLQDWHV��1RWLFH�WKDW�Q�FDQ�EH�GLIIHUHQW�IURP��DQG�VPDOOHU�WKDQ���1

7KH�JHQHUDOL]HG�FRRUGLQDWHV�FDQ�EH�ZULWWHQ�DV�D�IXQFWLRQ�RI�WKH�SRVLWLRQV��E\�

LQYHUWLQJ�WKH�UHODWLRQ�DERYH

2QH�QHHGV�WR�FKRRVH�JHQHUDOL]HG�FRRUGLQDWHV�VXFK�WKDW�Q�LV�WKH�VPDOOHVW�QXPEHU�RI�

JHQHUDOL]HG�FRRUGLQDWHV�IRU�ZKLFK�WKH�UHODWLRQV�DERYH�FDQ�EH�ZULWWHQ��)RU�D�V\VWHP�

RI�1�SDUWLFOHV�IUHH�WZR�PRYH�LQ�D���GLPHQVLRQDO�VSDFH�RQH�QHHGV��1�JHQHUDOL]HG�

FRRUGLQDWHV��+RZHYHU��IRU�PDQ\�FRQVWUDLQHG�V\VWHPV WKH�QXPEHU�RI�JHQHUDOL]HG�

FRRUGLQDWHV�LV�PXFK�VPDOOHU�WKDQ��1��$�VWULNLQJ�H[DPSOH�RI�WKLV�VLWXDWLRQ�LV�WKH�

FDVH�RI�D�ULJLG�ERG\��7KH�QXPEHU�RI�SDUWLFOH�LQ�D�PDFURVFRSLF�ULJLG�ERG\�LV�

DVWURQRPLFDOO\�ELJ��UHPHPEHU�WKDW�$YRJDGUR
V�QXPEHU�LV�a���A����EXW��VLQFH�WKH�

UHFLSURFDO�SRVLWLRQV�RI�WKH�PROHFXOHV�DUH�IL[HG��RQH�QHHGV�RQO\���JHQHUDOL]HG�

FRRUGLQDWHV�WR�GHVFULEH�WKH�SRVLWLRQ�RI�WKH�REMHFW��7KUHH�JHQHUDOL]HG�FRRUGLQDWHV�

GHVFULEH�WKH�SRVLWLRQ�RI�WKH�FHQWHU�RI�PDVV�RI�WKH�V\VWHP��WKUHH�DQJOHV�GHVFULEH�WKH�

RULHQWDWLRQ�RI�WKH�REMHFW�

6LPSOH�SHQGXOXP

,Q�RUGHU�WR�LOOXVWUDWH�WKH�QDWXUH�RI�WKH�UHODWLRQV�EHWZHHQ�SRVLWLRQV�DQG�JHQHUDOL]HG�

FRRUGLQDWHV�ZH�FRQVLGHU�D�IHZ�VLPSOH�H[DPSOHV��7KH�VLPSOHVW�RI�WKHQ�DOO�LV�SUREDEO\�

WKH�VLPSOH�����SHQGXOXP��WKDW�ZH�DOUHDG\�FRQVLGHUHG��:H�NQRZ�WKDW�WKH�SRVLWLRQ�RI�

&RQVWUDLQHG�V\VWHPV��JHQHUDO�FDVH
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D�VLPSOH�SHQGXOXP�FDQ�EH�GHVFULEHG�E\�D�VLQJOH�JHQHUDOL]HG�FRRUGLQDWH��ZKLFK�FDQ�

EH�FKRVHQ�WR�EH�WKH�DQJOH�ZLWK�UHVSHFW�WR�WKH�YHUWLFDO�GLUHFWLRQ

'RXEOH�SHQGXOXP

,I�RQH�DWWDFKHV�D�VHFRQG�SHQGXOXP�WR�WKH�SHQGXOXP�ERE�RI�WKH�ILUVW�RQH��WKH�

V\VWHP�LV�FKDUDFWHUL]HG�E\�WZR�JHQHUDOL]HG�FRRUGLQDWHV

3HQGXOXP�RQ�DQ�DFFHOHUDWLQJ�UDLOZD\�FDU

,Q�WKH�WZR�H[DPSOHV�FRQVLGHUHG�DERYH�WKH�UHODWLRQV�EHWZHHQ�SRVLWLRQV�DQG�

JHQHUDOL]HG�FRRUGLQDWHV�GR�QRW�GHSHQG�RQ�WLPH��7KHUH�DUH�FDVHV�LQ�ZKLFK�WKHVH�

UHODWLRQV�GR�GHSHQG�RQ�WLPH��&RQVLGHU�D�SHQGXOXP�KDQJLQJ�IURP�WKH�FHLOLQJ�RI�D�

UDLOURDG�FDU�WKDW�LV�DFFHOHUDWLQJ�DORQJ�WKH�WUDFNV��:H�FDQ
W�GHVFULEH�WKH�V\VWHP�E\�

XVLQJ�D�IUDPH�RI�UHIHUHQFH�DW�UHVW�ZLWK�UHVSHFW�WR�WKH�FDU��EHFDXVH�WKDW�ZRXOG�QRW�

EH�DQ�LQHUWLDO�IUDPH�RI�UHIHUHQFH��WKH�FDU�LV�DFFHOHUDWLQJ���/HW
V�WKHQ�FKRRVH�D�IUDPH�

RI�UHIHUHQFH�DW�UHVW�ZLWK�UHVSHFW�WR�WKH�WUDFNV�



*HQHUDOL]HG�FRRUGLQDWHV�IRU�ZKLFK�WKH�UHODWLRQV�EHWZHHQ�WKH�SRVLWLRQV�DQG�WKH�

JHQHUDOL]HG�FRRUGLQDWHV�GR�QRW�LQYROYH�WLPH�DUH�FDOOHG�QDWXUDO�

'HJUHHV�RI�IUHHGRP

7KH�GHJUHHV�RI�IUHHGRP�RI�D�V\VWHP�DUH�GHILQHG�DV�WKH�QXPEHU�RI�JHQHUDOL]HG�

FRRUGLQDWHV�WKDW�FDQ�EH�LQGHSHQGHQWO\�YDULHG�LQ�D�VPDOO�GLVSODFHPHQW�RI�WKH�

V\VWHP�

$Q�XQFRQVWUDLQHG�V\VWHP�RI�1�SDUWLFOHV�LV�FKDUDFWHUL]HG�E\��1�JHQHUDOL]HG�

FRRUGLQDWHV��,I�D�V\VWHP�RI�1�SDUWLFOHV�LV�GHVFULEHG�E\�OHVV�WKDQ��1�JHQHUDOL]HG�

FRRUGLQDWHV��WKH�V\VWHP�LV�VDLG�WR�EH�FRQVWUDLQHG��

6\VWHPV�IRU�ZKLFK�WKH�QXPEHU�RI�JHQHUDOL]HG�FRRUGLQDWHV�LV�HTXDO�WR�WKH�QXPEHU�RI�

GHJUHHV�RI�IUHHGRP�DUH�FDOOHG�KRORQRPLF�V\VWHPV��$OO�RI�WKH�V\VWHPV�WKDW�ZH�ZLOO�

GHDO�ZLWK�DUH�KRORQRPLF�V\VWHPV��+RZHYHU�LW�LV�LPSRUWDQW�WR�UHDOL]H�WKDW�WKHUH�DUH�

QRQ�KRORQRPLF�V\VWHPV��HYHQ�VLPSOH�QRQ�KRORQRPLF�V\VWHPV���$�QRQ�KRORQRPLF�

V\VWHP�LV�D�V\VWHP�ZKRVH�VWDWH�GHSHQGV�RQ�WKH�SDWK�WDNHQ�WR�DFKLHYH�LW��$�FODVVLF�

H[DPSOH�LV�D�VSKHUH�IUHH�WR�UROO��ZLWKRXW�VOLSSLQJ��RQ�D�IODW�VXUIDFH��)URP�DQ\�JLYHQ�

SRVLWLRQ�WKH�EDOO�FDQ�RQO\�PRYH�LQ�WZR�LQGHSHQGHQW�GLUHFWLRQV��[�DQG�\��

&RQVHTXHQWO\��DFFRUGLQJ�WR�WKH�GHILQLWLRQ�DGRSWHG��WKH�EDOO�KDV�WZR�GHJUHHV�RI�

IUHHGRP��+RZHYHU��RQH�FDQ�SURYH�WKDW�WR�GHVFULEH�WKH�FRQILJXUDWLRQ�RI�WKH�EDOO�RQH�

QHHGV�PRUH�WKDQ�WZR�JHQHUDOL]HG�FRRUGLQDWHV��,Q�IDFW��RQH�FDQ�PDUN�WKH�SRLQW�RQ�

WRS�RI�WKH�EDOO�DQG�WKHQ�UROO�WKH�EDOO�DORQJ�D�FORVHG�SDWK�DV�IROORZV�



+RZHYHU��DIWHU�WKH�ODVW�OHJ�RI�WKH�WULS��IURP�&�EDFN�WR�$��WKH�UHG�GRW�ZLOO�QRW�EH�

RQ�WRS�RI�WKH�EDOO�DQ\�ORQJHU��6R�LQ�VSLWH�RI�WKH�IDFW�WKDW�DW�WKH�HQG�RI�WKH�WULS�WKH�

EDOO�KDYH�WKH�VDPH�SRVLWLRQ�LQ�WKH�[�\�SODQH�DV�DW�WKH�EHJLQQLQJ�RI�LWV�MRXUQH\��WKH�

FRQILJXUDWLRQ�RI�WKH�EDOO�LV�QRW�WKH�VDPH��7KH�EDOO�KDV�D�GLIIHUHQW�RULHQWDWLRQ�DW�WKH�

HQG�RI�WKH�WULS�ZLWK�UHVSHFW�WR�WKH�EHJLQQLQJ��7KLV�V\VWHP�KDV�WZR�GHJUHHV�RI�

IUHHGRP��EXW�RQH�QHHGV�ILYH�JHQHUDOL]HG�FRRUGLQDWHV�WR�GHVFULEH�LWV�FRQILJXUDWLRQ��

&RQVHTXHQWO\��WKLV�V\VWHP�LV�QRQ�KRORQRPLF�

/DJUDQJH�HTXDWLRQV�

,W�LV�SRVVLEOH�WR�SURYH�WKDW�KRORQRPLF�V\VWHPV�VDWLVI\�D�/DJUDQJH
V�HTXDWLRQV�IRU�

HYHU\�JHQHUDOL]HG�FRRUGLQDWH�TBL


