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$FFHOHUDWLRQ 5DWH�RI�FKDQJH�RI�YHORFLW\�ZLWK�UHVSHFW�WR�WLPH��RU�KRZ�IDVW�YHORFLW\�LV�
LQFUHDVLQJ�

$FWXDWRU $�PHFKDQLFDO�GHYLFH�IRU�PRYLQJ�RU�FRQWUROOLQJ�VRPHWKLQJ��VXFK�DV�D�
PRWRU��D�OHYHU��D�SLVWRQ��DQG�VR�RQ��$FWXDWRUV�FDQ�EH�LPSOHPHQWHG�ZLWK�
IRUFHV�DQG�WRUTXHV�RU�ZLWK�YHORFLW\�FRQVWUDLQWV�

$QJXODU�9HORFLW\ 7KH�UDWH�RI�URWDWLRQ�DERXW�DQ�D[LV��7KLV�LV�D�YHFWRU�TXDQWLW\�ZKRVH�
GLUHFWLRQ�SRLQWV�DORQJ�WKH�LQVWDQWDQHRXV�D[LV�SUHVHUYHG�E\�WKH�URWDWLRQ�
DQG�ZKRVH�PDJQLWXGH�LV�WKH�UDWH�RI�URWDWLRQ�DERXW�WKLV�D[LV�,W�LV�XVXDOO\�
H[SUHVVHG�LQ�UDGLDQV�SHU�VHFRQG�RU�UHYROXWLRQV�SHU�VHFRQG�

%DOOLVWLFV %DOOLVWLFV�LV�WKH�VFLHQFH�RI�WKH�PRWLRQ�DQG�EHKDYLRU�RI�SURMHFWLOHV��
PLVVLOHV��EXOOHWV�DQG�RWKHU�VLPLODU�REMHFWV�LQ�IOLJKW�VXEPLWWHG�WR�D�
JUDYLWDWLRQDO�ILHOG�DQG�DLU�UHVLVWDQFH��

%DOOLVWLF�2EMHFWV ,Q�D�JDPHV�GHYHORSPHQW�HQYLURQPHQW��EDOOLVWLF�REMHFWV�DUH�XVXDOO\�
VLQJOH�ULJLG�ERG\�SURMHFWLOHV�WKDW�DUH�VXEMHFW�WR�EDOOLVWLF�FDOFXODWLRQV�
ZLWKRXW�FRQWDFWV�RU�LPSXOVHV�

%63�7UHH� %LQDU\�6SDFH�3DUWLWLRQLQJ��%63��WUHH��%63�WUHHV�DUH�WRROV�XVHG�LQ��'�
JUDSKLFV�IRU�RUJDQL]LQJ�WKH�JHRPHWU\�RI�REMHFWV�DQG�H[WUDFWLQJ�
LQIRUPDWLRQ�DERXW�JHRPHWULFDO�UHODWLRQVKLSV��,Q��'�ZRUOGV�WKH\�DUH�
RIWHQ�XVHG�IRU�YLVLELOLW\�GHWHUPLQDWLRQ�DQG�KLGGHQ�VXUIDFH�UHPRYDO�

&DUWHVLDQ�&RRUGLQDWHV� $�FRRUGLQDWH�V\VWHP�ZKLFK�LV�EDVHG�RQ�RUWKRJRQDO�D[HV��7KLV�LV�WKH�
VWDQGDUG�[��\�DQG�]�FRRUGLQDWH�V\VWHP��LQ�FRQWUDVW�WR�SRODU�FRRUGLQDWHV�
RQ�D�VSKHUH��,Q��'�JUDSKLFV�DSSOLFDWLRQV��[�XVXDOO\�VWDQGV�IRU�OHIW�ULJKW�
SRVLWLRQ��\�GHVFULEHV�YHUWLFDO�SRVLWLRQ�DQG�]�JLYHV�WKH�SRVLWLRQ�DORQJ�
WKH�OLQH�RI�VLJKW���L�H���GHSWK���7UDGLWLRQDOO\��JUDSKLFV�YLHZHUV�XVH�D�/HIW�
+DQGHG�V\VWHP�ZKHUH�[�LQFUHDVHV�WR�WKH�ULJKW��\�LQFUHDVHV�WRZDUGV�
WKH�WRS��DQG�]�LQFUHDVHV�IXUWKHU�DORQJ�WKH�OLQH�RI�VLJKW�L�H���LQWR�WKH�
VFUHHQ�

&HQWHU�RI�0DVV 7KH�SRLQW�LQ�D�ERG\�RU�V\VWHP�RI�ERGLHV�DW�ZKLFK�WKH�ZKROH�PDVV�PD\�
EH�FRQVLGHUHG�DV�FRQFHQWUDWHG��)RU�WKH�SXUSRVH�RI�G\QDPLFV�
FDOFXODWLRQV��D�ERG\�RU�V\VWHP�RI�ERGLHV�FDQ�EH�DEVWUDFWHG�WR�D�SRLQW�
PDVV�ORFDWHG�DW�LWV�FHQWHU�RI�PDVV�FRRUGLQDWHV�

&ROOLVLRQ�'HWHFWLRQ $�FDOFXODWLRQ�ZKLFK�GHWHUPLQHV�LI�WZR�REMHFWV�DUH�LQWHUVHFWLQJ��DQG�LI�
VR��DOVR�FRPSXWHV�WKH�ORFDWLRQ�DQG�WKH�ORFDO�JHRPHWU\�RI�WKH�REMHFW�
QHDU�WKH�LQWHUVHFWLRQ��&ROOLVLRQ�GHWHFWLRQ�PD\�GHWHUPLQH�WKH�VSDWLDO�
UHODWLRQVKLSV�EHWZHHQ�REMHFWV��VXFK�DV�WKH�DSSUR[LPDWH�VHSDUDWLRQ�
GLVWDQFH�EHWZHHQ�WKHP��

&ROOLVLRQ�0RGHO $�JHRPHWULFDO�UHSUHVHQWDWLRQ�RI�DQ�REMHFW�XVHG�IRU�FROOLVLRQ�GHWHFWLRQ��
.DUPD�VXSSRUWV�D�YDULHW\�RI�SULPLWLYHV�VXFK�DV�VSKHUH��ER[��SODQH��
F\OLQGHU�DQG�FRQH�DV�ZHOO�DV�PRUH�FRPSOLFDWHG�REMHFWV�VXFK�DV�FRQYH[�
SULPLWLYHV�DQG�XQVWUXFWXUHG�OLVWV�RI�WULDQJOHV��7KH�FROOLVLRQ�PRGHO�PD\�
EH�LGHQWLFDO�WR�WKH�PRGHO�XVHG�IRU�UHQGHULQJ�RU�PD\EH�DQ�



.DUPD�*ORVVDU\

DSSUR[LPDWLRQ�WKDW�DOORZV�IRU�IDVWHU�FROOLVLRQ�GHWHFWLRQ��&ROOLVLRQ�
PRGHOV�FDQ�DOVR�EH�PDGH�XS�RI�D�FRPELQDWLRQ�RI�FROOLVLRQ�SULPLWLYHV�

&ROOLVLRQ�5HVSRQVH 7KH�FKDQJH�RI�PRWLRQ�RI�DQ�REMHFW�ZKLFK�RFFXUV�ZKHQ�LW�FROOLGHV�ZLWK�
DQRWKHU�REMHFW��RU�ZKHQ�D�MRLQW�OLPLW�LV�UHDFKHG��1RWH�WKDW�FROOLVLRQ�
UHVSRQVH�LV�UHODWHG�WR�WKH�G\QDPLFV�SURSHUWLHV�RI�WKH�REMHFWV�LQ�
FRQWDFW��&ROOLVLRQ�UHVSRQVH�LV�GHWHUPLQHG�E\�WKH�GHJUHH�RI�UHVWLWXWLRQ�
DQG�WKH�IULFWLRQ�SURSHUWLHV�DW�WKH�SRLQW�RI�LPSDFW��

&RQVWUDLQW $Q�H[WHUQDO�UHVWULFWLRQ�RQ�WKH�PRWLRQ�RI�DQ�REMHFW�RU�ERG\��7KHUH�DUH�
HTXDOLW\�DQG�LQHTXDOLW\�FRQVWUDLQWV��FRQVWUDLQWV�RQ�SRVLWLRQV�DQG�
YHORFLWLHV��LGHDO�FRQVWUDLQWV�DQG�QRQ�LGHDO�RQHV��DQG�IXUWKHU�FRQVWUDLQWV�
RQ�IRUFHV�UHVXOWLQJ�IURP�FRQVWUDLQWV��7KHUH�DUH�FRQVWUDLQWV�LQYROYLQJ�D�
VLQJOH�ULJLG�ERG\�DQG�RWKHUV�LQYROYLQJ�PRUH��&RQVWUDLQWV�DUH�
PDLQWDLQHG�E\�FRPSXWLQJ�D�IRUFH�WKDW�PXVW�EH�DSSOLHG�WR�DOO�LQYROYHG�
ERGLHV�VR�WKDW�WKH�FRQVWUDLQW�UHPDLQV�VDWLVILHG��$Q�H[DPSOH�RI�DQ�
HTXDOLW\�FRQVWUDLQW�FRXOG�EH�WKDW�D�MRLQW�DWWDFKHG�WR�D�VSHFLILF�ORFDWLRQ�
RI�D�ERG\�VKRXOG�QRW�EH�DOORZHG�WR�ZDQGHU�RII�D�SUHVHW�ORFDWLRQ��WKDW�LV��
WKH�ERG\�PD\�PRYH�DV�ORQJ�DV�WKDW�SRLQW�UHPDLQV�ZKHUH�LW�ZDV�LQLWLDOO\�
�WKLV�VWLOO�DOORZV�REMHFW�URWDWLRQ�DERXW�WKDW�SRLQW���$Q�LQHTXDOLW\�
UHVWULFWLRQ�FRXOG�EH�D�EDOO�SODFHG�LQ�D�URRP��DOORZHG�WR�PRYH�IUHHO\�RQ�
WKH�IORRU�DV�ORQJ�DV�LW�VWD\V�LQVLGH�WKH�DUHD�ERUGHUHG�E\�WKH�ZDOOV�

7KHVH�UHVWULFWLRQV�DUH�XVHG�WR�FRQQHFW�REMHFWV�WRJHWKHU��VXFK�DV�
FRQQHFWLQJ�WZR�ULJLG�ERGLHV�ZLWK�D�KLQJH��RU�WR�LPSRVH�PRWLRQ�LQ�D�MRLQW�
E\�DSSO\LQJ�D�IRUFH�OLPLWHG�YHORFLW\�FRQVWUDLQW�ZKLFK�LV�XVHG�WR�PRGHO�D�
PRWRU��&RQVWUDLQWV�DUH�FDOOHG�LGHDO�RU�QRQ�LGHDO�DFFRUGLQJ�WR�ZKHWKHU�
RU�QRW�WKH\�GLVVLSDWH�HQHUJ\��L�H���ZKHWKHU�RU�QRW�WKH�FRQVWUDLQW�IRUFH�
GRHV�ZRUN�RQ�WKH�V\VWHP��$�EDOO�DQG�VRFNHW�MRLQW�LV�DQ�LGHDO�FRQVWUDLQW�
EXW�D�ER[�IULFWLRQ�FRQWDFW�FRQVWUDLQW�LV�QRQ�LGHDO�

&RQVWUDLQW�(TXDWLRQ $�PDWKHPDWLFDO�UHODWLRQ�EHWZHHQ�WKH�FRRUGLQDWHV�RI�VHYHUDO�ERGLHV�

&XOOLQJ &XOOLQJ�LV�WKH�SURFHVV�RI�VHOHFWLYHO\�UHPRYLQJ�LWHPV�IURP�D�FROOHFWLRQ��
)RU�H[DPSOH��WKH�SURFHVV�RI�HOLPLQDWLQJ�FHUWDLQ�SRO\JRQV�WKDW�VKRXOGQ¶W�
EH�VHHQ�EHIRUH�GUDZLQJ�D�VFHQH�

&RQYH[�2EMHFW $�JHRPHWULFDO�REMHFW�ZLWK�QR�KROHV�LQ�LW��VXFK�DV�D�VSKHUH�RU�D�FXEH��
0RUH�SUHFLVHO\��DQ�REMHFW�LV�FRQYH[�LI�JLYHQ�DQ\�WZR�SRLQWV�RI�WKH�
LQWHULRU�RU�WKH�VXUIDFH�RI�WKH�REMHFW��DOO�WKH�SRLQWV�WKDW�OLH�RQ�WKH�OLQH�
VHJPHQW�EHWZHHQ�WKRVH�WZR�SRLQWV�DUH�DOVR�LQVLGH�RU�RQ�WKH�VXUIDFH�RI�
WKH�REMHFW��$�GRXJKQXW�LV�QRW�FRQYH[�IRU�LQVWDQFH�

'DPSLQJ 7KLV�LV�D�UDWH�RI�HQHUJ\�ORVV�RI�D�ERG\��,W�UHVXOWV�LQ�WKH�ERG\�VORZLQJ�
GRZQ�DQG�EHLQJ�JUDGXDOO\�EURXJKW�WR�UHVW��5DWH�RI�HQHUJ\�ORVV�LV�
SURSRUWLRQDO�WR�YHORFLW\�

'\QDPLFV '\QDPLFV�LV�WKH�SDUW�RI�PHFKDQLFV��ZKLFK��RI�FRXUVH�LV�D�EUDQFK�RI�
SK\VLFV��WKDW�LV�FRQFHUQHG�ZLWK�WKH�FDXVHV�RI�DFFHOHUDWLQJ�PRWLRQ��,W�
GHVFULEHV�WKH�FKDQJH�LQ�PRWLRQ�RI�REMHFWV�RU�SDUWLFOHV�XVLQJ�WKH�
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FRQFHSWV�RI�IRUFH��PRPHQWXP��HQHUJ\��DQG�PDVV��,W�LV�JRYHUQHG�E\�WKH�
WKUHH�EDVLF�ODZV�RI�PRWLRQ��FDOOHG�1HZWRQ
V�ODZV��6HH�1HZWRQ¶V�/DZV�

(XOHU�$QJOHV 7KH�(XOHU�DQJOHV�DUH�WKH�WKUHH�DQJOHV� �DQG� ��IRU�\DZ��SLWFK�DQG�
UROO��XVHG�WR�GHVFULEH�WKH�RULHQWDWLRQ�RI�D�ERG\¶V�UHIHUHQFH�IUDPH�
UHODWLYH�WR�WKH�ZRUOG�UHIHUHQFH�IUDPH��

7KH�UHVXOWLQJ�URWDWLRQ�PDWUL[� �ZRXOG�EH�ZULWWHQ�DV�

$QRWKHU�ZD\�RI�UHSUHVHQWLQJ�D�ERG\µV�URWDWLRQ�LV�ZLWK�D�TXDWHUQLRQ�

)RUFH $�IRUFH�LV�ZKDW�FDXVHV�WKH�VWDWH�RI�PRWLRQ��PRPHQWXP��RI�DQ�REMHFW�WR�
FKDQJH��,I�\RX�WR�FKDQJH�WKH�ZD\�VRPHWKLQJ�LV�PRYLQJ��FKDQJH�LWV�
GLUHFWLRQ�RU�PDNH�LW�JR�IDVWHU��IRU�H[DPSOH��\RX�PXVW�DSSO\�D�IRUFH�WR�LW��
)RUFHV�DUH�YHFWRU�TXDQWLWLHV�ZLWK�RULHQWDWLRQ�DQG�PDJQLWXGH��7KH�
ELJJHU�WKH�IRUFH��WKH�IDVWHU�WKH�PRWLRQ�ZLOO�FKDQJH��,Q��'�JDPHV¶�
ZRUOGV��IRUFHV�W\SLFDOO\�LQFOXGH�JUDYLW\�DQG�ZLQG��

)RUFH�OLPLWHG�0RWRU 7KLV�LV�D�VSHFLDO�PRGHO�IRU�FRQWUROOLQJ�WKH�UHPDLQLQJ�GHJUHH�RI�IUHHGRP�
LQ�HLWKHU�D�KLQJH�RU�D�SULVPDWLF�MRLQW�LQ�WKH�.DUPD�'\QDPLFV�/LEUDU\��,W�
DOORZV�\RX�WR�FRQWURO�WKH�UHODWLYH�OLQHDU�YHORFLW\�RI�WZR�ERGLHV�
FRQQHFWHG�E\�D�SULVPDWLF�MRLQW�RU�WKH�UHODWLYH�DQJXODU�YHORFLW\�RI�WZR�
ERGLHV�FRQQHFWHG�ZLWK�D�KLQJH�MRLQW��<RX�VHW�WKH�GHVLUHG�WDUJHW�YHORFLW\��
ZKLFK�ZLOO�EH�DFKLHYHG�SURYLGHG�WKDW�WKH�IRUFH�UHTXLUHG�WR�GR�VR�LV�OHVV�
WKDQ�WKH�OLPLW�VSHFLILHG��RWKHUZLVH��WKH�PD[LPXP�IRUFH�LV�DSSOLHG��<RX

PD\�FRQWURO�WKH�GHVLUHG�YHORFLW\�XVLQJ�D�PRXVH�RU�D�MR\VWLFN�LQSXW�
VLJQDO��)RUFH�OLPLWHG�DFWXDWRUV�UHVSRQG�YHU\�TXLFNO\�DQG�DUH�LQKHUHQWO\�
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VWDEOH��WKH\�DUH�WKH�EHVW�ZD\�WR�LQWURGXFH�XVHU�FRQWUROOHG�PRWLRQ�LQ�D�
MRLQW�LQ�WKH�.DUPD�'\QDPLFV�/LEUDU\�

)UDPH $�VLQJOH�UHQGHUHG�VFUHHQ�RI�JUDSKLFV��

)UDPH�5DWH 7KH�QXPEHU�RI�VFUHHQ�LPDJHV�GLVSOD\HG�SHU�VHFRQG��XVXDOO\�
DEEUHYLDWHG�E\�ISV��IUDPH�SHU�VHFRQG���&RPPRQ�IUDPH�UDWHV�DUH�
��ISV�IRU�JDPHV�FRQVROHV����ISV�IRU�3$/�YLGHR��DQG���ISV�IRU�176&�
YLGHR��DOWKRXJK�RWKHU�VSHHGV�PD\�EH�XVHG

)ULFWLRQ�)RUFH 7KH�IRUFH�WKDW�UHVLVWV�UHODWLYH�PRWLRQ�EHWZHHQ�WZR�ERGLHV�LQ�FRQWDFW��
9LVFRXV�IULFWLRQ�LPSRVHV�D�IRUFH�ZKLFK�LV�SURSRUWLRQDO�WR�WKH�UHODWLYH�
YHORFLW\�DQG�RSSRVHG�WR�LW��'U\�IULFWLRQ�KDV�WZR�PRGHV��VOLGLQJ�PRGH�
DQG�VWLFN�PRGH��:KHQ�ERGLHV�DUH�VOLGLQJ��WKLV�IRUFH�GLUHFWO\�RSSRVHV�
WKH�UHODWLYH�PRWLRQ�DQG�KDV�D�PDJQLWXGH�SURSRUWLRQDO�WR�WKH�QRUPDO�
IRUFH�ZKLFK�NHHSV�WKH�WZR�ERGLHV�IURP�LQWHUSHQHWUDWLQJ��2WKHUZLVH��
WKLV�IRUFH�SUHYHQWV�WKH�ERGLHV�IURP�VOLGLQJ��LQ�ZKLFK�FDVH�LW�GRHV�QRW�
GLVVLSDWH�HQHUJ\��

*-.�$OJRULWKP $�IDVW�PHWKRG�RI�GRLQJ�FROOLVLRQV�EHWZHHQ�D�VHW�RI�FRQYH[�REMHFWV�
LQYHQWHG�E\�*LOEHUW��-RKQVRQ�DQG�.HHUWKL�DQG�GHVFULEHG�LQ���$�)DVW�
3URFHGXUH�IRU�&RPSXWLQJ�WKH�'LVWDQFH�EHWZHHQ�&RPSOH[�2EMHFWV�LQ�
7KUHH�'LPHQVLRQDO�6SDFH��E\�(��*��*LOEHUW��'��:��-RKQVRQ�DQG�6��6��
.HHUWKL��,(((�7UDQV��5RERWLFV�DQG�$XWRPDWLRQ���������������$SULO�
�����

*-.�(QJLQH� 7KH�SDUW�RI�WKH�FROOLVLRQ�GHWHFWLRQ�VRIWZDUH�WKDW�LPSOHPHQWV�WKH�*-.�
DOJRULWKP�

*UDYLW\ ,Q�D�1HZWRQLDQ�ZRUOG��JUDYLW\�LV�D�IRUFH�WKDW�DWWUDFWV�DOO�REMHFWV�WR�HDFK�
RWKHU��*UDYLWDWLRQDO�IRUFH�EHWZHHQ�DQ\�WZR�JLYHQ�REMHFWV�LV�
SURSRUWLRQDO�WR�WKH�SURGXFWV�RI�WKHLU�PDVVHV�DQG�LQYHUVHO\�SURSRUWLRQDO�
WR�WKH�VTXDUH�RI�WKH�GLVWDQFH�WKDW�VHSDUDWHV�WKHP��

+RZHYHU��ZH�DUH�PRVWO\�LQWHUHVWHG�LQ�FRQVWDQW�DQG�XQLIRUP�JUDYLW\�
ZKLFK�LV�WKH�IRUFH�WKDW�NHHSV�\RXU�FKDLU�RQ�WKH�IORRU��)RU�REMHFWV�QHDU�
WKH�VXUIDFH�RI�WKH�HDUWK��JUDYLW\�FDXVHV�REMHFWV�WR�DFFHOHUDWH�
GRZQZDUG�DW�D�FRQVWDQW�UDWH�RI������P�VHF ��LQGHSHQGHQW�RI�WKHLU�
PDVV��7KLV�PHDQV�WKDW�JUDYLW\�FDXVHV�DQ�REMHFW
V�YHORFLW\�WR�FKDQJH�
E\������P�VHF �GRZQZDUG�IRU�HYHU\�VHFRQG�WKH�REMHFW�LV�XQGHU�WKH�
LQIOXHQFH�RI�JUDYLW\��

+RRNH¶V�/DZ 7KLV�ODZ�VWDWHV�WKDW�WKH�IRUFH�RQ�D�REMHFW�GLVSODFHG�IURP�D�SRLQW�RI�
HTXLOLEULXP�LV�SURSRUWLRQDO�WR�WKH�GLVSODFHPHQW�DQG�LQ�WKH�GLUHFWLRQ�
RSSRVLWH�WR�WKH�GLVSODFHPHQW��

,PSXOVH 7KH�FKDQJH�LQ�PRPHQWXP�RI�DQ�REMHFW��7KLV�FDQ�KDSSHQ�RYHU�HLWKHU�D�
ILQLWH�WLPH�LQWHUYDO�RU�RYHU�D�YDQLVKLQJO\�VPDOO�WLPH�LQWHUYDO�DV�LQ�WKH�
FDVH�RI�FROOLVLRQV��0RVW�RI�WKH�WLPH��SHRSOH�PHDQ�WKH�ODWWHU�ZKHQ�
UHIHUULQJ�WR�LPSXOVHV�L�H���IRUFHV�ZKLFK�DFW�RYHU�D�YHU\�VPDOO�DPRXQW�RI�
WLPH�DQG�ZKLFK�FDXVH�VXGGHQ�FKDQJHV�LQ�WKH�YHORFLW\�RI�DQ�REMHFW��

2

2
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,QHUWLD 7KH�WHQGHQF\�RI�DQ�REMHFW�WR�PDLQWDLQ�LWV�VWDWH�RI�UHVW�RU�RI�XQLIRUP�
PRWLRQ��7KH�UHVLVWDQFH�WR�FKDQJH�LQ�WKH�TXDQWLW\�RI�OLQHDU�PRWLRQ�
�OLQHDU�PRPHQWXP��LV�JLYHQ�E\�WKH�PDVV�RI�WKH�REMHFW��5HVLVWDQFH�WR�
FKDQJH�LQ�WKH�TXDQWLW\�RI�DQJXODU�PRWLRQ��DQJXODU�PRPHQWXP��DERXW�
DQ�D[LV�LV�WKH�PRPHQW�RI�LQHUWLD�DERXW�WKDW�D[LV�

,QHUWLD�7HQVRU 7KH�VHW�RI�QXPEHUV�WKDW�GHVFULEH�WKH�UHVLVWDQFH�WR�FKDQJH�LQ�DQJXODU�
PRWLRQ��7KLV�FRQVLVWV�RI�VHYHUDO�QXPEHUV�EHFDXVH��LQ�DQ\�JLYHQ�
RULHQWDWLRQ��D�ERG\�PD\�KDYH�GLIIHUHQW�LQHUWLD�WR�URWDWLRQ�DERXW�DOO�WKUHH�
D[HV��[��\�DQG�]��7KLV�TXDQWLW\�DOVR�FKDQJHV�ZLWK�WKH�RULHQWDWLRQ�RI�WKH�
ERG\��ZKLFK�LV�ZK\�LW�LV�D�WHQVRU�

7KH�LQHUWLD�WHQVRU�FDQ�EH�UHSUHVHQWHG�DV�D��[��PDWUL[�ZKLFK�LV�
V\PPHWULF�DQG�SRVLWLYH�GHILQLWH�

,QHUWLDO�5HIHUHQFH�)UDPH
$�UHIHUHQFH�V\VWHP�LQ�ZKLFK�1HZWRQ¶V�ODZV�RI�PRWLRQ�KROG��6HH�
1HZWRQ¶V�/DZV�

-RLQW $Q�HTXDOLW\�FRQVWUDLQW�RU�FRQQHFWLRQ�EHWZHHQ�REMHFWV�RU�ERGLHV��:KHQ�
WZR�RU�PRUH�ERGLHV�RU�REMHFWV�DUH�FRQQHFWHG�E\�MRLQWV��WKH\�IRUP�D�
PXOWL�ERG\�V\VWHP�ZKLFK�LV�DOVR�FDOOHG�D�MRLQWHG�ERG\�RU�DQ�DUWLFXODWHG�
ERG\�

.LQHPDWLFV .LQHPDWLFV�LV�WKH�VWXG\�RI�KRZ�WKLQJV�PRYH�LQ�UHODWLRQ�ZLWK�WLPH��,W�
GHVFULEHV�WKH�GLIIHUHQW�W\SHV�RI�PRWLRQ�D�ERG\�FDQ�XQGHUJR��
WUDQVODWLRQDO��FKDQJH�RI�SRVLWLRQ���URWDWLRQDO��FKDQJH�RI�RULHQWDWLRQ���
YLEUDWLRQDO��FKDQJH�RI�VKDSH�DQG�VL]H��

/RFDO�&RRUGLQDWHV� 7KH�RULJLQ�RI�WKH�ORFDO�FRRUGLQDWH�V\VWHP�RI�D�ERG\�LV�XVXDOO\�ORFDWHG�
DW�LWV�FHQWHU�RI�PDVV�

-DFRELDQ�0DWUL[ *LYHQ�DQ\�YHFWRU�IXQFWLRQ�RI�VHYHUDO�YDULDEOHV�ZLWK�FRPSRQHQWV

�)��[���[��������[Q���

�)��[���[��������[Q���

�����

�)Q�[���[��������[Q���

�WKH�-DFRELDQ�PDWUL[�LV�GHILQHG�DV��

�

,Q�WKH�FDVH�ZKHUH�WKH�IXQFWLRQV�)M�UHSUHVHQW�D�FRRUGLQDWH�
WUDQVIRUPDWLRQ�EHWZHHQ�[L�DQG�TM�� �)M��WKH�-DFRELDQ�PDWUL[�LV�WKH�OLQHDU�
DSSUR[LPDWLRQ�RI�WKH�FRRUGLQDWH�WUDQVIRUPDWLRQ�LQ�WKH�QHLJKERUKRRG�RI�
WKH�SRLQW�ZKHUH�WKH�GHULYDWLYHV�RI�)M�DUH�HYDOXDWHG����

Jij
�Fi
�xj
��������=
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,Q�D�PRUH�JHQHUDO�ZD\��WKH�-DFRELDQ�PDWUL[�LV�WKH�ORFDO�OLQHDU�
DSSUR[LPDWLRQ�RI�D�QRQ�OLQHDU�IXQFWLRQ�LQ�WKH�QHLJKERUKRRG�RI�D�SRLQW�
[���

�)�[�� �)�[�����-�[�[��

,Q�.HD��ZH�XVH�WKH�-DFRELDQV�RI�WKH�FRQVWUDLQW�IXQFWLRQV�LQ�WKH�
FRPSXWDWLRQ�RI�WKH�FRQVWUDLQW�IRUFHV��L�H��WKH�IRUFHV�UHTXLUHG�WR�
PDLQWDLQ�WKH�FRQVWUDLQW�

0DVV 0DVV�LV�WKH�PHDVXUH�RI�WKH�DPRXQW�RI�PDWHULDO�FRQWDLQHG�ZLWKLQ�D�
ERG\��,W�LV�LQGHSHQGHQW�RI�WKH�ORFDWLRQ�RI�WKH�ERG\��

0HFKDQLFV $�EUDQFK�RI�SK\VLFV�WKDW�GHDOV�ZLWK�WKH�DQDO\VLV�RI�PRWLRQ�RI�SK\VLFDO�
REMHFWV��7KLV�LQFOXGHV�WKH�VWXG\�RI�WKH�HTXDWLRQV�RI�PRWLRQ�GHULYHG�LQ�
G\QDPLFV�

0RPHQWXP 7KLV�LV�D�TXDQWLWDWLYH�PHDVXUH�RI�WKH�VWDWH�RI�PRWLRQ�RI�DQ�REMHFW��
/LQHDU�PRPHQWXP�LV�WKH�SURGXFW�RI�PDVV�DQG�YHORFLW\�� �DQG�LV�
D�YHFWRU�TXDQWLW\��$QJXODU�PRPHQWXP�LV�D�PHDVXUH�RI�WKH�URWDWLRQDO�
PRWLRQ�RI�DQ�REMHFW�DURXQG�VRPH�SRLQW�

1HZWRQ 7KH�6,�XQLW�RI�IRUFH��GHULYHG�IURP���EDVLF�XQLWV��PDVV��OHQJWK�DQG�WLPH�

1HZWRQV¶�/DZV 1HZWRQ
V�ILUVW�ODZ�RI�PRWLRQ��,Q�DQ�LQHUWLDO�IUDPH��DQ�REMHFW�WKDW�LV�
IUHH�RI�LQWHUDFWLRQ�KDV�FRQVWDQW�PRPHQWXP��$Q�REMHFW�DW�UHVW�UHPDLQV�
DW�UHVW��DQG�LI�LW�LV�LQ�PRWLRQ��WKDW�PRWLRQ�ZLOO�EH�XQLIRUP�DQG�FRQVWDQW��
WKDW�LV��WKH�FHQWHU�RI�PDVV�ZLOO�PRYH�RQ�D�VWUDLJKW�OLQH�DQG�WKH�PRWLRQ�
DERXW�WKH�FHQWHU�RI�PDVV�ZLOO�EH�XQLIRUP��7KH�WHQGHQF\�RI�DQ�REMHFW�WR�
UHVLVW�DQ\�FKDQJH�LQ�PRWLRQ�LV�FDOOHG�WKH�LQHUWLD�RI�WKH�REMHFW��0DVV�LV�
D�PHDVXUH�RI�LQHUWLD��

1HZWRQ
V�VHFRQG�ODZ�VWDWHV�WKH�UHODWLRQVKLS�EHWZHHQ�DQ�DFWLQJ�
IRUFH��WKH�PRPHQWXP�RI�D�ERG\��DQG�LWV�DFFHOHUDWLRQ��DV�IROORZV��

ZKHUH�S�LV�WKH�PRPHQWXP�RI�WKH�REMHFW�DQG�)�LV�WKH�DSSOLHG�IRUFH��,Q�
ZRUGV��WKLV�PHDQV�WKDW�WKH�IRUFH�H[HUWHG�RQ�D�ERG\�LV�HTXDO�WR�WKH�UDWH�
RI�FKDQJH�RI�PRPHQWXP�RI�WKDW�ERG\��)RU�SRLQW�PDVVHV�ZLWK�FRQVWDQW�
PDVV��WKLV�VLPSOLILHV�WR��

WKH�IDPLOLDU�)� �PD��$V�VXFK��1HZWRQ
V�VHFRQG�ODZ�RQO\�DSSOLHV�WR�
SRLQW�PDVVHV�DQG�IXUWKHU�DQDO\VLV�LV�UHTXLUHG�WR�GHULYH�WKH�HTXDWLRQV�
RI�PRWLRQ�IRU�ULJLG�ERGLHV�DQG�FRPSRVLWH�REMHFWV��

p mv=

dp
dt
������ F=

m
dv
dt
������ F=
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1HZWRQ
V�WKLUG�ODZ�VWDWHV�WKDW�IRU�HYHU\�DFWLRQ�WKHUH�LV�DQ�HTXDO�DQG�
RSSRVLWH�UHDFWLRQ��,I�WZR�ERGLHV�LQWHUDFW��WKH�PDJQLWXGH�RI�WKH�IRUFH�
H[HUWHG�E\�ERG\���RQ�ERG\���LV�HTXDO�WR�WKH�PDJQLWXGH�RI�WKH�IRUFH�
H[HUWHG�RQ�ERG\��E\�ERG\����7KHVH�WZR�IRUFHV�DUH�DOVR�RSSRVLWH�LQ�
GLUHFWLRQ�

1RUPDOV� 1RUPDOV�DUH�XQLW�YHFWRUV��7KH�QRUPDO�WR�D�SODQH�LV�D�XQLW�YHFWRU�
SHUSHQGLFXODU�WR�WKH�SODQH��,Q��'�JUDSKLFV��WKH\�LQGLFDWH�WKH�YLVLEOH�
VLGH�RI�DQ�REMHFW�

2EMHFW :H�XVH�WKLV�WHUP�WR�GHVFULEH�YLUWXDOO\�DQ\�HQWLW\�WKDW�FDQ�PRYH²D�
SRLQW�PDVV��ULJLG�ERG\��DUWLFXODWHG�ERG\��PXOWL�ERG\�V\VWHP��DQG�VR�RQ��
:H�XVH�LW�DV�D�JHQHUDO�WHUP�ZKHQ�ZKDW�LV�EHLQJ�GLVFXVVHG�LV�QRW�
UHVWULFWHG�WR�ULJLG�ERGLHV��2EMHFW�GRHV�QRW�UHIHU�WR�REMHFW�RULHQWHG�
SURJUDPPLQJ�FRQVWUXFWV�

2UGLQDU\�'LIIHUHQWLDO�(TXDWLRQ
$�GLIIHUHQWLDO�HTXDWLRQ�LV�D�UHODWLRQVKLS�EHWZHHQ�WKH�UDWH�RI�FKDQJH�IRU�
WKH�YDULDEOHV�RI�D�V\VWHP�DQG�WKH�VWDWH�RI�WKDW�V\VWHP��7KH�WHUP�
RUGLQDU\�PHDQV�WKDW�WKH�GHULYDWLYHV�DUH�WDNHQ�ZLWK�UHVSHFW�WR�DQ�
LQGHSHQGHQW�YDULDEOH�ZKLFK�LV�RIWHQ�ODEHOOHG�DV�WLPH��:KHQ�WKHUH�LV�
PRUH�WKDQ�RQH�LQGHSHQGHQW�YDULDEOH��VXFK�DV�VSDFH�IRU�LQVWDQFH��WKH�
HTXDWLRQV�DUH�FDOOHG�SDUWLDO�GLIIHUHQWLDO�HTXDWLRQV�

2ULHQWDWLRQ 'HVFULEHV�D�ERG\¶V�GLUHFWLRQ�UHODWLYH�WR�WKH�ZRUOG�RU�UHIHUHQFH�IUDPH�
FRRUGLQDWHV�

3RZHU 7KH�WLPH�UDWH�DW�ZKLFK�ZRUN�LV�SHUIRUPHG��HQHUJ\�LV�WUDQVIRUPHG��E\�D�
V\VWHP�

4XDWHUQLRQ 4XDWHUQLRQV�IRUP�D�IRXU�GLPHQVLRQDO�DOJHEUD�ZKLFK�LV�DQ�H[WHQVLRQ�RI�
QRUPDO�FRPSOH[�QXPEHUV��7KH\�FDQ�EH�XVHG�WR�UHSUHVHQW�URWDWLRQV�RI�
FRRUGLQDWH�D[HV�LQ��'�ZRUOGV�LQ�D�ZD\�WKDW�LV�IUHH�RI�VLQJXODULW\��LQ�
FRQWUDVW�WR�(XOHU�DQJOHV��IRU�H[DPSOH��:LWK�(XOHU�DQJOHV�WKHUH�DUH�
GLIILFXOWLHV�ZKHQ�WKH�SLWFK�DQJOH�UHDFKHV����GHJUHHV���D�SUREOHP�WKDW�
QHYHU�RFFXUV�ZKHQ�TXDWHUQLRQV�DUH�XVHG�

7KH�IRXU�FRPSRQHQWV�RI�D�XQLW�TXDWHUQLRQ�ZKLFK�UHSUHVHQWV�D��'�
URWDWLRQ�FDQ�EH�WKRXJKW�RI�DV�D�VHW�RI�SDUDPHWHUV�IRU��'�URWDWLRQV��DV�
DQ�DOWHUQDWLYH�WR�(XOHU�DQJOHV�

%HFDXVH�WKH\�ODFN�WKH�VLQJXODULWLHV�WKDW�(XOHU�V\VWHPV�KDYH��
TXDWHUQLRQV�DOORZ�IRU�VPRRWK�LQWHUSRODWLRQV�EHWZHHQ�URWDWLRQV��,W�LV�
SRVVLEOH�WR�FRQYHUW�(XOHU�$QJOHV�WR�D�TXDWHUQLRQ�4�XVLQJ�WKH�IROORZLQJ�
HTXDWLRQ�

Q qo qxi qyj qzk+ + +=
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ZKHUH�

5HVWLWXWLRQ��FRHIILFLHQW�RI�
:KHQ�GHVLJQLQJ�\RXU�JDPH��WKLQN�RI�UHVWLWXWLRQ�DV�ERXQFLQHVV��,Q�
SK\VLFV�WHUPV�LW�LV�WKH�UDWLR�RI�WKH�UHODWLYH�VSHHGV�RI�WZR�ERGLHV�MXVW�
DIWHU�DQG�MXVW�EHIRUH�D�FROOLVLRQ�EHWZHHQ�WKHP�DORQJ�WKHLU�GLUHFWLRQ�RI�
LPSDFW��LW�UDQJHV�IURP����IRU�SHUIHFWO\�LQHODVWLF�FROOLVLRQV��QR�ERXQFH���
WR����PD[LPXP�ERXQFH���IRU�FRPSOHWHO\�HODVWLF�RQHV��,I�\RX�LQFUHDVH�
WKH�YDOXH�WR�D�QXPEHU�JUHDWHU�WKDQ�RQH��\RX¶OO�JHW�DQ�HIIHFW�OLNH�D�
SLQEDOO�PDFKLQH��,W�LV�D�FRQVWDQW�DW�PRGHUDWH�VSHHGV��

5LJKW²+DQG�5XOH $�XVHIXO�YLVXDO�DLG�WR�UHSUHVHQW�D�ULJKW�KDQGHG�FRRUGLQDWH�V\VWHP��
+HUH¶V�KRZ�LW�ZRUNV��RULHQW�\RXU�ULJKW�KDQG�VR�WKDW�\RXU�WKXPE�LV�
SHUSHQGLFXODU�WR�WKH�SODQH�GHILQHG�E\�WKH�[�DQG�\�D[HV��DQG�VR�WKDW�
\RX�FDQ�FXUO�\RXU�ILQJHUV�LQ�WKH�GLUHFWLRQ�IURP�WKH�[�D[LV�WRZDUGV�WKH�\�
D[LV��<RXU�WKXPE�ZLOO�EH�SRLQWLQJ�LQ�WKH�GLUHFWLRQ�RI�WKH�]�D[LV�

5LJLG�%RG\ $�VROLG�REMHFW�WKDW�GRHVQ¶W�FKDQJH�LWV�VKDSH�RU�VL]H��GHVSLWH�DQ\�IRUFHV�
EHLQJ�DSSOLHG�WR�LW�

5RWDWLRQ� ,Q�D��'�ZRUOG��URWDWLRQ�RI�DQ�REMHFW�LV�LWV�PRWLRQ�DERXW�DQ�LQWHUQDO�D[LV�
RI�V\PPHWU\�UHODWLYH�WR�DQ�LQWHUQDO�FRRUGLQDWH�V\VWHP�

6,�8QLWV�DQG�3UHIL[HV 6,�VWDQGV�IRU�6\VWHPH�,QWHUQDWLRQDO��,W�LV�D�VWDQGDUGL]HG�VHW�RI�XQLWV�IRU�
VFLHQWLILF�PHDVXUHPHQW��([DPSOHV�RI�6,�XQLWV�LQFOXGH��WKH�1HZWRQ��
PHWUH��+HUW]��VHFRQG�DQG�:DWW��([DPSOHV�RI�6,�SUHIL[HV�LQFOXGH��
PHJD��PLOOL��WHUD�DQG�JLJD�

6WLII�6SULQJV 6WLIIQHVV�LV�D�PHDVXUH�RI�KRZ�D�VSULQJ�UHVLVWV�VWUHWFKLQJ��$�YHU\�VWLII�
VSULQJ�ZLOO�KDUGO\�PRYH�DW�DOO²HYHQ�LI�\RX�SXOO�YHU\�KDUG��ZKHUHDV�D�
VSULQJ�ZLWK�YHU\�OLWWOH�VWLIIQHVV�ZLOO�VWUHWFK�HDVLO\�HYHQ�LI�\RX�SXOO�LW�
JHQWO\��

7KH�VWLIIQHVV�LV�UHODWHG�WR�WKH�
VSULQJ�FRQVWDQW
�XVXDOO\�UHSUHVHQWHG�E\�
WKH�OHWWHU�.��:ULWLQJ�WKLV�GRZQ�DV�D�IRUPXOD�FDOOHG�+RRNH
V�ODZ�IRU�WKH�
H[WHQVLRQ�RI�VSULQJV�ZH�JHW�

)RUFH� ����VSULQJ�FRQVWDQW��;��OHQJWK�LQFUHDVH�

qo
Y
2
����Í Ý
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2
����Í Ý
Ë Û j

2
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2
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2
����Í Ý
Ë Û j

2
���Í Ý
Ë Ûsinsinsin+coscoscos=

qx
Y
2
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2
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2
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6WLII�VSULQJV�FUHDWH�YHU\�ODUJH�IRUFHV�IRU�VKRUW�WLPHV�DQG�WKLV�FDQ�EH�D�
SUREOHP�LQ�D�VLPXODWLRQ��7KH�UHDVRQ�LV�WKDW�WKH�IRUFH�LV�QHYHU�YHU\�
ODUJH�IRU�YHU\�ORQJ��)RU�D�VPDOO�PDVV�DWWDFKHG�RQ�D�VWLII�VSULQJ��WKH�
UHVXOWLQJ�PRWLRQ�IRU�WKH�PDVV�LV�WR�VWD\�YHU\�QHDU�WKH�SRLQW�RI�
HTXLOLEULXP��7KH�IRUFH�IURP�WKH�VSULQJ�ZLOO�FKDQJH�YHU\�UDSLGO\�IURP�
ODUJH�WR�VPDOO�WR�NHHS�WKH�PDVV�LQ�SODFH��$Q�LQWHJUDWRU�WKDW�LV�XVLQJ�D�
WLPH�VWHS�ODUJHU�WKDQ�KDOI�WKH�SHULRG�RI�WKH�VSULQJ�PLJKW�RYHUHVWLPDWH�
WKH�PDJQLWXGH�RI�WKH�IRUFH�DQG�WKLV�FDQ�OHDG�WR�DQ��H[SORVLRQ��L�H���D�
VLWXDWLRQ�ZKHUH�WKH�PDVV�PRYHV�IXUWKHU�DQG�IXUWKHU�DZD\�IURP�WKH�
HTXLOLEULXP�SRLQW����

1RWH�DOVR�WKDW�WKH�IUHTXHQF\�RI�D�VSULQJ�LV�GHSHQGHQW�RQ�WKH�PDVV�
DWWDFKHG�RQ�LW�DQG�LI�\RX�GURS�D�VPDOO�PDVV�RQ�D�VWLII�VSULQJ��WKDW�ZLOO�
SURGXFH�D�YHU\�KLJK�IUHTXHQF\�ZKLFK�PLJKW�EH�GLIILFXOW�IRU�WKH�
LQWHJUDWRU����

7KH�FRQVWUDLQW�VROYHU�XVHV�D�ILUVW�RUGHU�LQWHJUDWRU�IRU�XVHU�IRUFHV�ZKLFK�
GRHVQ
W�FKHFN�LI�IRUFHV�DUH�JHWWLQJ�YHU\�ODUJH��7KLV�PHDQV�WKDW�\RX�
VKRXOG�DYRLG�VWLII�VSULQJV�DOWRJHWKHU��,I�\RX�ZDQW�WR�VLPXODWH�D�VWLII�
VSULQJ��\RX�VKRXOG�XVH�D��UHOD[HG��FRQVWUDLQW�LQVWHDG�L�H���D�FRQVWUDLQW�
WKDW�LV�DOORZHG�WR�EH�YLRODWHG��

7LPH�6WHS 7LPH��OLNH�PDVV��LV�DQRWKHU�RI�WKRVH�UDWKHU�XQGHILQHG�PHDVXUHV�LQ�
SK\VLFV��(YHU\ERG\�NQRZV�ZKDW�LW�LV��DQG�DJUHHV�WR�PHDVXUH�LW�LQ�
VHFRQGV��

$�WLPH�VWHS�LV�DQ�LQWHUYDO�RI�WLPH��W\SLFDOO\�RI�WKH�RUGHU�RI�WKH�IUDPH�
UDWH��,I�\RX�UXQ�D�VLPXODWLRQ�DW����ISV��\RXU�WLPH�VWHS�VKRXOG�EH������V�
RU�VKRUWHU��LI�LW�LV�VKRUWHU��\RX�ZLOO�QHHG�WR�SHUIRUP�VHYHUDO�VWHSV�
EHWZHHQ�IUDPHV�LI�\RX�ZDQW�WR�FUHDWH�D�UHDO�WLPH�VLPXODWLRQ�LQ�ZKLFK�
HYHU\WKLQJ�VHHPV�WR�PRYH�DW�WKH�VDPH�UDWH�DV�LQ�WKH�UHDO�ZRUOG��

7KH�VLPXODWLRQ�FRPSXWHV�ZKDW�WKH�VWDWH�RI�WKH�V\VWHP�ZLOO�EH�DIWHU�DQ�
LQWHUYDO�RI�WLPH�HTXDO�WR�WKH�WLPH�VWHS�KDV�HODSVHG��XVLQJ�FXUUHQW�VWDWH�
DQG�GHULYDWLYH�LQIRUPDWLRQ��(VVHQWLDOO\��WKH�VLPXODWRU�XVHV�FXUUHQW�
YHORFLWLHV�DQG�IRUFHV�DQG�H[WUDSRODWHV�WKHP�WR�FRPSXWH�DQ�
DSSUR[LPDWLRQ�RI�WKH�VWDWH�LQWR�WKH�IXWXUH��7KH�FRUUHFWQHVV�RI�WKH�
DSSUR[LPDWLRQ�LV�UHODWHG�WR�WKH�WLPH�VWHS��WKH�ELJJHU�WKH�WLPH�VWHS�WKH�
ZRUVH�WKH�DSSUR[LPDWLRQ�

7UDFNLQJ�3UREOHP� 7KH�SUREOHP�RI�NHHSLQJ�WUDFN�RI�WKH�GLVWDQFH�EHWZHHQ�REMHFWV�DV�
VLPXODWHG�WLPH�LV�VWHSSHG�IRUZDUG��7KLV�LV�XVHIXO�WR�HVWLPDWH�ZKHQ�
REMHFWV�ZLOO�FROOLGH�

7RUTXH $�WRUTXH�FDQ�EH�GHVFULEHG�DV�D�WXUQLQJ�RU�WZLVWLQJ�IRUFH��,W¶V�WKH�
PHDVXUH�RI�D�IRUFH
V�WHQGHQF\�WR�SURGXFH�D�URWDWLRQ�DERXW�DQ�D[LV��
ZKLFK�DOVR�SURGXFHV�D�FKDQJH�LQ�WKH�DQJXODU�PRPHQWXP�RI�D�ERG\��
)RU�DQ�H[WHQGHG�ERG\²RQH�WKDW�LV�QRW�MXVW�D�VLQJOH�SRLQW�PDVV���D�
WRUTXH�LV�JHQHUDWHG�E\�DSSO\LQJ�D�IRUFH�DW�D�SRLQW�RWKHU�WKDQ�DW�WKH�
FHQWHU�RI�PDVV��7KH�GLVWDQFH�EHWZHHQ�WKH�SRLQW�ZKHUH�WKH�IRUFH�LV�
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DSSOLHG�DQG�WKH�FHQWHU�RI�PDVV�DFWV�OLNH�D�OHYHU��WKH�JUHDWHU�WKH�
GLVWDQFH��WKH�ELJJHU�WKH�UHVXOWLQJ�FKDQJH�LQ�DQJXODU�PRPHQWXP�

9HORFLW\ 7KH�UDWH�RI�FKDQJH�RI�SRVLWLRQ�DORQJ�D�VWUDLJKW�OLQH�ZLWK�UHVSHFW�WR�
WLPH��$�YHORFLW\�KDV�VSHHG�DQG�GLUHFWLRQ��LW�LV�D�YHFWRU�TXDQWLW\�ZKRVH�
PDJQLWXGH�LV�H[SUHVVHG�LQ�XQLWV�RI�GLVWDQFH�RYHU�WLPH��VXFK�DV�
NLORPHWHUV�SHU�KRXU�

:RUN :RUN�LV�WKH�SURGXFW�RI�IRUFH��DQG�WKH�GLVWDQFH�PRYHG�E\�WKH�SRLQW�RI�
DSSOLFDWLRQ�RI�WKH�IRUFH�LQ�WKH�GLUHFWLRQ�WKDW�WKH�IRUFH�ZDV�DSSOLHG��
:RUN�LV�GLUHFWO\�UHODWHG�WR�WKH�FKDQJH�LQ�WKH�HQHUJ\�RI�WKH�V\VWHP�

:RUOG�5HIHUHQFH�)UDPH $�FRRUGLQDWH�V\VWHP�WKDW�LV�XVHG�WR�ORFDWH�DQ�REMHFW�LQ�UHODWLRQ�WR�D�
ZRUOG�RULJLQ��7KLV�LV�VRPHWLPHV�UHIHUUHG�WR�DV�D�*OREDO�&RRUGLQDWH�
V\VWHP�

;<=�D[HV� ,Q�D�&DUWHVLDQ�FRRUGLQDWH�V\VWHP��WKHVH�DUH�WKH�WKUHH�RUWKRJRQDO�D[HV�
ZKLFK�UHSUHVHQW�WKUHH�GLPHQVLRQDO�VSDFH��
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