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	� 'HSDUWPHQW RI 0DWKHPDWLFV� 6WDWLVWLFV DQG &RPSXWHU 6FLHQFH

8QLYHUVLW\ RI ,OOLQRLV DW &KLFDJR� &KLFDJR� ,/ �����

(PDLO� \DX#XLF�HGX

�� 'HSDUWPHQW RI 0HFKDQLFDO DQG $XWRPDWLRQ (QJLQHHULQJ
7KH &KLQHVH 8QLYHUVLW\ RI +RQJ .RQJ� +RQJ .RQJ

(PDLO� MKXDQJ#PDH�FXKN�HGX�KN

$EVWUDFW

$ VHFRQG�RUGHU G\QDPLFV� 7UDFNLQJ�'LmHUHQWLDWRU� LV
JLYHQ WR JHQHUDWH VPRRWK DSSUR[LPDWLRQ RI WKH LQFRP�
LQJ PHDVXUHPHQW DQG LWV GHULYHUWLYH� ZKLFK FDQ EH XVHG
DV WKH GHVLUHG WUDMHFWRU\ IRU WKH FRQWURO V\VWHP�

� ,QWURGXFWLRQ

,Q WUDFNLQJ FRQWURO SUREOHPV� WKH VPRRWK DVVXPSWLRQ
LV RIWHQ PDGH IRU WKH GHVLUHG WUDMHFWRU\ RI WKH FRQ�
WURO V\VWHP>�@� +RZHYHU� LQ PDQ\ WUDFNLQJ SUREOHPV�
WKH VPRRWK DVVXPSWLRQ LV QRW VDWLVnHG� *HQHUDOO\� D
VHFRQG�RUGHU OLQHDU V\VWHP OLNH

�\G � N� B\G � N�\G  N�\D�W� ���

ZLOO EH XVHG WR JHQHUDWH GHVLUHG SRVLWLRQ DQG YHORFLW\
IRU WKH WUDFNLQJ V\VWHP� N�� N� QHHGV WR EH FKRVHQ VXFK
WKDW \G�W� LV IDVW HQRXJK WR FORVHO\ DSSUR[LPDWH \D�W��
$ IDPRXV FRQFOXVLRQ DERXW WKLV VHFRQG�RUGHU OLQHDU V\V�
WHP LV WKH FRQWUDGLFWLRQ EHWZHHQ IDVW UHVSRQVH DQG RYHU
VKRW� 7KDW LV� D IDVW UHVSRQVH DOZD\V UHVXOWV LQ DQ RYHU
VKRW� ,Q SUDFWLFDO SUREOHP � D FRPSURPLVH PXVW EH
PDGH� 7KLV ZLOO GUDPDWLFDOO\ DmHFW WKH HpFLHQF\ RI
WUDFNLQJ V\VWHP� :H KDYH WKH IDVW UHVSRQVH DQG RYHU
VKRW GLOHPPD IRU WKLV UHIHUHQFH PRGHO�

+DQ SURSRVHG D SDUDPHWHUL]HG VHFRQG�RUGHU QRQOLQHDU
G\QDPLFV� FDOOHG 7UDFNLQJ�'LmHUHQWLDWRU�7'� LQ >�@ WR
VROYH WKH DERYH GLOHPPDV� +DQ XVHV WKH IROORZLQJ FULWH�
ULD WR GHVFULEH WKH DFFXUDF\ RI VPRRWK DSSUR[LPDWLRQ�
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ZKHUH 7 ! � LV D nQLWH QXPEHU� 5 ! � LV D SDUDPHWHU�

,Q >�@� D VXpFLHQW FRQGLWLRQ LV JLYHQ IRU D VHFRQG�RUGHU
V\VWHP WR EH D 7'� ,Q WKLV SDSHU� ZH ZLOO H[DPLQH VRPH
SURSHUWLHV RI 7'� )LQDOO\� D VLPXODWLRQ UHVXOW ZLOO VKRZ
WKH DGYDQWDJH RI QRQOLQHDU 7' RYHU OLQHDU 7'�

� 0DLQ WKHRUHP DQG RWKHU UHVXOWV

7KH IROORZLQJ WKHRUHP LV SUHVHQWHG E\ +DQ LQ >�@�

7KHRUHP � �7KH %DVLF &RQYHUJHQFH 7KHRUHP RI
7UDFNLQJ 'LmHUHQWLDWRU� ,I WKH
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LV JOREDOO\ DV\PSWRWLFDOO\ VWDEOH DW RULJLQ� WKHQ IRU DQ\
ERXQGHG LQWHJUDEOH IXQFWLRQ Y�W� DQG 7 ! �� WKH VROXWLRQ
RI WKH IROORZLQJ V\VWHP�
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7KLV WKHRUHP SURYLGHV D ZD\ WR FRQVWUXFW D 7' IURP
DQ\ JOREDOO\ DV\PSWRWLFDOO\ VWDEOH V\VWHP� 5 FDQ EH
XVHG WR FRQWURO WKH DFFXUDF\ RI WKH WUDFNLQJ VLJQDO� ,I
I�[�� [�� LV OLQHDU� ZH KDYH PXFK VWURQJHU UHVXOW�

7KHRUHP � �/LQHDU 7UDFNLQJ 'LmHUHQWLDWRU� ,I WKH
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LV DV\PSWRWLFDOO\ VWDEOH DW RULJLQ� WKHQ IRU DQ\ ERXQGHG
LQWHJUDEOH IXQFWLRQ Y�W� DQG 7 ! �� WKH VROXWLRQ RI WKH
IROORZLQJ V\VWHP�
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7KH SURRI RI WKLV WKHRUHP LV UHODWLYHO\ ORQJ� DQG ZLOO DS�
SHDU HOVHZKHUH� 1RWLFH WKHUH LV D ELJ GLmHUHQFH EHWZHHQ



[��W� DQG Y�W�� [��W� LV VPRRWK DQG KDV GHULYHUWLYH ZKLOH
Y�W� PD\ HYHQ QRW FRQWLQXRXV� ,Q WKH IROORZLQJ� ZH ZLOO
VWXG\ KRZ SDUDPHWHU 5 DmHFWV WKH UHVSRQVH WLPH RI WKH
7'� )LUVW ZH QHHG WR LQWURGXFH WZR GHnQLWLRQV DERXW
FRQYHUJHQFH VSHHG RI VWDEOH V\VWHPV�

:H ZLOO XVH WKH GHnQLWLRQ RI *OREO\ )LQLWH 7LPH 6WDEOH
JLYHQ LQ >�@� ,I WKH V\VWHP LV DV\PSWRWLFDOO\ VWDEOH� ZH
JLYH WKH IROORZLQJ GHnQLWLRQ RI q�VHWWLQJ WLPH�

'HnQLWLRQ � �q�VHWWLQJ WLPH� &RQVLGHU WKH V\VWHP
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ZKLFK LV JOREDOO\ DV\PSWRWLFDOO\ VWDEOH DW WKH RULJLQ� )RU
DQ\ JLYHQ q ! �� /HW

7 �[�� q�  PLQI7 � N[�W�N � q� �W ! 7J
WKHQ 7 �[�� q� LV WKH q�VHWWLQJ WLPH RI WKH V\VWHP�

7KH IROORZLQJ WZR WKHRUHPV VKRZ WKH WZR PRVW LPSRU�
WDQW SURSHUWLHV RI q�VHWWLQJ WLPH�

7KHRUHP � /HW |
B]�  ]�
B]�  I�]�� ]��

���

EH JOREDOO\ DV\PSWRWLFDOO\ VWDEOH DW RULJLQ ZLWK q�VHWWLQJ
WLPH 7 �]�� q�� /HW F EH DQ\ FRQVWDQW� 7KH V\VWHP
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LV JOREDOO\ DV\PSWRWLFDOO\ VWDEOH DW �F� �� ZLWK VHWWLQJ

WLPH OHVV WKDQ 7 �[��q�
5

� ZKHUH [�  �[����� [������

7KLV WKHRUHP LV DOVR WUXH IRU VHWWLQJ WLPH RI JOREDOO\
nQLWH WLPH VWDEOH V\VWHPV� ,W LV VWDWHG DV IROORZLQJ�
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EH JOREDOO\ nQLWH WLPH VWDEOH DW RULJLQ ZLWK VHWWLQJ WLPH
7 �]��� /HW F EH DQ\ FRQVWDQW� 7KH V\VWHP
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LV JOREDOO\ nQLWH WLPH VWDEOH DW �F� �� ZLWK VHWWLQJ WLPH

HTXDO WR 7 �[��
5
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7KHVH WZR WKHRUHPV VKRZ WKDW WKH SDUDPHWHU 5 ! � LQ
V\VWHP ���� ZLOO UHGXFH WKH q�VHWWLQJ WLPH� $ ELJ 5 ZLOO
GHFUHDVH WKH V\VWHP UHVSRQVH WLPH�

)RU WKH OLQHDU V\VWHP� ZH KDYH PRUH VSHFLnF UHVXOW�

7KHRUHP � ,I WKH IROORZLQJ OLQHDU V\VWHP|
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LV VWDEOH ZLWK WZR HLJHQYDOXHV w�� w�� 7KHQ WKH IROORZLQJ
V\VWHP |
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LV DOVR VWDEOH� DQG KDV HLJHQYDOXHV DV 5w�� 5w�

7KLV FDQ EH HDVLO\ VKRZQ E\ QRWLFLQJ WKDW HLJHQYDOXHV
RI ���� DUH JLYHQ E\
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6LQFH WKH UHDO SDUW RI w�� w� PXVW EH QHJDWLYH� WKLV UH�
VXOW VKRZV WKDW D ELJJHU 5 ZLOO PDNH WKH UHDO SDUW RI
WKH HLJHQYDOXH PRUH VPDOOHU �WHQGV WR QHJDWLYH�� 7KLV
ZLOO GHnQLWHO\ LQFUHDVH WKH V\VWHP VSHHG� :KLOH LQ WKH
FDVH WKDW WKH HLJHQYDOXHV KDYH LPDJLQDU\ SDUW� WKH DE�
VROXWH YDOXH RI LPDJLQDU\ SDUW ZLOO DOVR LQFUHDVH DV 5
LQFUHDVHV� 7KLV ELJ DEVROXWH YDOXH RI LPDJLQDU\ SDUW
FDXVHV WKH RYHUVKRRW LQ WKH V\VWHP UHVSRQVH� 6R IRU OLQ�
HDU V\VWHP� RQH KDV WR EDODQFH WKH VSHHG DQG RYHUVKRRW�
7KDW LV ZK\ ZH QHHG WR ORRN IRU QRQOLQHDU V\VWHP IRU
TXLFN UHVSRQVH DQG VPDOO RYHUVKRRW�

� &RQFOXVLRQ

7KLV SDSHU VKRZV WKH QDWXUH RI SDUDPHWHU 5 LQ
7UDFNLQJ�'LmHUHQWLDWRU� 7' SURYLGHV DQ HDV\ PHWKRG
WR VPRRWK WKH QRLVHG VLJQDO�

5HIHUHQFHV

>�@ 6�3� %KDW DQG '�6� %HUQVWHLQ &RQWLQXRXV nQLWH
VWDELOL]DWLRQ RI WKH WUDQVODWLRQDO DQG URWDWLRQDO GRXEOH
LQWHJUDWRUV� ,((( 7UDQV� $XWRPDW� &RQWU�� YRO ��� QR�
�� SS� �������� ����

>�@ 5�0� +LUVFKRUQ� -� 'DYLV� *OREDO RXWSXW WUDFNLQJ
IRU QRQOLQHDU V\VWHP� 6,$0 -� &RQWRO 2SWP� �� ������
SS� ���������

>�@ -LQJTLQJ +DQ� :HL :DQJ� 1RQOLQHDU 7UDFNLQJ�

'LmHUHQWLDWRU� 6\VWHP 6FLHQFH DQG 0DWKHPDWLFV� �����
������ SS� �������

>�@ 9�7�+DLPR� )LQLWH WLPH FRQWUROOHU� 6,$0 -�
&RQWU� 2SWL� YRO� �� QR� �� SS� �������� ����

>�@ (�3�5\DQ� 6LQJXODU RSWLPDO FRQWUROV IRU VHFRQG�

RUGHU VDWXUDWLQJ V\VWHP� ,QW� -� &RQWU�� 9RO� ��� QR� ��
SS� �������� ����


