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7KLV SDSHU GHVFULEHV DQ ,QWHUDFWLYH 0RGHOLQJ� 6LPX�
ODWLRQ� $QLPDWLRQ� DQG 5HDO�7LPH &RQWURO �0R6$57�
(QYLURQPHQW ZKLFK PD\ EH XVHG IRU DQDO\]LQJ� GHVLJQ�
LQJ� YLVXDOL]LQJ� DQG HYDOXDWLQJ WKH SHUIRUPDQFH RI UR�
EXVW PXOWLYDULDEOH VXEPDULQH FRQWURO V\VWHPV� 7KH GH�
VFULEHG 0R6$57 HQYLURQPHQW LV EDVHG RQ 0LFURVRIW
:LQGRZV 17������� 9LVXDO &��� 0LFURVRIW 'LUHFW�
�'� DQG 0$7/$%�6,08/,1.� 7KH HQYLURQPHQW FRQ�
VLVWV RI VHYHUDO NH\ PRGXOHV� �L� D SURJUDP XVHU�
LQWHUIDFH �38,� PRGXOH� �LL� D UHDO�WLPH VLPXODWLRQ
�576� PRGXOH� �LLL� D JUDSKLFDO YLVXDOL]DWLRQ DQG DQ�
LPDWLRQ �*9$� PRGXOH� DQG �LY� D KHOS�LQVWUXFW PRG�
XOH� 7KH HQYLURQPHQW DOVR DFFRPPRGDWHV GDWD H[�
FKDQJH ZLWK 0$7/$%� 7KLV LV XVHIXO IRU FRQWURO V\V�
WHP DQDO\VLV DQG UHGHVLJQ� 7KLV PDNHV WKH GHYHORSHG
HQYLURQPHQW YHU\ H[WHQVLEOH ZLWK UHVSHFW WR PDWKHPDW�
LFDO PRGHOLQJ DQG FRQWURO� 7KH GHYHORSHG ,QWHUDFWLYH
0R6$57 6XEPDULQH (QYLURQPHQW LV VKRZQ WR EH D
YDOXDEOH WRRO IRU HQKDQFLQJ WKH DQDO\VLV DQG GHVLJQ SUR�
FHVV� ([DPSOHV DUH SUHVHQWHG WR LOOXVWUDWH LWV XWLOLW\�

� ,QWURGXFWLRQ

7KH 1HHG )RU 'HVLJQ 7RROV� :KHQ D VXEPDULQH LV
GHHSO\ VXEPHUJHG� WKH G\QDPLF IRUFHV DQG PRPHQWV
DFWLQJ RQ WKH VXEPDULQH PDNH VKLS FRQWURO GLrFXOW
>�@� >��@� 7UDGLWLRQDOO\� VXEPDULQH FRQWURO V\VWHPV DUH
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GHVLJQHG E\ DVVXPLQJ GHFRXSOHG ORQJLWXGLQDO DQG ODW�
HUDO G\QDPLFV� XVLQJ FODVVLFDO VLQJOH�LQSXW VLQJOH�RXWSXW
�6,62� ?VKDSLQJ� WHFKQLTXHV >�@� DQG WKHQ PRGLI\LQJ
WKH UHVXOWLQJ GHVLJQ WR DFFRPPRGDWH FURVV�FRXSOLQJ HI�
IHFWV� %HFDXVH RI LQFUHDVHG SHUIRUPDQFH UHTXLUHPHQWV�
WKH QHHG IRU V\VWHPDWLF PXOWLYDULDEOH FRQWURO V\VWHP GH�
VLJQ WHFKQLTXHV >��@� >��@ ZKLFK VXLWDEO\ DFFRPPRGDWH
PXOWLSOH�LQSXW PXOWLSOH�RXWSXW �0,02� FURVV�FRXSOLQJ
HoHFWV DQG XQFHUWDLQW\ KDYH EHFRPH HVVHQWLDO� 6LQFH
FRQWURO V\VWHP GHVLJQ LV D KLJKO\ LWHUDWLYH SURFHVV� WRROV
ZKLFK IDFLOLWDWH WKH HYDOXDWLRQ DQG ?YLVXDOL]DWLRQ� RI
0,02 FRQWURO ODZV DUH LQYDOXDEOH WR GHVLJQHUV� *LYHQ
WKLV� WRROV ZKLFK VLPXOWDQHRXVO\ DFFRPPRGDWH LQWHUDF�
WLYH PRGHOLQJ� VLPXODWLRQ� DQDO\VLV� JUDSKLFDO YLVXDO�
L]DWLRQ� DQLPDWLRQ� GHVLJQ� DQG UHDO�WLPH FRQWURO IHD�
WXUHV DUH RI SDUWLFXODU XVH WR GHVLJQHUV� 2QO\ XQWLO YHU\
UHFHQWO\� WKH GHYHORSPHQW RI VXFK WRROV KDV EHHQ UH�
VWULFWHG WR PDLQIUDPH DQG ZRUNVWDWLRQ SODWIRUPV�

&RQWULEXWLRQV RI :RUN� 7KLV SDSHU GHPRQVWUDWHV
KRZ DoRUGDEOH VWDWH�RI�WKH�DUW 3& WHFKQRORJLHV PD\ EH
FRPELQHG WR GHYHORS KLJK TXDOLW\ V\VWHP�VSHFLpF ,Q�
WHUDFWLYH 0R6$57 (QYLURQPHQWV ZKLFK DUH XVHIXO IRU
HQKDQFLQJ WKH FRQWURO V\VWHP GHVLJQ SURFHVV� 6XFK HQ�
YLURQPHQWV SHUPLW FRQWURO V\VWHP HQJLQHHUV WR DQDO\]H�
GHVLJQ� DQG YLVXDOL]H WKH SHUIRUPDQFH RI VXEPDULQH FRQ�
WURO V\VWHPV YLD UHDO�WLPH DQG IDVWHU�WKDQ�UHDO�WLPH DQ�
LPDWLRQ� 7KURXJK D XVHU�IULHQGO\ JUDSKLFDO LQWHUIDFH�
XVHUV FDQ DOWHU PRGHO� FRQWUROOHU� DQG VLJQDO SDUDPH�
WHUV RQ�WKH�q\ ZKLOH FRPPDQGV DUH LVVXHG E\ D SURJUDP
IXQFWLRQ JHQHUDWRU� 2QH PDMRU IHDWXUH RI RXU HQYLURQ�
PHQW LV WKH DELOLW\ WR DFFHVV WKH 0$7/$% ��� HQJLQH �
JLYLQJ WKH HQYLURQPHQW GLUHFW DFFHVV WR WKH 0$7/$%
WRROER[ VXLWH RI QXPHULFDO WRROV �H�J� RSWLPL]DWLRQ� V\V�
WHP LGHQWLpFDWLRQ� VLJQDO SURFHVVLQJ� HWF��� 7KHVH IHD�
WXUHV PDNH WKH HQYLURQPHQW DQ LGHDO FHQWHUSLHFH IRU
D KLJKO\ H[WHQVLEOH YLUWXDO GHVLJQ DQG WHVW SODWIRUP�
7KH XWLOLW\ RI WKH HQYLURQPHQW LV FOHDUO\ GHPRQVWUDWHG
ZLWKLQ WKLV SDSHU WKURXJK H[DPSOHV DGGUHVVLQJ IXQGD�
PHQWDO FRQWURO LVVXHV ZKLFK DUH RI FRQFHUQ WR VXEPDULQH
QDYLJDWRUV�
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� 6XEPDULQH 0RGHO DQG &RQWURO /DZV

7KLV VHFWLRQ GHVFULEHV PDWKHPDWLFDO PRGHOV ZKLFK DUH
LPSOHPHQWHG ZLWKLQ RXU ,QWHUDFWLYH 0R6$57 6XEPD�
ULQH (QYLURQPHQW� 7KHVH PRGHOV LQFOXGH VXEPDULQH G\�
QDPLFDO HTXDWLRQV DQG 0,02 FRQWURO ODZV�

6XEPDULQH 0RGHO� 7KH PRWLRQ RI D VXEPDULQH LV GH�
VFULEHG E\ VL[ GHJUHHV RI IUHHGRP� WKUHH WUDQVODWLRQDO
GHJUHHV RI IUHHGRP DQG WKUHH URWDWLRQDO GHJUHHV RI IUHH�
GRP� 7KH VXEPDULQH HTXDWLRQV RI PRWLRQ �SODQW� LP�
SOHPHQWHG ZLWKLQ WKH GHYHORSHG HQYLURQPHQW WDNH WKH
IRUP
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ZKHUH WKH FRQWURO YHFWRU XS � 5�d�� VWDWH YHFWRU [S �
5�d�� DQG RXWSXW YHFWRU \S � 5�d� DUH JLYHQ E\�
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GEb IDLUZDWHU SODQH GHI �UDG�
GU b UXGGHU GHI �UDG�
GV� b SRUW VWHUQ SODQH GHI �UDG�
GV� b VWDUERDUG VWHUQ SODQH GHI �UDG�
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Xb D[LDO YHORFLW\ �IW VHF�
Y b ODWHUDO YHORFLW\ �IW VHF�
Z b KHDYH YHORFLW\ �IW VHF�
Sb UROO UDWH �UDG VHF�
T b SLWFK UDWH �UDG VHF�
U b \DZ UDWH �UDG VHF�
�b UROO �UDGLDQV�
v b SLWFK �UDGLDQV�
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�b UROO (XOHU DQJOH �UDG�
v b SLWFK (XOHU DQJOH �UDG�
B� b \DZ (XOHU UDWH �UDG VHF�
B] b GHSWK UDWH �IW VHF�
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7KH PRGHO UHSUHVHQWV D OLQHDUL]DWLRQ RI WKH QRQOLQHDU
G\QDPLFDO HTXDWLRQV DERXW D �� NQRW IRUZDUG VSHHG
DQG � GHJUHH UROO DQJOH HTXLOLEULXP >�@� 2WKHU PDWKH�
PDWLFDO PRGHOV DUH DOVR DYDLODEOH ZLWKLQ WKH GHYHORSHG
VXEPDULQH HQYLURQPHQW >��@�

0RGHO $QDO\VLV� 7KH V\VWHP SROHV DQG PXOWLYDULDEOH
WUDQVPLVVLRQ ]HURV DUH JLYHQ LQ 7DEOH �� )URP 7DEOH ��
LW IROORZV WKDW WKH VXEPDULQH LV VWDEOH � KDYLQJ DOO RI LWV
SROHV LQ WKH OHIW KDOI SODQH�

&RQWURO /DZV� 6HYHUDO FRQWURO ODZV DUH LPSOHPHQWHG
ZLWKLQ RXU HQYLURQPHQW� 0RUH JHQHUDOO\� EHFDXVH RI WKH
HDV\ DFFHVV WR WKH 0$7/$% HQJLQH IURP ZLWKLQ RXU
HQYLURQPHQW� XVHUV PD\ VHDPOHVVO\ VXEPLW D PRGHO WR
0$7/$%� JHQHUDWH D GHVLJQ� GRZQORDG WKH GHVLJQ LQWR
WKH HQYLURQPHQW� DQG WKHQ VLPXODWH� DQLPDWH� HWF� $
XVHU PD\ DOVR GULYH RXU DQLPDWLRQ PRGXOH ZLWK D JHQ�
HUDO 6,08/,1.�JHQHUDWHG EORFN GLDJUDP� 7KLV PDNHV
WKH HQYLURQPHQW KLJKO\ H[WHQVLEOH� ,Q RUGHU WR IRFXV

3 ROH 'HVFU LS WLRQ 3 ROHV 7 U DQ � =HU RV

5ROO 2VFLOODWLRQ � y���  b�����h M����� ]�  b������

5ROO�< DZ 6 X E VLG HQ FH� y�  b������ ]�  b������

+ RU L]RQ WDO 6 X E VLG HQ FH� y�  b������

3 LWFK 2VFLOODWLRQ � y���  b�����h M�����

5ROO�6 S HHG 6 X E VLG HQ FH� y�  b������

3 LWFK 6 X E VLG HQ FH� y�  b������

7DEOH �� 3ODQW 3ROHV DQG 7UDQVPLVVLRQ =HURV

WKH H[SRVLWLRQ� WKLV SDSHU ZLOO UHVWULFW VSHFLpF GLVFXV�
VLRQV WR FRQWURO ODZV KDYLQJ WKH VWUXFWXUH LQGLFDWHG LQ
)LJXUH �� ,Q WKLV pJXUH� 3 LV UHSUHVHQWV WKH VXEPDULQH
WR EH FRQWUROOHG� \ UHSUHVHQWV WKH V\VWHP RXWSXW� U LV
D UHIHUHQFH FRPPDQG DQG UHSUHVHQWV WKH GHVLUHG V\V�
WHP RXWSXW� H LV DQ HUURU VLJQDO WR EH SURFHVVHG E\ D
FRPSHQVDWRU . �WR EH GHVLJQHG�� X LV WKH FRQWURO VLJ�
QDO JHQHUDWHG E\ . � GL LV D GLVWXUEDQFH DW WKH SODQW
LQSXW� GR LV D GLVWXUEDQFH DW WKH SODQW RXWSXW� DQG Q
UHSUHVHQWV VHQVRU QRLVH�
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)LJXUH �� 6WDQGDUG 1HJDWLYH )HHGEDFN 6\VWHP

/4*�/75 'HVLJQ� ,Q VHFWLRQ �� ZH H[DPLQH DQ
/4*�/75 PRGHO EDVHG FRPSHQVDWRU KDYLQJ WKH IRUP�
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ZKHUH WKH pOWHU JDLQ PDWUL[ + LV XVHG WR GHVLJQ
D ?WDUJHW� ORRS WUDQVIHU IXQFWLRQ PDWUL[ �*.)  
&�V, b $�b�+� DW WKH SODQW RXWSXW DQG WKH FRQWURO
JDLQ PDWUL[ * LV XVHG WR ?UHFRYHU� WKH DERYH ?WDUJHW
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EDVHG FRQWUROOHU ZKLFK VDWLVpHV WKH IROORZLQJ SHUIRU�
PDQFH FULWHULRQ >��@
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ZKHUH 6  >, � 3.@b�� 5  .6� DQG 7  3.6�
+HUH� :�� :�� :�� DUH GHVLJQ SDUDPHWHUVZHLJKWLQJ
IXQFWLRQV VSHFLpHG E\ WKH GHVLJQHU� :� LV W\SLFDOO\
VHOHFWHG WR DFKLHYH JRRG ORZ IUHTXHQF\ FRPPDQG IRO�
ORZLQJ DQG GLVWXUEDQFH UHMHFWLRQ� :� LV W\SLFDOO\ VH�
OHFWHG WR OLPLW FRQWURO DFWLRQ� :� LV W\SLFDOO\ VHOHFWHG
WR DFKLHYH KLJK IUHTXHQF\ QRLVH DWWHQXDWLRQ DQG UREXVW�
QHVV ZLWK UHVSHFW WR PXOWLSOLFDWLYH PRGHOLQJ HUURUV DW
WKH SODQW RXWSXW >��@� q LV DQRWKHU GHVLJQ SDUDPHWHU
DYDODEOH WR WKH GHVLJQHU ZKLFK LV W\SLFDOO\ VHOHFWHG DV
VPDOO DV SRVVLEOH�

� 0R6$57 6XEPDULQH (QYLURQPHQW

7KH ,QWHUDFWLYH 0R6$57 6XEPDULQH (QYLURQPHQW LV
DQ LQWHUDFWLYH DSSOLFDWLRQ IRU VLPXODWLQJ DQG YLVXDOL]�
LQJ D YDULHW\ RI FRPSOH[ VXEPDULQH V\VWHPV� 7KH VRIW�
ZDUH UXQV RQ DQ\ 3&�FRPSDWLEOH FRPSXWHU UXQQLQJ 0L�
FURVRIW :LQGRZV 
����� RU 17� )RU RSWLPXP SHUIRU�
PDQFH� D IDVW 3HQWLXP SURFHVVRU DQG �'�DFFHOHUDWHG
YLGHR FDUG LV UHFRPPHQGHG�

3URJUDP 8VHU ,QWHUIDFH 0RGXOH �38,�� 7KH SUR�
JUDP XVHU LQWHUIDFH PRGXOH �38,� SURYLGHV DQ LQWHU�
IDFH WR WKH XVHU �)LJXUH ��� $ XVHU FDQ� IRU H[DPSOH�
�L�VHOHFW�HGLW D VLPXODWLRQ PRGHO� �LL�VHOHFW DQ DQLPD�
WLRQ PRGHO� �LLL�VHOHFW�HGLW VLPXODWLRQ UHIHUHQFH FRP�
PDQGV� GLVWXUEDQFHV� DQG VHQVRU QRLVH� �LY�YLHZ�DOWHU
WKH VLPXODWLRQ SDUDPHWHUV� �Y�VHOHFW�DOWHU FRQWURO ODZV�
FRQWURO ODZ SDUDPHWHUV� DQG FRQWURO ODZ GHVLJQ SDUDP�
HWHUV IRU FRQWURO ODZ GHVLJQ XVLQJ 0$7/$%�7RROER[
HQJLQHV� 0HQX RSWLRQV IRU GDWD VWRUDJH DQG SORW�
WLQJ DOVR H[LVW� 8VHU�VHOHFWHG YDULDEOHV VDYHG IURP DQ
HDUOLHU VLPXODWLRQ PD\ EH SORWWHG DORQJVLGH FXUUHQW
VLPXODWLRQ GDWD� $Q DFWLYH FKLOG ZLQGRZ FRQWDLQV D
EORFN�GLDJUDP UHSUHVHQWDWLRQ RI WKH FRPSOHWH G\QDP�
LFDO VWUXFWXUH ZKLFK KDV EHHQ LPSOHPHQWHG ZLWKLQ WKH
HQYLURQPHQW�

6LPXODWLRQ 0RGXOH �6,0�� 7KH VLPXODWLRQ PRGXOH
�6,0� ZDV ZULWWHQ LQ &�� DQG LV RSWLPL]HG IRU VSHHG
DQG DFFXUDF\� ,W XWLOL]HV UHFXUVLYH DOJRULWKPV ZKLFK
QXPHULFDOO\ VROYH WKH RUGLQDU\ GLoHUHQWLDO HTXDWLRQV
GHVFULELQJ WKH V\VWHP� FRQWURO ODZ� VHQVRU G\QDPLFV�
DQG VLJQDO pOWHUV� :KHQ RSHUDWLQJ LQ OLQHDU�VLPXODWLRQ

)LJXUH �� 9 LVXD OL] D WLR Q R I 3UR J UD P 8 VH U ,QWH UID F H �38 ,��
6\ VWH P ' LD J UD P� 5H D O�7 LPH 9 D ULD EOH ' LVSOD \
:LQGR Z � 5H D O�7 LPH *UD SKLF V� � ' � � ' $ QLPD �
WLR Q� D QG $ F F H VV WR 0 D WOD E (QJ LQH

)LJXUH �� 3OD QW 0 R GD O $ QD O\ VLV 2EWD LQH G E\ $ F F H VVLQJ
& R QWUR O 6\ VWH P 7 R R OER [ IUR P Z LWKLQ (QY LUR Q�
PH QW

)LJXUH �� 3OD QW ) UH T XH QF \ 5H VSR QVH $ QD O\ VLV 2EWD LQH G
E\ $ F F H VVLQJ & R QWUR O 6\ VWH P 7 R R OER [ IUR P
Z LWKLQ (QY LUR QPH QW
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PRGH� WKH HQJLQH H[SORLWV D PDWUL[�DOJHEUD &�� FODVV
WRROVHW VSHFLpFDOO\ GHYHORSHG IRU WKLV DSSOLFDWLRQ� 8VHUV
FDQ VHOHFW � YLD WKH 38, � IURP GLoHUHQW LQWHJUDWLRQ
PHWKRGV� LQWHJUDWLRQ PHWKRG SDUDPHWHUV� FRQWURO ODZV�
FRQWURO ODZ SDUDPHWHUV� FRQWURO ODZ GHVLJQ SDUDPHWHUV
IRU UHGHVLJQ XVLQJ 0$7/$% HQJLQH� H[RJHQRXV VLJQDOV�
DQG RWKHU SDUDPHWHUV� 0RUH FRPSOH[ VLPXODWLRQV PD\
EH GHYHORSHG DQG FDQ WDNH DGYDQWDJH RI GLUHFW DFFHVV WR
0$7/$% ��� VFULSWV DQG WRROER[HV XVLQJ WKH HQYLURQ�
PHQW
V 0$7/$% (QJLQH &RPPXQLFDWLRQ /LQN� )LJ�
XUHV �� � LOOXVWUDWH WKH W\SH RI DQDO\VLV WKDW PD\ EH
FRQGXFWHG IURP ZLWKLQ RXU ,QWHUDFWLYH 0R6$57 6XE�
PDULQH (QYLURQPHQW E\ DFFHVVLQJ WKH 0$7/$% HQJLQH
DQG WRROER[HV�

*UDSKLFV�$QLPDWLRQ 0RGXOH �*$0�� 7KH PDLQ
SXUSRVH RI WKH JUDSKLFV�DQLPDWLRQ PRGXOH �*$0� LV WR
XSGDWH JUDSKLFV DQG DQLPDWLRQV XVLQJ GDWD SURYLGHG
E\ WKH VLPXODWLRQ PRGXOH� 'DWD� JUDSKV� YLVXDO LQGL�
FDWRUV� DQG DQLPDWLRQV DUH GLVSOD\HG ZLWKLQ FKLOG ZLQ�
GRZV� 7KH DELOLW\ WR YLVXDOL]H WKH VLPXODWLRQ YLD YDULRXV
YLVXDO DLGV LV D NH\ IHDWXUH RI WKLV HQYLURQPHQW� 6HYHUDO
YLVXDO UHSUHVHQWDWLRQV RI WKH VLPXODWLRQ DUH DYDLODEOH WR
WKH XVHU� LQFOXGLQJ� D UHDO�WLPH YDULDEOH GLVSOD\ ZLQ�
GRZ� UHDO�WLPH JUDSKLQJ ZLQGRZV� DQG ��GLPHQVLRQDO
DQG ��GLPHQVLRQDO 'LUHFW��' DQLPDWLRQ ZLQGRZV�

+HOS�,QVWUXFW 0RGXOH �+,0�� 7KLV KHOS�LQVWUXFW
PRGXOH �+,0� DOORZV IRU WKH LQFOXVLRQ RI RQ�OLQH PRGHO
GRFXPHQWDWLRQ DQG WXWRULDOV� ,W DOVR FRQWDLQV EDVLF KHOS
LQIRUPDWLRQ IRU XVLQJ WKH HQYLURQPHQW� :LWK WKH LQ�
FOXVLRQ RI GLUHFW OLQNV WR +\SHUWH[W�0DUNXS /DQJXDJH
�+70/� IRUPDW GRFXPHQWV� XVHUV FDQ FDOO XS KHOS DQG
LQIRUPDWLRQ GLUHFWO\ IURP WKH HQYLURQPHQW� 7KLV DOORZV
WKH FUHDWLRQ RI GHWDLOHG RQ�OLQH PRGHO GRFXPHQWDWLRQ�
WXWRULDOV� DQG LQWHUDFWLYH OHVVRQV�

� 8WLOLW\ RI (QYLURQPHQW

,Q WKLV VHFWLRQ� WKH XWLOLW\ RI WKH HQYLURQPHQW DV D UH�
VHDUFK WRRO LV GHPRQVWUDWHG� 7ZR GHVLJQV �/4*�/75
DQG + � � ZHUH REWDLQHG YLD WKH HQYLURQPHQW
V FRPPX�
QLFDWLRQ OLQN ZLWK 0$7/$%� 7KH ORZ IUHTXHQF\ FRP�
PDQG IROORZLQJ SURSHUWLHV RI WKH GHVLJQV ZHUH H[DPLQHG
XVLQJ WKH HQYLURQPHQW DQG LWV OLQN WR 0$7/$%�

/4*�/75 'HVLJQ� 7KH EDQGZLGWK SDUDPHWHU z DQG
UHFRYHU\ SDUDPHWHU ~ >��@ ZHUH VHOHFWHG DV IROORZV�

z  ���� ~  ��b� ����

VR WKDW WKH UHVXOWLQJ EDQGZLGWK LV DSSUR[LPDWHO\ � }
��� UDG�VHF� 7R HYDOXDWH WKLV GHVLJQ LQ WHUPV RI ORZ
IUHTXHQF\ FRPPDQG IROORZLQJ� WKH IROORZLQJ FRPPDQG
VFHQDULR ZDV H[DPLQHG�
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ZKHUH W LV PHDVXUHG LQ VHFRQGV� 7KLV FRPPDQG
VFHQDULR UHVXOWV LQ )LJXUHV �� �� )LJXUH � VKRZV WKH
WDUJHW DQG UHFRYHUHG VHQVLWLYLW\ VLQJXODU YDOXHV IRU WKH
GHVLJQ� )LJXUH � VKRZ WKH UHVXOWLQJ RXWSXWV�
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VR WKDW WKH UHVXOWLQJ EDQGZLGWK LV DSSUR[LPDWHO\ �  
��� UDG�VHF� 7R HYDOXDWH WKLV GHVLJQ LQ WHUPV RI ORZ
IUHTXHQF\ FRPPDQG IROORZLQJ� WKH FRPPDQG VFHQDULR
XVHG WR HYDOXDWH WKH /4*�/75 GHVLJQ ZDV XVHG� 7KLV
FRPPDQG VFHQDULR UHVXOWV LQ )LJXUHV �� �� )LJXUH �
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VKRZV WKH GHVLJQ VSHFLpFDWLRQV DQG WKH UHVXOWLQJ VHQVL�
WLYLW\ VLQJXODU YDOXHV IRU IRU WKH QHZ GHVLJQ� )LJXUH �
VKRZV WKH UHVXOWLQJ RXWSXWV� 7KH XVHU FDQ XVH WKH HQ�
YLURQPHQW WR DQDO\]H RU FRPSDUH WKH SHUIRUPDQFH RI
GLoHUHQW GHVLJQ SDUDPHWHUV RU FRQWUROOHU LQWHUDFWLYHO\�

� 6XPPDU\ DQG )XWXUH 'LUHFWLRQV

7KLV SDSHU KDV GHVFULEHG D 0LFURVRIW :LQGRZV

������17 DQG 9LVXDO &�� EDVHG RQ VRIWZDUH HQYL�
URQPHQW IRU VLPXODWLQJ DQG YLVXDOL]LQJ VXEPDULQH FRQ�
WURO V\VWHP� $PRQJ YDULRXV W\SHV RI 0,02 GHVLJQV�
/4*�/75 DQG +
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KDYH EHHQ SRSXODU PHWKRGV IRU

FRQWURO DSSOLFDWLRQV� 7KH VXEPDULQH PRGHO EDVHG RQ D
QRPLQDO SRLQW RI �� NQRWV IRUZDUG VSHHG DQG � GHJUHH
UROO DQJOH VFDOHG IRU XQLWV DQG LQSXW�RXWSXW ZHLJKW�
LQJV� 7KH 0R6$57 SURJUDP PD\ EH XVHG DV D WRRO
IRU GHPRQVWUDWLQJ KRZ SDUDPHWHU YDULDWLRQV DoHFW DO�
JRULWKP HoHFWLYHQHVV DQG HrFLHQF\� :LWK WKH DELOLW\ WR
LQWHUDFW ZLWK WKH VLPXODWLRQ LQ UHDO�WLPH DQG VHH WKH UH�
VXOWV TXLFNO\� WKH XVHU FDQ HDVLO\ DQDO\]H DQG GHVLJQ WKH
VXEPDULQH FRQWURO V\VWHPV� )XWXUH ZRUN ZLOO LQFOXGH
RWKHU 0,02 FRQWURO GHVLJQ PHWKRGV �H�J� /4 6HUYR�
QHXUDO QHWZRUN FRQWURO DQG QRQOLQHDU FRQWURO PHWKRGV
�H�J� VOLGLQJ FRQWURO PRGHO� IRU WKH VXEPDULQH FRQWURO�

7KH LQWHUDFWLYH 0R6$57 VXEPDULQH HQYLURQPHQW ZLOO
VHUYH DV D SODWIRUP VXSSRUWLQJ WKH DERYH RWKHU FRQ�
WURO PHWKRGV� 7R UHDOL]LQJ LW� WKH SRZHUIXO 0R6$57
HQYLURQPHQW LV QHHG IRU YHU\ FRPSOH[ VLPXODWLRQ� DQL�
PDWLRQ� DQG FRQWURO PRGHOV� $OVR� WKLV ZLOO EH WKH IRFXV
RI IXWXUH ZRUN�
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