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.H\ZRUGV� 0R6$57� KHOLFRSWHU� UHDO�WLPH LQWHUDFWLYH
VLPXODWLRQ DQG YLVXDOL]DWLRQ�

� $EVWU DFW

7KLV SDSHU GHVFULEHV D VHW RI 0LFURVRIW :LQGRZV 
���17�
9LVXDO &��� 'LUHFW��' EDVHG VRIWZDUH HQYLURQPHQWV IRU
VLPXODWLQJ DQG YLVXDOL]LQJ VHYHUDO GLoHUHQW G\QDPLFDO V\V�
WHPV� 'LoHUHQW VLPXODWLRQ DQG DQLPDWLRQ PRGHOV PD\
EH VHOHFWHG E\ WKH XVHU IRU HDFK HQYLURQPHQW� 8VHUV DUH
DOVR DEOH WR DOWHU PRGHO DQG FRQWUROOHU SDUDPHWHUV ?RQ
WKH q\� � WKXV DOORZLQJ WKHP WR TXLFNO\ H[DPLQH GLoHUHQW
VFHQDULRV� 7KH HQYLURQPHQWV WDNH DGYDQWDJH RI 'LUHFW��'
WR SURGXFH KLJK�TXDOLW\ WKUHH�GLPHQVLRQDO UHDO�WLPH DQL�
PDWHG JUDSKLFDO PRGHOV RI WKH V\VWHPV� 5HDO�WLPH SORW�
WLQJ DQG JUDSKLFDO LQGLFDWRUV DUH DOVR HPSOR\HG WR KHOS
XVHUV DEVWUDFW�RXW NH\ SKHQRPHQD� 7KH HQYLURQPHQWV
DOVR DFFRPPRGDWH GDWD H[FKDQJH ZLWK 0$7/$%� 8VHUV
PD\ UHDGLO\ H[SRUW VLPXODWLRQ GDWD WR 0$7/$% DQG XVH
WKH DVVRFLDWHG WRROER[HV IRU SRVW�SURFHVVLQJ DQG IXUWKHU
DQDO\VLV� 7KH 0R6$57 HQYLURQPHQWV DUH YDOXDEOH WRROV
IRU HQKDQFLQJ ERWK HGXFDWLRQ DQG UHVHDUFK� ([DPSOHV DUH
SUHVHQWHG WR LOOXVWUDWH WKHLU XWLOLW\�
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7KH PRGHUQ SHUVRQDO FRPSXWHU KDV HYROYHG LQWR D VHUL�
RXV SODWIRUP IRU HQJLQHHULQJ GHVLJQ� 7KH UDSLG LQFUHDVH LQ
SHUIRUPDQFH�SHU�SULFH RI SHUVRQDO FRPSXWHUV LV IDVW RXW�
SDFLQJ WKDW IRU ROGHU JHQHUDWLRQ V\VWHPV� ,QGHHG� PDQ\
LQVWLWXWLRQV WKDW RQFH HPSOR\HG H[SHQVLYH DQG XQZLHOG\
FHQWUDOL]HG PDLQIUDPH DQG ZRUNVWDWLRQ KDUGZDUH DUH QRZ
UHSODFLQJ WKHP ZLWK LQH[SHQVLYH DQG YHUVDWLOH GHVNWRS
FRPSXWHU V\VWHPV� 7KH RQJRLQJ ?3& 5HYROXWLRQ� LV SODF�
LQJ HQRUPRXV FRPSXWLQJ SRZHU DW WKH KDQGV RI PRUH SHR�
SOH WKDQ HYHU EHIRUH� 7KLV FXUUHQW OHYHO RI 3&�WHFKQRORJ\
QRZ SHUPLWV WKH FUHDWLRQ RI KLJKO\ DGYDQFHG 3&�EDVHG
HQJLQHHULQJ GHVLJQ WRROV�

:KLOH JHQHUDO�SXUSRVH VLPXODWLRQ DQG DQDO\VLV SDFN�
DJHV DOUHDG\ H[LVW �H�J� 0$7/$%� 6,08/,1.�
0$75,;�;�� WKHUH LV VWLOO D QHHG IRU DGYDQFHG YLVX�
DOL]DWLRQ WRROV� 7KH UHFHQW DGYDQFHV LQ 3&�WHFKQRORJ\
KDYH SURYLGHG GHYHORSPHQW SODWIRUPV FDSDEOH RI FUHDWLQJ
VXFK WRROV� 7KLV KDV SHUPLWWHG WKH 0RGHOLQJ� 6LPXODWLRQ�
$QLPDWLRQ DQG 5HDO�7LPH &RQWURO �0R6$57� WHDP DW
$68 WR FUHDWH VHYHUDO V\VWHP�VSHFLpF YLVXDOL]DWLRQ HQYL�
URQPHQWV >�@� >�@� >�@� >�@� >�@� >�@� >�@� >��@� >��@� ,Q FRQWUDVW
WR H[LVWLQJ JHQHUDO�SXUSRVH DQLPDWLRQ�YLVXDOL]DWLRQ SDFN�
DJHV �H�J� :RUNLQJ 0RGHO� '$'6�3ODQW�� RXU HoRUWV KDYH
EHHQ IRFXVHG XSRQ GHYHORSLQJ RSWLPL]HG HQYLURQPHQWV IRU
VSHFLpF V\VWHPV� 7KLV KDV SHUPLWWHG XV WR H[SORLW WKH
FKDUDFWHULVWLFV RI WKH SDUWLFXODU V\VWHP XQGHU VWXG\ DQG
WR SURYLGH HrFLHQW VLPXODWLRQ DQG DQDO\VLV WRROV IRU WKDW
V\VWHP� ,Q WKLV SDSHU� ZH GHVFULEH WKH FHQWUDO IUDPHZRUN
RI WKHVH HQYLURQPHQWV DQG SUHVHQW VHYHUDO H[DPSOHV RI
WKHLU XWLOLW\�

&RQWULEXWLRQ RI :RUN� 7KLV SDSHU GHPRQVWUDWHV KRZ
DoRUGDEOH VWDWH�RI�WKH�DUW 3& WHFKQRORJLHV PD\ EH FRP�
ELQHG WR GHYHORS KLJK TXDOLW\ V\VWHP�VSHFLpF 0R6$57
HQYLURQPHQWV WKDW DUH XVHIXO IRU HQKDQFLQJ WKH HGXFD�



WLRQ DQG UHVHDUFK SURFHVV� 6SHFLpFDOO\� LQ WKLV SDSHU� ZH
ZLOO IRFXV RQ DQ LQWHUDFWLYH 0R6$57 FDUW EDVH LQYHUWHG
SHQGXOXP HQYLURQPHQW� p[HG EDVH LQYHUWHG SHQGXOXP HQ�
YLURQPHQW� D URERW�PDQLSXODWRU HQYLURQPHQW� DQG D KHOL�
FRSWHU HQYLURQPHQW� 7KHVH HQYLURQPHQWV SHUPLW VWXGHQWV
DQG FRQWURO V\VWHP HQJLQHHUV WR PRUH HDVLO\ DQDO\]H� GH�
VLJQ IRU� DQG YLVXDOL]H WKH SHUIRUPDQFH RI VSHFLpF V\V�
WHPV YLD UHDO�WLPH DQG IDVWHU WKDQ UHDO�WLPH DQLPDWLRQ�
7KURXJK D XVHU�IULHQGO\ JUDSKLFDO LQWHUIDFH� XVHUV FDQ DO�
WHU PRGHO� FRQWUROOHU� DQG VLJQDO SDUDPHWHUV RQ�WKH�q\
ZKLOH FRPPDQGV DUH LVVXHG E\ HLWKHU D SURJUDP IXQFWLRQ
JHQHUDWRU RU D XVHU�FRQWUROOHG MR\VWLFN�

7KH V\VWHP�VSHFLpF QDWXUH RI RXU HQYLURQPHQWV SHU�
PLW XV WR H[SORLW WKH G\QDPLFDO DQG DQLPDWLRQ PRGHO
VWUXFWXUHV ZKLFK DUH QRW H[SORLWHG LQ JHQHUDO SXUSRVH
VLPXODWLRQ DQG DQLPDWLRQ SDFNDJHV� $V VXFK� WKH HQYL�
URQPHQWV GLVFXVVHG ZLWKLQ RoHUV VLJQLpFDQW LPSURYHPHQWV
RYHU VXFK JHQHUDO�SXUSRVH SDFNDJHV �H�J� :RUNLQJ 0RGHO�
'$'6�3ODQW� WKDW KDYH UHFHQWO\ HPHUJHG� 2QH PDMRU
IHDWXUH RI RXU HQYLURQPHQWV LV WKH DELOLW\ WR LPSRUW GDWD
IURP 0$7/$% IRU SRVW�VLPXODWLRQ DQLPDWLRQ DQG WR DF�
FHVV WKH 0$7/$% ��� HQJLQH � JLYLQJ WKH HQYLURQPHQW
GLUHFW DFFHVV WR WKH 0$7/$% WRROER[ VXLWH RI QXPHULFDO
WRROV �H�J� RSWLPL]DWLRQ� V\VWHP LGHQWLpFDWLRQ� VLJQDO SUR�
FHVVLQJ� HWF��� 7KHVH IHDWXUHV PDNH WKH HQYLURQPHQWV DQ
LGHDO FHQWHUSLHFH IRU KLJKO\ H[WHQVLEOH YLUWXDO GHVLJQ DQG
WHVW SODWIRUPV�

7KH UHPDLQGHU RI WKLV SDSHU LV RUJDQL]HG DV IROORZV�
,Q 6HFWLRQ � WKH YDULRXV PRGXOHV ZKLFK PDNH XS WKH FRUH
RI WKH HQYLURQPHQWV DUH GHVFULEHG� 7KH XWLOLW\ RI WKH HQ�
YLURQPHQWV DV HGXFDWLRQDO DQG UHVHDUFK WRROV LV GHPRQ�
VWUDWHG LQ 6HFWLRQ �� )LQDOO\� 6HFWLRQ � VXPPDUL]HV WKH
SDSHU DQG SUHVHQWV GLUHFWLRQV IRU IXWXUH ZRUN�

� 'HVFU LSWLRQ RI ( QYLU RQPHQW

7KLV VHFWLRQ GHVFULEHV RXU LQWHUDFWLYH 0R6$57 HQYLURQ�
PHQWV� $OWKRXJK VHSDUDWH� HDFK HQYLURQPHQW VKDUHV D
FRPPRQ IUDPHZRUN DQG PRGXODULW\� :H ZLOO GLVFXVV
WKH GHYHORSPHQW EDFNJURXQG RI WKH VRIWZDUH� DQG WKHQ
GHVFULEH WKH IXQFWLRQDOLW\ DQG FRQWHQW RI WKH LQGLYLGXDO
PRGXOHV RI WKH HQYLURQPHQWV�

7KH 0R6$57 HQYLURQPHQWV DUH LQWHUDFWLYH DSSOLFD�
WLRQV IRU VLPXODWLQJ DQG YLVXDOL]LQJ D YDULHW\ RI FRP�
SOH[ V\VWHPV� 7KH\ UXQ RQ DQ\ 3&�FRPSDWLEOH FRP�
SXWHU UXQQLQJ 0LFURVRIW :LQGRZV 
�� RU 17� )RU RSWL�
PXP SHUIRUPDQFH� IDVW 3HQWLXP SURFHVVRUV �RXU GHYHORS�
PHQW ZDV GRQH RQ ��� 0+] 3HQWLXP�3UR PDFKLQHV� DQG
�'�DFFHOHUDWHG YLGHR FDUGV DUH UHFRPPHQGHG�

7KH HQYLURQPHQWV ZHUH GHYHORSHG ZLWK 0LFURVRIW 9L�
VXDO &�� YHUVLRQ ��� >��@� DQG DUH EXLOW DURXQG WKH 0L�
FURVRIW )RXQGDWLRQ &ODVVHV �0)&� IUDPHZRUN� 7KH XVH
RI WKH 0)& IUDPHZRUN SURYLGHV D qH[LEOH DQG SRZHUIXO
IXQFWLRQ�EDVH DQG DVVLVWV LQ VWUXFWXULQJ WKH FRGH� 7KH
EDVLF YLVXDOL]DWLRQ IXQFWLRQV DUH HQDEOHG E\ WKH :LQGRZV
*HQHUDO 'UDZLQJ ,QWHUIDFH �*',� >��@ ZKLOH WKH WKUHH�
GLPHQVLRQDO UHQGHULQJ XVHV 'LUHFW��' >��@�

7KH 0R6$57 (QYLURQPHQWV DUH RUJDQL]HG DV IRXU
FRUH PRGXOHV� WKH 3URJUDP ,QWHUIDFH 0RGXOH �3,0��

)LJXUH �� 3URJUDP ,QWHUIDFH

WKH 6LPXODWLRQ 0RGXOH �6,0�� WKH *UDSKLFDO $QLPDWLRQ
0RGXOH �*$0�� DQG WKH +HOS�,QVWUXFW 0RGXOH �+,0��
(DFK RI WKHVH PRGXOHV DUH QRZ GLVFXVVHG�

��� 3 U RJU DP , QWHU IDFH 0 RGXOH

7KH 3,0 FRQWDLQV WKH JHQHUDO XVHU�LQWHUIDFH �8,� HOH�
PHQWV IHDWXUHG E\ WKH HQYLURQPHQW �)LJXUH ��� %\ XWL�
OL]LQJ WKH 0)& IUDPHZRUN� VWDQGDUG :LQGRZV 
�� XVHU�
LQWHUIDFH HOHPHQWV DUH DYDLODEOH WR WKH XVHU� 7KH EDVLF
)UDPH�:LQGRZ FRQWDLQV D PHQX� D VWDWXV EDU� DV ZHOO DV
D VKRUWFXW qRDWLQJ�GRFNLQJ�WRROEDU� 7KURXJK WKLV LQWHU�
IDFH WKH XVHU FDQ� 6HOHFW�HGLW D VLPXODWLRQ PRGHO� 6H�
OHFW DQ DQLPDWLRQ PRGHO� 6HOHFW�(GLW WKH LQSXW VLJQDOV
RI WKH VLPXODWLRQ� 9LHZ�&KDQJH WKH VLPXODWLRQ SDUDPH�
WHUV� 6DYH�/RDG WKH VLPXODWHG GDWD� RU 3RVW�SURFHVV WKH
VLPXODWHG GDWD LQ 0$7/$%�

7KH DFWLYH FKLOG ZLQGRZ FRQWDLQV D EORFN�GLDJUDP UHS�
UHVHQWDWLRQ RI WKH VHOHFWHG V\VWHP� 7KH XVHU PD\ HGLW SD�
UDPHWHUV DVVRFLDWHG ZLWK DQ\ RI WKH DYDLODEOH FRPSRQHQWV
VLPSO\ E\ FOLFNLQJ WKH PRXVH RQ WKH ER[� RU WKURXJK WKH
PHQXV�

��� 6LPXODWLRQ 0 RGXOH

7KH VLPXODWLRQ HQJLQH QXPHULFDOO\ VROYHV WKH RUGLQDU\ GLI�
IHUHQWLDO HTXDWLRQV GHVFULELQJ WKH SDUWLFXODU V\VWHP DQG LV
FDSDEOH RI VLPXODWLQJ D V\VWHP� ZKLFK LV EDVHG RQ D JHQ�
HUDO EORFN VWUXFWXUH� 7KH XVHU FDQ VSHFLI\ WKH XVH RI GLoHU�
HQW LQWHJUDWLRQ PHWKRGV� FRQWURO�ODZV� LQSXWV� DQG RWKHU
SDUDPHWHUV RI WKH V\VWHP� 7KH VLPXODWLRQ FDQ DFFHSW XVHU
FKDQJHV LQ UHDO�WLPH� HYHQ DV WKH VLPXODWLRQ LV SURJUHVV�
LQJ� 6HYHUDO LQWHJUDWLRQ PHWKRGV DUH VXSSRUWHG� LQFOXGLQJ
EDVLF (XOHU DQG D �WK RUGHU 5XQJH�.XWWD� 0RUH FRPSOH[
VLPXODWLRQV PD\ EH GHYHORSHG DQG FDQ WDNH DGYDQWDJH RI
GLUHFW DFFHVV WR 0$7/$% ��� VFULSWV DQG WRROER[HV YLD
WKH 0$7/$%�HQJLQH� %HWWHU WKDQ UHDO�WLPH VLPXODWLRQV
DUH SRVVLEOH RQ VWDQGDUG SHUVRQDO FRPSXWHUV�



��� *U DSKLFDO $QLPDWLRQ 0 RGXOH

7KH DELOLW\ WR YLVXDOL]H WKH VLPXODWLRQ LV D NH\ IHDWXUH RI
WKLV HQYLURQPHQW� 6HYHUDO YLVXDO UHSUHVHQWDWLRQV RI WKH
VLPXODWLRQ DUH DYDLODEOH WR WKH XVHU� LQFOXGLQJ� UHDO�WLPH
YDULDEOH GLVSOD\ ZLQGRZV� UHDO�WLPH JUDSKLQJ ZLQGRZV� ��
GLPHQVLRQDO DQLPDWLRQ ZLQGRZV� DQG ��GLPHQVLRQDO DQL�
PDWLRQ ZLQGRZV�

��� + HOS�, QVWU XFW 0 RGXOH

7KLV PRGXOH DOORZV IRU WKH LQFOXVLRQ RI RQ�OLQH WXWRULDOV�
,W DOVR FRQWDLQV EDVLF KHOS LQIRUPDWLRQ IRU XVLQJ WKH HQYL�
URQPHQW� :LWK WKH LQFOXVLRQ RI GLUHFW OLQNV WR +\SHUWH[W�
0DUNXS /DQJXDJH �+70/� IRUPDW GRFXPHQWV� XVHUV FDQ
FDOO XS KHOS DQG LQIRUPDWLRQ GLUHFWO\ IURP WKH HQYLURQ�
PHQW� 7KLV DOORZV WKH FUHDWLRQ RI GHWDLOHG RQ�OLQH WXWRUL�
DOV DQG SURMHFW JXLGHOLQHV�

� 8WLOLW\ RI ( QYLU RQPHQWV

,Q WKLV VHFWLRQ ZH ZLOO SUHVHQW H[DPSOHV IURP VHYHUDO LQ�
WHUDFWLYH 0R6$57 HQYLURQPHQWV ZKLFK GHPRQVWUDWH WKHLU
XWLOLW\ IRU HGXFDWLRQ DQG UHVHDUFK� 6SHFLpFDOO\� ZH ZLOO
IRFXV RQ� DQ LQWHUDFWLYH 0R6$57 FDUW EDVH LQYHUWHG SHQ�
GXOXP HQYLURQPHQW� p[HG EDVH LQYHUWHG SHQGXOXP HQYL�
URQPHQW� D URERW�DUP HQYLURQPHQW� DQG D KHOLFRSWHU HQ�
YLURQPHQW�

��� &DU W % DVH , QYHU WHG 3 HQGXOXP
( QYLU RQPHQW

7KH LQWHUDFWLYH FDUW EDVH LQYHUWHG SHQGXOXP HQYLURQPHQW
LV VKRZQ LQ )LJXUH �� 7KLV HQYLURQPHQW ZDV FUHDWHG WR
VLPXODWH DQ LQYHUWHG SHQGXOXP RQ D FDUW� ZKLFK FDQ PRYH
ODWHUDOO\� 7KH HQYLURQPHQW
V FRQWURO REMHFWLYH LV WR NHHS
WKH SHQGXOXP LQYHUWHG ZKLOH PLQLPL]LQJ WKH HUURU EH�
WZHHQ WKH FDUW
V FXUUHQW SRVLWLRQ DQG D UHIHUHQFH SRVLWLRQ
E\ DSSO\LQJ D IRUFH WR WKH FDUW� 7KH HQYLURQPHQW LPSOH�
PHQWV D FRQVWDQW JDLQ IXOO VWDWH IHHGEDFN FRQWUROOHU >�@
DV ZHOO DV D XVHU�LQSXW FRQWUROOHU DOORZLQJ XVHUV WR LVVXH
FDUW IRUFH FRPPDQGV ZLWK WKH FRPSXWHU
V PRXVH� 7KH
FRQWUROOHU JHQHUDWHG IRUFH FDQ EH REVHUYHG WKURXJK WKH
DQLPDWHG IRUFH YHFWRU LQGLFDWRU� 8VLQJ WKH XVHU LQWHUIDFH
XVHUV FDQ FKDQJH SHQGXOXP PRGHO SDUDPHWHUV� FDUW PRGHO
SDUDPHWHUV� DQG FRQWUROOHU SDUDPHWHUV LQ UHDO�WLPH� 6LP�
XODWLRQ GDWD LV REVHUYDEOH WKURXJK WKH VLPXODWLRQ YDULDEOH
GLDORJ ER[� GDWD JUDSKV� RU �' DQLPDWLRQ�

��� )L[HG % DVH , QYHU WHG 3 HQGXOXP
( QYLU RQPHQW

)LJXUH � VKRZV WKH LQWHUDFWLYH p[HG EDVH LQYHUWHG SHQ�
GXOXP HQYLURQPHQW� 7KLV HQYLURQPHQW VLPXODWHV DQ LQ�
YHUWHG SHQGXOXP H[SHULPHQW EXLOW DW $UL]RQD 6WDWH 8QL�
YHUVLW\� 7KH HQYLURQPHQW
V FRQWURO REMHFWLYH LV WR PLQL�
PL]H WKH HUURU EHWZHHQ WKH SHQGXOXP FXUUHQW DQJOH DQG
D XVHU VHOHFWHG SHQGXOXP DQJOH UHIHUHQFH FRPPDQG E\

DSSO\LQJ D WRUTXH WR WKH SHQGXOXP� 7KH HQYLURQPHQW
LPSOHPHQWV D GHIDXOW FRQWUROOHU ZLWK IHHGEDFN DQG IHHG�
WKURXJK G\QDPLFV DQG D XVHU LQSXW FRQWUROOHU� 8VHUV FDQ
LVVXH SHQGXOXP EDVH WRUTXH FRPPDQGV ZLWK WKH FRP�
SXWHU
V PRXVH� 8VLQJ WKH HQYLURQPHQW
V XVHU LQWHUIDFH
XVHUV FDQ FKDQJH SHQGXOXP PRGHO SDUDPHWHUV �SHQGX�
OXP OHQJWK� PDVV� DQG EDVH IULFWLRQ� DQG FRQWUROOHU SD�
UDPHWHUV LQ UHDO�WLPH� 6LPXODWLRQ GDWD FDQ EH REVHUYHG
WKURXJK WKH VLPXODWLRQ YDULDEOH GLDORJ ER[� GDWD JUDSKV�
RU �' DQLPDWLRQ�

��� 3 80 $ ��� 5RERWLF 0 DQLSXODWRU
( QYLU RQPHQW

0R6$57
V LQWHUDFWLYH 380$ ��� URERWLF PDQLSXODWRU
HQYLURQPHQW LV VKRZQ LQ )LJXUH �� 7KLV HQYLURQPHQW
VLPXODWHV DQ 8QLPDWH 380$ ��� URERW DUP XVLQJ D VL[
GHJUHH�RI�IUHHGRP QRQOLQHDU PRGHO >��@� 7KH HQYLURQ�
PHQW
V FRQWURO REMHFWLYH LV WR PLQLPL]H WKH HUURU EHWZHHQ
WKH HQG�HoHFWRU
V SRVLWLRQ DQG D GHVLUHG SRVLWLRQ� 7R ID�
FLOLWDWH VLQJOH LQSXW VLQJOH RXWSXW �6,62� V\VWHPV DOO EXW
D VLQJOH MRLQW FDQ EH ORFNHG UHVXOWLQJ LQ D 6,62 V\VWHP
ZLWK WKH XQORFNHG MRLQW WRUTXH LQSXW DQG XQORFNHG MRLQW
DQJOH RXWSXW� 7KURXJK WKH XVHU LQWHUIDFH
V PHQXV DQG
GLDORJ ER[HV XVHUV FDQ FKDQJH URERW DUP PRGHO SDUDPH�
WHUV DQG FRQWUROOHU SDUDPHWHUV LQ UHDO�WLPH� 7KH FXUUHQW
VLPXODWLRQ GDWD FDQ EH REVHUYHG WKURXJK WKH VLPXODWLRQ
YDULDEOH GLDORJ ER[� GDWD SORWV RU �' DQLPDWLRQ�

��� + HOLFRSWHU ( QYLU RQPHQW

)LJXUH � VKRZV D VFUHHQ FDSWXUH IURP WKH LQWHUDFWLYH
0R6$57 KHOLFRSWHU HQYLURQPHQW� 7KLV HQYLURQPHQW KDV
EHHQ VHW XS WR VLPXODWH D 6LNRUVN\ 8+��� %ODFNKDZN +H�
OLFRSWHU QHDU KRYHULQJ WULP� $ SURSRUWLRQDO FRQWUROOHU KDV
EHHQ LPSOHPHQWHG ZLWK QHJDWLYH IHHGEDFN� DQG WKH XVHU
LV DOORZHG WR LVVXH FRPPDQGV YLD MR\VWLFN� ZKLFK LV SUH�
pOWHUHG ZLWK D ORZ�SDVV pOWHU �XQLW\ GF JDLQ� � VHFRQG WLPH
FRQVWDQW�� 7KH pJXUH VKRZV WKH V\VWHP
V UHVSRQVH WR D
XVHU�LQWURGXFHG VWHS FRPPDQG� 7KH XVHU LV DEOH WR LV�
VXH WKLV FRPPDQG ZKLOH REVHUYLQJ WKH KHOLFRSWHU
V SLWFK
UHVSRQVH RQ WKH SLWFK�LQGLFDWRU ZLQGRZ� RU LQ WKH �' DQ�
LPDWLRQ ZLQGRZ �VKRZQ LQ )LJXUH ���

� 6XPPDU \ DQG 'LU HFWLRQV

7KLV SDSHU KDV GHVFULEHG 0LFURVRIW :LQGRZV 
���17� 9L�
VXDO &��� 'LUHFW��' EDVHG VRIWZDUH HQYLURQPHQWV IRU
VLPXODWLQJ DQG YLVXDOL]LQJ VSHFLpF G\QDPLFDO V\VWHPV�
$GYDQFHG DQLPDWLRQ DQG YLVXDOL]DWLRQ DLGV DUH XVHG WR
CDEVWUDFW�RXW
 FULWLFDO EHKDYLRU� :LWK WKH DELOLW\ WR LQWHU�
DFW ZLWK WKH VLPXODWLRQ LQ UHDO�WLPH DQG VHH WKH UHVXOWV
TXLFNO\� WKH XVHU FDQ UDSLGO\ JUDVS WKH XQGHUO\LQJ UHOD�
WLRQVKLSV LQ DQDO\]LQJ DQG GHVLJQLQJ FRQWUROOHUV IRU WKH
SDUWLFXODU V\VWHPV�



)LJXUH �� &DUW %DVH ,QYHUWHG 3HQGXOXP (QYLURQPHQW

)LJXUH �� )L[HG %DVH ,QYHUWHG 3HQGXOXP (QYLURQPHQW



)LJXUH �� 380$ ��� 5RERWLF 0DQLSXODWRU (QYLURQPHQW

)LJXUH �� +HOLFRSWHU (QYLURQPHQW



7KHVH HQYLURQPHQWV VKDUH D FRPPRQ FRUH WKDW LV ERWK
qH[LEOH DQG PRGXODU� 7KXV� WKLV IUDPHZRUN PD\ EH HDV�
LO\ H[WHQGHG WR DFFRPPRGDWH RWKHU V\VWHPV� 7KH XVH RI
'LUHFW��' DOVR DOORZV QHZ DQLPDWLRQ PRGHOV WR EH UDSLGO\
GHYHORSHG DQG LPSOHPHQWHG� $GGLWLRQDOO\� LQWHJUDWLRQ
ZLWK WKH 0$7/$% HQJLQH SURYLGHV DFFHVV WR DGYDQFHG
DQDO\VLV WRROV� 7KH H[WHQVLRQ RI WKHVH HQYLURQPHQWV DV
ZHOO DV WKH FUHDWLRQ RI QHZ HQYLURQPHQWV ZLOO EH WKH IR�
FXV RI IXWXUH ZRUN�
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