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&RUUHFWQHVV RI $W�0RVW�2QFH 0HVVDJH 'HOLYHU\ 3URWRFROV

%XWOHU :� /DPSVRQD� 1DQF\ $� /\QFKE DQG -~UJHQ )� 6~JDDUG�$QGHUVHQFe

D&DPEULGJH 5HVHDUFK /DERUDWRU\� '(&� &DPEULGJH� 0$ ������ 86$�

E/DE� IRU &RPSXWHU 6FLHQFH� 0,7� ��� 7HFK� 6TXDUH� &DPEULGJH� 0$ ������ 86$�

F'HSDUWPHQW RI &RPSXWHU 6FLHQFH� 7HFKQLFDO 8QLYHUVLW\ RI 'HQPDUN� %XLOGLQJ ����
'.����� /\QJE\� 'HQPDUN�

7KLV SDSHU DGGUHVVHV WKH LVVXHV RI IRUPDO GHVFULSWLRQ DQG YHULnFDWLRQ IRU FRPPXQLFDWLRQ
SURWRFROV� 6SHFLnFDOO\� ZH SUHVHQW WKH UHVXOWV RI D SURMHFW FRQFHUQHG ZLWK SURYLQJ FRUUHFWQHVV RI
WZR GLmHUHQW VROXWLRQV WR WKH DW�PRVW�RQFH PHVVDJH GHOLYHU\ SUREOHP� 7KH WZR LPSOHPHQWDWLRQV
DUH WKH ZHOO�NQRZQ nYH�SDFNHW KDQGVKDNH SURWRFRO DQG D WLPLQJ�EDVHG SURWRFRO GHYHORSHG IRU
QHWZRUNV ZLWK ERXQGHG PHVVDJH GHOD\V�
:H XVH DQ RSHUDWLRQDO DXWRPDWRQ�EDVHG DSSURDFK WR IRUPDO VSHFLnFDWLRQ RI WKH SUREOHP VWDWH�

PHQW DQG WKH LPSOHPHQWDWLRQV� SOXV LQWHUPHGLDWH OHYHOV RI DEVWUDFWLRQ LQ D VWHS�ZLVH GHYHORSPHQW
IURP VSHFLnFDWLRQ WR LPSOHPHQWDWLRQV� :H XVH VLPXODWLRQ WHFKQLTXHV IRU SURYLQJ FRUUHFWQHVV�

,Q WKH SURMHFW ZH GHDO ZLWK VDIHW\� WLPLQJ� DQG OLYHQHVV SURSHUWLHV� ,Q WKLV SDSHU� KRZHYHU� ZH

FRQFHQWUDWH RQ VDIHW\ DQG WLPLQJ SURSHUWLHV�

.H\ZRUG &RGHV� &����� '����� )����

.H\ZRUGV� &RPSXWHU 6\VWHPV 2UJDQL]DWLRQ� 1HWZRUN 3URWRFROV� 6RIWZDUH� 3URJUDP 9HULnFD�

WLRQ� 7KHRU\ RI &RPSXWDWLRQ� 0RGHOV RI &RPSXWDWLRQ

�� ,1752'8&7,21

'XULQJ WKH SDVW IHZ \HDUV� WKH WHFKQRORJ\ IRU IRUPDO YHULnFDWLRQ RI FRPPXQLFDWLRQ
SURWRFROV KDV PDWXUHG WR WKH SRLQW ZKHUH ZH EHOLHYH WKDW LW QRZ SURYLGHV SUDFWLFDO DV�
VLVWDQFH IRU SURWRFRO GHVLJQ DQG YDOLGDWLRQ� 5HFHQW DGYDQFHV LQFOXGH WKH GHYHORSPHQW RI
IRUPDO PRGHOV WKDW DOORZ UHDVRQLQJ DERXW WLPHG V\VWHPV DV ZHOO DV XQWLPHG V\VWHPV� H�J��
>�� �� ��@� DQG WKH GHYHORSPHQW RI VLPXODWLRQ WHFKQLTXHV �LQFOXGLQJ UHnQHPHQW PDSSLQJV
DQG IRUZDUG DQG EDFNZDUG VLPXODWLRQV� IRU SURYLQJ WKDW RQH SURWRFRO LPSOHPHQWV DQRWKHU�
H�J�� >�� �^�� ��@� ,Q WKLV SDSHU� ZH VKRZ KRZ WKHVH WHFKQLTXHV FDQ EH XVHG WR YHULI\ DQ
LPSRUWDQW FODVV RI FRPPXQLFDWLRQ SURWRFROV ^ WKRVH IRU DW�PRVW�RQFH PHVVDJH GHOLYHU\�
7KH JRDOV RI RXU SURMHFW DUH WZRIROG� WR SURYLGH EHWWHU XQGHUVWDQGLQJ� GRFXPHQWDWLRQ DQG
SURRI IRU WKHVH SURWRFROV� DQG WR WHVW WKH DGHTXDF\ RI WKH PRGHOV DQG SURRI WHFKQLTXHV�
7KH DW�PRVW�RQFH PHVVDJH GHOLYHU\ SUREOHP LV WKDW RI GHOLYHULQJ D VHTXHQFH RI PHVVDJHV

VXEPLWWHG E\ D XVHU DW RQH ORFDWLRQ WR D XVHU DW DQRWKHU ORFDWLRQ� ,GHDOO\� ZH ZRXOG OLNH
WR LQVLVW WKDW DOO PHVVDJHV EH GHOLYHUHG LQ WKH RUGHU LQ ZKLFK WKH\ DUH VHQW� HDFK H[DFWO\
RQFH� DQG WKDW DQ DFNQRZOHGJHPHQW EH UHWXUQHG IRU HDFK GHOLYHUHG PHVVDJH��

e5HVHDUFK VXSSRUWHG LQ SDUW E\ WKH 'DQLVK 5HVHDUFK $FDGHP\�
�2XU GHnQLWLRQ RI DW�PRVW�RQFH PHVVDJH GHOLYHU\ LV GLmHUHQW IURP ZKDW VRPH SHRSOH FDOO DW�PRVW�RQFH
PHVVDJH GHOLYHU\ LQ WKDW ZH LQFOXGH DFNQRZOHGJHPHQWV DQG UHTXLUH PHVVDJHV WR EH GHOLYHUHG LQ RUGHU�
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8QIRUWXQDWHO\� LW LV H[SHQVLYH WR DFKLHYH WKHVH JRDOV LQ WKH SUHVHQFH RI IDLOXUHV �H�J��
QRGH FUDVKHV DQG WLPLQJ DQRPDOLHV�� ,Q IDFW� LW LV LPSRVVLEOH WR DFKLHYH WKHP DW DOO XQOHVV
VRPH FKDQJH LV PDGH WR WKH VWDEOH VWDWH �L�H�� WKH VWDWH WKDW VXUYLYHV D FUDVK� HDFK WLPH D
PHVVDJH LV GHOLYHUHG� 7R SHUPLW OHVV H[SHQVLYH VROXWLRQV� ZH ZHDNHQ WKH VWDWHPHQW RI WKH
SUREOHP VOLJKWO\� :H DOORZ VRPH PHVVDJHV WR EH ORVW ZKHQ D QRGH FUDVK RFFXUV� KRZHYHU�
QR PHVVDJHV VKRXOG RWKHUZLVH EH ORVW� DQG WKRVH PHVVDJHV WKDW DUH GHOLYHUHG VKRXOG QRW EH
UHRUGHUHG RU GXSOLFDWHG� �7KH VSHFLnFDWLRQ LV ZHDNHQHG LQ WKLV ZD\ EHFDXVH PHVVDJH ORVV
LV JHQHUDOO\ FRQVLGHUHG WR EH OHVV GDPDJLQJ WKDQ GXSOLFDWH GHOLYHU\�� 1RZ LW LV UHTXLUHG
WKDW WKH XVHU UHFHLYH HLWKHU DQ DFNQRZOHGJHPHQW WKDW WKH PHVVDJH KDV EHHQ GHOLYHUHG� RU
LQ WKH FDVH RI FUDVKHV� DQ LQGLFDWLRQ WKDW WKH PHVVDJH PLJKW KDYH EHHQ ORVW�
7KHUH DUH YDULRXV ZD\V WR VROYH WKH DW�PRVW�RQFH PHVVDJH GHOLYHU\ SUREOHP� $OO DUH

EDVHG RQ WKH LGHD RI WDJJLQJ D PHVVDJH ZLWK DQ LGHQWLnHU DQG WUDQVPLWWLQJ LW UHSHDWHGO\
WR RYHUFRPH WKH XQUHOLDELOLW\ RI WKH FKDQQHO� 7KH UHFHLYHU� NHHSV D VWRFN RI ?JRRG�
LGHQWLnHUV WKDW LW KDV QHYHU DFFHSWHG EHIRUH� ZKHQ LW VHHV D PHVVDJH WDJJHG ZLWK D JRRG
LGHQWLnHU� LW DFFHSWV LW� GHOLYHUV LW� DQG UHPRYHV WKDW LGHQWLnHU IURP WKH VHW� 2WKHUZLVH�
WKH UHFHLYHU MXVW GLVFDUGV WKH PHVVDJH� SHUKDSV DIWHU DFNQRZOHGJLQJ LW� 'LmHUHQW SURWRFROV
XVH GLmHUHQW PHWKRGV WR NHHS WKH VHQGHU DQG WKH UHFHLYHU PRUH RU OHVV LQ DJUHHPHQW DERXW
ZKDW LGHQWLnHUV WR XVH�
$ GHVLUDEOH SURSHUW\� ZKLFK LV QRW GLUHFWO\ UHODWHG WR FRUUHFWQHVV� LV WKDW WKH LPSOHPHQ�

WDWLRQV RmHU D ZD\ RI FOHDQLQJ XS ?ROG� LQIRUPDWLRQ ZKHQ WKLV FDQQRW DmHFW WKH IXWXUH
EHKDYLRU�
,Q WKLV ZRUN� ZH FRQVLGHU WZR SURWRFROV WKDW DUH LPSRUWDQW LQ SUDFWLFH� WKH FORFN�EDVHG

SURWRFRO RI /LVNRY� 6KULUD DQG :URFODZVNL >��@ DQG WKH nYH�SDFNHW KDQGVKDNH SURWRFRO RI
%HOVQHV >�@� 7KH ODWWHU LV WKH VWDQGDUG SURWRFRO IRU VHWWLQJ XS QHWZRUN FRQQHFWLRQV� XVHG
LQ 7&3� ,62 73��� DQG PDQ\ RWKHU WUDQVSRUW SURWRFROV� ,W LV VRPHWLPHV FDOOHG WKH WKUHH�
ZD\ KDQGVKDNH� EHFDXVH RQO\ WKUHH SDFNHWV DUH QHHGHG IRU PHVVDJH GHOLYHU\� WKH DGGLWLRQDO
SDFNHWV DUH UHTXLUHG IRU DFNQRZOHGJHPHQW DQG FOHDQLQJ XS WKH VWDWH� 7KH IRUPHU SURWRFRO
ZDV GHYHORSHG DV DQ H[DPSOH WR VKRZ WKH XVHIXOQHVV RI FORFNV LQ QHWZRUN SURWRFROV >�@ DQG
KDV EHHQ LPSOHPHQWHG DW 0�,�7� %RWK SURWRFROV DUH VXpFLHQWO\ FRPSOLFDWHG WKDW IRUPDO
VSHFLnFDWLRQ DQG SURRI VHHPV XVHIXO�

7KH EDVLF PRGHO ZH XVH LV EDVHG RQ WKH �WLPHG� DXWRPDWRQ PRGHO RI /\QFK DQG 9DDQGUDJHU
>��@ ZLWK DQ H[WUD DGGHG FRPSRQHQW WR H[SUHVV OLYHQHVV >�@� :H H[SUHVV ERWK SURWRFROV�
DV ZHOO DV WKH IRUPDO VSHFLnFDWLRQ RI WKH DW�PRVW�RQFH PHVVDJH GHOLYHU\ SUREOHP� LQ WHUPV
RI WKLV PRGHO� ,Q WKH SURMHFW ZH FDUU\ RXW FRPSOHWH FRUUHFWQHVV SURRIV IRU ERWK SURWRFROV�
6RPH KLJKOLJKWV RI RXU SURRIV DUH DV IROORZV�
$OWKRXJK WKH WZR SURWRFROV DSSHDU WR EH TXLWH GLmHUHQW� ZH KDYH IRXQG WKDW ERWK FDQ

EH H[SUHVVHG IRUPDOO\ DV LPSOHPHQWDWLRQV RI D FRPPRQ JHQHULF SURWRFRO *� ZKLFK� LQ
WXUQ� LV DQ LPSOHPHQWDWLRQ RI WKH SUREOHP VSHFLnFDWLRQ� 7R SURYH WKDW * LPSOHPHQWV WKH
VSHFLnFDWLRQ� IRU SURRI�WHFKQLFDO UHDVRQV ZH LQWURGXFH DQ DGGLWLRQDO OHYHO RI DEVWUDFWLRQ�
WKH GHOD\HG�GHFLVLRQ VSHFLnFDWLRQ '� 7KLV LV GHSLFWHG LQ )LJXUH �� ,QWURGXFLQJ LQWHUPH�
GLDWH OHYHOV RI DEVWUDFWLRQ� OLNH * DQG '� LV D JHQHUDO SURRI VWUDWHJ\ WKDW DOORZV ODUJH�

�:H GHQRWH E\ ?UHFHLYHU� WKH SURWRFRO HQWLW\ WKDW LV VLWXDWHG RQ WKH UHFHLYHU QRGH� DQG XVH SKUDVHV OLNH
?WKH XVHU DW WKH UHFHLYHU HQG� WR GHQRWH WKH XVHU WKDW FRPPXQLFDWHV ZLWK WKH UHFHLYHU� &RUUHVSRQGLQJO\
IRU ?VHQGHU��
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'HOD\HG�'HFLVLRQ 6SHFLnFDWLRQ

*HQHULF 3URWRFRO

)LYH�3DFNHW +DQGVKDNH
3URWRFRO&ORFN�%DVHG 3URWRFRO
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)LJXUH �� 2YHUYLHZ RI WKH OHYHOV RI DEVWUDFWLRQ LQ RXU ZRUN�

FRPSOLFDWHG SURRIV WR EH VSOLW LQWR VPDOOHU DQG PRUH PDQDJHUDEOH VXESURRIV�
7KH SURRI WKDW DQ LPSOHPHQWDWLRQ FRUUHFWO\ LPSOHPHQWV D VSHFLnFDWLRQ LV GLYLGHG LQWR

WZR SDUWV� )LUVW� D VLPXODWLRQ WHFKQLTXH LV DSSOLHG WR VKRZ WKDW WKH LPSOHPHQWDWLRQ
VDIHO\ LPSOHPHQWV WKH VSHFLnFDWLRQ� L�H�� WKDW DOO VDIHW\ �DQG WLPLQJ� SURSHUWLHV RI WKH
LPSOHPHQWDWLRQ DUH DOORZHG E\ WKH VSHFLnFDWLRQ� 7KHQ� KHDYLO\ EDVHG RQ WKH VLPXODWLRQ
UHVXOW� ZH SURYH OLYHQHVV SURSHUWLHV� DQG WKXV� FRUUHFWQHVV�
$V SURRI WHFKQLTXHV ZH XVH D EDFNZDUG VLPXODWLRQ WR VKRZ WKDW ' VDIHO\ LPSOHPHQWV

WKH VSHFLnFDWLRQ� DQG IRUZDUG VLPXODWLRQV WR VKRZ WKDW HDFK RI WKH WZR SURWRFROV VDIHO\
LPSOHPHQWV * DQG WKDW * VDIHO\ LPSOHPHQWV '� %HFDXVH RI VSDFH OLPLWDWLRQV� ZH RQO\
WUHDW VDIH LPSOHPHQWDWLRQ LQ WKLV SDSHU� 2XU LQWHQWLRQ ZLWK WKLV SDSHU LV WR JLYH DQ
RYHUYLHZ RI RXU ZRUN DQG WR FRQYH\ RXU H[SHULHQFHV ZLWK VSHFLI\LQJ DQG YHULI\LQJ SUDFWLFDO
FRPPXQLFDWLRQ SURWRFROV� )RU WKLV UHDVRQ ZH KDYH OHIW RXW PDQ\ IRUPDO GHWDLOV� :H UHIHU
WR RXU IXOO UHSRUW >�@ IRU VXFK GHWDLOV� 7KH IXOO UHSRUW DOVR FRQWDLQV DQ H[KDXVWLYH WUHDWPHQW
RI OLYHQHVV SURSHUWLHV RI WKH SURWRFROV�

7KH UHVW RI WKH SDSHU LV RUJDQL]HG DV IROORZV� :H VWDUW LQ 6HFWLRQ � E\ JLYLQJ DQ LQWUR�
GXFWLRQ WR RXU PRGHO� 7KHQ LQ 6HFWLRQV � DQG � ZH SUHVHQW WKH SUREOHP VSHFLnFDWLRQ DQG
WKH ORZ�OHYHO SURWRFRO &� ,Q WKLV SDSHU ZH ZLOO RQO\ EULHo\ GHDO ZLWK WKH + SURWRFRO� ,Q
6HFWLRQ � ZH VKRZ KRZ DVSHFWV RI ERWK ORZ�OHYHO SURWRFROV FDQ EH FDSWXUHG LQ WKH JHQHULF
SURWRFRO *� DQG LQ 6HFWLRQ � ZH RXWOLQH WKH FRUUHFWQHVV SURRIV� ,Q GRLQJ VR ZH SUHVHQW WKH
GHOD\HG�GHFLVLRQ VSHFLnFDWLRQ '� )LQDOO\� ZH JLYH FRQFOXGLQJ UHPDUNV LQ 6HFWLRQ ��

�� 7+( 81'(5/<,1* 7+(25<

7KH JHQHUDO PRGHO ZH XVH WR VSHFLI\ VDIHW\ DQG WLPLQJ SURSHUWLHV DW DOO OHYHOV RI DE�
VWUDFWLRQ LV EDVHG RQ WKH �WLPHG� DXWRPDWRQ PRGHO RI >�� ��@ DQG WKH ,�2 DXWRPDWRQ
PRGHO RI >��� ��@� $Q DXWRPDWRQ LV D VWDWH PDFKLQH ZLWK QDPHG DFWLRQV DVVRFLDWHG ZLWK
LWV WUDQVLWLRQV� 7KXV� DQ DXWRPDWRQ FRQVLVWV RI
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q D �SRVVLEO\ LQnQLWH� VHW RI VWDWHV� ,Q WLPHG V\VWHPV D QRZ FRPSRQHQW LQGLFDWHV WKH
WLPH�

q D �QRQHPSW\� VHW RI VWDUW VWDWHV�
q D VHW RI DFWLRQV SDUWLWLRQHG LQWR YLVLEOH DFWLRQV �ZKLFK DUH IXUWKHUPRUH SDUWLWLRQHG
LQWR LQSXW DFWLRQV DQG RXWSXW DFWLRQV�� LQWHUQDO DFWLRQV �ZKLFK DUH LQYLVLEOH IURP WKH
HQYLURQPHQW RI WKH V\VWHP�� DQG� IRU WLPHG V\VWHPV� D VSHFLDO WLPH�SDVVDJH DFWLRQ�
DQG

q D WUDQVLWLRQ UHODWLRQ RI ��SUH��VWDWH� DFWLRQ� �SRVW��VWDWH� WULSOHV� (DFK WULSOH LV FDOOHG
D VWHS�

)RU WLPHG V\VWHPV� WKH VWHSV LQYROYLQJ WKH WLPH�SDVVDJH DFWLRQ KDYH WR VDWLVI\ FHUWDLQ
D[LRPV WKDW JLYH QDWXUDO SURSHUWLHV RI UHDO WLPH� H�J�� WKDW WLPH FDQQRW JR EDFNZDUGV�
&RUUHFWQHVV RI DQ DXWRPDWRQ LV VSHFLnHG LQ WHUPV RI LWV H[WHUQDO EHKDYLRU JLYHQ E\ WKH

VHW RI WUDFHV� HDFK RI ZKLFK FRQVLVWV RI D VHTXHQFH RI YLVLEOH DFWLRQV WKDW WKH DXWRPDWRQ
FDQ SHUIRUP� ,Q WLPHG V\VWHPV WKHVH DFWLRQV DUH IXUWKHUPRUH SDLUHG ZLWK WKHLU WLPH RI RF�
FXUUHQFH WR IRUP WLPHG WUDFHV � 2QH DXWRPDWRQ� $� VDIHO\ LPSOHPHQWV DQRWKHU DXWRPDWRQ�
%� LI WKH VHW RI �WLPHG� WUDFHV RI $ LV LQFOXGHG LQ WKDW RI %�
7KH SDSHUV >�� ��� �@ SUHVHQW D FROOHFWLRQ RI VLPXODWLRQ SURRI WHFKQLTXHV �UHnQHPHQW

PDSSLQJV� IRUZDUG DQG EDFNZDUG VLPXODWLRQV� HWF�� IRU VKRZLQJ WKDW RQH �WLPHG� DXWRPD�
WRQ VDIHO\ LPSOHPHQWV DQRWKHU� (DFK RI WKHVH WHFKQLTXHV LQYROYHV GHVFULELQJ D UHODWLRQ
EHWZHHQ WKH VWDWHV RI DQ LPSOHPHQWDWLRQ DXWRPDWRQ DQG WKRVH RI D VSHFLnFDWLRQ DXWRPD�
WRQ� (DFK WHFKQLTXH UHTXLUHV D SDUWLFXODU W\SH RI FRUUHVSRQGHQFH EHWZHHQ LQLWLDO VWDWHV
RI WKH WZR DXWRPDWD� DV ZHOO DV D SDUWLFXODU W\SH RI FRUUHVSRQGHQFH EHWZHHQ WKHLU VWHSV�
)LJXUH � LOOXVWUDWHV KRZ HDFK VWHS RI WKH LPSOHPHQWDWLRQ DXWRPDWRQ PXVW FRUUHVSRQG WR D
�SRVVLEO\ HPSW\� VHTXHQFH RI VWHSV RI WKH VSHFLnFDWLRQ DXWRPDWRQ FRQWDLQLQJ H[DFWO\ WKH
VDPH YLVLEOH DFWLRQV�
7KH PDLQ GLVWLQFWLRQ EHWZHHQ IRUZDUG DQG EDFNZDUG VLPXODWLRQV� ZKLFK DUH DEVWUDFW

UHSUHVHQWDWLRQV RI KLVWRU\ >��@ DQG SURSKHF\ >�@ YDULDEOHV� UHVSHFWLYHO\� OLHV LQ WKH ZD\
WKHVH FRUUHVSRQGLQJ VHTXHQFHV RI VWHSV RI WKH VSHFLnFDWLRQ DUH IRXQG JLYHQ D VWHS RI WKH
LPSOHPHQWDWLRQ� LQ D IRUZDUG VLPXODWLRQ LW PXVW EH VKRZQ WKDW IURP HDFK VWDWH RI WKH
VSHFLnFDWLRQ ZKLFK LV UHODWHG WR WKH SUH�VWDWH RI WKH VWHS RI WKH LPSOHPHQWDWLRQ� WKHUH
H[LVWV D VHTXHQFH RI VWHSV �ZLWK WKH ULJKW DFWLRQV� HQGLQJ LQ VRPH VWDWH RI WKH VSHFLnFDWLRQ
ZKLFK LV UHODWHG WR WKH SRVW�VWDWH RI WKH VWHS RI WKH VSHFLnFDWLRQ� 7KXV� RQH PXVW� IRU DOO
VWDWHV UHODWHG WR WKH SUH�VWDWH� WUDFH IRUZDUG WR nQG VRPH VWDWH UHODWHG WR WKH SRVW�VWDWH�
&RQYHUVHO\� LQ D EDFNZDUG VLPXODWLRQ RQH PXVW� IRU DOO VWDWHV UHODWHG WR WKH SRVW�VWDWH�
WUDFH EDFNZDUG WR nQG VRPH VWDWH UHODWHG WR WKH SUH�VWDWH� $ UHnQHPHQW PDSSLQJ LV D
IRUZDUG VLPXODWLRQ ZKHUH WKH UHODWLRQ LV D IXQFWLRQ�
6LQFH ZH RQO\ KDYH WR FRQVLGHU WKH VWHSV RI WKH LPSOHPHQWDWLRQ DXWRPDWRQ ZKLFK VWDUW

LQ D UHDFKDEOH VWDWH� ZH ZLOO XVXDOO\ SURYH VRPH LQYDULDQWV� L�H�� SURSHUWLHV WKDW DUH WUXH
RI DOO WKH UHDFKDEOH VWDWHV� WR UHVWULFW WKH VWDWHV WKDW ZH QHHG WR FRQVLGHU�
0RUH IRUPDOO\� OHW $ DQG % EH DXWRPDWD DQG OHW 5 EH D UHODWLRQ RYHU WKH VWDWHV RI $

DQG WKH VWDWHV RI %� 7KHQ 5 LV D IRUZDUG VLPXODWLRQ IURP $ WR % Lm

q )RU HDFK VWDUW VWDWH RI $� WKHUH LV D UHODWHG �E\ 5� VWDUW VWDWH RI %�
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6LPXODWLRQ 5HODWLRQ

6SHFLnFDWLRQ /HYHO

,PSOHPHQWDWLRQ /HYHO

)LJXUH �� ([DPSOH RI D VLPXODWLRQ� 7KH DFWLRQV D DQG E DUH YLVLEOH DFWLRQV� 7KH UHVW RI
WKH WUDQVLWLRQV DUH WKRXJKW RI DV ODEHOOHG E\ LQWHUQDO DFWLRQV�

q )RU HDFK VWHS �V� D� V�� RI $� ZKHUH V DQG V� VDWLVI\ WKH LQYDULDQWV RI $� DQG HDFK
VWDWH X UHODWHG WR V WKDW VDWLVnHV WKH LQYDULDQWV RI %� WKHUH H[LVWV D VHTXHQFH RI VWHSV
RI %� VWDUWLQJ LQ X DQG HQGLQJ LQ VRPH VWDWH UHODWHG WR V�� VXFK WKDW WKH VHTXHQFH RI
VWHSV FRQWDLQV WKH VDPH YLVLEOH DFWLRQV DV �V� D� V���

)RU WLPHG V\VWHPV WKH QRZ FRPSRQHQWV DQG WLPH�SDVVDJH DFWLRQV UHTXLUH DGGLWLRQDO WUHDW�
PHQW� $ EDFNZDUG VLPXODWLRQ FDQ EH GHnQHG VLPLODUO\�
,QGXFWLYH SURRIV VKRZ WKH VRXQGQHVV RI WKH VLPXODWLRQ SURRI WHFKQLTXHV� L�H�� WKDW WKH\

LPSO\ VDIH LPSOHPHQWDWLRQ� +RZHYHU� QRW DOO WHFKQLTXHV DUH FRPSOHWH� PHDQLQJ WKDW IRU
VRPH RI WKH VLPXODWLRQ WHFKQLTXHV� H�J�� IRUZDUG DQG EDFNZDUG VLPXODWLRQV� VDIH LPSOH�
PHQWDWLRQ GRHV QRW LPSO\ WKH H[LVWHQFH RI VXFK D VLPXODWLRQ� $OVR� GLmHUHQW VLPXODWLRQ
WHFKQLTXHV DSSO\ WR GLmHUHQW VLWXDWLRQV� 7KXV� DOWKRXJK D IRUZDUG VLPXODWLRQ LV WKH PRVW
LQWXLWLYH WHFKQLTXH� WKHUH DUH VRPH VLWXDWLRQV WKDW UHTXLUH RWKHU WHFKQLTXHV� OLNH EDFNZDUG
VLPXODWLRQV� )RU LQVWDQFH� D EDFNZDUG� EXW QRW D IRUZDUG� VLPXODWLRQ FDQ EH XVHG LQ
VLWXDWLRQV ZKHUH WKH LPSOHPHQWDWLRQ PDNHV VRPH GHFLVLRQV ODWHU WKDQ WKH FRUUHVSRQGLQJ
GHFLVLRQV DUH PDGH LQ WKH VSHFLnFDWLRQ� :H ZLOO VHH DQ H[DPSOH RI WKLV LQ 6HFWLRQ ��

�� 63(&,),&$7,21 6

7KLV VHFWLRQ LV GHYRWHG WR JLYLQJ WKH VSHFLnFDWLRQ� FDOOHG 6� RI WKH DW�PRVW�RQFH PHV�
VDJH GHOLYHU\ SUREOHP PRUH IRUPDOO\� 6LQFH WKLV LV DQ XQWLPHG VSHFLnFDWLRQ� ZH JLYH WKH
VSHFLnFDWLRQ LQ WHUPV RI DQ XQWLPHG DXWRPDWRQ�
)LJXUH � VKRZV WKH XVHU�LQWHUIDFH RI WKH SURWRFROV WR EH GHYHORSHG E\ GHSLFWLQJ WKH

VSHFLnFDWLRQ DV D ?EODFN ER[� ZLWK YLVLEOH LQSXW DQG RXWSXW DFWLRQV� $ XVHU FDQ VHQG D
PHVVDJH P E\ SHUIRUPLQJ D VHQG PVJ�P� DFWLRQ DQG WKH SURWRFRO FDQ GHOLYHU WKH QH[W
PHVVDJH P E\ SHUIRUPLQJ D UHFHLYH PVJ�P� DFWLRQ� $ %RROHDQ DFNQRZOHGJHPHQW E LV
SDVVHG WR WKH XVHU DW WKH VHQGHU VLGH E\ DQ DFN�E� DFWLRQ� $W ERWK WKH VHQGHU DQG UHFHLYHU
VLGHV� D FUDVK DFWLRQ FDXVHV WKH SURWRFRO WR HQWHU D UHFRYHU\ SKDVH ZKHUH PHVVDJHV PLJKW
EH ORVW �PRGHOOHG E\ DQ LQWHUQDO ORVH DFWLRQ�� $ UHFRYHU DFWLRQ� DW WKH VLGH ZKHUH WKH
FUDVK RFFXUUHG� WKHQ VLJQDOV WKH HQG RI WKH UHFRYHU\ SKDVH� DIWHU ZKLFK QR PHVVDJHV FDQ
EH ORVW XQOHVV QHZ FUDVKHV RFFXU�

7KH IROORZLQJ FRGH GHVFULEHV WKH VSHFLnFDWLRQ 6 LQ D VLPSOH SUHFRQGLWLRQ�HmHFW VW\OH FRP�
PRQO\ XVHG IRU ,�2�DXWRPDWD SURWRFROV >��� ��@� 1RWH WKDW LQSXW DFWLRQV KDYH QR SUHFRQ�
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UHFRYHUV

FUDVKV

DFN�E�

VHQG PVJ�P�

UHFRYHU
U

FUDVKU

UHFHLYH PVJ�P�

6SHFLnFDWLRQ 6
�!!!!!!�
!!!!!!�

�!!!!!! 
!!!!!!�

6HQGHU 6LGH 5HFHLYHU 6LGH

)LJXUH �� 7KH VSHFLnFDWLRQ 6 DV D ?EODFN ER[�

GLWLRQV VLQFH RXU V\VWHP VKRXOG EH DEOH WR UHVSRQG WR LQSXW IURP WKH HQYLURQPHQW DW DQ\
WLPH�
7KH VWDWH RI WKH DXWRPDWRQ FRQWDLQV D TXHXH RI SHQGLQJ PHVVDJHV� SOXV WZR oDJV UHF

V

DQG UHF
U
� ZKHUH WKH VXEVFULSWV UHIHU WR WKH VHQGHU DQG UHFHLYHU VLGHV� WR LQGLFDWH WKDW ZH

DUH LQ D UHFRYHU\ SKDVH� DQG D VWDWXV FRPSRQHQW JLYLQJ WKH VWDWXV RI WKH ODVW PHVVDJH
VHQW� 7KH VWDWXV FDQ EH HLWKHU ?"� GHQRWLQJ WKDW WKH ODVW PHVVDJH VHQW LV VWLOO LQ TXHXH�
WUXH GHQRWLQJ WKDW WKH ODVW PHVVDJH VHQW KDV EHHQ VXFFHVVIXOO\ GHOLYHUHG WR WKH XVHU� RU
IDOVH� $ VWDWXV YDOXH RI IDOVH� DQG WKHUHIRUH D QHJDWLYH DFNQRZOHGJHPHQW� RQO\ DOORZV WKH
XVHU WR FRQFOXGH WKDW WKHUH KDV EHHQ D FUDVK� EXW HYHQ LQ WKLV VLWXDWLRQ WKH ODVW PHVVDJH
VHQW PD\ KDYH EHHQ VXFFHVVIXOO\ GHOLYHUHG��

VHQG PVJ�P�
(m� TXHXH � TXHXH AP

VWDWXV � "

DFN�E�
3UH� VWDWXV  E �� %RRO�
(m� QRQH

UHFHLYH PVJ�P�
3UH� TXHXH � KL A KG TXHXH  P
(m� TXHXH � WO TXHXH

LI TXHXH  KL A VWDWXV  " WKHQ
VWDWXV � WUXH

FUDVKV
(m� UHFV � WUXH

FUDVKU
(m� UHFU � WUXH

ORVH
3UH� UHF

V
 WUXH B UHF

U
 WUXH

(m� GHOHWH DUELWUDU\ HOHPHQWV RI TXHXH
LI WKH HOHPHQW DW WKH HQG RI TXHXH ZDV GHOHWHG WKHQ
VWDWXV � IDOVH

HOVH
RSWLRQDOO\ VWDWXV � IDOVH

�7KURXJKRXW WKLV SDSHU ZH XVH WKH IROORZLQJ RSHUDWLRQV RQ OLVWV� OHW O EH D OLVW KH�� � � � � HQL ZLWK HOHPHQWV
H� WKURXJK H

Q
� 7KHQ OAP DQG WO O GHQRWH WKH OLVWV KH�� � � � � HQ�PL DQG KH�� � � � � HQL� UHVSHFWLYHO\� DQG KG O

DQG ODVW O GHQRWH WKH HOHPHQWV H� DQG HQ� UHVSHFWLYHO\�
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6HQGHU 5HFHLYHU

&KDQQHO UV

&KDQQHO VU
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] ]UHFRYHUV

FUDVK
V

DFN�E�

VHQG PVJ�P�

UHFRYHUU

FUDVK
U

UHFHLYH PVJ�P�

UHFHLYH SNW
UV
�S� VHQG SNW

UV
�S�

VHQG SNW
VU
�S� UHFHLYH SNW

VU
�S�

)LJXUH �� 7KH &ORFN�%DVHG 3URWRFRO &�

UHFRYHUV
3UH� UHFV  WUXH
(m� UHF

V
� IDOVH

UHFRYHUU
3UH� UHFU  WUXH
(m� UHF

U
� IDOVH

�� &/2&.�%$6(' 35272&2/ &

)LJXUH � VKRZV WKH VWUXFWXUH RI WKH FORFN�EDVHG SURWRFRO RI >��@� ZKLFK ZH FDOO &� $Q
DGGLWLRQDO FRPSRQHQW� ?WKH FORFN VXEV\VWHP�� LV QHHGHG WR NHHS WKH ORFDO FORFNV RI WKH
VHQGHU DQG WKH UHFHLYHU ?DOPRVW� V\QFKURQL]HG�
,QIRUPDOO\� WKH FORFN�EDVHG SURWRFRO ZRUNV DV IROORZV� 7KH VHQGHU DVVRFLDWHV D WLPH�

VWDPS ZLWK HDFK PHVVDJH LW ZLVKHV WR WUDQVPLW� 7KH WLPHVWDPSV DUH REWDLQHG IURP WKH
VHQGHU
V ORFDO FORFN WLPH

V
� 7KH UHFHLYHU XVHV WKH DVVRFLDWHG WLPHVWDPS WR GHFLGH ZKHWKHU

RU QRW WR DFFHSW D UHFHLYHG PHVVDJH_URXJKO\� LW ZLOO DFFHSW D PHVVDJH SURYLGHG WKDW
WKH DVVRFLDWHG WLPHVWDPS LV JUHDWHU WKDQ WKH WLPHVWDPS RI WKH ODVW PHVVDJH WKDW ZDV
DFFHSWHG� +RZHYHU� WKH UHFHLYHU GRHV QRW DOZD\V UHPHPEHU WKH WLPHVWDPS RI WKH ODVW
DFFHSWHG PHVVDJH� LW PLJKW IRUJHW WKLV LQIRUPDWLRQ EHFDXVH RI D FUDVK� RU VLPSO\ EHFDXVH
D ORQJ WLPH KDV HODSVHG VLQFH WKH ODVW PHVVDJH ZDV DFFHSWHG DQG LW LV QR ORQJHU HpFLHQW
WR UHPHPEHU LW� 7KHUHIRUH� WKH UHFHLYHU XVHV VDIH WLPH HVWLPDWHV GHWHUPLQHG IURP LWV RZQ
ORFDO FORFN �WLPH

U
� WR GHFLGH ZKHQ WR DFFHSW D PHVVDJH� 7KH HVWLPDWHV DUH NHSW LQ WKH

YDULDEOHV ORZHU
U
DQG XSSHU

U
� WKH UHFHLYHU DFFHSWV LI WKH PHVVDJH
V WLPHVWDPS LV LQ WKH

LQWHUYDO �ORZHU
U
� XSSHU

U
@�

7KH ORZHU
U
ERXQG LV GHVLJQHG WR EH DW OHDVW DV ELJ DV WKH WLPH RI WKH ODVW PHVVDJH

DFFHSWHG� ,W FDQ EH ELJJHU� KRZHYHU� DV ORQJ DV LW LV VXpFLHQWO\ OHVV WKDQ WKH UHFHLYHU
V
ORFDO WLPH �DW OHDVW DSSUR[LPDWHO\ D RQH�ZD\ PHVVDJH GHOD\ OHVV�� 7KLV LV EHFDXVH WKH
UHFHLYHU VKRXOG QRW DFFLGHQWDOO\ IDLO WR DFFHSW D YDOLG PHVVDJH WKDW WDNHV WKH PD[LPXP
WLPH WR DUULYH� :H QRWH WKDW WKH UHDVRQ WKDW ZH GR QRW ZDQW WR UHPHPEHU MXVW WKH ODVW
WLPHVWDPS LV WKDW ZH HQYLVLRQ XVLQJ WKLV SURWRFRO LQ SDUDOOHO IRU PDQ\ XVHUV� DQG D VLQJOH
ORZHU

U
ERXQG FRXOG EH XVHG IRU DOO XVHUV WKDW KDYH QRW VHQW PHVVDJHV IRU D ORQJ ZKLOH�

7KH XSSHU
U
ERXQG LV FKRVHQ WR EH ELJ HQRXJK VR WKDW WKH UHFHLYHU VWLOO DFFHSWV WKH PRVW

UHFHQW PHVVDJHV� HYHQ LI WKH\ DUULYH YHU\ IDVW� 7KDW LV� LW VKRXOG EH VRPHZKDW ODUJHU WKDQ
WKH FXUUHQW WLPH� %XW WKLV ERXQG ZLOO EH NHSW LQ VWDEOH VWRUDJH� DQG WKHUHIRUH VKRXOG QRW
EH XSGDWHG YHU\ RIWHQ� 7KXV� LW ZLOO JHQHUDOO\ EH VHW WR EH D JRRG GHDO ODUJHU WKDQ WKH



�

FXUUHQW ORFDO WLPH� ,Q SDUWLFXODU� LW ZLOO EH ODUJHU WKDQ WKH WLPHVWDPS RI DQ\ PHVVDJH VR
IDU DFFHSWHG�
$OO WKDW QHHGV WR EH NHSW LQ VWDEOH VWRUDJH LV MXVW WKH ORFDO FORFNV� SOXV WKH RQH YDULDEOH

XSSHU
U
RI WKH UHFHLYHU� :KHQ WKH UHFHLYHU VLGH FUDVKHV DQG UHFRYHUV DJDLQ� LW UHVHWV LWV

ORZHU
U
ERXQG WR WKH ROG XSSHU

U
ERXQG� WR EH VXUH WKDW LW ZLOO QRW DFFHSW� DQG WKXV GHOLYHU�

DQ\ PHVVDJH WZLFH� 7KLV H[SODLQV ZK\ ZH FDQQRW MXVW VHW XSSHU
U
WR LQnQLW\�

7KHUH LV DOVR D VLPSOH DFNQRZOHGJHPHQW SURWRFRO� ZKLFK ZH GR QRW GLVFXVV LQ GHWDLO
KHUH�

:H QRZ FRQVLGHU KRZ WR PRGHO WKLV SURWRFRO IRUPDOO\� 6LQFH ZH DUH LQ D WLPHG VHWWLQJ� WKH
DUFKLWHFWXUH RI WKH SURWRFRO FRQVLVWV RI WKH SDUDOOHO FRPSRVLWLRQ RI D WLPHG DXWRPDWRQ IRU
HDFK RI WKH VHQGHU DQG UHFHLYHU� SOXV WLPHG DXWRPDWD WR UHSUHVHQW WKH WZR FRPPXQLFDWLRQ
FKDQQHOV� SOXV DQ DGGLWLRQDO WLPHG DXWRPDWRQ WR UHSUHVHQW DQ DOPRVW�V\QFKURQL]HG FORFN
VXEV\VWHP�
(DFK FRPPXQLFDWLRQ FKDQQHO DFWV DV IROORZV� $ VHQG SNW�S� DFWLRQ SODFHV WKH LQGLFDWHG

SDFNHW� S LQ WKH FKDQQHO� 7KH FKDQQHO LV DOORZHG WR ORVH� GXSOLFDWH� DQG UHRUGHU DQ\
SDFNHWV� EXW ZH ZLOO DVVXPH WKDW IRU HYHU\ N VHQG SNW�S� DFWLRQV IRU D SDUWLFXODU SDFNHW�
DW OHDVW RQH SDFNHW S LV QRW ORVW� )RU HDFK VXFK SDFNHW S� D UHFHLYH SNW�S� DFWLRQ ZLOO RFFXU
ZLWKLQ WLPH G� WKH PD[LPXP FKDQQHO GHOD\ WLPH� :H QRWH WKDW LW LV SRVVLEOH WR JLYH D
PRUH DEVWUDFW GHVFULSWLRQ RI WKH FKDQQHOV� RXU UHVXOWV GR QRW GHSHQG RQ WKLV SDUWLFXODU
GHVFULSWLRQ�
7KH FORFN VXEV\VWHP XSGDWHV WKH ORFDO FORFNV RI WKH VHQGHU DQG UHFHLYHU E\ LVVXLQJ WLFN

DFWLRQV LQ DUELWUDU\ ZD\V VR DV WR NHHS WKRVH FORFNV ZLWKLQ q RI UHDO WLPH� :H GR QRW
GHVFULEH WKH FKDQQHOV DQG WKH FORFN VXEV\VWHP IRUPDOO\ LQ WKLV SDSHU�
)RU WKH VHQGHU DQG UHFHLYHU� ZH nUVW PHQWLRQ WKH VWDWH YDULDEOHV QRW GHVFULEHG DERYH

DQG WKHQ GHnQH WKH WUDQVLWLRQ UHODWLRQV�
)RU WKH VHQGHU� PRGH

V
� UDQJLQJ RYHU LGOH� VHQG� DQG UHF� LQGLFDWHV ZKHWKHU WKH VHQGHU

LV LGOH� VHQGLQJ WKH FXUUHQW PHVVDJH WR WKH FKDQQHO� RU LQ UHFRYHU\ SKDVH� UHVSHFWLYHO\�
7KH YDULDEOH FXUUHQW�PVJ

V
KROGV WKH FXUUHQW PHVVDJH� ZKLOH ODVW

V
KROGV LWV WLPHVWDPS�

7KH OLVW RI PHVVDJHV EXI
V
FRQWDLQV WKH UHPDLQLQJ PHVVDJHV ZDLWLQJ WR EH VHQW� )LQDOO\�

FXUUHQW�DFN
V
RI W\SH %RRO KROGV WKH DFNQRZOHGJHPHQW UHFHLYHG IURP WKH UHFHLYHU�

)RU WKH UHFHLYHU� PRGH
U
� UDQJHV RYHU LGOH� UFYG� DFN� DQG UHF� UFYG LQGLFDWHV WKDW

SDFNHWV KDYH EHHQ UHFHLYHG RQ WKH FKDQQHO EXW WKH DVVRFLDWHG PHVVDJHV QRW \HW SDVVHG WR
WKH XVHU� DFN LQGLFDWHV WKDW DOO PHVVDJHV KDYH EHHQ SDVVHG WR WKH XVHU DQG WKDW WKH UHFHLYHU
LV LVVXLQJ SRVLWLYH DFNQRZOHGJHPHQWV� DQG nQDOO\ UHF LQGLFDWHV WKH UHFRYHU\ SKDVH� 7KH
OLVW RI PHVVDJHV EXI

U
KROGV WKH PHVVDJHV UHFHLYHG IURP WKH FKDQQHO EXW QRW \HW SDVVHG WR

WKH XVHU� )RU WKH VLPSOH DFNQRZOHGJHPHQW SURWRFRO� ZH KDYH ODVW
U
WR KROG WKH WLPHVWDPS

RI WKH ODVW DFFHSWHG PHVVDJH� DQG QDFN�EXI
U
WR KROG WKH WLPHVWDPSV IRU ZKLFK QHJDWLYH

DFNQRZOHGJHPHQWV PXVW EH LVVXHG� )LQDOO\� WKH YDULDEOH UP�WLPH
U
LV XVHG E\ WKH FOHDQXS

U

DFWLRQ�

7KH GHnQLWLRQ RI WKH VWHSV LV OLVWHG LQ WKH OHIW FROXPQ EHORZ IRU WKH VHQGHU DQG LQ WKH ULJKW
IRU WKH UHFHLYHU� :H KDYH DOLJQHG WKH VHQG SNW DQG FRUUHVSRQGLQJ UHFHLYH SNW DFWLRQV WR

�+HUH DQG HOVHZKHUH� ZH XVH WKH WHUP ?SDFNHW� WR GHQRWH REMHFWV VHQW RYHU WKH FKDQQHOV LQ DQ LPSOHPHQ�
WDWLRQ� ZH UHVHUYH WKH WHUP ?PHVVDJH� IRU WKH ?KLJKHU�OHYHO�� XVHU�PHDQLQJIXO PHVVDJHV WKDW DSSHDU� H�J��
LQ WKH VSHFLnFDWLRQ�



�

LQFUHDVH UHDGDELOLW\�
:H WUHDW WLPLQJ UHTXLUHPHQWV LPSOLFLWO\ E\ JLYLQJ XSSHU WLPH ERXQGV RQ FHUWDLQ FODVVHV

RI DFWLRQV� 7KLV FRUUHVSRQGV WR WKH ZD\ WLPLQJ UHTXLUHPHQWV DUH VSHFLnHG LQ >��@� 7KH
FRGH FRQWDLQV WKUHH XQVSHFLnHG WLPLQJ FRQVWDQWV m� n� DQG |� WR EH H[SODLQHG DIWHU WKH
FRGH�

VHQG PVJ�P�
(m� LI PRGHV � UHF WKHQ EXI

V
� EXI

V
AP

FKRRVH LG�W�
3UH� PRGHV  LGOH A EXI

V
� KL A WLPHV  W A W ! ODVWV

(m� PRGH
V
� VHQG

ODVWV � W
FXUUHQW�PVJ

V
� KG EXI

V

EXI
V
� WO EXI

V

VHQG SNW
VU
�P� W�

3UH� PRGHV  VHQG A
FXUUHQW�PVJ

V
 P A ODVW

V
 W

(m� QRQH

UHFHLYH SNW
VU
�P� W�

(m� LI PRGHU � UHF WKHQ
LI ORZHU

U
� W � XSSHU

U
WKHQ

PRGH
U
� UFYG

EXI
U
� EXI

U
AP

ODVW
U
� ORZHU

U
� W

HOVH LI ODVWU � W � ORZHUU WKHQ
QDFN�EXI

U
� QDFN�EXI

U
A W

HOVH LI PRGH
U
 LGOH A ODVW

U
 W WKHQ

PRGHU � DFN

UHFHLYH PVJ�P�
3UH� PRGHU  UFYG A EXI

U
� KL A KG EXI

U
 P

(m� EXI
U
� WO EXI

U

LI EXI
U
 KL WKHQ

PRGH
U
� DFN

UP�WLPHU � WLPHU

UHFHLYH SNW
UV
�W� E�

(m� LI PRGHV  VHQG A ODVWV  W WKHQ
PRGH

V
� LGOH

FXUUHQW�DFN V � E
FXUUHQW�PVJ

V
� QLO

DFN�E�
3UH� PRGHV  LGOH A

EXI
V
 KL A FXUUHQW�DFN

V
 E

(m� QRQH

VHQG SNW
UV
�W� WUXH�

3UH� PRGHU  DFN A ODVWU  W
(m� PRGH

U
� LGOH

VHQG SNW
UV
�W� IDOVH�

3UH� PRGHU � UHF A
QDFN�EXI

U
� KL A KGQDFN�EXI

U
 W

(m� QDFN�EXI
U
� WOQDFN�EXI

U

FUDVK
V

(m� PRGHV � UHF

FUDVK
U

(m� PRGHU � UHF



��

UHFRYHU
V

3UH� PRGHV  UHF

(m� PRGH
V
� LGOH

ODVWV � WLPHV
UP�WLPHU � �
EXI

V
� KL

FXUUHQW�PVJ
V
� QLO

FXUUHQW�DFN
V
� IDOVH

UHFRYHU
U

3UH� PRGHU  UHF A XSSHU
U
� �q � WLPHU

(m� PRGH
U
� LGOH

ODVWU � �
UP�WLPHU � �
EXI

U
�QDFN�EXI

U
� KL

ORZHUU � XSSHU
U

XSSHU
U
� WLPH

U
� n

LQFUHDVH�ORZHU
U
�W�

3UH� PRGHU � UHF A ORZHUU � W � WLPHU b |
(m� ORZHU

U
� W

LQFUHDVH�XSSHU
U
�W�

3UH� PRGHU � UHF A XSSHU
U
� W  WLPHU � n

(m� XSSHU
U
� W

FOHDQXS
U

3UH� PRGHU � ILGOH� DFNJ A
WLPH

U
! UP�WLPH

U
� m

(m� PRGHU � LGOH

ODVW
U
� �

UP�WLPH
U
� �

WLFNV�W�
(m� WLPH

V
� W

WLFNU�W�
(m� WLPH

U
� W

7KH FRUUHFWQHVV RI WKH FORFN�EDVHG SURWRFRO UHTXLUHV WKDW ZH SXW XSSHU WLPH ERXQGV RQ
RQH VHW RI DFWLRQV RI WKH VHQGHU� ,QIRUPDOO\�

q HYHU\ WLPH D VHQG SNW
VU
�P� W� DFWLRQ EHFRPHV SRVVLEOH �RU VWD\V SRVVLEOH DIWHU EHLQJ

H[HFXWHG�� LW PXVW RFFXU ZLWKLQ WLPH O
V
XQOHVV LW JHWV GLVDEOHG LQ WKH PHDQWLPH�

6LPLODUO\� IRU WKH UHFHLYHU ZH QHHG WR SXW XSSHU ERXQG RQ WZR FODVVHV RI DFWLRQV�

q VHQG SNW
UV
�LG � WUXH� KDV DQ XSSHU ERXQG RI O

U
� DQG

q LQFUHDVH�XSSHU
U
�W� KDV DQ XSSHU ERXQG RI O�

U
�

7KH FRUUHFWQHVV RI WKH SURWRFRO GHSHQGV RQ WKH WLPLQJ FRQVWDQWV LQ WKH FRGH EHLQJ UH�
ODWHG SURSHUO\ WR WKHVH WLPH ERXQGV� DQG WR FKDQQHO DQG ORFDO FORFN FKDUDFWHULVWLFV� 7KH
UHTXLUHPHQWV DUH� n w �q� O�

U
� | w NO

V
� G��q� DQG m w N�O

U
� G�� �Nb ��NO

V
��q� 1RWH�

KRZ DOO WKUHH FRQVWDQWV GHSHQG RQ WKH PD[LPXP GLmHUHQFH RI �q EHWZHHQ WKH ORFDO FORFNV�

,Q WKLV SDSHU ZH GR QRW JLYH D IRUPDO VSHFLnFDWLRQ RI +� 8QOLNH &� ZKLFK XVHV WLPLQJ
DVVXPSWLRQV� + XVHV KDQGVKDNHV WR nUVW PDNH WKH VHQGHU DQG UHFHLYHU DJUHH RQ D PHVVDJH
LGHQWLnHU DQG WKHQ SHUIRUP WKH DFWXDO PHVVDJH WUDQVPLVVLRQ� $Q DGGLWLRQDO SDFNHW W\SH
LV XVHG DV FOHDQXS LQIRUPDWLRQ� :H SURFHHG E\ GHVFULELQJ WKH JHQHULF SURWRFRO *�



��

�� *(1(5,& 35272&2/ *

7KH WZR SURWRFROV & DQG + ERWK JR WKURXJK WKUHH PDMRU SKDVHV GXULQJ QRUPDO RSHUD�
WLRQ�

&KRRVLQJ D PHVVDJH LGHQWLnHU 7KH VHQGHU SLFNV DQ LGHQWLnHU LG WKDW LV ZLWKLQ WKH VHW
RI LGHQWLnHUV WKDW WKH UHFHLYHU LV ZLOOLQJ WR DFFHSW� ,Q & WLPH ERXQGV DUH XVHG WR
FKRRVH D JRRG LGHQWLnHU� LQ + DQ LQLWLDO KDQGVKDNH EHWZHHQ WKH VHQGHU DQG WKH
UHFHLYHU LV XVHG�

6HQGLQJ WKH PHVVDJH DQG JHWWLQJ DFNQRZOHGJHPHQW 7KLV SKDVH LV VLPLODU LQ ERWK
& DQG +� 7KH VHQGHU �UH�WUDQVPLWV WKH FXUUHQW PHVVDJH ZLWK WKH FKRVHQ LG � XQWLO
LW UHFHLYHV DQ DFNQRZOHGJHPHQW SDFNHW IRU WKDW LG �

&OHDQLQJ XS +HUH DJDLQ� & XVHV WLPH ERXQGV �LQ SDUWLFXODU WLPHRXWV� ZKHUHDV + XVHV
D KDQGVKDNH WR GHWHUPLQH ZKHQ VRPH ?ROG� LQIRUPDWLRQ PD\ EH GLVFDUGHG�

2XU JHQHULF SURWRFRO * LV GHVLJQHG WR FDSWXUH WKHVH WKUHH SKDVHV LQ DQ DEVWUDFW ZD\ WKDW
ERWK & DQG + LPSOHPHQW� 7KH NH\ DEVWUDFWLRQV LQFRUSRUDWHG LQWR WKH SURWRFRO * DUH WZR
YDULDEOHV� JRRG

V
DQG JRRG

U
� 7KH YDULDEOH JRRG

V
UHSUHVHQWV WKH LGHQWLnHUV WKDW WKH VHQGHU

PLJKW VKRUWO\ DVVLJQ WR PHVVDJHV� DQG JRRG
U
UHSUHVHQWV WKH LGHQWLnHUV WKDW WKH UHFHLYHU LV

ZLOOLQJ WR DFFHSW�
)RXU DFWLRQV RI * GHDO ZLWK ?JURZLQJ� DQG ?VKULQNLQJ� JRRG

V
DQG JRRG

U
� UHVSHFWLYHO\�

$V DQ H[DPSOH� UHPHPEHU WKDW LQ & WKH LGHQWLnHU IRU WKH FXUUHQW PHVVDJH LV WDNHQ IURP
WKH VHQGHU
V ORFDO FORFN WLPH

V
� (YHU\ WLPH WKH ORFDO FORFN WLPH

V
LV DGYDQFHG� WKH LGHQWLnHU

WKDW WKH VHQGHU PLJKW DVVLJQ WR WKH FXUUHQW PHVVDJH LV FKDQJHG IURP WKH ROG YDOXH RI WLPH
V

WR WKH QHZ YDOXH� ,Q * WKLV FRUUHVSRQGV WR nUVW ?VKULQNLQJ� JRRG
V
ZLWK WKH ROG YDOXH DQG

WKHQ ?JURZLQJ� LW ZLWK WKH QHZ YDOXH�
7KH SUHFRQGLWLRQV RI WKH JURZ DQG VKULQN DFWLRQV DUH GHVLJQHG WR SUHVHUYH FHUWDLQ NH\

LQYDULDQWV� RQH RI ZKLFK ZH ZLOO SUHVHQW LQ 6HFWLRQ �� :H DFWXDOO\ DOORZ PRUH IUHHGRP LQ
WKHVH DFWLRQV WKDQ LV DFWXDOO\ QHHGHG E\ & DQG +� 7KLV OHDYHV RSHQ WKH SRVVLELOLW\ WKDW
RWKHU ORZ�OHYHO SURWRFROV� RWKHU WKDQ & DQG +� FDQ EH SURYHG WR EH LPSOHPHQWDWLRQV RI
*� :H VKRZ WKH SDUWV RI * WKDW GHDO ZLWK JRRG
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,Q WKLV VHFWLRQ ZH VNHWFK WKH SURRIV RI VDIH LPSOHPHQWDWLRQ IRU WKH GLmHUHQW OHYHOV RI
DEVWUDFWLRQ LQ RXU ZRUN� :H ZLOO QRW EH VWULFWO\ IRUPDO� )RU VXFK IRUPDO WUHDWPHQW DQG
IXOO SURRIV ZH UHIHU WR RXU IXOO UHSRUW >�@�
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���� &RUUHFWQHVV RI *
7R SURYH WKDW * LV D VDIH LPSOHPHQWDWLRQ RI 6� ZH QHHG D EDFNZDUG VLPXODWLRQ� ,QIRU�

PDOO\ WKLV LV EHFDXVH * �DQG WKH ORZHU�OHYHO SURWRFROV� PD\ SRVWSRQH WKH GHFLVLRQV DERXW
ZKLFK PHVVDJHV WR ORVH EHFDXVH RI D FUDVK WLOO DIWHU UHFRYHU\� ZKHUHDV LQ 6 PHVVDJH ORVV
RFFXUV EHWZHHQ FUDVK DQG UHFRYHU\� ,W LV GXH WR FHUWDLQ UDFH FRQGLWLRQV RQ WKH FKDQQHOV
WKDW WKH GHFLVLRQV DUH GHOD\HG LQ *� &� DQG +�
6LQFH D EDFNZDUG VLPXODWLRQ GLUHFWO\ IURP * WR 6 LV VWLOO PRUH FRPSOLFDWHG WKDQ ZH

ZRXOG OLNH� ZH VSOLW WKH WDVN RQH PRUH WLPH� 2XU VWUDWHJ\ LV WR WU\ WR ORFDOL]H WKH EDFN�
ZDUG VLPXODWLRQ UHDVRQLQJ� EHFDXVH UHDVRQLQJ LQ WKLV ZD\ VHHPV WR EH LQKHUHQWO\ GLpFXOW
FRPSDUHG WR WKH PRUH LQWXLWLYH IRUZDUG VLPXODWLRQ DQG UHnQHPHQW PDSSLQJ WHFKQLTXHV�
7KXV� ZH GHnQH D QHZ� ?GHOD\HG�GHFLVLRQ� YHUVLRQ ' RI WKH VSHFLnFDWLRQ �VHH )LJXUH ��� '
LV MXVW OLNH 6 H[FHSW WKDW LW GHOD\V WKH SRLQW DW ZKLFK WKH GHFLVLRQ DERXW ORVV RI PHVVDJHV
LV PDGH� 1RZ� ZKHQ D FUDVK RFFXUV� PHVVDJHV LQ WKH V\VWHP DQG VWDWXV PD\ JHW PDUNHG �
/DWHU� HYHQ DIWHU UHFRYHU\� DQ\ PDUNHG PHVVDJH LV DOORZHG WR EH ORVW� $OVR� D PDUNHG
VWDWXV LV DOORZHG WR EH ORVW� L�H�� FKDQJHG WR IDOVH�
'XH WR VSDFH FRQVWUDLQWV ZH ZLOO QRW GHnQH ' IRUPDOO\� QRU ZLOO ZH GHnQH RU SURYH WKH

EDFNZDUG VLPXODWLRQ IURP ' WR 6� :H RQO\ QRWH WKDW VXFK D EDFNZDUG VLPXODWLRQ H[LVWV�
ZKLFK DOORZV XV WR FRQFOXGH WKDW ' VDIHO\ LPSOHPHQWV 6�
7KH SURRI WKDW * VDIHO\ LPSOHPHQWV ' XVHV FHUWDLQ LQYDULDQWV� )RU LQVWDQFH� WKH IRO�

ORZLQJ NH\ LQYDULDQW RI * VWDWHV WKDW ZKHQ QR FUDVKHV KDYH RFFXUUHG VLQFH WKH VHQGHU
H[HFXWHG D SUHSDUH DFWLRQ �L�H�� FXUUHQW�RN  WUXH� DQG WKH VHQGHU VWLOO KDV QRW FKRVHQ
DQ LGHQWLnHU� WKHQ WKH VHQGHU FDQ RQO\ FKRRVH LGHQWLnHUV WKDW DUH FRQVLGHUHG JRRG E\ WKH
UHFHLYHU� 7KH VKULQN JRRG DQG JURZ JRRG DFWLRQV DUH H[SOLFLWO\ GHVLJQHG WR SUHVHUYH WKLV
LQYDULDQW �DPRQJ RWKHUV��

,I FXUUHQW�RN  WUXH A PRGHV  QHHGLG WKHQ JRRG
V
t JRRG

U
�

7KH SURRI WKDW * VDIHO\ LPSOHPHQWV ' LV QRZ GLVFKDUJHG E\ H[KLELWLQJ D UHnQHPHQW
PDSSLQJ IURP * WR '� $JDLQ� ZH GR QRW JLYH GHWDLOV� EXW UHIHU WR >�@ IRU WKH FRPSOHWH
SURRIV�
7RJHWKHU� WKH H[LVWHQFH RI WKH EDFNZDUG VLPXODWLRQ IURP ' WR 6 DQG WKH UHnQHPHQW

PDSSLQJ IURP * WR ' DOORZ XV WR FRQFOXGH WKDW * VDIHO\ LPSOHPHQWV 6�

���� &RUUHFWQHVV RI & DQG +
7R SURYH WKDW & DQG + VDIHO\ LPSOHPHQW 6 ZH MXVW KDYH WR SURYH VRPH VLPXODWLRQV

IURP & DQG + WR *� VLQFH ZH KDYH DOUHDG\ VKRZQ WKDW * VDIHO\ LPSOHPHQWV 6� :H RQO\
FRQVLGHU &�

7KH nUVW VWHS� D WHFKQLFDO RQH� LQ WKH FRUUHFWQHVV SURRI LQYROYHV DGGLQJ D KLVWRU\ YDULDEOH
>��@ GHDGOLQH WR & WR JHW DQ HTXLYDOHQW YHUVLRQ RI WKH SURWRFRO �ZKLFK ZH VWLOO FDOO &��
7KH YDULDEOH GHDGOLQH LV VHW WR WKH FXUUHQW UHDO WLPH SOXV D PD[LPXP RQH�ZD\ GHOD\ ZKHQ
WKH FXUUHQW PHVVDJH JHWV D WLPHVWDPS� DQG JHWV UHVHW �WR �� ZKHQ HLWKHU D FUDVK RFFXUV
RU WKH FXUUHQW PHVVDJH JHWV DFFHSWHG E\ WKH UHFHLYHU� %HORZ ZH VKRZ DQ LQYDULDQW WKDW
VWDWHV WKDW WKLV GHDGOLQH LV DOZD\V PHW LQ DQ\ H[HFXWLRQ RI &� $QRWKHU KLVWRU\ YDULDEOH
XVHG

V
LV D OLVW FRQWDLQLQJ WKH WLPHVWDPSV XVHG VR IDU�

1H[W� QRWH WKDW * LV IRUPDOL]HG DV DQ XQWLPHG DXWRPDWRQ ZKHUHDV & LV IRUPDOL]HG
DV D WLPHG DXWRPDWRQ� :H UHVROYH WKLV PRGHO LQFRQVLVWHQF\ E\ FRQYHUWLQJ * LQWR WKH



��

WLPHG PRGHO WR JHW *
W
� 7KDW LV� DQ XQWLPHG DXWRPDWRQ FDQ EH FRQVLGHUHG WR EH D WLPHG

DXWRPDWRQ� ZKHUH WLPH FDQ SDVV DUELWUDULO\� �$GGLWLRQDO OLYHQHVV UHVWULFWLRQV RQ * ZLOO
PDNH VXUH WKDW WLPH�SDVVDJH LV QRW WKH RQO\ DFWLYLW\ RI *

W
�� %HORZ ZH SURYH WKDW & VDIHO\

LPSOHPHQWV *
W
LQ WKH WLPHG VHWWLQJ� &HUWDLQ HPEHGGLQJ UHVXOWV WKHQ DOORZ XV WR FRQFOXGH

WKDW VLQFH * VDIHO\ LPSOHPHQWV 6� *
W
VDIHO\ LPSOHPHQWV WKH FRQYHUWHG VSHFLnFDWLRQ 6

W
�

ZKLFK IXUWKHUPRUH LPSOLHV WKDW & VDIHO\ LPSOHPHQWV 6
W
� 7KXV� WKH HPEHGGLQJ UHVXOWV

DOORZ XV WR ZRUN PRVWO\ ZLWKLQ WKH VLPSOHU XQWLPHG PRGHO�

'HnQLWLRQ � �5HnQHPHQW IURP & WR *
W
� ,I V LV D VWDWH RI & WKHQ 5

&*
�V� LV WKH VWDWH

X RI *
W
VXFK WKDW

X�JRRG
V

 IV�WLPH
V
J b IV�ODVW

V
J

X�JRRG
U

 �V�ORZHU
U
� V�XSSHU

U
@

X�LVVXHG
U

 ��� V�XSSHU
U
@

X�FXUUHQW�RN  �V�GHDGOLQH � ��
$OO UHPDLQLQJ YDULDEOHV �LQFOXGLQJ WKH FKDQQHOV� KDYH WKH VDPH FRQWHQWV LQ & DQG *

W
�

7KH WLPHVWDPS WKDW WKH VHQGHU LQ & PLJKW DVVRFLDWH ZLWK D PHVVDJH� FRUUHVSRQGLQJ WR
JRRG

V
LQ *� LV WDNHQ IURP WKH ORFDO FORFN WLPH

V
� EXW RQO\ LI WKH ORFDO FORFN KDV DGYDQFHG

VLQFH WKH ODVW WLPHVWDPS �ODVW
V
�� 7KLV H[SODLQV WKH OLQH IRU JRRG

V
� 7KH OLQHV IRU JRRG

U
DQG

LVVXHG
U
FDQ EH H[SODLQHG VLPLODUO\�

$ NH\ LQYDULDQW ZH QHHG LQ WKH UHnQHPHQW SURRI LV WKDW WKH KLVWRU\ YDULDEOH GHDGOLQH RI
& LV DOZD\V DW OHDVW DV ELJ DV UHDO WLPH� L�H�� QRZ � GHDGOLQH� 7KLV FDQ WKHQ EH XVHG WR
SURYH WKH IROORZLQJ LQYDULDQW� IRU DOO WLPHVWDPSV W RQ WKH FKDQQHO IURP VHQGHU WR UHFHLYHU�
GHDGOLQH � �  � XSSHU

U
w W� 7KLV LQYDULDQW VWDWHV WKDW XSSHU

U
LV DOZD\V VXpFLHQWO\

ODUJH ZKHQ WKH FXUUHQW PHVVDJH LV EHLQJ WUDQVPLWWHG RQ WKH FKDQQHO DQG QR FUDVKHV KDYH
RFFXUUHG�

/HPPD � 5
&*

LV D UHnQHPHQW PDSSLQJ IURP & WR *
W
�

3URRI 7KH SURRI RI D UHnQHPHQW PDSSLQJ LQ WKH WLPHG VHWWLQJ KDV WKUHH SRLQWV� ZKLFK
ZH VNHWFK KHUH�

q )RU DQ\ VWDWH V RI &� 5
&*
�V� KDV WKH VDPH UHDO WLPH �QRZ� DV V� 7KLV LV VDWLVnHG

LPPHGLDWHO\ E\ WKH GHnQLWLRQ RI 5
&*
�

q )RU DQ\ VWDUW VWDWH V RI &� 5
&*
�V� LV D VWDUW VWDWH RI *

W
� 7KLV LV HDV\ WR FKHFN�

q )RU HDFK VWHS �V� D� V�� RI &� ZKHUH V DQG V� VDWLVI\ WKH LQYDULDQWV RI &� ZH PXVW
VKRZ WKH H[LVWHQFH RI D VHTXHQFH RI VWHSV �5&*�V�� D�� � � � � DQ� 5&*�V

��� RI *W ZLWK
WKH VDPH WUDFH �VHH )LJXUH ��� :H FRQGXFW VXFK D SURRI E\ GRLQJ D FDVH DQDO\VLV
EDVHG RQ WKH GLmHUHQW DFWLRQV D RI &� )RU LQVWDQFH� LI D  LQFUHDVH�ORZHU

U
�W�� ZH

VKRZ WKDW �5
&*
�V�� VKULQN JRRG

U
���� W@�� 5

&*
�V��� LV D VWHS RI *

W
�

7KH FRUUHFWQHVV RI + FDQ DOVR EH SURYHG XVLQJ WKH UHnQHPHQW PDSSLQJ WHFKQLTXH�
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,Q WKLV SDSHU� ZH KDYH XVHG D VLPSOH DXWRPDWRQ PRGHO WR SUHVHQW WKH DW�PRVW�RQFH PHV�
VDJH GHOLYHU\ SUREOHP DQG WZR LQWHUHVWLQJ VROXWLRQV� DQG KDYH XVHG VLPXODWLRQ WHFKQLTXHV
WR SURYH WKDW WKH WZR DOJRULWKPV PHHW WKH VSHFLnFDWLRQ� :H KDYH RQO\ JLYHQ DUJXPHQWV
IRU VDIHW\ DQG WLPLQJ SURSHUWLHV KHUH� DQG KDYH OHIW OLYHQHVV IRU D ORQJHU UHSRUW� :H EH�
OLHYH WKDW WKLV ZRUN \LHOGV LPSRUWDQW LQVLJKWV LQWR WKH SURWRFROV� DQG DOVR VHUYHV WR VKRZ
WKH DGHTXDF\ RI WKH PRGHO DQG SURRI WHFKQLTXHV� 6LPLODU SURWRFROV KDYH EHHQ YHULnHG
IRUPDOO\� XVLQJ GLmHUHQW WHFKQLTXHV� /2726 KDV� IRU LQVWDQFH� EHHQ XVHG LQ >��@�
7KHUH LV D FRQVLGHUDEOH DPRXQW RI IXUWKHU ZRUN UHPDLQLQJ� )LUVW� LI WKH WLPLQJ DVVXPS�

WLRQV RQ & DUH ZHDNHQHG RU UHPRYHG� WKH UHVXOWLQJ DOJRULWKP VWLOO ZLOO QRW GHOLYHU DQ\
PHVVDJH PRUH WKDQ RQFH� KRZHYHU� LW PD\ ORVH PHVVDJHV HYHQ LQ WKH DEVHQFH RI D FUDVK�
,W UHPDLQV WR IRUPXODWH WKH ZHDNHU VSHFLnFDWLRQ DQG SURYH WKDW WKH ZHDNHU YHUVLRQ RI &
VDWLVnHV LW�
6HFRQG� WKHUH DUH RWKHU DOJRULWKPV WKDW VROYH WKH DW�PRVW�RQFH PHVVDJH GHOLYHU\ SURE�

OHP� IRU H[DPSOH� XVLQJ ERXQGHG LGHQWLnHU VSDFHV RU FU\SWRJUDSKLF DVVXPSWLRQV� :H
ZRXOG OLNH DOVR WR YHULI\ WKHVH� DJDLQ UHXVLQJ DV PXFK RI RXU SURRIV DV SRVVLEOH� ,Q >��@
ERXQGHG LGHQWLnHU VSDFHV DUH GHDOW ZLWK IRU VLPLODU SURWRFROV�
7KLUG� ZH ZRXOG OLNH WR DXWRPDWH RXU VLPXODWLRQ SURRIV XVLQJ D PHFKDQLFDO WKHRUHP

SURYHU� :H KDYH DOUHDG\ EHJXQ WKLV ZRUN� E\ SURYLQJ WKH HTXLYDOHQFH RI YHUVLRQV RI 6 DQG
' XVLQJ WKH /DUFK 3URYHU >��� �@� :H KDYH EHHQ SOHDVHG ZLWK WKH SUHOLPLQDU\ UHVXOWV� WKH
SURYHU KDV QRW RQO\ EHHQ DEOH WR FKHFN RXU KDQG SURRIV� EXW LQ IDFW KDV EHHQ DEOH WR nOO
LQ PDQ\ RI WKH GHWDLOV� :H FDQ GUDZ VHYHUDO FRQFOXVLRQV�

q $XWRPDWD� LQYDULDQWV� DQG VLPXODWLRQV DUH DOO H[FHOOHQW WRROV IRU YHULI\LQJ WLPHG DQG
XQWLPHG FRPPXQLFDWLRQ SURWRFROV� 7KH PHWKRGV VFDOH ZHOO� \LHOG LQVLJKW� DQG DUH
QRW WRR GLpFXOW WR XVH�

q $ JHQHUDO PRGHO VXFK DV WLPHG DXWRPDWD LV QHHGHG LQ RUGHU WR PRGHO DQG YHULI\ PRVW
FRPPXQLFDWLRQ SURWRFROV LQ D VLQJOH FRKHUHQW IUDPHZRUN� +RZHYHU� IRU UHDVRQLQJ
DERXW SDUWLFXODU SURWRFROV� LW LV RIWHQ EHWWHU WR ZRUN LQ D VLPSOLnHG VSHFLDO FDVH RI
WKH JHQHUDO PRGHO� �)RU LQVWDQFH� IRU XQWLPHG SURWRFROV VXFK DV +� LW LV EHVW WR
DYRLG GHWDLOV RI WLPLQJ�� :KDW LV QHHGHG LV D FROOHFWLRQ RI VSHFLDO PRGHOV� HDFK RI
ZKLFK FDQ EH HDVLO\ ?HPEHGGHG� LQ WKH JHQHUDO PRGHO�

q 6DIHW\ SURRIV DUH FKDOOHQJLQJ� 7KH\ UHTXLUH LQVLJKW WR REWDLQ WKH ULJKW LQYDULDQWV DQG
VLPXODWLRQV� DQG D ORW RI GHWDLOHG ZRUN WR YHULI\ WKHVH FKRLFHV� &RPSXWHU DVVLVWDQFH
FDQ KHOS ZLWK WKH GHWDLOV� KRZHYHU� WKH LQVLJKW ZLOO DOZD\V EH UHTXLUHG�

q %DFNZDUG VLPXODWLRQV DUH PXFK KDUGHU WR GR WKDQ UHnQHPHQWV DQG IRUZDUG VLPXOD�
WLRQV EXW DUH QHFHVVDU\ LQ FHUWDLQ VLWXDWLRQV�

q 0DQ\ DOJRULWKPV FDQ EH WUHDWHG DV LPSOHPHQWDWLRQV RI D FRPPRQ DEVWUDFW DOJR�
ULWKP�

q 9HULI\LQJ D FRRUGLQDWHG FROOHFWLRQ RI SURWRFROV� UDWKHU WKDQ MXVW D VLQJOH LVRODWHG
SURWRFRO� LV H[WUHPHO\ YDOXDEOH� ,W OHDGV WR WKH GLVFRYHU\ RI XVHIXO DEVWUDFWLRQV� DQG
WHQGV WR PDNH WKH SURRIV PRUH HOHJDQW DQG UHXVDEOH�



��

q 'RLQJ SURRIV IRU UHDOLVWLF FRPPXQLFDWLRQ SURWRFROV LV IHDVLEOH QRZ� :H SUHGLFW WKDW
LW ZLOO EHFRPH PRUH VR� DQG ZLOO EH RI FRQVLGHUDEOH SUDFWLFDO LPSRUWDQFH�

5()(5(1&(6

�� 0� $EDGL DQG /� /DPSRUW� 7KH H[LVWHQFH RI UHnQHPHQW PDSSLQJV� 7KHRUHWLFDO &RPSXWHU
6FLHQFH� ���������^���� 0D\ �����

�� 0� $EDGL DQG /� /DPSRUW� $Q ROG�IDVKLRQHG UHFLSH IRU UHDO WLPH� ,Q -� :� GH 'DNNHU�
&� +XL]LQJ� DQG *� 5R]HQEHUJ� HGLWRUV� 3URFHHGLQJV RI 5(; :RUNVKRS ?5HDO�7LPH� 7KHRU\
LQ 3UDFWLFH�� 0RRN� 7KH 1HWKHUODQGV� -XQH ����� QXPEHU ��� LQ /HFWXUH 1RWHV LQ &RPSXWHU
6FLHQFH� SDJHV �^��� 6SULQJHU�9HUODJ� �����

�� '� %HOVQHV� 6LQJOH PHVVDJH FRPPXQLFDWLRQ� ,((( 7UDQVDFWLRQV RQ &RPPXQLFDWLRQV� &RP�
������ )HEUXDU\ �����

�� 6WHSKHQ -� *DUODQG DQG -RKQ 9� *XWWDJ� $ JXLGH WR /3� WKH /DUFK 3URYHU� 7HFKQLFDO
5HSRUW ��� '(&� 6\VWHPV 5HVHDUFK &HQWHU� 'HFHPEHU �����

�� 5� *DZOLFN� 1� /\QFK� 5� 6HJDOD� DQG -� 6~JDDUG�$QGHUVHQ� /LYHQHVV LQ WLPHG DQG XQWLPHG
V\VWHPV� 7HFKQLFDO UHSRUW� 0,7� /DERUDWRU\ IRU &RPSXWHU 6FLHQFH� �����

�� %� -RQVVRQ� 6LPXODWLRQV EHWZHHQ VSHFLnFDWLRQV RI GLVWULEXWHG V\VWHPV� ,Q -� &� 0� %DHWHQ
DQG -� )� *URRWH� HGLWRUV� 3URFHHGLQJV RI &21&85 
��� �QG ,QWHUQDWLRQDO &RQIHUHQFH RQ
&RQFXUUHQF\ 7KHRU\� $PVWHUGDP� 7KH 1HWKHUODQGV� $XJXVW ����� QXPEHU ��� LQ /HFWXUH
1RWHV LQ &RPSXWHU 6FLHQFH� SDJHV ���^���� 6SULQJHU�9HUODJ� �����

�� 6� 6� /DP DQG $� 8� 6KDQNDU� 3URWRFRO YHULnFDWLRQ YLD SURMHFWLRQV� ,((( 7UDQVDFWLRQV RQ
6RIWZDUH (QJHQHHULQJ� ������ �����

�� %� /DPSVRQ� 1� /\QFK� DQG -� 6~JDDUG�$QGHUVHQ� 5HOLDEOH DW�PRVW�RQFH PHVVDJH GHOLYHU\
SURWRFROV� 7HFKQLFDO UHSRUW� 0,7� /DERUDWRU\ IRU &RPSXWHU 6FLHQFH� ����� )XOO UHSRUW�

�� %� /LVNRY� 3UDFWLFDO XVHV RI V\QFKURQL]HG FORFNV LQ GLVWULEXWHG V\VWHPV� ,Q 3URFHHGLQJV RI WKH
7HQWK $QQXDO $&0 6\PSRVLXP RQ 3ULQFLSOHV RI 'LVWULEXWHG &RPSXWLQJ� SDJHV �^��� �����

��� %� /LVNRY� /� 6KULUD� DQG -� :URFODZVNL� (pFLHQW DW�PRVW�RQFH PHVVDJHV EDVHG RQ V\QFKUR�
QL]HG FORFNV� $&0 7UDQVDFWLRQV RQ &RPSXWHU 6\VWHPV� ��������^���� 0D\ �����

��� 1� /\QFK DQG 0� 7XWWOH� +LHUDUFKLFDO FRUUHFWQHVV SURRIV IRU GLVWULEXWHG DOJRULWKPV� 7HFK�
QLFDO 5HSRUW 0,7�/&6�75����� 0,7� /DERUDWRU\ IRU &RPSXWHU 6FLHQFH� &DPEULGJH� 0$�
������ $SULO �����

��� 1� /\QFK DQG 0� 7XWWOH� $Q LQWURGXFWLRQ WR ,QSXW�2XWSXW DXWRPDWD� &:,�4XDUWHUO\�
��������^���� 6HSWHPEHU �����

��� 1� /\QFK DQG )� 9DDQGUDJHU� )RUZDUG DQG EDFNZDUG VLPXODWLRQV IRU WLPLQJ�EDVHG V\VWHPV�
,Q -� :� GH 'DNNHU� &� +XL]LQJ� DQG *� 5R]HQEHUJ� HGLWRUV� 3URFHHGLQJV RI 5(; :RUN�
VKRS ?5HDO�7LPH� 7KHRU\ LQ 3UDFWLFH�� 0RRN� 7KH 1HWKHUODQGV� -XQH ����� QXPEHU ��� LQ
/HFWXUH 1RWHV LQ &RPSXWHU 6FLHQFH� SDJHV ���^���� 6SULQJHU�9HUODJ� �����
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