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���,QWURGXFWLRQ
,Q� UHFHQW� \HDUV� WKH� HPSKDVLV�ZLWKLQ�PDQ\� DUHDV� RI
PDQXIDFWXULQJ� KDV� PRYHG� IURP� WKH� FRQVWUXFWLRQ
DVSHFWV�RI�WKH�DVVRFLDWHG�SURFHVVLQJ�SODQW�WR�RQH�RI
LQYHVWLJDWLQJ�PHWKRGV�RI�RSWLPLVLQJ�WKH�RSHUDWLRQDO
HIILFLHQF\� RI� WKH� H[LVWLQJ� KDUGZDUH� DVVHWV�� 'XULQJ
WKH�VDPH�SHULRG��GHYHORSPHQWV�WKDW�KDYH�WDNHQ�SODFH
LQ� WKH� DUHD� RI� PLFURSURFHVVRU� WHFKQRORJ\� KDYH
UHDOLVHG� D� YDULHW\� RI� KDUGZDUH� SODWIRUPV� WR
LPSOHPHQW� LPSURYHG�� PRUH� VRSKLVWLFDWHG� FRQWURO
VWUDWHJLHV�� &RQVHTXHQWO\�� LW� LV� VRPHWKLQJ� RI� DQ
DQRPDO\� WR� GLVFRYHU� WKDW� WKH� YDVW� PDMRULW\� RI
UHJXODWRUV�XVHG� LQ� LQGXVWU\�DUH�RI� WKH� VLPSOH� WKUHH�
WHUP� �3,'�� IRUP�� +RZHYHU�� HYHQ� DIWHU� FDUHIXO
LQVWUXFWLRQ�� SODQW� RSHUDWRUV� VWLOO� KDYH� GLIILFXOW\� LQ
LQVWDOOLQJ� DQG� RSHUDWLQJ� VXFK� V\VWHPV�� 7KH� WDVN� RI
FKRRVLQJ�WKH�3,'�SDUDPHWHU�YDOXHV�LV�UHIHUUHG�WR�DV
µWXQLQJ¶��$�IHHGEDFN�FRQWURO�V\VWHP�LQ�RI�OLWWOH�YDOXH
LI�LW�LV�LPSURSHUO\�WXQHG�

7KLV�SDSHU�FKURQLFOHV� WKH�DWWHPSW�RI� D� VPDOO� JURXS
RI� DFDGHPLF� SUDFWLWLRQHUV� DW� WKH� 8QLYHUVLW\� RI
6XQGHUODQG� WR� GHYHORS� D� IDPLO\� RI� VRIWZDUH� WRROV
HVSHFLDOO\� LQWURGXFHG� WR� IDFLOLWDWH� WKH� WXQLQJ� RI
WUDGLWLRQDO� DQG� SUHGLFWLYH� FRQWURO� VWUDWHJLHV�� 7KH
SDSHU� ZLOO� H[SODLQ� YLD� D� QXPEHU� RI� UHDO� LQGXVWULDO
SUREOHPV� KRZ� WKH� WRROV� KDYH� EHHQ� GHYHORSHG� DQG
VXEVHTXHQWO\� UHILQHG�� 7ZR� GLIIHUHQW� VRIWZDUH
SDFNDJHV� ZLOO� EH� LQWURGXFHG�� 7KHVH� DUH
0DVWHU7XQH�� IRU� WKH� WXQLQJ� RI� 3,� DQG� 3,'
FRQWUROOHUV�ZKLFK� LQFRUSRUDWHV� �4XLFN7XQH� IRU� WKH
WXQLQJ� RI� 3,� DQG� S3,� VWUDWHJLHV� DQG�3UR'HVLJQ� IRU
WKH�WXQLQJ�RI�WKH�3,3�DOJRULWKP�

���0DVWHU7XQH�DQG�4XLFN7XQH
7KH� NHUQHO� RI� WKH�0DVWHU7XQH� VRIWZDUH>�@� LV� WKH
$VWURP�DQG�+DJJOXQG>�@�DXWRWXQHU��+RZHYHU��LW�KDV
D� IDPLO\� RI� DGGLWLRQDO� UHILQHPHQWV� ZKLFK� PDNH� LW
HDV\� WR� XVH� ZKLOVW� DW� WKH� VDPH� WLPH� SURGXFLQJ
FRQVLVWHQW�UHOLDEOH�UHVSRQVHV�IDU�VXSHULRU>�@�WR�WKRVH
REWDLQHG� XVLQJ� ZHOO� WULHG� HPSLULFDO� IRUPXODH>���@�
7KH� WXQLQJ� SKLORVRSK\� FRQVLVWV� RI� WKUHH� GLVWLQFW
VWDJHV�� 3URFHVV� $QDO\VLV�� 5HOD\� 7XQLQJ� DQG
3HUIRUPDQFH� (YDOXDWLRQ�� (DFK� VWDJH� LV� RXWOLQHG
EHORZ�DIWHU�DQ�LQWURGXFWLRQ�W�R�WKH�WKHRU\�EHKLQG�WKH
WHFKQLTXH�

����5HOD\�$XWR�7XQLQJ

,Q� ������ $VWURP� DQG� +DJJOXQG>�@� GHVFULEHG� DQ
DXWRPDWLF� WXQLQJ� �DXWR� WXQLQJ�� PHWKRG� ZKLFK
XWLOLVHG� D� UHOD\� FRQWUROOHU� SOXV� DQ� LQWHJUDWRU� �VHH
)LJXUH� ��� WR� IRUFH� WKH� V\VWHP� WR� RVFLOODWH� ZLWK� D
FRQVWDQW� DPSOLWXGH�� IL[HG� IUHTXHQF\� RVFLOODWLRQ
NQRZQ�DV�D�OLPLW�F\FOH�
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)LJXUH���$�EORFN�GLDJUDP�VKRZLQJ�WKH�FRQILJXUDWLRQ�RI�WKH
$XWRWXQHU�VFKHPH�DQG�SURFHVV

$Q� LPSRUWDQW� IHDWXUH� RI� WKH� WHFKQLTXH� LV� WKDW� WKH
DPSOLWXGH� RI� WKH� RVFLOODWLRQ� FDQ� EH� DOWHUHG� E\
FKDQJLQJ� WKH�PDJQLWXGH� RI� WKH� UHOD\� FKDUDFWHULVWLF�



$OVR�� WKH� DGGLWLRQ� RI� WKH� LQWHJUDWRU� KDV� WKH� EHQHILW
RI� IRUFLQJ� WKH� OLPLW�F\FOH� WR�EH�VXVWDLQHG�DERXW� WKH
VHW� SRLQW� YDOXH� DQG� KHOSV� WR� HQVXUH� 
EXPSOHVV

WUDQVIHU� EHWZHHQ� WXQLQJ� DQG� FRQWURO� PRGHV�� 0XFK
KDV� EHHQ� SXEOLVKHG� RQ� WKH� UHOD\� DXWR� WXQLQJ
WHFKQLTXH� VR� LW� LV� VXIILFLHQW� KHUH� WR� VWUHVV� WKDW� WKH
GHVLJQ� FRQGLWLRQ� UHTXLUHV� WKDW�.F�DQG�7L�EH� FKRVHQ
VXFK�WKDW
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ZKHUH

3X�LV�WKH�SHULRG�RI�WKH�OLPLW�F\FOH�RVFLOODWLRQ
$� LV� WKH�SHDN�YDOXH�RI� WKH� OLPLW�F\FOH�DSSHDULQJ

DW�WKH�LQSXW�WR�WKH�QRQ�OLQHDULW\��DQG�
fP�LV�WKH�SKDVH�PDUJLQ�

7ZR�SUREOHPV�H[LVW�IRU�WKH�XQWUDLQHG�RSHUDWRU��7KH
ILUVW� LV� KRZ�GR�ZH� FKRRVH� WKH� UHOD\� DPSOLWXGH� DQG
VHFRQGO\� KRZ� GR� ZH� FKRRVH� fP"� 7KHVH� TXHVWLRQV
DUH� DQVZHUHG� DIWHU� D� UHYLHZ� RI� WKH� WKHRUHWLFDO
EDFNJURXQG�RI�WKH�S3,�GHVLJQ�

������3UHGLFWLYH�3,��S3,��'HVLJQ

7KH� SUREOHPV� DVVRFLDWHG� ZLWK� WKH� RFFXUUHQFH� RI
DSSUHFLDEOH� WLPH� GHOD\� LQ� FRQWURO� DUH� QRW� D� QHZ
SKHQRPHQRQ��6PLWK>�@�KLJKOLJKWHG�WKH�SUREOHP�DQG
SURSRVHG�D�VFKHPH�WR�RYHUFRPH�WKLV�WLPH�GHOD\��7KH
6PLWK�SUHGLFWRU�LV�VKRZQ�LQ�EORFN�GLDJUDP�IRUPDW�DV
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)LJXUH���$�EORFN�GLDJUDP�RI�WKH�6PLWK�3UHGLFWRU

$�PRGHO� RI� WKH� SURFHVV� DQG� WKH� GHOD\� DUH� XVHG� LQ
FRQMXQFWLRQ� ZLWK� D� QRUPDO� 3,� FRQWUROOHU� LQ� DQ
DWWHPSW� WR� UHPRYH� WKH� WLPH� GHOD\� IURP� WKH
FKDUDFWHULVWLF� HTXDWLRQ�� ,I� WKH�PRGHO� DQG� GHOD\� DUH
DQ� H[DFW� UHSUHVHQWDWLRQ� RI� WKH� SURFHVV� EHLQJ
FRQWUROOHG� DQG� WKH� GLVWXUEDQFH� LV� ]HUR� WKHQ� WKH
VLJQDO� DW� SRLQW�$�ZLOO� EH� ]HUR��7KLV�PHDQV� WKDW� WKH
FRQWUROOHU� LV� OHIW� WR� DFW� RQ� WKH� HUURU� EHWZHHQ� WKH
UHIHUHQFH� DQG� WKH�XQGHOD\HG�SURFHVV�PRGHO��+HQFH
WKH�FRQWUROOHU�XVHG� LV�GHVLJQHG�EDVHG�SXUHO\�RQ� WKH
GHOD\�IUHH�PRGHO�RI�WKH�SODQW�

)LJXUH���FDQ�EH�H[SUHVVHG�DV

X W * H W * X W X W /
F S

� � ^ � � $ > � � � �@`= - - -
������������(TXDWLRQ��

ZKHUH� *F�LV�WKH�3,�FRQWUROOHU�
*S�LV�WKH�SURFHVV�PRGHO�ZLWKRXW�GHOD\��DQG�
/�LV�WKH�WLPH�GHOD\�H[KLELWHG�E\�WKH�V\VWHP
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WKHQ�(TXDWLRQ���FDQ�EH�UH�DUUDQJHG�LQWR�WKH�IRUP
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ZKLFK� JLYHV� WKH� VWUDLJKWIRUZDUG� EORFN� GLDJUDP� DV
VKRZQ�LQ�)LJXUH���
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)LJXUH���%ORFN�GLDJUDP�RI�WKH�VLPSOLILHG�6PLWK�3UHGLFWRU��S3,
FRQWUROOHU�

1H[W�FRQVLGHU�WKH�EORFN�GLDJUDP�RI�)LJXUH���ZKLFK
LV� WKH� VDPH� DV�)LJXUH� �� H[FHSW� WKDW� WKH� GHOD\� WHUP
KDV�EHHQ�UHPRYHG�
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)LJXUH���$�EORFN�GLDJUDP�RI�D�VWDQGDUG�3,�FRQWUROOHU

7KH�WUDQVIHU�IXQFWLRQ�EHWZHHQ�WKH�FRQWURO�HIIRUW�DQG
WKH�HUURU�LQ�)LJXUH���LV
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ZKLFK�LV�WKH�VWDQGDUG�3,�FRQWUROOHU�



����&$'�VRIWZDUH

&$'� VRIWZDUH� FDOOHG� 0DVWHU7XQH� KDV� EHHQ
GHYHORSHG� WR� KHOS� LQ� WKH� DXWRPDWLF� WXQLQJ� RI� ERWK
WKH� WUDGLWLRQDO� 3,� DQG� WKH� S3,� FRQWUROOHUV� DQG� LV
EULHIO\�RXWOLQHG�EHORZ�

������6HW�WHVW�SDUDPHWHUV

7KH�YDOXH�RI�YDULRXV�WHVW�SDUDPHWHUV�XVHG�GXULQJ�WKH
WXQLQJ�SKDVH�DUH�DXWRPDWLFDOO\�VHW�WR�GHIDXOW�YDOXHV�
7KHVH� YDOXHV� DUH� VHW� E\� WKH� VRIWZDUH� WR� SURYLGH
µVHQVLEOH¶�WXQLQJ�SDUDPHWHUV�KRZHYHU��LI�WKH�XVHU�VR
FKRRVHV� WKHVH� YDOXHV� FDQ� EH� PRGLILHG� WR� VXLW
LQGLYLGXDO�UHTXLUHPHQWV��7KH�SDUDPHWHUV�ZKLFK�FDQ
EH�PRGLILHG�LQFOXGH

�� 7KH� SHUFHQWDJH� RYHUVKRRW�� WKH� DPRXQW� RI
RYHUVKRRW� WKH� FORVHG� ORRS� V\VWHP� ZLOO� H[KLELW
ZKHQ� FRPSHQVDWHG� E\� WKH� WXQHG� 3,� FRQWUROOHU�
7KH� SHUFHQWDJH� RYHUVKRRW� LV� XVHG� WR� GHWHUPLQH
WKH� SKDVH� PDUJLQ� UHTXLUHG� E\� WKH� GHVLJQ
HTXDWLRQV��VHH�(TXDWLRQ����

�� 7KH� UHOD\� FKDUDFWHULVWLFV�� WKH� DPSOLWXGH� �WR
FRQWURO� WKH� VL]H� RI� WKH� OLPLW� F\FOH� RVFLOODWLRQV
GXULQJ� WXQLQJ�� DQG� WKH� K\VWHUHVLV� �XVHG� WR
SUHYHQW� IDOVH� VZLWFKLQJ� FDXVHG� E\� QRLV\
VLJQDOV��

�� 7ROHUDQFH�EHWZHHQ�SHDNV��XVHG�E\�WKH�VRIWZDUH
WR� GHWHFW� ZKHQ� WKH� OLPLW� F\FOH� KDV� EHFRPH
VWDEOH�

�� &RQVWUDLQWV�� FRQWURO� RYHU� WKH� DOORZDEOH� OHYHO
YDULDWLRQV�RI�ERWK� WKH�SURFHVV� DQG�PDQLSXODWHG
YDULDEOHV�

������3URFHVV�DQDO\VLV�SKDVH

7KH� SURFHVV� DQDO\VLV� SKDVH� LV� WKH� SUHOLPLQDU\� VWHS
RI�WKH�WXQLQJ�SURFHGXUH��+HUH�DQ�RSHQ�ORRS�VWHS�WHVW
LV�FRQGXFWHG�DQG�D�ILUVW�RUGHU�SOXV�GHDG�WLPH�PRGHO
DXWRPDWLFDOO\� FDOFXODWHG�XVLQJ� D� FKDUDFWHULVWLF� DUHD
DSSURDFK>�@�� 7KH� SURFHVV� LQSXWV� DQG� RXWSXWV� DUH
YLVXDOO\� GLVSOD\HG� WR� WKH� SURFHVV� RSHUDWRU
WKURXJKRXW�DQG�RQ�FRPSOHWLRQ�RI�WKH�WHVW�WKH�PRGHO
LV�RYHUODLG�RQWR�WKH�SURFHVV�UHDFWLRQ�FXUYH�DOORZLQJ
DQ�LQIRUPHG�MXGJHPHQW�WR�EH�PDGH�DERXW�WKH�TXDOLW\
RI�WKH�PRGHO��)LJXUH����

������� 3,�4XLFN7XQH

,I�WKH�WLPH�GHOD\�LV�QRW�DSSUHFLDEOH�LQ�UHODWLRQ�WR�WKH
WLPH� FRQVWDQW� WKH� VRIWZDUH� UHFRPPHQGV� WKDW� D� 3,
FRQWUROOHU� EH� XVHG�� 7KLV� IDVW� WXQH� IDFLOLW\� XVHV� WKH
WUDQVIHU� IXQFWLRQ� REWDLQHG� LQ� WKH� SURFHVV� DQDO\VLV
SKDVH�WR�FDOFXODWH�WKH�FRQWUROOHU�VHWWLQJV�XVLQJ�VRPH

HPSLULFDO�IRUPXOD��W\SLFDOO\�WKRVH�UHFRPPHQGHG�E\
'DQLHOV�DQG�&R[>�@��7KLV�IHDWXUH�FDQ�EH�XVHG�WR�JHW
D�FRQWURO�ORRS�ZRUNLQJ�VDWLVIDFWRULO\�LQ�D�YHU\�VKRUW
SHULRG�RI�WLPH�

)LJXUH���7\SLFDO�SURFHVV�DQDO\VLV�UHVXOW

������� 3UHGLFWLYH�3,��S3,�

,I� WKH�WLPH�GHOD\�LV�ODUJH�FRPSDUHG�WR�WKH�SULQFLSDO
WLPH�FRQVWDQW�� WKHQ�D�3,�FRQWUROOHU�ZLOO� QRW�EH� DEOH
WR� \LHOG� VDWLVIDFWRU\� SHUIRUPDQFH�� ,Q� WKLV� VLWXDWLRQ
WKH� VRIWZDUH� UHFRPPHQGV� WKDW� WKH� S3,� VWUDWHJ\� LV
XWLOLVHG� DQG� FDOFXODWHV� WKH� FRQWUROOHU� SDUDPHWHUV� DV
GHVFULEHG� HDUOLHU�� )RU� LPSOHPHQWDWLRQ� RI� WKH� S3,
DOJRULWKP�LW�LV�UHFRPPHQGHG�WR�XVH�D�SURJUDPPDEOH
SURFHVV�FRQWUROOHU�

������� 6HWWLQJ�WKH�UHOD\�FKDUDFWHULVWLFV

,I�� DV� UHFRPPHQGHG�� WKH� IDVW� WXQH� SURFHGXUH� LV� E\
SDVVHG� LQ� IDYRXU� RI� WKH� UHOD\� IHHGEDFN� DXWRWXQLQJ�
WKHQ� WKH� UHOD\� FKDUDFWHULVWLFV� PXVW� EH� VHW�� 7KH
SURFHVV� DQDO\VLV� SKDVH� FDOFXODWHV� D� YDOXH� IRU� WKH
UHOD\� KHLJKW�ZKLFK�ZLOO� SURGXFH� D� OLPLW� F\FOH�ZLWK
DQ�DPSOLWXGH�DSSUR[LPDWHO\�HTXDO�WR� WKDW�VHW� LQ� WKH
µ6HW�WHVW�SDUDPHWHUV¶�SKDVH�DERYH��$GGLWLRQDOO\��WKH
VRIWZDUH�ZLOO�DQDO\VH�WKH�OHYHO�RI�QRLVH�LPSRVHG�RQ
WKH�SURFHVV�YDULDEOH�DQG�XVH�WKLV�YDOXH�WR�VXJJHVW�D
OHYHO� RI� K\VWHUHVLV�� 7KLV� VWDJH� UHOLHYHV� WKH� SURFHVV
RSHUDWRU�RI�WKH�UDWKHU�FRPSOH[�WDVN�RI�VSHFLI\LQJ�WKH
UHOD\� FKDUDFWHULVWLF�� 7KH� RSHUDWRU� RQO\� QHHGV� WR
VSHFLI\� WKH� WROHUDEOH� SURFHVV� YDULDEOH� VZLQJ�
)XUWKHU��LW�VKRXOG�EH�QRWHG�WKDW�WKLV�VWDJH�PD\�RQO\
EH�UHTXLUHG�ZKHQ�WXQLQJ�D�SURFHVV�IRU�WKH�ILUVW�WLPH�
,Q�VXEVHTXHQW�VHVVLRQV��WKH�UHOD\�SDUDPHWHUV�FDQ�EH
HQWHUHG� GLUHFWO\� EDVHG� RQ� SUHYLRXVO\� UHFRUGHG
YDOXHV�

�������&RQQHFWLRQ�WR�WKH�SODQW

&RQQHFWLRQ�WR�WKH�SODQW�LV�DFKLHYHG�E\�XWLOLVLQJ�WKH
56���� FRPPXQLFDWLRQV� SRUW� SUHVHQW� RQ� PRGHUQ
FRPPHUFLDO� FRQWUROOHUV�� )LJXUH� �� LOOXVWUDWHV� WKLV
WHFKQLTXH�



([LVLWLQJSURFHVV
FRQQHFWLRQ

3URFHVV

&RPPXQLFDWLRQV

OLQN

3URFHVV

&RQWUROOHU

)LJXUH���+DUGZDUH�FRQILJXUDWLRQ

������$XWR7XQH

:KHQ� WKH� DXWRWXQH� LQ� LQYRNHG�� WKH� UHOD\� DQG
LQWHJUDWRU� IRUFH� WKH� SURFHVV� YDULDEOH� WR� RVFLOODWH
ZLWK� WKH� VSHFLILHG� DPSOLWXGH�� $IWHU� D� VWDEOH� OLPLW
F\FOH� LV�H[KLELWHG�E\� WKH�SURFHVV��D�3,�FRQWUROOHU� LV
FDOFXODWHG�ZKLFK�ZLOO� UHVXOW�ZLWK� WKH�UHTXLUHG� OHYHO
RI� RYHUVKRRW� EHLQJ� REVHUYHG� GXULQJ� FRPSHQVDWHG
HYDOXDWLRQ�WHVWV��VHH�)LJXUH����

)LJXUH���&$'�VRIWZDUH�VFUHHQ�GXPS�VKRZLQJ�$XWRWXQLQJ�LQ
SURFHVV

������(YDOXDWLRQ

2QFH� WKH� DSSURSULDWH� FRQWUROOHU� KDV� EHHQ� VHOHFWHG
DQG�WXQHG��WKH�HYDOXDWLRQ�VWDJH�FDQ�EH�LPSOHPHQWHG�
+HUH�WKH�FRQWUROOHU�LV�SXW�LQWR�DXWRPDWLF�PRGH�DQG�
LI�GHVLUHG��D�VWHS�FKDQJH�FDQ�EH� LQGXFHG� LQ� WKH�VHW�
SRLQW� �VHH� )LJXUH� ���� 7KLV�� DV� ZHOO� DV� HDFK� RWKHU
VWDJH�LQ�WKH�WXQLQJ�F\FOH��FDQ�EH�ORJJHG�DQG�VDYHG�LQ
D� GDWD� ILOH� WR� SURYLGH� D� IXOO� UHFRUG� RI� WKH� ZRUN
FRPSOHWHG�

)LJXUH���&$'�VRIWZDUH�VFUHHQ�GXPS�VKRZLQJ�HYDOXDWLRQ�RI�3,
FRQWUROOHU

���3UR'HVLJQ
7KH�3,3�FRQWURO�DOJRULWKP�LV�RQH�HOHPHQW�RI�D�WRWDO
GHVLJQ� HQYLURQPHQW� WKDW� UHMHFWV� WKH� LGHD� WKDW� D
GLJLWDO� FRQWURO� V\VWHP� EH� LQLWLDOO\� GHVLJQHG� LQ
FRQWLQXRXV�WLPH� WHUPV�� 5DWKHU� LW� GHPDQGV� WKDW� WKH
GHVLJQHU�FRQVLGHUV�WKH�GHVLJQ�IURP�D�GLJLWDO�VDPSOHG
GDWD�VWDQGSRLQW��7KH�GHVLJQ�PHWKRG�WR�EH�GLVFXVVHG
KHUH� LV� EDVHG� XSRQ� µGLVFUHWH�WLPH� VWDWH�VSDFH� SODQW
GHVFULSWLRQV¶� EXW� DV� ZH� VKDOO� VHH� ODWHU� WKH
FRUUHVSRQGLQJ� µSXOVH� WUDQVIHU� IXQFWLRQ�PRGHO¶� ZLOO
DOVR�SOD\�D�SDUW�LQ�KLJKOLJKWLQJ�VRPH�RI�WKH�IHDWXUHV
RI�WKH�QHZ�DOJRULWKP�

����3,3�&RQWURO

*LYHQ� D� 1RQ�0LQLPDO� 6WDWH� 6SDFH� �1066�
GHVFULSWLRQ� RI� D� SURFHVV�� L�H�� D� VWDWH� VSDFH
UHSUHVHQWDWLRQ�ZLWK�WKH�IROORZLQJ�VWDWH�FKRLFH
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1RWH� WKDW� [�N�� FRQVLVWV� RI� WKH� SUHVHQW� YDOXH� RI� WKH
V\VWHP� RXWSXW� DV�ZHOO� DV� SDVW� YDOXHV� RI� ERWK� SODQW
LQSXW�DQG�RXWSXW��P�N��LV�LQFOXGHG�WR�JXDUDQWHH�µW\SH
�¶� VHUYR�PHFKDQLVP� SHUIRUPDQFH�� 7KH� SODQW� LQ
PDWUL[�IRUP�EHFRPHV

[ )[ J G

K[

� � � � � �N N X N N

N

= + - +
=

� � � \

\�N� � �
G

� �

������������(TXDWLRQ��

) =

- -

- - - -

¬



Ä
Ä
Ä
Ä
Ä
Ä
Ä
Ä
Ä
Ä
Ä
Ä
Ä
Ä
Ä
Ä

â

ä

´
´
´
´
´
´
´
´
´
´
´
´
´
´
´
´

- -

- -

D D �D �D E E E E �

� � � � � � � � �

� � � � � � � � �

� � � � � � � � �

� � � � � � � � �

� � � � � � � � �

� � � � � � � � �

� � � � � � � � �

D D D D E E E E �

� � S � S � � T � T

� � S � S � � T � T



J

G

K

=

=

=

- ì

ì

>

>

>

E � � � � � � � E

� � � � � � � � �

� � � � � � � � �

@

@

@

� �

7KH�XVH�RI� WKH�1066�GHVFULSWLRQ� RI� WKH� SODQW� DQG
WKH� /69)%� FRQWURO� ODZ� UHVXOWV� LQ� D� FRQWURO
DOJRULWKP�ZKLFK�KDV�EHHQ�QDPHG�E\�<RXQJ�HW�DO�>�@
DV� WKH�3URSRUWLRQDO� ,QWHJUDO� 3OXV� �3,3�� DOJRULWKP�
WKXV�XVLQJ�WKH�IROORZLQJ�FRQWURO�ODZ

X 
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ZKHUH� WKH� HOHPHQWV� RI� WKH� JDLQ� YHFWRU�� Y�� DUH
FRQYHQLHQWO\� JURXSHG� DQG� JLYHQ� WKH� IROORZLQJ
UHIHUHQFH�

[ ]Y
 I � I � I ���� I � J J ����J � � N� � � S�� � � T�� ,= �

DQG�
[�N�� DUH� WKH� VWDWHV� FKRVHQ� WR� SURGXFH� D� 1066
GHVFULSWLRQ�

([SUHVVLQJ�WKH�3,3�FRQWURO� ODZ�LQ�SRO\QRPLDO� IRUP
DOORZV� JUHDWHU� LQVLJKW� LQWR� WKH� DOJRULWKP� DQG� WKH
UHDVRQ� IRU� JURXSLQJ� WKH� FRQWUROOHU� WHUPV� DV� DERYH�
)LJXUH� �� VKRZV� 3,3� LQ� EORFN� GLDJUDP� IRUP� ZLWK
(TXDWLRQ����H[SUHVVLQJ�WKH�FRQWURO�ODZ�
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\G�N� \�N�P�N� X�N�H�N�

)LJXUH���%ORFN�GLDJUDP�RI�WKH�3,3�FRQWURO�DOJRULWKP

$V� FDQ� EH� VHHQ� IURP� )LJXUH� ��� LQ� DGGLWLRQ� WR
SURSRUWLRQDO��DULVLQJ�IURP�WKH�I��JDLQ�� �DQG�LQWHJUDO
DFWLRQ� �DULVLQJ� IURP� P�N��� WKH� FRQWUROOHU� DOVR
FRQWDLQV� DGGLWLRQDO� IHHGIRUZDUG� DQG� IHHGEDFN
GLVFUHWH� WLPH� ILOWHUV�ZKLFK�DUH� WKH�SOXV�SDUW�RI�3,3�
7KH� µI¶� JDLQV� RI� WKH� JDLQ� YHFWRU� RSHUDWH� RQ� SDVW

YDOXHV� RI� WKH� V\VWHP� RXWSXW� DQG� WKH� µJ¶� JDLQV
RSHUDWH� RQ� SUHYLRXVO\� JHQHUDWHG� FRQWURO� DFWLRQV�
7KH� RUGHU� RI� WKHVH� DGGLWLRQDO� SRO\QRPLDOV� LV
GHSHQGHQW� XSRQ� WKH� RUGHU� RI� WKH� V\VWHP� XQGHU
FRQWURO��,Q�IDFW��WKH�3,3�DOJRULWKP�FDQ�EH�LQWHUSUHWHG
DV� FRQWDLQLQJ� D� µPRGHO¶� RI� WKH� SURFHVV� LQ� WKHVH
SRO\QRPLDOV� DQG� LW� LV� WKLV� ZKLFK� UHVXOWV� LQ� LWV
LPSUHVVLYH� SHUIRUPDQFH� RI� WKH� DOJRULWKP� DV
SUHVHQWHG�LQ�ODWHU�VHFWLRQV��,Q�)LJXUH���WKH�IROORZLQJ
SRO\QRPLDOV�FDQ�EH�LGHQWLILHG�

)�]���� �I��]
�����I��]

�����������IS���]
��S���

*�]���� �����J��]
�����J��]

�����������JT���]
��T���

������������(TXDWLRQ���

������&RPSXWLQJ�3,3�JDLQV

7KHUH� UHPDLQV� WKH� UHTXLUHPHQW� RI� � FRPSXWLQJ� WKH
FRQWUROOHU� JDLQV� NL� �� I�� WR� IS��� DQG� J�� WR� JT���� 7ZR
GLVWLQFW�VWUDWHJLHV�IRU�WKH�FRPSOHWLRQ�RI�WKLV�WDVN�DUH
DYDLODEOH��)LUVWO\�WKH�JDLQV�FDQ�EH�FDOFXODWHG�E\�WKH
GHVLJQHU� VSHFLI\LQJ� WKH� FORVHG� ORRS� SROH� SRVLWLRQ�
$SSURSULDWH� FKRLFH� RI� WKHVH� SROHV� OHDYHV� WKH
GHVLJQHU� ZLWK� WKH� DELOLW\� RI� DGMXVWLQJ� WKH� FORVHG
ORRS� UHVSRQVH� WR� WKHLU� VDWLVIDFWLRQ� �SURYLGHG� WKH
V\VWHP� LV� FRPSOHWHO\� FRQWUROODEOH>�@���+RZHYHU�� LQ
DQ� LQGXVWULDO� HQYLURQPHQW� WKLV� IOH[LELOLW\� �DQG� WKH
UHTXLUHPHQW� RI� VSHFLI\LQJ� S�T� SROH� ORFDWLRQV�� FDQ
EH�VHHQ�DV�RYHUO\�FRPSOH[�DQG�KHQFH�D�GUDZEDFN��,Q
RYHUFRPLQJ�WKLV��DQ�DOWHUQDWLYH�VXJJHVWLRQ�LV�WR�XVH
D� PXOWLSOH� � SROH� PRGHO� ZKHUH� WKH� ORFDWLRQ� RI� WKH
SROH� DFWV� DV� D� WXQLQJ� SDUDPHWHU�� 6HFRQGO\� D
WHFKQLTXH� ZKHUHE\� D� VHW� RI� JDLQV�� RSWLPDO� LQ� WKH
/LQHDU�4XDGUDWLF�VHQVH��LV�DOVR�FDOFXODWHG�

����&$'�6RIWZDUH

7KH� 0DLQ� 0HQX� �)LJXUH� ���� VXPPDULVHV� WKH
LQGLYLGXDO�VWDJHV�RI�WKH�GHVLJQ�VWUDWHJ\��DQG�DSSHDUV
ILUVW� RQ� WKH� VFUHHQ�� 7KH� PHQX� LV� UHGLVSOD\HG� DIWHU
HDFK� VWDJH� LQ� RUGHU� WR� JXLGH� WKH� XVHU� WKURXJK� WKH
SDFNDJH�� $� SUHOLPLQDU\� VWHS� LV� WKH� 6HW� XS
DSSOLFDWLRQ�SURJUDP�ZKLFK�DOORZV�WKH�XVHU�WR�DVVLJQ
QDPHV� WR� WKH� SURFHVV� VLJQDOV� DQG� WR� VSHFLI\� WKHLU
UDQJHV�LQ�HQJLQHHULQJ�XQLWV��IRU�H[DPSOH�WKH�SURFHVV
YDULDEOH� FRXOG� EH� WDJJHG� DV� �)ORZ�� DQG� JLYHQ� D
UDQJH� RI� ����� OLWUHV�PLQ�� $GGLWLRQDOO\� UDWH� OLPLWV
PD\�DOVR�EH�GHILQHG�IRU�WKH�FRQWUROOHU�RXWSXW�VLJQDO�
7KLV� VHW� XS� GDWD� LV� WKH� VWRUHG� XQGHU� D� VSHFLILF� ILOH
QDPH�IRU�XVH�E\�WKH�RWKHU�SURJUDPV�LQ�WKH�VXLWH�



)LJXUH����7KH�PDLQ�PHQX�RI�WKH�3UR'HVLJQ�&$'�VRIWZDUH

+DYLQJ�VHW�XS�WKH�DSSOLFDWLRQ��WKH�ILUVW�SURSHU�VWDJH
LV�WKH�/RJ�GDWD�RSWLRQ�ZKLFK�LV�XVHG�IRU�SHUIRUPLQJ
V\VWHP� LGHQWLILFDWLRQ� WHVWV� DQG� UHFRUGLQJ� WKH� WHVW
GDWD��7KH�XVHU�KDV�WKH�RSSRUWXQLW\�WR�VSHFLI\�WKH�WHVW
SDUDPHWHUV� DV� ZHOO� DV� WKH� UDQJHV� RI� WKH� FKDUW
UHFRUGHU� W\SH� GLVSOD\V�� 2QFH� WKH� 3&� KDV� LQLWLDWHG
FRPPXQLFDWLRQV�ZLWK�WKH�FRQWUROOHU��UHDO�WLPH�WUHQGV
RI�WKH�SURFHVV�VLJQDOV�VWDUW� WR�HYROYH��1RWH� WKDW� WKH
FRQWUROOHU�LV�VWLOO� LQ�FRPPDQG�DW� WKLV�SRLQW��DQG� WKH
3&� ZLOO� RQO\� WDNH� RYHU� ZKHQ� UHPRWH� PRGH� LV
VHOHFWHG�RQ�WKH�FRQWUROOHU��7KH�WUDQVIHU�LV�EXPSOHVV�
2QFH� LQ� FKDUJH�� WKH� XVHU� PD\� VWDUW� UHFRUGLQJ� DQG
WKHQ� LQWURGXFH� SHUWXUEDWLRQV� LQWR� WKH� SURFHVV�� 7KH
FRQWUROOHU�RXWSXW�PD\�EH�PDQLSXODWHG�XVLQJ�D�VOLGHU�
RU�� DOWHUQDWLYHO\�� VWHS� IXQFWLRQV� DQG�RU� SVHXGR
UDQGRP�ELQDU\� VHTXHQFHV� �35%6��PD\� EH� VHOHFWHG
E\�FOLFNLQJ�RQ� WKH�DSSURSULDWH�EXWWRQV�� ,W� LV�D�JRRG
LGHD� WR� WU\� D� VWHS� WHVW� ILUVW�� LQ� RUGHU� WR� JDLQ� DQ
DSSUHFLDWLRQ� RI� WKH� SURFHVV� UHVSRQVH� WLPH�� IURP
ZKLFK� D� VXLWDEOH� VDPSOLQJ� WLPH� PD\� EH
GHGXFHG>��@�� )RU� H[DPSOH�� LI� WKH� SURFHVV� ULVH� WLPH
ZDV� IRXQG� WR� EH� DSSUR[LPDWHO\� ��� VHFRQGV� WKHQ� D
VDPSOLQJ� WLPH�RI���VHFRQG� LV� UHFRPPHQGHG�IRU� WKH
35%6�WHVW��7KLV�VHFRQG�WHVW�ZDV�DOORZHG�WR�UXQ�IRU
DERXW�����VHFRQGV�VR�WKDW�D�VWDWLVWLFDOO\� 
ODUJH
�GDWD
VHW� ZDV� REWDLQHG�� +DYLQJ� FDUULHG� RXW� D� V\VWHP
LGHQWLILFDWLRQ� WHVW�� FRPPDQG�PD\� WKHQ� EH� UHVWRUHG
WR�WKH�FRQWUROOHU�

7KH� VHFRQG� VWDJH� RI� WKH� SURFHGXUH� LV� 3UH�SURFHVV
GDWD�ZKLFK�KROG�D�YDULHW\�RI�RSHUDWLRQV�GHVLJQHG�WR

FOHDQ�XS
� WKH�EDG�GDWD�SRLQWV�DQG�GLVWXUEDQFHV� WKDW
DUH� FRPPRQ� IHDWXUHV� RI� UHDO� LQGXVWULDO� GDWD�� 7KHVH
RSHUDWLRQV� LQFOXGH�� VHOHFWLQJ� GDWD� VXEVHWV��PDUNLQJ
EDG�GDWD�SRLQWV��UHPRYLQJ�ORZ�IUHTXHQF\�WUHQGV�DQG
UHPRYLQJ�ELDV�

(VWLPDWH� PRGHO� LV� WKH� QH[W� VWDJH�� ZKLFK� HPSOR\V
VWDWLVWLFDO�PHWKRGV�WR�HVWLPDWH�D�GLIIHUHQFH�HTXDWLRQ
PRGHO� IURP� WKH� SUH�SURFHVVHG� GDWD�� ,Q� LWV� GHIDXOW
PRGH�� WKLV� SURJUDP� XVHV� D� WKUHH� SDVV
UHFXUVLYH�LWHUDWLYH�LQVWUXPHQWDO�YDULDEOHV�DOJRULWKP�
7KH� SURJUDP� FDQ� EH� DVNHG� WR� UHFRPPHQG� DQ
DSSURSULDWH�PRGHO�VWUXFWXUH��L�H��WKH�DPRXQW�RI�SXUH
WLPH�GHOD\�DQG�WKH�QXPEHU�RI� 
D
� DQG� 
E
�SDUDPHWHUV
WKDW�DUH�UHTXLUHG��8VHUV�PD\�DFFHSW�WKHVH�RI�VSHFLI\

WKHLU�RZQ�VWUXFWXUH��)LJXUH����DQG�)LJXUH����SUHVHQW
WKH� VFUHHQ� GXPSV� IURP� WKH� VWUXFWXUH� VHDUFK� DQG
SDUDPHWHU�HVWLPDWLRQ�URXWLQHV�IRU�W\SLFDO�GDWD�

)LJXUH����&$'�VRIWZDUH�VKRZLQJ�WKH�VWUXFWXUH�VHOHFWLRQ�VWDJH

)LJXUH����&$'�VRIWZDUH�VKRZLQJ�WKH�PRGHO�SDUDPHWHU�HVWLPDWHV

)LQDOO\�� LQ� WKLV� VHFWLRQ� WKH�PRGHO� µILW¶� LV� SUHVHQWHG
JUDSKLFDOO\�DV�VKRZQ�LQ�)LJXUH����

)LJXUH����&$'�VRIWZDUH�VKRZLQJ�JUDSKLFDOO\�WKH�µILW¶�RI�WKH
HVWLPDWHG�PRGHO

+DYLQJ� REWDLQHG� D� PRGHO�� WKH� 'HVLJQ� FRQWUROOHU
SURJUDP� PD\� EH� LQYRNHG� 7KLV� VWDJH� HPSOR\V� D
G\QDPLF�SURJUDPPLQJ�DOJRULWKP�WR�REWDLQ� 
RSWLPDO

FRQWUROOHU�JDLQV>��@��DQG�WKH�XVHU�LV�SUHVHQWHG�ZLWK�D
IDVW� LQWHUDFWLYH� IDFLOLW\� IRU� DGMXVWLQJ� WKH� GHVLJQ
ZHLJKWV� XQWLO� D� VXLWDEOH� FORVHG� ORRS� UHVSRQVH� LV
DFKLHYHG

)LJXUH����&$'�VRIWZDUH�DOORZLQJ�WKH�XVH�WR�GHVLJQ�WKH�/4
RSWLPDO�FRQWUROOHU�JDLQV

)LJXUH� ���� D� VFUHHQ� GXPS� IURP� WKLV� SDUW� RI� WKH
SURJUDP�� VKRZV� WKH� VOLGHUV� RQ� WKH� OHIW� ZKLFK� DUH
XVHG� WR� YDU\� WKH� GHVLJQ� ZHLJKWV�� +DYLQJ� PDGH� DQ



DGMXVWPHQW� WKH� JDLQV� DUH� UHFRPSXWHG�� DQG� WKH� QHZ
UHVSRQVH� LV� GLVSOD\HG�� 2Q� D� W\SLFDO� ���� EDVHG� 3&
ZLWK� D� PDWKV� FR�SURFHVVRU� WKH� XSGDWH� WLPH� LV
W\SLFDOO\� OHVV� WKDQ� D� VHFRQG� WKXV� PDNLQJ� LW
H[WUHPHO\�SOHDVDQW�WR�XVH�

,Q�WKH�ILQDO�VWDJH��(YDOXDWH�FRQWUROOHU��7KH�3&�RQFH
DJDLQ� HVWDEOLVKHV� FRPPXQLFDWLRQV� ZLWK� WKH
FRQWUROOHU��DQG�GRZQ�ORDGV� WKH�FRPSXWHG�JDLQV��$V
ZLWK�WKH�GDWD�ORJJLQJ�SURJUDP��UHDO� WLPH� WUHQGV�DUH
SUHVHQWHG�RQ� WKH�VFUHHQ��DQG� WKH�XVHU�KDV� WKH� VDPH
IDFLOLWLHV� WR� GHILQH� WKH� GLVSOD\� UDQJHV�� 6HW� SRLQW
FKDQJHV� PD\� DOVR� EH� LQWURGXFHG�� YLD� D� VOLGHU�� DQG
WKH� GDWD� UHFRUGHG� IRU� IXUWKHU� DQDO\VLV�� :KHQ� WKH
XVHU� KDV� HYDOXDWHG� WKH� SHUIRUPDQFH� VDWLVIDFWRULO\�
ORFDO� VHW� SRLQW�PRGH�PD\� EH� VHOHFWHG�� DQG� WKH� 3&
GLVFRQQHFWHG�� WKXV� OHDYLQJ� WKH� FRQWURO� ODZ� WR
H[HFXWH�ZLWKLQ�WKH�SURJUDPPDEOH�FRQWUROOHU�

���&RQFOXVLRQ
7KH� 3,�'�� FRQWUROOHU� LV� VWLOO� WKH� GRPLQDQW� V\VWHP
XVHG� LQ� FXUUHQW� LQGXVWULDO� SUDFWLFH��0XFK� KDV� EHHQ
SXEOLVKHG� DERXW� WKH� GHVLJQ� RI� 3,�'�� UHJXODWRUV�
KRZHYHU�� WKH� PDMRULW\� RI� WKH� VWUDWHJLHV� UHO\� RQ
DFFXUDWH�SURFHVV�LQIRUPDWLRQ�QRW�QRUPDOO\�DYDLODEOH
WR�WKH�FRPPLVVLRQLQJ�HQJLQHHU�LQVWDOOLQJ�V\VWHPV�RQ
µUHDO� SODQW¶�� )RU� WKLV� UHDVRQ�� DOWHUQDWLYH� PHWKRGV
KDYH� EHHQ� VRXJKW� ZKLFK� VWLOO� SURYLGH� JRRG
FRQWUROOHU� VHWWLQJV� EDVHG� XSRQ� LPSUHFLVH� SURFHVV
NQRZOHGJH��7KH�0DVWHU7XQH�VRIWZDUH� LQFRUSRUDWHV
VHYHUDO� RI� WKH� ODWHVW� WHFKQLTXHV� DQG� SURYLGHV� DQ
DXWRPDWLF� PHGLXP� IRU� SDUDPHWHU� GHWHUPLQDWLRQ�
$QRWKHU�DWWUDFWLYH�IHDWXUH�LV�WKH�DELOLW\�WR�GRZQORDG
WKH� SDUDPHWHUV� GLUHFWO\� LQWR� WKH� DFWXDO� SURFHVV
FRQWUROOHU�RQFH�WKH�YDOXHV�DUH�DFFHSWHG�

:KLOVW� 3,�'�� FRQWUROOHUV� DUH� VWLOO� XELTXLWRXV�� WKH\
VWLOO� KDYH� VRPH� LPSRUWDQW� OLPLWDWLRQV�� )RU� WKHVH
VLWXDWLRQV��LW�LV�QRZ�ZHOO�HVWDEOLVKHG�WKDW�VRPH�IRUP
RI� SUHGLFWLRQ� QHHGV� WR� EH� LQFOXGHG� ZLWKLQ� WKH
DOJRULWKP�� 4XLFN7XQH� SURYLGHV� D� UDSLG� PHDQV� RI
LQFRUSRUDWLQJ� WKH� S3,� VWUDWHJ\�� $Q� DOWHUQDWLYH
DSSURDFK� LV� WR� XVH� WKH� 3UR'HVLJQ� SDFNDJH� ZKLFK
HPSOR\V� WKH� 3,3� VWUDWHJ\�� )RU� WKRVH� FDVHV� ZKHQ� D
YHU\� ORQJ� WLPH� GHOD\� FOHDUO\� GHJUDGHV� WKH� 3,�'�
UHVSRQVH� LW� LV� IRXQG� WKDW� 3,3� XVXDOO\� SURGXFHV� DQ
H[FHOOHQW�UHVSRQVH�

,W� LV�FRQFOXGHG�WKDW�PRGHUQ�SURFHVV�HQJLQHHUV�QHHG
WR� LQFOXGH� ERWK�PHWKRGRORJLHV� LQ� WKHLU� DUPRXU\� WR
VDWLVI\� WKH� HYHU� LQFUHDVLQJ� VWULQJHQF\� RI� WRGD\¶V
SURFHVV�VSHFLILFDWLRQV�

�������������������������������������������������������������������������������������

5HIHUHQFHV�

>�@ 'RRQDQ�$�)���3K'�7KHVLV� ��7KH�'HYHORSPHQW�
(YDOXDWLRQ�DQG�,PSOHPHQWDWLRQ�RI�7UXH�'LJLWDO
&RQWURO��8QLYHUVLW\�RI�6XQGHUODQG������

>�@ $VWURP�.�-��DQG�+DJJOXQG�7���$XWRPDWLFD�����
�������� ������ µ$XWRPDWLF� WXQLQJ� RI� VLPSOH
UHJXODWRUV� ZLWK� VSHFLILFDWLRQV� RQ� SKDVH� DQG
DPSOLWXGH�PDUJLQV¶�

>�@ &R[� &�6��� 'DQLHO� 3�5�� DQG� /RZGRQ� $��� ,)$&
3UHSULQWV� �� $OJRULWKPV� DQG� $UFKLWHFWXUHV� IRU
5HDO�7LPH� &RQWURO�� 9LODPXUD�� 3RUWXJDO�� ����
$SULO� ������ µ48,&.781(�� $� UHDOLDEOH
DXWRPDWLF� VWUDWHJ\� IRU� GHWHUPLQLQJ� 3,� DQG� S3,
FRQWUROOHU�SDUDPHWHUV�XVLQJ�D�)23'7�PRGHO¶�

>�@�/RSH]�$�0��� 6PLWK�&�/�� DQG�0XUULO� 3�:��� ,QVW
7HFK� 9RO� ��� 1R� �� ������ µ&RQWUROOHU� WXQLQJ
UHODWLRQVKLSV�EDVHG�RQ�LQWHJUDO�FULWHULD¶�

>�@ =KDXQJ� 0�� DQG� $WKHUWRQ� '�3��� ,((
3URFHHGLQJV� �� '� 9RO� ���� 1R� �� �����
µ$XWRPDWLF�WXQLQJ�RI�RSWLPXP�3,'�FRQWUROOHUV¶�

>�@ 6PLWK�2�-���,6$�-RXUQDO��9RO����QR��������� µ$
FRQWUROOHU�WR�RYHUFRPH�GHDG�WLPH¶

>�@ 1LVKLNDZD� <��� 6DQQRPL\D� 1��� 2KDW� 7�� DQG
7DQDND�+���$XWRPDWLFD����������µ$�PHWKRG�RI
DXWRWXQLQJ�RI�3,'�SDUDPHWHUV¶�

>�@ <RXQJ� 3�&��� %HK]DGL� 0�$��� :DQJ� &��/�� DQG
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