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THIS APPLICATION CAN BE DONE USING :

18 February 1998

2YHUYLHZ

+\SHUVLJQDO� %ORFN� 'LDJUDP�5,'(� LV� D� FRPSUHKHQVLYH� YLVXDO� GHVLJQ�� VLPXODWLRQ� DQG� UHDO� WLPH� WRRO� IRU� '63
DSSOLFDWLRQV�VXFK�DV�FRPPXQLFDWLRQV�� UDGDU��VRQDU��VSHHFK�SURFHVVLQJ��DQG� LPDJH�SURFHVVLQJ�� �7KH� IROORZLQJ
H[DPSOH� RI� GHVLJQ� DQG� VLPXODWLRQ� WHFKQLTXHV� XVLQJ�+\SHUVLJQDO� %ORFN�'LDJUDP�5,'(� IHDWXUHV� D�&RVWDV� ORRS
ZKLFK� LV� SRSXODUO\� XVHG� LQ� WKH� FDUULHU� UHFRYHU\� RI� GHPRGXODWRUV�� �&DUULHU� UHFRYHU\� �VRPHWLPHV� UHIHUUHG� WR� DV
SKDVH� UHIHUHQFLQJ�� LV� WKH� RSHUDWLRQ� RI� H[WUDFWLQJ� D� SKDVH� FRKHUHQW� UHIHUHQFH� FDUULHU� IURP� DQ� REVHUYHG� QRLV\
UHFHLYHG�FDUULHU���:KHQ�WKH�UHFHLYHG�FDUULHU�LV�SKDVH�PRGXODWHG�VXFK�DV�%36.��%LQDU\�3KDVH�6KLIW�.H\LQJ��RU
436.��4XDGUDWXUH�3KDVH�6KLIW��.H\LQJ���WKHUH�LV�QR�GLUHFW�FDUULHU�FRPSRQHQW�WR�EH�WUDFNHG��DQG�FDUULHU�UHFRYHU\
FDQ�QRW�EH�REWDLQHG�YLD�D�VWDQGDUG�SKDVH� ORFNHG� ORRS�� � ,QVWHDG�D�PRGLILHG�V\VWHP�PXVW�EH�XVHG��ZKLFK�PXVW
ILUVW�XVH�D�QRQ�OLQHDULW\�WR�HOLPLQDWH��ZLSH�RII��WKH�PRGXODWLRQ�ZKLOH�FUHDWLQJ�D�FDUULHU�FRPSRQHQW�KDYLQJ�D�SKDVH
YDULDWLRQ�SURSRUWLRQDO�WR�WKDW�RI�WKH�UHFHLYHG�FDUULHU���6XEVHTXHQW�WUDFNLQJ�RI�WKLV�UHVLGXDO�FDUULHU�FRPSRQHQW�WKHQ
JHQHUDWHV�WKH�GHVLUHG�FDUULHU�UHIHUHQFH���7KH�&RVWDV��RU�TXDGUDWXUH��ORRS�LV�D�FRPPRQ�PHWKRG�IRU�DFKLHYLQJ�WKLV
FDUULHU�UHFRYHU\�

3URGXFW�6SHFLILF�,QIRUPDWLRQ

7KH� &RVWDV� /RRS� ,PSOHPHQWDWLRQ� GHVFULEHG� LQ� WKLV� DSSOLFDWLRQ� QRWH� ZDV� FUHDWHG� ZLWK� +\SHUVLJQDO� 5,'(
(QWHUSULVH� (GLWLRQ� �+6:1������� 7KH� SULPDU\� DGYDQWDJH� RI� WKLV� SDFNDJH� LV� WKDW� DOO� PRGHV� RI� RSHUDWLRQ� DUH
VXSSRUWHG��VLPXODWLRQ��GLUHFW�RSHUDWLRQ�RQ�'63��REMHFW�FRGH�JHQHUDWLRQ��DQG�$16,�&�VRXUFH�FRGH�JHQHUDWLRQ�
$Q\�+\SHUVLJQDO�%ORFN�'LDJUDP�5,'(�RU�2259/�'HVLJQ�6WXGLR�(GLWLRQ�FDQ�UHSURGXFH�WKH�UHVXOWV�JHQHUDWHG�IRU
WKLV�UHSRUW�

'HWDLOHG�'HVFULSWLRQ

7KH�FODVVLFDO�&RVWDV�ORRS�WKDW�LV�VXLWDEOH�IRU�%36.�436.�GHPRGXODWLRQ�LV�VKRZQ�LQ�WKH�)LJXUH�����7KH�V\VWHP
LQYROYHV�WZR�SDUDOOHO�WUDFNLQJ�ORRSV�RSHUDWLQJ�VLPXOWDQHRXVO\�IURP�WKH�VDPH�9&2��9ROWDJH�&RQWUROOHG�2VFLOODWRU�
RU�1&2��1XPHULFDOO\�&RQWUROOHG�2VFLOODWRU����7KH�ILUVW�ORRS��FDOOHG�WKH�LQ�SKDVH�ORRS��RU�,�DUP���XVHV�WKH�9&2�DV
LQ�D�3//��3KDVH�/RFNHG�/RRS���DQG�WKH�VHFRQG��FDOOHG�WKH�TXDGUDWXUH�ORRS��RU�4�DUP��XVHV�D����GHJUHH�VKLIWHG
9&2���7KH�,�DQG�4�PL[HU�RXWSXWV�DUH�ILOWHUHG�E\�VLQJOH�SROH�%XWWHUZRUWK�ORZ�SDVV�ILOWHUV����7KH�,�DQG�4�DUP�ILOWHU
RXWSXWV�DUH�PXOWLSOLHG�WRJHWKHU�DQG�WKH�SURGXFW� LV�VFDOHG�DQG�ILOWHUHG�WR�SURGXFH�WKH� ORRS�HUURU�XVHG�WR�FRQWURO
WKH�9&2���7KH�ORRS�HUURU�VKRXOG�VHWWOH�WR�D�YDOXH�ZKHQ�WKH�ORRS�LV�ORFNHG���$�QHJDWLYH�ORRS�HUURU�GHFUHDVHV�WKH
9&2� LQFUHPHQW� UHVXOWLQJ� LQ� D� ORZHU� 9&2� IUHTXHQF\�� DQG� VLPLODUO\�� D� SRVLWLYH� ORRS� HUURU� LQFUHDVHV� WKH� 9&2
LQFUHPHQW�UHVXOWLQJ�LQ�D�KLJKHU�9&2�IUHTXHQF\���7KH�ORZ�SDVV�ILOWHUV�LQ�HDFK�DUP�PXVW�EH�ZLGH�HQRXJK�WR�SDVV
WKH�GDWD�PRGXODWLRQ�ZLWKRXW�GLVWRUWLRQ�

7KH�/HDGHU�LQ�'63
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)LJXUH�������&RVWDV�/RRS�%ORFN�'LDJUDP

7KH�LQSXW�WR�WKH�&RVWDV�ORRS�LV�WKH�ZDYHIRUP�ZULWWHQ�DV

\�W�� �P�W�
VLQ�ωFW���ψ�W�����Q�W�

ZKHUH�P�W��LV�WKH�%36.�PRGXODWLRQ�DQG�Q�W��LV�D�ZKLWH�EDQGSDVV�QRLVH���7KH�LQ�SKDVH�PL[HU�JHQHUDWHV

,�W�� �P�W�
FRVψH����QPF�W�

ZKLOH�WKH�TXDGUDWXUH�PL[HU�JHQHUDWHV

4�W�� �P�W�
VLQψH���QPV�W�

ZKHUH�WKH�PL[HU�QRLVH�QPF�W��DQG�QPV�W��DUH�ORZ�SDVV�GHPRGXODWHG�QRLVH��SURFHVVHV�LQ�WKH�FDUULHU�QRLVH�Q�W����7KH
RXWSXW�RI�WKH�PXOWLSOLHU�LV�WKHQ

,�W�4�W�� �P��W�VLQ��ψH������QVT�W�

ZKHUH�QVT�W��UHSUHVHQWV�DOO�WKH�VLJQDO�DQG�QRLVH�FURVV�SURGXFWV���7KH�PXOWLSOLHU�RI�WKH�&RVWDV�ORRS�FDQ�EH�WKRXJKW
RI� DV� DOORZLQJ� WKH� ELW� SRODULW\� RI� WKH� LQ�SKDVH� ORRS� WR� FRUUHFW� WKH� SKDVH�HUURU� RULHQWDWLRQ� RI� WKH� WUDFNLQJ� ORRS�

WKHUHE\�UHPRYLQJ�WKH�PRGXODWLRQ���:KHQ�WKH�SKDVH�HUURU�ψH�W��LV�VPDOO��WKH�&RVWDV�ORRS�KDV�WKH�HTXLYDOHQW�OLQHDU
PRGHO�LQ�)LJXUH���

,PSOHPHQWDWLRQ
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Input Phase

)LJXUH�����%36.�&RVWDV�(TXLYDOHQW�/RRS�0RGHO

,Q�DERYH�ILJXUH��.F�LV�WKH�FORVHG�ORRS�JDLQ��ZKLFK�FDQ�EH�H[SUHVVHG�DV

.F� ��P�W�����+,���+4���JF

�ZKHUH�JF�LV�GHILQHG�DV�IROORZV

JF� ��ωF����.YP��W�+,���+4����

DQG�ZKHUH�ωF� LV�WKH�FURVV�RYHU�IUHTXHQF\��.Y� LV�WKH�JDLQ�RI�9&2��DQG� �)�V�� LV�WKH�WUDQVIHU�IXQFWLRQ�RI�WKH�ORRS
ILOWHU���ZKLFK�LV�H[SUHVVHG�LQ�WKH�IROORZLQJ�HTXDWLRQ

)�V�� ��V7��������V7

ZKHUH�7�LV�WKH�VDPSOLQJ�LQWHUYDO���7KH�WUDQVIHU�IXQFWLRQ�RI�WKH�9&2�LV�.Y�V��

3RZHU�'HWHFW�DQG�/RFN�'HWHFW

$Q� LQWHUHVWLQJ�SURSHUW\�RI�&RVWDV� ORRSV� LV� WKDW� WKH� ORRS�JHQHUDWHV�VLJQDOV� WKDW�FDQ�EH�XVHG� IRU�RWKHU�DX[LOLDU\
SXUSRVH�DV�ZHOO���7KLV�FDQ�EH�VHHQ�E\�UHH[DPLQLQJ�WKH�LQ�SKDVH�PL[HG�VLJQDO�DQG�QRWLQJ�WKH�IROORZLQJ�

,�W�_ψH� ��� �$P�W�

7KLV�VKRZV� WKDW�ZKHQ� WKH� ORRS� LV� ORFNHG�� WKH� LQ�SKDVH�DUP�SURGXFHV�DQ�RXWSXW�SURSRUWLRQDO� WR� WKH� LQSXW�GDWD�
+HQFH�WKH�GDWD�FDQ�EH�GHPRGXODWHG�GLUHFWO\�ZLWKLQ�WKH�&RVWDV�ORRS�DIWHU�SKDVH�ORFN�RFFXUV�

,��W����4��W�� �$�P��W�FRV��ψH�

6TXDULQJ�� ORZ� SDVV� ILOWHULQJ�� DQG� VXEWUDFWLQJ� WKH� DUP� YROWDJHV� SURGXFHV� DQ� RXWSXW� WKDW� LQGLFDWHV� SKDVH� ORFN

>FRV��ψH��!��DV�ψH�!�@�DQG�FDQ� WKHUHIRUH� VHUYH�DV�D� ORFN�GHWHFWRU�� �:KHQ�ψH�  � ��� WKLV� JHQHUDWHV�DQ�RXWSXW
SURSRUWLRQDO�WR�WKH�DYHUDJH�VLJQDO�SRZHU��ZKLFK�FDQ�DOVR�EH�XVHG�IRU�DXWRPDWLF�JDLQ�FRQWURO�

,��W����4��W�� �$�P��W����Q�PV���Q�PF
 �7RWDO�SRZHU�RI�\�W�

7KLV�SURGXFHV�D�PHDVXUHPHQW�RI�WKH�WRWDO�5)�LQSXW�SRZHU��DQG�WKHUHIRUH�FDQ�EH�XVHG�IRU�5)�SRZHU�FRQWURO���7KH
PRGLILHG�&RVWDV�ORRS�LV�VKRZQ�LQ�)LJXUH���
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)LJXUH�����7KH�0RGLILHG�&RVWDV�/RRS�ZLWK�3RZHU�DQG�/RFN�'HWHFWV

'LJLWDO�,PSOHPHQWDWLRQ

'XH� WR� FRQWLQXLQJ� DGYDQFHV� LQ� KLJK�VSHHG� GLJLWDO� WHFKQRORJ\�� GLJLWDO� LPSOHPHQWDWLRQV� RI� WKH� &RVWDV� ORRS� DUH
EHFRPLQJ� LQFUHDVLQJO\� DWWUDFWLYH�� � $GYDQWDJHV� RI� GLJLWDO� LPSOHPHQWDWLRQV� LQFOXGH� WKHLU� UHODWLYH� LQVHQVLWLYLW\� WR
WHPSHUDWXUH� YDULDWLRQV� DQG� DJLQJ�� �0RUH� LPSRUWDQWO\�� KRZHYHU�� LV� WKH� XQLTXH� DGYDQWDJH� WKDW� WKH� ORRS� GHVLJQ
SDUDPHWHUV��VXFK�DV�ORRS�JDLQ�DQG�ORRS�ILOWHU�WLPH�FRQVWDQW��FDQ�EH�SURJUDPPDEOH�

7KH� ORZ� SDVV� ILOWHUV�� +,�V�� DQG� +4�V�� HDFK� KDYH� WKH� VDPH� IRUPDW� FRQVLVWLQJ� RI� D� VLQJOH� SROH�� WKLV� FDQ� EH
H[SUHVVHG�DV

+�V�� �+�������V�ωD�

ZKHUH�ωD�LV�WKH�FXW�RII�IUHTXHQF\��+����LV�HTXDO�WR��WDQ�ωD7�������WDQ�ωD7������7KH�VLJQDO�IORZ�JUDSK�IRU�WKLV�ILUVW
RUGHU�V\VWHP�LV�VKRZQ�LQ�)LJXUH���

in out

 Z-1

)LJXUH������)LUVW�2UGHU�/RZ�3DVV�)LOWHU�0RGHO

,Q�WKH�DERYH�ILJXUH��E�LV�FDOFXODWHG�DV�IROORZV

E� ������WDQ�ωD7���������WDQ�ωD7���
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7KH�VLJQDO�IORZ�JUDSK�RI�WKH�ILUVW�RUGHU�ORRS�ILOWHU�LV�VKRZQ�LQ�)LJXUH���

in out

Z-1

Kp

Ki

)LJXUH�����)LUVW�RUGHU�/RRS�)LOWHU�0RGHO

,Q� WKH� DERYH� ILJXUH�� .S� LV� WKH� SURSRUWLRQDO� JDLQ�ZKLFK� HTXDOV� JF�� DQG�.L� LV� WKH� LQWHJUDO� JDLQ�� ZKLFK� LV� FDQ� EH
H[SUHVVHG�DV

.L� ��JF7ω=

ZKHUH�ω]�LV�WKH�]HUR�IUHTXHQF\�RI�WKH�ORRS�ILOWHU�

7UDGLWLRQDO�'HVLJQ�0HWKRG

7KH� GHVLJQ� RI� WKH� &RVWDV� DOJRULWKP� LQFOXGHV� FRPSURPLVHV� EHWZHHQ� DOJRULWKP� FRPSOH[LW\� DQG� SHUIRUPDQFH
REMHFWLYHV�� � 7\SLFDOO\� WKH� GHVLJQHU� VNHWFKHV� RXW� D� VLJQDO� IORZ� JUDSK� RI� WKH� DOJRULWKP� XVLQJ� ³%ODFN� %R[HV´� WR
UHSUHVHQW�VLJQDO�SURFHVVLQJ�RSHUDWLRQV���7KH�FRPSXWDWLRQDO�UHTXLUHPHQWV�FDQ�EH�HVWLPDWHG�IURP�WKH�VLJQDO�IORZ
JUDSK�E\�FRXQWLQJ�WKH�QXPEHU�RI�PXOWLSOLHV��PXOWLSO\�DFFXPXODWH��DQG�DGGLWLRQV���$�EORFN�GLDJUDP�RI�WKH�V\VWHP
FDQ�WKHQ�EH�GUDZQ�RXW�

2QFH� WKH� DOJRULWKP� KDV� EHHQ� ZRUNHG� RXW� RQ� SDSHU�� D� VLPXODWLRQ� SURJUDP�PD\� EH� ZULWWHQ� WR� YHULI\� WKDW� WKH
FRQFHSW�LV�FRUUHFW���7KH�VLPXODWLRQ�KDV�TXLWH�RIWHQ�EHHQ�ZULWWHQ�LQ�WKH�SDVW�XVLQJ�KLJK�OHYHO�ODQJXDJH�VXFK�DV�&
DQG�)2575$1���8QOHVV�WKH�GHVLJQHU�LV�DOVR�KLJKO\�VNLOOHG�LQ�SURJUDPPLQJ��WKH�VLPXODWLRQ�VRIWZDUH�FDQ�UHTXLUH�D
ORQJ�WLPH�WR�ZULWH�DQG�GHEXJ���7KLV�LV�EHFDXVH�HUURUV�LQ�WKH�DOJRULWKP�FDQ�EH�PLVWDNHQ�IRU�SURJUDPPLQJ�HUURUV�RU
YLFH� YHUVD�� � $QDO\]LQJ� DOJRULWKPLF� WUDGH�RIIV� LV� PRUH� GLIILFXOW� EHFDXVH� WKH� VRIWZDUH� PXVW� EH� PRGLILHG� DQG
GHEXJJHG�ZKLOH�FKDQJLQJ�RU�PRGLI\LQJ�VXEV\VWHPV���9LHZLQJ�DQG�DQDO\]LQJ�WKH�UHVXOWV�RI�D�VLPXODWLRQ�W\SLFDOO\
UHTXLUHV�WKH�XVH�RI�D�GLIIHUHQW�VRIWZDUH�SDFNDJH�RU�ZULWLQJ�DQG�GHEXJJLQJ�VSHFLDO�GLVSOD\�SURJUDPV���$QG�ILQDOO\�
WHVWLQJ�FDQ�DOVR�SURYH�WR�EH�YHU\�WLPH�FRQVXPLQJ�

'HVLJQLQJ�ZLWK�+\SHUVLJQDO�%ORFN�'LDJUDP�5,'(

,Q�RUGHU� WR� UHGXFH�GHVLJQ� WLPH�DQG� WR�PDNH� WKH�GHVLJQ�SRUWDEOH�� LW�ZRXOG�EH�DGYDQWDJHRXV� WR�XVH�D� WRRO� WKDW
ZRXOG�DOORZ�WKH�GHVLJQHU�QRW�RQO\�WR�GRFXPHQW�DOJRULWKPV�LQ�D�VLJQDO�IORZ�JUDSK�IRUPDW��EXW�DOVR�WR�DXWRPDWLFDOO\
JHQHUDWH� D� VLPXODWLRQ� IURP� WKDW� GRFXPHQWDWLRQ�� � 7KH� WDVNV� RI� VLJQDO� JHQHUDWLRQ�� YLHZLQJ�� PDQLSXODWLRQ�� DQG
YHULILFDWLRQ�DOVR�QHHG�WR�EH�DGGUHVVHG���7KHVH�DUH�SUHFLVHO\�WKH�QHHGV�WKDW�DUH�IXOILOOHG�E\�WKH�+\SHUVLJQDO�OLQH�RI
YLVXDO�'63�VRIWZDUH�GHYHORSPHQW�WRROV�
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+\SHUVLJQDO� %ORFN� 'LDJUDP�5,'(� RIIHUV�PDQ\� DGYDQWDJHV� RYHU� RWKHU� GHVLJQ�PHWKRGV�� � 'HVLJQV� DUH� YLVXDOO\
HQWHUHG�LQWR�WKH�%ORFN�'LDJUDP�DV�VLJQDO�IORZ�GLDJUDPV���,W�LV�YHU\�HDV\�WR�XQGHUVWDQG�WKH�IXQFWLRQ�DQG�RSHUDWLRQ
RI�DQ�DOJRULWKP�ZKHQ�LW� LV�VKRZQ�LQ�WKLV� IRUP��DQG�WKLV�HVSHFLDOO\�YDOXDEOH�ZKHQ�WKH�GHVLJQHU� LV�QRW�SHUVRQDOO\
LPSOHPHQWLQJ�WKH�DOJRULWKP�RQ�WKH�WDUJHW�KDUGZDUH�

2XU�H[DPSOH�LV�LPSOHPHQWHG�ZLWK�WKH�IROORZLQJ�SDUDPHWHUV�

6DPSOLQJ�IUHTXHQF\� ����������+]
,Q�SKDVH�ORZ�SDVV�ILOWHU�FXW�RII�IUHTXHQF\�� ������+]
4XDGUDWXUH�ORZ�SDVV�ILOWHU�FXW�RII�IUHTXHQF\� ������+]
/RFN�ORZ�SDVV�ILOWHU�FXWRII�IUHTXHQF\� ����+]
/RRS�ILOWHU�FURVV�RYHU�IUHTXHQF\�$FT�� �����+]
/RRS�ILOWHU�]HUR�IUHTXHQF\�$FT�� ����+]
/RRS�ILOWHU�FURVV�RYHU�IUHTXHQF\�7UDFN�� ����+]
/RRS�ILOWHU�]HUR�IUHTXHQF\�7UDFN�� ���+]
/RFN�WKUHVKROG�YDOXH� ����
&DUULHU�IUHTXHQF\� ������+]
1&2�KLJKHU�IUHTXHQF\�OLPLW� ���������+]
1&2�ORZHU�IUHTXHQF\�OLPLW� ���������+]
1&2�PD[LPXP�LQSXW�YDOXH� ����
1&2�PLQLPXP�LQSXW�YDOXH� �����

%DVHG�RQ�WKH�DOJRULWKP�GHVFULEHG�LQ�DERYH�VHFWLRQ��ZH�FDOFXODWHG�WKH�IROORZLQJ�FRHIILFLHQWV�

7KH�LQ�SKDVH��,��DUP�ILOWHU�FRHIILFLHQW�LV� E,� ���������
7KH�TXDGUDWXUH��4��DUP�ILOWHU�FRHIILFLHQW�LV� E4� ����������
7KH�ORFN�GHWHFWRU�ORZ�SDVV�ILOWHU�FRIILFLHQW�LV� E� ����������
7KH�ORRS�ILOWHU�FRHIILFLHQWV�IRU�DFTXLVLWLRQ�DUH� .L� �����������.S� ������������
7KH�ORRS�ILOWHU�FRHIILFLHQWV�IRU�WUDFNLQJ�DUH� .L� �����������.S� ����������
7KH�1&2�JDLQ�LV� .Y� ����������

)LJXUH���SUHVHQWV�D�ZRUNVKHHW�RI�WKH�&RVWDV�ORRS���ZKLFK�LPSOHPHQWV�WKH�GLDJUDP�LQ��)LJXUH���
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)LJXUH�����&RVWDV�/RRS�%ORFN�'LDJUDP�:RUNVKHHW

,Q�WKH�ZRUNVKHHW��WKH�FDUULHU�LQSXW�VLJQDO�LV�D�%36.�VLJQDO�JHQHUDWHG�E\�D�KLHUDUFK\�%36.�EORFN�ZKLFK�LV�VKRZQ
LQ�)LJXUH����WKH�1&2�EORFN�SHUIRUPV�WKH�9&2�IXQFWLRQ��DQG�WZR�PXOWLSO\�EORFNV�DUH�XVHG�DV�LQ�SKDVH�PL[HU�DQG
TXDGUDWXUH�PL[HU�WR�SHUIRUP�WKH�SKDVH�GHWHFWRU�IXQFWLRQ���7KH�,�/3)�EORFN�SHUIRUPV�DQ�LQ�SKDVH�ORZ�SDVV�ILOWHU�
7KH�4�/3)�EORFN�SHUIRUPV� WKH�TXDGUDWXUH� ORZ�SDVV� ILOWHU�� � 7KH�(UURU�PL[HU� LV� SHUIRUPHG�E\� DQRWKHU�PXOWLSO\
EORFN�� � 7KH� KLHUDUFK\� '/223)� EORFN� VKRZQ� LQ� )LJXUH� �� SHUIRUPV� WKH� G\QDPLF� ORRS� ILOWHULQJ� �WKH� EDQGZLGWK
QDUURZV�ZKHQ�WKH�WUDQVLWLRQ�IURP�DFTXLVLWLRQ�WR�WUDFNLQJ�PRGH�LV�PDGH��RI�WKH�ILUVW�RUGHU����7KH�5HFXUVLRQ�EORFN
SHUIRUPV� WKH� IHHGEDFN�DQG� LQLWLDOO\� IRUFHV� WKH�1&2�EORFN� LQSXW� GDWD� UHDG\�� � 7KH�SRZHU�DQG� ORFN� GHWHFWV� DUH
SHUIRUPHG�E\�WKH�KLHUDUFK\�/RFN�EORFN�VKRZQ�LQ�)LJXUH�����7KH�ZRUNVKHHW�LV�SURFHVVHG�VDPSOH�E\�VDPSOH��VR
WKH� %XIIHU� EORFNV� DUH� QHHGHG� WR� WHPSRUDULO\� VWRUH� VDPSOHV� IRU� ODWHU� GLVSOD\�� � 7KH� WRS� GLVSOD\� VKRZV� WKH
GHPRGXODWHG� GDWD�� WKH�PLGGOH� GLVSOD\� VKRZV� WKH� &RVWDV� ORRS� HUURU�� DQG� WKH� ERWWRP� GLVSOD\� VKRZV� WKH� ORFN
GHWHFWRU�RXWSXW����$�7H[W�'LVSOD\�LV�XVHG�WR�VKRZ�WKH�LQVWDQWDQHRXV�IUHTXHQF\�RI�1&2�

1RWH�WKDW�&RVWDV�ORRS�HUURU�LV�LQ�D�WUDQVLHQW�VWDWH�GXULQJ�FDUULHU�DFTXLVLWLRQ�DQG�WKHQ�VWDELOL]HV�ZKHQ�WKH�ORRS�LV
SKDVH�ORFNHG���7KH�HIIHFW�RI�WKH�SKDVH�ORFNLQJ�LV�LOOXVWUDWHG�E\�WKH�GDWD�GHPRGXODWHG�IURP�WKH�,�DUP�
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�������������������������������)LJXUH�����%36.�+LHUDUFK\�%ORFN�����������������������������������������������������������������)LJXUH�����'\QDPLF�/RRS�)LOWHU

)LJXUH���VKRZV�WKH�VWUXFWXUH�RI�WKH�KLHUDUFK\�%36.�EORFN��ZKLFK�FRQVLVWV�RI�D�6TXDUH�ZDYH�JHQHUDWRU��D�6LQH
ZDYH�JHQHUDWRU��D�0L[HU�EORFN�WR�SHUIRUP�PXOWLSOLFDWLRQ�RI�WZR�LQSXW�ZDYHIRUPV��DQG�D�%XIIHU�EORFN�XVHG�WR�VWRUH
GDWD�VDPSOHV�IRU�GLVSOD\���:KLOH�WKH�GDWD�GLVSOD\�VKRZV�WKH�%36.�FDUULHU����$V�VKRZQ�LQ�)LJXUH����WKH�KLHUDUFK\
EORFN� IRU� G\QDPLF� ORRS� ILOWHU� LQFOXGHV� DQ� $FTXLVLWLRQ� /RRS� )LOWHU�� 7UDFNLQJ� /RRS� )LOWHU�� 7KUHVKROG�� DQG� �� WR� �
0XOWLSOH[HU�EORFNV���,W�KDV�WZR�LQSXW�FRQQHFWLRQV�DQG�WZR�RXWSXW�FRQQHFWLRQV���7KH�WRS�LQSXW�FRQQHFWLRQ�LV�IURP
(UURU�0L[HU�EORFN��DQG�WKH�ERWWRP�LQSXW�FRQQHFWLRQ�LV�IURP�/RFN�'HWHFW�EORFN��ERWWRP�RXWSXW�FRQQHFWLRQ����7KH
WRS�RXWSXW�FRQQHFWLRQ�LV�IRU�WKH�ILOWHUHG�&RVWDV�ORRS�HUURU��DQG�ERWWRP�RXWSXW�FRQQHFWLRQ�LV�IRU� ORRS�ILOWHU�VWDWXV
FKHFNLQJ���:KHQ�WKH�ORFN�GHWHFW�YDOXH�LV�OHVV�WKDQ�WKH�WKUHVKROG�YDOXH��WKH�$FTXLVLWLRQ�/RRS�)LOWHU�LV�XVHG��DQG
VWDWXV�LV�����RWKHUZLVH��WKH�7UDFNLQJ�/RRS�)LOWHU�LV�XVHG��DQG�WKH�VWDWXV�LV���

)LJXUH�����/RFN�+LHUDUFK\�%ORFN

)LJXUH���VKRZV�WKH�VWUXFWXUH�RI�WKH�KLHUDUFK\�/RFN�EORFN�FRQVLVWLQJ�RI�6TXDUH�EORFNV��/RZ�3DVV�)LOWHUV�EORFNV�
$GG�DQG�6XEWUDFW�EORFNV���,W�KDV�WZR�LQSXW�FRQQHFWLRQV�DQG�WZR�RXWSXW�FRQQHFWLRQV���7KH�WRS�LQSXW�FRQQHFWLRQ�LV
IURP�WKH�LQ�SKDVH�ORZ�SDVV�ILOWHU��DQG�WKH�ERWWRP�LQSXW�FRQQHFWLRQ�LV�IURP�WKH�TXDGUDWXUH�ORZ�SDVV�ILOWHU���7KH�WRS
RXWSXW�FRQQHFWLRQ�LV�XVHG�IRU�SRZHU�GHWHFW��DQG�WKH�ERWWRP�RXWSXW�FRQQHFWLRQ�LV�XVHG�IRU�ORFN�GHWHFW�
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&RGH�*HQHUDWLRQ

2XU�ILQDO�VWHS�KHUH�JHQHUDWHV�DQ�$16,�&�FRGH�UHSUHVHQWDWLRQ�RI�WKH�%ORFN�'LDJUDP�ZRUNVKHHW���)LJXUH����VKRZV
WKH�FRGH�JHQHUDWRU�RXWSXW�VFUHHQ�DQG�)LJXUH����VKRZV�WKH�SURMHFW�YLHZ�RI�WKH�&RVWDV�/RRS�KLHUDUFK\��7KH�FRGH
SURGXFHG�LV�HDVLO\�FURVV�FRPSLOHG�IRU�XVH�RQ�WKH�WDUJHW�DUFKLWHFWXUH�

���������

����������)LJXUH�����$16,�&�FRGH�JHQHUDWLRQ �������������)LJXUH�����3URMHFW�YLHZ�ZLWKLQ�+\SHUVLJQDO�&&*

&RQFOXVLRQ

7KH� &RVWDV� /RRS� GHVLJQ� SUHVHQWHG� DERYH� LV� RQO\� RQH� H[DPSOH� RI� WKH� SRZHUIXO� DQG� IOH[LEOH� FDSDELOLWLHV� RI
+\SHUVLJQDO�%ORFN�'LDJUDP�5,'(�� �7KH�HQWLUH�GHVLJQ�KDV�EHHQ�FRQGXFWHG� LQ� WKH�%ORFN�'LDJUDP�5,'(�ZLWKRXW
WKH�QHHG�IRU�ZULWLQJ�WLPH�FRQVXPLQJ�VLPXODWLRQ�FRGH�UHTXLUHG�E\�WUDGLWLRQDO�PHWKRGV����&RPSOH[�IXQFWLRQV�VXFK
DV�WKH� ORZ�SDVV�DUP�ILOWHUV�� ORRS� ILOWHU�DQG�1&2�KDYH�EHHQ�DFFXUDWHO\�PRGHOHG� WKDQNV� WR� WKH�ULFK�+\SHUVLJQDO
%ORFN�'LDJUDP�5,'(�OLEUDU\�±�5,'(�6WDQGDUG�(GLWLRQ�KDV�PRUH�WKDQ�����IXQFWLRQ�EORFNV���7KH�RSWLRQDO�OLEUDULHV
VXFK� DV� WKH� $GYDQFHG� 7UDQVPLVVLRQ� �&RPPXQLFDWLRQV�� /LEUDU\�� $GYDQFHG� 6SHHFK� /LEUDU\�� DQG� WKH� ,PDJH
3URFHVVLQJ� /LEUDU\� DUH� DOVR� DYDLODEOH�� � )XUWKHUPRUH�� 7KH� RSHQ� DUFKLWHFWXUH� RI� WKH� +\SHUVLJQDO� %ORFN
'LDJUDP�5,'(�DOORZV�YLUWXDOO\�OLPLWOHVV�VLPXODWLRQ�PRGHOLQJ�WR�EH�SHUIRUPHG�IRU�SURRI�RI�FRQFHSW�GHVLJQV��VDYLQJ
YDOXDEOH�HQJLQHHULQJ�PDQWLPH�

$SSOLFDWLRQV

&DUULHU�UHFRYHU\�IRU�PRGXODWLRQ�GHPRGXODWLRQ�FRPPXQLFDWLRQV�V\VWHPV�
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7KH�/HDGHU�LQ�'63

5HIHUHQFHV

�� -RKQ�$�&��%LQJKDP��7KH�7KHRU\�DQG�3UDFWLFH�RI�0RGHP�'HVLJQ���-RKQ�:LOH\�	�6RQV��,QF������

�� 0�.��6LPRQ�DQG�.�7��:RR��³$OLDV�/RFN�%HKDYLRU�RI�6DPSOHG�'DWD�&RVWDV�/RRSV´��,(((�7UDQVDFWLRQV�RQ
&RPPXQLFDWLRQV��9RO��&20�����12���$XJXVW������

�� 5�0��*DJOLDUGL��6DWHOOLWH�&RPPXQLFDWLRQV��9DQ�1RVWUDQG�5HLQKROG�&RPSDQ\������

�� %HUQDUG�6NODU��'LJLWDO�&RPPXQLFDWLRQV�)XQGDPHQWDOV�DQG�$SSOLFDWLRQV��3UHQWLFH�+DOO�������

�� $ODQ�9��2SSHQKHLP�DQG�5RQDOG�:��6FKDIHU��'LJLWDO�6LJQDO�3URFHVVLQJ��3UHQWLFH�+DOO� ,QF���(QJOHZRRG
&OLIIV��1-�������


