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,Q� �ZH�KDYH�GHYHORSHG�D�IHZ�QXPHULFDO�DOJRULWKPV�WKDW�ZLOO�VHUYH�XV�DV�WKH�EDVLV3DUW �

RI� V\VWHP� DQDO\VLV� DQG� V\QWKHVLV�� :H� KDYH� VKRZQ� KRZ� VLPSOH� LW� LV� WR� LPSOHPHQW� WKH

DQDO\WLFDO� H[SUHVVLRQV�� UHODWHG� WR� WKH�YDULRXV� DVSHFWV� RI� V\VWHP�SHUIRUPDQFH�� LQWR�FRPSDFW�

IDVW�H[HFXWLQJ� FRPSXWHU� FRGH�� ZKLFK� UHGXFHV� WKH� WHGLRXV�PDWKHPDWLFV� WR� SXUH� URXWLQH�� 2I

FRXUVH��D�PDMRU�FRQWULEXWLRQ�WR�WKLV�HDV\QHVV�ZDV�SURYLGHG�E\�WKH�SURJUDPPLQJ�HQYLURQPHQW�

D�KLJK�OHYHO��PDWK�RULHQWHG�ODQJXDJH�FDOOHG� �0DWODE���5HI� >���@�

$V� ZLGH�EDQG� DPSOLILHU� GHVLJQHUV�� ZH� ZDQW� WR� EH� DEOH� WR� DFFXUDWHO\� SUHGLFW� LWV

SHUIRUPDQFH��SDUWLFXODULO\�LQ�WKH�WLPH�GRPDLQ��:LWK�WKH�DOJRULWKPV�GHYHORSHG��ZH�QRZ�KDYH

WKH�HVVHQWLDO�WRROV�WR�UHYLVLW�WKH�FLUFXLWV�SUHVHQWHG�LQ�3DUW � � � ��SRVVLEO\�JDLQLJ�D�EHWWHU�LQVLJKW

RI�KRZ�WR�SXW�WKHP�WR�XVH�LQ�RXU�QHZ�GHVLJQV�HYHQWXDOO\�

%XW� WKH�PDLQ�JRDO�RI�3DUW ��LV�WR�SXW�WKH�DOJRULWKPV�LQ�D�ZLGHU�SHUVSHFWLYH��+HUH�ZH

LQWHQWLRQDOO\�XVH�WKH�WHUP��V\VWHP���LQ�RUGHU�WR�HPSKDVL]H�WKH�IDFW�WKDW�WKHUH�LV�D�KLJK�GHJUHH

RI�LQWHJUDWLRQ�LQ�PRGHUQ�HOHFWURQLFV�GHVLJQ��ZKLFK�IRUFHV�XV�WR�DEDQGRQ�WKH�ROG�SDUDGLJP�RI

DGGLQJ�XS�VHSDUDWHO\�RSWLPL]HG�VXEV\VWHPV�LQWR�WKH�ILQDO�SURGXFW ��LQVWHDG��WKH�GHVLJQ�SURFHVV

VKRXOG�EH�FRQFLHYHG� WR�RSWLPL]H� WKH� WRWDO�V\VWHP�SHUIRUPDQFH�IURP�WKH�VWDUW��$V�PRUH�DQG

PRUH�GLJLWDO�SURFHVVLQJ�SRZHU�LV�EHLQJ�EXLOW�LQ�LQWR�PRGHUQ�SURGXFWV��WKH�DQDORJXH�LQWHUIDFH

ZLWK�WKH�UHDO�ZRUOG�QHHGV�WR�EH�JLYHQ�DGHTXDWH�WUHDWPHQW�RQ�WKH�V\VWHP�OHYHO�
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7KH� DOJRULWKPV� WKDW� ZH� KDYH� GHYHORSHG� LQ� � JDYH� XV� WKH� V\VWHP� WLPH�GRPDLQ3DUW �

UHVSRQVH� WR� WZR�VSHFLDO�FDVHV�RI� LQSXW�VLJQDO �� WKH�XQLW�DUHD� LPSXOVH�DQG� WKH�XQLW�DPSOLWXGH

VWHS�� +HUH� ZH� ZLOO� FRQVLGHU� WKH� UHVSRQVH� WR� DQ\� W\SH� RI� LQSXW� VLJQDO�� SURYLGHG� WKDW� LWV

DSSOLFDWLRQ�ZLOO�QRW�H[FHHG�QHLWKHU�WKH�LQSXW�QRU�WKH�RXWSXW�V\VWHP�FDSDELOLWLHV��,Q�WHFKQLFDO

OLWHUDWXUH� WKLV� LV� NQRZQ� DV� WKH� �� $QG�� RI� FRXUVH�� ZH� DUH� VWLOO� ZLWKLQ� WKH%,%2�FRQGLWLRQ�

FRQVWUDLQWV�RI�RXU�LQLWLDO� �/7,&�FRQGLWLRQV�

$V�ZH�KDYH�VHHQ�LQ� ��WKH�V\VWHP�WLPH�GRPDLQ�UHVSRQVH�WR�DQ�DUELWUDU\3DUW ���6HF� ����

LQSXW�VLJQDO�FDQ�EH�FDOFXODWHG�LQ�WZR�ZD\V �

D�� HLWKHU�E\�WUDQVIRUPLQJ�WKH�LQSXW�VLJQDO�WR�FRPSOH[�IUHTXHQF\�GRPDLQ�

PXOWLSO\LQJ� LW� E\� WKH� V\VWHP� WUDQVIHU� IXQFWLRQ� DQG� WUDQVIRUPLQJ� WKH

UHVXOW�EDFN�WR�WLPH�GRPDLQ��RU

E�� GLUHFWO\�LQ�WLPH�GRPDLQ�E\�WKH�FRQYROXWLRQ�LQWHJUDO�

$�VKRUW� UHPLQGHU�RI�KRZ�WKH�FRQYROXWLRQ� LQWHJUDO�ZDV�GHILQHG�DQG� WKH� WUDQVFULSWLRQ

IURP� GLIIHUHQWLDO� WR� GLIIHUHQFH� IRUP� LV� LQ� RUGHU� KHUH�� /HW� � EH� WKH� WLPH�GRPDLQ� VLJQDO�%²!³
SUHVHQWHG� WR� WKH� LQSXW� RI� D� V\VWHP� EHLQJ� FKDUDFWHUL]HG� E\� LWV� LPSXOVH�UHVSRQVH� �� 7KH�²!³
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ZKHUH� � LV� D� WLPH�FRQVWDQW�� LW
V� YDOXH� FKRVHQ� VR� WKDW� � LV� WLPH�UHYHUVHG�� 8VXDOO\�� LW� LV� �²!³
VXIILFLHQW�WR�PDNH� �ODUJH�HQRXJK�WR�DOORZ�WKH�V\VWHP�LPSXOVH�UHVSRQVH�� ��WR�FRPSOHWHO\� �²!³
UHOD[�DQG�UHDFK�WKH�VWHDG\�VWDWH�DJDLQ�� QRW�MXVW�WKH�ILUVW�]HUR�FURVVLQJ�SRLQW � ��

,I� �ZDV�DSSOLHG�WR�WKH�V\VWHP�DW� ��WKHQ�WKLV�FDQ�EH�WKH�ORZHU�OLPLW�RI�LQWHJUDWLRQ�%²!³ !�
2I�FRXUVH�� WKH� WLPH�VFDOH�FDQ�EH� VDIHO\� UHQRUPDOL]HG� VR� WKDW� ��7KH�XSSHU� LQWHJUDWLRQ! ~ ��

OLPLW��ODEHOHG� ��FDQ�EH�ZKHUHYHU�QHHGHG��GHSHQGLQJ�RQ�KRZ�PXFK�RI�WKH�LQSXW�DQG�RXWSXW!�
VLJQDO�ZH�DUH�LQWHUHVWHG�LQ�

1RZ�� �LQ� �LV�LPSOLFLWO\�DSSURDFKLQJ�]HUR�DQG�VR�WKHUH�ZRXOG�EH�DQ�LQILQLWH�! (T� �����

QXPEHU� RI� VDPSOHV� EHWZHHQ� � DQG� �� 6LQFH� RXU� FRPSXWHUV� KDYH� D� OLPLWHG� DPRXQW� RI! !� �

PHPRU\�� DQG�ZH�KDYH�D�OLPLWHG�DPRXQW�RI�WLPH � ���ZH�PXVW�PDNH�D�FRPSURPLVH�EHWZHHQ�WKH

VDPSOLQJ� UDWH� DQG� WKH� DYDLODEOH� PHPRU\� OHQJWK�� ,I� � LV� WKH� QXPEHU� RI� PHPRU\� E\WHV4
UHVHUYHG�IRU� ��WKHQ�WKH�UHTXLUHG�VDPSOLQJ�WLPH�LQWHUYDO�ZLOO�EH��%²!³
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�%RXQGHG�LQSXW���ERXQGHG�RXWSXW��,QWHUHVWLQJO\��WKH�LQYHUVH�RI�%,%2�LV�LQ�ZLGH�VSUHDG�XVH�LQ�WKH�FRPSXWHU

ZRUOG��,Q�IDFW��DQ\�GLJLWDO�FRPSXWHU�LV�D�*,*2�W\SH�GHYLFH��  �JDUEDJH�LQ���JDUEDJH�RXW ��
�/LQHDULW\��WLPH�LQYDULDQFH�DQG�FDXVDOLW\�
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+HUH� � LV� LPSOLFLWO\� VHW� WR� ��� VLQFH� WKH� GLIIHUHQFH� EHWZHHQ� WZR� DGMDFHQW�PHPRU\"!
ORFDWLRQV�LV�XQLW�LQWHJHU��*RRG�ERRN�NHHSLQJ�SUDFWLFH��KRZHYHU��UHFRPPHQGV�WKH�FRQVWUXFWLRQ

RI�D�VHSDUDWH�WLPH�VFDOH�YHFWRU��ZLWK�YDOXHV�IURP� �WR� ��LQ� �LQFUHPHQWV�EHWZHHQ�DGMDFHQW! ! !� � "

YDOXHV��$OO�RWKHU�YHFWRUV�DUH�WKHQ�SORWWHG�DJDLQVW�LW��DV�ZH�KDYH�VHHQ�LW�GRQH�LQ� �3DUW �

,Q� � �ZH�KDYH�OHDUQHG�WKDW�DQDO\WLFDOO\�VROYLQJ�WKH�FRQYROXWLRQ�LQWHJUDO�FDQ�EH3DUW � �

D� WLPH�FRQVXPLQJ� WDVN�HYHQ�IRU�D�VNLOOHG�PDWKHPDWLFLDQ��6RPHWLPHV��HYHQ� LI� �DQG�%²!³ �²!³
DUH�DQDO\WLFDO�IXQFWLRQV��WKHLU�SURGXFW�QHHG�QRW�EH�HOHPHQWDU\�LQWHJUDEOH�LQ�WKH�JHQHUDO�FDVH�

%XW�WDNLQJ�WKH� �WUDQVIRUP�URXWH�PD\�VRPHWLPHV�EH�HTXDOO\�GLIILFXOW��)RUWXQDWHO\��QXPHULFDOB

FRPSXWDWLRQ�RI�WKH�FRQYROXWLRQ�LQWHJUDO��IROORZLQJ� ��FDQ�EH�SURJUDPPHG�HDVLO\ �(T� �����

�IXQFWLRQ�\ YFRQ�K�[�
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� � � � ��VXP�WKH�WZR�URZV�FROXPQ�ZLVH�DQG
� � � � ��SXW�UHVXOW�EDFN�LQWR�ILUVW�URZ��
� \����� VXP�\��
�HQG� � � � ��UHSHDW�IRU�DOO�UHPDLQLQJ�HOHPHQWV�RI�K��
�\ \������� � � ��WKH�UHVXOW�LV�WKH�ILUVW�URZ�RQO\��
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7R� JHW� D� PRUH� FOHDU� YLHZ� RI� ZKDW� WKH� � URXWLQH� LV� GRLQJ �� OHW
V� ZULWH� D� VKRUW9&21

QXPHULFDO�H[DPSOH��XVLQJ�D���VDPSOH�LQSXW�VLJQDO�DQG�D���VDPSOH�V\VWHP�LPSXOVH�UHVSRQVH

DQG�GLVSOD\LQJ�HYHU\�LQWHUPHGLDWH�UHVXOW�RI�WKH�PDWUL[� �LQ�9&21 �\
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������������������������������������������������
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���DFWXDOO\��WKH�UHVXOW�LV�RQO\�WKH�ILUVW���HOHPHQWV��
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���VLQFH�WKHUH�DUH�RQO\���HOHPHQWV�LQ�[��WKH�SURFHVV�DVVXPHV�WKH�UHVW
���WR�EH�]HURV��6R�WKH�UHPDLQLQJ�WZR�HOHPHQWV�RI�WKH�UHVXOW�UHSUHVHQW
���WKH�UHOD[DWLRQ�IURP�WKH�ODVW�YDOXH������WR�]HUR�E\�WKH�LQWHJUDWLRQ
���RI�WKH�V\VWHP�LPSXOVH�UHVSRQVH�K�
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�����QRWH�WKH�UHYHUVHG�VHTXHQFH�RI�K��
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)RU�FRQYROXWLRQ�� �KDV�D�IXQFWLRQ�QDPHG�&219��ZKLFK�XVHV�D�EXLOW�LQ�),/7(50DWODE

FRPPDQG�WR�UXQ�VXEVWDQWLDOO\�IDVWHU��EXW�LQ�WKLV�ZD\�WKH�SURFHVV�UHPDLQV�KLGGHQ�WR�WKH�XVHU �

KRZHYHU��WKH�ILQDO�UHVXOW�LV�WKH�VDPH�DV�ZLWK�9&21�

$QRWKHU�SURSHUW\�RI�0DWODE�LV�WKH�PDWUL[�LQGH[LQJ��ZKLFK�VWDUWV�ZLWK���� VHH�WKH�UXJ�RI

WKH� VXP� V\PERO� LQ� ��� LQ� FRQWUDVW� WR� PRVW� SURJUDPPLQJ� ODQJXDJHV�� ZKLFK� XVH(T� �����

PHPRU\��SRLQWHUV���EDVH�DGGUHVV � RIIVHW��WKXV�WKH�RIIVHW�RI�WKH�ILUVW�HOHPHQW�RI�DQ�DUUD\�LV���

/HW
V� QRZ� XVH� WKLV� URXWLQH� LQ� VRPH� UHDO�OLIH� H[DPSOHV�� 6XSSRVH� ZH� KDYH� D� JDWHG

VLQH�ZDYH�JHQHUDWRU�FRQQHFWHG�WR�WKH�VDPH�� �RUGHU�%XWWHUZRUWK�V\VWHP�ZKLFK�ZH�LQVSHFWHGWK

LQ�GHWDLO�LQ� ��$OVR��OHW�WKH�WKH�%XWWHUZRUWK�V\VWHP�KDOI�SRZHU�EDQGZLGWK�EH�� N+]���WKH3DUW �

JHQHUDWRU� IUHTXHQF\� ��� N+]� DQG� ZH� WXUQ� RQ� WKH� JDWH� DW� VLJQDO� ]HUR�FURVVLQJ�� )URP� WKH

IUHTXHQF\�UHVSRQVH�FDOFXODWLRQV��ZH�NQRZ�WKDW�WKH�IRUFHG�UHVSRQVH�DPSOLWXGH�ZRXOG�EH �

�$RXW $LQDEV�IUHTZ�]�S�������

ZKHUH� �DUH�WKH�]HURV�DQG�SROHV�RI�WKH�QRUPDOL]HG�%XWWHUZRUWK�V\VWHP�]�S

%XW�KRZ�ZLOO�WKH�V\VWHP�UHVSRQG�WR�WKH�VLJQDO�WXUQ�RQ�WUDQVLHQW�"

:H�FDQ�VLPXODWH�WKLV��XVLQJ�WKH�DOJRULWKPV�ZH�KDYH�GHYHORSHG �LQ� ��3DUW �

�IK ������ � � ��V\VWHP�KDOI�SRZHU�EDQGZLGWK���N+]
�IV ������ � � ��LQSXW�VLJQDO�IUHTXHQF\�����N+]
�W �������������IK��� ��WLPH�YHFWRU����XV�GHOWD�W���PV�UDQJH
�QW OHQJWK�W��

�>]�S@ EXWWDS������ ���WK�RUGHU�%XWWHUZRUWK�V\VWHP
�S �SLIKS�� � ��GHQRUPDOL]HG�V\VWHP�SROHV
�K DWGU�]�S�W�
Q
��� ��V\VWHP�LPSXOVH�UHVSRQVH

�G ���� � � ��VZLWFK�RQ�GHOD\�����WLPH�VDPSOHV
� � � � ��PDNH�WKH�LQSXW�VLJQDO��
�[ >]HURV���G���VLQ��SLIVW���QW�G��@�

�\ YFRQ�K�[��� � ��FRQYROYH�[�ZLWK�K��

�$ QW���SLIKPD[�W������GHQRUPDOL]H�DPSOLWXGH�RI�K�IRU�SORW
� � � � ��SORW�LQSXW��V\VWHP�L�U��DQG�FRQYROXWLRQ�UHVXOW
�SORW��WIK��[��
�J
�����
�������WIK��>]HURV���G���K���QW�G�$@�
�U
�����
�������WIK��\���QW���
�E
�
�[ODEHO�
7LPH�>PV@
�

7KH�FRQYROXWLRQ�UHVXOW��FRPSDUHG�WR�WKH�LQSXW�VLJQDO�DQG�WKH�V\VWHP�LPSXOVH�UHVSRQVH

LV�VKRZQ�LQ� �)LJ� �����

1RWH� WKDW�ZH� KDYH� SORWWHG� RQO\� � VDPSOHV� RI� WKH� FRQYROXWLRQ� UHVXOW�� KRZHYHU� WKHQW

DFWXDO� OHQJWK� RI� � LV� �� RU� RQH� VDPSOH� OHVV� WKDW� WKH� VXP�RI� WKH� LQSXW� DQG� V\VWHP\ Q[�QK��

UHVSRQVH�OHQJWKV��7KH�ILUVW� �VDPSOHV�RI� �UHSUHVHQW�WKH�V\VWHP�UHVSRQVH�WR� �DQG�WKHQ[ QW \ [

UHPDLQLQJ� � SRLQWV� DUH� WKH� FRQVHTXHQFH� RI� WKH� V\VWHP� UHOD[DWLRQ �� VLQFH� WKHUH� DUH� QRQK��

PRUH�VLJQDO�VDPSOHV�LQ� �DIWHU�WKH�ODVW�SRLQW� �� WKH�FRQYROXWLRQ�DVVXPHV�WKHP�WR�EH�]HUR�[ Q[
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7KH�V\VWHP�UHOD[DWLRQ�LV�WKHUHIRU�WKH�VWHS�UHVSRQVH�IURP�WKH�ODVW�VLJQDO�YDOXH�WR�]HUR��6R��LI

ZH� DUH� LQWHUHVWHG� RQO\� LQ� WKH� V\VWHP� UHVSRQVH� WR� WKH� LQSXW� VLJQDO�� ZH� VLPSO\� OLPLW� WKH

UHVSRQVH� YHFWRU� WR� WKH� VDPH� OHQJWK� DV�ZDV� WKH� LQSXW� VLJQDO��$OVR�� LQ� WKH� JHQHUDO� FDVH�� WKH

OHQJWK� RI� WKH� V\VWHP� LPSXOVH� UHVSRQVH� YHFWRU�� �� GRHV� QRW� KDYH� WR� EH� HTXDO� WR� WKH� LQSXWQK

VLJQDO�YHFWRU�OHQJWK�� ��,Q�SUDFWLFH��ZH�RIWHQ�PDNH� ��EXW� �VKRXOG�EH�ODUJH�HQRXJKQ[ QK��Q[ K

WR�DOORZ�WKH�V\VWHP�WR�UHOD[�WR�D�OHYHO�YHU\�FORVH�WR�]HUR��DV�RQO\�WKHQ�WKH�VXP�RI�DOO�HOHPHQWV

RI� �ZLOO�QRW�GLIIHU�PXFK�IURP�WKH�V\VWHP�JDLQ�K

7KHUH�LV��KRZHYHU��DQ�LPSRUWDQW�GLIIHUHQFH�LQ�WKH�SORW�DQG�WKH�FDOFXODWLRQ��ZKLFK�PXVW

EH� H[SODLQHG�� 7KH� LPSXOVH�UHVSRQVH� WKDW�ZH� KDYH� JRW� IURP�%XWWHUZRUWK� V\VWHP� SROHV�ZDV

QRUPDOL]HG�WR�UHSUHVHQW�D�XQLW\�JDLQ�V\VWHP��VLQFH�ZH�ZDQW�WR�VHH�WKH�IUHTXHQF\�GHSHQGHQFH

RQ� WKH� RXWSXW� DPSOLWXGH� E\� FRPSDULQJ� WKH� LQSXW� DQG� RXWSXW� VLJQDOV�� 7KXV� RXU� FRPSRVLWH

V\VWHP�VKRXOG�HLWKHU�KDYH�D�JDLQ�RI�XQLW\��RU�WKH�RXWSXW�VKRXOG�EH�QRUPDOL]HG�WR�WKH�LQSXW�LQ

VRPH�RWKHU�ZD\��L�H��LI�WKH�JDLQ�ZDV�NQRZQ��ZH�FRXOG�KDYH�GLYLGHG�WKH�RXWSXW�VLJQDO�E\�WKH

JDLQ��RU�PXOWLSOLHG�WKH�LQSXW�VLJQDO���%XW�WKH�XQLW\�JDLQ�QRUPDOL]HG�LPSXOVH�UHVSRQVH�ZRXOG

EH�WRR�VPDOO�LQ�DPSOLWXGH��FRPSDUHG�WR�WKH�LQSXW�VLJQDO��VR�ZH�SORW�LW�GHQRUPDOL]HG�

)LJ� ����� ��&RQYROXWLRQ�H[DPSOH ��UHVSRQVH��EOXH��WR�D�VLQH�ZDYH��JUHHQ��VZLWFKHG�RQ

LQWR� D� � �RUGHU� %XWWHUZRUWK� V\VWHP�� ZKRVH� LPSXOVH�UHVSRQVH� LV� VKRZQ� �UHG�WK

GHQRUPDOL]HG��LQVWHDG�RI�XQLW\�JDLQ��DQG�GHOD\HG�E\�WKH�VDPH�VZLWFK�RQ�WLPH��6KRZQ

LQ� VXFK� UHODWLRQ�� LW� LV� QRZ� FOHDU� WKDW� WKH� V\VWHP� UHVSRQGV� E\� SKDVH�VKLIWLQJ� DQG

DPSOLWXGH� PRGXODWLQJ� WKH� ILUVW� IHZ� ZDYH� SHULRGV�� DV� LQGLFDWHG� E\� WKH� LPSXOVH�

UHVSRQVH��UHDFKLQJ�ILQDOO\�WKH�IRUFHG���VWHDG\�VWDWH���UHVSRQVH�

+RZ�FDQ�ZH�FKHFN�WKDW�RXU�URXWLQH�ZRUNV�FRUUHFWO\ "

$SDUW�IURP�HQWHULQJ�VRPH�VLPSOH�QXPEHU�VHTXHQFHV�DV�LQ�WKH�SUHYLRXV�H[DPSOH��ZH

FRXOG�GR�WKLV�E\�HQWHULQJ�DQ�LQSXW�VLJQDO�IRU�ZKLFK�WKH�UHVXOW�ZH�KDYH�DOUHDG\�FDOFXODWHG�LQ�D
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GLIIHUHQW�ZD\�� L�H�� WKH� V\VWHP� VWHS�UHVSRQVH� �VHH� ��� ,I�ZH� HQWHU� D� XQLW�VWHS�)LJ� ������� 3DUW �

LQVWHDG�RI�WKH�VLQH�ZDYH��ZH�VKRXOG�JHW�WKH�VWHS�UHVSRQVH�IURP�FRQYROXWLRQ �

���FRQWLQXLQJ�IURP�DERYH��

�[ >]HURV���G��RQHV���QW�G�@��� � ��LQSXW�XQLW�VWHS�IXQFWLRQ
�\ YFRQ�K�[��� � � � � ��FRQYROXWLRQ
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1HJOHFWLQJ�WKH�LQLWLDO����VDPSOH�WLPH�GHOD\��WKH�VWHS�UHVSRQVH�RI� �VKRXOG�EH)LJ� �����

LGHQWLFDO�WR�WKDW�RI� �)LJ� �������3DUW �

)LJ� ����� �� &KHFNLQJ� FRQYROXWLRQ �� UHVSRQVH� WR� D� XQLW�VWHS� RI� WKH� � �RUGHUWK

%XWWHUZRUWK� V\VWHP�� ZKRVH� LPSXOVH�UHVSRQVH� �QRUPDOL]HG� WR� LWV� SHDN� YDOXH� DQG

GHOD\HG�E\�WKH�VDPH�VZLWFK�RQ�WLPH��LV�DOVR�VKRZQ��DORQJ�ZLWK�WKH�LQSXW�VWHS�VLJQDO�

7KH� VWHS�UHVSRQVH�� DSDUW� IURP� WKH� ���VDPSOH� VZLWFK�RQ� WLPH� GHOD\� DQG� WKH� WLPH�

VFDOH��LV�LGHQWLFDO�WR�WKH�RQH�VKRZQ�LQ�3DUW����)LJ��������

:H� FDQ� QRZ� UHYLVLW� WKH� FRQYROXWLRQ� LQWHJUDO� H[DPSOH� JLYHQ� LQ� 3DUW ��� 6HF� �����

VKRZQ�LQ� ��7KHUH�ZDV�D�XQLW�VWHS�LQSXW�VLJQDO��IHG�LQWR�D�WZR�SROH�%HVVHO�7KRPVRQ)LJ� ������

V\VWHP�� LWV� RXWSXW� LQ� WXUQ� EHLQJ� IHG� LQWR� D� WZR�SROH� %XWWHUZRUWK� V\VWHP�� 7KH� FRPPDQGV

EHORZ�VLPXODWH� WKH� ILQDO� UHVXOW�RI� ��%XW� WKLV� WLPH�� OHW
V�XVH� WKH� IUHTXHQF\�WR�WLPH)LJ� ������

GRPDLQ�WUDQVIRUP�RI�WKH� �URXWLQH��3DUW ����6HH�WKH�UHVXOW�LQ� �DQG�FRPSDUH�LW�WR75(63 )LJ� �����

)LJ� ������J �
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)LJ� ����� �� &RQYROXWLRQ� H[DPSOH� RI� 3DUW ��� 6HF� ����� �� D� %HVVHO�7KRPVRQ� ��SROH

V\VWHP� VWHS�UHVSRQVH� �UHG��� IHG� WR� WKH� ��SROH� %XWWHUZRUWK� V\VWHP�� LWV� LPSXOVH�

UHVSRQVH��JUHHQ��VKRZQ�KHUH�GHQRUPDOL]HG�LQ�DPSOLWXGH��ZDV�XVHG�IRU�FRQYROXWLRQ�

UHVXOWLQJ�LQ�WKH�RXWSXW�VWHS�UHVSRQVH��EOXH���&RPSDUH�WKLV�ZLWK�)LJ� �������*��
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7KH� � IXQFWLRQ� LV� D� OHQJWK\� SURFHVV�� 2Q� D� ��0+]�$7����� 3&��ZKLFK� ,�ZDV9&21

XVLQJ�IRU�ILUVW�H[SHULPHQWV�EDFN�LQ��������� LW� WRRN�PRUH�WKDQ��� V�WR�FRPSOHWH� WKH�H[DPSOH

VKRZQ�DERYH��EXW�HYHQ�ZLWK�WRGD\
V�IDVW�FRPSXWHUV�WKHUH�LV�VWLOO�D�QRWLFHDEOH�GHOD\��HYHQ�LI�WKH

VORZ�9&21�LV�UHSODFHG�E\�WKH�0DWODE�RULJLQDO�&219�IXQFWLRQ�

,Q� VRPH� FDVHV�� SDUWLFXODUO\� ZLWK� ORQJ� VLJQDO� VHTXHQFHV� �� LW� FRXOG� EH�1!�����

LQWHUHVWLQJ�WR�WDNH�WKH�)RXULHU�WUDQVIRUP�URXWH��QXPHULFDOO\�

+HUH�LV�DQ�H[DPSOH��XVLQJ�D�VLJQDO�UHFRUGHG�E\�D�QXFOHDU�PDJQHWLF�UHVRQDQFH�LPDJLQJ

�05,��V\VWHP��7KH�VLJQDO�LV�QRLV\�DQG�WKHUH�LV�VRPH�LQWHUIHUHQFH�IURP�DQRWKHU�VRXUFH��ZKLFK

ZH�ZLOO�WU\�WR�FOHDQ�E\�D�� �RUGHU�%HVVHO�7KRPVRQ�XQLW\�JDLQ��0+]�FXW�RII�ILOWHU��WK
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)LJ� �����D ���,QSXW�VLJQDO�IRU�WKH�H[DPSOH�RI�FRQYROXWLRQ�LQ�VSHFWUDO�GRPDLQ

)LJ� �����E �� 7KH� VSHFWUXP� RI� WKH� VLJQDO� LQ� )LJ� ������ �JUHHQ�� LV� PXOWLSOLHG� ZLWK� WKH� V\VWHP

IUHTXHQF\�UHVSRQVH��UHG��WR�SURGXFH�WKH�RXWSXW�VSHFWUXP��EOXH���$ORQJ�ZLWK�WKH�PRGXODWHG�VLJQDO�DW

���N+]��WKHUH�LV�D����0+]�LQWHUIHUHQFH�DQG�D�KLJK�OHYHO�RI�ZKLWH�QRLVH��UDLVLQJ�ZLWK�IUHTXHQF\��

)LJ� �����F �� 7KH� RXWSXW� VSHFWUXP� UHWXUQHG� WR� WLPH�GRPDLQ� �EOXH��� FRPSDUHG�ZLWK

LQSXW��JUHHQ���LQ�H[SDQGHG�WLPH�VFDOH��1RWH�WKH�FKDQJH�LQ�DPSOLWXGH��WKH�QRLVH�OHYHO

DQG�WKH�HQYHORSH�GHOD\�WLPH�VKLIW��ZLWK�YHU\�OLWWOH�FKDQJH�LQ�SKDVH�


