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(TXLYDOHQW�'HVLJQ�UHSUHVHQWDWLRQ�DQG�7UDQVIRUPDWLRQ�IRU�+LJK�OHYHO�6\QWKHVLV�

0��6DQJHHWKD�� ������������������&��7KDULQL�� � ���������'U��5DMD�3DXO�3HULQEDP��

��5HVHDUFK� 6FKRODU�� � 6FKRRO� RI� (OHFWURQLFV� DQG� &RPPXQLFDWLRQ� (QJLQHHULQJ� �� &ROOHJH� RI� � (QJLQHHULQJ� �� $QQD�8QLYHUVLW\��
&KHQQD��7HO�QR�������������������(PDLO��VDQJBJRN#\DKRR�FRP�

�
�/HFWXUHU��(OHFWURQLFV�DQG�&RPPXQLFDWLRQ�(QJLQHHULQJ�'HSDUWPHQW��&UHVFHQW�(QJLQHHULQJ�&ROOHJH��9DQGDOXU��7HO�QR�����
��������������(PDLO��FBWKDULQL#UHGLIIPDLO�FRP�
�'U��5DMD�3DXO�3HULQEDP��3URIHVVRU��6FKRRO�RI�(OHFWURQLFV�DQG�&RPPXQLFDWLRQ�(QJLQHHULQJ���&ROOHJH�RI��(QJLQHHULQJ���$QQD�
8QLYHUVLW\��&KHQQDL��7HO�������������������(PDLO���MUSS#DQQDXQLY�HGX��
�
$EVWUDFW��
�+LJK�/HYHO� 6\QWKHVLV� LV� WKH� SURFHVV� RI� PDSSLQJ� D�
EHKDYLRUDO� GHVFULSWLRQ� DW� WKH� DOJRULWKPLF� OHYHO� WR� D�
VWUXFWXUDO�GHVFULSWLRQ� LQ� WHUPV�RI� IXQFWLRQDO�XQLWV��PHPRU\�
HOHPHQWV� DQG� LQWHUFRQQHFWLRQV� �H�J�� PXOWLSOH[HUV� DQG�
EXVHV��� 7KH� LQWHUPHGLDWH� IRUPDW� IRU� +LJK�OHYHO� V\QWKHVLV�
FDQ�EH�UHSUHVHQWHG� LQ�&RQWURO�'DWD�)ORZ�*UDSK� �&')*���
'DWD� )ORZ� *UDSK� �')*��� &RQWURO� )ORZ� *UDSK� �&)*���
)LQLWH� 6WDWH� 0DFKLQH� �)60��� )LQLWH� 6WDWH� 0DFKLQH� XVLQJ�
'DWD� SDWK� �)60'�� RU� &RGHVLJQ� )LQLWH� 6WDWH� 0DFKLQH�
�&)60���

7KLV� SDSHU� GHVFULEHV� D� QHZ� WKHRUHWLFDO� DSSURDFK�
WR� +DUGZDUH�� 6RIWZDUH� FRGHVLJQ� SDUWLWLRQLQJ� DQG�
VFKHGXOLQJ� IRU�D� WLPH�FRQVWUDLQHG�V\VWHP��7KH�DSSURDFK�LV�
EDVHG�RQ�PRGLILHG�GDWD�SDWK�IRU�&')*�PRGHO�WKDW�FDSWXUH�
WKH� GHVLJQ� LQIRUPDWLRQ� IURP� WKH� VRXUFH� ILOH� VSHFLILHG� E\�
9+'/�ODQJXDJH��(TXLYDOHQW�VHSDUDWH�&RQWURO�)ORZ�*UDSK�
DQG� 'DWD� )ORZ� *UDSK� DUH� KHOSIXO� LQ� UHSUHVHQWLQJ� WKH�
VSHFLILHG� VRXUFH� ILOH�� 7KLV� SDSHU� GLVFXVVHV� KHOSIXO�
RSWLPL]DWLRQ� PHWKRG� IRU� +:�6:� SDUWLWLRQLQJ� DQG� +LJK�
/HYHO�6\QWKHVLV�WRROV��

�
.H\ZRUGV�
�
+:�6:�6\QWKHVLV�� &RQWURO� 'DWD� )ORZ�*UDSK�� 'DWD� )ORZ�
*UDSK��&RQWURO�)ORZ�*UDSK��7LPH�FRQVWUDLQHG�V\VWHP�

���,QWURGXFWLRQ��
+,*+�/(9(/�V\QWKHVLV� �+/6�� LV� WKH�SURFHVV� WKDW�PDSV� D�
EHKDYLRUDO�KDUGZDUH�GHVFULSWLRQ�ODQJXDJH�VSHFLILFDWLRQ�LQWR�
D� UHJLVWHU� WUDQVIHU� OHYHO� �57/�� QHWZRUN�� ,Q� PRVW�
PHWKRGRORJLHV��WKLV�57/�QHWZRUN�LV�WKHQ�VXEPLWWHG�WR�ORJLF�
V\QWKHVLV� IRU� JDWH� OHYHO� RSWLPL]DWLRQ� WKDW� DWWHPSWV� WR�
SURGXFH� D� GHVLJQ� VDWLVI\LQJ� FHUWDLQ� DUHD� DQG� GHOD\�
FRQVWUDLQWV��&OHDUO\�� WKH�TXDOLW\�RI� WKH� ILQDO� UHVXOW� GHSHQGV�
RQ� WKH� TXDOLW\� RI� WKH� WZR� WRROV�� ,I� WKH� 57/� QHWZRUN�
SURGXFHG�E\�+/6�>�@>�@� LV�H[FHVVLYHO\� LQHIILFLHQW�� WKHUH� LV�
QR� DPRXQW� RI� ORJLF� RSWLPL]DWLRQ� WKDW� ZLOO� SURGXFH� DQ�
DFFHSWDEOH� GHVLJQ�� ,Q� RUGHU� WR� SURGXFH� DQ� HIILFLHQW� 57/�
QHWZRUN��+/6�KDV� WR�HVWLPDWH�RU�FRPSXWH� WKH�HIIHFW� WKDW�D�
JLYHQ�KLJK�OHYHO�DOJRULWKPLF�GHFLVLRQ�ZLOO�KDYH�RQ�WKH�ILQDO�
JDWH� OHYHO� QHWZRUN�� 7KLV� HIIHFW� LV� WUDQVODWHG� LQWR� FRVWV��

ZKLFK� DUH� XVHG� LQ� PRVW� +/6� DOJRULWKPV�� VXFK� DV�
VFKHGXOLQJ�� DOORFDWLRQ�� DQG� UHVRXUFH� VKDULQJ�� ,Q� PRVW�
6FKHGXOLQJ�DOORFDWLRQ� DOJRULWKPV�� WKH� FRVWV� DUH� XVXDOO\�
EDVHG� RQ� WKH� QXPEHU� RI� VWDWHV� DQG� QXPEHU� RI� UHVRXUFHV��
7KHVH�PHWULFV�JLYH�D�URXJK�LQGLFDWLRQ�RI�WKH�FRPSOH[LW\�DQG�
SHUIRUPDQFH� RI� WKH� ILQLWH� VWDWH� PDFKLQH� �)60�� DQG� GDWD�
SDWK�DUHD�RI�WKH�ILQDO�GHVLJQ��+RZHYHU��
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WKH\�DOPRVW�FRPSOHWHO\�LJQRUH�LPSRUWDQW�DVSHFWV�VXFK�DV�WKH�
VL]H�DQG�GHOD\�RI�WKH�FRQWURO�ORJLF���
� 7KLV� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� 6HFWLRQ� ��
GHVFULEHV� WKH� +LJK� /HYHO� 6\QWKHVLV�� 6HFWLRQ� �� GHDOV� ZLWK�
GLIIHUHQW� GHVLJQ� PRGHOV� XVHG� IRU� VFKHGXOLQJ�� 6HFWLRQ� ��
RXWOLQHV�SDUWLWLRQLQJ���6HFWLRQ���UHODWHV�RXU�6FKHGXOLQJ�IRU�D�
WLPH� FRQVWUDLQHG� V\VWHP�� DQG� 6HFWLRQ� �� FRQFOXGHV� ZLWK� D�
VXPPDU\��

���+LJK�/HYHO�6\QWKHVLV�
7KH� PDLQ� VWHSV� LQYROYHG� LQ� WKH� KLJK� OHYHO� V\QWKHVLV� RI� D�

)LJXUH���+:�6:�6\QWKHVLV�PRGHO�
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GLJLWDO�V\VWHP�DUH��
��� 'HVFULSWLRQ�RI�WKH�EHKDYLRU�RI�WKH�V\VWHP��
��� 7UDQVODWLRQ� RI� WKH� GHVFULSWLRQ� LQWR� D� JUDSK� �HJ��

&')*��
��� 3DUWLWLRQLQJ�WKH�V\VWHP�EHKDYLRU�LQWR�+DUGZDUH�DQG�

6RIWZDUH�PRGXOH�
��� 2SHUDWLRQ� VFKHGXOLQJ�� +HUH� HDFK� RSHUDWLRQ� LQ� WKH�

*UDSK�LV�DVVLJQHG�WR�D�FRQWURO�VWHS��
��� $OORFDWH� WKH� UHVRXUFHV� IRU� WKH� GLJLWDO� V\VWHP�� +HUH�

WKH� UHVRXUFHV� FDQ� EH� IXQFWLRQ� XQLWV� DVVLJQHG� WR�
H[HFXWH�RSHUDWLRQ�GHULYHG�IURP�WKH�JUDSK�&')*���

7KHVH� IXQFWLRQDO� XQLWV� FDQ� EH� DQ\� ,&� H[HFXWLQJ� VRPH�
IXQFWLRQ�RU�D�GHVLUHG�IXQFWLRQ�XQLW�ZLWK�GHVLUHG�DFWLYLWLHV�RU�
D� SURFHVVRU�� 7KH� VFKHGXOLQJ� VWHS� DQG� WKH� KDUGZDUH�
DOORFDWLRQ� DUH� WZR� LPSRUWDQW� VXEWDVNV�� 7KHVH� VXEWDVNV� DUH�
QRW� LQGHSHQGHQW�� 7R� REWDLQ� DQ� RSWLPDO� GHVLJQ� D� V\VWHP�
VKRXOG� SHUIRUP� ERWK� VXEWDVNV� VLPXOWDQHRXVO\�� %XW� PDQ\�
V\VWHPV�SHUIRUP�WKHP�VHSDUDWHO\�RU�DSSO\�LWHUDWLRQ��
�
OLEUDU\�LHHH��XVH�LHHH�VWGBORJLFB�����DOO��
(QWLW\�VLPSOH�LV�
3RUW���FORFN���LQ�VWGBORJLF��
LQ���LQ���P����LQ�LQWHJHU�UDQJH���WR����
P����LQ�%RROHDQ��
RXW���RXW���RXW���RXW����RXW�LQWHJHU�UDQJH���WR�������
HQG�VLPSOH��
�
$UFKLWHFWXUH�EHKDYLRU�RI�VLPSOH�LV�
%HJLQ�
3URFHVV��FORFN��
9DULDEOH�$�%���LQWHJHU�UDQJH���WR����
��%HJLQ�
LI��FORFN
HYHQW�DQG�FORFN� �
�
��WKHQ�
%�� ���� � � � ������
�����&DVH��P���LV�� � ������
�����:KHQ��� !��%� �LQ����LQ��� ������
� $�� �$���%��� � ������
�����:KHQ��� !�%� ���� � ������
�����:KHQ��� !�$� �LQ���� ���������������������
�����:KHQ��� !�$�� ���� � ������
������������%�� ���� � � ������
�����(QG�FDVH������������������ ��������������������
2XW��� �$�� � ������
� LI���P���WKHQ��� � ������

� � �E�� �LQ��� ������
� (OVH�RXW��� �%�� ��������������������
2XW��� �$���LQ���� ������
� (QG�LI�� � � ������
� 2XW��� �$�%�� � ������
HQG�LI��
(QG�SURFHVV�� � � ������
(QG�EHKDYLRU��

���&RQWURO�'DWD�)ORZ�*UDSK�
$�&')*�UHSUHVHQWV�WKH�VSHFLILFDWLRQ�RI�WKH�GHVLJQ�DW�D�YHU\�
GLIIHUHQW� OHYHO� WKDQ� WKH� ILQDO� KDUGZDUH� LPSOHPHQWDWLRQ��
$OWKRXJK�WKH�&')*�>�@>�@�PD\�FRQWDLQ�QRGHV�UHSUHVHQWLQJ�
KDUGZDUH� RSHUDWRUV� VXFK� DV� DGGHUV� DQG� VXEWUDFWHUV�� LW�
XVXDOO\� GRHV� QRW� FRQWDLQ� DQ\� H[SOLFLW� VSHFLILFDWLRQ� RI� WKH�
PXOWLSOH[HUV� DQG� FRQWURO� ORJLF� UHTXLUHG� E\� WKH�
LPSOHPHQWDWLRQ��$Q�HGJH��RU�D�QRGH��LQ�WKH�&')*�LV�XVHG�
WR�UHSUHVHQW�D�YDOXH��EXW�LQ�KDUGZDUH�WKLV�YDOXH�PD\�EHFRPH�
D� VLPSOH� QHW� RU� D� UHJLVWHU�� GHSHQGLQJ� RQ� WKH� VFKHGXOH��$Q�
DGGHU�QRGH�LQ�WKH�&')*�>�@�PD\�EH�PDSSHG�RQWR�DQ�DGGHU�
RU� IXQFWLRQDO� XQLW� LQ� WKH�57/�QHWZRUN��ZKLFK� LQ� WXUQ�PD\�
EH� H[SDQGHG� LQWR� JDWHV� E\� ORJLF� V\QWKHVLV� DQG� RSWLPL]HG�
ZLWK�WKH�VXUURXQGLQJ�ORJLF��+HQFH��LW�PLJKW�EH�LQDFFXUDWH�WR�
FRQVLGHU� VLPSO\� WKH� DUHD� DQG� GHOD\� RI� DQ� DGGHU�� 7KHVH�
VLPSOH�H[DPSOHV�VKRZ�WKDW�WKH�ILQDO�LPSOHPHQWDWLRQ��DQG��
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)LJXUH���&RQWURO�)ORZ�*UDSK�
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FRVW��RI�D�JLYHQ�&')*�QRGH�HGJH�LV�QRW�UHDOO\�NQRZQ�XQWLO�
DIWHU� +/6� RU� HYHQ� DIWHU� ORJLF� V\QWKHVLV�� PDNLQJ� LW� YHU\�
GLIILFXOW�WR�PHDVXUH�KDUGZDUH�FRVWV�DFFXUDWHO\�GXULQJ�+/6��
7KH� PDLQ� UHDVRQ� LV� WKDW� WKHVH� FRVWV� DUH� FRPSXWHG� RQ� D�
UHSUHVHQWDWLRQ�
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WKDW�LV�FORVHU�WR�WKH�ODQJXDJH�OHYHO�WKDQ�LW�LV�WR�WKH�KDUGZDUH�
OHYHO�WKDW�LW�LV�WU\LQJ�WR�PHDVXUH���
0RUHRYHU��WKH�IDFW�WKDW�+/6�DQG�ORJLF�V\QWKHVLV�RSHUDWH�RQ�
GLIIHUHQW� UHSUHVHQWDWLRQV� PDNHV� LW� YHU\� LQHIILFLHQW� IRU� WKH�
WZR�GRPDLQV�WR�LQWHUDFW��)RU�H[DPSOH��GXULQJ�VFKHGXOLQJ��LW�
ZRXOG�KHOS�WR�NQRZ�WKH�H[DFW�VL]H�DQG�GHOD\�RI�WKH�UHVXOWLQJ�
RSWLPL]HG� FRQWURO� ORJLF�� ,Q� WRGD\
V� V\VWHPV� WKLV� ZRXOG�
UHTXLUH�+/6�WR�ILQLVK�V\QWKHVLV�FRPSOHWHO\��DQG� WKHQ� ORJLF�
V\QWKHVLV�ZRXOG�SURFHVV�WKH�FRQWUROOHU�LQ�WKH�57/�QHWZRUN��
7KLV� LV� D� WLPH� FRQVXPLQJ� DQG� LQHIILFLHQW� DSSURDFK�� ,I� WKH�
WZR�WRROV�FRXOG�RSHUDWH�RQ�WKH�VDPH�LQWHUQDO�UHSUHVHQWDWLRQ�
WKLV� SUREOHP� ZRXOG� EH� UHVROYHG�� � � ')*V� H[LVW� LQ� PDQ\�
GLIIHUHQW� IRUPV�� 7KLV� ZRUN� XVHV� D� &')*� VLPLODU� WR�
FRQVLVWLQJ� RI� VHSDUDWH� FRQWURO�IORZ� DQG� GDWD�IORZ� JUDSKV��
7KH�FRQWURO�IORZ�JUDSK��&)*��LQ�WKH�)LJXUH���UHSUHVHQWV�WKH�
VHTXHQFLQJ� RI� RSHUDWLRQV� DV� GHVFULEHG� LQ� WKH� ODQJXDJH�
VSHFLILFDWLRQ�� LQFOXGLQJ� UHRUGHULQJ� DQG� ORRS� XQUROOLQJ� DQG�
XQIROGLQJ�� 7KH� GDWD�IORZ� JUDSK� �')*�>�@� LQ� WKH� )LJXUH� ��
UHSUHVHQWV�WKH�GDWD�GHSHQGHQFLHV�DPRQJ�WKH�RSHUDWLRQV�DQG�
YDOXHV�� 7KH� GDWD� SDWK� IRU� &')*� PRGHO� >�@� LV� GHVLJQHG�
XVLQJ�DGGHUV��0XOWLSOH[HUV�DQG�'HPXOWLSOH[HU�IURP�VHSDUDWH�
&RQWURO� )ORZ� *UDSK� DQG� 'DWD� )ORZ� *UDSK� DV� VKRZQ� LQ�
ILJXUH����7R�RSWLPL]H�WKH� ORJLF�LW� LV� IXUWKHU�SDUWLWLRQHG�DQG�
VFKHGXOHG�XVLQJ�DOJRULWKPV��

���&OLTXH�3DUWLWLRQLQJ�
7KLV�SDUWLWLRQLQJ�FDQ�EH�DSSOLHG� WR�DOPRVW�DQ\�VXESUREOHP�
RI� WKH� WDVN� DVVLJQPHQW� WDVN�� 7KH� SUREHP� RI� ILQGLQJ� WKH�
FOLTXH� SDUWLWLRQLQJ� >�@>�@� RI� D� JUDSK� LV� 13� FRPSOHWH�� ,W� LV�
EDVHG�RQ�FRPELQLQJ�YHUWLFHV�LQ�WKH�FRPSDWLELOLW\�JUDSK�VWHS�
E\�VWHS��7KH�UHVXOWLQJ�YHUWLFHV�DUH�FDOOHG�VXSHU�YHUWLFHV��7KH�
LQGH[� L� RI� D� VXSHUYHUWH[� YL� UHSUHVHQWV� WKH� VHW�RI� LQGLFHV�RI�
WKH� YHUWLFHV� IURP� ZKLFK� WKH� VXSHUYHUWH[� ZDV� IRUPHG�� )RU�

H[DPSOH��FRPELQJ�YHUWLFHV�Y���Y��DQG�Y��JLYHV�D�VXSHUYHUWH[�
Y��7KH� LQWHUPHGLDWH�JUDSK�DIWHU�N� VWHSV�RI� WKH�DOJRULWKP� LV�
FDOOHG�*FN�9FN��(FN����WKH�LQLWLDO�JUDSK�*F��9F��(F�����LV�HTXDO�
WR�WKH�FRPSDWLELOLW\�JUDSK���

7KH� DOJRULWKP� ORRNV� IRU� D� SDLU� RI� VXSHUYHUWLFHV�
ZLWK�WKH�ODUJHVW�QXPEHU�RI�FRPPRQ�QHLJKERUV��$��
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�
VXSHUYHUWH[� YQ� /� 9FN� LV� D� FRPPRQ� QHLJKERU� RI� WKH�VXSHUYHUWLFHV�YL���YM�/�9FN��LI�ERWK�HGJHV��YL���YQ���DQG��YM���YQ��
DUH�LQFOXGHG�LQ�(FN��
���������7KH� WZR� VXSHUYHUWLFHV� DUH� FRPELQHG� LQWR� D� QHZ�
VXSHUYHUWH[�DV�GHVFULEHG�LQ�WKH�SVHXGRFRGH�RI�ILJXUH����7KH�
QHZ� VXSHUYHUWH[� UHPDLQV� FRQQHFWHG� WR� WKH� FRPPRQ�
QHLJKERUV� RQO\�� 7KH� DOJRULWKP� JRHV� RQ� WR� FRPELQH�
VXSHUYHUWLFHV� XQWLO� WKH� JUDSK� �*FN�9FN�� (FN� �� KDV� DQ� HPSW\�
HGJH� VHW�� &OLTXH� SDUWLWLRQLQJ� FDQ� EH� XVHG� IRU� ERWK�
QRQRYHUODSSHG�DQG�RYHUODSSHG�VFKHGXOLQJ��
�
N������������
*FN�9FN��(FN������������*F�9F�(F����
:KLOH��(FN���n��^�
³�ILQG��YL���YM��/�(FN�ZLWK�ODUJHVW�VHW�RI�FRPPRQ�QHLJKERUV´��
1��������³�VHW�RI�FRPPRQ�QHLJKERUV�RI�YL��DQG�YM´��
6�������������������L��8�M���
9FN��������������9FN�8�^YV`?�^�YL���YM`��
(FN�����������n��
IRU�HDFK��YP���YQ���/�(FN�

LI���YP����YL�����YP����YM����YQ����YL���YQ���YM��
(FN���������������(FN���8��^��YP���YQ�`��
IRU�HDFK�YQ��/�1�
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(FN���������������(FN����8�^��YP���YV�`��
N���������N������
`�
)LJXUH���$�KHXULVWLF�WR�FRPSXWH�WKH�FOLTXH�SDUWLWLRQLQJ�RI�D�
JUDSK�

���)RUFH�GLUHFWHG�6FKHGXOLQJ�
$� PRUH� VRSKLVWLFDWHG� VFKHGXOLQJ� DOJRULWKP� EDVHG� RQ�
PRELOLW\� LV� WKH� IRUFH�GLUHFWHG� PHWKRG�� ,Q� WKLV� PHWKRG� WKH�
UHVRXUFH� XWLOL]DWLRQ� RI� WKH� QRGHV� WR� EH� VFKHGXOHG� DUH�
HVWLPDWHG� E\� DVVXPLQJ� DQ� DYHUDJH� XWLOL]DWLRQ� ZLWKLQ� WKHLU�
VFKHGXOLQJ�UDQJHV��)RU�H[DPSOH��D�XQLW�WLPH�RSHUDWLRQ�ZLWK�
D�PRELOLW\�RI�WKUHH�LV�DVVXPHG�WR�XVH�RQH�WKLUG�RI�D�UHVRXUFH�
IRU�WKH�WKUHH�WLPH�LQVWDQWV�ZLWKLQ� LWV�VFKHGXOLQJ�UDQJH��7KH�
FRPELQDWLRQ� RI� WKHVH� DYHUDJHV� UHVXOWV� LQ� D� UHVRXUFH�
UHTXLUHPHQW� GLVWULEXWLRQ� IXQFWLRQ� WKDW� LV� XVHG� E\� WKH�
VFKHGXOLQJ�DOJRULWKP�>�@>�@��6R�WKH�XQVFKHGXOHG�QRGHV�DOVR�
SDUWLFLSDWH� LQ� WKH� GHFLVLRQ� PDGH� GXULQJ� VFKHGXOLQJ�� 7KH�
PDLQ� LGHD� RI� IRUFH�GLUHFWHG� VFKHGXOLQJ� LV� GHVFULEHG� LQ� WKH�
SVHXGRFRGH�RI�)LJXUH����7KH�ZRUVW�FDVH�WLPH�FRPSOH[LW\�RI�
WKH� DOJRULWKP� FDQ� EH� GHULYHG�� 7KH� IRUFH� FRPSXWDWLRQV�
GRPLQDWH�WKH�FDOFXODWLRQ�DQG�UHTXLUH�2�Q�W��PD[��WLPH��ZKHUH�
Q� LV� WKH�QXPEHU�RI�QRGHV� LQ� WKH�')*��,W� LV�PDLQO\�XVHG� LQ�
V\VWHP�GHVLJQ�ZKHUH�KLJKHU�WLPH�FRPSOH[LW\�LV�UHTXLUHG��
�
³'HWHUPLQH�å�����E\�FRPSXWLQJ�16�DQG�1/�´��
N�������������
ZKLOH���³�WKHUH�DUH�XQVFKHGXOHG�RSHUDWLRQV´��
^�
IRU�HDFK�U�/�5�
³�FRPSXWH��U��å��N���W�´��
IRU�HDFK�³XQVFKHGXOHG´�Y�/�9�^�
IRU���W����������å��N�PLQ�Y���W���å��N�PD[�Y����
W���������W������^�
³�FRPSXWH�)��å��N�_Y��������W��å��N����´���
LI��³�WKLV�IRUFH�LV�VPDOOHU�WKDQ�SUHYLRXV�RQHV´��^�
YEHVW���������Y��
WEHVW���������W���
`�
`�
å��N����������������å��N��_Y�EHVW����������W�EHVW���
N������N������
`�
)LJXUH��7KH�IRUFH�GLUHFWHG�VFKHGXOLQJ�DOJRULWKP�

���&RQFOXVLRQ�
$� PRGLILHG� GDWD� SDWK� IRU� &')*� PRGHO� LV� GHVLJQHG� IRU�
+:�6:� FRGHVLJQ�� ZKLFK� UHSUHVHQWV� WKH� 57/� QHWZRUN� LQ�
JUDSKLFDO� OHYHO� UHSUHVHQWDWLRQ�� ,W� LV� SDUWLWLRQHG� DQG�
VFKHGXOHG� WR� REWDLQ� RSWLPL]HG� ORJLF�� 7KH� � SVHXGRFRGH�
GHVFULEHG� IRU� WKH� FOLTXH� SDUWLWLRQLQJ� DQG� VFKHGXOLQJ�
DOJRULWKP�HODERUDWHG�OHDGV�WR�D�PRUH�H[DFW�DSSURDFK�WR�WKH�
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LQWHUDFWLRQ� EHWZHHQ� KDUGZDUH� VKDULQJ� DQG� SDUWLDO� VFDQ��
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