
,QFUHDVLQJ�-DYD�3HUIRUPDQFH�LQ�0HPRU\�FRQVWUDLQHG�
(QYLURQPHQWV�8VLQJ�([SOLFLW�0HPRU\�'HDOORFDWLRQ

*DERU�3DOOHU�������VHSW����
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7KH�*DUEDJH�&ROOHFWLRQ�SUREOHP
� -DYD�LV�PRUH�SURGXFWLYH�ODQJXDJH�WKDQ�H�J��&��

� 2QH�NH\�HQDEOHU�LV�JDUEDJH�FROOHFWHG�KHDS
� ,W�ZDV�VKRZQ�LQ�$SSHO
V������SDSHU�WKDW�JDUEDJH�FROOHFWLRQ�VSHHG FDQ�EH�
FRPSDUDEOH�WR�H[SOLFLW�PHPRU\�DOORFDWLRQ�GHDOORFDWLRQ�LI�WKH�DYDLODEOH�PHPRU\�
LV�ODUJH�HQRXJK�DQG�DSSURSULDWH�DOJRULWKPV�DUH�XVHG��FRS\LQJ�FROOHFWRUV�

� 7KH�UDWLR�EHWZHHQ�WKH�DFWLYH�FHOOV�DQG�WKH�WRWDO�FHOO�QXPEHU�IRU WKH�EUHDN�HYHQ�
SRLQW�GHSHQGV�RQ�D�ORW�RI�IDFWRUV��,Q�$SSHO
V�SDSHU�WKH�H[DPSOH�SDUDPHWHUV�\LHOG���
DV�EUHDN�HYHQ�UDWLR����WLPHV�PRUH�PHPRU\�WKDQ�WKH�VL]H�RI�DFWLYH�FHOOV�

� *DUEDJH�FROOHFWLRQ�FRVWV�
� ,W�FRVWV�PHPRU\�VR�WKDW�WKH�EUHDN�HYHQ�UDWLR�FDQ�EH�DFKLHYHG��WKLV�DVVXPHV�D�
FRS\LQJ�FROOHFWRU�

� ,W�FRVWV�H[HFXWLRQ�WLPH�LI�WKHUH�LV�OHVV�PHPRU\�DYDLODEOH�WKDQ�UHTXLUHG�E\�WKH�
EUHDN�HYHQ�FRQGLWLRQV

� 1RW�D�SUREOHP�LQ�WRGD\
V�GHVNWRSV�DQG�VHUYHUV��MXVW�WKURZ�LQ�PRUH�PHPRU\
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*DUEDJH�FROOHFWLRQ�DQG�PRELOH�V\VWHPV
� 0RELOH�V\VWHPV�DUH�PHPRU\�FRQVWUDLQHG

� %HFDXVH�RI�FRVW��VL]H��SRZHU�FRQVXPSWLRQ����
� 7KHVH�IDFWRUV�DUH�H[SHFWHG�WR�LPSURYH�EXW�WKH�FRQVWUDLQHG�QDWXUH UHPDLQV

� -DYD�LV�DQ�LGHDO�ODQJXDJH�IRU�PRELOH�V\VWHPV
� %HFDXVH�LW�EULGJHV�YHU\�GLIIHUHQW�PRELOH�WHUPLQDO�DUFKLWHFWXUHV

� *DUEDJH�FROOHFWLRQ�SUREOHP�GHWHFWHG
� %H�PHPRU\�FRQVFLRXV��IUHTXHQWO\�UHFRPPHQGHG�SDWWHUQ�LQ�&/'&�0,'3�DSSOLFDWLRQ�
GHVLJQ�

� 7U\�WR�DSSO\�H[SOLFLW�PHPRU\�DOORFDWLRQ�GHDOORFDWLRQ�ZKLOH�SUHVHUYLQJ�WKH�
DWWUDFWLYHQHVV�RI�JDUEDJH�FROOHFWHG�KHDS
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5HODWHG�ZRUN
� 'DWDIORZ�DQDO\VLV�ZDV�SURSRVHG�IRU�-DYD�QDWLYH��DKHDG�RI�WLPH��$27��FRPSLOHUV�
�%ODQFKHW��������:KDOH\�HW�DO���������&KRL�HW�DO��������

� 7KHVH�DSSURDFKHV�DVVXPH�VWDFN�EDVHG�DOORFDWLRQ�RI�FHUWDLQ�REMHFWV��:KHQ�WKH�
PHWKRG
V�VFRSH�LV�OHIW��WKH�FRQWHQW�RI�WKH�VWDFN�OHYHO�LV�GHDOORFDWHG��7KH�GDWDIORZ�
DQDO\VHU�ILQGV�RXW�ZKLFK�REMHFWV�FDQ�EH�DOORFDWHG�RQ�WKH�VWDFN�

� ([SOLFLW�UHJLRQ�EDVHG�GHDOORFDWLRQ�ZDV�SURSRVHG��&KHUHP��5XJLQD�������
� 7KLV�DOORFDWHV�REMHFWV�LQWR�UHJLRQV�DQG�H[SOLFLWO\�IUHHV�UHJLRQV��7KLV�JURXSLQJ�LV�
SUREOHPDWLF��KRZHYHU��WKHUHIRUH�WKH�DXWKRUV�SURSRVH�WKLV�PHWKRG�WR�UHSODFH�
JDUEDJH�FROOHFWLRQ�

� 5HDO�WLPH�-DYD��-65���
� 5HTXLUHV�WKH�SURJUDPPHU�WR�GHFODUH�GHDOORFDWLRQ�H[SOLFLWO\�² QRW�DQ�RSWLRQ�IRU�
PDLQVWUHDP�-DYD�SURJUDPPHUV
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-90�VXSSRUW�IRU�H[SOLFLW�GHDOORFDWLRQ
�:H�SURSRVH�WKDW�E\WHFRGH�FRQWDLQ�H[SOLFLW�LQIRUPDWLRQ�ZKHQ�DQG�ZKDW�LV�
GHDOORFDWHG�

� 7KLV�DOORZV�WR�KDQGOH�WKH�VLWXDWLRQ�ZKHQ�WKH�GHDOORFDWLRQ�VLWH�LV�LQ�GLIIHUHQW�
PHWKRG�WKDQ�WKH�DOORFDWLRQ�VLWH��VWDFN�EDVHG�GHDOORFDWLRQ�FDQQRW�KDQGOH�WKLV�
FDVH�

� 7KH�PHWKRG�SURWRW\SHG�XVHV�D�QHZ�E\WHFRGH�LQVWUXFWLRQ�EXW�DGGLQJ PHWD�
LQIRUPDWLRQ�WR�FODVV�ILOHV�FRXOG�DOVR�EH�XVHG�

� 7KH�H[SOLFLW�GHDOORFDWLRQ�LQIRUPDWLRQ�LV�DGGHG�E\�DQ�RII�OLQH�GDWDIORZ�DQDO\VHU�
�GDWDIORZ�DQDO\VLV�LQ�WKH�SUHVHQFH�RI�FRPSOH[�EUDQFKLQJ�FDQ�EH�YHU\�WLPH�
FRQVXPLQJ�

� 7KLV�H[SOLFLW�GHDOORFDWLRQ�LQIRUPDWLRQ�FDQ�FUDVK�WKH�-90�LI�XVHG PDOLFLRXVO\��H�J��
LI�DQ�DFWLYH�REMHFW�LV�GHDOORFDWHG��-90�FUDVK�FDQ�RFFXU

� ([SOLFLW�GHDOORFDWLRQ�LV�DOORZHG�RQO\�LQ�WUXVWHG�FRGH��H�J��V\VWHP�OLEUDULHV��7KLV�FDQ�EH�
JXDUDQWHHG�E\�H�J��VLJQDWXUH�EDVHG�SROLF\�V\VWHP��7KH�FRGH�FDQ�EH�YHULILHG�IRU�WKH�
SUHVHQFH�RI�H[SOLFLW�GHDOORFDWLRQ�LQIRUPDWLRQ�ZKHQ�WKH�FRGH�LV�LQVWDOOHG�RQ�WKH�
V\VWHP�RU�ZKHQ�WKH�FODVVORDGHU�ORDGV�LW�
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2XU�LPSOHPHQWDWLRQ��GHOHWH��E\WHFRGH�LQVWUXFWLRQ
�1DPH� GHOHWH
� 2SHUDWLRQ� 'HOHWH�DQ�REMHFW�IURP�WKH�KHDS
� 2SHUDQG�VWDFN� �����REMHFWUHI�Æ ���
� 'HVFULSWLRQ� 7KH�LQVWUXFWLRQ�WDNHV�REMHFWUHI IURP�WKH�RSHUDQG�VWDFN�DQG�
PDQLSXODWHV�WKH�KHDS�VWDWH�VR�WKDW�WKH�VSDFH�RFFXSLHG�E\�WKH�REMHFW�SRLQWHG�E\�
REMHFWUHI LV�FRQVLGHUHG�IUHH��,I�WKHUH�LV�ILQDOL]HU�FRGH�DVVRFLDWHG�WR�WKH�REMHFW��LW�
LV�H[HFXWHG��7KLV�VSDFH�FDQ�EH�XVHG�WR�DOORFDWH�D�QHZ�REMHFW�DQG JDUEDJH�
FROOHFWRU�FDQ�KDQGOH�WKLV�SODFH�DV�IUHH�

� 8QOLNH�RWKHU�LQVWUXFWLRQV��GHOHWH LV�QRW�VDIH��,W�VKRXOG�QRW�EH�XVHG�E\�GHYHORSHUV�
GLUHFWO\�EXW�D�GDWDIORZ�DQDO\VHU�LV�HPSOR\HG�WR�SODFH�GHOHWH�LQVWUXFWLRQV�LQWR�
WKH�E\WHFRGH�
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'DWDIORZ�DOJRULWKP�WR�SODFH�GHOHWH��LQVWUXFWLRQV
� GDWDIORZ�DOJRULWKP�WUDFNV�REMHFW�JHQHUDWLRQ�DQG�DVVLJQPHQWV�RI�REMHFW�
UHIHUHQFHV��

� 8VLQJ�GDWDIORZ�DQDO\VLV��LQ�PDQ\�FDVHV�LW�LV�SRVVLEOH�WR�GHWHUPLQH�WKDW�DQ�
REMHFW
V�OLIHWLPH�LV�UHVWULFWHG�WR�D�FHUWDLQ�UHJLRQ�RI�WKH�SURJUDP��

� ,I�WKH�GDWDIORZ�DQDO\VHU�FDQQRW�ILQG�VXFK�D�UHJLRQ��WKH�REMHFW�LV�VDLG�WR�EH�
HVFDSHG��(VFDSHG�REMHFWV�FDQ�UHDOO\�EH�ORQJ�OLYLQJ�REMHFWV�RU�FDQ�EH�REMHFWV�
ZKHUH�WKH�GDWDIORZ�DQDO\VHU�FRXOG�QRW�ILJXUH�RXW�WKH�OLIHWLPH�RI WKH�REMHFW�

� ,Q�WKH�SUHVHQFH�RI�DV\QFKURQRXV�PHFKDQLVPV��H�J��WKUHDGV��LW�LV�DOZD\V�
SRVVLEOH�WR�FUHDWH�VWUXFWXUHV�ZKHQ�VWDWLF�DQDO\VLV�LV�QRW�DEOH�WR�FDOFXODWH�WKH�
OLIHWLPH�RI�WKH�REMHFW��

� *DUEDJH�FROOHFWLRQ�LV�WKHUHIRUH�QRW�HOLPLQDWHG��EXW�WKH�ORDG�RQ�WKH�JDUEDJH�
FROOHFWRU�FDQ�EH�UHGXFHG��7KLV�PHDQV�OHVV�JDUEDJH�FROOHFWLRQ�RYHUKHDG�ZKLFK�\LHOGV�
EHWWHU�SHUIRUPDQFH�����
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6LPSOLILFDWLRQV
� 2XU�GDWDIORZ�DOJRULWKP�LV�EDVHG�RQ�WKH�KHXULVWLF�REVHUYDWLRQ�WKDW�D�ORW�RI�
WHPSRUDU\�REMHFWV�DUH�FUHDWHG�GXULQJ�WKH�H[HFXWLRQ�RI�DQ�DYHUDJH -DYD�
SURJUDP�DQG�WKHVH�WHPSRUDU\�REMHFWV�DUH�QRW�QHFHVVDULO\�VKRUW�OLYHG�

� $V�FRPSRVLWH�GDWD�W\SHV�DUH�DOZD\V�DOORFDWHG�RQ�WKH��KHDS�LQ�-DYD�DQG�-DYD�
FODVV�OLEUDU\�LWVHOI�LV�QLFHO\�REMHFW�RULHQWHG��WKH�VWDQGDUG�FODVV�OLEUDU\��LWVHOI�
FUHDWHV�TXLWH�D�ORW�RI�WHPSRUDU\�REMHFWV��WKH�DVVXPSWLRQ�ZDV�WKDW�VLJQLILFDQW�
JDLQ�FRXOG�EH�UHDOL]HG�LI�WKHVH�WHPSRUDU\�REMHFWV�ZHUH�HOLPLQDWHG�E\�H[SOLFLW�
GHDOORFDWLRQ�

� 6LPSOLILFDWLRQV�
� $VVLJQPHQWV�WR�JOREDO�YDULDEOHV��FODVV�RU�LQVWDQFH�YDULDEOHV��DUH�QRW�WUDFNHG��,I�DQ�
REMHFW�LV�DVVLJQHG�WR�D�JOREDO�YDULDEOH��LW�LV�FRQVLGHUHG�HVFDSHG�

� 0HWKRG�VXPPDU\�LV�H[WUHPHO\�VLPSOLILHG��6XPPDU\�DERXW�D�PHWKRG�LV�DEOH�WR�
GHVFULEH�RQO\�LI�WKH�REMHFW�SDVVHG�WR�WKH�PHWKRG�DV�LQYRFDWLRQ�SDUDPHWHU�DQG�YDOXH�
UHWXUQHG�E\�WKH�PHWKRG�HVFDSHV��
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2EMHFW�UHSUHVHQWDWLRQ�DQG�UHIHUHQFH�JUDSK
� 2EMHFW�UHSUHVHQWDWLRQ��UHSUHVHQWDWLRQ�RI�DQ�REMHFW�DOORFDWLRQ�VLWH��(YHU\�REMHFW�
LQVWDQFH�JHQHUDWHG�DW�WKLV�VLWH�LV�UHSUHVHQWHG�E\�WKH�VDPH�REMHFW�
UHSUHVHQWDWLRQ��2EMHFW�UHSUHVHQWDWLRQ�GHVFULEHV�WKH�DOORFDWLRQ�VLWH��HVFDSH�
VWDWXV�DQG�WKH�UHIHUHQFHV�WKDW�REMHFWV�JHQHUDWHG�DW�WKLV�VLWH�KDYH���ZKHUH�GR�
WKH\�SRLQW�WR��ZKR�SRLQWV�WR�WKHP��$Q�REMHFW�UHSUHVHQWDWLRQ
V�HVFDSH�VWDWXV�
UHSUHVHQWV�ZKHWKHU�WKHUH�LV�SRVVLELOLW\�WKDW�DQ\�REMHFW�JHQHUDWHG�DW�WKLV�VLWH�
HVFDSHV��

� 5HIHUHQFH�JUDSK��VKRZV�UHODWLRQVKLSV�RI�REMHFW�UHSUHVHQWDWLRQV
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'HDOORFDWLRQ�VHW
� 'HDOORFDWLRQ�VHW��ORFDWLRQ�DQG�REMHFW�UHSUHVHQWDWLRQ�RI�D�SRVVLEOH�H[SOLFLW�
GHDOORFDWLRQ�VLWH

� 7KH�GDWDIORZ�DQDO\VHU��H[HFXWHV��WKH�E\WHFRGH�VLPXODWLQJ�WKH�HIIHFWV�RI�
E\WHFRGH�LQVWUXFWLRQV�RQ�WKH�RSHUDQG�VWDFN�DQG�UHIHUHQFH�JUDSK�

� 6RPH�E\WHFRGH�LQVWUXFWLRQV��H�J��DVWRUH��KDYH�VLGH�HIIHFW�WKDW�REMHFWV�FDQ�EH�
FDQGLGDWH�IRU�JDUEDJH�FROOHFWLRQ��(�J��LI�DVWRUH�RYHUZULWHV�D�ORFDO�YDULDEOH�DQG�
WKDW�ORFDO�YDULDEOH�LV�DVVRFLDWHG�ZLWK�DQ�REMHFW�UHSUHVHQWDWLRQ�WKDW�KDG�RQO\�WKLV�
ORFDO�YDULDEOH�DV�LQERXQG�HGJH��ZH�FDQ�SODFH�D�WHQWDWLYH�GHDOORFDWLRQ�VHW�HQWU\�
DW�WKLV�ORFDWLRQ�
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&RQWURO�IORZ
� 7KH�FRQWURO�IORZ�VWUXFWXUH�RI�WKH�DQDO\VHG�SURJUDP�FRPSOLFDWHV�WKLQJV�
VLJQLILFDQWO\�

� ,QWHJHU�R� �QXOO�
,QWHJHU�R�� �QXOO�
LI��FRQG��
R� �QHZ�,QWHJHU������

HOVH�^�����FRQG
R� �QHZ�,QWHJHU������
R�� �R�
`
R� �QXOO�����'RQ
W�GHDOORFDWH��R��PD\�DOVR�SRLQW�WR�WKH�REMHFW�LI��FRQG�SDWK�LV�
WDNHQ�
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&RPSOH[LW\�RI�FRQWURO�IORZ
� 7R�KDQGOH�FRQWURO�IORZ�HIIHFWV�FRUUHFWO\��H[KDXVWLYH�WUDYHUVDO�RI�WKH�FRQWURO�IORZ�
JUDSK�LV�QHHGHG�ZKLFK�PD\�EH�YHU\�WLPH�FRQVXPLQJ�
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'DWDIORZ�DQDO\VHU�DOJRULWKP
� 7KH�DOJRULWKP�DQDO\VHV�PHWKRGV�DFFRUGLQJ�WR�WKH�H[HFXWLRQ�IORZ

� 7KLV�LV�QHHGHG�VR�WKDW�PHWKRG�SDUDPHWHU�DQG�UHWXUQ�YDOXH�HVFDSH�VWDWXV�FDQ�EH�FRQVLGHUHG�DW�
LQYRFDWLRQ�VLWH�

� 7KLV�LV�QRW�LPSOHPHQWHG�FRUUHFWO\�LQ�WKH�SURWRW\SH��ZRUVW�FDVH�VLWXDWLRQ�LV�DVVXPHG�LI�
SUHYLRXVO\�XQ�DQDO\VHG�PHWKRG�LV�HQFRXQWHUHG��DOO�SDUDPHWHUV�DQG�UHWXUQ�YDOXH�HVFDSH��EXW�
WKH�PHWKRG�VXPPDU\�LV�VDYHG��'XULQJ�WKH�QH[W�H[HFXWLRQ�WKH�PHWKRG�VXPPDU\�IURP�WKH�
SUHYLRXV�H[HFXWLRQ�ZLOO�EH�XVHG��7KLV�ZD\�WKH�DQDO\VLV�UHVXOW�FRQYHUJHV�WR�WKH�FRUUHFW�VROXWLRQ�
E\�H[HFXWLQJ�WKH�WRRO�UHSHDWHGO\�

� %\WHFRGH�LQVWUXFWLRQV�DUH�WDNHQ�LQ�H[HFXWLRQ�RUGHU�DQG�WKHLU�HIIHFW�DUH�VLPXODWHG�RQ�WKH�
UHIHUHQFH�JUDSK�DQG�WKH�RSHUDQG�VWDFN

� 'HDOORFDWLRQ�VHW�LV�XSGDWHG�DIWHU�HDFK�LQVWUXFWLRQ��,I�WZR�WUDYHUVDO�RI�WKH�FRQWURO�IORZ�
GRQ
W�\LHOG�WKH�VDPH�GHDOORFDWLRQ�VHW��H�J��WZR�EUDQFKHV�RI�D�FRQGLWLRQDO�EUDQFK�PRGLI\�
WKH�UHIHUHQFH�JUDSK�LQ�D�ZD\�WKDW�RQH�EUDQFK�FUHDWHV�GHDOORFDWLRQ�HQWU\�DQG�WKH�RWKHU�
GRHVQ
W��WKH�GHDOORFDWLRQ�HQWU\�LV�UHPRYHG��7KH�GHDOORFDWLRQ�HQWU\�VXUYLYHV�RQO\�LI�HYHU\�
SRVVLEOH�SDWK�\LHOGV�WKH�VDPH�HQWU\�

� (YHU\�H[HFXWLRQ�SDWK�LV�WUDYHUVHG�H[KDXVWLYHO\�
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$QQRWDWLRQ�
� (YHQWXDOO\�WKH�-DYD�E\WHFRGH�LV�PRGLILHG�DFFRUGLQJ�WR�WKH�GHDOORFDWLRQ�VHW
� (�J��GHDOORFDWLRQ�RI�D�VWDFN�LWHP��UHIHUHQFH�ZKLFK�LV�QHYHU�VDYHG�LQ�DQ\�YDULDEOH�
QHZ�MDYD�ODQJ�2EMHFW
GXS������,QVHUWHG�E\�GDWDIORZ�DQDO\VHU
DVWRUHB����������ORFDO�YDULDEOH����LV�FUHDWHG�E\�WKH�DQDO\VHU
GXS
LQYRNHVSHFLDO�MDYD�ODQJ�2EMHFW��LQLW!��9
���
��� �2EMHFW�GHDOORFDWLRQ�VLWH
DORDGB�� �ORFDO�YDULDEOH����PXVW�QRW�SRLQW�WR�WKH�REMHFW�DIWHU�GHOHWH�
DFRQVWBQXOO
DVWRUHB�
�&RQVXPHV�ODVW�UHIHUHQFH�DQG�GHDOORFDWHV
GHOHWH
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,PSOHPHQWDWLRQ
� 3URWRW\SH�LPSOHPHQWHG�RQ�WRS�RI�-LNHV590�UHVHDUFK�YLUWXDO�PDFKLQH�DQG�VRPH�
RSHQ�VRXUFH�SURJUDPV�

� 'RZQORDG�WKH�LPSOHPHQWDWLRQ�DQG�EHQFKPDUNV�IURP�
KWWS���MDYDVLWH�EPH�KX�aSDOOHU�FRPPRQ�H[SGHDOORF�WDU�J]

� 7KUHH�EHQFKPDUNV�ZHUH�H[HFXWHG�ZLWK�H[SOLFLW�GHDOORFDWLRQ�DQG�ZLWKRXW
� 5HIHUHQFH�JDUEDJH�FROOHFWRU�LV�PDUN�DQG�VZHHS

� 0DUN�DQG�VZHHS�LV�VORZHU�WKDQ�WKH�PRVW�DGYDQFHG�FROOHFWRUV�EXW�GHSOR\HG�
H[WHQVLYHO\�LQ�PRELOH�GHYLFHV

� -LNHV590�JHQHUDWLRQDO�PDUN	VZHHS�FDQQRW�EH�XVHG�DV�H[SOLFLW�DOORFDWLRQ�SURWRW\SH�
EDVH�EHFDXVH�LW�XVHV�EXPS�SRLQWHU�DOORFDWRU�IRU�WKH�QXUVHU\�² QR�ZD\�WR�GHDOORFDWH�
IURP�D�EXPS�SRLQWHU�FROOHFWRU
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5HVXOWV
�:KHQ�WKHUH�LV�HQRXJK�PHPRU\��H[SOLFLW�GHDOORFDWLRQ�LV�QRW�DQ�DGYDQWDJH��7KHUH�
DUH�FDVHV�ZKHQ�LW�LV�HYHQ�D�GLVDGYDQWDJH�EHFDXVH�JDUEDJH�FROOHFWHG�KHDS�LV�
PRUH�FRPSDFW�DQG�JDUEDJH�FROOHFWRU�FRQFHQWUDWHV�WKH�DOORFDWLRQ�GHDOORFDWLRQ�
RSHUDWLRQV�LQWR�RQH�WUDQVDFWLRQ�² DOORFDWLRQ�GHDOORFDWLRQ�VHWXS�SKDVH�LV�GRQH�
RQO\�RQFH�

� $V�WKH�PHPRU\�LV�VTXHH]HG��XS�WR�����SHUIRUPDQFH�JDLQ�LV�UHDOL]HG
� 1RWH�WKDW�ZLWK�ORZ�PHPRU\��JDUEDJH�FROOHFWRU�FDQ�HDVLO\�HDW�XS�����RI�
H[HFXWLRQ�WLPH�

� 2QO\�WKH�EHQFKPDUN�ZDV�LQVWUXPHQWHG��QRW�WKH�-DYD�FODVV�OLEUDU\��-LNHV590�
SUHFRPSLOHV�WKH�VWDQGDUG�FODVV�OLEUDULHV�LQWR�ELQDU\�IRUP���7KH�VWDQGDUG�FODVV�
OLEUDU\�KDV�D�ORW�RI�SURPLVLQJ�GHDOORFDWLRQ�VLWHV�
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&RQFOXVLRQV
� *DUEDJH�FROOHFWLRQ�LV�D�VDIH�DQG�PDWXUH�WHFKQRORJ\�LI�LWV�H[WUD�PHPRU\�
UHTXLUHPHQW�FDQ�EH�VDWLVILHG

� ,I�QRW��VLJQLILFDQW�SHUIRUPDQFH�SHQDOW\�PD\�EH�FDXVHG�E\�JDUEDJH FROOHFWLRQ
� 7KLV�LV�RIWHQ�WKH�FDVH�LQ�PRELOH�V\VWHPV��6ROXWLRQV�

� 0HPRU\�FRQVFLRXV�SURJUDPPLQJ��UHXVH�REMHFWV�
� ([SOLFLW�GHDOORFDWLRQ

� 0DQXDO�² SURGXFWLYLW\�DGYDQWDJH�RI�JDUEDJH�FROOHFWLRQ�GLVDSSHDUV
� $XWRPDWLF�² KDUG�WR�GR�SUHFLVHO\�EXW�HYHQ�VLPSOH�DQDO\VHUV�FDQ�\LHOG�JRRG�UHVXOWV

� $XWRPDWLF�H[SOLFLW�GHDOORFDWLRQ��FDQ�EH�YHU\�WLPH�FRQVXPLQJ�LI�WKH�FRQWURO�IORZ�
VWUXFWXUH�LV�FRPSOH[��+DUG�WR�LQWHJUDWH�LQWR�WKH�-,7�FRPSLOHU�

� 2II�OLQH�DQDO\VLV�ZDV�SURSRVHG�DQG�WKH�SURWRW\SH�SURGXFHG�SURPLVLQJ�UHVXOWV�



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

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


4XHVWLRQV"


