
6WDWLVWLFDO�FRQWURO�LQ�WKH�JODVV�WHFKQRORJ\�UHVHDUFK�DQG�

PDQXIDFWXULQJ�

/DXUD�,RQHVFX�
1DWLRQDO�*ODVV�,QVWLWXWH��7KHRGRU�3DOODG\�����VHFWRU����������%XFKDUHVW��5RPDQLD��

�

,W�LV�ZHOO�NQRZQ�WKDW�WKH�PDWKHPDWLFDO�PHWKRG�WR�LQYHVWLJDWH�DQG�FRQWURO�ODUJH�SRSXODWLRQV�RI�REMHFWV�LV�

WKH� FODVVLFDO� VWDWLVWLFV�� 2QH� RI� WKH� PDQ\� DSSOLFDWLRQV� RI� WKLV� SUHGLFWLYH� PHWKRG� LV� WKH� FRQWURO� RI� WKH�

WHFKQRORJLFDO� SURFHVVHV��7KLV� DSSOLFDWLRQ� HQDEOHV� WKH� XVHU� WR� VDYH� WLPH� DQG�PRQH\� LQ� WKH� SHUVSHFWLYH� RI�

REWDLQLQJ� SURGXFWV� ZLWK� YHU\� SUHFLVH� YDOXHV� RI� SURSHUWLHV� DQG� JRRG� TXDOLW\�� ,Q� WKH� SUHVHQW� SDSHU� WZR�

DSSOLFDWLRQV� DUH� SUHVHQWHG� RI� WKH�ZD\� WR� XVH� WKH� VWDWLVWLFDO� FRQWURO� LQ� WKH� JODVV� WHFKQRORJ\� UHVHDUFK� DQG�

PDQXIDFWXULQJ��2QH�RI�WKHP�UHIHUV�WR�WKH�FRQWURO�RI�WKH�FU\VWDOOLQH�SRSXODWLRQV�GHYHORSHG�RQ�D�JODVV�PDWUL[��

7KLV�DSSURDFK�HQDEOHV�WR�SUHGLFW�WKH�ULJKW�WLPH�DQG�WHPSHUDWXUH�SDUDPHWHUV�RI�WKH�FU\VWDOOL]DWLRQ�SURFHVV�LQ�

RUGHU�WR�DFKLHYH�D�ZHOO�GHILQHG�UDQJH�RI�FU\VWDOOLQH�GLPHQVLRQV��7KH�VHFRQG�DSSOLFDWLRQ�GHDOV�ZLWK�WKH�ZD\�

RI� VWDWLVWLFDO� FRQWURO� LQ� GHYHORSLQJ� D� VPDOO� SURGXFWLRQ� SURFHVV� IRU� JODVV� FDSLOODU\� WXEHV�� 7KLV� DSSURDFK�

HQDEOHV�WR�SUHFLVH�GHWHFW�WKH�PRPHQW�ZKHQ�VRPH�FKDQJHV�ZKLFK�DIIHFW�WKH�SURGXFW�TXDOLW\�VXFFHHGV�LQ�WKH�
SURFHVVLQJ�PDFKLQH�DQG�FRQVHTXHQWO\�WKH�PRPHQW�ZKHQ�VRPH�FRUUHFWLYH�PHDVXUHV�PXVW�EH�DSSOLHG�LQ�RUGHU�

WR�RSWLPL]H�WKH�SURFHVV��

���,QWURGXFWLRQ�

,Q� RUGHU� WR� FRQWURO� WKH� WHFKQRORJ\� IRU� PDNLQJ� JODVV� EDVHG� VWUXFWXUHV�� WR� NQRZ� WKH�
G\QDPLFV�RI�WKH�LQYROYHG�VWUXFWXUDO�WUDQVIRUPDWLRQ�SURFHVVHV�LV�D�QHFHVVLW\��6(0��LQ�WKH�6(�
PRGH� LV� D� PRGHUQ� LQYHVWLJDWLRQ� WRRO� LQ� WKH� ILHOG� RI� PLFURVWUXFWXUH� FKDUDFWHUL]DWLRQ� RI�
FHUDPLF� DQG� JODVVHV�� 6WDWLVWLF� WUHDWPHQWV� RI� WKH� GLPHQVLRQDO� DQG� IUHTXHQFLDO� LQIRUPDWLRQ�
FRQFHUQLQJ� WKH� VWUXFWXUDO� HQWLWLHV� SURGXFH� GDWD� VXFK� DV� FU\VWDO� JURZWK� VSHHGV� DQG� VSHFLILF�
GHQVLWLHV��,Q�WKH�YLWUHRXV�SDUWO\�FU\VWDOOL]HG�VWUXFWXUH�SUHVHQWHG�LQ�WKH�ILUVW�SDUW�RI�WKLV�SDSHU��
WKH�VWUXFWXUDO�HQWLWLHV�DUH�SURGXFHG�LQ�ORZ�FU\VWDOOL]DEOH�YLWUHRXV�PDWUL[�E\�GLIIHUHQW�WLPHV��W��
DQG�WHPSHUDWXUHV��7��RI�WKHUPDO�H[SRVXUH���

7KH� VWDWLVWLF� FRQWURO� LV� DOVR� RQH� RI� WKH� PRGHUQ� WRROV� RI� WKH� IDEULFDWLRQ� SURFHVVHV�
PRQLWRULQJ�DQG�TXDOLW\�HVWLPDWLRQ��7KH�XVH�RI�WKLV�PHWKRG�UHTXLUHV�WKH�IROORZLQJ�VWHSV�WR�EH�
FRQVLGHUHG�� WKH�SULPDU\� DQDO\VLV�� HVWDEOLVKLQJ�HYDOXDWLQJ� WKH�VWDWLVWLFDO� LQGLFDWRUV� FRUUHFWLRQ�
DQG�QHZ�DQDO\VLV�RI�WKH�IDEULFDWLRQ�SURFHVV��

���6WDWLVWLFDO�FRQWURO�RI�WKH�FU\VWDOOL]DWLRQ�SURFHVVHV�

�����%DVLFV�

)LJ���SUHVHQWV�WKH�VWHSV�RI�WKH�VWDWLVWLF�PHWKRG�IRU�FRPSXWLQJ�WKH�JURZWK�VSHHGV�RI�WKH�
FU\VWDOV�GHYHORSHG�LQ�D�ORZ�FU\VWDOOL]DEOH�PDWUL[�DW�GLIIHUHQW�WHPSHUDWXUHV��)RU�HDFK�WKHUPDO�
H[SRVXUH�WHPSHUDWXUH�7��D�SORW�RI�PD[LPXP�FU\VWDO·V�GLPHQVLRQV��GP��YHUVXV�WLPH�W�PXVW�EH�
SHUIRUPHG�� 7KH� VORSH� RI� HDFK� SORW� UHSUHVHQWV� WKH� JURZWK� VSHHG� 9� DW� WKH� FRUUHVSRQGLQJ�
WHPSHUDWXUH�7��7KLV� WUHDWPHQW� LV� EDVHG� RQ� WKH�PHWKRG� RI�3DQDLWH� DQG�0XQWHDQX�� IRU� WKH�
VWDWLVWLF�FRQWURO�RI�SURGXFWV��

�����$SSOLFDWLRQ�RQ�D�YLWUHRXV�SDUWO\�FU\VWDOOL]HG�VWUXFWXUH�LQ�WKH��

6L2��%�2��%D2�3E2�%L�2��V\VWHP�

� )RU� D� ORZ� FU\VWDOOL]DEOH� JODVV� PDWUL[� IURP� WKH� 6L2��%�2��%D2�3E2�%L�2�� V\VWHP��
KDYLQJ� KLJK�3E� DQG�%L� FRQWHQW�� FU\VWDOOLQH� HQWLWLHV�ZDV� GHYHORSHG� RQ� VDPSOHV·� VXUIDFHV� E\�

KHDWLQJ� WKHP�IRU���� ��KRXUV� DW� WHPSHUDWXUHV� LQ� WKH� UDQJH����� �� ���� °&�� �7KH� WHPSHUDWXUH�



UDQJH�IRU�WKH�WKHUPDO�WUHDWPHQWV�ZDV�FKRVHQ�IURP�WKH�'7$�LQYHVWLJDWLRQ�RI�WKH�PDWUL[�JODVV��
$IWHU�D�SUHYLRXV�WKLQ�$O�ILOP�YDFXXP�GHSRVLWLRQ��WKH�VDPSOHV�ZHUH�6(0�LQYHVWLJDWHG��H[��LQ�
)LJ����DQG�WKLV�SULPDU\�LQIRUPDWLRQ�ZDV�WKHQ�WUHDWHG�OLNH�LQ�VHFW�������7KLV�WUHDWPHQW�DOORZ�WR�
SLFWXUH�WKH�WHPSHUDWXUH�GHSHQGHQFH�RI�FU\VWDOV·�JURZWK�VSHHGV�9���)LJ���D���WR�SRVLWLRQ�WKH�
PD[LPXP� JURZWK� VSHHG� LQ� WKH� WHPSHUDWXUH� VFDOH� DQG� DOVR� WR� ILQG� WKH� FRUUHVSRQGLQJ�
LVRPHWULF�FKDUW��)LJ��E����

�

)LJ���3UHVHQWDWLRQ�RI�WKH�VWDWLVWLF�PHWKRG�WR�SURFHVV�SULPDU\�6(0�GDWD
�
�

���������������������� �

D�������������������������������������������������������������������E���

)LJ���6(0�SKRWRV�RQ�D�ORZ�FU\VWDOOL]DEOH�JODVV�PDWUL[�IURP�WKH�6L2��%�2��%D2�3E2�

%L�2��V\VWHP��KDYLQJ�KLJK�3E�DQG�%L�FRQWHQW��KHDWHG�IRU���KRXUV�DW�����°&��WKH�ZKLWH�
]RQHV�LQ�WKH�SKRWRV�UHSUHVHQWV�VRPH�XQGHVLUHG�LQFOXVLRQV�LQ�WKH�JODVV�PDWUL[���

7KLV� FKDUW� UHSUHVHQWV� WKH� FXUYHV� RI� HTXDO� FU\VWDOV� GLPHQVLRQ� LQ� WKH� SODQH� 7,0(� ��
7(03(5$785(�DQG� LW� LV� LQGLVSHQVDEOH� LQ�D�FRQWUROOHG�VL]H�FU\VWDOOL]DWLRQ� WHFKQRORJ\� IRU�
KLJK� TXDOLW\� YLWUHRXV� FU\VWDOOLQH� PDWHULDO·V� V\QWKHVLV�� ,W� HQDEOHV� WKH� XVHU� WR� ILQG� WKH� ULJKW�
WHPSHUDWXUH�DQG� WLPH�IRU� WKH� WKHUPDO�H[SRVXUH� LQ�RUGHU� WR�REWDLQ� D�GHVLUHG�GLPHQVLRQ�IRU�
WKH�GHYHORSHG�FU\VWDOV����
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)LJ���D��&U\VWDOV¶�JURZWK�VSHHGV�DV�D�IXQFWLRQ�RI�WHPSHUDWXUH��E��,VRPHWULF�FRPSXWHG�

FKDUW�LQ�WKH�7���W�SODQH��µP�LQ�WKH�JUD\�VFDOH�OHJHQG��

���6WDWLVWLFDO�FRQWURO�RI�WKH�TXDOLW\�LQ�VPDOO�SURGXFWLRQ�SURFHVVHV�

�����%DVLFV��

,Q� WKH� IROORZLQJ�� WKHUH� DUH� SUHVHQWHG� VRPH� EDVLFDOO\� DVSHFWV� RI� WKH�PHDVXUH� EDVHG�
FRQWURO�� 7KH� SULPDU\� DQDO\VLV� FKHFNV� WKH� SURFHVV� VWDWLF� DQG� G\QDPLF� VWDELOLW\�� 7KH�
WHFKQRORJLFDO�SURFHVV�LV�FRQVLGHUHG�WR�EH�VWDWLFDOO\�VWDEOH�LI��IRU�D�JUHDW�YROXPH�VHOHFWLRQ��WKH�
YDOXHV� RI� WKH� WHVWHG� SURSHUW\� SUHVHQW� D� UDQGRP� YDULDELOLW\� DQG� WKH� FRUUHVSRQGLQJ�
H[SHULPHQWDO�GLVWULEXWLRQ� LV� WKH�QRUPDO�GLVWULEXWLRQ��$�QXPEHU�RI�VXFFHVVLYH�VHOHFWLRQV� DUH�
VWXGLHG� LQ� RUGHU� WR� FKHFN� WKH� G\QDPLF� VWDELOLW\�� 7KH� DGMXVWPHQW� �SRVLWLRQ� RI� WKH� ILHOG�
VFDWWHULQJ��DQG�WKH�SUHFLVLRQ��VFDWWHULQJ�DPSOLWXGH��RI�WKH�WHFKQRORJLFDO�SURFHVV�DUH�HYDOXDWHG�

XVLQJ�DSSURSULDWH�LQGLFDWRUV��WKH�PHDQ�YDOXH�µ�DQG�WKH�GLVSHUVLRQ� �σ ���7KH�G\QDPLF�VWDELOLW\�

LV�SUHVHQW�ZKHQ�WKH�YDOXHV�µL�DQG�σL
��� NL ��= ��IRU�D�QXPEHU�RI�N�LQVSHFWHG�VHOHFWLRQV�SUHVHQW�

VPDOO�RVFLOODWLRQV�DURXQG�D�IL[HG�YDOXH�DQG�GRQ·W�V\VWHPDWLFDOO\�SUHVHQW�DQ�RUGHULQJ�WUHQG��LQ�
DQ� LQFUHDVLQJ� RU� GHFUHDVLQJ� VHTXHQFH���$� WHFKQRORJLFDO� SURFHVV� FDQ� EH� VWDWLF� DQG� G\QDPLF�
VWDEOH� EXW� QRW� SUHFLVHO\� DGMXVWHG�� H�J��� QRW� EHLQJ� LQ� WKH� VSHFLILHG� OLPLWV� RI� WKH� WHFKQLFDO�

GRFXPHQWDWLRQ�RU�QRW�KDYLQJ� WKH�QHFHVVDU\�SUHFLVLRQ��7KH�PHDQ�YDOXH�µ� DQG� WKH�VWDQGDUG�
GHYLDWLRQ�σ �FKDUDFWHUL]H�WKH�DGMXVWPHQW�DQG�WKH�SUHFLVLRQ�RI�WKH�WHFKQRORJLFDO�SURFHVV��7KH�

DGMXVWPHQW� DQG� WKH� SUHFLVLRQ� DUH� HVWLPDWHG� LQ� FRUUHODWLRQ� ZLWK� WKH� SRVLWLRQ� RI� µ� DQG� σ�
UHVSHFWLQJ�WKH�VSHFLILHG�OLPLWV��VHH�WDEOH�����

7KH�PLQLPXP�DGPLVVLEOH� WROHUDQFH� ILHOG� LV�HTXDO�ZLWK� WKH�QDWXUDO�YDULDWLRQ�UDQJH�,19�
FRUUHVSRQGLQJ�WR�D�������VLJQLILFDWLRQ�OHYHO��H�J��� σ����=,19 ��,W�LV�UHFRPPHQGHG�WKDW�WKH�

VSHFLILHG�WROHUDQFH�UDQJH�,76� �/V��/L� �7��WR�UHVSHFW�WKH�FRQGLWLRQ� ������ ÷≅7,19 ��7KH�

FHQWUDO�YDOXH� �7; & = �PXVW�FRUUHVSRQG�ZLWK�WKH�VHWWOHG�YDOXH�RI�µ��7KH�VWDWLVWLFDO�FRQWURO�
EDVHG�RQ�PHDVXUH�FKHFNV�WKH�ORFDOL]DWLRQ�SDUDPHWHU�DQG�WKH�YDULDWLRQ�SDUDPHWHU��DGMXVWPHQW�

DQG�SUHFLVLRQ��ZLWK�WKH�DLG�RI�WKH�IROORZLQJ�LQGLFDWRU�SDLUV��PHDQ�YDOXH�DQG�DPSOLWXGH��µ�:���
PHGLDQ�YDOXH�DQG�DPSOLWXGH��0H�:���PHDQ�YDOXH�DQG�VWDQGDUG�FRUUHFWHG�GHYLDWLRQ��µ�V����
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7DEOH����)UDPLQJ�RI�D�SURGXFWLRQ�SURFHVV�LQ�WKH�VSHFLILHG�OLPLWV�

3RVVLEOH�FDVHV��5HODWLRQV�

EHWZHHQ�SDUDPHWHUV�

7\SH�RI�WKH�SURGXFWLRQ�

SURFHVV�
&RQFOXVLRQV�

3UHFLVHO\��FHQWHUHG��ZLWKRXW�GURS�RXWV� 1RW�FRUUHFWLQJ�

+LJK�SUHFLVLRQ��FHQWHUHG��ZLWKRXW�GURS�

RXWV�

&RUUHFWLQJ��LI�LW�LV�HFRQRPLFDOO\�MXVWLILHG��

1RW�SUHFLVHO\��FHQWHUHG��ZLWK�GURS�RXWV� ,QFUHDVLQJ�WKH�SUHFLVLRQ�

+LJK� SUHFLVLRQ�� QRW�FHQWHUHG�� ZLWKRXW�

GURS�RXWV�

&HQWHULQJ�DQG�UHGXFLQJ�WKH�SUHFLVLRQ��LI�LW�LV�

HFRQRPLFDOO\�MXVWLILHG�

+LJK� SUHFLVLRQ�� QRW�FHQWHUHG�� ZLWK�

GURS�RXWV�

&HQWHULQJ�DQG�UHGXFLQJ�WKH�SUHFLVLRQ��LI�LW�LV�

HFRQRPLFDOO\�MXVWLILHG�

�
1RW�SUHFLVHO\��QRW�FHQWHUHG��ZLWK�GURS�

RXWV�

&RUUHFWLQJ�WKH�SURFHVV�RU�ZRUNLQJ�RQ�

DQRWKHU�PDFKLQH��

�/V��VXSHULRU�WROHUDQFH��/L�²�LQIHULRU�WROHUDQFH�

)RU� D� VHOHFWLRQ� RI� YROXPH� Q�� WKH� XSSHU� LQGLFDWRUV� DUH� FDOFXODWHG� DV� IROORZV� ∑
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ZKHUH� L[ DUH�WKH�YDOXHV�IRU�WKH�FKHFNHG�FKDUDFWHULVWLF���

7KH� PD[LPXP� HIILFLHQF\� VWDWLVWLFDO� FRQWURO� LV� UHDOL]HG� XVLQJ� WKH� SDLU� µ�V�� )RU� WKH�
ORFDOL]DWLRQ�SDUDPHWHU�µ��WKH�FRQWURO�OLPLWV��VXSHULRU�/FV�DQG�LQIHULRU�/FL��DQG�WKH�PRQLWRULQJ�
OLPLWV� � �VXSHULRU� /VV� DQG� LQIHULRU� /VL�� DUH� FDOFXODWHG� XVLQJ� VSHFLILF� UHODWLRQV�� (TXDO� IRU� WKH�
OLPLWV� RI� WKH� YDULDWLRQ� SDUDPHWHU� V� �/·FV� �� /·FL� �/·VV� �� /·VL��� 7KH� PRQLWRULQJ� OLPLW� LV� DQ�
´DGYHUWLVLQJµ�OLPLW�DQG�WKH�SURFHVV�PXVW�EH�FDUHIXOO\�WUDFNHG�ZKHQ�WKLV�OLPLW�LV�H[FHHGHG��7KH�
FRQWURO�OLPLW�LV�DQ�´DFWLRQµ�OLPLW��LW·V�H[FHHGLQJ�LQGLFDWLQJ�WKH�DFWLRQ�QHFHVVLW\��

�����$SSOLFDWLRQ�RQ�D�VPDOO�SURGXFWLRQ�SURFHVV�IRU�JODVV�FDSLODU\�WXEHV�

7KH�XSSHU� EDVLFV�ZHUH� DSSOLHG� RQ� DQ� ´LQ�GHYHORSLQJµ� H[SHULPHQWDO� LQVWDOODWLRQV� RI�
SURGXFLQJ�KHPDWRORJLFDO�FDSLOODU\�WXEHV��LQ�RUGHU�WR�SRLQW�RXW�WKH�VWHSV�WR�EH�SHUIRUPHG�WLOO�
WKH�RSWLPXP�IXQFWLRQLQJ��,W�ZDV�FKHFNHG�WKH�WKUHH�VXFFHVVLYH�GD\V�SURGXFWLRQ�UHSUHVHQWHG�
E\� WKH� ORWV� 5�����SFV���� 5�����SFV��� DQG� 5�����SFV��� KDYLQJ� WKH� IROORZLQJ� SUHVFULEHG�

FKDUDFWHULVWLFV�� H[WHUQDO� GLDPHWHU� PPH[W ���=ϕ �� OHQJWK� / � ��� PP�� RQH� SRLQW� PHDVXULQJ�

GLDPHWHU�WROHUDQFH�� Pµ��± ��WZR�SRLQWV�PHDVXULQJ�GLDPHWHU�WROHUDQFH�� Pµ�± ��%HFDXVH�WKH�

YDOXHV�RI�WKH�FKDUDFWHULVWLF� ϕ∆ ��GHYLDWLRQ�IURP�WKH�SUHVFULEHG�GLDPHWHU��GHWHUPLQHG�E\�RQH�

SRLQW�PHDVXULQJ��SUHVHQW�D�UDQGRP�YDULDWLRQ�� WKH�SURFHVV�ZDV�IRXQG� WR�EH�VWDWLFDOO\�VWDEOH��
)RU�FKHFNLQJ�WKH�G\QDPLF�VWDELOLW\� WKHUH�ZHUH�XVHG���VHOHFWLRQV�RI�YROXPH����RQH�VHOHFWLRQ�
IURP� WKH� 5�� ORW�� WZR� VHOHFWLRQV� IURP� WKH� 5�� ORW� DQG� WZR� VHOHFWLRQV� IURP� WKH� 5�� ORW��
$QDO\]LQJ� WKH� GDWD� IURP� WDEOH� �� LW� ZDV� IRXQG� D� WHQGHQF\� WR� G\QDPLF� LQVWDELOLW\� RI� WKH�
SURFHVV��



7DEOH����6WDWLVWLFDO�LQGLFDWRUV�IRU�HYDOXDWLQJ�WKH�G\QDPLFDO�VWDELOLW\�

6WDWLVWLFDO�LQGLFDWRUV��µµµµP��6HOHFWLRQ�

FRGH�
'D\� ϕ∆ YDOXH��µµµµP��

µµµµL� σσσσL� VL�

3�� �� ���� ���� ���� ���� ��� ����� ������ ������

3�� �� �� ���� ��� ���� ���� ����� ����� ������

3�� �� ���� ���� ��� ���� ���� ����� ������ ������

3�� �� ���� ���� ���� ���� ���� ���� ������ ������

3�� �� ���� ���� ���� ���� ���� ����� ������ �����

�
2Q�WKH�EDVLV�RI�WKH�GDWD�IURP�WDEOH���DQG�RI�WKH�SUHVFULEHG�YDOXHV��WKHUH�ZHUH�IRXQG�

WKH� IROORZLQJ� YDOXHV� IRU� WKH� LQWHUHVW� SDUDPHWHUV�� /V ��µP�� /L � ���µP�� ,19 �����µP��
7 ��µP��;F ��µP�� µ  �����µP�� V �����µP�σ  �����µP��7KH�UHODWLRQ�EHWZHHQ��/V²/L��
DQG�,19��UHVSHFWLYHO\�;F�DQG� µ LV��/V²/L��,19�DQG�;F≠ µ ��,Q�FRQIRUPLW\�ZLWK�WKH�WDEOH�
��LW�LV�WKH�FDVH�RI�D�QRW�SUHFLVHO\��QRW�FHQWHUHG��ZLWK�GURSRXWV���IDEULFDWLRQ�SURFHVV��2Q�WKH�
EDVLV�RI�WKLV�FRQFOXVLRQ��DQ�RSWLPL]DWLRQ�WR�WKH�FDSLOODU\�GUDZLQJ�PDFKLQH�ZDV�SHUIRUPHG�LQ�
WKLV� VWDJH��7KLV�HQDEOHG� WR�REWDLQ�SUHFLVHO\��FHQWHUHG��ZLWKRXW�GURSRXWV� IDEULFDWLRQ�SURFHVV�
DQG�WR�LQWHJUDO�HOLPLQDWH�WKH�SHULRGV�RI�LQVWDELOLW\�RI�WKH�DGMXVWPHQW�DQG�SUHFLVLRQ��OLNH�LQ�WKH�
ILUVW�DQG�WKLUG�DQDO\]HG�GD\V��LQ�FRQIRUPLW\�ZLWK�WKH�FRQWURO�GLDJUDPV�IURP�ILJ�����

�

�

��

�

�

)LJ����&RQWURO�GLDJUDPV�IRU�µ�DQG�V�

���&RQFOXVLRQV��
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