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(PEHGGHG�0XOWLFRQGXFWRU�7UDQVPLVVLRQ�/LQH

&KDUDFWHUL]DWLRQ

'\ODQ�)��:LOOLDPV��6HQLRU�0HPEHU��,(((

$EVWUDFW��7KLV�SDSHU�SUHVHQWV�D�PHDVXUHPHQW�PHWKRG�WKDW�FKDUDFWHUL]HV�ORVV\�SULQWHG

PXOWLFRQGXFWRU�WUDQVPLVVLRQ�OLQHV�HPEHGGHG�LQ�WUDQVLWLRQV��FRQQHFWRUV��RU�SDFNDJHV�ZLWK

VLJQLILFDQW�HOHFWULFDO�SDUDVLWLFV��:H�WHVW�WKH�PHWKRG�RQ�D�SDLU�RI�ORVV\�FRXSOHG�DV\PPHWULF

PLFURVWULS�OLQHV�DQG�FRPSDUH�WR�SUHYLRXV�UHVXOWV�

,1752'8&7,21

7KLV�SDSHU�H[WHQGV�WKH�PHDVXUHPHQW�PHWKRG�RI�5HI��>�@�WR�WKH�FKDUDFWHUL]DWLRQ�RI

PXOWLFRQGXFWRU�WUDQVPLVVLRQ�OLQHV�ZLWK�SDUDVLWLF�HOHPHQWV�EHWZHHQ�WKH�PHDVXUHPHQW�UHIHUHQFH

SODQHV�DQG�WKH�OLQHV�XQGHU�WHVW��,W�GHWHUPLQHV�ERWK�WKH�PRGDO�DQG�´SRZHU�QRUPDOL]HGµ

FRQGXFWRU�TXDQWLWLHV�RI�>�@�DQG�>�@�GHVFULELQJ�WKH�OLQH��:H�DSSO\�WKH�PHWKRG�WR�D�SDLU�RI�ORVV\

DV\PPHWULF�FRXSOHG�PLFURVWULS�OLQHV�DQG�FRPSDUH�LW�WR�WKH�UHVXOWV�RI�5HI��>�@�

7KH�FKDUDFWHUL]DWLRQ�PHWKRG�RI�5HI��>�@�GHWHUPLQHV�TXDQWLWLHV�GHVFULELQJ�D�PXOWLFRQGXFWRU

WUDQVPLVVLRQ�OLQH�LQ�LWV�PRGDO�DQG�FRQGXFWRU�UHSUHVHQWDWLRQV�IURP�WZR�SRUW�VFDWWHULQJ�

SDUDPHWHU�PHDVXUHPHQWV�RI�PXOWLSOH�OHQJWKV�RI�WKH�OLQH��+RZHYHU�WKH�PHWKRG�DVVXPHV�WKDW�WKH

HOHFWULFDO�SDUDVLWLFV�RI�WKH�WUDQVLWLRQV�EHWZHHQ�WKH�PHDVXUHPHQW�UHIHUHQFH�SODQH�DQG�WKH�OLQHV

XQGHU�WHVW�FDQ�EH�QHJOHFWHG��7KLV�OLPLWV�WKH�PHWKRG�WR�VLWXDWLRQV�VXFK�DV�RQ�ZDIHU

FKDUDFWHUL]DWLRQ�ZKHUH�WKHVH�SDUDVLWLFV�FDQ�EH�NHSW�WR�D�PLQLPXP��WKH�PHWKRG�ZLOO�IDLO�IRU

PXOWLFRQGXFWRU�OLQHV�HPEHGGHG�LQ�SDFNDJHV�RU�FDEOHV�ZLWK�FRQQHFWRUV�WKDW�KDYH�VLJQLILFDQW

HOHFWULFDO�SDUDVLWLFV�

)LJXUH���LOOXVWUDWHV�WKH�SURFHGXUH�RI�5HI��>�@��,W�EHJLQV�ZLWK�D�PXOWLOLQH�75/�FDOLEUDWLRQ�>�@

ZLWK�UHIHUHQFH�LPSHGDQFH�FRUUHFWLRQ�>�@�LQ�WKH�PLFURVWULS�DFFHVV�OLQHV��7KLV�FDOLEUDWLRQ

FRUUHFWV�IRU�WKH�LPSHUIHFWLRQV�LQ�WKH�DQDO\]HU�DQG�UHPRYHV�WKH�HIIHFWV�RI�WKH�ZDIHU�SUREHV��YLD�

KROH�WUDQVLWLRQV��QRW�VKRZQ���DQG�DFFHVV�OLQHV�XVHG�WR�FRQQHFW�WKH�DQDO\]HU�WR�WKH

PXOWLFRQGXFWRU�OLQHV��LW�DOVR�HOLPLQDWHV�WKH�QHHG�IRU�WKH�PRGHOV�UHTXLUHG�LQ�5HI��>�@�WR�DFFRXQW

IRU�WKH�FRQWDFWV�DQG�DFFHVV�OLQHV�

7KH�LQLWLDO�UHIHUHQFH�SODQH�RI�WKH�75/�FDOLEUDWLRQ�LV�LQ�WKH�PLGGOH�RI�WKH�VKRUWHVW�OLQH�

PDUNHG�$�LQ�WKH�XSSHU�ER[�RI�)LJ�����0HDVXUHPHQWV�DW�WKH�UHIHUHQFH�SODQH�PDUNHG�%�LQ�WKH

XSSHU�ER[�RI�)LJ����GHWHUPLQH�WKH�LPSHGDQFHV�RI�WKH�LPSHUIHFW�ORDGV��ZKLFK�FRQVLVWHG�RI�D

VHFWLRQ�RI�WKH�DFFHVV�OLQH��D�SUREH��DQG�D�FRD[LDO�ORDG�

)RU�HDFK�FRXSOHG�OLQH�PHDVXUHPHQW�WKH�WHUPLQDOV�DW�HDFK�RI�WKH�DQDO\]HU�PHDVXUHPHQW

SRUWV�DUH�FRQQHFWHG�EHWZHHQ�RQH�RI�WKH�FRQGXFWRUV�RI�WKH�WUDQVPLVVLRQ�OLQH�DQG�LWV�JURXQG��WKH

LPSHUIHFW�ORDGV�FRQQHFW�DOO�RI�WKH�UHPDLQLQJ�FRQGXFWRUV�DW�ERWK�WKH�QHDU�DQG�IDU�HQGV�RI�WKH
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OLQH�WR�WKHLU�JURXQGV��7KLV�LV�LOOXVWUDWHG�LQ�WKH�ORZHU�ER[�RI�)LJ�����ZKLFK�VKRZV�RQH�RI�WKH

VHYHUDO�ZD\V�LQ�ZKLFK�WKH�WKH�DQDO\]HU�DQG�ORDGV�ZHUH�FRQQHFWHG�WR�WKH�OLQHV��7KH�ZHLJKWHG

RUWKRJRQDO�GLVWDQFH�UHJUHVVLRQ�DOJRULWKP�RI�5HI��>�@�ILQGV�WKH�PDWULFHV�RI�FRQGXFWRU

WUDQVPLVVLRQ�OLQH�LPSHGDQFHV� �DQG�FRQGXFWRU�DGPLWWDQFHV� �SHU

XQLW�OHQJWK�WKDW�EHVW�UHSURGXFH�WKH�WZR�SRUW�PHDVXUHPHQWV�DW�UHIHUHQFH�SODQH�&�RI�)LJ����RI�WKH

LPSHGDQFHV�RI�VHFWLRQV�RI�WKH�PXOWLFRQGXFWRU�WUDQVPLVVLRQ�OLQHV�WHUPLQDWHG�ZLWK�WKH�LPSHUIHFW

ORDGV�

7KH�SURFHGXUH�RI�5HI��>�@�FDQQRW�DFFRXQW�IRU�WUDQVLWLRQ�SDUDVLWLFV�DW�RU�QHDU�PHDVXUHPHQW

UHIHUHQFH�SODQH�&��7KHVH�WUDQVLWLRQ�SDUDVLWLFV�LQFOXGH�FRXSOLQJ�EHWZHHQ�WKH�DFFHVV�OLQHV�DQG

SDUDVLWLFV�DW�WKH�EHQG�ZKHUH�WKH�DFFHVV�OLQHV�FRQQHFW�WR�WKH�PXOWLFRQGXFWRU�WUDQVPLVVLRQ�OLQHV�

7KLV�LV�EHFDXVH�5HI��>�@�ILWWHG�WKH�PXOWLFRQGXFWRU�WUDQVPLVVLRQ�OLQH�PRGHO�LQ�WKH�XSSHU�SDUW�RI

)LJ�����ZKLFK�GRHV�QRW�LQFOXGH�DQ\�WUDQVLWLRQ�SDUDVLWLFV��WR�WKH�PHDVXUHPHQWV�

5HI��>�@�GLG�QRW�XVH�D�PRGHO�ZLWK�WUDQVLWLRQ�SDUDVLWLFV�EHFDXVH�WKH�SDUDPHWHUV�QHHGHG�IRU�DQ

HOHFWULFDO�PRGHO�WKDW�LQFOXGHV�WUDQVLWLRQ�SDUDVLWLFV�DQG�DUELWUDU\�= �DQG�< �FDQQRW�EH�GHWHUPLQHG
F� � F

IURP�PHDVXUHPHQWV�RI�WKH�OLQH�DORQH��WKHUH�DUH�D�PXOWLSOLFLW\�RI�VROXWLRQV�IRU�WKH�HOHFWULFDO

SDUDPHWHUV�GHVFULELQJ�WKH�WUDQVLWLRQ�SDUDVLWLFV�DQG�WUDQVPLVVLRQ�OLQH�SDUDPHWHUV�WKDW�KDYH

LGHQWLFDO�HOHFWULFDO�EHKDYLRU�DW�WKH�PHDVXUHPHQW�UHIHUHQFH�SODQHV�&��5HI��>�@�FLUFXPYHQWHG�WKLV

OLPLWDWLRQ�E\�UHGXFLQJ�WKH�WUDQVLWLRQ�SDUDVLWLFV�WR�D�PLQLPXP��+RZHYHU�LW�LV�QRW�DOZD\V

SRVVLEOH�WR�UHGXFH�WUDQVLWLRQ�SDUDVLWLFV�LQ�FRQQHFWRUL]HG�FDEOHV�DQG�LQ�PXOWLFRQGXFWRU�OLQHV

HPEHGGHG�LQ�SDFNDJHV�

+HUH�ZH�XVH�D�QHZ�HOHFWULFDO�PRGHO�WKDW�SURSHUO\�DFFRXQWV�IRU�WUDQVLWLRQ�SDUDVLWLFV��7KH

QHZ�PRGHO�LV�VKRZQ�LQ�WKH�ORZHU�SDUW�RI�)LJ�����8QOLNH�WKH�PRGHO�RI�5HI��>�@��XSSHU�SDUW�RI

)LJ������LW�LQFOXGHV�D�JHQHUDO�UHFLSURFDO�IRXU�SRUW�´HUURU�ER[µ�WR�DFFRXQW�IRU�WKH�WUDQVLWLRQ

SDUDVLWLFV�

:H�DOVR�GHYHORS�D�QHZ�WZR�VWHS�SURFHGXUH�WKDW�DYRLGV�WKH�SUREOHP�RI�PXOWLSOH�VROXWLRQV

IRU�WKH�SDUDPHWHUV�= �DQG�< �LQ�WKH�QHZ�DQG�PRUH�FRPSOLFDWHG�HOHFWULFDO�PRGHO��7KH�ILUVW�VWHS
F� � F

RI�WKH�SURFHGXUH�LV�EDVHG�RQ�ORZ�IUHTXHQF\�DSSUR[LPDWLRQV��:KLOH�LW�GRHV�QRW�GHWHUPLQH�= �
F

< ��RU�WKH�SDUDPHWHUV�GHVFULELQJ�WKH�WUDQVLWLRQ�SDUDVLWLFV�DFFXUDWHO\�DW�KLJK�IUHTXHQFLHV��ZH
F

VKRZ�WKDW�LW�ZRUNV�ZHOO�HQRXJK�DW�ORZ�IUHTXHQFLHV�WR�DFFXUDWHO\�GHWHUPLQH� ��WKH�ORZ�

IUHTXHQF\�OLPLW�RI�& �
F

7KH�VHFRQG�VWHS�RI�WKH�SURFHGXUH�LV�EDVHG�RQ�WKH�IDFW�WKDW�< �LV�ZHOO�DSSUR[LPDWHG�E\
F

�RYHU�WKH�HQWLUH�EDQG�RI�PHDVXUHPHQW�IUHTXHQFLHV��)L[LQJ�< �LQ�WKLV�VHFRQG�VWHS�DOORZV
F

DOO�RI�WKH�SDUDPHWHUV�RI�WKH�HOHFWULFDO�PRGHO�WKDW�LQFOXGHV�WUDQVLWLRQ�SDUDVLWLFV�WR�EH�GHWHUPLQHG

XQLTXHO\�DQG�DFFXUDWHO\�IURP�WKH�WZR�SRUW�PHDVXUHPHQWV�RI�WKH�PXOWLFRQGXFWRU�WUDQVPLVVLRQ

OLQHV�RYHU�D�EURDG�EDQG�RI�IUHTXHQFLHV�

0($685(0(17�352&('85(

7KH�ILUVW�VWHS�RI�WKH�QHZ�WZR�VWHS�SURFHGXUH�LV�EDVHG�RQ�HVWLPDWHV�RI�WKH�LPSHGDQFH

SDUDPHWHUV�RI�VLPSOH�UHVLVWLYH�FLUFXLWV�IURP�GF�PHDVXUHPHQWV��7KH�PXOWLSOLFLW\�RI�VROXWLRQV�IRU

WKH�SDUDPHWHUV�RI�WKH�HOHFWULFDO�PRGHO�RI�WKH�OLQH�DQG�WUDQVLWLRQ�SDUDVLWLFV�DUH�HOLPLQDWHG�LQ�WKLV

VWHS�E\�DGGLQJ�PHDVXUHPHQWV�RI�WKHVH�VLPSOH�UHVLVWLYH�FLUFXLWV�HPEHGGHG�LQ�WKH�PXOWLFRQGXFWRU

OLQHV��DV�LOOXVWUDWHG�LQ�WKH�FHQWHU�ER[�RI�)LJ�����WR�WKH�GDWD�VHW�XVHG�LQ�WKH�RSWLPL]DWLRQ�
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+RZHYHU�ZH�DOVR�DVVXPH�WKDW�WKH�LPSHGDQFH�SDUDPHWHUV�RI�WKH�UHVLVWLYH�FLUFXLWV�DUH�HTXDO�WR

WKHLU�GF�YDOXHV��7KXV�ZH�H[SHFW�WKLV�ILUVW�VWHS�RI�WKH�SURFHGXUH�WR�IDLO�WR�DFFXUDWHO\�PRGHO�WKH

WUDQVPLVVLRQ�OLQH�DQG�WUDQVLWLRQ�SDUDVLWLFV�DW�KLJK�IUHTXHQFLHV��ZKHUH�ZH�FDQQRW�DFFXUDWHO\

DSSUR[LPDWH�WKH�LPSHGDQFH�SDUDPHWHUV�RI�WKH�UHVLVWLYH�FLUFXLWV�E\�WKHLU�GF�YDOXHV��+RZHYHU�

ZH�DQWLFLSDWH�WKDW�WKH�PRGHO�ZRXOG�EH�DFFXUDWH�HQRXJK�DW�ORZ�IUHTXHQFLHV�WR�GHWHUPLQH�& �E\
F�

H[WUDSRODWLRQ�RI�WKH�DSSUR[LPDWH�YDOXHV�RI�& �WR�GF�
F

:H�XVHG�VLPXODWHG�GDWD�WR�WHVW�WKH�QHZ�SURFHGXUH��7KH�WZR�SRUW�75/�PHDVXUHPHQW�GDWD

ZDV�WKH�VDPH�DV�WKDW�XVHG�LQ�5HI��>�@��H[FHSW�WKDW�ZH�PXOWLSOLHG�HDFK�RI�WKH�VFDWWHULQJ

SDUDPHWHU�PHDVXUHPHQWV�E\�WKH�VTXDUH�RI�������M��WR�VLPXODWH�WKH�DGGLWLRQ�RI�DQ�DWWHQXDWRU

ZLWK���G%�RI�ORVV�DQG���(�RI�SKDVH�VKLIW�WR�WKH�WUDQVLWLRQ�SDUDVLWLFV��7KLV�QHZ�GDWD�VHW�ZDV�VR

FRUUXSWHG�E\�WKH�DGGLWLRQ�RI�WKH�VLPXODWHG�DWWHQXDWRUV�WR�WKH�WUDQVLWLRQ�SDUDVLWLFV�WKDW�WKH

PHWKRG�RI�5HI��>�@�IDLOHG�WR�GHWHUPLQH�= �RU�< �HYHQ�DSSUR[LPDWHO\�
F� � F

)LJ����VKRZV�WKDW�HVWLPDWHV�RI�WKH�HOHPHQWV�RI�& �IURP�WKH�ILUVW�VWHS�RI�WKH�QHZ�SURFHGXUH
F

DSSOLHG�WR�WKH�VLPXODWHG�GDWD�VHW�FRPSDUHV�ZHOO�ZLWK�WKH�PHDVXUHPHQWV�RI�& �GHWHUPLQHG�E\�WKH
F

PHWKRG�RI�5HI��>�@�IURP�WKH�RULJLQDO�XQFRUUXSWHG�GDWD�DQG�ZLWK�FDOFXODWLRQV�IURP�WKH�IXOO�ZDYH

PHWKRG�RI�5HI��>�@��LW�LV�TXLWH�HDV\�WR�GHWHUPLQH�& �E\�H[WUDSRODWLRQ�RI�& �WR�GF�IURP�WKH�GDWD�
F�� � � � F

,Q�IDFW��WKH�DJUHHPHQW�EHWZHHQ�H[WUDSRODWHG�YDOXHV�RI�& �DQG�WKRVH�GHWHUPLQHG�IURP�WKH
F

RULJLQDO�XQFRUUXSWHG�GDWD�DQG�WKH�PHWKRG�RI�5HI��>�@�ZDV�EHWWHU�WKDQ����

0($685(0(17�2)�=
F

7KH�VHFRQG�VWHS�RI�WKH�QHZ�SURFHGXUH�PHDVXUHV�= ��7R�GHWHUPLQH�= �IURP�WKH�VLPXODWHG
F � � � F

GDWD�ZLWK���G%����(�DWWHQXDWRUV�DGGHG�WR�WKH�WUDQVLWLRQ�SDUDVLWLFV�ZH�DVVXPHG�WKDW�< �ZDV�ZHOO
F

DSSUR[LPDWHG�E\� ��ZH�YHULILHG�WKH�DVVXPSWLRQ� �ZLWK�ILHOG�FDOFXODWLRQV�XVLQJ

WKH�IXOO�ZDYH�PHWKRG�RI�>�@��7KLV�DVVXPSWLRQ��OLNH�WKH�DGGLWLRQ�RI�WKH�UHVLVWLYH�FLUFXLWV�LQ�WKH

ILUVW�VWHS��HOLPLQDWHV�WKH�PXOWLSOLFLW\�RI�VROXWLRQV�LQ�WKH�PRUH�FRPSOLFDWHG�PRGHO�WKDW�LQFOXGHV

WKH�WUDQVLWLRQV�

+RZHYHU�LQ�WKLV�VHFRQG�VWHS�ZH�XVH�RQO\�WKH�PHDVXUHPHQWV�RI�VHFWLRQV�RI�WKH

PXOWLFRQGXFWRU�WUDQVPLVVLRQ�OLQH��DV�LOOXVWUDWHG�LQ�WKH�ORZHU�ER[�RI�)LJ�����WKLV�DYRLGV�WKH�ORZ

IUHTXHQF\�DSSUR[LPDWLRQV�UHTXLUHG�LQ�WKH�ILUVW�VWHS�RI�WKH�SURFHGXUH�DQG�\LHOGV�DFFXUDWH�UHVXOWV

RYHU�WKH�HQWLUH�EDQG�RI�PHDVXUHPHQW�IUHTXHQFLHV�

)LJXUH���FRPSDUHV�WKH�HOHPHQWV�RI�/ �GHWHUPLQHG�E\�WKLV�QHZ�SURFHGXUH�IURP�RXU
F

VLPXODWHG�GDWD�ZLWK���G%����(�DWWHQXDWRUV�DGGHG�WR�WKH�WUDQVLWLRQ�SDUDVLWLFV�WR�WKRVH�GHWHUPLQHG

E\�WKH�PHWKRG�RI�5HI��>�@�IURP�WKH�RULJLQDO�XQFRUUXSWHG�GDWD��7KH�ILJXUH�DJDLQ�VKRZV�JRRG

DJUHHPHQW��HYHQ�DW�KLJK�IUHTXHQFLHV��DQG�GHPRQVWUDWHV�WKH�DFFXUDF\�RI�WKH�PHWKRG��7KH

DJUHHPHQW�EHWZHHQ�WKH�HOHPHQWV�RI�5 �GHWHUPLQHG�E\�WKH�WZR�PHWKRGV�ZDV�DOVR�JRRG�
F

02'$/�48$17,7,(6

7KH�PLFURVWULS�FRXSOHG�OLQHV�LQYHVWLJDWHG�KHUH�VXSSRUW�WZR�GRPLQDQW�TXDVL�7(0�PRGHV�

ZKLFK�DUH�FRPPRQO\�FDOOHG�WKH�F�DQG�%�PRGHV��DQG�ZKLFK�FRUUHVSRQG�WR�WKH�HYHQ�DQG�WKH�RGG

PRGH�RI�WKH�V\PPHWULF�FDVH��UHVSHFWLYHO\��:H�GHWHUPLQHG�WKH�PRGDO�SDUDPHWHUV�GHVFULELQJ�WKH

PXOWLFRQGXFWRU�WUDQVPLVVLRQ�OLQH�IURP�= �DQG�< �XVLQJ�WKH�SURFHGXUH�RI�5HIV��>�@�DQG�>�@�
F� � F

0 - 7 8 0 3 - 4 6 0 3 - 6 / 9 7 / $ 5 . 0 0  ( c )  I E E E



4

)LJXUH���VKRZV�WKDW�WKH�PRGDO�SURSDJDWLRQ�FRQVWDQWV�GHWHUPLQHG�E\�WKH�WZR�PHWKRGV�DJUHH

ZHOO�

)LJXUH���VKRZV�WKH�PRGDO�FURVV�SRZHUV�PHDVXUHG�E\�WKH�QHZ�DOJRULWKP�UHSRUWHG�KHUH��DV

SUHGLFWHG�E\�5HI��>�@�WKH�PHDVXUHG�PRGDO�FURVV�SRZHUV�DUH�ODUJH��7KH�ILJXUH�VKRZV�EHWWHU

DJUHHPHQW�EHWZHHQ�WKH�PRGDO�FURVV�SRZHUV�PHDVXUHG�E\�WKH�QHZ�DOJRULWKP�DQG�FDOFXODWLRQ

XVLQJ�WKH�IXOO�ZDYH�PHWKRG�RI�5HI��>�@�WKDQ�ZDV�UHSRUWHG�LQ�5HI��>�@��7KLV�VKRZV�WKDW�WKH�QHZ

SURFHGXUH�DSSOLHG�WR�WKH�VLPXODWHG�GDWD�ZLWK���G%����(�DWWHQXDWRUV�DGGHG�WR�WKH�WUDQVLWLRQ

SDUDVLWLFV�DFWXDOO\�UHVXOWHG�LQ�PRUH�DFFXUDWH�PHDVXUHPHQWV�WKDQ�WKH�SURFHGXUH�RI�5HI��>�@

DSSOLHG�WR�WKH�RULJLQDO�XQFRUUXSWHG�GDWD��7KLV�LQGLFDWHV�WKDW�WKH�QHZ�SURFHGXUH�FRUUHFWV�QRW

RQO\�IRU�WKH�VLPXODWHG�DWWHQXDWRUV�EXW�DOVR�IRU�WKH�VPDOO�WUDQVLWLRQ�SDUDVLWLFV�LQ�WKH�RULJLQDO

XQFRUUXSWHG�GDWD�DQG�VXJJHVWV�WKDW�WKH�QHZ�SURFHGXUH�LV�PRUH�DFFXUDWH�WKDQ�WKH�ROG�RQH�HYHQ

ZKHQ�WUDQVLWLRQ�SDUDVLWLFV�DUH�VPDOO�

&21&/86,21

:H�SUHVHQWHG�D�PHWKRG�IRU�WKH�PHDVXUHPHQW�DQG�FKDUDFWHUL]DWLRQ�RI�ORVV\�DV\PPHWULF

SULQWHG�PXOWLFRQGXFWRU�WUDQVPLVVLRQ�OLQHV�WKDW�DFFRXQWV�IRU�SDUDVLWLFV�DW�WKH�PHDVXUHPHQW

UHIHUHQFH�SODQHV��7KH�PHWKRG�FDQ�DOVR�LPSURYH�DFFXUDF\�DQG�VKRXOG�ILQG�DSSOLFDWLRQ�LQ�WKH

FKDUDFWHUL]DWLRQ�RI�SDFNDJHG�PXOWLFRQGXFWRU�WUDQVPLVVLRQ�OLQHV�DQG�FRQQHFWRUL]HG�FDEOHV�

ZKLFK�FDQQRW�EH�DQDO\]HG�ZLWK�WKH�PHWKRG�RI�5HI��>�@�

$&.12:/('*0(176

7KH�DXWKRU�DSSUHFLDWHV�WKH�FRQWULEXWLRQV�RI�6WHIDDQ�6HUFX�DQG�/XF�0DUWHQV�DW�WKH

8QLYHUVLW\�RI�*KHQW�LQ�*KHQW��%HOJLXP��ZKR�PDGH�SRVVLEOH�WKH�PHDVXUHPHQWV�UHSRUWHG�KHUH�
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>�@�'��)��:LOOLDPV��´0XOWLFRQGXFWRU�7UDQVPLVVLRQ�/LQH�&KDUDFWHUL]DWLRQ�µ�VXEPLWWHG�WR�,(((

7UDQV��&RPS��3DFNDJ��0DQXIDFW��7HFKQRO�

>�@�'��)��:LOOLDPV��/��$��+D\GHQ��DQG�5��%��0DUNV��´$�FRPSOHWH�PXOWLPRGH�HTXLYDOHQW�

FLUFXLW�WKHRU\�IRU�HOHFWULFDO�GHVLJQ�µ�WR�EH�SXEOLVKHG�LQ�-��5HV��1DWO��,QVW��6WDQG��7HFKQRO�

>�@�1��)DFKp�DQG�'��'H�=XWWHU��´1HZ�KLJK�IUHTXHQF\�FLUFXLW�PRGHO�IRU�FRXSOHG�ORVVOHVV�DQG

ORVV\�ZDYHJXLGH�VWUXFWXUHV�µ�,(((�7UDQV��0LFURZDYH�7KHRU\�7HFK���SS�����������0DUFK

�����

>�@�5��%��0DUNV��´$�0XOWLOLQH�0HWKRG�RI�1HWZRUN�$QDO\]HU�&DOLEUDWLRQ�µ�,(((�7UDQV�

0LFURZDYH�7KHRU\�7HFK���SS�������������-XO\������
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