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GH�FXUYDV�GH�FDOLEUDomR�FRQVWUXtGDV�SDUD�RV�TXDWUR�7+0�PRQLWRUDQGR�R�VLQDO�QDV�UDLDV�GH�HPLVVmR

GH�FORUR�H�FDUERQR��2V�UHVXOWDGRV�GHVVHV�HVWXGRV�WDPEpP�SHUPLWLUDP�DYDOLDU�D�XWLOLGDGH�GR�GHWHFWRU

0,3�SDUD�D�DQiOLVH�GRV�7+0�HP�FRQFHQWUDo}HV�DPELHQWDLV�WtSLFDV�

7KH�DSSOLFDELOLW\�RI� WKH�FRPSRXQG� LQGHSHQGHQW�FDOLEUDWLRQ�PHWKRG�IRU� WKH�FKURPDWRJUDSKLF

DQDO\VLV�RI�IRXU�WULKDORPHWKDQHV��7+0��DIWHU�GHWHFWLRQ�ZLWK�D�0LFURZDYH�,QGXFHG�+HOLXP�3ODVPD

$WRPLF�(PLVVLRQ�'HWHFWRU� �0,3��ZDV�VWXGLHG��7KH�DSSURDFK�XVHG�ZDV�EDVHG�RQ�FRPSDULVRQ�RI

FDOLEUDWLRQ�FXUYHV�FRQVWUXFWHG�IRU�WKH�7+0�DIWHU�PRQLWRULQJ�WKH�0,3�VLJQDO�DW�D�FDUERQ�HPLVVLRQ

OLQH� DQG� D� FKORULQH� HPLVVLRQ� OLQH�� 7KH� UHVXOWV� RI� WKHVH� VWXGLHV� DOVR� DOORZHG� HYDOXDWLRQ� RI� WKH

XVHIXOQHVV� RI� WKH�0,3� GHWHFWRU� IRU� WKH� DQDO\VLV� RI� WKH� 7+0� DW� W\SLFDO� FRQFHQWUDWLRQ� OHYHOV� RI

HQYLURQPHQWDO�FRQFHUQ�

.H\ZRUGV�� JDV� FKURPDWRJUDSK\�� DWRPLF� HPLVVLRQ� GHWHFWLRQ�� FRPSRXQG� LQGHSHQGHQW

FDOLEUDWLRQ��WULKDORPHWKDQHV

,QWURGXFWLRQ

$QDO\VLV� RI� WULKDORPHWDQH� �7+0��ZDWHU�SROOXWDQWV� LV

XVXDOO\� XQGHUWDNHQ� XVLQJ� WKH� (OHFWURQ� &DSWXUH�'HWHFWRU

�(&'��GXH�WR�LWV�VHQVLWLYLW\�DQG�VHOHFWLYLW\�WRZDUGV�KDOR�

JHQDWHG�FRPSRXQGV��,Q�WKHVH�DQDO\VLV�WKH�VHOHFWLYLW\�RI�WKH

RI� WKH� (&'� WRZDUGV� WKH� 7+0� LV� H[SORLWHG� WR� SURYLGH

FKURPDWRJUDPV�LQ�ZKLFK�WKH�7+0�SHDNV�FDQ�EH�TXDQWLILHG

ZLWKRXW�LQWHUIHUHQFH�RI�H[WUDQHRXV�SHDNV��7KH�0LFURZDYH

,QGXFHG�+HOLXP�3ODVPD�$WRPLF�(PLVVLRQ�'HWHFWRU��0,3�

LV�DQRWKHU�VHOHFWLYH�GHWHFWRU�WKDW�KDV�DGYDQWDJHRXV�FKDUDF�

WHULVWLFV�WKDW�PD\�EH�H[SORLWHG�LQ�WKH�DQDO\VLV�RI�WKH�7+0�

7KH�0,3�LV�DQ�HOHPHQW�VHOHFWLYH�GHWHFWRU�ZKLFK�HQDEOHV

GLIIHUHQWLDWLRQ�DPRQJ� WKH� VHYHUDO�7+0�DFFRUGLQJ� WR� WKH

PRQLWRUHG�KDORJHQ�HPLVVLRQ�OLQH��7KH�0,3�JHQHUDOO\�VKRZV

KLJK�VHQVLWLYLW\�DW�D�FDUERQ�HPLVVLRQ�OLQH��H�J��������QP���

7KXV��LI�WKH�SHDN�REWDLQHG�IRU�D�7+0�DW�D�JLYHQ�KDORJHQ

HPLVVLRQ�OLQH�LV�QRW�DGHTXDWH�IRU�UHOLDEOH�TXDQWLWDWLYH�DQDO\�

VLV�WKH�SRVVLELOLW\�H[LVWV�WKDW�WKH�FKURPDWRJUDP�REWDLQHG�DW

WKH�FDUERQ�OLQH�PD\�EH�XVHG�IRU�WKLV�TXDQWLWDWLRQ��7KH�XVH

RI�WKH�FDUERQ�HPLVVLRQ�OLQH�ZRXOG�GHPDQG�WKH�LGHQWLILFD�

WLRQ�RI� WKH�SURSHU�7+0�SHDN�ZLWKLQ�SRVVLEOH�QRQ�7+0

SHDNV�� 6XFK� LGHQWLILFDWLRQ� FDQ� EH� DSSURSULDWHO\� GRQH� E\

XVLQJ�WKH�UHWHQWLRQ�WLPH�RI� WKH�VDPH�SHDN�PHDVXUHG�LQ�D

FKURPDWRJUDP�REWDLQHG�DW�WKH�VHOHFWLYH�KDORJHQ�HPLVVLRQ

OLQH��RU�LI�SRVVLEOH��FRPSDUH�VLPXOWDQHRXVO\�REWDLQHG�FKUR�

PDWRJUDPV�

7KH�0,3�KDV�SRWHQWLDO�IRU�SHUPLWWLQJ�WKH�XVH�RI�WKH�VR

FDOOHG�FRPSRXQG�LQGHSHQGHQW�FDOLEUDWLRQ�PHWKRG��VR�WKDW

DIWHU�SURSHU�DGMXVWPHQW�RI�WKH�0,3�RSHUDWLRQDO�FRQGLWLRQV

LWV�UHVSRQVH�WRZDUGV�VWUXFWXUDOO\�GLIIHUHQW�FRPSRXQGV�PD\

VWDWLVWLFDOO\�PHUJH� WR� D� FRPPRQ� YDOXH����� ,Q� WKLV� FDVH� LW

ZRXOG� EH� SRVVLEOH� WR� TXDQWLWDWH� D� JLYHQ�7+0�XVLQJ� WKH

FDOLEUDWLRQ�FXUYH�RI�DQRWKHU�7+0���ZKLFK�ZRXOG�EH�YHU\

DGYDQWDJHRXV�LI�WKH�ILUVW�7+0�LV�QRW�DYDLODEOH�DV�DQ�DQD�

O\WLFDO�VWDQGDUG�

,Q� WKH� SUHVHQW� SDSHU� FKORURIRUP�� EURPRGLFKOR�

URPHWKDQH��GLEURPRFKORURPHWKDQH�DQG�EURPRIRUP�ZHUH

XVHG�DV�WHVW�FRPSRXQGV�IRU�WKH�FRQVWUXFWLRQ�RI�FDOLEUDWLRQ

FXUYHV� DW� WKH� FDUERQ� ������ QP� HPLVVLRQ� OLQH� DQG� DW� WKH

$UWLFOH

-��%UD]��&KHP��6RF���9RO�����1R����������������� ������� 6RF��%UDV��4XtPLFD

3ULQWHG�LQ�%UD]LO� �����¤������������������



FKORULQH�������QP�HPLVVLRQ�OLQH��7R�DFFHVV�WKH�IHDVLELOLW\

RI� TXDQWLWDWLRQ� RI� HDFK� RI� WKH� VWXGLHG� 7+0� XVLQJ� WKH

FDOLEUDWLRQ�FXUYH�RI�DQ\�RI�WKH�RWKHU�WKUHH�7+0��¦RYHUDOO§

FDOLEUDWLRQ�FXUYHV�ZHUH�FRQVWUXFWHG��7KHVH�RYHUDOO�FDOLEUD�

WLRQ�FXUYHV�DUH�FRPSRVHG�RI�WKH�UHVSRQVH�GDWD�RI�WKH�IRXU

FRPSRXQGV� REWDLQHG� DW� WKH� &�OLQH� RU� DW� WKH� &O�OLQH�� LQ

UHODWLRQ�WR�WKH�FRUUHVSRQGLQJ�GHWHFWHG�PDVV�RI�FDUERQ�RU�RI

FKORULQH��7KH�RYHUDOO�&�OLQH�DQG�&O�OLQH�FDOLEUDWLRQ�FXUYHV

ZHUH�VWDWLVWLFDOO\�FRPSDUHG�ZLWK� WKH�FRUUHVSRQGLQJ� LQGL�

YLGXDO� FDOLEUDWLRQ� FXUYHV� REWDLQHG� IRU� WKH� IRXU� VWXGLHG

7+0� WR� FRQILUP� WKH� SRVVLELOLW\� RI� XVLQJ� WKH� FRPSRXQG

LQGHSHQGHQW�FDOLEUDWLRQ�PHWKRG�

([SHULPHQWDO

,QVWUXPHQWDWLRQ��7KH�ODE�PDGH�*&�0,3�FRQVLVWHG�RI

DQ�(QKDQFHG�%HHQDNHU�70����UHVRQDQW�FDYLW\�DQG�D�*0:

������'5������0+]�PLFURZDYH�JHQHUDWRU��$+)�$QDOLV�

HQWHFKQLN��7XELQJHQ��*HUPDQ\���7KH�GLVFKDUJH�FHOO�XVHG�LQ

DOO�H[SHULPHQWV�ZDV�PDGH�RI�D�TXDUW]�WXEH�RI���PP�R�G��DQG

�� PP� L�G�� 7KH� SODVPD� JDV� ZDV� JUDGH� ���� KHOLXP� �$LU

3URGXFWV�DQG�&KHPLFDOV��$OOHQWRZQ��3$���7KH�PRQLWRULQJ

DQG�FRQGLWLRQLQJ�RI�WKH�0,3�VLJQDO�ZDV�DFFRPSOLVKHG�ZLWK

D�0XOWLVSHF� ,,� JUDWLQJ�PRQRFKURPDWRU� RI� ����� FP� IRFDO

OHQJWK��2ULHO�&R���6WUDWIRUG��&7���D�PRGHO�������SKRWRP�

XOWLSOLHU�WXEH��2ULHO��DQG�D�PRGHO������KLJK�YROWDJH�VXSSO\

	�DPSOLILHU��2ULHO���7KH�0,3�ZDV�LQWHUIDFHG�WR�D�+3�����

JDV� FKURPDWRJUDSK� �+HZOHWW�3DFNDUG�� $YRQGDOH�� 3$�

WKURXJK�D�KHDWHG�WUDQVIHU�OLQH�

'DWD� FROOHFWLRQ� DQG� DQDO\VLV�� 7KH�0,3� 6LJQDO� ZDV

GLJLWL]HG�E\�D�PRGHO�'7�����$����ELW�$'�FRQYHUWHU��'DWD

7UDQVODWLRQ��0DUOERUR��0$��FRQQHFWHG�WR�D�3&�W\SH�PLFUR�

FRPSXWHU��7KH�$�WR�'�GDWD�FRQYHUVLRQ�ZDV�PDGH�DW����+]�

7KH�FKURPDWRJUDSKLF�GDWD�DQDOLV\V�ZDV�DFFRPSOLVKHG�ZLWK

D�VHOI�GHYHORSHG�VRIWZDUH�ZULWWHQ�LQ�3DVFDO��

7HVW�PL[WXUHV��,VRRFWDQH�VROXWLRQV�RI�WKH�7+0��FKOR�

URIRUP�� EURPRGLFKORURPHWKDQH�� GLEURPRFKORURPHWKDQH

DQG�EURPRIRUP��7KH�FRQFHQWUDWLRQV�RI� WKH� WHVW� VROXWLRQV

ZHUH�DGMXVWHG�WR�KDYH�WKH�IROORZLQJ�GHWHFWHG�PDVVHV������

WR������QJ�&+&O��������WR������QJ�&+%U&O��������WR�����

QJ�&+%U�&O�DQG������WR������QJ�&+%U��

&KURPDWRJUDSKLF�FRQGLWLRQV��&ROXPQ��6(����FURVV�

OLQNHG�PHWK\OVLOLFRQH�)6�FDSLOODU\�FROXPQ�����P�ORQJ��GL� 

�����PP�� GI�  � �����P� �$OOWHFK��'HHUILHOG�� ,/��� ,QMHFWHG

YROXPH� �����P/��&DUULHU�JDV��+H��IORZ� �����P/�PLQ���
6SOLW� UDWLR�  � ����� �&��� �����&O��� &ROXPQ� WHPSHUDWXUH�  

��� �&� WR� ��� �&� DW� ���� �&�PLQ���� ,QMHFWRU� WHPSHUDWXUH�  

�����&��7UDQVIHU�OLQH�WHPSHUDWXUH� ������&��$OO�LQMHFWLRQV

ZHUH�SHUIRUPHG�LQ�WULSOLFDWH�

3ODVPD�FRQGLWLRQV��IORZ�RI�SODVPD�VXSSRUW�JDV��+H�� 

����P/�PLQ��� �&�� DQG� �����P/�PLQ��� �&O���PLFURZDYH

IRUZDUG�SRZHU� ����:��&��DQG�����:��&O���6SHFWURPHWULF

FRQGLWLRQV��PRQLWRUHG�HPLVVLRQ�DQDO\WLFDO�OLQHV� �������QP

�&��DQG�������QP��&O���PRQRFKURPDWRU�HQWUDQFH�DQG�H[LW

VOLW�ZLGWKV� �����PP��+�9��WR�WKH�SKRWRPXOWLSOLHU�WXEH� 

����9��HOHFWURPHWHU�JDLQ� ���[������$�9��
�WR���[���
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5HVXOWV�DQG�'LVFXVVLRQ

7KH�0,3�FRQGLWLRQV�RI�LQSXW�SRZHU�DQG�KHOLXP�IORZ�DW

ERWK�WKH�&�OLQH�DQG�WKH�&O�OLQH��VSHFLILHG�LQ�WKH�([SHULPHQ�

WDO��ZHUH�GHILQHG�E\�SUHYLRXV�FKDUDFWHUL]DWLRQ�H[SHULPHQWV

ZLWK�WKH�0,3�V\VWHP�XVLQJ�WHVW�PL[WXUHV�WKDW�GLG�QRW�LQFOXGH

WKH� 7+0��� 8VLQJ� WKHVH� FRQGLWLRQV�� WULSOLFDWH� FKURPDWR�

JUDPV�ZHUH�REWDLQHG�IRU�HDFK�PDVV�RI�FDUERQ�DQG�FKORULQH

RI� HDFK� RI� WKH� IRXU� 7+0�� )LJXUH� �� GHSLFWV� WZR� RI� WKH

REWDLQHG�FKURPDWRJUDPV��)RU�HDFK�7+0�WKH�VHWV�RI�GDWD

SDLUV�RI�$UHD�YV�0DVV��RI�&�RU�&O��ZHUH�VXEPLWWHG�WR�GDWD

DQDO\VLV�E\�OLQHDU�UHJUHVVLRQ�WR�HVWDEOLVK�WKH�VORSH��6��WKH

LQWHUFHSW��,��DQG�WKH�FRUUHODWLRQ�FRHIILFLHQW��U��RI�WKH�UHJUHV�

VLRQ�HTXDWLRQ�$� �6�P(���,��ZHUH�P(�LV�WKH�GHWHFWHG�PDVV

RI�FDUERQ�RU�FKORULQH��7KH�VORSHV�DQG�WKH�LQWHUFHSWV��ZLWK

WKHLU�VWDQGDUG�GHYLDWLRQV�DQG�FRUUHODWLRQ�FRHIILFLHQWV��IRU

WKH�VHYHQ�FDOLEUDWLRQ�FXUYHV�DUH�VKRZQ�LQ�7DEOH����7KH�$UHD

YV�0DVV�GDWD�RI�DOO�FRPSRXQGV�REWDLQHG�DW�WKH�&�OLQH�ZHUH

JURXSHG�DQG�VXEPLWWHG� WR� WKH�VDPH�GDWD�DQDO\VLV� IRU� WKH

FDOFXODWLRQ�RI�6�� ,� DQG� U�RI� WKH�&�OLQH�RYHUDOO� UHJUHVVLRQ

HTXDWLRQ��7KH�VDPH�SURFHGXUH�ZDV�DSSOLHG�WR�WKH�&O�OLQH

GDWD�WR�REWDLQ�WKH�&O�OLQH�RYHUDOO�UHJUHVVLRQ�HTXDWLRQ��7KH

6�DQG�,��DQG�UHVSHFWLYH�VWDQGDUG�GHYLDWLRQV��DQG�U�RI�WKH�WZR

RYHUDOO�FXUYHV�DUH�DOVR�VKRZQ�LQ�7DEOH����7KH�&�OLQH�DQG

&O�OLQH�RYHUDOO�FDOLEUDWLRQ�FXUYHV�DUH�VKRZQ�LQ�)LJ����

7KH�FRPSDULVRQ�RI�WKH�IRXU�LQGLYLGXDO�&�OLQH�FDOLEUD�

WLRQ�FXUYHV�ZLWK�WKH�RYHUDOO�&�OLQH�FDOLEUDWLRQ�FXUYH�ZDV

GRQH�XVLQJ�D�WZR�VWHS�FDOFXODWLRQ�DSSURDFK��)LUVWO\�LW�ZDV

HVWDEOLVKHG�WKDW�WKH�GDWD�LQWHUSRODWLRQ�GRQH�ZLWK�WKH�RYHUDOO

FDOLEUDWLRQ�FXUYH�ZDV�DV�UHOLDEOH�DV�WKH�LQWHUSRODWLRQ�GRQH

ZLWK�WKH�FRUUHVSRQGLQJ�LQGLYLGXDO�FDOLEUDWLRQ�FXUYHV��7KLV

�� $XJXVWR�	�9DOHQWH -��%UD]��&KHP��6RF�

)LJXUH����7\SLFDO�FKURPDWRJUDPV�RI�WKH�7+0�WHVW�PL[WXUH�DW�WKH�&O�OLQH

�DERYH��DQG�DW�WKH�&�OLQH��EHORZ���3HDN�LGHQWLILFDWLRQ�DQG�GHWHFWHG�PDVVHV�

$� ������QJ�RI�&+&O�������QJ�RI�&O�������QJ�RI�&���%� ������QJ�RI�WKH

&+%U&O�������QJ�RI�&O�������QJ�RI�&���V� �LVRRFWDQH��VROYHQW���&� ������QJ

RI�&+%U�&O������QJ�RI�&O������QJ�RI�&���'� ������QJ�RI�&+%U�������QJ�RI

&O��



ILUVW� VWHS� RI� WKH� FDOFXODWLRQ� ZDV� EDVHG� RQ� WKH� VWDWLVWLFDO

FRPSDULVRQ�RI�WKH�UHODWLYH�UHVLGXDO�GHILQHG�LQ�(T����
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ZHUH�$,�UHSUHVHQWV�HDFK�RI�WKH�H[SHULPHQWDO�DUHDV�XVHG�WR

HVWDEOLVK�WKH�FDOLEUDWLRQ�FXUYH�DQG��$,!�UHSUHVHQWV�WKH�DUHD

LQWHUSRODWHG� IRU� HDFK�GHWHFWHG�PDVV�XVLQJ� WKH� UHJUHVVLRQ

HTXDWLRQ�RI�WKH�FRUUHVSRQGLQJ�FDOLEUDWLRQ�FXUYH��6HWV�RI�55

ZHUH�FDOFXODWHG�IRU�HDFK�LQGLYLGXDO�FDOLEUDWLRQ�FXUYH�DQG

IRU�WKH�WZR�RYHUDOO�FDOLEUDWLRQ�FXUYHV���WKH�QXPEHU�RI�55

LQ�HDFK�VHW� LV�HTXDO� WR� WKH�QXPEHU�RI�$UHD�YV�0DVV�GDWD

SDLUV�� Q�� VKRZQ� LQ� 7DEOH� ��� 7KHQ� HDFK� VHW� RI� 55� ZDV

DYHUDJHG�DQG�WKH�6WXGHQW�W�FRQILGHQFH�LQWHUYDO��DW�WKH����

FRQILGHQFH� OHYHO�ZDV�FDOFXODWHG� IRU�HDFK�DYHUDJH�55��$

VLPLODU�DQDO\VLV�ZDV�FDUULHG�RXW�IRW�WKH�WKUHH�FKORULQH�FRQ�

WDLQLQJ� FRPSRXQGV� DW� WKH� &O�OLQH�� 7KH� UHVXOWV� RI� WKHVH

FDOFXODWLRQV�DUH�VKRZQ�LQ�7DEOH���

$V�FDQ�EH�VHHQ�LQ�7DEOH���IRU�WKH�&O�OLQH�GDWD��ZKHQ�WKH

FRQILGHQFH�LQWHUYDO�LV�WDNHQ�LQWR�DFFRXQW��WKH�DYHUDJH�55

RI�WKH�RYHUDOO�FDOLEUDWLRQ�FXUYH�UDQJHV�IURP���WR�����ZKLOH

IRU�WKH�LQGLYLGXDO�FDOLEUDWLRQ�FXUYH�55�UDQJHV�IURP���WR��

���7KXV��WKH�UDQJH�RI�WKH�55�IRU�WKH�RYHUDOO�FXUYH�RYHUODS

ZLWK�WKH�UDQJH�RI�WKH�55�IRU�WKH�LQGLYLGXDO�FXUYHV��&+&O��

&+%U&O���&+%U�&O���,W�PD\�WKHUHIRUH�EH�FRQFOXGHG�WKDW�WKH

LQWHUSRODWLRQV� PDGH� ZLWK� WKH� &O�OLQH� RYHUDOO� FDOLEUDWLRQ

FXUYH�DUH�DV�UHOLDEOH�DV�WKH�LQWHUSRODWLRQV�PDGH�ZLWK�HLWKHU

RI�WKH�WKUHH�LQGLYLGXDO�FDOLEUDWLRQ�FXUYHV��7KH�GDWD�RI�7DEOH

��VKRZV�WKDW�WKH�VDPH�FRQFOXVLRQ�DOVR�DSSOLHV�WR�WKH�&�OLQH

GDWD�

$V� WKH�DIRUHPHQWLRQHG�FRPSDULVRQ� LQGLFDWHG� WKDW� WKH

VWXGLHG�FDOLEUDWLRQ�FXUYHV�DUH�HTXDOO\�UHOLDEOH�IRU�LQWHUSR�

ODWLRQ� SXUSRVHV� WKH� VHFRQG� VWHS� RI� WKH� FDOFXODWLRQ� ZDV

SHUIRUPHG�WR�GHWHUPLQH�LI�DQ�LQWHUSRODWLRQ�GRQH�ZLWK�WKH

&�OLQH�RYHUDOO�FDOLEUDWLRQ�FXUYH�ZRXOG�UHVXOW�LQ�D�FKURPD�

WRJUDSKLF� DUHD� VWDWLVWLFDOO\� HTXDO� WR� WKH�DUHD� LQWHUSRODWHG

ZLWK�DQ\�RI�WKH�IRXU�LQGLYLGXDO�&�OLQH�FDOLEUDWLRQ�FXUYHV�

7KH�VDPH�FRPSDULVRQ�ZDV�DSSOLHG�WR�FRPSDUH�WKH�&O�OLQH

RYHUDOO�FDOLEUDWLRQ�FXUYH�ZLWK�WKH�WKUHH�FRUUHVSRQGLQJ�&O�

OLQH�FDOLEUDWLRQ�FXUYHV��7KH�EDVLV�IRU�WKH�FRPSDULVRQ�ZDV

WKH�SDUDPHWHU�'�GHILQHG�LQ�(T����

9RO�����1R��������� &KURPDWRJUDSKLF�4XDQWLWDWLRQ�RI�7ULKDORPHWKDQHV�ZLWK�$WRPLF�(PLVVLRQ�'HWHFWLRQ ��

7DEOH����5HJUHVVLRQ�3DUDPHWHUV�RI�WKH�,QGLYLGXDO�&DOLEUDWLRQ�&XUYHV��XQGHU�WKH�IRUPXODH�RI�WKH�7+0��DQG�RI�WKH�2YHUDOO�&DOLEUDWLRQ�&XUYHV�2EWDLQHG

DW�WKH�&DUERQ�DQG�&KORULQH�(PLVVLRQ�/LQHV�

&+&O� &+%U&O� &+%U�&O &+%U� 2YHUDOO�
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D� �QXPEHU�RI�GDWD�SRLQWV��HDFK�ZLWK�WULSOLFDWH�LQMHFWLRQV��XVHG�WR�FRQVWUXFW�WKH�FDOLEUDWLRQ�FXUYH�

)LJXUH����2YHUDOO�FDOLEUDWLRQ�FXUYHV�REWDLQHG�DW���$��WKH�&�OLQH���%��WKH
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7KH�'�SDUDPHWHU�ZDV�GHWHUPLQHG�IRU�HDFK�RI� WKH�GH�
WHFWHG�P(��&�DQG�&O��DQG�WKH�DYHUDJH��'P��RI�HDFK�VHW�RI�'
�&�RU�&O��ZDV�FDOFXODWHG�WRJHWKHU�ZLWK�LWV�FRQILGHQFH�LQWHU�

YDO��$V� FDQ� EH� GHGXFHG� DIWHU� LQVSHFWLRQ� RI�(T�� ���'� H[�
SUHVVHV��IRU�WKH�&�DQG�&O�P(�DQG�IRU�HDFK�RI�WKH�7+0��WKH

GLIIHUHQFH�EHWZHHQ�WKH�RYHUDOO�HTXDWLRQ�LQWHUSRODWHG�FKUR�

PDWRJUDSKLF�DUHD�DQG�WKH�LQGLYLGXDO�HTXDWLRQ�LQWHUSRODWHG

FKURPDWRJUDSKLF�DUHD��7KXV��ZKHQHYHU�'P�LV�VWDWLVWLFDOO\
QXOO�LW�PD\�EH�FRQFOXGHG�WKDW�QR�GLIIHUHQFH�H[LVWV�EHWZHHQ

WKH� RYHUDOO�HTXDWLRQ� LQWHUSRODWHG� FKURPDWRJUDSKLF� DUHD

DQG�WKH�LQGLYLGXDO�HTXDWLRQ�LQWHUSRODWHG�DUHD��6XFK�D�FRQ�

FOXVLRQ�SURYHG�WR�EH�YDOLG�IRU�WKH�7+0�UHVSRQVH�GDWD�DW

ERWK�WKH�&�OLQH�DQG�WKH�&O�OLQH�DV�WKHLU�'P�VWDWLVWLFV�ZHUH�
UHVSHFWLYHO\��'P�&�� ����r������DQG�'P�&O�� ����r������

7KH�0LQLPXP�'HWHFWDEOH�/HYHO��0'/��LQ�SJ�RI�&DUE�

RQ��SJ�RI�&KORULQH�DQG�RI�SJ�RI�7+0��DW�WKH�&�OLQH�DQG�DW

WKH�&O�OLQH�ZHUH�DVFHUWDLQHG�XVLQJ�WKH�FDOLEUDWLRQV�FXUYHV

DQG�DUH�VKRZQ�LQ�7DEOH���

,W�LV�RI�YDOXH�WR�FRQVLGHU�WKH�GDWD�RI�7DEOH���LQ�YLHZ�RI

WKH�DQDO\WLFDO�PHWKRGRORJ\�UHFRPPHQGHG�E\�(3$�IRU�WKH

FKURPDWRJUDSKLF� DQDO\VLV� RI� WKH� SXUJHDEOH� IUDFWLRQ� RI

ZDWHU�FRQWDPLQDQWV���,Q�WKLV�(3$�PHWKRGRORJ\�����P/�RI

ZDWHU�LV�SURFHVVHG�E\�SXUJH�DQG�WUDS�WR�SURYLGH�D�UHFRYHU\

RI�SXUJHDEOH�FRQWDPLQDQWV��LQ�VLPLODU�SURFHVVHV��UHFRYHULHV

DUH�UHSRUWHG�WR�EH�DW�D�OHYHO�RI�����RU�PRUH���,I�WKH�ORZHU

OHYHO�RI�����RI�UHFRYHU\�LV�FRQVLGHUHG�WKH�0'/�RI�7DEOH

��ZRXOG�DOORZ�WKH�TXDQWLWDWLRQ�RI�7+0�GLVVROYHG�LQ�ZDWHU

VDPSOHV� DW� WKH� IROORZLQJ� FRQFHQWUDWLRQV�� ����� PJ�/��� RI
&+&O��������PJ�/���RI�&+%U&O��������PJ�/���RI�&+%U�&O

DQG������PJ�/��RI�&+%U���VXFK�YDOXHV�UHIHU�WR�WKH�TXDQWL�
WDWLRQ�RI�EURPRIRUP�DW�WKH�&�OLQH�DQG�TXDQWLWDWLRQ�RI�WKH

WKUHH� FKORULQDWHG�7+0�DW� WKH�&O�OLQH���7KHVH� GHWHFWDEOH

FRQFHQWUDWLRQV�FRPSDUH�IDYRUDEO\�ZLWK�WKH�PLQLPXP�GHWHFW�

DEOH�FRQFHQWUDWLRQV�JLYHQ�E\�WKH�(3$�PHWKRG�XVLQJ�DQ�(&'

ZKLFK�DUH�������PJ�/���RI�&+&O��������PJ�/���RI�&+%U&O�������
PJ�/���RI�&+%U�&O�DQG������PJ�/���RI�&+%U�����7KXV�LW�PD\
EH�FRQFOXGHG�WKDW�WKH�*&�0,3�HTXLSPHQW�XVHG�LQ�WKH�DERYH

GHVFULEHG� VWXGLHV� LV� DGHTXDWH� IRU� WKH� FKURPDWRJUDSKLF

DQDO\VLV�RI�WKHVH�7+0�DW�WKH�OHYHOV�UHFRPPHQGHG�LQ�WKH

(3$�PHWKRGRORJ\�

&RQFOXVLRQV

,Q�WKHVH�VWXGLHV�RI�7+0�TXDQWLWDWLRQ�E\�*&�0,3�LW�ZDV

SRVVLEOH�WR�DFKLHYH�DQ�DGMXVWPHQW�RI�WKH�FKURPDWRJUDSKLF

V\VWHP� WR� DOORZ� WKH� XVH� RI� WKH� FRPSRXQG� LQGHSHQGHQW

FDOLEUDWLRQ�PHWKRG�� ,W�ZDV�DOVR�HVWDEOLVKHG� WKDW� WKH�0,3

GHWHFWRU� LV� DGHTXDWH� IRU� WKH� TXDQWLWDWLRQ� RI� WKH� 7+0� DW

FRQFHQWUDWLRQV�VLPLODU�WR�WKRVH�UHFRPPHQGHG�E\�WKH�(3$

SURWRFRO��7KLV�LQGLFDWHV�WKDW�WKH�0,3�PD\�EH�XVHG�LQ�DFWXDO

7+0�DQDO\VLV�DV�D�FRPSRXQG�LQGHSHQGHQW�GHWHFWRU�

$FNQRZOHGJPHQW

7KH� DXWKRUV�ZDQW� WR� WKDQN� WR� )$3(63� IRU� JUDQW� QR�

�����������ZKLFK�DOORZHG�WKH�SUHVHQW�ZRUN�

5HIHUHQFHV

��8GHQ��3�&��,Q�(OHPHQW�6SHFLILF�&KURPDWRJUDSKLF�'H�

WHFWLRQ�E\�$WRPLF�(PLVVLRQ�6SHFWURVFRS\��$&6�6\P�

SRVLXP� 6HULHV� ������ $PHULFDQ� &KHPLFDO� 6RFLHW\�

:DVKLQJWRQ�������

�� -RKQVRQ��'��4XLPE\��%���6XOOLYDQ��-�-��$P�/DE�������

�������

��$XJXVWR��)���9DOHQWH��$�/�3��-��+LJK�5HVROXW��&KUR�

PDWRJU��VXEPLWWHG�IRU�SXEOLFDWLRQ�������

��$XJXVWR�� )�� 0�6F�� 'LVVHUWDWLRQ�� 8QLYHUVLGDGH

(VWDGXDO�GH�&DPSLQDV��%UD]LO��������SS�����WR����

��0LOOHU��-�&���0LOOHU��-�1��,Q�(VWDGtVWLFD�SDUD�4XtPLFD

$QDOtWLFD���
QG
�HG���$GGLVRQ�:HVOH\�,EHURDPHULFDQD�

:LOPLQJWRQ��������SS�����WR����

�� (QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��8QLWHG�6WDWHV�RI

$PHULFD�� *XLGHOLQHV� (VWDEOLVKLQJ� 7HVW� 3URFHGXUHV

IRU�WKH�$QDO\VLV�RI�3ROOXWDQWV�XQGHU�&OHDQ�:DWHU�$FW�

)LQDO�5XOH�DQG�,QWHULP�)LQDO�5XOH�DQG�3URSRVHG�5XOH�

3DUW������$SHQGL[�$��0HWKRG�������3XUJHDEOH�+DOR�

FDUERQV����)HGHUDO�5HJLVWHU������������������������SS�

���WR����

�� ,RIIH��%�9���9LWHQEHUJ��$�*��,Q�+HDG�6SDFH�$QDO\VLV

DQG�5HODWHG�0HWKRGV�LQ�*DV�&KURPDWRJUDSK\�

)$3(63�KHOSHG�LQ�PHHWLQJ�WKH�SXEOLFDWLRQ�FRVWV�RI�WKLV�DUWLFOH

�� $XJXVWR�	�9DOHQWH -��%UD]��&KHP��6RF�

7DEOH����$YHUDJH�UHODWLYH�UHVLGXDOV�XVHG�WR�HVWDEOLVK�WKH�UHOLDELOLW\�RI�WKH

&�OLQH� DQG�&O�OLQH� LQGLYLGXDO� FDOLEUDWLRQ�FXUYHV�DQG�RYHUDOO� FDOLEUDWLRQ

FXUYHV�

(PLVVLRQ�/LQH 2YHUDOO�FDOLEUDWLRQ
FXUYH

,QGLYLGXDO
FDOLEUDWLRQ�FXUYH

&���������QP ���r���� ���r����

&O���������QP� ���r���� ���r����

7DEOH� ��� 0LQLPXP� 'HWHFWDEOH� /HYHOV�� LQ� SJ�� IRU� WKH� 7+0� FKURPD�

WRJUDSKLF�DQDO\VLV�FDOFXODWHG�ZLWK�WKH�FDOLEUDWLRQ�FXUYHV�RI�7DEOH���

&���������QP &O���������QP

&RPSRXQG &DUERQ 7+0 &KORULQH 7+0
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