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7KHRUHWLFDO�DQG�([SHULPHQWDO�6WXG\�RI�)DOOLQJ� &\OLQGHU�5KHRPHWHU
6� *K��(WHPDG��5��%DJKHUL�DQG�6�=HLQDOL�+HULV&KHPLFDO�(QJLQHHULQJ�'HSDUWPHQW��,VIDKDQ�8QLYHUVLW\�RI�7HFKQRORJ\��,VIDKDQ��,UDQ

$EVWUDFW7KH� SUHVHQW� VWXG\� DWWHPSWHG� GHULYLQJ� DQG� VROYLQJ� WKH� IDOOLQJ� F\OLQGHU� JRYHUQLQJ�HTXDWLRQV�IRU�SRZHU�ODZ�PRGHO�QRQ�1HZWRQLDQ�IOXLGV��%DVHG�RQ�WKLV�WKHRUHWLFDO�VWXG\��D�QRYHO� IDOOLQJ� F\OLQGHU�UKHRPHWHU��)&5��ZDV�GHVLJQHG�DQG�FRQVWUXFWHG�WR�PHDVXUH�WKH�UKHRORJLFDO� SURSHUWLHV� RI� QRQ�1HZWRQLDQ� IOXLGV�� 'LIIHUHQW� IDOOLQJ� F\OLQGHUV� ZLWK�SUHGHVLJQHG� GHQVLWLHV� ZHUH� XVHG� WR� GHWHUPLQH� WKH� DSSDUHQW� YLVFRVLW\� RI� SRO\YLQ\O�DOFRKRO��39$��VROXWLRQV�LQ�ZDWHU�ZLWK�YDULRXV�FRQFHQWUDWLRQV��7KH�UHVXOWV�LQGLFDWH�WKDW�DOO�39$�VROXWLRQV�REH\� WKH�SRZHU� ODZ�PRGHO�ZLWK WKH�SRZHU� ODZ� LQGH[�DV�ZHOO�DV� WKH�FRQVLVWHQF\�LQGH[�FKDQJLQJ�OLQHDUO\�ZLWK�FRQFHQWUDWLRQ��,QFUHDVLQJ�FRQFHQWUDWLRQ�RI�WKH�VROXWLRQ� GHFUHDVHV� SRZHU� ODZ� LQGH[�� ZKLOH� HQKDQFHV� FRQVLVWHQF\� LQGH[� DQG� DSSDUHQW�YLVFRVLW\�
.H\ZRUGV� )DOOLQJ�&\OLQGHU� 5KHRPHWHU�� 1RQ�1HZWRQLDQ�� 3RO\YLQ\O� DOFRKRO��3RZHU�/DZ��)DOOLQJ�REMHFW

� &RUUHVSRQGLQJ�DXWKRU��7HO�������������������ID[�������������������(�PDLO�DGGUHVV��HWHPDG#FF�LXW�DF�LU

,QWURGXFWLRQ7KH� VWXG\� RI� IORZ� SDVW� D� ULJLG� REMHFW� LV� RI�JUHDW� SUDFWLFDO� LPSRUWDQFH� DQG� EHFDXVH� LW� LV�WKH� IRXQGDWLRQ� RI� D� EUDQFK� RI� IOXLG�PHFKDQLFV��QDPHO\�SDUWLFOH�PHFKDQLFV��LW�KDV�EHHQ�D�VXEMHFW�RI�PDQ\�WKHRUHWLFDO��QXPHULFDO�DQG� H[SHULPHQWDO� LQYHVWLJDWLRQV�� $Q�H[WHQVLYH� OLWHUDWXUH� UHYLHZ� FDQ� EH� IRXQG� LQ�+DSSHO� DQG� %UHQQHU� >�@�� ZKLFK� GHDOV� ZLWK�SDUWLFOH�PRWLRQV�LQ�D�1HZWRQLDQ�IOXLG�DW� ORZ�5H\QROGV�QXPEHUV��3DUWLFOH�PHFKDQLFV� LV� WKH� WKHRUHWLFDO�EDVLV�RI�DQ� H[SHULPHQWDO� DSSURDFK� NQRZQ� DV� WKH�IDOOLQJ� REMHFW�YLVFRPHWU\��ZKLFK�FRQVLVWV�RI�DOORZLQJ� DQ� REMHFW� WR� IDOO� IUHHO\� LQ� D� IOXLG��$IWHU� LQLWLDO� DFFHOHUDWLRQ�� ZKHQ� WKH� H[WHUQDO�GUDJ� RQ� WKH� VXUIDFH� DQG� EXR\DQF\� EHFRPH�HTXDO� WR� WKH� GRZQZDUG� IRUFH� GXH� WR�JUDYLW\��WKH�REMHFW�DWWDLQV�D�FRQVWDQW�WHUPLQDO�YHORFLW\��

%HFDXVH� RI� WKHLU� IDVW� DQG� VLPSOH� RSHUDWLRQ��IDOOLQJ� EDOOV� KDYH� EHHQ� ZLGHO\� XVHG� WR�GHWHUPLQH�WKH�YLVFRVLW\�RI�WKH�1HZWRQLDQ�DQG�QRQ�1HZWRQLDQ� IOXLGV� >���@�� 7KH� IDOOLQJ�F\OLQGHU�YLVFRPHWHUV�DUH�SUHIHUUHG� WR�IDOOLQJ�EDOO� YLVFRPHWHUV� EHFDXVH� LW� LV� HDVLHU� WR�FRQVWUXFW� D� F\OLQGHU� ZLWK� D� SUHGHVLJQHG�GHQVLW\�DQG�LW�LV�PRUH�DPHQDEOH�WR�DQDO\VLV�RI�QRQ�1HZWRQLDQ� IOXLGV� WKDQ� D� VSKHULFDO� EDOO��'HVLJQ� DQG� HYDOXDWLRQ� RI� WKH� IDOOLQJ REMHFWUKHRPHWHUV� IRU� QRQ�1HZWRQLDQ� IOXLGV� ZHUH�SHUIRUPHG� E\ 3DUN� DQG� ,UYLQH� >�@� DQG� 3DUN�>�@�� 7KHLU� PDWKHPDWLFDO� LQYHVWLJDWLRQV� ZHUH�FRQGXFWHG� E\� DVVXPLQJ� QR� HQG� HIIHFWV�� LQ�HVVHQFH��D�F\OLQGHU�RI�LQILQLWH�OHQJWK��7KH�HQG�HIIHFWV� RI�1HZWRQLDQ� IOXLGV�ZHUH� FRQVLGHUHG�E\�VHYHUDO�LQYHVWLJDWRUV�>����@��(WHPDG��HW�DO��>��@� REWDLQHG� WKH� IDOOLQJ HTXDWLRQV IRU DVWHDG\�� D[LV\PPHWULF� IORZ� RI� DQ� LQFRPH�
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SUHVVLEOH��SRZHU�ODZ�PRGHO QRQ�1HZWRQLDQIOXLG ZLWK�HJOLJLEOH�FRQYHFWLYH�WHUPV��7KH�SXUSRVH�RI�WKH�SUHVHQW�DUWLFOH�LV�WR�REWDLQ�DQ� DSSURSULDWH� VROXWLRQ� IRU� IDOOLQJ�F\OLQGHU�UKHRPHWHU� IRU� SRZHU� ODZ� IOXLGV�� DQG� WKHQ�GHVLJQ� DQG� FRQVWUXFWLRQ� RI� DQ� )&5� WR�PHDVXUH� WKH� UKHRORJLFDO� SURSHUWLHV� RI�SRO\YLQ\O� DOFRKRO� ZLWK� GLIIHUHQW� FRQFHQWUD�WLRQV�
7KHRU\�:KHQ� D� F\OLQGHU� LV� GURSSHG� LQ� D� YLVFRXV�IOXLG�� DIWHU� LQLWLDO� DFFHOHUDWLRQ�� WKH� F\OLQGHU�DWWDLQV�D�FRQVWDQW�YHORFLW\�NQRZQ�DV�WHUPLQDO�YHORFLW\��7KHUH�DUH�WKUHH�IRUFHV�DFWLQJ�RQ�WKH�F\OLQGHU��IRUFH�RI�JUDYLW\��DFWLQJ�GRZQZDUG���EXR\DQF\� IRUFH� �DFWLQJ� XSZDUG��� DQG� GUDJ�IRUFH� �DFWLQJ�XSZDUG��� ,W� LV� DVVXPHG� WKDW� WKH�UDWLR� RI� WKH� OHQJWK� WR� WKH� UDGLXV� RI� WKH�F\OLQGHU��/�5��LV�VXIILFLHQWO\�ODUJH�IRU�WKH�HQG�HIIHFWV� WR� EH� QHJOLJLEOH�� :KHQ� WHUPLQDO�YHORFLW\�LV�UHDFKHG��WKH�1HZWRQ¶V�VHFRQG ODZ�UHGXFHV�WR�WKH�UHTXLUHPHQW�WKDW�WKH�IRUFHV�RQ�WKH�F\OLQGHU�DOJHEUDLFDOO\�VXP�XS�WR�]HUR��)LJXUH� �� SUHVHQWV� WKH� IDOOLQJ� F\OLQGHU�UKHRPHWHU��7KH�SRZHU ODZ�PRGHO�FRQVWLWXWLYH�HTXDWLRQ�LV�DV�IROORZV�

Q]U] U9P �� ww� W ;5. R dd ���
Q]U] U9P �� ww� W �dd R5; ���

ZKHUH�5R DQG�; DUH�GLPHQVLRQOHVV�SDUDPHWHUV�DQG�DUH�GHILQHG�DV� WR 5U5  DQG� W
P55;  DQG5P LV� WKH� UDGLXV�DW�ZKLFK�PD[LPXP�YHORFLW\�RFFXUV�7KH� HTXDWLRQ� RI� PRWLRQ� LQ� ]�GLUHFWLRQ� DQG�ERXQGDU\�FRQGLWLRQV�DUH�VLPSOLILHG�WR�
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� U]W DW� W;5U  ���
,QWHJUDWLRQ� RI� ���� ZLWK� WKH� ERXQGDU\�FRQGLWLRQ�����JLYHV�
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7KH� GLPHQVLRQOHVV� YHORFLW\� � ]8 �� LV� GHILQHG�DV�IROORZV�
@����> �� QWW] P/355 9]8 ' ���
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] 55;58 ��� �� � ww ���
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&RPELQDWLRQ� RI� HTXDWLRQV� ���� DQG� ����� RQ�F\OLQGHU�ZDOO �� .5R  \LHOGV�
���� � OVJ;./3 UU � ' ����

6XEVWLWXWLRQ� RI� HTXDWLRQ� ����� LQWR� ���� IRU��.5� R  JLYHV�
�������� �� OVWZ J5/;.;. UUW �� ����
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$�PDVV�EDODQFH� UHODWHG� WR�GLVSODFHG�IOXLG�E\�PRYLQJ� F\OLQGHU� WR� IOXLG� IORZLQJ� EHWZHHQ�F\OLQGHU�DQG�WXEH�JDS�EHFRPHV�DV�IROORZV�³  � ���� . WWRR]W 95.G5595 SS ����
:LWK� UHVSHFW� WR� GLPHQVLRQOHVV� YHORFLW\�GHILQLWLRQ�

³ �� . RR]W G558.8 ����
7KH� LQWHJUDWLRQ� RI� HTXDWLRQ� ����� E\� SDUWV�UHVXOWV�LQ�
³  � � ���. RRR

] G55G5G8 ����
&RPELQDWLRQ RI�HTXDWLRQV������������DQG������\LHOGV�
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,I�YDOXHV�RI�Q DQG�. DUH� VSHFLILHG�� WKH�YDOXH�RI� ; FDQ� EH� FDOFXODWHG� IURP� ������ 7KH�LQWHJUDWLRQ�RI������DQG������ZLWK�WKH�IROORZLQJ�ERXQGDU\�FRQGLWLRQV�JLYHV�
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�OQ�OQ��OQ UU ����
7KH� FRQVLVWHQF\� LQGH[� �P�� DQG� SRZHU� ODZ�LQGH[��Q��RI� WKH�VROXWLRQV�FDQ�EH�GHWHUPLQHG�XVLQJ� WKH� IDOOLQJ�F\OLQGHU� UKHRPHWHU� LQ�IROORZLQJ�VWHSV���� )RU� D� SRZHU�ODZ� IOXLG� D� SORW� RI� W9OQ YV���OQ� OV UU � LV� D� VWUDLJKW� OLQH� ZLWK� D� VORSH�HTXDO�WR�WKH�SRZHU�ODZ�LQGH[��Q����� )URP� HTXDWLRQ� ������ YDOXH� RI� �;�� LV�GHWHUPLQHG�XVLQJ�Q�DQG�.���� )URP� HTXDWLRQ� ������ WKH� YDOXH� RI� 8W LV�FDOFXODWHG���� 8VLQJ� HTXDWLRQ� ����� ZLWK� DQ\� SDLU� RI� W9DQG� �� OV UU � ��YDOXH�RI�P�LV�GHWHUPLQHG�
([SHULPHQWDO7KH� IDOOLQJ�F\OLQGHU� UKHRPHWHU� FRQVLVWV� RI� D�ORQJ� F\OLQGULFDO� FRQWDLQHU� ILOOHG�ZLWK� D� QRQ�1HZWRQLDQ�IOXLG��LQ�ZKLFK�WKH GLIIHUHQW�F\OLQ�GHUV� ZLWK� SUHGHVLJQHG� GHQVLWLHV� DUH� DOORZHG�WR� IDOO�XQGHU� WKH� LQIOXHQFH�RI�JUDYLW\� �)LJXUH�����7KH�D[LV�RI�WKH�IDOOLQJ�F\OLQGHU�LV�SDUDOOHO�WR WKH� JUDYLW\� YHFWRU� 7KH� F\OLQGHUV� ZHUH�
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PDGH RI�F\OLQGULFDO�JODVV� WXEHV�DQG� WKH�HQGV�RI� WKH� F\OLQGHUV� ZHUH� URXQGHG� WR� EH� KHP�LVSKHULFDO� WR� HQVXUH� VWUHDPOLQH� IORZ� DQG� WR�UHGXFH� WKH� HQWUDQFH�DQG� HQG� HIIHFWV�� 7KH�GLPHQVLRQV� RI� WKH� F\OLQGHUV� XVHG� LQ� WKH�SUH�VHQW�LQYHVWLJDWLRQ�DUH�JLYHQ�LQ�7DEOH����6RPHDOXPLQLXP� SRZGHU� FDQ� EH� SODFHG� LQ� WKH�KROORZ� F\OLQGHU� WR� LQFUHDVH� LWV� HIIHFWLYH�GHQVLW\��7KLV�DOVR�VWDELOL]HV�WKH�PRWLRQ�RI�WKH�F\OLQGHU� ZKLFK� PD\� GHYLDWH� IURP� WKH�FHQWHUOLQH��$OVR��D�JXLGH�ULQJ�DVVHPEO\�DW�WKH�WRS�RI�WKH�FHQWHUOLQH�ZDV�XVHG�WR�IDFLOLWDWH�WKH�UHOHDVLQJ�RI� WKH�F\OLQGHU�DORQJ�WKH�FHQWHUOLQH�RI�WKH�ILOOHG�F\OLQGULFDO�FRQWDLQHU�7KH� WHPSHUDWXUH� RI� WKH� IOXLG� ZDV� FRQWUROOHG�XVLQJ�WKH�FLUFXODWLQJ�IOXLG�LQ�WKH�MDFNHW�RI�WKH�FRQWDLQHU�� 7KH� WHUPLQDO� YHORFLW\� RI� WKH�F\OLQGHU� ZDV� GHWHUPLQHG� E\� PHDVXULQJ� WKH�WUDYHOOLQJ� WLPH� RI� WKH� F\OLQGHU� EHWZHHQ� WZR�PHDVXUHPHQW� OLQHV� LQVFULEHG� RQ� WKH�F\OLQGULFDO� FRQWDLQHU�� $W� WKH� ERWWRP� RI� WKH�FRQWDLQHU�DQ�H[LW�YDOYH�ZDV�XVHG�WR�EULQJ�RXW�WKH�F\OLQGHU�DQG�WR�GUDLQ�WKH�WHVW�IOXLGV�7KH�LPSRUWDQW�SDUDPHWHUV�DUH�WKH�IDOOLQJ�WLPH�DQG� GLVWDQFH�� F\OLQGHU� DQG� IOXLG� GHQVLWLHV��

IDOOLQJ� VWDELOLW\�� F\OLQGHU� HFFHQWULFLW\� DQG�WHPSHUDWXUH�YDULDWLRQV��*UHDW� FDUH�ZDV� WDNHQ�WR� JHW� DFFXUDWH� UHVXOWV�� $W WKH� SUHVHQW�LQYHVWLJDWLRQ�� WKH� UKHRORJLFDO� SURSHUWLHV� RI�ZDWHU� VROXWLRQ� RI� SRO\YLQ\O� DOFRKRO��0: ������� DW� GLIIHUHQW� FRQFHQWUDWLRQV� ��WR ��ZHLJKW� SHUFHQWV�� ZHUH�PHDVXUHG� �7DEOH����� 'XH� WR� ZLGH� UDQJH� RI� YLVFRVLWLHV�HQFRXQWHUHG�� WKH�PHDVXUHPHQWV�ZHUH� FDUULHG�RXW� RQ� D� QXPEHU� RI� IDOOLQJ� F\OLQGHUV� RI�GLIIHUHQW� JHRPHWULHV� DQG� GHQVLWLHV�� 7KH�F\OLQGHUV�ZHUH�VHOHFWHG�VR�DV�WR�VORZO\�IDOO�LQ�RUGHU�WR�KDYH�VPDOO�HUURUV�LQ�WKH�WRWDO�IDOOLQJ�WLPH� DV� ZHOO� DV� VPDOO� LQHUWLD� WHUP� LQ� WKH�JRYHUQLQJ� PRWLRQ� HTXDWLRQV�� 7KHUHIRUH�� IRU�ORZ YLVFRVLW\� OLTXLGV� D� ORZ PDVV� IDOOLQJ�F\OLQGHU� ZDV� XVHG� WR� HQVXUH� WKH� WHUPLQDO�YHORFLW\� LV� HVWDEOLVKHG� EHIRUH� WKH� F\OLQGHU�UHDFKHV�WKH�ERWWRP�RI�WKH�FRQWDLQHU��)RU�HDFK�FRQFHQWUDWLRQ�RI�SRO\YLQ\O�DOFRKRO��D�QXPEHU�RI� UHSHDWHG� PHDVXUHPHQWV� ZHUH� PDGH� WR�DVFHUWDLQ� WKH� XQFHUWDLQW\� LQ� WKH� H[SHULPHQWDO�UHVXOWV�� 7KH� DFFXUDF\� RI� WKH� DSSDUDWXV�RSHUDWLRQ� ZDV� FRQILUPHG� ZLWK� YLVFRVLW\�PHDVXUHPHQW�RI�GLVWLOOHG�ZDWHU�
7DEOH��� 'LPHQVLRQV�RI�WKH�F\OLQGHUV�DQG�UKHRORJLFDO�SURSHUWLHV�RI�39$�VROXWLRQV

:HLJKW�SHUFHQW�RI�39$ W
F55.  7��R&�

)OXLG�GHQVLW\�
� �FPJU �

&RQVLVWHQF\�LQGH[�P�
� �VHF�P1 Q �

3RZHU�ODZ�LQGH[��Q� 3RZHU�ODZ�HTXDWLRQ /
�FP�

� ����� �� ����� ������� ����� ������������ Ju W � � ��
� ����� �� ����� ������� ����� ������������ Ju W � � ��
� ����� �� ����� ������� ����� ������������ Ju W � � ��
� ����� �� ����� ������� ����� ������������ Ju W � � ��
� ����� �� ����� ������� ����� ������������� Ju W � � ��
� ����� �� ����� ������� ����� ������������� Ju W � � ��
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)LJXUH����6\PPHWULF�GLDJUDP�RI�IDOOLQJ�F\OLQGHU�UKHRPHWHU
5HVXOWV�DQG�'LVFXVVLRQ�7DEOH� �� VKRZV� WKH� UHVXOWV� RI� D� QXPEHU� RI�F\OLQGHU� UXQV� XVLQJ� ZDWHU� VROXWLRQV� RI�SRO\YLQ\O�DOFRKRO�DW�FRQFHQWUDWLRQV�RI��� WR���ZHLJKW� SHUFHQWV�� 7KH� UKHRORJLFDO� SURSHUWLHV�RI� WKH� VROXWLRQV� ZHUH� FDOFXODWHG XVLQJ� WKH�H[SHULPHQWDO� GDWD� DQG� HTXDWLRQV� �� WR� ��REWDLQHG� E\� (WHPDG�� HW� DO�� >��@�� )RU VHYHUDO�FDVHV�� WKH� GDWD� REWDLQHG� E\� IDOOLQJ� F\OLQGHU�UKHRPHWHU�ZHUH�FRPSDUHG� WR� WKH� UHVXOWV�RI�D�+DDNH� 59��� URWDWLQJ UKHRPHWHU� ZKLFK�LQGLFDWH�YHU\�JRRG�DJUHHPHQW��)LJXUHV���DQG��� SUHVHQW� WKH� H[SHULPHQWDO� GDWD� RI� VKHDU�VWUHVV� YV�� VKHDU� UDWH� DQG� LOOXVWUDWH� KRZ� WKH�SRZHU� ODZ� QRQ�1HZWRQLDQ� PRGHO� ILWV� WKH�H[SHULPHQWDO UHVXOWV� RI� WKH� SUHVHQW� VWXG\��)URP� WKH� ILJXUHV�� LQFUHDVLQJ� VKHDU� UDWH�HQKDQFHV�VKHDU�VWUHVV�EXW�WKH�VORSH�GHFUHDVHV��ZKLFK�FRUUHVSRQGV�WR�SVHXGRSODVWLF�EHKDYLRU��)LJXUH� �� VKRZV� WKH� UHVXOWV� RI� )LJXUH� �� RQORJDULWKPLF� FRRUGLQDWHV� DQG� WKH� OLQHDU� UHOD�WLRQ� EHWZHHQ� WKH� VKHDU� VWUHVV� DQG� VKHDU� UDWH�

HPSKDVL]HV� WKDW� WKH�UKHRORJLFDO�EHKDYLRXU�RI�WKH�VROXWLRQV�REH\�WKH�SRZHU�ODZ�PRGHO��7KH�SRZHU�ODZ� DQG� FRQVLVWHQF\� LQGLFHV� FDQ� EH�REWDLQHG�IURP�WKH�VORSHV�DQG�LQWHUVHFWV�RI�WKH�VWUDLJKW�OLQHV��UHVSHFWLYHO\�)LJXUH���LOOXVWUDWHV�WKH�DSSDUHQW�YLVFRVLW\�YV��VKHDU� UDWH�ZKLFK FDOFXODWHG� IURP� WKH�GDWD�RI�)LJXUH����)URP�)LJXUH����LQFUHDVLQJ�VKHDU�UDWH�UHGXFWHV� WKH� DSSDUHQW� YLVFRVLWLHV� RI� WKH�VROXWLRQV�� ZKLFK� XOWLPDWHO\� DSSURDFK D�FRQVWDQW� YDOXH�� 7KLV� EHKDYLRU� LV� UHODWHG� WR�SVHXGRSODVWLFLW\�RI�WKH�39$�VROXWLRQV��ZKLFK�PHDQV� WKDW� DW� KLJK� VKHDU� UDWHV� WKH� DSSDUHQW�YLVFRVLW\� EHFRPHV� FRQVWDQW� DQG� WKH� IORZ�EHKDYLRU�FRUUHVSRQGV� WR� WKDW�RI�D�1HZWRQLDQ�IOXLG�� )LJXUH� �� VKRZV� WKH� SRZHU�ODZ� LQGH[�YV�� FRQFHQWUDWLRQ� RI� WKH� IOXLG�� $V� VHHQ� LQ�)LJXUH����D�VWUDLJKW�OLQH��HTXDWLRQ�����ILWV�WKH�GDWD� DQG� DV� FRQFHQWUDWLRQ� RI� WKH� IOXLG�LQFUHDVHV�� WKH� SRZHU� ODZ� LQGH[� GHFUHDVHV��7KH� IROORZLQJ HTXDWLRQ LV� DSSOLFDEOH� WR� WKH�H[SHULPHQWDO�GDWD�RI�)LJXUH���
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������������ �� [Q ����)LJXUH� �� LQGLFDWHV� WKH� HIIHFW� RI� IOXLG�FRQFHQWUDWLRQ�RQ�WKH�FRQVLVWHQF\�LQGH[�RI�WKH�3RO\YLQ\O� DOFRKRO� VROXWLRQV�� %DVHG� RQ� WKH�UHVXOWV� RI� )LJXUH� ��� WKH� FRQVLVWHQF\� LQGH[�

LQFUHDVHV� E\� LQFUHDVLQJ� WKH FRQFHQWUDWLRQ� RI�WKH�IOXLG��7KH�IROORZLQJ�VWUDLJKW�OLQH�UHODWLRQ�EHWZHHQ�P�DQG�[�ZDV�GHWHUPLQHG�
������������ � [P

)LJXUH��� 6FKHPDWLF�RI�IDOOLQJ� F\OLQGHU�UKHRPHWHU

7KHUPRPHWHU
6HDOLQJ�7HIORQ�ULQJ

&RQWDLQHU�ZDOO2XWHU�WXEH
:DWHU�MDFNHW

6HDOLQJ�7HIORQ�ULQJ
0RYHDEOH�YDOYH�IRU&\OLQGHU�UHPRYLQJ

&\OLQGHU�ODXQFKHU
*XLGH�ULQJ

9HORFLW\�PHDVXULQJGLVWDQFH
)DOOLQJ�F\OLQGHU
3XPS�0L[HU

:DWHU�EDWK�ZLWK�PL[HU
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)LJXUH �� 6KHDU� VWUHVV� YV�� VKHDU� UDWH� IRU� YDULRXV�FRQFHQWUDWLRQV�R I�39$�VROXWLRQ

)LJXUH �� 6KHDU� VWUHVV� YV�� VKHDU� UDWH� IRU� YDULRXV�FRQFHQWUDWLRQV�RI 39$�VROXWLRQ

)LJXUH �� $SSDUHQW�YLVFRVLW\�YV��VKHDU�UDWH�IRU�YDULRXV�39$�FRQFHQWUDWLRQV
&RQFOXGLQJ�5HPDUNV,Q� WKH� SUHVHQW� LQYHVWLJDWLRQ�� DQ� DQDO\WLFDO�UHODWLRQ� �HTXDWLRQ� ���� ZDV� REWDLQHG� WKDW�

UHODWHV� WKH� UKHRORJLFDO� SURSHUWLHV� RI� WKH�VROXWLRQ�� WKH� F\OLQGHU� WHUPLQDO� YHORFLW\�� DQG�WKH� GHQVLW\� GLIIHUHQFH� RI� WKH� VROXWLRQ� DQG�F\OLQGHU�� 7KHQ�� D� IDOOLQJ�F\OLQGHU� UKHRPHWHU��)&5��ZDV� GHVLJQHG� DQG� FRQVWUXFWHG��ZKLFK�XVHV� KROORZ� F\OLQGULFDO� JODVV� WXEHV� ZLWK�KHPLVSKHULFDO� HQGV� WKDW� DUH� SDUWLDOO\� ILOOHG�ZLWK�DOXPLQXP�SRZGHU�WR�YDU\�WKHLU�HIIHFWLYH�GHQVLWLHV�� 7KH� WHUPLQDO� YHORFLW\� RI� HDFK�F\OLQGHU� ZDV� GHWHUPLQHG� LQ� WZR� FRQVHFXWLYH�VHFWLRQV� RI� WKH� IDOOLQJ� GLVWDQFHV� WR� HQVXUH�HVWDEOLVKPHQW�RI�FRQVWDQW�YHORFLW\��8VLQJ�WKH�H[SHULPHQWDO� GDWD� REWDLQHG� E\� WKH� FRQ�VWUXFWHG� )&5� DQG� HPSOR\LQJ� WKH� DQDO\WLFDO�UHVXOWV� �HTXDWLRQ� ����� WKH� UKHRORJLFDO�SURSHUWLHV� RI� WKH� SRZHU�ODZ� PRGHO� QRQ�1HZWRQLDQ� IOXLGV� FDQ� EH� GHWHUPLQHG�� $V� D�VSHFLILF� FDVH�� WKH� H[SHULPHQWDO� GDWD� RI�GLVWLOOHG�ZDWHU�ZDV�PHDVXUHG��ZKLFK�VKRZV�D�YHU\� JRRG DJUHHPHQW� ZLWK� DYDLODEOH� GDWD� LQ�WKH� OLWHUDWXUH�� 7KH� UKHRORJLFDO� SURSHUWLHV� RI�WKH� VROXWLRQV� RI� SRO\YLQ\O� DOFRKRO� VROXWLRQV�ZLWK� GLIIHUHQW� FRQFHQWUDWLRQV� ZHUH� GHWHU�PLQHG� E\� WKH� FRQVWUXFWHG� UKHRPHWHU�� ZKLFK�LQGLFDWH� WKH�H[FHOOHQW� ILW�RI� WKH�H[SHULPHQWDO�UHVXOWV� ZLWK� SRZHU� ODZ� PRGHO�� /LQHDU�FRUUHODWLRQV� ZHUH� REWDLQHG� EHWZHHQ� WKH�SRZHU�ODZ�LQGH[�DV�ZHOO�DV�FRQVLVWHQF\�LQGH[�DQG� FRQFHQWUDWLRQ� RI� WKH� SRO\YLQ\O� DOFRKRO�VROXWLRQV�
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)LJXUH��� &RQVLVWHQF\�LQGH[�YV��39$�FRQFHQWUDWLRQ
1RPHQFODWXUH�J *UDYLWDWLRQDO�DFFHOHUDWLRQ�� �VHFP. W

F55 ��GLPHQVLRQOHVV/ /HQJWK�RI�F\OLQGHU��P
P &RQVLVWHQF\�LQGH[�� �VHF�P1 Q
Q 3RZHU�ODZ�LQGH[��GLPHQVLRQOHVVU 'LVWDQFH�IURP�FRQWDLQHU�FHQWHU��P5F &\OLQGHU�UDGLXV��P
5R W5U ��GLPHQVLRQOHVV5W &RQWDLQHU�UDGLXV��P8W 'LPHQVLRQOHVV�WHUPLQDO�YHORFLW\8] 'LPHQVLRQOHVV�YHUWLFDO�YHORFLW\��9W 7HUPLQDO�YHORFLW\�� VHFP9] 9HUWLFDO�YHORFLW\�� VHFP[ :HLJKW� SHUFHQW� RI� SRO\YLQ\O� DOFRKRO��GLPHQVLRQOHVV
; WP55 ��GLPHQVLRQOHVV�GLVWDQFH

VU &\OLQGHU�GHQVLW\�� �PNJ
OU /LTXLG�GHQVLW\�� �PNJ

S' 3UHVVXUH�GURS�� �P1
U]W 6KHDU�VWUHVV��1�P��
ZW :DOO�VKHDU�VWUHVV��1�P��

5HIHUHQFHV��� +DSSHO�� -�� DQG� %UHQQHU�� +��� ������� ¶/RZ�5H\QROGV�1XPEHU�+\GURG\QDPLFV�� 0DUWLQXV�1LMKRII��%RVWRQ��� 3RZHOO��5��/���0RQG\��/��$���6WRNHU��*��*���0LOOLNHQ��:�� -�� DQG�*UDKDP��$�� /��� ��������¶'HYHORSPHQW� RI� D� )DOOLQJ� %DOO� 5KHRPHWHU�ZLWK� $SSOLFDWLRQV� WR� 2SDTXH� 6\VWHPV��0HDVXUHPHQW� RI� WKH� 5KHRORJ\� RI� 6XV �SHQVLRQV�RI�5RGVµ��-RXUQDO�RI�5KHRORJ\ ��9RO������������������ %XFKHU�� 7�� +�� DQG� ,UYLQH�� 7� )�� -U��� ��������¶8VH� RI� WKH� )DOOLQJ� %DOO� 9LVFRPHWHU� WR�2EWDLQ� )ORZ� &XUYHV� IRU� ,QHODVWLF� 1RQ �1HZWRQLDQ� )OXLGVµ�� -RXUQDO� RI� 1RQ�1HZWRQLDQ�)OXLG�0HFKDQLFV ��9RO�������������� 3KDQ�7KLHQ��1���=KHQJ��5���DQG�7DQQHU��5��,�����������¶)ORZ�DORQJ�WKH�&HQWHUOLQH�%HKLQG�D�6SKHUH�LQ�8QLIRUP�6WUHDPµ��-RXUQDO�RI�1RQ�1HZWRQLDQ� )OXLG� 0HFKDQLFV �� 9RO�� ���� ���������� -LQ�� +��� 3KDQ�7KLHQ�� 1�� DQG� 7DQQHU�� 5�� ,����������� ¶$� )LQLWH� (OHPHQW� $QDO\VLV� RI� WKH�)ORZ� 3DVW� D� 6SKHUH� LQ� D� &\OLQGULFDO� 7XEH µ��&RPSXWDWLRQDO�0HFKDQLFV��9RO��������������� 3DUN�1�$� DQG ,UYLQH��7� )� �������� ¶0HDVXU�PHQW� RI� 5KHRORJLFDO� )OXLG� 3URSHUWLHV� ZLWK�WKH� )DOOLQJ� 1HHGOH� 9LVFRPHWHU¶� 5HY�� 6FL��,QVWUXP���9RO����1R��������������� 3DUN�1�$��������¶7KH� ,PSURYHPHQW� RQ� WKH�)DOOLQJ�1HHGOH�9LVFRPHWHU�µ5HY��6FL��� :HKEHK�� (�*�� DQG� +XVVH\� 5�*��������¶(QG�(IIHFWV� IRU� &\OLQGHU� 9LVFRPHWHU¶�-�� 3K\VLF�)OXLG�$��9RO�������������� 6RQJ�6LQ�� <�� DQG� &KR�� <�,��������¶� 'HWHU �PLQDWLRQ�RI�WKH�&KDUDFWHULVWLFV�DQG�'LIIXVLRQ�7LPHV�8VLQJ�)DOOLQJ�%DOOV� DQG�1HHGOHV� µ,QW��-�� KHDW� 	� 0DVV� WUDQVIHU� �9RO����1R������ �������� &KHQ�� 0�&�6�� DQG� 6ZLIW�� *�:��� ��������¶$QDO\VLV� RI� (QWUDQFH� DQG� ([LW� (IIHFWV� LQ� D�)DOOLQJ�&\OLQGHU�9LVFRPHWHU µ��$�,�&K�(���9RO��������������
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