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-��6KD\HJDQ���)��*KDYLSDQMHK� DQG�+��0HKGL]DGHK�y���&KHPLFDO�DQG�3HWUROHXP (QJLQHHULQJ�'HSDUWPHQW��6KDULI�8QLYHUVLW\�RI�7HFKQRORJ\��7HKUDQ��,UDQ����0DWHULDO�DQG�(QHUJ\�5HVHDUFK�&HQWUH� 7HKUDQ��,UDQ�

$EVWUDFW,Q�WKLV�SDSHU��D�PDWKHPDWLFDO�PRGHO�KDV�EHHQ�GHULYHG�WR�SUHGLFW�WKH�JUDQXODWLRQ�WLPH�RI�DQDHURELF� VOXGJH� LQ�8$6%� UHDFWRUV�� ,Q� WKH� SURSRVHG�PRGHO�� VRPH� SK\VLFDO�� FKHPLFDO�DQG�ELRORJLFDO�SDUDPHWHUV�DIIHFWLQJ�WKH�JUDQXODWLRQ�SKHQRPHQD�KDYH�EHHQ�FRQVLGHUHG��7R�YDOLGDWH� WKH�PRGHO�����SLORW�VFDOH�H[SHULPHQWV� LQ���8$6%�UHDFWRUV�DUH�FDUULHG�RXW�DQG� WKH� UHVXOWV� DUH� GLVFXVVHG� KHUH�� 7KH� UHDFWRUV� DUH� VWDUWHG� XS� DW� GLIIHUHQW�HQYLURQPHQWDO� FRQGLWLRQV� DQG� WKH� JUDQXODWLRQ� WLPH� LQ� HDFK� H[SHULPHQW� LV� GHWHUPLQHG��7KH�UHVXOWV�VKRZ�WKDW�WKH�PRGHO�LV�DEOH�WR�H[SODLQ�GLIIHUHQW�PHFKDQLVPV�LQYROYHG�LQ�WKH�JUDQXODWLRQ�SURFHVV�.H\ZRUGV�0RGHOLQJ��8$6%�5HDFWRU��*UDQXODWLRQ��$QDHURELF�6OXGJH

 � &RUUHVSRXGLQJ�DXWKRU��(PDLO��VKD\HJDQ#VKDULI�HGXy � 'HFHDVHG

,QWURGXFWLRQ%DFWHULDO�DJJUHJDWLRQ�LQ�WKH�IRUP�RI�JUDQXOHV�LV� DQ� HVVHQWLDO� SURFHVV� LQ� 8$6%� UHDFWRUV��7KLV� DJJUHJDWLRQ� RFFXUV� PDLQO\� GXULQJ� WKH�VWDUW�XS� SHULRG� RI� WKHVH� UHDFWRUV� ZKHQ�VXLWDEOH� SURFHVV� SDUDPHWHUV� DUH� PDLQWDLQHG�>�@�� 7KH� QDWXUH� RI� WKH� PLFURRUJDQLVP�FRQQHFWLRQ� LQWR�DJJUHJDWHV� LV�QRW�FOHDU�DQG�D�QXPEHU� RI� VOLJKWO\� GLIIHUHQW� WKHRULHV� KDYH�EHHQ� SXEOLVKHG�� 7KHRULHV� RI� JUDQXODWLRQ�LQFOXGH� WKH� LQIOXHQFH� RI�� D�� VXUIDFH� DFWLYLW\��E�� UHODWLYH� VXEVWUDWH� NLQHWLFV�� F�� LQWHUDFWLRQV�DQG� VSDWLDO� UHTXLUHPHQWV� RI� REOLJDWH V\QWUR�SKLF� JURXSV� DQG� G�� LPSDFW� RI� D� QXPEHU� RI�HQYLURQPHQWDO� IDFWRUV� VXFK� DV� S+�� WHPSHUD�WXUH��DQG�LQWHUPHGLDWH�FRQFHQWUDWLRQV�>�@�,Q�JHQHUDO�� LW� LV�EHOLHYHG� WKDW�PDQ\�SK\VLFDO��FKHPLFDO� DQG�ELRORJLFDO� IDFWRUV� DUH� LQYROYHG�LQ�JUDQXODWLRQ�SKHQRPHQD� LQ�8$6%�UHDFWRUV�VXFK� DV�� VOXGJH� ORDGLQJ� UDWH�� TXDQWLW\� RU�

FRQFHQWUDWLRQ� RI� VHHG�ELRPDVV�� LQLWLDO� PLF�URELDO� SRSXODWLRQ�� W\SH� RI� ZDVWHZDWHU� DQG�RSHUDWLQJ� FRQGLWLRQV�� )DFWRUV� DIIHFWLQJ� WKH�PLFURELDO� DJJUHJDWLRQ� KDYH� EHHQ� VWXGLHG� LQ�QXPHURXV� UHSRUWV� LQ� RUGHU� WR� XQGHUVWDQG� WKH�JUDQXODWLRQ� PHFKDQLVP� >���@�� +RZHYHU�� WKH�JUDQXODWLRQ� SURFHVV�KDV�QRW� EHHQ�SRVVLEOH� WR�FKDUDFWHUL]H�GXH�WR�D�ODUJH�QXPEHU�RI�IDFWRUV�LQYROYHG�DQG�DOVR�WKH�GLIILFXOW\�LQ�FRQWLQXRXV�PHDVXUHPHQW� RI� G\QDPLF� JUDQXODU� JURZWK�>�@��7KLV�FRXOG�EH�RQH�RI� WKH�UHDVRQV�EHKLQG�WKH� YHU\� GLIIHUHQW� YDOXHV� UHSRUWHG� IRU�JUDQXODWLRQ�WLPH�HYHQ�XQGHU�VLPLODU�RSHUDWLQJ�FRQGLWLRQV�� )XUWKHUPRUH�� WKHUH� DUH� VWLOO�FRQWURYHUV\�DERXW�WKH�LPSDFW�RI�GLIIXVLRQ�DQG�PDVV�WUDQVIHU� UHVLVWDQFH� RQ� VXEVWUDWH� XWLOL]H�WLRQ�UDWH�LQ�DQDHURELF�V\VWHPV�>�@�7KH�WLPH�WDNHQ�IRU�WKH�IRUPDWLRQ�RI�JUDQXOHV��L�H��� JUDQXODWLRQ� WLPH�� LV� D� YDULDEOH� DQG�GHSHQGV RQ D QXPEHU RI SDUDPHWHUV LQ�
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IOXHQFLQJ� WKH� SURFHVV� RI� JUDQXODWLRQ� >�@��*HQHUDOO\��WKH�PLFURELDO�DJJUHJDWLRQ�SURSHUW\�VHHPV� WR�EH�LQGXFLEOH�>�@��7KHUHIRUH��D�JRRG�PDWKHPDWLFDO� PRGHO� RI� JUDQXODWLRQ� FRXOG�VHUYH�DV�D�YDOXDEOH� WRRO�LQ�XQGHUVWDQGLQJ�WKH�EHKDYLRU� RI� WKH� UHDFWRU� DQG� VR�� LQ� SURYLGLQJ�WKH�SURSHU�FRQGLWLRQ�IRU�JUDQXODWLRQ�RI�VOXGJH�DQG� VKRUWHQLQJ� WKH� VWDUW�XS� SHULRG� RI� WKHVH�UHDFWRUV�� %HVLGHV�� WKHVH� NLQGV� RI� PRGHOV�FRXOG� EH� JHQHUDOO\� XVHG� DV� D� WRRO� LQ� DXWR�PDWLRQ�RI�8$6%�UHDFWRUV�,Q�WKLV�SDSHU��D�G\QDPLF�PDWKHPDWLFDO�PRGHO�KDV� EHHQ� GHULYHG� IRU� WKH� JUDQXODWLRQ� SKHQR�PHQD�LQ�8$6%�UHDFWRUV��7KH�PRGHO�H[SODLQV�WKH�JURZWK�LQ�VL]H�RI�JUDQXOHV�YHUVXV�WLPH�
0RGHOLQJ�%DVLV,Q� WKH� OLWHUDWXUH�� YDULRXV� GHILQLWLRQV� DUH�SURSRVHG� IRU� WKH� JUDQXODWLRQ� SKHQRPHQD��7KHVH� DUH� XVHG� WR� HVWDEOLVK� D� EDVLV� IRU�JUDQXODWLRQ� PRGHOLQJ�� $FFRUGLQJ� WR� RQH�GHILQLWLRQ�� JUDQXODWLRQ� LV� UHIHUUHG� WR� DV� D�FRPELQDWLRQ�RI�GLIIHUHQW�JURXSV�RI�EDFWHULD�LQ�ZKLFK� WKHLU� FRPSRVLWLRQ�DQG�SRSXODWLRQV�DUH�UHODWHG� WR� WKH� W\SH� RI� ZDVWHZDWHU�� UHDFWLRQ�UDWHV�DQG�WKH�SURGXFHG�LQWHUPHGLDWH�SURGXFWV�>�@�� ,Q� IDFW�� HDFK� JUDQXOH� SDUWLFOH� LV� DQ�LQGLFDWLRQ�RI� WKH�ZKROH�VOXGJH�LQ� WKH� UHDFWRU�LQ� ZKLFK� DOO� WKH� GHJUDGDWLRQ� UHDFWLRQV� IURP�WKH� V\QWKHVLV� WR� WKH� PHWKDQLVDWLRQ� VWDJHV�RFFXU�,Q� WKH� VHFRQG�GHILQLWLRQ�� D�JUDQXOH� LV�D�PDVV�RI�EDFWHULD�VWXFN�WRJHWKHU�RQ�WKHLU�VXUIDFHV�E\�LPPRELOL]DWLRQ�PHFKDQLVP��*UDQXOHV�PD\�EH�FRQVLGHUHG� DV� D� QHWZRUN� RI� ILODPHQWV�SRO\VDFFKDULGHV��� KHOG� LQWDFW� E\� ILEURXV�VWUDQGV� LQWHUZRYHQ� ZLWK� WKH� FRPSRQHQW�JUDQXOH� EDFWHULD�� UHVXOWLQJ� LQ� DQ� DJJUHJDWHG�ELRPDVV�RI�KLJK�DFWLYLW\�>�@��,W�LV�D�PLFURELDO�VHOHFWLRQ� SURFHVV� WKURXJK� G\QDPLF� VHOHFWLRQ�SUHVVXUHV� WKDW� LV� LPSRVHG� RQ� WKH� VOXGJH� >�@��7KHVH�SUHVVXUHV� VHOHFW� WKH�EDFWHULD� WKDW� IRUP�ZHOO�VHWWOLQJ� DJJUHJDWHV� LQ� FRQWUDVW� WR� WKRVH�GLVSHUVHG� RU� ORRVHO\� DJJUHJDWHG�� 7KHUHIRUH��WKH� PDMRU� FRPSRQHQWV� RI� D� JUDQXOH� DUH�EDFWHULD� DQG� WKH�SUHVHQFHV�RI�PLQHUDO� DJHQWV�DUH�FRQVLGHUHG�DV�JUDQXODWLQJ�DLGV�>����@�

,Q�DQRWKHU�UHSUHVHQWDWLRQ��JUDQXOHV�DUH�FDOOHG�PDVVHV� RI� EDFWHULD� WKDW� KDYH� HQRXJK�UHVLVWDQFH� WR� VXIIHU� WKH� K\GUDXOLF� WHQVLRQV�SURGXFHG� LQ� WKH� UHDFWRU�DJDLQVW�EUHDNLQJ�DQG�ZDVKRXW� RII� WKH� UHDFWRU�� 7KHUHIRUH�� WKH\� FDQ�VWD\�LQVLGH�WKH�UHDFWRU�DOWKRXJK�WKHLU�VL]H�PD\�EH� VPDOOHU� WKDQ� D� PLOOLPHWHU�� ,Q� RUGHU� WR�GHULYH� D� PDWKHPDWLFDO� PRGHO� IRU� WKH�JUDQXODWLRQ� RI� DQDHURELF� VOXGJH� KHUH�� ZH�FRQVLGHU� WKH� ZKROH� VOXGJH� DV� D� PDVV� RI�EDFWHULD�
0DWKHPDWLFDO�0RGHO$FFRUGLQJ� WR� WKH� DERYH� GHILQLWLRQV�� LW� LV�SRVVLEOH� WR� HVWDEOLVK� D� UHODWLRQ� EHWZHHQ�V\QWKHVLV�RI�EDFWHULD��FUHDWLRQ�RI�JUDQXOHV�DQG�VOXGJH�HVFDSH�IURP�WKH�UHDFWRU��,W�LV�DVVXPHG�KHUH� WKDW� DOO� WKH�EDFWHULD� SURGXFHG�DUH�EHLQJ�FRQYHUWHG� LQWR� JUDQXOHV� DQG� WKH� VKDWWHUHG�JUDQXOHV� DUH� H[LWLQJ� IURP� WKH� UHDFWRU�� ,Q� WKH�VWDUW�XS� SHULRG�� JUDQXOH� IRUPDWLRQ� LV�SUHGRPLQDQW� DQG� DW� WKH� HQG� RI� WKH� VWDUW�XS�VWDJH� RU� VWHDG\�VWDWH� FRQGLWLRQV�� WKH� UDWHV� RI�JUDQXOH� EUHDNLQJ� DQG� JURZLQJ� DUH� HTXDO��7KHUHIRUH�� WKH� IROORZLQJ� PRGHO� FDQ� EH�FRQVLGHUHG� WR� GHVFULEH� WKH� JUDQXODWLRQ�SKHQRPHQD�
SURGXFHG� EDFWHULD� �o� �N JUDQXOHV� ��o� �NGHSDUWHG�VOXGJH��EDFWHULD�
7KLV� FDQ� EH� UHSUHVHQWHG� E\� WKH� IROORZLQJ�HTXDWLRQ�
G�PDVV� RI� JUDQXOHV��GW�  � N� �EDFWHULD�SURGXFWLRQ�UDWH��± N� �PDVV�RI�JUDQXOHV� ���
G0�GW� �N� G;�GW�± N� 0 ���
ZKHUH0  �0DVV�RI�JUDQXOHV�LQ�WKH�UHDFWRUG;�GW  �%DFWHULD�SURGXFWLRQ�UDWHN�  �&RHIILFLHQW�RI�SURGXFWLRQN�  �&RHIILFLHQW�RI�GHFOLQLQJ
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$FFRUGLQJ�WR�HTXDWLRQ����LW�FDQ�EH�FRQFOXGHG�WKDW�LI�G0�GW!� WKHQ�JUDQXODWLRQ�RFFXUV�EXW�LI�G0�GW���� LW�GRHV�QRW��7KH�WHUP�G;�GW FDQ�EH�H[SUHVVHG� LQ� WHUPV� RI� ; �ELRPDVV�FRQFHQWUDWLRQ��E\�WKH�IROORZLQJ�HTXDWLRQ�G;�GW� �� ;�± NG ; ���:KHUH�� LV�VSHFLILF�JURZWK�UDWH��G����DQG�NG LV�WKH�EDFWHULD�GHFD\�FRHIILFLHQW �Gí���$VVXPLQJ� WKDW� DOO� WKH� EDFWHULD� LQ� WKH� UHDFWRU�DUH� LQ� WKH� IRUP� RI� JUDQXOHV� �WKH� QRQ�JUDQXODWHG� RQHV� DUH� ZDVKHG� RXW� IURP� WKH�UHDFWRU���WKXV�UHSODFLQJ�; E\�0��ZH�KDYH�G;�GW� �� 0�± NG 0 ���+DYLQJ�
� 0� �� <��G6�GW� ���

9/55666666GWG6 �� u� � �
�

�
�

�
�� WW ���7KHUHIRUH�G;�GW� �<� 5��9/5�± NG 0 ���ZKHUH� < LV� EDFWHULD� \LHOG� FRHIILFLHQW�� 5 LV�SURFHVV� HIILFLHQF\�� 2� LV� K\GUDXOLF� UHWHQWLRQ�WLPH�DQG 9/5 LV�YROXPHWULF�ORDGLQJ�UDWH�7KH�FRHIILFLHQWV�RI�HTXDWLRQ����N� DQG�N���DUH�IXQFWLRQV�RI�GLIIHUHQW�SK\VLFDO��FKHPLFDO�DQG�PLFURELRORJLFDO�IDFWRUV�N� �J�S+��7��L� ���

N� PG I��8��'�8/��9/5��1��3��6��S+��HWF� ���3DUDPHWHU�N� LV�LQ�IDFW�LQGLFDWLQJ�WKH�IUDFWLRQ�RI�EDFWHULD�WKDW�DUH�QRW�FRQYHUWHG�WR�JUDQXOHV�DQG�HVFDSH�IURP�WKH�UHDFWRU��3DUDPHWHU�PG LV�UHODWHG� WR� WKH�EUHDNDJH�RI�EDFWHULD�� ,W� LV� DOVR�DVVXPHG� WKDW� HDFK� IDFWRU� DIIHFWLQJ� WKH�GHVWUXFWLRQ� RI� EDFWHULD� LV� RSHUDWLQJ� LQ�GLYLGXDOO\�� 7KHUHIRUH�� HTXDWLRQ� �� FDQ� EH�

UHZULWWHQ� DV� WKH� PXOWLSOLFDWLRQ� RI� VHYHUDO�IDFWRUV�N� �PG��I��8���I��'�8/���I��9/5� ����&RQVLGHULQJ� WKDW� N� DQG� N� DUH� NQRZQ��HTXDWLRQ� �� FDQ� EH� ZULWWHQ� LQ� WKH� IROORZLQJ�IRUP�G0�GW� �N���<��5��9/5�± �N��N�NG�0 ����
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6
� �5���6�N
V  �5����5����NVN
G  �N����NG$VVXPLQJ� WKDW DOO�JUDQXOHV�DUH�VSKHULFDO�DQG�HTXDO� LQ� VL]H�� WKHQ� HTXDWLRQ� ��� FDQ� EH�UHZULWWHQ�DV� � �� �� � �� �WN6N�6'�'OQ GVP �c�c�cc �P ����,Q�WKH�DERYH�HTXDWLRQV��P  �0D[LPXP�VSHFLILF�JURZWK�UDWH&  �6OXGJH�VHHG�PDVV5  �&2'�UHPRYDO�HIILFLHQF\NG  �%DFWHULD
V GHFD\�FRHIILFLHQWN��NG  �*UDQXOH
V�GHFD\�FRHIILFLHQW'�  �6OXGJH�VHHG�GLDPHWHU'  �*UDQXOH�GLDPHWHU�DW�WLPH�W6  �6XEVWUDWH�FRQFHQWUDWLRQ�LQ�UHDFWRUV6�  �,QIOXHQW�&2'�FRQFHQWUDWLRQ
(TXDWLRQ� ��� LQGLFDWHV� WKDW� JUDQXODWLRQ�SKHQRPHQD� LV� D� EDFWHULDO� EHKDYLRU� DQG�JUDQXOHV� FDQ� EH� FRQVLGHUHG� DV� IHUPHQWDWLRQ�SURGXFWV��7KLV�HTXDWLRQ�LV�YHU\�VLPLODU�WR�WKDW�REWDLQHG�E\�<DQ�DQG�7D\�LQ������>�@�
0DWHULDOV�DQG�0HWKRGV7KH� HIIHFWV� RI� GLIIHUHQW� SDUDPHWHUV� RQ� WKH�JUDQXODWLRQ� SKHQRPHQD� KDYH� EHHQLQYHVWLJDWHG� XVLQJ� �� SLORW�VFDOH� 8$6%�UHDFWRUV� LQ�ZKLFK����H[SHULPHQWV�DUH�FDUULHG�RXW�� 7KH� HYDOXDWHG� SDUDPHWHUV� DUH�� LQIOXHQW�XSIORZ� YHORFLWLHV�� S+�� VXOIDWH� FRQFHQWUDWLRQ�DQG� IHHG� WR�PLFURRUJDQLVP� UDWLR� �)�0���7KH�UHVXOWV� KDYH� EHHQ� XVHG� IRU� WKH� HYDOXDWLRQ� RI�SURSRVHG� PRGHOV� GHULYHG� LQ� WKH� SUHYLRXV�VHFWLRQV��
:DVWHZDWHU�DQG�6OXGJH�&KDUDFWHULVWLFV7KH�IHHG�FRPSULVHV�GLOXWHG�PRODVVHV�DQG�WKH�

VOXGJH� VHHG� LV� SUHSDUHG� IURP� WKH� GLJHVWHG�VOXGJH�WDNHQ�IURP�DQ�DQDHURELF�GLJHVWHU�RI�D�PXQLFLSDO�ZDVWHZDWHU�WUHDWPHQW SODQW��%HIRUH�WUDQVIHUULQJ� WKH� VOXGJH� WR� WKH� UHDFWRUV�� WKH�VOXGJH�ZDV�FXOWLYDWHG�ZLWK�WKH�ZDVWHZDWHU�LQ�EDWFK� FRQGLWLRQV�� ,W� WRRN� D� WKUHH�PRQWK� UHVW�SHULRG�EHIRUH�WKH�VOXGJH�ZDV�SRXUHG�LQWR�WKH�UHDFWRUV� WR� DERXW� ��� SHUFHQW� RI� WKH� WRWDO�UHDFWRU� YROXPH�� 7KH FKDUDFWHULVWLFV� RI� WKH�VOXGJHV�RI�HDFK�UHDFWRU�DUH�LQGLFDWHG�LQ�7DEOH���� 6RGLXP� K\GUR[LGH� ZDV� XVHG� IRU� S+�DGMXVWPHQW�GXULQJ�WKH�H[SHULPHQWV�
([SHULPHQWDO�6HW�XS)RXU�LGHQWLFDO�8$6%�UHDFWRUV�ZLWK�D�FDSDFLW\�RI� ����� O� DQG� D� GLDPHWHU� RI� ��� FP� ZHUH�SUHSDUHG� DQG� HTXLSSHG� ZLWK� SURSHU� FRQWURO�V\VWHPV�DQG�UHFLUFXODWLRQ�IORZ��)LJXUH����)RXU� GLIIHUHQW� H[SHULPHQWDO� SURFHGXUHV�ZHUH�LPSOHPHQWHG�LQ�RUGHU�WR�LQYHVWLJDWH�WKH�HIIHFW�RI� GLIIHUHQW� SDUDPHWHUV� RQ� WKH� JUDQXODWLRQ�WLPH�
&DVH����7KH�(IIHFW�RI�)�0�7KH� S+� YDOXHV� LQ� DOO� UHDFWRUV� ZHUH� ��� 7KH�H[SHULPHQWDO� � FRQGLWLRQV� � DUH� � VKRZQ� � LQ�7DEOH���
7DEOH� �� ([SHULPHQWDO� FRQGLWLRQV� RI� WKH� UHDFWRUV� LQ�FDVH��5HDFWRU�1R� � � � �8SIORZ�YHORFLW\��P�K ��� ��� ��� ���
&2'��PJ�O ���� ���� ���� ����)�0 ��� � � ���
&DVH����7KH�(IIHFW�RI�6XOIDWH�DW�D�&RQVWDQW�&2'7KH� LQIOXHQW� VXOIDWH� FRQFHQWUDWLRQV� ZHUH�GLIIHUHQW� IRU� HDFK� UHDFWRU�� %XW�� WKH� LQIOXHQW�&2'� ZDV� FRQVWDQW� DQG� HTXDO� WR� ����� PJ�O�OHDGLQJ�WR�GLIIHUHQW�&2'�VXOIDWH�UDWLRV�LQ�WKH�UHDFWRUV��7KH�XSIORZ�YHORFLW\�ZDV�HTXDO� WR���P�K� LQ� DOO� WKH� UHDFWRUV�� 7KH� RSHUDWLRQDO�FRQGLWLRQV�DUH�VSHFLILHG�LQ�7DEOH���
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7DEOH� �� ([SHULPHQWDO� FRQGLWLRQV� RI� WKH� UHDFWRUV� LQ�FDVH��5HDFWRU�1R� � � � �6XOIDWH��PJ�O ��� ��� ���� ����&2'��PJ�O ���� ���� ���� ����S+ � � � �
&DVH����7KH�(IIHFW�RI�S+,Q� WKLV� VHW�RI�H[SHULPHQWV��S+�ZDV�GLIIHUHQW�LQ� WKH� UHDFWRUV� ZKLOH� YDOXHV� RI� RWKHU�SDUDPHWHUV� ZHUH� WKH� VDPH�� DV� VKRZQ� LQ�

7DEOH����8SIORZ�YHORFLW\�ZDV�NHSW�DW���P�K�IRU�DOO�WKH�UHDFWRUV�
7DEOH� �� ([SHULPHQWDO� FRQGLWLRQV� RI� WKH� UHDFWRUV� LQ�FDVH��5HDFWRU�1R� � � �6XOIDWH��PJ�O ��� ��� ���&2'��PJ�O ���� ���� ����S+ ��� � ���

���8$6%�UHDFWRUV� ���*DV�FROOHFWRU���)HHG�WDQNV ���6DPSOLQJ�YDOYHV���+HDW�H[FKDQJHUV
)LJXUH����6FKHPDWLF�GLDJUDP�RI�8$6%�UHDFWRUV
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&DVH����7KH�(IIHFW�RI�&2'�DQG�6XOIDWH�ZLWK�D�&RQVWDQW�&2'�6XOIDWH�5DWLR,Q�WKHVH�H[SHULPHQWV��WKH�XSIORZ�YHORFLW\�ZDV�DJDLQ� HTXDO� WR� �� P�K� DQG� WKH� &2'�VXOIDWH�UDWLR�ZDV�HTXDO�WR�� LQ�WKH�UHDFWRUV�EXW�&2'V�DQG� VXOIDWHV� ZHUH GLIIHUHQW�� DV� LQGLFDWHG� LQ�7DEOH���
7DEOH� �� ([SHULPHQWDO� FRQGLWLRQV� RI� WKH� UHDFWRUV� LQ�FDVH��5HDFWRU�1R� � � �6XOIDWH��PJ�O ��� ���� ����&2'��PJ�O ���� ���� ����S+ � � �
5HVXOWV,Q�WKLV�VHFWLRQ��WKH�UHVXOWV�RI�GLIIHUHQW�IDFWRUV�DIIHFWLQJ� WKH� JUDQXODWLRQ� WLPH� RI� WKH� VOXGJH�REWDLQHG� IURP� WKH� H[SHULPHQWV� H[SODLQHG�DERYH� DUH� VXPPDUL]HG�� 7KH� PDWKHPDWLFDO�PRGHO�RI�JUDQXODWLRQ� �HTXDWLRQ�����KDV�EHHQ�FDOLEUDWHG� ZLWK� WKH� H[SHULPHQWDO� GDWD�REWDLQHG�LQ�WKLV�VWXG\��9DOXHV�RI�VRPH�RI�WKH�FRHIILFLHQWV� RI� WKH PRGHO� DUH� DGRSWHG� IURP�WKH� OLWHUDWXUH�� RWKHUV� DUH� FDOLEUDWHG� E\� ILQH�WXQLQJ� WKH�PRGHO� WR�PDWFK� WKH� H[SHULPHQWDO�GDWD�FROOHFWHG��,Q�HDFK�FDVH��WKH�FRHIILFLHQW�RI�GHFD\� RI� JUDQXOHV�� L�H��� N
G� DUH� FDOFXODWHG�XVLQJ� WKH� PDWKHPDWLFDO� PRGHO� DQG� DUH�UHSRUWHG� LQ� 7DEOHV� ����� 7KH� NLQHWLF�SDUDPHWHUV� RI� WKH� PRGHO� DUH� WDNHQ� IURP�UHIHUHQFH� >��@� DQG� LQGLFWHG� LQ� 7DEOH� ��� 7KH�YDULDWLRQV� RI� N
G DJDLQVW� WKH� PDQLSXODWHG�SDUDPHWHUV� DUH� SORWWHG� LQ� )LJXUH� �� IRU� WKH�H[SHULPHQWDO�FDVHV�
7DEOH��� ([SHULPHQWDO�UHVXOWV�RI�FDVH��5HDFWRU�1R� � � � �*UDQXODWLRQ�RFFXUUHQFH <HV <HV <HV <HV*UDQXODWLRQ�WLPH��GD\V �� �� �� ��&2'�UHPRYDO��5���� �� �� �� ��N
G ���� ���� ��� ����+�6��PJ�O ����� ����� ����� �����

7DEOH��� ([SHULPHQWDO�UHVXOWV�RI�FDVH��5HDFWRU�1R� � � � �*UDQXODWLRQ�RFFXUHQFH <HV <HV <HV 1R
*UDQXODWLRQ�WLPH��GD\V �� �� �� �
&2'�UHPRYDO��5���� �� �� �� ��
N
G ���� ���� ����� �����+�6��PJ�O �� �� ��� ���

7DEOH��� ([SHULPHQWDO�UHVXOWV�RI�FDVH��5HDFWRU�1R� � � �*UDQXODWLRQRFFXUUHQFH 1R <HV <HV
*UDQXODWLRQ�WLPH��GD\V � �� ��
&2'�UHPRYDO��5���� �� �� ��
N
G � ���� �����+�6��PJ�O ��� �� ��

7DEOH��� ([SHULPHQWDO�UHVXOWV�RI�FDVH��5HDFWRU�1R� � � �*UDQXODWLRQ�RFFXUUHQFH <HV <HV 1R
*UDQXODWLRQ�WLPH��GD\V �� �� �
&2'�UHPRYDO��5���� �� �� ��
N
G ���� ��� �+�6��PJ�O �� ��� ���

7DEOH��� &RQVWDQWV�XVHG�LQ�WKH�FDOFXODWLRQV3DUDPHWHUV 9DOXHV� 8QLWV��P ����������������� V��NV �������������� NJ�&2'�P�

'LVFXVVLRQ7DEOH���VKRZV�WKDW�E\�LQFUHDVLQJ�WKH�LQIOXHQW�&2'� IURP� ����� PJ�O� WR� ����� PJ�O�� WKH�JUDQXODWLRQ�WLPH�LQFUHDVHV��$OVR��N
G REWDLQHG�
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IURP�WKH�PDWKHPDWLFDO�PRGHO LQFUHDVHV�IURP������WR������LPSO\LQJ�WKDW�OHVV�JUDQXODWLRQ�RI�VOXGJH� LV� RFFXUULQJ�� 7KLV� LQGLFDWHV� FRQ�VLVWHQF\� EHWZHHQ� WKH� PRGHO� DQG� WKH�H[SHULPHQWDO� GDWD� LQ� WKLV� FDVH�� �$OVR�� LW� FDQ�EH FRQFOXGHG� WKDW� JUDQXODWLRQ� LV� IDVWHU� LQ�

ORZ�VWUHQJWK� ZDVWHZDWHU� GXULQJ� WKH� VWDUW�XS�RI�8$6%�UHDFWRUV�� ,W�VKRXOG�EH�QRWHG�WKDW� LQ�WKLV� FDVH�� WKH� )�0� UDWLR� LV� DFWXDOO\� FKDQJHG�IURP�����WR�����DQG�WKH�PLQLPXP�JUDQXODWLRQ�WLPH� KDV� EHHQ� REWDLQHG� DW� WKH� ORZHVW� )�0�UDWLR�
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)LJXUH��� N
G YDOXHV�REWDLQHG�IURP�WKH�PRGHO�DQG�XVLQJ�WKH�IRXU�FDVHV�RI�H[SHULPHQWDO�GDWD
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)LJXUH� �� VKRZV� WKDW� N
G GHFUHDVHV IURP������WR� ����� IRU� UHDFWRU� �� ZKHUH� VXOIDWH�FRQFHQWUDWLRQ� LV� FKDQJHG� IURP� ���� WR� ����PJ�O�RU� LQ�RWKHU�ZRUGV��&2'�VXOIDWH� UDWLR� LV�FKDQJHG�IURP����WR����7KHUHDIWHU��DQ�LQFUHDVH�RI� N
G FDQ EH� REVHUYHG� E\� LQFUHDVLQJ� WKH�VXOIDWH� FRQFHQWUDWLRQ� RU� &2'�VXOIDWH UDWLRVJUHDWHU�WKDQ����,W�FDQ�EH�FRQFOXGHG�WKDW�KHUH�D�YDOXH� RI� VXOIDWH� FRQFHQWUDWLRQ DURXQG� ����PJ�O�FRXOG�EH�DSSURSULDWH�IRU�WKH�JUDQXODWLRQ�LQ� WKLV� FDVH��$OVR��7DEOH��� LQGLFDWHV� WKDW� WKH�JUDQXODWLRQ� WLPH� GHWHUPLQHG� E\� WKH�H[SHULPHQWV LV�WKH�ORZHVW�DQG�WKLV�LPSOLHV�WKH�FRQVLVWHQF\� EHWZHHQ� WKH� PRGHO� DQG� WKH�H[SHULPHQWDO�UHVXOWV�)LJXUH���DOVR�LQGLFDWHV�WKDW�E\�GHFUHDVLQJ�WKH�S+� YDOXHV�� WKH� YDOXHV� RI� N
G LQFUHDVH� IURP������ WR� ����� LPSO\LQJ� D� UHGXFWLRQ� LQ�JUDQXODWLRQ�RI�WKH�VOXGJH��$OVR��DW�S+�YDOXHV�JUHDWHU�WKDQ�����QR�JUDQXODWLRQ�RFFXUV��7KLV�LV�LQGHHG� UHYHDOHG� E\� WKH� H[SHULPHQWDO� GDWD� DV�VKRZQ� LQ� 7DEOH� �� LQ� ZKLFK� WKH� JUDQXODWLRQ�WLPH� KDV LQFUHDVHG� E\� LQFUHDVLQJ� WKH� S+�YDOXHV� 7KLV� UHFRQILUPV� WKDW�DQ�RSWLPXP�S+�YDOXH� FRXOG� EH� DURXQG� ��� DV� VWDWHG� LQ� WKH�OLWHUDWXUH�,Q� FDVH� �� RI� WKH� H[SHULPHQWV�� ZKHUH� WKH�&2'�VXOIDWH� UDWLR� LV� FRQVWDQW�� WKH� YDOXHV� RI�N
G LQFUHDVHV� E\� LQFUHDVLQJ� WKH� VXOIDWH�FRQFHQWUDWLRQ� IURP� ���� WR� ����� PJ�O�� 7KLV�LPSOLHV� WKH�GHVWUXFWLRQ�RI�JUDQXOHV�DW� VXOIDWH�FRQFHQWUDWLRQV�KLJKHU�WKDQ������PJ�O��DV�FDQ�EH�FOHDUO\�REVHUYHG�IURP�)LJXUH����$OVR�� WKH�JUDQXODWLRQ� WLPH� GHWHUPLQHG� E\� WKH� H[SHUL�PHQW� LQFUHDVHV E\� LQFUHDVLQJ� WKH� VXOIDWH�FRQFHQWUDWLRQ�DQG�QR�JUDQXODWLRQ�RFFXUV�DW�D�VXOIDWH�FRQFHQWUDWLRQ�RI������PJ�O�
&RQFOXVLRQV7KH� IROORZLQJ� FRQFOXVLRQV� FDQ� EH� GHULYHG�IURP�WKH�UHVXOWV�RI�WKLV�UHVHDUFK���� ,Q� DQ� LGHDO� VLWXDWLRQ� �LQ� WKH� DEVHQFH� RI�LQKLELWRUV� RU� JUDQXOH� GHVWUXFWLRQ� DJHQWV���HVWLPDWLRQ� RI� JUDQXODWLRQ� WLPH� XVLQJ� WKH�FRQFHQWUDWLRQ� RI� LQIOXHQW� ZDVWHZDWHU� LV�SRVVLEOH�E\�WKH�PRGHO�SURSRVHG�KHUH���� 8VLQJ� WKH� G\QDPLF�PRGHO� RI� JUDQXODWLRQ��WKH� SURSHU� HQYLURQPHQWDO� FRQGLWLRQ� WR�

DFKLHYH� D�PLQLPXP�JUDQXODWLRQ WLPH�FDQ�EH�REWDLQHG���� ,W� FDQ� EH� VDLG� WKDW� WKH� JUDQXODWLRQ�SKHQRPHQD� PD\� EH� DFKLHYHG� IDVWHU� LQ�ORZHU�VWUHQJWK�ZDVWHZDWHU�RU�PRUH�SUHFL�VHO\�DW�ORZHU�)�0�UDWLRV�GXULQJ�VWDUW�XS�RI�8$6%�UHDFWRUV����� $W� WKH� DSSOLHG� HQYLURQPHQWDO� FRQGLWLRQV��DQ� )�0� UDWLR� RI� ����� D�&2'�VXOIDWH� UDWLR�RI� ��� D� S+� YDOXH� RI� �� DQG� D� VXOSKDWH�FRQFHQWUDWLRQ�RI�����PJ�O�DUH�DSSURSULDWH�IRU� DFKLHYLQJ� WKH� PLQLPXP� JUDQXODWLRQ�WLPH� RI� WKH� VOXGJH� GXULQJ� VWDUW�XS� RI�8$6%� UHDFWRUV� IRU� WKH� DSSOLHG� ZDVWH�ZDWHU�
$FNQRZOHGJHPHQW+RVVHLQ�0HKGL]DGHK�ZDV�D�3K'�FDQGLGDWH�DW�WKH� &KHPLFDO� (QJLQHHULQJ� 'HSDUWPHQW� RI�6KDULI� 8QLYHUVLW\� RI� 7HFKQRORJ\�� 7HKUDQ��,UDQ�� RQ� FRQWLQXDWLRQ� RI� ZKRVH� ZRUN� LV� WKLV�SDSHU� EDVHG�� 5HJUHWIXOO\�� KH� SDVVHG� DZD\�WUDJLFDOO\�ZKLOH�KH�ZDV�SUHSDULQJ�IRU�KLV�ILQDO�RUDO� H[DPLQDWLRQ�� &R�DXWKRUV� -�6�� DQG� )�*��ZLVK� WR� H[SUHVV� WKHLU� GHHS� DGPLUDWLRQ� WR�KLV�PHPRU\� DQG� DFNQRZOHGJH� KLV� QXPHURXV�KRXUV�RI�KDUG�ZRUN�
5HIHUHQFHV�� .RVDULF�� 1�� DQG� %ODV]F]\N�� 5��� ��������0LFURELDO� DJJUHJDWHV� LQ� DQDHURELF� ZDVWH �ZDWHU� WUHDWPHQW�� $GYDQFHV� LQ� %LRFKHPLFDO�(QJLQHHULQJ�%LRWHFKQRORJ\ ��������������� 3LFLRUHDQX�� &��� %DWVWRQH�� '�� -��� YDQ�/RRVGUHFKW�� 0�&�0��� ������� �0XOWLGL �PHQVLRQDO�PRGHOOLQJ�RI�DQDHURELF�JUDQXOHV���$QDHURELF� 'LJHVWLRQ� ����� &RQIHUHQFH�� ���$XJ����6HS��������0RQWUHDO��&DQDGD��� +ROVKRII� 3RO�� /�:�� DQG� /HWWLQJD��� *����������� �*UDQXODWLRQ� LQ� 8$6%�UHDFWRUV��:DWHU�6FLHQFH�7HFKQRORJ\ ��������������������� -LDQ�� &��� 6KL�\L�� /��� ������� �6WXG\� RQ�PHFKDQLVP� RI� DQDHURELF� VOXGJH� JUDQXODWLRQ�LQ�8$6%�UHDFWRUV� :DW��6FL��7HFK������ �1R��������������� <DQ��<��*���7D\��-��+�����������&KDUDFWHULVD�WLRQ�RI�WKH�JUDQXODWLRQ�SURFHVV�GXULQJ�8$6%�VWDUW�XS���:DW�� 6FL�� 7HFK��� ���� 1R�� ��� ����������
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�� *RQ]DOH]�*LO��*��� 6HJKH]]R��*���/HWWLQD��*���DQG�.OHHUHEH]HP��5��� �������� �.LQHWLFV� DQG�PDVV�WUDQVIHU� SKHQRPHQD� LQ� DQDHURELF�JUDQXODU� VOXGJH��� %LRWHFKQRORJ\� DQG�%LRHQJLQHHULQJ���������������� 6LQJK��5�� 3���.XPDU�� 6�� DQG�2MKD��&��6�� 3���������� �$� FULWLTXH� RQ� RSHUDWLRQDO� VWUDWHJLHV�IRU�WKH�VWDUW�XS�RI�8$6%�UHDFWRUV��HIIHFWV�RI�VOXGJH� ORDGLQJ� UDWH� DQG� VHHG�ELRPDVV�FRQFHQWUDWLRQ��� %LRFKHPLFDO� (QJLQHHULQJ�-RXUQDO���������������� +LFNH\��5��)���:X��:��0���9HLJD��0��&���DQG�-RQHV�� 5��� ������ �6WDUW�XS�� RSHUDWLRQ��PRQLWRULQJ� DQG� FRQWURO� RI� KLJK �UDWH�DQDHURELF� WUHDWPHQW� V\VWHPV��� :DW�� 6FL��7HFK��������1R��������������� $OLEKDL��.��5��.�� DQG�)RUVWHU��&��)��� ��������$Q� H[DPLQDWLRQ� RI� WKH� JUDQXODWLRQ� SURFHVV�LQ�8$6%� UHDFWRUV��� (QYLURQ�� 7HFKQRO�� /HWW ����������������� 0DKRQH\� (��0���9DUDQJX��/��.���&DLUQV��:��/���.RVDULF��1��DQG�0DUUD\��5��*��(����������7KH� HIIHFW� RI� FDOFLXP� RQ� PLFURELDO�DJJUHJDWLRQ� GXULQJ� 8$6%� UHDFWRU� VWDUW �XS���:DW��6FL��7HFK��������1R������������������� 9DQ� 'HU� 0HHU�� 5�� 5�� DQG� +HUWMHV�� 3�� 0���������� �0DWKHPDWLFDO� GHVFULSWLRQ� RI�DQDHURELF�WUHDWPHQW�RI�ZDVWHZDWHU�LQ�XSIORZ�UHDFWRUV��� %LRWHFKQRORJ\� DQG� %LRHQJL �QHHULQJ����������������


