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Abstract
$�QHZ�DQDO\VLV�KDV�EHHQ�PDGH�RI�WKH�FRQVWLWXHQW�PDVVHV�RI�SULPDU\�FRVPLF�UD\�QXFOHL�XVLQJ�GDWD� IURP� WKH

)O\¶V�(\H�H[SHULPHQW� �%LUG�HW�DO���������DQG�D�QHZ�DLU� VKRZHU�DQDO\VLV�E\�RQH�RI�XV� �:LELJ��������� �7KH

µXVXDO¶�([WUDJDODFWLF��(*��FRPSRQHQW�KDV�EHHQ�LGHQWLILHG��EXW�LW�LV�FRQWHQGHG�WKDW�WKLV�FRQWDLQV�D�VLJQLILFDQW

IUDFWLRQ�RI�KHDY\�QXFOHL��ULJKW�XS�WR�DERXW�������
�H9��ZKHUH�WKH�GDWD�FHDVH���7KH�LPSOLFDWLRQ�LV�WKDW�SHUKDSV�DV

PDQ\� DV� ����RI� WKH�(*�SDUWLFOHV� VWDUW� RII� DV� KHDY\� QXFOHL� �)H"�� DQG� IUDJPHQW� RQ� WKH� UDGLDWLRQ� ILHOGV�� DV

SURSRVHG�E\�7NDF]\N�HW�DO���������

7KH�LGHD�PLOLWDWHV�DJDLQVW�H[RWLF�PDVVLYH�SDUWLFOHV�EHLQJ�WKH�VRXUFH�RI�WKH�(*�SDUWLFOHV�

1  Introduction: 
,W� LV� FRQYHQWLRQDO�ZLVGRP� WKDW� WKH� ([WUDJDODFWLF� XOWUD� KLJK� HQHUJ\� FRVPLF� UD\V� �8+(&5�� DUH� SURWRQV�

+RZHYHU�� DV�ZH� SRLQWHG� RXW� QHDUO\� ��� \HDUV� DJR� �7NDF]\N� HW� DO�� ������� LW� LV� QRW� XQOLNHO\� WKDW� WKHUH� LV� D

VLJQLILFDQW�DGPL[WXUH�RI�KHDYLHU�QXFOHL���6XFK�DQ�LGHD�ZRXOG�EH�YDOXDEOH���LI�WUXH��IURP�WKH�VWDQGSRLQW�RI�WKH

GLIILFXOW\��VR�IDU��RI�ORFDWLQJ�VSHFLILF�H[WUDJDODFWLF�VRXUFHV���7KH�SUHVHQFH�RI�D�PL[WXUH�RI�PDVVHV��RU��PRUH

VLJQLILFDQWO\��FKDUJHV��ZRXOG�FDXVH�D�JUHDWHU�GLVSHUVLRQ�RI�DUULYDO�GLUHFWLRQV�DW�HDUWK�RI�WKH�8+(&5�

7KH�PHWKRG�DGRSWHG�KHUH�LV�QRW�D�QHZ�RQH��LQ�WKDW�LW�XVHV�WKH�VSUHDG�RI�GHSWK�RI�VKRZHU�PD[LPXP��DQG�WKH

PHDQV���DV�D�IXQFWLRQ�RI�HQHUJ\��EXW�ZKDW�LV�QHZ�LV�WKH�DGRSWLRQ�RI�D��KRSHIXOO\��PRUH�DFFXUDWH�LQWHUDFWLRQ

PRGHO�WKDQ�KLWKHUWR���7KH�PRGHO�LV�IURP�WKH�ZRUN�RI�:LELJ���������WR�EH�UHIHUUHG�WR�DV�,�

2 The Analysis
7KH�PRVW�FRPSUHKHQVLYH�GDWD�RQ�VKRZHU�PD[LPD�DSSHDU�WR�EH�WKRVH�IURP�WKH�)O\¶V�(\H�GHWHFWRU��%LUG�HW

DO�����������7KH�UHVXOWV�RQ�WKH�PHDQ�YDOXHV�DUH�JLYHQ�LQ�)LJXUH����DOVR�JLYHQ�WKHUH�DUH�WKH�SUHGLFWLRQV�IURP�,

IRU�WKH�PDVVHV�LQGLFDWHG���,W�LV�LPPHGLDWHO\�HYLGHQW�WKDW�WKHUH�LV�HYLGHQFH�IRU�QRQ�SURWRQV�HYHQ�DERYH���
��
�H9�

ZKHUH�LW�LV�FRPPRQO\�EHOLHYHG�WKDW�H[WUDJDODFWLF�SDUWLFOHV�SUHGRPLQDWH�

)LJXUH�����'HSWK�RI�VKRZHU�PD[LPXP�YHUVXV

HQHUJ\�IURP�)O\¶V�(\H��%LUG�HW�DO���������LQ

FRPSDULVRQ�ZLWK�RXU�SUHGLFWLRQV�IRU�YDULRXV

QXFOHDU�PDVVHV��IURP�,��



(OVHZKHUH���:LELJ�DQG�:ROIHQGDOH��������WR�EH�GHQRWHG�,,���ZH�KDYH�HVWLPDWHG�WKH�IUDFWLRQ�RI�OLJKW�QXFOHL

��=!a���IURP�*DODFWLF�VRXUFHV�ZKLFK�ZRXOG�EH�FRQVLVWHQW�ZLWK�WKH�DQLVRWURS\�DQDO\VLV�RI�&KL�HW�DO��������

DQG�WKLV� LV�JLYHQ�DV�*/�LQ�)LJXUH��� �LW� LV� VLPLODU� WR� WKDW�GHULYHG� IURP� WKH�DQLVRWURS\�DQDO\VLV�GHVFULEHG�E\

:ROIHQGDOH�HW�DO��LQ�WKHVH�3URFHHGLQJV����$Q�HVWLPDWH�RI�WKH�*DODFWLF�KHDY\�QXFOHXV�IOX[���=!� �����LV�DOVR

JLYHQ�LQ�)LJXUH�����7KH�UHVXOWV�IURP�)LJXUH���DUH�WUDQVSRVHG�WR�WKH�SRLQWV�LQ�)LJXUH���DVVXPLQJ�WKDW�WKHUH�DUH

MXVW�WKH�WZR�FRPSRQHQWV��/�DQG�+��

)LJXUH����'LYLVLRQ�RI�WKH�*DODFWLF��*��DQG

([WUDJDODFWLF��(*��QXFOHL�EHWZHHQ�/LJKW���=!� 

���DQG�+HDY\���=!� �����

$�PRUH�GHWDLOHG�DQDO\VLV�KDV�EHHQ�JLYHQ�E\�XV�LQ�,,�RI�WKH�IOXFWXDWLRQ�UHVXOWV�IURP�)O\¶V�(\H�IRU�WKH�GDWD

GLYLGHG�LQWR�IRXU�HQHUJ\�EDQGV���������
��H9������������H9�����������H9�DQG�����������H9���,Q�HDFK�FDVH�ILWV

KDYH�EHHQ�PDGH�IRU�YDULRXV�QXPEHUV�RI�PDVV�FRPSRQHQWV��IURP���WR����WKHVH�DUH��3�DORQH��)H�DORQH��3���)H��3

��&12���)H�DQG�3���+H���&12����1H���6����)H���,Q�HYHU\�FDVH�FKL�VTXDUHG�ILWV�VKRZ�WKDW�WKH�3�DORQH�DQG�)H

DORQH�VLWXDWLRQV�DUH�XQDFFHSWDEOH�DW�DOO�HQHUJLHV���7KH�VLWXDWLRQ�IRU�WKH�RWKHU���PL[WXUHV�LV�WKDW�LQFUHDVLQJ�WKH

QXPEHU�RI�FRPSRQHQWV�XVXDOO\�LPSURYHV�WKH�FKL�VTXDUHG��SHU�GHJUHH�RI�IUHHGRP���DOWKRXJK�QRW�PDUNHGO\�VR�

1HYHUWKHOHVV��LI�D�PL[WXUH�LV�UHTXLUHG�WKHQ�LW�LV�UDWKHU�XQSK\VLFDO�WKDW�LW�VKRXOG�EH�VLPSO\�3�DQG�)H�

)LJXUH���VKRZV�WKH�VLWXDWLRQ�IRU�WKH�KLJKHVW�HQHUJ\�JURXSV�

$�UHPDUN�FDQ�EH�PDGH�ZLWK�UHJDUG�WR�WKH�YDOLGLW\�RI�WKH�PHWKRG��DQG�WKH�LPSRUWDQW�FRQFOXVLRQ�WKDW�WKH�(*

FRPSRQHQW�KDV�D�PL[HG�FRPSRVLWLRQ���7KLV�LV�WKDW�WKHUH�LV�YLUWXDOO\�QR�ODWLWXGH�IRU�V\VWHPDWLFDOO\�GLVSODFLQJ

WKH�I�;PD[��YDOXHV��)LJ�����VR�DV�WR�QHJDWH�WKH�SUHVHQFH�RI�)H��WKH�I�YDOXHV�ULVH�WRR�UDSLGO\�DW�WKH�ORZHU�;PD[

YDOXHV�



)LJXUH����)UHTXHQF\�GLVWULEXWLRQ�RI�WKH�GHSWK�RI�PD[LPXP�YDOXHV�IURP�WKH�)O\¶V�(\H�H[SHULPHQW��%LUG�HW�DO��

������LQ�FRPSDULVRQ�ZLWK�RXU�SUHGLFWLRQ�IRU�WZR�VLWXDWLRQV�DV�WR�SULPDU\�PDVVHV��3���)H���&12��DQG�3���)H�

7KH�HQHUJ\�UDQJH�LV�WKH�KLJKHVW�DYDLODEOH����������
���H9�

3  Conclusions:
7KHUH� LV� HYLGHQFH� IRU� QXFOHL� KHDYLHU� WKDQ� SURWRQV� DW� DOO� HQHUJLHV� FRQVLGHUHG�� LQFOXGLQJ� WKRVH� DERYH

����
��H9� ZKHUH� (*� SDUWLFOHV� SUHGRPLQDWH� �)LJXUH� ���� � $Q� DSSUR[LPDWH� DQDO\VLV� �VHH� ,,��� XVLQJ� WKH� (*

SURSDJDWLRQ�FDOFXODWLRQV�RI�7NDF]\N�HW�DO����������LQGLFDWHV�WKDW�VRPH�����RI�WKH�(*�SDUWLFOHV�RI�8+(�FRXOG

KDYH�VWDUWHG�RII�DV�LURQ�QXFOHL��WKH�UHVXOW�LV�WKHQ�SURWRQV�SOXV�IUDJPHQWDWLRQ�SURGXFWV�RI�WKH�LQWHUDFWLRQV�
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